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1 Foreword

1.1 Notes on the documentation

This description is intended exclusively for trained specialists in control and automation technology who are
familiar with the applicable national standards.

The documentation and the following notes and explanations must be complied with when installing and
commissioning the components.

The trained specialists must always use the current valid documentation.

The trained specialists must ensure that the application and use of the products described is in line with all
safety requirements, including all relevant laws, regulations, guidelines, and standards.

Disclaimer

The documentation has been compiled with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without notice.

Claims to modify products that have already been supplied may not be made on the basis of the data,
diagrams, and descriptions in this documentation.

Trademarks

Beckhoff®, ATRO®, EtherCAT®, EtherCAT G®, EtherCAT G10°®, EtherCAT P®, MX-System®, Safety over
EtherCAT®, TC/BSD®, TwinCAT®, TwinCAT/BSD®, TwinSAFE®, XFC®, XPlanar®, and XTS® are registered
and licensed trademarks of Beckhoff Automation GmbH.

If third parties make use of the designations or trademarks contained in this publication for their own
purposes, this could infringe upon the rights of the owners of the said designations.

EtherCAT.-

EtherCAT® is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The distribution and reproduction of this document, as well as the use and communication of its contents
without express authorization, are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event that a patent, utility
model, or design are registered.

Third-party trademarks

Trademarks of third parties may be used in this documentation. You can find the trademark notices here:
https://www.beckhoff.com/trademarks.

TE3510 Version: 1.0.1 5
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1.2 For your safety

Safety regulations

Read the following explanations for your safety.
Always observe and follow product-specific safety instructions, which you may find at the appropriate places
in this document.

Exclusion of liability

All the components are supplied in particular hardware and software configurations which are appropriate for
the application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.

Personnel qualification

This description is only intended for trained specialists in control, automation, and drive technology who are
familiar with the applicable national standards.

Signal words

The signal words used in the documentation are classified below. In order to prevent injury and damage to
persons and property, read and follow the safety and warning notices.

Personal injury warnings

A DANGER

Hazard with high risk of death or serious injury.

Hazard with medium risk of death or serious injury.

A CAUTION

There is a low-risk hazard that could result in medium or minor injury.

Warning of damage to property or environment

The environment, equipment, or data may be damaged.

Information on handling the product

d This information includes, for example:
1 recommendations for action, assistance or further information on the product.

Version: 1.0.1 TE3510
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1.3 Notes on information security

The products of Beckhoff Automation GmbH & Co. KG (Beckhoff), insofar as they can be accessed online,
are equipped with security functions that support the secure operation of plants, systems, machines and
networks. Despite the security functions, the creation, implementation and constant updating of a holistic
security concept for the operation are necessary to protect the respective plant, system, machine and
networks against cyber threats. The products sold by Beckhoff are only part of the overall security concept.
The customer is responsible for preventing unauthorized access by third parties to its equipment, systems,
machines and networks. The latter should be connected to the corporate network or the Internet only if
appropriate protective measures have been set up.

In addition, the recommendations from Beckhoff regarding appropriate protective measures should be
observed. Further information regarding information security and industrial security can be found in our

https://www.beckhoff.com/secquide.

Beckhoff products and solutions undergo continuous further development. This also applies to security
functions. In light of this continuous further development, Beckhoff expressly recommends that the products
are kept up to date at all times and that updates are installed for the products once they have been made
available. Using outdated or unsupported product versions can increase the risk of cyber threats.

To stay informed about information security for Beckhoff products, subscribe to the RSS feed at https://
www.beckhoff.com/secinfo.

TE3510 Version: 1.0.1 7
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2 Overview

Vision Gallery* & X
i
I 1
1 )
[ Image @ Rotate Image Image @ Rotate Image (1) Image @ Set ROl
456 px, 338.39 * (424 x 168)
> x- &, P 100% v

TE3510 Analytics Vision is an engineering product for simplified commissioning of TwinCAT Vision
applications and is suitable for testing initial vision concepts.

In this Analytics Engineering package, which can be combined with other packages from the TE351x product
series, the focus is on the vision algorithms from TF7xxx. In addition, all Analytics Base algorithms from
TF3510 can also be used. You can import image data via ADS, Analytics Logger (TF3500) as an MQTT

stream or Analytics file, as well as directly from a folder on your hard disk into the analysis interface to
perform an image analysis.

There are additional windows such as the Module Watcher, which quickly visualizes input and output images

of each function block, or the Vision Gallery, in which many tools can be used to determine regions of
interest or angles.

Version: 1.0.1 TE3510
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3 Installation

3.1 System requirements

The following system requirements must be met for TwinCAT Analytics Engineering packages of the TE351x
product series to function properly.

Supported operating systems

Windows 10, Windows 11

TwinCAT

TwinCAT 4026 builds are supported. All necessary components are automatically installed via the TwinCAT
Package Manager.

Development environment

If the development environment is not already installed, it is installed by the product packages. We
recommend the use of TwinCAT XAE Shell 64.

3.2 Installation

Depending on the TwinCAT version and operating system used, this TwinCAT 3 Function can be installed in
different ways, which are described in more detail below.

® Update installation
An update installation always uninstalls the previous installation.
» Create a backup of your configuration files before the update.

TwinCAT 3 Package Manager: Installation (TwinCAT 3.1 Build 4026)

If you are using TwinCAT 3.1 Build 4026 (and higher) on the Microsoft Windows operating system, install this
function via the TwinCAT Package Manager (TcPkg). Detailed instructions on installing products can be

found in the chapter Managing TwinCAT Software in the TwinCAT 3.1 Build 4026 installation instructions.

Unprepared TwinCAT restart can cause data loss
The installation of this function may result in a TwinCAT restart.

» Make sure that no critical TwinCAT applications are running on the system or shut them down in an
orderly manner first.

TwinCAT Package Manager Ul

Install the following workload via the TcPkg User Interface (Ul) to use the product:
+ TE3510 | TwinCAT 3 Analytics Vision

TwinCAT Package Manager CLI

You can use the TcPkg Command Line Interface (CLI) to display the available workloads on the system:

tcpkg list -t workload

Use the following command to install the Workload:

tcpkg install TE3510.AnalyticsVision.XAE

TE3510 Version: 1.0.1 9
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4 Technical introduction

In the technical introduction to TE3510 Analytics Vision, you will find various basic topics that are important
for understanding and using the product.

4.1 Basic concept

The following image shows the basic concept of TE3510 Analytics Vision. It shows the product embedded in
a workflow that you can use as you wish. The other products are optionally linked and can be used.

TE3510 Analytics TF3550 Analytics
Vision Runtime

Code Generation for machine control vision application

Code Generation for remote image analysis

= =

TFTxxx  Analytics
MQTT Vision Base
File

@ Sample images from hard drive

File

MQTT

TwinCAT Base TF3500 Analytics

Logger

The TE3510 Analytics Vision is an engineering product of the TwinCAT Analytics product family. It has been
specially developed for simple image data analysis.

Image data sources

You can import image data from different sources in Engineering.

* ADS - Images can be selected via PLC symbols or directly via VnTask in the Target Browser.

» Analytics Logger - Image data can be sent via so-called image streams via MQTT or written directly
locally to an Analytics file.

« Hard disk - Image data stored on the hard disk can be transferred to the analysis software via a File
Source. The following formats are supported: jpg, png, jpeg and tiff.

Algorithms

The image data can be interconnected with a variety of vision algorithms in engineering and evaluated step
by step. The algorithms provided are all from the TwinCAT Vision products of the TF7xxx family. The
algorithms cover a wide range from filtering, measurement technology and code detection to drawing,
algebraic functions and OCR with machine learning.

Optimized engineering

Two essential tool windows make it easier to work with image data. One is the Module Watcher, which
quickly visualizes the input and output image for an individual algorithm. And secondly, the Vision Gallery, in
which you can view several images from different algorithms in parallel and edit them with tools.

Code generation

The result is automatic PLC and HMI code generation. TE3510 makes it possible to automatically generate
PLC code based on the TwinCAT Vision libraries (TF7xxx) from the created block-based configuration. As
can be seen in the picture above, two different approaches are offered.

10 Version: 1.0.1 TE3510
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1. Classic analytics approach: The image data comes via Analytics Logger using MQTT via a message
broker. If the Analytics Vision configuration is to be converted into PLC code, transparent PLC code is
traditionally generated, which is deployed to a remote device in order to carry out continuous image
data evaluation on this device. Optionally with your own HMI dashboard, which can be generated
directly.

2. Vision application: The prerequisite for the second case is a controller with a camera, which is
configured in the TwinCAT System Manager. PLC code can be dispensed with initially, as this can be
generated by TwinCAT Analytics Vision itself. You simply take the images from the VnTask and
interconnect them in the Analytics configurator. Then deploy the configuration to the original source
controller. In this case, the necessary FB_VN_CameraControl is generated automatically.

3. Vision application 2: In another scenario, the task is not integrated via ADS, but a File Source with
image data from the local hard disk. This automatically uses the FB_VN_FileSourceControl in the
generated PLC code.

Extensions with other packages

All TE351x products can be combined with each other. For example, you can combine TE3510 Analytics
Vision with TE3512 Analytics Condition Monitoring. Alternatively, purchase TE3500 Analytics Workbench.
This product contains all algorithms and offers all functions.

TE3510 Version: 1.0.1 11
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5 Configuration

5.1 Editor Basics

51.1 Networks

The networks are suitable for organizing and structuring an analysis. This significantly increases the clarity.
Furthermore, they can also serve as containers for algorithms, which you can save as templates.

A network can be added directly from the Analytics Project home page or from the context menu.

Solulion Explorer SRl Analytics Project & X Metwark 1 Analytig
W o-IH L -
Ll Solution “Analytics Project?( (1 project)

4 [l Analytics Project20
4 U Analylics Progect

TE3500 TwinCAT

4 [l Netwg d Send Project By F-Mail
Bl &2 Clear Error List
Fdy ) o existing from the Solu
4 [l Netwd o
Wil
XY W3 Storage Prowder Recorder a Network editor and
& Inputs % Add new Network
-.n:- Deploy Analytics Runtime
F  Properties Alt+Enter m the Targel Browser |

Use the Analylics Storage Prowder Recorder o ms

Each network is displayed in an individual tab. In this way, the networks can be displayed separately, i.e.
side by side or one above the other.

Network 1 + X v Network?2 # X Network3 +# X
& Networks V‘; Networks Networks
( €
I T
Input Input ChX Position [mm]
{ f Input ChY { @
( £
|V Input L @ Position [mm]
ﬂ L
Position [mm]
Input ChX L
Input ChY
(C
{ O Input
Input ChX
(
l @ Input Input ChY

Furthermore, you have the option to rename the networks (F2 on the selected network element in the
Solution Explorer) to create networks for different machines, machine parts or other content-related
connections, for example.

12 Version: 1.0.1 TE3510
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& Solution ‘Analytics Project20’ (1 project)
4 ﬁ Analytics Project20
4 ﬂ Analytics Project
4 J Functions
4 ﬂ Machine 1
Edge Counter 1Ch_1
Edge Counter OnOff 1Ch_1
Lifecycle Analysis 1Ch_1
Lifetime Analysis 1Ch_1
4 ﬂ XY Analysis
XY Gate Monitor 2Ch_1
XY Shape Monitor Circle 2Ch_1
XY Shape Monitor Rectangle 2Ch_1
XY Shape Monitor Triangle 2Ch_1
4 |38 Machine 2 - Part: XTS
XTS Acceleration Analysis 1Ch_1
XTS Distance Integrator 1Ch_1
XTS Velocity Analysis 1Ch_1

51.11 Networks as template

Inputs, parameters or even outputs of algorithms within a network can be pinned directly to the outside of the
network. Thus, the network itself has inputs, parameters and outputs. This makes it possible to save
recurring analyses as templates and to instantiate them several times.

Once you have created an analysis, you must first select which of the available inputs should be visible to
the outside of the network. To do this, select the desired input and switch to the context menu by right-
clicking. There you can link the input to an existing network input or alternatively define a new network input.

Solution Explorer AR I Gl Iy fxisValues® + X

Q- o-a s
Search Solution Explorer (Ctrl+) P~ Actlele <Empty> ¥ -
fa] Selution ‘TwinCAT Measurement Projectd’ (1 project) Sl <Empty> ¥ -
4 ﬁ TwinCAT Measurement Projectd + -
4 ﬂ Analytics Project j_ - x
4 a MyAxisValues !
£ Edge Counter 1Ch
¥ Min Max &vg 1Ch T
*% Math Operation e <Empty> |V| -
Dashboard Negate
[ d Inputs New network input
ActVelo
SetVelo
ActVelo @ MyAxisValues v -
Include Element in Referenced Scope | £ | |

| Edge @ Edge Counter 1Ch V] raLse

f Reset |<Empty> |v| _

Input 00 | SetVelo @ MyAxisValues V]
Input 01 [ Avg @ Min Max Avg 1Ch ¥ o

+ -
+— X

The same procedure is available for parameters and outputs.

TE3510 Version: 1.0.1 13
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Solution Explorer ARGl MiyAxisvalues® 5 X

DE- o-d }-E MyAxisValues
Sesrch Solution Explorer (Ctrl+ 1) p -| [fAdtiels [sEmpty> [ AcPosThreshold & 1
3] Solution "TwinCAT Measurement Projectd’ (1 project) | | SSEVel0 [ <Empty> [+] -
4 [l TWinCAT Measurement Projectd +-
4 [ Analytics Project f %
4[5 MyAxisValues i
§ ’E\;ij\:;“:s:':g Edge Counter 1Ch
3 Math Operation Input [<Empty> [+ Threchold Edge  [&
PO New network parameter
b [l inputs ActPosThreshold
Min Max Avg 1Ch
Input [ActVelo @ MyAxisvalues I -
Enable Execution [Edge @ Edge Counter 1Ch [] Fause

\/c Reset = -

Math Operation
+ Input 00 [ Setielo @ MyAxisValues M - Num Channels

Y Input 01 [Avg @ Min Max Avg 1Ch ¥ o Mathernatical Operator
-~

Use Absolute Values

In addition to these inputs and outputs, it is also possible to specify dynamic inputs and outputs. These are
automatically offered to you when one of the selected algorithms supports this function. The background to

this is the option of increasing the number of inputs or outputs on an algorithm via a parameter, e.g. the
inputs of the Math Operation algorithm.

Solution Explorer R iy avisiaives” 5 X
e o-a s> MyAcValue
- ol o [Acvas <Empty> - ActPosThieshold & 1 MyVeloValue “Result @ Math Operation
1 Solution TwinCAT Projects” (1 project) | SetVele <Empty> v -
4 [l WinCAT Measurement Projectd
+-
4 |@ Analytics Project x
4 ol MyAsisValues i
L o] Edge Counter 1Ch
& Min M
£3 Math Operation Input <Empty> Y - ThresholdEdge | & 1 Edge Empty
[ Deshboard = Empy
b |l Inputs New network output
Empty
MyVeloValue
Min Max Avg 1Ch
Inclucle Element in Referenced Scope
Input ActVelo @ MyAxisValues v - E Empty
W/ Time Min iy
Time Max Empty
New Result iy
Math Operation
+ Input 00 Setlelo @ MyAxisValues v] - Num Channels. [=] [Resutt Empty
b [asvmtmage o S
v Use Absolute Values O

Once the definition of the network to be used as a template is complete, you can save it accordingly. To do
this, go to Solution Explorer and right-click on the network. Use the Save option in the context menu. You
can choose between Template and Closed Template. In a simple template you can look inside after
instantiation and see the interconnection of the basic algorithms and also change them. This option is not
available for a closed network. However, this does not offer know-how protection! The internal logic is also
visible in a possible PLC code generation by the Analytics Workbench.

WyAciVaues oGV
Actielo TE EE AcPosThisshold & 1 MyVeloValus ‘Result @ Math Operation
S 5
setvelo <Empty> — N
© A +-
F Edge Counter ICh Add S
s template Save
ekt Edge Counter 1Ch e G V)
EL Deploy Runtime
e - [Actpor @ MyhvisValues - TvenoldEdge &) 1 Ege Empty
> Wl e £ Send Information Report
< Count Empty
@ copy Cuec ——
& paste Culev e iy
X Remove oe Min Max Avg 1Ch DGV
O Rensme ActVelo © Myvialues - Min Empty
K Properies Al Enter Edge @ Edge Counter 1Ch. FALSE Max Empty
f = 2 Ag Empty
W Time Min Enpty
Time M empty
New Result Enpty
With Operstion QaC v
o T Setielo @ Mylvisalues 9 - [ [ [Resule Empty
x Input 01 Avg @ Min Max Avg 1Ch 0 =

After saving, the template is selectable in the toolbox and can be used for recurring analyses.

14 Version: 1.0.1 TE3510



BECKHOFF Configuration | Editor Basics

R _ e = z
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The Target Browser offers a special function.
If the names have been chosen for the network in such a way that they correspond exactly to variables of a
structure, you can drag a complete structure such as an axes structure directly onto one of the x-inputs of a
network. All matching names of all network inputs and structure variables are mapped automatically.
Scope configuration stored in network template
A created Scope configuration can be saved together with the associated network in a network template
[»_298], in order to automatically obtain the same Scope configuration when a network is used again.
51.1.2 Dynamic networks
Dynamic networks offer extended functions for the scalability of the analysis chain. For this purpose, a
dynamic network always contains a parameter with the title “Instance Count”. This makes it possible to
duplicate the current network configuration in order to apply the same analysis function blocks to several
inputs.
® Dynamic Network MNBa GV
T s |Input00 <Empty> V| - Instance Count gE Result 00 Result @ Dynamic Network
. Input 01 H - Parameter 1 Result 01 Result @ Dynamic Network (1)

There are two ways to create dynamic networks:

1. Via the context menu in the Solution Explorer:

TE3510 Version: 1.0.1 15
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Solution Explorer * [0 X

RERRCI }'

Search Solution Explorer (Ctrl+ ) D~

B4 Solution 'DynamicMetworkDemo' (1 of 1 project)
4 DynamicMetworkDemo
P E Analytics Project

Add r | & New Empty Network

=: Save as Template |'f§; New Dynamic Network |

ﬂ‘ﬁs% = Deploy Runtime Open network template
[l Dazh Create Report
u SOUrt 3 Clear Error List

[ Copy Ctrl+ C

(G Paste Ctrl+V

Remowve Del
=[ Rename F2
A& Properties Alt+Enter

An empty dynamic network is created that can be freely configured.
2. From a saved network template from the toolbox:

Choose the desired network template in the toolbox. Hold down the Ctrl key while dragging the template into
the editor. A preview of the selected network appears. Click on the Dynamic button to add a dynamic
instance of the template.

etworl® & X

[= Network BRaGv|
[ 1

= Dynamic Network QB GV
-D: ot ety N - P 1 Ret Count @ Edge Counter 101

Seiect amountof gt o 0
[ 1 Il 2 IL 3 ) I 5 I 5 i2 [ s I s Y
am v

WB-ID; 42067956-cf31-4ee5-3764-4e927T 723625 9]

Editing dynamic networks

Dynamic networks can be opened and edited in the editor just like “normal” networks (with the exception of
dynamic networks of closed templates). As a special feature, only one instance of the dynamic network is
displayed in the editor at a time. All changes made (e.g. the addition or deletion of algorithms) are
automatically applied to all instances, thus guaranteeing the same processing of all input data. To inspect
the data flow during the analysis, an instance can be selected at the bottom right of the open editor. The
values displayed at the inputs and outputs of the algorithms always refer to the selected instance.

16 Version: 1.0.1 TE3510
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Dynamic Network® & X

- &
(o ) Dynamic Netwerk NEBE&G Y
ot [iru0 @ bymomicema M- Trermeter O [P Count @ Edge Counter 1
e Edge Counter 1Ch NBa GV
e [T VR Trerou & [ & vy
_,F Cone o
Last Event Empty

WB-ID: 420e7956-cf31-dee5-a764-4e92 77783685

Inputs and outputs of dynamic networks

Selected Instance 133

Inputs and outputs of the analysis chain can also be defined in dynamic networks. These do not differ
internally from the inputs or outputs of other networks. Externally, however, these automatically become
dynamic inputs or outputs, so that the inputs can be linked for each instance and the results can be
processed further. The Smart Link [»_18] functions are particularly helpful for the simple linking of dynamic

inputs and outputs.

Network + X

- @
(=) Network &G
o ) Dynamic Network SBBRaG V.
T —Ts |InPut00 <Empty> | - Instance Count 2 [+] [=] | Resuit 00 Result @ Dynamic Network
7 ] /‘ - LT ? 1 Result 01 f Result @ Dynamic Network (1)
WB-ID: 420679564131 -dees-aT64-4e927T783685 5]
Dynamic Negork & X -
> / Dynamic Network &G V|
input 7 Input 00 @ Dynamic Network [v] - ‘|pmm=xu 7 |Rmh u Count @ Edge Counter 1Ch
[ ) Edge Counter 1Ch [CIEEa
Input Input @ Dynamic Network Vg TeEe oo = B Empty
j_ = = 1
Last Event Empty

\WB-ID: 420€7956-cf31-dee5-a764-4e9277783e85

Dynamic functions

Selected Instance[_1_[V] () O

It is also possible to create dynamic instances of functions. To do this, hold down the Ctrl key when adding

the functions from the editor and select the Dynamic button in the preview. The number of instances can
also be selected for dynamic functions. Editing is not possible.

Network® & X

=

Network

- o [

Edge Counter 1Ch

BB &G V| Edge Counter 1Ch x -
1 .

ThresholdEdge & |

Edge W& Empty
Empty

Last Event Empty

R

Select amount of sigorithm £ 330

5 Il 3 i2 Il

TE3510
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Network™ = X ~ &
= i S&BE &G Y
= Edge Counter 1Ch BB QY

Input 00 [kmpy> - Instance Count 2 [+][=]| Ede= 0 K Fdge @ Fdge Counter iCh
Input ot u B Threshold Edge. Edge 01 k& Edge @ Edge Counter 1Ch (1)
Count 00 Count @ Edge Counter 1Ch
Count 01 Count @ Edge Counter 1Ch (1)
Last Event 00 Last Event @ Edge Counter 1Ch
Last Event 01 Last Event @ Edge Counter 1Ch (1)
WB-D; 42067956-f31-deeS-a764-4¢9277783685 15}

5.1.2

Smart Link

The Smart Link functions in TwinCAT Analytics make engineering easier. Modules can be linked to variables
and other values in groups very quickly using a few key/mouse combinations.

A first variant of the Smart Link function is the linking of structure members from the Target Browser. This is
particularly useful if you use Analytics network templates. This requires that you name your network inputs
exactly the same as the members that you want to link from a structure.

[ Ais Analysis OBa GV
Actpos <Empty> |- Threshold Edge & 1400 Count Threshold Pos Count @ Edge Counter 1Ch
Actvelo <Empty> |- Avg Velo Avg @ Min Max Avg 1Ch
ActTorque <Empty> v - Avg Torque Avg @ Min Max Avg 1Ch (1)
AvisState <Empty> v - State Histogram
Edge Counter 1Ch BBa GV
ActPos @ Axis Analysis v| - Threshold Edge & 14 Edge Empty
Count Empty
Last Event Empty
Min Max Avg 1Ch BBa GV
ActVelo @ Axis Analysis M - Min Empty
Max Empty
Avg Empty
Time Min Empty
Time Max Empty
[ Min Max Avg 1Ch (1) A
Input ActTorque @ Axis Analysis M - Min Empty
Max Empty
f Avg Empty
Time Min Empty
Time Max Empty
[ ) State Histogram 1Ch & GV
Input AxisState @ Axis Analysis v - Histogram Mode Absolute [v] [ Num values Empty
M Min 1 Histogram
Max 10
WE-ID: fe713120-21af-4ffB-88b3-96d1d6328d11 9]

In the figure shown, these are the names of the known NC structure NcToPlIc. The inputs are given exactly

the same names as the members in the structure.
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> Network
[ PailAnalyes BBaG v
ActPos ActPos [1:1] @ tcanalyticstest: TestSignal... |v| EMPTY Threshold Edge & 1400 Count Count @ Edge Counter 1Ch
ActVelo ActVelo [1:1] @ tcanalyticstest: TestSignal... |v| EMPTY Avg Avg @ Min Max Avg 1Ch
ActTorque ActTorque [1:1] @ tcanalyticstest: TestSig... |v| EMPTY Avg Avg @ Min Max Avg 1Ch (1)
AdsState AvdsState [1:1] @ tcanalyticstest: Testsign... || EMPTY Histogram
[« Axis 2 Analysis [SIEERY
ActPos ActPos (1) [1:1] @ teanalyticstest: TestSig... || EMPTY Threshold Edge & 1400 Count Count @ Edge Counter 1Ch
ActVelo ActVelo (1) [1:1] @ tcanalyticstest: Testsi.._|v| EMPTY Avg Avg @ Min Max Avg 1Ch
ActTorque ActTorque (1) [11) @ tcanalyticstest: Test... |v] EMPTY Avg Avg @ Min Max Avg 1Ch
AxisState AxisState (1) [1:1] @ tcanalyticstest: TestS... || EMPTY Histogram
[« Axis 3 Analysis SBBa Qv
ActPos <Empty> | - Threshold Edge & 1400 Count Count @ Edge Counter 1Ch
Actvelo <Empty> v - Avg Avg @ Min Max Avg 1Ch
Actlorque <Empty> | N Avg Avg @ Min Max Avg 1Ch
AxisState <Empty> | v - Histogram
B-1D: fe7f3120-21af-4ff6-88b3-96416328d11 U
Target Browser
ADS Opcva TeDBSIY T™C | Enter Flter
TcAnalytics  TcAnalytics File  TeScope File  MAIN > Axis > Jaxis(2] >
d 00 ype ize  Category  Full-Name omment ubitems  Unit it-Offset tributes (instance)
2 N 7 s @ Full-N: e Subi Bit-Off; Attributes )
@ = 0 st MAN 1 0 none
::"a Iticstest ARRAY [0.3].. 4544 Array MAIN.Axis 4 2% none
! j“s‘ Signals T2 MC2AX.. 1136 Struct MAIN Axis[0] 7 2 none
4 =L Test Signals T2 MC2AX... 1136 Struct MAIN.Axis[1] 7 9112 none
4 "Live Data T2 MC2AX.. 1136 Struct MAIN.Axis[2] 7 18200 none.
® TestSignals/PlcStream3 # (2 Axis31 T2 MC2AX.. 1136 Struct MAIN.Axis(3] 7 27288 none
® TestSignals/PicStream4 ® (&) Variables 0 Struct Variables 36 0 none
® Weighing/Cyclic
® MachiningCenter/DeviceStream2
® MachiningCenter/Plcstream3
© WHistorical Data -
‘ (o R »

The drive axis structures can be easily linked in the following step. It is sufficient to link the desired structure

to one of the inputs of the network template using drag and drop. All members are automatically linked to the
inputs.

Another Smart Link function makes it easy to link outputs to inputs while taking their names into account. For

example, build a network template and name the inputs in the same way as the outputs of the modules to be
linked.

[« Network (1) BB« G Y
LS EE
= Min Max Avg Temperature &G V|
Input <Empty> cE i sy
Max Empty
Avg Empty
Time Min Empty
Time Max iy
Min Max Avg Pressure BBa GV
Input <Empty> v - Min Empty.
| Max Empty
Avg Empty
ALT + DragDrop Time Mirt—— Grriy
Time Max Empty

_Mydemplate.Instance BBa GV

= ]

= ]
Min Min @ Min Max Avg Temperature Vo
% Max Max @ Min Max Avg Temperature v o
Avg Avg @ Min Max Avg Temperature Vo

o= ]

MyTemplate_Instance2 BRa GV
Min <Empty> & o] -
Max <Empty> o -
Avg <Empty> < -

[WB-1D: fe7f3120-21af-4ffe-88b3-96d16328d11 9]

This means that, by holding down the Alt key while dragging and dropping an output onto an input of the
template, all other outputs can automatically link to their corresponding inputs.
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The next Smart Link function is combined with a search function in the modules of the current network. For
example, it creates a network template with dynamic inputs, which allows the number of inputs to be set via
the parameters during subsequent use. The Num-Channel parameter, which can be seen as an example in
the screenshot, is also linked as a network parameter. The same applies to the operand, which grows with

the number of channels.

[« Multi Channel Avg [ Y
Input 00 <Empty> V] - Num Channels [=]]Total Avg Result @ Math Operation 1Ch
Input 01 k <Empty> V] - f ‘
R /A
+x +
[ \ / | Math Operation SBBaGV
Input &} Input 00 @ Multi Channel Avg v Num Channels 1 [+] [=][Resut Empty
-!. - Input 01 Inout 01 @ Multi Channel Ava - Mathematical Operator
- X Negate Use Absolute Values O
New network input
[ e AT ] Wam Operation 1Ch SBBa~CGV
+- Input Py pe————— R v o Mathematical Operand 2 Result Empty
=X [¥]  include Element in Referenced Scope se Absolute Velues =
The example should simply create the sum of the X inputs and calculate the average.
[« 2. Multi Link SBa GV
S
[« Temperature 1 BBaqV
Input <Emply> v - Min Empty
Max Empty
/ & o
Time Min Empty
Time Max Empty
[« Temperature 2 BB GV
Input <Empty> v - Min Empty
Max Empty
/ Avg Empty
Time Min Empty
Time Max Empty
[ Temperature 3 BB GV
Input <Empty> -] Min Empty
Max Empty
f ALT + DragDrop = ety
Time Min Empty
Time Max Empty
[ Temperature 4 BB GV
Input <Emply> ] Min Empty
Max Empty
/‘ & ey
Time Min Empty
Time Max Empty
(=] Multi Channel Avg NBa GV
input 00 Avg @ Temperature 1 A€ Mo Num Channels [=]|Total avg Result @ Math Operation 1Ch
Input 01 Avg @ Temperature 2. Vo
Input 02 Avg @ Temperature 3 v| o
Input 03 Avg ® Temperature 4 o
WB-ID: 291997a4-15de-4c57-a623-09167d50ddf0 [

During use, the number of inputs is entered in the template. Then, while holding down the ALT key, drag an
output with a corresponding name in the local network to one of the template inputs. This feature searches
the local network for outputs with the same name and automatically links them to the template's inputs.

The Smart Link function shown can also be extended to group linking. To do this, first define dynamic inputs,
parameters and corresponding outputs in your template. In the example, the sum of all minimum, maximum,

and average values of a network is to be calculated.

20 Version: 1.0.1

TE3510



BEGKHOFF Configuration | Editor Basics

ey M Hl= Show optional
<Empty> v
<Emply> J]
<Empty> Y
<Empty> 8
SEmpty> v
[« Min Sum BaGV
+- putod N\ N\ [1npXt00 @ Mytemplate M- Num Channels ! [fresut™ T empry
L Input 01 N\ [input01 @ Wytemplte v - Mathematical Operator / I
g \ \ Use Absolute Values [E]
[« \ AN Max Sum | SBBaG v
+- Input 00 \\Mp}eoo@wrempm M - Num Channels [=Jresut TT Empty.
Ko Input 01 [inputo1 @ MyTemplate 9] - Mathematical Operator I
* Use Absolute Values O
= \ ‘Avg Sum | B&G V)
Input 00 [inph 00 @ MyTemplate M - Num Channels [=] | Resut u Empty.
I ; Input 01 [input 01 @ MyTemplate M - Mathematical Operator
. Use Absolute Values (m]
WE-ID: fe7(3120-21af 41f6-8 1 av

To make the group link work, click on the glasses icon in the top right corner at the network level to reveal
more details.

[a) Min Sum @GV
+ Input 00 Min 00 @ Summing v - Num Channels [=][Resurt Empty
T Input 01 Min 01 @ Summing v - Mathematical Operator
’ Use Absolute Values O
[« Max Sum BaG V|
+ Input 00 Input 00 @ Summing v - Num Channels [=]| Result Empty
Y, Input 01 Input 01 @ Summing ¥ - Mathematical Operator
* Use Absolute Values (m]
[« Avg Sum BaGCV
+- Input 00 Input 00 @ Summing M - Num Channels [=][ Resur Empty
x Input 01 Input 01 @ Summing v - Mathematical Operator
v Use Absolute Values (]

You will now see group names at the network inputs. You assign these as the exact names of the
subsequent outputs. In our example, you form the groups Min, Max and Avg.

When using the template, it is again a single operation with the ALT key pressed and a drag and drop from
one of the outputs to an input of the template. This searches all algorithms in the network and automatically
links all outputs with the same name as the group names.
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[} 3. Combination BBaCV
[« Min Max Avg 1Ch (1) R
Input <Empty> M - Min Empty
Max Empty
f Avg Empty
Time Min Empty
Time Max Empty
[=) Min Max Avg 1Ch (2) [FlEER
Input <Empty> M - Min Empty.
Max Empty
f Avg Empty
Time Min Empty
Time Max Empty
[« Min Max Avg 1Ch (3) SBBacV
Input <Empty> M Min Empty
Max Empty
/‘ ag [vor] )
ALT + DragDrop Time Min Empy
Time Max Empty
(=) Sumpin—_ SBa GV
Min Num Channels [=][ min sum Resuit @ Min Sum
Min 00 Min @ Min Max Avg 1Ch (1) Mo Max Sum Result @ Max Sum
Min 01 Min @ Min Max Avg 1Ch (2 Mo Avg sum Result @ Avg Sum
Min 02 Min @ Min Max Avg 1Ch (3) ¥ 0
Max
Max 00 Max @ Min Max Avg 1Ch (1) MEd
Max 01 Max @ Min Max Avg 1Ch (2) MY
Max 02 Max @ Min Max Avg 1Ch (3) MEd
Avg
Avg 00 Avg @ Min Max Avg 1Ch (1) ¥ o
Avg 01 Avg @ Min Max Avg 1Ch (2) MEd
Avg 02 Avg @ Min Max Avg 1Ch () Mo

WBID: 291997a4-15de-4c57-a6a3-09167d50dd10 v

5.1

.3 Enable Disable

The TwinCAT Analytics Workbench offers the functionality to switch individual algorithms or even complex
networks on or off in a data analysis. This document explains the use and advantages of this function.

The function allows users to specifically optimize or even deactivate individual parts of an analysis in order to
influence the behavior of the analysis as a whole.

Advantages and application examples for the deactivation of modules in an analysis:

Improved precision:

The ability to turn algorithms and networks on or off in the data analysis allows users to improve the
accuracy of the analysis. If an algorithm is not working optimally or a certain network area is not
relevant, it can be disabled to improve the overall precision of the analysis.

Optimizing resource use:

Turning algorithms or networks on or off can also help optimize resource use. For example, if an
algorithm requires high computational power, it can be turned off as needed to focus resources on
other areas of analysis.

Flexibility:
The ability to turn algorithms and networks on or off in data analysis provides users with flexibility and
control over analysis. Users can customize the analysis to meet the specific needs of their data.

Debugging:
The function also allows users to debug problems in the analysis. If a particular part of the analysis is
faulty, the affected algorithm or network can be disabled to isolate and fix the problem.

Switching modules on or off is controlled by the control elements in the upper left corner of the respective
module.
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P

£ N

vl

e
Alignment Color Status
Right Green Enabled
Left Red Disabled

For linked modules, the chain of links is passed through and inputs linked to a disabled module are indicated
by a red X at the input.
Disabled Link between two analysis algorithms:

- Zahlwerk [ R
Input fStairs, Virtual Inp... [v| X ThresholdEdge 4 | Edge Empty
f Count Empty
Last Event Empty

e | Produktionsdurchschnitt NB e QY
Input Count @ Zahlwerk |v| X Min Empty
= Max Empty
/ Avg Empty

Time Min Empty
Time Max Empty

If a network is deactivated, the processing of all algorithms below the network and its subnetworks
(recursive) is also deactivated.
Deactivated network elements with their subelements:

TE3510
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Network

QH- o-5 a8 s &
Search Solution Explorer (Ctrl+) P~ F RS
[ Solution “FwinCAT Measurement Project35' | SR

4[] TwinCAT Measurement Project3s
4 [@ analytics Project

Network

MBE&GV

4 [l Network
4 [ Network
4 Network
3 Do pling 1Ch

B Moving Average 1Ch

Ed:

ge Counter 1Ch

BB« QY

2K Moving Interval Counte
2K Edge Counter 1Ch
€. Flip Flop 2Ch
F Counter

Input

<Empty> v X

Threshold Edge

2 |1

Edge
Count

Last Event

Empty
Empty
Empty

F Aversge

Dashboard

Flip Flop 2Ch

NB& GV

4 [l inputs
4 ] virtual Mappings
4y Virtual Input Source RS
8 fstairs S

4 [l Sources

Input §
Input R

<Empty> v X
Erch

Threshold Level §
Threshold Level R
Count Mode

5 s Dominant

A
A v
OnChange [v]

Out
Count

Last Event

Empty
Empty
Empty

4 [ teanalyticstest: TestSignals/

If you use a Referenced Scope (see Interaction with Scope [P 293]), linked elements of the Scope are also
affected by the deactivation.
Deactivating the algorithm also deactivates the associated Scope acquisition:

Solution Explorer ot v 33X
ME- ©-5 F ﬁE
Search Solution Explorer (Ctrl+0) Do~

fa] Solution TwinCAT Measurement Project35' i
4 ﬁ TwinCAT Measurement Project3s
P E Analytics Project
4 ﬂ Metwark
x Counter
¥ Average
Dashboard
4 ﬂ Inputs
4 #i Virtual Mappings
4 Mi Virtual Input Source
A fstairs

F] d Sources

4 ‘ tecanalyticstest: TestSignalsy
i TimelLine
i Variables.f5tairs
A Referenced Scope Project
4 & DataPool
M Count @ Counter
6 f5tairs
4 @ Metwark
4 5y REALGS
E fStairs

ML Trigger

5.1.4

Static values are often used in analysis algorithms to store constants that should remain unchanged during
the execution of the algorithm. These static values can serve, for example, as thresholds, scaling factors, or
other mathematical constants used in the algorithm.

Static Values

The use of static values in analysis algorithms offers several advantages. First, the performance of the
algorithm can be improved by avoiding computations that otherwise, would have to be performed during
each execution of the algorithm. Instead, the algorithm can access the static value set during the initialization
of the algorithm. On the other hand, the readability and comprehensibility of the algorithm can be improved
by structuring the input value more clearly and providing constants with meaningful designations.
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Static values are sorted in the TwinCAT Analytics Workbench under the Virtual Inputs in order to generate
them at a central location and manage them later.

r ‘ Inputs
- Ml Yirtual Mappings
b Ll Virtual Input Source

In the editor of the Virtual Input Source you can create a new Virtual Input or edit an existing one by using +.

Virtual Input | <Empty> |v|| = |
| + |

Afterwards, the virtual input can be set to a static value (here 42) via the drop-down menu.

Virtual Input <Empty> v|:|
| <Empty> |

< Static» |

Virtual Input 42 (=]

This static value is now selectable throughout the configuration via the Input module.

(e | Edge Counter 1Ch MNE GV

Input <Static> 42 @ Virt... |v| = |Thresho|d Edge A |1 Edge Empty
f <Empty> Count Empty

MNew Metworkinput
Last Event Empty
Current Metwork Inputs

4 Virtual Inputs
fStairs, Virtual Input Source @ Variables.fStairs
fSine, Virtual Input Source @ Variables.fSine

Local Qutputs

Static values can also be used on network inputs. Here the linking with the dependent inputs of the individual
modules would run exactly the same as the behavior with incoming data inputs.

@ Static values in analysis algorithms should be used cautiously. If the data or parameters to which
the algorithm is applied change, it may be necessary to adjust the static values to ensure optimal
performance of the algorithm. Therefore, static values should be checked regularly and adjusted if
necessary to ensure that the algorithm is working correctly and effectively.

51.5 Global parameters

With the option of global parameters, fixed values such as a cost factor for energy management can be
defined, which can occur multiple times in different algorithms.

1. To create a new global parameter, right-click on an existing parameter and select the New global
parameter option.

Net

work' & X

- 0000000«  emaayv]

[« Threshold Classifier 1Ch [N
Input <Emply> M- Level OK/ Warning 10 Class Empty
Level Warning / Alam 20 Last Event Waming Empty
Last Event Alarm Empty

[« Threshold Classifier 1Ch (1) [FEEEY
Input <Empty> M- Level OK / Waming 10 Class £mpty
Level Wamning / Alam 20 Last Event Waming Empty
Last Event Alarm Empty

[ Threshold Classifier 1h @) BBa GV
Input 10 Class. e
2 Last Event Warning Empty
Last Event Alarm Empty
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2.

3.

Existing global parameters can then be selected via the same context menu on other algorithms.

Newwork -+ |
[« Network Ba GV
[=] Threshold Classifier 1¢h [CEERN
e T =] Trmmi oo 7 wiareing m Class e
e [ atverey ey
New global parameter Last Event Alarm Empty
Level OK / Wari =

[ — aming | Threshold Classifier 1Ch (1) «G V.
Input <Empty> v - Level OK / Warning 10 Class Empty.
Level Warning / Alarm 20 Last Event Warning Empty
Last Event Alarm Empty

[« Threshold Classifier 1Ch (2) BBaCV
Input <Empty> [ - Level OK / Warning 10 Class Empty
Level Warning / Alarm 20 Last Event Warning Empty
Last Event Alarm Empty

As soon as the first global parameter has been created, a new Parameter Network is created. This
allows you to set parameters in one central location. It is also possible to define several configurations of
parameters that can be switched.

B

[ ) Pararneter Netwark =] Ry

Pararmeter Source 7

Configuration: | configuration
[)_‘ 027 | @ Configurstion | |

Level OK £ Waming 10 'f

Lewel Warning / Alarm — -

Thresheld Edge (n P

Parameter Netwod® @ X .

» Farameter Network BEa G v
Pararneter Source [~
Canfiguration: Configuration
Energy Cost Factor EI "-fi ") Configuration | I |@'
? DK/ Warning 15| @ Configurstion (1) I}
Lewe ming / Alarm 25
Threshodd Edge On ¥ (5 t —+

. If the project is executed successively with different parameter configurations, a new Parameter Set with

the corresponding result data set is created in the Analytics Diary [P 478] under the existing project
configuration.

Compare * 0 X
Available Results Results only: c) Matched Symbols
Fl 0 Configuration 1 (2 Networks, 1 Function - 22.08.2024 11:00:51) Enter Filte [ Case Sensitive
a X Elame‘tcr set 1
[ B Result 1 - 22082024 11:00:51
4 *5 Parameter set 2 Mame Type Size |Categor-,— Full-Mam =
[+ @ Result 2 - 22.08.2024 11:02:31 & Timeline ULINT 3 1 Timeline
Sl {=} Network 0 5 Network
= {z} Edge_Counter_1Ch 1] 5 Networlk.|
¥ Operator Edge Tc3_Analytics.E.. 2 1 MNetwork.|
&4 Threshold Edge  LREAL a 1 Network.|
14l Megate Input BOOL 1 1 MNetwork.|
T A Lt 1 1 Momeamte 1 T
L ¥

= No further changes may be made to the project, otherwise a new project configuration will also be

created.

5.1.6 Additional analysis windows

In order to precisely evaluate the results of an analysis chain and efficiently adjust parameters, a detailed
representation of the image data is required. As large-format image views would limit the clarity in the
network editor, two specialized windows have been implemented for working with vision modules: Module
Watcher and Vision Gallery.

1. Module Watcher

The “Module Watcher” window is used for direct visual control during the configuration process.

* Function: Displays the images currently used in the module in an enlarged view parallel to the network

editor.

« Area of application: Quick checking of parameter settings and direct viewing of image data without

interrupting the workflow.
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o
1 This window is purely for display purposes; the images are not saved permanently.

2. Vision Gallery

The “Vision Gallery” is designed as a toolbox for in-depth analysis and documentation.

* Long-term viewing: Images can be stored over a longer period of time and saved in a targeted
manner.

« Comparison function: It is possible to save reference images from previous analysis times in order to
compare them directly with current results.

* Interaction: The tool offers the option of making markings in the images to highlight special features or
sources of error.

5.1.6.1 Module Watcher

The “Module Watcher” window is used for direct visual control during the configuration process.

* Function: Displays the images currently used in the module in an enlarged view parallel to the network
editor.

» Area of application: Quick checking of parameter settings and direct viewing of image data without
interrupting the workflow.

(
1 This window is purely for display purposes; the images are not saved permanently.

Open
There are two ways to call up the “Module Watcher” window:

1. Via the main menu
Navigate in the Visual Studio menu bar to:
Visual Studio menu: TwinCAT > Analytics > Module Watcher

2. Via the network editor (context menu):
In the network editor, right-click on an In variable or Out variable. In the context menu that appears,
select the Show Variable in Module Watcher command (see illustration below). The window then
opens automatically and displays the corresponding variable.

-
Image Preview image in modulguatehar

Mew network output

Persist data B

Include Elerment in Referenced Scope
| L | Show Variable in Module Watcher
g8  Addto Vision Gallery ]

Image Threshold image in moduls

Dynamic display and interaction

The Module Watcher is directly synchronized with the active network editor. The display is context-
dependent: The window automatically visualizes the data of the module that you have currently chosen in
the editor.

+ Automated update: As soon as you click on another vision module in your analysis, the Module
Watcher updates the view and displays the images processed in it.

» Workflow advantage: This direct coupling allows you to quickly switch between different modules and
compare their image data without manually reloading.
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» Visible values: The eyeglasses icon, which you will find with each module, also have an effect on the
Module Watcher.

Navigation and detailed view
The user interface is structured hierarchically to ensure a clear representation.
Hierarchical tree view

Below the module name, all available data is visualized in a tree structure.

« Structure: The display is divided into groups. The In variables are listed first, followed by the Out
variables.

» Grouping: Within these categories you will find the individual variables that are assigned to the
module.

Module Watcher - Complete function:
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TwinCAT Analytics Module Watcher

Detect Blobs
4 InVariables

4 lmage

4 Qut Variables
B lmage

4 Image Preview

P lmage Threshold

Focus mode (root navigation)

You can use the focus view to limit the display to relevant information:

» Switch levels: Double-click on an item (e.g. the “Out Variables” group) to make it the new starting
point (root node) of the view. All other items are hidden in order to make optimum use of the available
space for the relevant images. Double-clicking an image produces the same result as selecting the

“Open” option from the context menu.

* Breadcrumb navigation: As soon as you are at a lower level, a breadcrumb bar appears in the title
bar. This shows your current path (e.g. module name > Out Variables). You can switch back to a

higher hierarchical level by clicking on the entries.

Module Watcher - Out Variable Focus:

TE3510 Version: 1.0.1
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TwinCAT Analytics Module Watcher

Detect Blobs - Qut Variables

4 Qut Variables
P lmage

4 lmage Preview

4 Image Threshold

Example: Individual display of images

For example, if you double-click on a specific variable such as “Image Preview”, only this image will be
displayed in large format. This is particularly helpful for analyzing the effects of parameter changes in detail
without being distracted by other image data.

Module Watcher - Image Preview:
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odule Watcher

Detect Elobs - Out Variables - Image Preview

4 lmage Preview

5.1.6.2 Vision Gallery

The “Vision Gallery” is designed as a toolbox for in-depth analysis and documentation.

* Long-term viewing: Images can be stored over a longer period of time and saved in a targeted
manner.

« Comparison function: It is possible to save reference images from previous analysis times in order to
compare them directly with current results.

* Interaction: The tool offers the option of making markings in the images to highlight special features or
sources of error.

Integration in Visual Studio

The following figure shows the integration within the Visual Studio environment:
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T i CED
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= Db, SB=c Y| B
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crabecution <ty ke By ity o S T
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Tsnois o || ontourtie 0000000 o
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All instances of the Gallery are managed centrally in the Solution Explorer under the dedicated “Vision
Galleries” node. This enables quick access to analysis layouts that have already been created within your
solution.

There are several ways to add a new Vision Gallery:

1. Via the Solution Explorer:
Right-click on the “Vision Galleries” node and select the command to create a new gallery from the
context menu.

2. Directly from the analysis (context menu):
You can also create a new gallery directly from the workflow. To do this, right-click on any Image In or
Out variable in the Network Editor or in the Module Watcher and select the corresponding option in the
context menu.

The fine-tuning of the Gallery and the objects it contains is done via the standard Visual Studio Properties
window. As soon as you select an item within the Gallery, all editable parameters are displayed there.

By linking to the Analytics Timeline, you can also navigate specifically through the analysis period in order to
view historical image data in detail.

Adding analysis images
There are two methods available for transferring image data to a Gallery:

1. Via the context menu
Right-click on the desired image variable in the network editor. Using the context menu (see
illustration below), you can either assign the image to an already open Gallery or create a new Gallery
instance directly.

image inmodul... |Fi|ter By Area v

: | C

Mew network input

Include Element in Referenced Scope
Show Variable in Module Watcher
|E8  Add to Vision Gallery b

2. Drag and drop:
Drag the variable with the mouse directly from the network editor into the Gallery window. The decisive
advantage here is that the image is placed exactly at the position at which you release the mouse
button. This allows you to design your layout intuitively.

+

Create new

Vision Gallery

I]I:II:I

Toolbox

The toolbar is located on the left-hand side of the Gallery. To activate a Toolbox, select the corresponding
icon in the list. Two creation methods are available for all Toolboxes that create new objects (e.g. shapes,
lines or additional images):

1. Double-click to create:
Double-click at the point in the Gallery where the object is to be placed. The item is then automatically
created in a predefined standard size (default) at this position.

2. Creation by dragging:
To define the size of the object directly when creating it, click on the desired start point and drag the
item while holding down the mouse button. As soon as the desired dimensions are reached, release
the mouse button.

Below you will find an overview of the Toolboxes available for customizing and annotating your Gallery:
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~—— |Cursor (selection tool): This is the standard tool of the Gallery. It is automatically active if no other
I b : drawing tool has been chosen. When the cursor is active, you can select existing objects in the
222 |Gallery by clicking on them. A selected object can then be moved freely on the workspace or its size
can be adjusted (scaled) using the handles on the corners and edges.

Image tool: Allows you to manually insert additional graphics. The property grid can be used to load
o images from the hard disk, for example to store static reference images for direct comparison in the
Gallery.

Line tool: Used to mark and measure image areas. When drawing on an image, the exact length

/ and angle of the line are automatically displayed below the image. Particularly efficient: The
determined angle can be transferred directly to parameters in the Workbench (e.g. for the Rotate

Image function block). The line thus functions as an interactive configuration aid for image alignment.

Shape tool: Enables the insertion of geometric objects, whereby a rectangle is created by default.
@ The property grid can be used to switch the type flexibly between rectangle, circle and arrow.

Particularly useful: For rectangles, the position and dimensions can be adopted directly as
parameters for an ROI function block in the Workbench via the context menu, which considerably
simplifies the precise definition of image areas.

Text tool: Allows you to add individual texts and descriptions within the Gallery. This allows analysis
EI] results to be documented directly in the view or prepared for other users in an understandable way.

Object manipulation

The handling of objects within a gallery follows common standards of advanced graphic tools, which enables
intuitive operation.
The following functions are available for all placed items:

* Move: Selected objects can be freely positioned on the workspace using the mouse.

» Scaling: The size of an object can be individually adjusted at any time using the handles on the
corners and edges.

» Grouping: Several objects can be grouped together so that they can be moved or aligned together.
Management is carried out in the Solution Explorer either via the context menu or intuitively via drag
and drop.

Particularly important: Objects that are placed on a picture are automatically grouped with it. In this
case, the coordinates of the object (e.g. position of a rectangle) do not refer to the Gallery area, but to
the native pixel coordinates of the image. This means that markings remain absolutely true to position
even when the image is scaled or moved.

Additional interactions

The information bar is located at the bottom of the Gallery (see illustration below). All values displayed there
refer to the original dimensions of the image and are independent of the current scaling or display size within
the Gallery.

1048x748 g3 917,181 2 197,197,197

+ Image dimensions (left): Shows the actual resolution of the currently selected source image in pixels.

« Cursor position (center): Specifies the exact pixel coordinates (X/Y) of the current mouse position
within the image that is currently under the cursor.

» Color value display (right): Displays the RGB color value of the image pixel located directly under the
mouse cursor. This enables a quick check of color and brightness values during the analysis.

Click on an image in the Gallery to open the annotation popup.
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Pin function (time fixing): This function can be used to freeze an image to a

| specific point in time. If the image is “pinned”, it is no longer updated by successor
data from the live analysis and remains unchanged even when scrolling through the
timeline. For better orientation, the selected time is also visualized by a marking
directly in the Analytics Timeline.

Pin & Copy: This function extends regular pinning by creating a copy of the current
!4_ image and inserting it into the Gallery as a new, independent object. While the
original view can still be updated live, the newly created image remains fixed to the
selected time. This enables the simultaneous comparison of different analysis
states within a gallery.

@ Persistent function: Controls whether image data remains available for the review

in the timeline.

» Activated: When scrolling through the timeline, you can access past recordings
of the connected output and view them in the Gallery.

» Disabled: Only the current image is available. When moving the timeline
position, the object does not display any data for past points in time.

» Standard: To optimize the system load, intermediate screens in modules are
predefined as non-persistent by default.

Name The name assigned here is displayed directly above the image in the Gallery for
quick identification.

Export: You can use this button and the submenu to export the selected image.
Details on the options can be found in the following section.

Delete: Removes the currently selected image from the Gallery.

Adjustments: Opens the Toolbox for image editing. The available parameters are
== explained in detail below.

Image adjustments
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The following illustration shows the available adjustments with which you can optimize the representation of
an image to make details more visible.

@® These adjustments only affect the visual representation within the Gallery. They have no influence
on the image data in the current analysis. The function is used to carry out tests quickly or to
1 facilitate the placement of additional Toolboxes through improved visibility.

I
W =
——
—

| Image Adjustments ')
Saturation = O — |

Brig htness e |

Contrast e — |

Saturation Saturation: Adjusts the intensity of the colors. Increasing the color intensity makes the colors
more vivid, while reducing the color intensity makes the image grayscale.

Brightness Brightness: Controls the general light intensity of the image. This can be used to brighten
underexposed images or darken areas that are overexposed.

Contrast Contrast: Controls the difference between light and dark areas of the image. A higher
contrast enhances the definition of details, while a lower contrast makes the image appear
flatter.

Export

Gallery items can be flexibly exported and saved locally. You have the choice of saving either individual
images or entire groups. The export process can be started in two ways:

+ Context menu in the Solution Explorer:
Right-click the desired item in the Solution Explorer. Several images can also be saved simultaneously
via a multiselect in the Solution Explorer.

* Annotation pop-up:
Use the export button directly within the image view.

A distinction is made between four options when exporting:

* Export Group
Exports the entire group including all contained items. The result corresponds to the resolution
configured in the Gallery.

« Export Original Image
Saves the original image in its full native resolution without additional overlays.

+ Export with Markups (full Resolution)
Saves the image in full resolution, whereby all annotations (markups) created are drawn directly into
the image.

+ Export with Title
Saves the image together with the title and the line information below the representation. The
resolution corresponds to the current display in the Gallery.

5.2 Algorithms

TwinCAT Analytics Engineering offers you a graphical user interface for easy use of mathematical algorithms
from various categories. Depending on the installed workload and activated license, the algorithms of some
or all categories are visible in the toolbox.

If none of the many algorithms fit your requirements, you can develop application-specific algorithms yourself
using the TwinCAT Analytics Lambda function.
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Moving Average 1Ch
Moving Interval Counter 1Ch
Overall Equipment Effectiveness (OEE)
Productivity Diagnosis 3Ch
Productivity Interval 1Ch
Signal Generator 1Ch

Time Clock 1Ch

Timer 1Ch

Timing Analysis 1Ch

4 Analytics - C++ Lambda Functions
k  Pointer

A AssignString

A C++ Lambda Function
Analytics - Classification

Pointer

Bandwidth Classifier 1Ch
Bandwidth Classifier 3Ch
Curve Sketcher 1Ch
Histogram 1Ch

N

Pareto Analysis
Section Timer 1Ch

State Histogram 1Ch

Step Response 1Ch
Threshold Classifier 1Ch
Threshold String Classifier 1Ch
Time Based Envelope 1Ch
Analytics - Clustering

k  Pointer

@  Denstream

., Sequential k-Means
Analytics - Communication

& Pointer

£ MQTT JSON Logger

£ MQTT Logger
Analytics - Compare
Pointer
Demultiplexer
Detect String Change 1Ch
Detect Value Change 1Ch
Dynamic Time Warping
Dynamic Time Warping Interval
Logic Operation Counter
Multiplexer
MNumerical Compare 1Ch
Numerical Compare 2Ch
String Compare 1Ch
String Compare 2Ch

£> Timespan Compare 1Ch
Analytics - Energy

Ree3EEREY ==

.

EXCCHEORRC RN

N

k  Pointer

Energy

B Energy AXSwoux
Energy AX8Txx

B Energy AX82xx
Energy AXB6x0

B  Energy EL259x
Energy EL72xx EL74xx
B  cEnergy EP9224
Energy EPP022

4 Analytics - Math

k  Pointer

Integrator 1Ch

#I  Math Operation

%% Math Operation 1Ch
X  Mean 1Ch

RMS  RMS 1Ch
fi%  Slope Analysis 1Ch
0 Timespan Operation

4 Analytics - Power Menitering 1Ph

k  Pointer

AU Basic Values Periad 1Ph
e Frequency Period 1Ph
L. Harmonics 1Ph

. Harmonics Period 1Ph

All algorithms have the same five icons in the top right-hand corner:

+ Include in Referenced Scope: if you click on the Included in Referenced Scope icon, the algorithm
outputs are added to a referenced Scope project.

* Include in Report: If you click on the Include in Report icon, the algorithm with the configured
visualization will be integrated into a manual report.
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» Eyeglasses: If you click on the eyeglasses icon you can see the optional parameter Enable Execution.
You can select a Boolean signal for this parameter, so that the algorithm is just active, if the value of
the selected signal is TRUE.

* Reset arrow: If you click on the arrow the output values of the specific algorithm will be reset.
» Minimize arrow: If you click on the minimize arrow on the right, the algorithm will be collapsed.

The various categories and their algorithms are described in more detail below.

5.2.1 Analytics algorithms

The basic algorithms of the TwinCAT Analytics Engineering Tools originate from the PLC library TF3500
Analytics Library.

5211 Analytics - Base

The algorithms of the category Analytics-Base provide base functionalities for analyzing process and
application data. For example threshold detection, timing analysis or calculation of minimum, maximum and
average values.

52111 BatchNShift 1Ch
[ ) BatchNShift 1Ch B GV
% Input <Empty> v - Buffer Size 1 Output
% Sample Mode [ Flow v

The BatchNShift 1Ch buffers the values of the input signal according to the buffer size and the sample mode.
The number of output channels in which the buffered input values are stored corresponds to the buffer size.
With the help of the sample mode it is possible to distinguish between two different operating modes of the
algorithm. If the sample mode Flow is selected, a ring buffer or shift register is realized (Shift). The values
are written to the buffer one after the other and shifted by one position of the buffer in each cycle. If the
buffer is full, the last value falls out. In the Wait mode, the buffer is instead completely emptied and filled with
new values whenever it is completely full, so that the values are processed in the form of batches (batch). At
the beginning of an analysis, the system also waits until the buffer is completely filled before writing the
values to the buffer. Therefore, the function block supplies valid values only from the cycle (BufferSize + 1).

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

« Buffer Size: specifies the size of the buffer and thus the number of values that are stored. The number
of output channels equals the buffer size.

» Sample Mode: the values from the buffer can be passed to the output channels in two different modes:

o Flow: the buffer is filled like a ring buffer. At the start of the analysis all output values are set to
zero. Each change to the ring buffer is transferred to the output channels immediately. The New
Result flag is set to TRUE, once all output channels got assigned a value and is always true, when
a new value is saved in the buffer.

o Wait. at the start of the analysis or after reset all output channels are set to zero. Only when the
internal buffer is full, these values are transferred to the output channels and the New Result flag
is set to TRUE. These values stay as output values until all the values in the internal buffer are
renewed. Only then they are transferred to the output channels.

Output values

* Output Value 00..n: results of the BatchNShift buffer according to the Sample Mode. Each output
channel represents a buffer storage space.
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Standard HMI Controls

For the BatchNShift 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control or Multivalue Control visualizes the output values Output Value 00..n

Data Table Vertical

10 Mar 2021 16:15:29

s oy pn i

Alternatively, customer-specific HMI controls can be mapped in the BatchNShift 1Ch algorithm using the
Mapping Wizard [P 382].
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5.21.1.2 Bitmask

[ ) Bitmask B GV
1 0 Input |<Empty> |v| - Bits
01

The Bitmask module can be used to evaluate individual bits. To do this, the individual bits of the input value
are output as Boolean values at the output.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
« Bits: Array with Boolean elements. The value of an element is TRUE if the respective bit in the input
value is set. The size of the output array depends on the data type of the linked input.

The following human-machine interface controls are available for the algorithm to generate an Analytics
Dashboard:

The Table Control or List Control visualizes all output values.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, customer-specific HMI controls can be linked using the Mapping Wizard [> 382].

5.21.1.3 Calendar

® Calendar [

Timestamp - Recurrence Mode Daily |v‘ Event Empty
ﬁ Time hh| 1 mm| 0 | ss | 0 | |NextEvent Empty

The Calendar creates a recurring event at certain times. The repeat mode can be set individually. The
modes of daily, weekly, monthly or annual repetition are available.

A timestamp is required as a reference value, as the algorithm needs a time context in which to work. This
reference timestamp is set automatically, if there is another algorithm in the configuration. Therefore, it is not
possible to use the Calendar individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Recurrence Mode:
Daily: Daily recurrence. The time of the event can be set.
Weekly: Weekly recurrence. The time of the event and the days of the week on which the event is to be
generated can be set.
Monthly: Monthly recurrence. The time of the event and the recurrence type can be set.
Yearly: Annual recurrence. The time of the event, the recurrence type and the months in which the
event is to be created can be set.

+ Time: Time of the event
- Day Of Week Mask: Days of the week on which an event is to be created.

* Recurrence Specification:
Specific Day: The event should be created on a specific day. This can be set using the Day parameter.
First: The event should be created on the first specified day of the month. The specification is made via
the Day Of Week parameter.
Last: The event should be created on the last specified day of the month. Specification takes place via
the Day Of Week parameter

+ Day: Day on which an event is to be created.

+ Day Of Week: Day of the week of the event
Unspecified: The event is created on the first or last day of the month, depending on the Recurrence
Specification parameter.
Monday..Sunday: The event is generated on the first or last set weekday of the month, depending on
the Recurrence Specification parameter.
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* Month Of Year Mask: Months in which an event is to be created.

Output values
» Event: Indicates TRUE at the time of the event, otherwise FALSE.
* Next Event: Displays the time remaining until the next event.
Standard HMI Controls
For the Calendar algorithm, the following HMI controls are available for generating an Analytics Dashboard:

1. The Table Control or Multivalue Control visualizes all output values: Event, Next Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

T T
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Alternatively, customer-specific HMI controls can be mapped in the Calendar algorithm using the Mapping
Wizard [p_382].

5.21.1.4 Continuous Piece Counter 1Ch
(& ] Continugus Piece Counter 1Ch MBE GV
Input <Empty> v| - Threshald Edge 4 |1 Num Intervals  Empty
Interval 3600 Count Last Int... Empty

Count Curren... Empty

Count Min Empty
Count Max Empty
Time Count... Empty
Time Count... Empty

Current Interv... Empty

The Continuous Piece Counter 1Ch counts the number of pieces within the configured interval. The counter
is increased when the signal of the input channel passes the configured edge at a specific threshold. The
calculation restarts when the time of the interval has elapsed. The algorithm provides the amount of pieces,
the minimal and the maximal number of pieces as well as the time values of minimum and maximum.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The counter increments when the signal
passes this threshold.

* Interval: Time interval in which the values are to be calculated.
» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output Values
¢ Num Interval: Shows the number of intervals.
» Count Last Interval: Shows the amount of pieces in the last interval.
» Count Current Interval: Shows the amount of pieces in the current interval.
« Count Min: Shows the minimal number of pieces in an interval.
» Count Max: Shows the maximal number of pieces in an interval.
* Time Count Min: Shows the time value of the minimum.
+ Time Count Max: Shows the time value of the maximum.
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e Current Interval Time: Shows the time of the current interval.

Standard HMI Controls

For the Continuous Piece Counter 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The PieceCounter control visualizes the output values Num Intervals, Count Last Interval, Count Current
Interval, Count Min, Count Max, Time Count Min, Time Count Max and Time Current Interval.

Piece Counter

Max: 30

Mg

Number of intervals: 4
Interval time: 00:00:24

Min: 10. Mar 2021 16:15:29
Max: 10. Mar 2021 16:15:29

2. The Table Control or Multivalue Control visualizes all output values: Num Intervals, Count Last Interval,
Count Current Interval, Count Min, Count Max, Time Count Min, Time Count Max, Time Current Interval.

Data Table Vertical

10 Mar 2021 16:15:29
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DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Continuous Piece Counter 1Ch algorithm
using the Mapping Wizard [»_382].

5.21.1.5 Downsampling 1Ch

[ ) Downsampling 1Ch MNB e GV
P Input <Empty> w| - Downsampling Factor 1 Out Empty

I\llA\‘lTl il T Last5a.. Empty

Downsampling 1Ch processes the values of the input channel with a configurable downsampling factor. This
achieves downsampling so that the output signal is a representation of the input signal at a lower sampling
rate. This can be useful, for example, to better identify trends or to perform subsequent compression of
highly sampled signals if only lower sampling rates are required within the analysis. This is a simple way to
increase the performance of the analysis.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ Downsampling Factor: the factor used for downsampling. For example, if the downsampling factor is
100, only every 100th value is saved. The sample time is thus 100 times the original cycle time, which
lies between two sampled data points. If the downsampling factor is set to one, all values are buffered.

Output values
» Output Value: output signal with the sampling rate lower by the downsampling factor.
Standard HMI Controls

For the Downsampling 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:
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1. The SingleValue Control visualizes the output value Output Value.

Single Value

Last event:
10. Mar 2021 16:24:29

Alternatively, customer-specific HMI controls can be mapped in the Downsampling 1Ch algorithm using the
Mapping Wizard [P 382].

5.21.1.6 Edge Counter 1Ch
® Edge Counter 1Ch NMEa GV
Input <Empty> vl - Threshold Edge A& |1 Edge Empty
f Count Empty
Last Event Empty

The Edge Counter 1Ch counts the amount of raised events. An event is raised when the signal of the input
channel passes the configured edge at a specific threshold.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
» Edge: Indicates TRUE at the time the event is triggered, otherwise FALSE.
» Count: Counts the number of triggered events.

« Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Edge Counter 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

2. The Table Control or Multivalue Control visualizes all output values: Edge, Count, Last Event.
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Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, custom HMI controls can be mapped in the Edge Counter 1Ch algorithm using the Mapping
Wizard [P 382].
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5.21.1.7 Edge Counter On Off 1Ch
[ ) Edge Counter OnOff 1Ch MB GV
Input <Empty> v - Thresheld Edge On 2 |1 Is On Empty

Threshold Edge OFF ¥ | Edge On Empty

Edge Off Empty
Count On Empty

Count Off Empty

Last Event Empty

The Edge Counter On Off 1Ch counts the amount of raised on- and off-events. An on-event is raised when
the signal of the input channel passes the configured edge at a specific on-threshold and an off-event is
raised when the off-threshold is passed by the same signal.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

* Threshold On: Threshold of the signal at the respective edge. The On event is triggered when the
signal passes this threshold.

+ Threshold Off: Threshold of the signal at the respective edge. The Off event is triggered when the
signal passes this threshold.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
* Is On: Indicates TRUE within the timespan between the On event and the Off result, otherwise FALSE.
+ Edge On: Indicates TRUE on a rising edge.
» Edge Off: Indicates TRUE on a falling edge.
« Count On: Counts the number of triggered On events.
» Count Off: Counts the number of triggered Off events.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Edge Counter On Off 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The EdgeCounterOnOff control visualizes the output values Is On, Count On, Count Off and Last Event.

Edge Counter OnOff

Co | ml
21 22

Last event:
10. Mar 2021 16:13:12

2. The SingleValue control visualizes the output values Count On and Last Event.
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Single Value

Last event:
10. Mar 2021 16:24:29

Binary State

3. The BinaryState control visualizes the output value Is On.

4. The Table Control or Multivalue Control visualizes all output values: Flanks (Is On, Edge On, Edge Off),
Count On, Count Off, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, custom HMI controls can be mapped in the Edge Counter On Off 1Ch algorithm using the
Mapping Wizard [»_382].

5.21.1.8 Edge Counter On Off 2Ch
[ ) Edge Counter OnOff 2Ch NMBa QW
Input Ch1 <Empty> vl - Threshold Edge On Pl Is On Empty
Input Ch2 u - Reset On Multiple On O Edge On Empty

Threshold Edge Off A |1 Edge Off Empty
Count On Empty

Count Off Empty

Last Event Empty

The Edge Counter On Off 2Ch counts the amount of raised on- and off-events. An on-event is raised when
the signal of the first input channel passes the configured edge at a specific on-threshold and an off-event is
raised when the off-threshold is passed by the signal of the second channel.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold On: Threshold of the signal at the respective edge. The On event is triggered when the
signal passes this threshold.

* Reset On Multiple On: If the checkbox is checked, the "Count On" counter increments with every On
event. Otherwise, the On events are only counted after a counter reset (Off event).

» Threshold Off: Threshold of the signal at the respective edge. The Off event is triggered when the
signal passes this threshold.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
* Is On: Indicates TRUE within the timespan between the On event and the Off result, otherwise FALSE.
+ Edge On: Indicates TRUE on a rising edge.
+ Edge Off: Indicates TRUE on a falling edge.
* Count On: Counts the number of triggered On events.
» Count Off: Counts the number of triggered Off events.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.
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Standard HMI Controls

For the Edge Counter On Off 2Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The EdgeCounterOnOff control visualizes the output values Is On, Count On, Count Off and Last Event.

Edge Counter OnOff

Lo |
Last event:
10. Mar 2021 16:13:12

2. The SingleValue control visualizes the output values Count On and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState control visualizes the output value Is On.

Binary State

4. The Table Control or Multivalue Control visualizes all output values: Flanks (Is On, Edge On, Edge Off),
Count On, Count Off, Last Event.
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Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, custom HMI controls can be mapped in the Edge Counter On Off 2Ch algorithm using the
Mapping Wizard [» 382].
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5.21.1.9 Event Timing Analysis 1Ch

® Event Timing Analysis 1Ch NBa GV

Input <Empty> wl| - Threshold Edge On P Is On Empty

Threshold Edge Off ¥ 1 Current Interval Empty

Init With Thresheld [] | Last On Interval Empty

Single Edge [1| Last Off Interval Empty

On Min Empty

On Max Empty

@ On Avg Empty

On Total Empty

Off Min Empty

Off Max Empty

Off Avg Empty

Off Total Empty

Count On Empty

The Event Timing Analysis 1Ch measures time differences between on- and off-event and counts the
amount of raised events. An on-event is raised when the signal of the input channel passes the configured
edge at a specific on-threshold and an off-event is raised when the off-threshold is passed by the same
signal.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: indicates whether the edge counter should react to a rising or a falling edge.

« Threshold On: threshold of the signal at the respective edge. The On event is triggered when the
signal passes this threshold.

» Threshold Off: threshold of the signal at the respective edge. The Off event is triggered when the
signal passes this threshold.

 Init With Threshold: if the value is TRUE, the algorithm uses a threshold to initialize the internal state
instead of waiting for an edge.

» Single Edge: if the value is TRUE, the algorithm is executed only on the basis of the edges of the On
event.

+ Tolerance (optional): tolerance value for the Equal / NotEqual comparisons.

Output values
* Is On: Indicates TRUE within the timespan between the On event and the Off result, otherwise FALSE.
» Current Interval: Indicates the time of the current interval.
« Last On Interval: Timespan of the last completed interval between On event and Off event.
» Last Off Interval: Timespan of the last completed interval between Off event and the On event.
¢ On Min: Minimum time between On event and Off event.
* On Max: Maximum time between On event and Off event.
* On Avg: Average time between On event and Off event.
* On Total: Total time between On events and Off events.
+ Off Min: Minimum time between Off event and On event.
« Off Max: Maximum time between Off event and On event.
« Off Avg: Average time between Off event and On event.
» Off Total: Total time between Off events and On events.
« Count On: Counts the number of triggered On events.

Standard HMI Controls

For the Event Timing Analysis 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:
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1. The EventTiming control visualizes the output values Is On, Count On, Current Interval, On Min, On Max,
On Avg, On Total, Off Min, Off Max, Off Avg and Off Total.

Event Timing

Min
00:00:00.968

Avg
00:00:00.963

Max
00:00:00.968

On: 00:00:30.976
Off: 00:00:33.984

2. The SingleValue control visualizes the output value Count On.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The Table Control or Multivalue Control visualizes all output values: Is On, Count On, Current Interval, On
Min, On Max, On Avg, On Total, Off Min, Off Max, Off Avg, Off Total.

Data Table Vertical

10 Mar 2021 16:15:29
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DataTable Horizontal

10 Mar 2021 16:15:29

Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Event Timing Analysis 1Ch algorithm
using the Mapping Wizard [»_382].

5.2.1.1.10 Event Timing Analysis 2Ch

® Event Timing Analysis 2Ch MNB e GV

Input Ch1 <Empty> v - Thresheld Edge On A |1 Is On Empty

Input Ch2 u - Reset On Multiple On []| Current Interval Empty

Threshold Edge Off A 1 Last On Interval Empty

Init With Thresheld [ | Last Off Interval Empty

On Min Empty

On Max Empty

@ On Avg Empty

On Total Empty

Off Min Empty

Off Max Empty

Off Avg Empty

Off Total Empty

Count On Empty

The Event Timing Analysis 2Ch measures time differences between on- and off-event and counts the
amount of raised events. An on-event is raised when the signal of the first input channel passes the
configured edge at a specific on-threshold and an off-event is raised when the off-threshold is passed by the
signal of the second channel.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

* Threshold On: Threshold of the signal at the respective edge. The On event is triggered when the
signal passes this threshold.
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Reset On Multiple On: If the checkbox is checked, the "Count On" counter increments with every On
event. Otherwise, the On events are only counted after a counter reset (Off event).

Threshold Off: Threshold of the signal at the respective edge. The Off event is triggered when the
signal passes this threshold.

Init With Threshold: If the value is TRUE, the algorithm uses a threshold to initialize the internal state,
instead of waiting for an edge.

Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values

Is On: Indicates TRUE within the timespan between the On event and the Off result, otherwise FALSE.
Current Interval: Indicates the time of the current interval.

Last On Interval: Timespan of the last completed interval between On event and Off event.
Last Off Interval: Timespan of the last completed interval between Off event and the On event.
On Min: Minimum time between On event and Off event.

On Max: Maximum time between On event and Off event.

On Avg: Average time between On event and Off event.

On Total: Total time between On events and Off events.

Off Min: Minimum time between Off event and On event.

Off Max: Maximum time between Off event and On event.

Off Avg: Average time between Off event and On event.

Off Total: Total time between Off events and On events.

Count On: Counts the number of triggered On events.

Standard HMI Controls

For the Event Timing Analysis 2Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The EventTiming control visualizes the output values Is On, Count On, Current Interval, On Min, On Max,
On Avg, On Total, Off Min, Off Max, Off Avg and Off Total.

Event Timing

Avg
00:00:00.968

Max
00:00:00.968

On: 00:00:30.976
Off: 00:00:33.984

2. The SingleValue control visualizes the output value Count On.

TE3510 Version: 1.0.1 55



Configuration | Algorithms BEGKHOFF

Single Value

Last event:
10. Mar 2021 16:24:29

3. The Table Control or Multivalue Control visualizes all output values: Is On, Count On, Current Interval, On
Min, On Max, On Avg, On Total, Off Min, Off Max, Off Avg, Off Total.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

ae | me | me [
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Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Event Timing Analysis 2Ch algorithm
using the Mapping Wizard [»_382].

5.21.1.1 Flip Flop 2Ch
® Flip Flop 2Ch MEB GV
Input S <Empty> vl - Threshold Level S A |1 Out Empty
RS Input R u - Threshold Level R A Count Empty
SR Count Mode [ OnChange [ |LastEvent  Empty
§ Is Dominant

The Flip Flop 2Ch implements a bistable flip-flop. The dominance for setting (RS) or resetting (SR) the output
value can be configured.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: specifies whether the input value should be greater than, greater than or equal to, less than
or equal to, less than or not equal to the threshold.

» Threshold Level S: threshold of the signal for setting.
» Threshold Level R: threshold of the signal for resetting.

+ Count Mode: mode of the result counter.
OnChange: the counter counts every time the result changes to TRUE.
Cyclic: the counter increments every cycle when the condition is TRUE.

+ S Is Dominant: the dominance of setting (RS) or resetting (SR) can be configured.
» Tolerance (optional): tolerance value for the Equal / NotEqual comparisons.

Output values
» Out: Result of the bistable flip-flop.

» Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

« Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Flip Flop 2Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

TE3510 Version: 1.0.1 57



Configuration | Algorithms BEGKHOFF

1. The BinaryState control visualizes the output value Out.

Binary State

2. The Table Control and Multivalue control visualize all output values: Out, Count, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

T T
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Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Flip Flop 2Ch algorithm using the
Mapping Wizard [»_382].

.
5.21.1.12 Interval Piece Counter 1Ch
(e ) Interval Piece Counter 1Ch NBae GV
Input <Empty> vl - Threshold Edge A |1 Executing Int... Empty
Start Interval u 5 Reset On Multiple Start [1 | Num Intervals ~ Empty
Interval H 1 Count Last Int... Empty

Count Curren... Empty
f Count Min Empty
Count Max Empty

Time Count.. Empty
Time Count... Empty

Current Interv... Empty

The Interval Piece Counter 1Ch counts the amount of raised events within a configured interval, which starts
when the value of the start interval flag is TRUE. An event is raised when the signal of the input channel
passes the configured edge at a specific threshold. The calculation restarts when the time of the interval has
elapsed and the value of the start interval flag is True again.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

* Reset On Multiple Start: If the checkbox is checked, the interval restarts when the Start Interval flag
becomes TRUE again. Otherwise, the interval restarts automatically when the time has elapsed.

* Interval: Time interval in which the values are to be calculated.
» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values

« Executing Interval: Indicates True if the calculation is active and the interval is running, otherwise
False.

* Num Intervals: Indicates the number of intervals.
« Count Last Interval: Indicates the number of triggered events in the last interval.
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* Count Current Interval: Indicates the number of triggered events in the current interval or, if the
calculation is currently inactive, the number of triggered events in the last interval.

« Count Min: Indicates the minimum of triggered events in an interval.
+ Count Max: Indicates the maximum of triggered events in an interval.

+ Time Count Min: Indicates the time value of the minimum — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

+ Time Count Max: Indicates the time value of the maximum — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

» Current Interval Time: Indicates the time of the current interval — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Interval Piece Counter 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The PieceCounter control visualizes the output values Num Intervals, Count Last Interval, Count Current
Interval, Count Min, Count Max, Time Count Min, Time Count Max and Time Current Interval.

Piece Counter

= Min; 30

Cur: 23

Number of intervals: 4
Interval time: 00:00:24
Min: 10. Mar 2021 16:15:29
Max: 10. Mar 2021 16:15:29

2. The Table Control or Multivalue Control visualizes all output values: Num Intervals, Count Last Interval,
Count Current Interval, Count Min, Count Max, Time Count Min, Time Count Max, Time Current Interval.
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Data Table Vertical

10 Mar 2021 16:15:29

[ |

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Interval Piece Counter 1Ch algorithm
using the Mapping Wizard [P 382].

5.21.1.13 Latching Switch 1Ch
[ ) Latching Switch 1Ch ME GV
Input | <Empty> |v| - Threshold Edge Y |1 Out Empty
ﬂ oy
Last Event Empty
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The Latching Switch 1Ch realizes a virtual impulse switch. The output alternates between TRUE and FALSE
on each edge detected at the input.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: Specifies whether to react to a rising or falling edge at the input

» Threshold Edge: Threshold of the signal at the respective edge. The event is triggered when the
signal passes this threshold.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
* Out: Result of the virtual impulse switch.
» Count: incremented when the output value changes.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Latching Switch 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

2. The BinaryState control visualizes the output value Out.

Binary State

3. The Table Control and Multivalue Control visualize all output values.
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Data Table Vertical

10 Mar 2021 16:15:29

[ |

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped using the Mapping Wizard [» 382].

5.21.1.14 Lifecycle Analysis 1Ch

I ) Lifecycle Analysis 1Ch MEBEs GV
Input |<[m|,|},, |v| B Threshold Edge = 1 CyclesElapsed  Empty

@z Estimated Cycles ‘1[['] Cycles Remai.. Empty
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The Lifecycle Analysis 1Ch calculates the elapsed and the estimated remaining cycles of a device. When the
signal of the input channel passes the configured edge at a specific threshold, the elapsed cycles are
increased and the remaining cycles are decreased.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. An event is triggered when the signal
passes this threshold.

» Estimated Cycles: Estimated cycles over the lifetime of the respective device.
» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output Values
» Elapsed Cycles: Counts the amount of cycles which are already elapsed.

* Remaining Cycles: Shows the remaining cycles of the device as the difference of estimated and
elapsed cycles.

Standard HMI Controls

For the Lifecycle Analysis 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Process control visualizes the output values Elapsed Cycles and Remaining Cycles.

Process
91 Elapsed
9 1 % 909 Remaining
-

2. The Table Control or Multivalue Control visualizes all output values: Elapsed Cycles, Remaining Cycles.

Data Table Vertical
Data Table
Input 1 2042
—_—]
Input 2 25.43
]
Executing TRUE
—
Last Event 10 Mar 2021 16:15:29
—
4
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DataTable Horizontal

10 Mar 2021 16:15:29

Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Lifecycle Analysis 1Ch algorithm using
the Mapping Wizard [» 382].

5.21.1.15 Lifetime Analysis 1Ch

[ ) Lifetime Analysis 1Ch MNB e GV
Input <Empty> vl - Threshold Level = |1 Time Elapsed  Empty

@o Estimated Lifetime 3600 Time Remaini... Empty

The Lifetime Analysis 1Ch calculates the elapsed and the estimated remaining lifetime of a device. If the
input value met the configured condition the lifetime will be reduced.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: Specifies whether the input value should be greater than, greater than or equal to, less than
or equal to, less than or not equal to the threshold.

» Threshold: Signal threshold.
» Estimated Lifetime: Estimated lifetime of the respective device.
» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output Values
» Elapsed Lifetime: Shows the lifetime which is already elapsed.

* Remaining Lifetime: Shows the remaining lifetime of the device as the difference of estimated and
elapsed lifetime.
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Standard HMI Controls

For the Lifetime Analysis 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Process control visualizes the output values Elapsed Lifetime and Remaining Lifetime.

40% | ()

00:57:36 Remaining

2. The Table Control or Multivalue Control visualizes all output values: Elapsed Lifetime, Remaining Lifetime.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

T T
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Executing

10 Mar 2021
16:15:30
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Alternatively, customer-specific HMI controls can be mapped in the Lifetime Analysis 1Ch algorithm using the
Mapping Wizard [»_382].

5.2.1.1.16 Min Max Avg
(e ] Min Max Avg MEB GV
iy <Empty> | = e giErras 1 E Min Max Avg | Time.. Time..

OverallRe..  Empty |Empty |Emply |Empty  Empty
Min

e

Avg

The Min Max Avg calculates the minimum, maximum and the average of the input values from the beginning
of the analysis up to the current moment. Compared to Min Max Avg 1Ch [»_69], any number of input
channels are supported. The calculations are performed separately for each input channel. Additional output
values are also calculated across all input channels.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: The number of operands that are inputs to the function.

Output values
* Overall Result: Result across all input channels
o Min: Indicates the minimum of the input values.
o Max: Indicates the maximum of the input values.
o Avg: Indicates the average of the input values.

o Time Min: Indicates the time value of the minimum — the event can be dragged and dropped into
the Scope chart to display it as a trigger-event.

o Time Max: Indicates the time value of the maximum — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

* Min: Indicates the minimum of the input values per channel.
» Max: Indicates the maximum of the input values per channel.
* Avg: Indicates the average of the input values per channel.
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Standard HMI Controls
For the algorithm, the following HMI controls are available for generating an Analytics Dashboard:

1. The Average Chart Control visualizes the output values Min, Max, Avg, Time Min and Time Max.

Min Max Avg
Min: 10. Mar 2021 16:15:00
Max: 10. Mar 20217 16:14:59
Min -20
w0 2
Value -8.92
0.03
-8.92
-20

2. The Table Control or List Control visualizes all output values.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Executing

10 Mar 2021
16:15:30

Last Event
5.2.1.1.17 Min Max Avg 1Ch

[ ) Min Max Avg 1Ch MNB e GV

Input <Empty> vl - Min Empty

_— Max Empty

/ Avg Empty

Time Min Empty

Time Max Empty

The Min Max Avg 1Ch calculates the minimum, maximum and the average of the input values from the
beginning of the analysis up to the current moment. Furthermore, the time values of minimum and maximum
are shown.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Min: Indicates the minimum of the input values.
* Max: Indicates the maximum of the input values.
* Avg: Indicates the average of the input values.

+ Time Min: Indicates the time value of the minimum — the event can be dragged and dropped into the
Scope chart to display it as a trigger-event.

» Time Max: Indicates the time value of the maximum — the event can be dragged and dropped into the
Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Min Max Avg 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The MinMaxAvg control visualizes the output values Min, Max, Avg, Time Min and Time Max as well as
the input value of the data.
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Min Max Avg

Min: 10. Mar 2021 16:15:00
Max: 10. Mar 2021 16:14:59

Min -20
Avg

Value

2. The EnergyMonitoring control visualizes all output values: Min, Max, Avg, Time Min, Time Max and the
current input value.

Energy Monitoring
40kW
30kW TOKW
o # -
5.0 kW
Min: 10. Mar 2021 16:30:45 Max: 10. Mar 2021 16:30:12

3. The Thermometer control visualizes the average (Avg) temperature.

Thermometer

ar.s

25.0

12.5

4. The Table Control or Multivalue Control visualizes all output values: Min, Max, Avg, Time Min, Time Max.
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Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, customer-specific HMI controls can be mapped in the Min Max Avg 1Ch algorithm using the
Mapping Wizard [» 382].
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5.2.1.1.18 Min Max Avg Interval 1Ch

® Min Max Avg Interval 1Ch NBa GV

Input <Empty> vl - Interval Seconds  |v[|1 Min Empty

Max Empty

f Avg Empty

b4 Time Min Empty

Time Max Empty

Current Interv... Empty

The Min Max Avg Interval 1Ch calculates the minimum, maximum and the average of the input values for the
time period of the configured Interval. Furthermore the time values of minimum and maximum are shown.
Note that all values are from the relative last interval and that they will only be updated when the interval is
over. The calculation restarts when the time of the interval has elapsed.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

If only individual samples within the configured time signal are to be included in the calculation of the output
values, this can optionally be implemented via the Boolean input Add Sample. All input values are
considered for which the input Add Sample has the value TRUE.

Configuration Options
* Interval: Time Interval in which the values should be calculated.

Output values
* Min: Indicates the minimum of the input values in the last time interval.
* Max: Indicates the maximum of the input values in the last time interval.
* Avg: Indicates the average of the input values in the last time interval.

+ Time Min: Indicates the time value of the minimum in the last time interval— the event can be dragged
and dropped into the Scope chart to display it as a trigger-event.

* Time Max: Indicates the time value of the maximum in the last time interval — the event can be
dragged and dropped into the Scope chart to display it as a trigger-event.

» Current Interval Time: indicates the amount of time that has already elapsed from the current interval.

Standard HMI Controls

For the Min Max Avg Interval 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The MinMaxAvg control visualizes the output values Min, Max, Avg, Time Min and Time Max as well as
the input value of the data.
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Min Max Avg

Min: 10. Mar 2021 16:15:00
Max: 10. Mar 2021 16:14:59

Min -20
Avg

Value

2. The EnergyMonitoring control visualizes the output values: Min, Max, Avg, Time Min, Time Max and the
current input value.

Energy Monitoring
40kW
30kW TOKW
o # -
5.0 kW
Min: 10. Mar 2021 16:30:45 Max: 10. Mar 2021 16:30:12

3. The Thermometer control visualizes the average (Avg) temperature.

Thermometer

ar.s

25.0

12.5

4. The Table Control or Multivalue Control visualizes all output values: Min, Max, Avg, Time Min, Time Max,
Current Interval Time.
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Alternatively, customer-specific HMI controls can be mapped in the Min Max Avg Interval 1Ch algorithm
using the Mapping Wizard [P 382].

5.2.1.1.19 Moving Average 1Ch
® Moving Average 1Ch MEBEs GV
Input |<Emp|y> |V| - Num Values |'I Moving Avg  Empty
H: Startup Behaviour AvgOverExisting Moving Min  Empty
X Moving Max  Empty
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The Moving Average 1Ch calculates the moving average, the minimum and the maximum of the most recent
input values in an interval of specified length. Furthermore the time values of minimum and maximum are
shown. The calculation of the moving average depends on the configuration parameters Num Values and
Startup Behaviour.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options

* Num Values: Amount of values which will be included in the calculation of the moving average, the
minimum and the maximum.

+ Startup Behaviour: Calculation behaviour at the beginning of the analysis before at least Num Values
input values exist.

ZeroPadding: The missing values are filled with zeros.
UseFirstValue: The first value is used until the amount of values is equivalent to Num Values.
WaitUntilFilled: The first result is calculated when the amount of values is equivalent to Num Values.

AvgOverExisting: The average will be calculated with the already existing values until the amount of
values is equivalent to Num Values.

Output Values
* Moving Avg: Shows the current average value.
* Moving Min: Shows the minimum of the last n input values.
* Moving Max: Shows the maximum of the last n input values.

Standard HMI Controls

For the Moving Average 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The MinMaxAvg control visualizes the output values Moving Min, Moving Max and Moving Avg as well as
the input value of the data.

Min Max Avg

Min: 10. Mar 2021 16:15:00
Max: 10. Mar 2021 16:14:59

Min -20
Max 20 20
Avg

Value

-20

2. The EnergyMonitoring control visualizes the output values Moving Min, Moving Max and Moving Avg, and
the input value of the data.
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Energy Monitoring

40KW
'—H-
B.OKW

EZ] win: 10. Mar 2021 16:30:45 Max: 10. Mar 2021 16:30:12

3. The Thermometer control visualizes the average (Moving Avg) temperature.

Thermometer

50.0

25.0

12.5

0o

4. The Table Control or Multivalue Control visualizes all output values: Moving Min, Moving Max, Moving
Avg.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the Moving Average 1Ch algorithm using the
Mapping Wizard [P 382].

5.2.1.1.20 Moving Interval Counter 1Ch
® Moving Interval Counter 1Ch MNBa GV
Input <Empty> wv| - Threshold Edge A 1 Edge Empty
Interval [ Seconds V|1 Limited Empty
f Count Limit 20 Counts In Inte... Empty
Time First Co... Empty
Time Last Co... Empty

The Moving Interval Counter 1Ch counts the amount of raised events within a configured interval. An event
is raised when the signal of the input channel passes the configured edge at a specific threshold. The
calculation restarts when the time of the interval has elapsed.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

< Interval: Time interval in which the values are to be calculated.

Count Limit: Limits the number of edges that can be counted in an interval.
» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
» Edge: Indicates TRUE at the time the event is triggered, otherwise FALSE.

TE3510 Version: 1.0.1 77



Configuration | Algorithms BEGKHOFF

» Limited: Indicates TRUE if the number of edges in the current interval exceeds the set Count Limit.
+ Counts in Interval: Indicates the number of triggered events in the current interval.

» Time First Count: Indicates the time of the first triggered event — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

» Time Last Count: Indicates the time of the last triggered event — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Moving Interval Counter 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The MovinglntervalCounter control visualizes the output values Counts in Interval, Time First Count and
Time Last Count.

Moving Interval Counter

5
e

10. Mar 2021 10. Mar 2021
16:15:09 16:15:17

2. The Table Control or Multivalue Control visualizes all output values: Edge, Counts in Interval, Time First
Count, Time Last Count, Limited.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the Moving Interval Counter 1Ch algorithm
using the Mapping Wizard [»_382].

5.21.1.21 Overall Equipment Effectiveness (OEE)
(e ) Orwerall Equipment Effectiveness (OEE) NBae GV
Scheduled Time <Empty> vl - Ideal Cycle Time Seconds  |wv||1 OEE [3%] Empty
Operating Time > Level OK / Warning a0 OEE Class Empty
Units Produced - Level Warning / Alarm 75 OEE Event Wa... Empty

O/ [poeeene

OEE Event Ala... Empty
Availability [%] Empty
Performance... Empty
Quality [%] Empty

The Overall Equipment Effectiveness (OEE) calculates key figures that make it possible to compare the
current state of the manufacturing process with its maximum potential.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
 ldeal Cycle Time: ideal cycle time for the production of one unit.

* Level Ok / Warning: the overall equipment effectiveness greater than the configured threshold is
classified as OK. If the overall equipment effectiveness is less than or equal to the configured
threshold, it is classified as Warning.

* Level Warning / Alarm: the overall equipment effectiveness greater than the configured threshold is
classified as Warning. If the overall equipment effectiveness is less than or equal to the configured
threshold, it is classified as Alarm .

Input values

« Scheduled Time: the operating time is calculated from the calendar time minus the scheduled non-
production.

» Operating Time: the running time is calculated from the operating time minus the downtimes.
+ Units Produced: corresponds to the number of units produced including defective units.
« Defective Units: corresponds to the number of defective units.

Output values

» OEE: Overall equipment effectiveness in percent. It is calculated by multiplying the availability factor,
the performance factor and the quality factor.
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» OEE Class: Classification of overall equipment effectiveness.

+ OEE Event Warning: Indicates the time of the last triggered warning event — the event can be
dragged and dropped into the scope chart to display it as a trigger-event.

» OEE Event Alarm: Indicates the time of the last triggered alarm event — the event can be dragged
and dropped into the scope chart to display it as a trigger-event.

+ Availability: Availability factor in percent. It is calculated from the ratio between the runtime and the
operating time.

» Performance: Performance factor in percent. It is calculated from the ratio of units actually produced
and the number of units produced in the ideal case.

* Quality: Quality factor in percent. It is calculated as the ratio of intact produced units to produced units.
Standard HMI Controls

For the Overall Equipment Effectiveness (OEE) algorithm the following HMI controls are available for
generating an Analytics Dashboard:

1. The OEE Control comes with three designs. It visualizes all output values as well as the parameters Level
OK / Warning and Level Warning / Alarm.

Overall Equipment Effectiveness

66.64 %
Overall Equipment
Effectiveness

67% 74.26%
Availability

OEE 90.00%
Performance
99.71 %
Quality
OEE Multi Layer Ring

© 66.64 %

Overall Equipment
Effectiveness

© 7426 %

Availability

90.00 %

Performance

©99.71 %
Quality

OEE
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OEE Four Rings -

2. The Table Control and Multivalue Control visualize the output values: OEE, Availability, Performance and
Quality.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the Overall Equipment Effectiveness (OEE)
algorithm using the Mapping Wizard [»_382].

5.2.1.1.22 Productivity Diagnosis 3Ch

(e ] Productivity Diagnosis 3Ch [ =

Is Producing <Ermpty> v| - Threshold Level Producing A |1 Producing Empty

Start Cycle [<Empty>  [¥] - Threshold Edge Start Cycle & |1 Productivity [... Empty

O Stop Cycle u - Threshold Edge Stop Cycle A |1 Productivity L. Empiy

/0 Produced Pieces 1 Expected Pro.. Empty

Production Time 1200 Elapsed Time  Empty

Production C... Empty

The Productivity Diagnosis 3Ch algorithm calculates the productivity of the process during a production
interval. The diagram below schematically illustrates the relationship between the production process and
the individual production cycles.

Cycle Cycle Cycle

Start Stop  Start Stop  Start Stop

1 Producing 0

The production interval can be started and stopped via the input /s Producing. During the execution of the
production interval, the production cycles are counted. Each production cycle corresponds to one piece
produced. A production cycle starts with an edge at Start Cycle and stops with an edge at Stop Cycle. The
productivity over the entire production interval (Productivity) is calculated after stopping the interval when the
signal Is Producing no longer meets the condition for Threshold Level Producing. The completed production
cycles and therefore all finished pieces are taken into account. Productivity is calculated as the ratio of
pieces actually produced per time and the target value of pieces to be produced in a given time. The output
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Productivity Last Cycle is calculated from the time required for the last production cycle in relation to the
configured time for a piece. Any break times between cycles are not taken into account. The output
Expected Productivity estimates the total productivity during the production interval. For this purpose, the
previous production time is extrapolated to the total productivity for the target value of the pieces to be
produced. The algorithm can be configured with the target value for the Produced Pieces within a configured
interval (Production Time), e.g. 1 piece in 30 seconds or 50 pieces per hour.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Type of the Edge: Specifies whether the algorithm should respond to a rising or falling edge. Can be
configured individually for each threshold.

» Threshold Level Producing: Threshold of Input Producing at the respective edge. The Production
Time Interval starts when the signal passes this threshold.

» Threshold Edge Start Cycle: Threshold of Input Start Cycle at the respective edge. The production
cycle starts when the signal passes this threshold.

» Threshold Edge Stop Cycle: Threshold of Input Stop Cycle at the respective edge. The production
cycle stops when the signal passes this threshold.

* Produced Pieces: Target value for pieces produced during the configured time interval (Production
Time).

* Production Time: Time interval of the production time. It can be configured in days, hours, minutes or
seconds.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
* Producing: Indicates whether the production interval is active.
» Productivity: Productivity of the entire production interval in percent.
* Productivity Last Cycle: Productivity of the last production cycle in percent.
» Expected Productivity: Estimates the productivity of the production interval. Specified in percent.
» Elapsed Time: Timespan since the start of the production interval.
* Production Cycles: Number of complete production cycles in the current production interval.

Standard HMI Controls

For the Productivity Diagnosis 3Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The ProductivityDiagnosis control visualizes the output values Productivity and Productivity Last Cycle.
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Productivity Diaanosi

CLastcylce ~ ECurrent cycle

2. The Table Control or Multivalue Control visualizes all output values: New Result, Producing, Cycle
Finished, Productivity, Productivity Last Cycle.

Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped in the Productivity Diagnosis 3Ch algorithm
using the Mapping Wizard [»_382].

5.2.1.1.23 Productivity Interval 1Ch
[ ) Productivity Interval 1Ch NMBa QW

Input <Empty> v - Threshold Edge & |1 Current Times... Empty

Time Start u - Expected Pieces 100 Interval Length Empty

Time Stop u - Elapsed Time  Empty

Remaining Ti... Empty
0/ Produced In ... Empty
0 Remaining In... Empty

Current Prod... Empty

Expected Pro... Empty

Last Full Perio... Empty

The algorithm Productivity Interval 1Ch calculates the productivity of the process during a given interval. The
interval can be defined by the inputs tTimeStart and tTimeStop. The pieces produced are taken into account
during execution. A produced element is counted when an edge is applied to the input. The estimated
productivity of the current interval and the productivity of the last complete interval are provided as output
values. The algorithm can be configured with the target value of the produced pieces within a given interval.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Type of the Edge: Specifies whether the piece counter should respond to a rising or falling edge.
» Threshold Edge: Threshold of Input at which a manufactured piece is counted.
+ Expected Pieces: Specification of the pieces to be produced within the defined timespan.
* Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Input values
* Input: Input value for counting the pieces produced.

+ Time Start: Start time of the specified interval. Allows the interval to be specified from process data.
Specified as time of day with a resolution of 1 ns.

» Time Stop: End time of the specified interval. Allows the interval to be specified from process data.
Specified as time of day with a resolution of 1 ns.
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Output values

Within Interval: Indicates whether the current time is within the interval.

Current Timestamp: Current timestamp.

Interval Length: Length of the interval.

Elapsed Time: Elapsed time within the interval.

Remaining Time: Remaining time within the interval.
Produced In Interval: Produced pieces within the interval.
Remaining In Interval: Remaining pieces within the interval.

Current Productivity: Current productivity of the interval in percent. Takes into account the length of
the interval, the time already elapsed, the pieces to be produced and the pieces already produced. The

output is in percent.

Expected Productivity: Expected productivity of the interval in percent. The production time of the last
piece is used to estimate the number of pieces that can be produced in the remaining time.

Last Full Period Productivity: Productivity of the last complete interval in percent. This is only

calculated if the interval was fully processed.

Standard HMI Controls

For the Productivity Interval 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Productivitylnterval control visualizes the output values: time elapsed, time remaining, number of

pieces produced in the interval, number of pieces remaining in the interval, productivity.

Productivity Interval
Interval time

Current Productivity

68%

Expected Productivity

87%

Produced Pieces
M Elapsed [ Remaining

2. The Table Control or Multivalue Control visualizes all output values: Current time, interval length, elapsed
time, remaining time, number of pieces produced in the interval, number of pieces remaining in the interval,
productivity.
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Alternatively, customer-specific HMI controls can be mapped in the Productivity Interval 1Ch algorithm using
the Mapping Wizard [»_382].
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5.21.1.24 Signal Generator 1Ch

_» Signal Generator 1Ch

AV

Signal Generator 1Ch can be used to generate various signal curves. The signal type, the frequency, the
amplitude and the offset can be set individually. A timestamp is required as a reference value because the
algorithm needs a time context in which to operate. This reference timestamp is automatically set if the
configuration includes another algorithm. Therefore it is not possible to use the Signal Generator 1Ch
individually.

NBa GV

Timestamp Function Type Sine |v‘ Signal Empty

Sample Rate 1000
Frequency 50
Amplitude q
Offset 0

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
« Amplitude: Configuration of the signal amplitude.
* Frequency: Frequency of the generated signal.

* Function Type: Function type of the generated signal.
Const: constant
Rectangle: rectangle function
Sawtooth: sawtooth function
Sine: sine function
Triangle: triangle function

» Offset: constant offset of the generated signal.
« Sample Rate: sample rate of the system to be analyzed.

Output values
+ Signal: outputs the generated signal.

Standard HMI Controls

For the Signal Generator 1Ch, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the signal output value.

Single Value

Last event:
10. Mar 2021 16:24:29

Alternatively, customer-specific HMI controls can be mapped in the Signal Generator 1Ch algorithm using
the Mapping Wizard [»_382].

5.2.1.1.25 Time Clock 1Ch
[ ) Time Clock 1Ch B GV
' \ Timestamp Time On hh| 1 /mm| 0| ss| 0 |IsOn Empty
@ Time Off hh| 1 mm| 0 | ss | 0 ||NextSwitch Empty
Day Of Week Mask Mon[v] Tue[«/] Wed[] Thu[v] Fri[¥] Sat[¥] Sun
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Time Clock 1Ch executes a timer which can be configured with switch-on time, switch-off time and the days
of the week on which the time switch should be active. A timestamp is required as a reference value
because the algorithm needs a time context in which to operate. This reference timestamp is automatically
set if the configuration includes another algorithm. Therefore it is not possible to use the Time Clock 1Ch
individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Time On: switch-on time.
» Time Off: switch-off time.
+ Day of Week Mask: weekdays on which the timer should be active.

Output Values
+ Is On: Shows TRUE, if the time switch is on, otherwise FALSE.
* Next Switch: Shows the remaining time up to the next switch.

Standard HMI Controls

For the Timer Clock 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Timer Control visualizes the output value Next Switch.

Time Clock
L

% 12 »

2. The Table Control or Multivalue Control visualizes all output values: Output, Next Switch.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the Timer Clock 1Ch algorithm using the
Mapping Wizard [P 382].

5.2.1.1.26 Timer 1Ch
® Timer 1Ch [ =
Input <Empty> v| - Threshold Level A |o Output Empty
@ Timer Mode [ Ton [¥] | Time Elapsed  Empty
Interval Seconds w11

The Timer 1Ch starts a timer which can be configured by timer mode and interval. According to the specific
timer mode the timer is started, if the configured condition becomes TRUE (TON, TP) or the condition
becomes FALSE (TOF).

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: Specifies whether the input value should be greater than, greater than or equal to, equal to,
less than or equal to, or less than the threshold.

» Threshold: Signal threshold.
« Timer Mode: mode of the timer:

TON: The TON timer is a switch-on delay timer that enables the output after the threshold condition
becomes TRUE and the timespan specified in the interval has elapsed.

TOF: The TOF timer is a switch-off delay timer that disables the output after the threshold condition
becomes FALSE and the timespan specified in the interval has elapsed.

TP: The TP timer is a pulse generator that activates the output for the time specified in the interval after
the threshold condition becomes TRUE.

* Interval: Time interval of the configured timer.
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» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output Values
« Output: Shows the output value which is affected by the configured timer.
» Elapsed Time: Shows the elapsed time of the timer.
Standard HMI Controls
For the Timer 1Ch algorithm, the following HMI controls are available for generating an Analytics Dashboard:

1. The Timer Control visualizes the output value Elapsed Time.

Timer

00:00:00.000

2. The Table Control or Multivalue Control visualizes all output values: Output, Elapsed Time.

Data Table Vertical
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DataTable Horizontal

Cwe | s | me o

TE3510 Version: 1.0.1 91



Configuration | Algorithms BEGKHOFF

Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Timer 1Ch algorithm using the Mapping
Wizard [P 382].

5.2.1.1.27 Timing Analysis 1Ch
® Timing Analysis 1Ch NMEa GV
Input <Empty> v - Threshold LevelOn A Is On Empty

Current Interval Empty

Last Interval Empty
On Total Empty
Off Total Empty
Count On Empty

The Timing Analysis 1Ch measures time differences between on- and off-periods and counts the amount of
on-periods. The on-period starts when the condition of operator and threshold is met.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: Specifies whether the input value should be greater than, greater than or equal to, less than
or equal to, less than or not equal to the threshold.

» Threshold: Signal threshold.
» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
* Is On: Indicates TRUE within the timespan of the On period, otherwise FALSE.
+ Current Interval: Indicates the time of the current interval.
 Last Interval: Timespan of the last completed interval.
* On Total: Indicates the total time for which the “Is On” value is TRUE.
» Off Total: Displays the total time for which the “Is On” value is FALSE.
+ Count On: Counts the number of triggered On events.

Standard HMI Controls

For the Timing Analysis 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The TimingAnalysis Control visualizes the output values Is On, On Total, Off Total and Current Interval.
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2. The SingleValue control visualizes the output value Count On.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The Table Control or Multivalue Control visualizes all output values: Is On, Count On, Current Interval, On

Total, Off Total.

Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped in the Timing Analysis 1Ch algorithm using the
Mapping Wizard [»_382].

5.21.2 Analytics - Classification

The algorithms of the category Analytics-Classification provide functionalities for classification and state
detection.

5.2.1.21 Bandwidth Classifier 1Ch
® Bandwidth Classifier 1Ch NMEa GV
Input <Empty> vl - Lower Bound 0 Class Empty
Upper Bound 10 Last Event Empty

Bandwidth Classifier 1Ch determines whether the input signal is within the configured limits or is less than or
greater than the limits.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
» Lower Bound: Lower Bound for the comparison.
» Upper Bound: Upper Bound for the comparison.

Output values
+ Class: Indicates the class to which the input values belong (WithinBounds/Smaller/Bigger).

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Bandwidth Classifier 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The BandwidthClassifier control visualizes the output values Class and Last Event and the configuration
options Lower Bound and Upper Bound.
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2. The MultiState control visualizes the output value Class.
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3. The Table Control or Multivalue Control visualizes all output values: Class, Last Event.

Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped in the Bandwidth Classifier 1Ch algorithm using
the Mapping Wizard [>_382].

5.2.1.2.2 Bandwidth Classifier 3 Ch
® Bandwidth Classifier 3Ch MEB GV
Input <Empty> vl - Class Empty
Lower Bound u - Last Event Empty
Upper Bound <Empty> wl| -

Bandwidth Classifier 3Ch determines whether the input signal is within the limits or is less than or greater
than the limits. The limits can be configured with input signals, so it is possible to use curves as lower and
upper band.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
+ Class: Indicates the class to which the input values belong (WithinBounds/Smaller/Bigger).

« Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Bandwidth Classifier 3Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The BandwidthClassifier control visualizes the output values Class and Last Event and Input Lower Bound

and Input Upper Bound.

Bandwidth Classifier

] 10

Last event: 10. Mar 2021 16:18:37

2. The MultiState control visualizes the output value Class.
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3. The Table Control visualizes all output values: Class, Last Event.

10 Mar 2021 16:15:29

DataTable Horizontal

we | ome | e owmess

TE3510

Version: 1.0.1

97



Configuration | Algorithms BEGKHOFF

Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Bandwidth Classifier 3Ch algorithm using
the Mapping Wizard [>_382].

5.21.23 Curve Sketcher 1Ch
[ ) Curve Sketcher 1Ch MBa Qv
Input <Empty> wv| - Threshold Reversal 0 Last Peak Empty
Calculate Inflection [] | Time Last Peak Empty

Threshold Delta 10 Count Peaks  Empty
Last Valley Empty
f Time Last Valley Empty
v Count Valleys  Empty

Value at Max... Empty

Max Delta Empty
Time Max Delta Empty

Count Max D... Empty

Curve Sketcher 1Ch identifies inversions (peaks and valleys) in an input data stream. Furthermore, local
maxima of the absolute difference between two consecutive values (referred to as Delta) can be identified.
Analogous to a continuous curve, the identified peaks and valleys correspond to local maxima and minima.
Delta corresponds to the slope, so that a maximum of the absolute values of Delta can be associated with an
inflection point.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ Calculate Inflection: Boolean flag. Maxima of the rate of change are only identified if this flag is True.
Otherwise, the values for Count Max Delta, Max Delta, Time Max Delta andValue at Max Delta will not
be calculated.

» Threshold Reversal: threshold for identifying reversals. Reversals are only detected if their difference
from the next reversal exceeds the value of Threshold Reversal.
Below are three examples of peak identification using the parameter Threshold Reversal.
(a) The value y; is identified as a peak immediately after processing the value y, because the
difference between y; and y, is greater than Threshold Reversal.
(b) The value y; is not identified as a peak because the difference between y; and y, is smaller than
Threshold Reversal and the curve starts rising again after y,.
(c) The value vy, is identified as a peak after processing the value y; because the difference between vy,
and y; exceeds Threshold Reversal. The value y, cannot be identified as a peak beforehand because
the difference between y, and y; (y,) is less than/equal to Threshold Reversal and it is not known
whether the values will continue to decrease.
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» Threshold Delta: threshold for identifying Delta maxima. Maxima of the absolute difference of two
successive values (delta) are detected only if the difference between successive deltas exceeds

Threshold Delta.

Below are three examples of identifying the Delta maxima with the parameter Threshold Delta . The
upper diagrams show the original input signals, the lower ones the corresponding delta.

(a) The value vy, is identified as a maximum after processing the value y; because the difference
between the two deltas exceeds Threshold Delta.

(b) No maximum is identified because the difference between the deltas is less than Threshold Delta.
(c) The value y, is identified as a maximum after processing the value ys.

@ ©

®

, . .

: :

:

: B B

5 H

. : :

3 ; 2

;

: : :

B B

S e S i S S S S S S

, ‘z s

1/\2</\/2N
.
A

o
Regardless of Threshold Delta, at least one maximum of the Delta between two reversals is
detected.

Output Values
» Last Peak: Indicates the y-value of the last identified peak.
» Time Last Peak: Indicates the timestamp of the last identified peak.
» Count Peaks: Indicates the total number of counted peaks.
» Last Valley: Indicates the y-value of the last identified valley.
+ Time Last Valley: Indicates the timestamp of the last identified valley.
» Count Valleys: Indicates the total number of counted valleys.

+ Value at Max Delta: Indicates the y-value of the analyzed stream (input variable) that is led by the last
detected maximum of delta. The value delta is the difference between Value at Max Delta and the
value that reached one cycle before.

« Max Delta: Indicates the last identified local maximum of the absolute difference between two
successive values in the input stream.

» Time Max Delta: This is the timestamp of Value at Max Delta.
« Count Max Delta: Indicates the total number of counted local maxima of delta.

Standard HMI Controls

For the Curve Sketcher 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. CurveSketcher control visualizes the output values Last Peak, Time Last Peak, Count Peaks, Last Valley,
Time Last Valley, Count Valley, Last Delta, Time Last Delta and Count Delta as well as the input value of the
data.
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2. The Table Control visualizes all output values: Last Peak, Time Last Peak, Count Peaks, Last Valley,
Time Last Valley, Count Valley, Value at Max Delta, Last Delta, Time Last Delta and Count Delta.
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Alternatively, customer-specific HMI controls can be mapped in the Curve Sketcher 1Ch algorithm using the
Mapping Wizard [»_382].

5.21.24 Histogram 1Ch
(e ) Histogram 1Ch MNB e GV
Input <Empty> wv| - Histogram Mode Absolute |v‘ Mum Values Empty

I| Min Binned 1 Histogram

Max Binned 10

Bins q

The Histogram 1Ch calculates the distribution of a single channel input value cyclically. It can be configured
with minimal bin, maximal bin and the total amount of bins. The dimension of the output array is the number
of bins + 2. Because values that are less than the minimal bin are stored in the first array element and values
greater than the maximal bin are stored in the last array element.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Histogram Mode: The operation mode of the histogram. A distinction is made between absolute and
relative output. The latter can be used to display the percentage distribution.

* Min Binned: Minimum value to be analyzed.
* Max Binned: Maximum value to be analyzed.
+ Bins: Total number of histogram classes to be calculated.

* Enable Display Names: Enable Histogram Display Names. This configuration is visible hidden in the
property window.

» Histogram Display Names: Display names of the individual bins. This configuration is hidden in the
Property window and is used for the HMI.

Output values
* Num Values: Indicates the total number of analyzed values for the distribution.

» Histogram: The histogram is displayed below the Num Values. If you move the cursor over the bars,
you will see a tooltip with the value interval and the corresponding value of the histogram bin.

Standard HMI Controls

For the Histogram 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:
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1. The Histogram control visualizes the output value Num Values.

Histogram
00 A

2. The PieChart control visualizes the output value Num Values.

Pie Chart

I Value 1
. Value2
B value 3
I Value 4
B value 5

12.8%

3. The Table Control or Multivalue Control visualizes all output values: Num Values, Histogram.
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Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, customer-specific HMI controls can be mapped in the Histogram 1Ch algorithm using the
Mapping Wizard [» 382].
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5.21.2.5 Pareto Analysis

® Pareto Analysis NBa GV
Input 00 <Empty> v - Single Input [ Output
Input 01 u 5 MNum Channels E

Pareto Mode Timespan |v‘ Accumulated Relative Output

“““ Channel 00
Channel 01

1 Channel 1

Channel 2 Channel Nam... Empty

Channel Nam... Empty

The Pareto Analysis module allows you to combine different input data to display a Pareto chart. This is used
in the following applications, among others:

Error analysis: Identifying the most common sources of errors
Quality management: Determining the main causes of quality problems
Time management: Diagnosis of which tasks take up most of the time

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ Single Input: Selection of whether a single input or several independent input channels should be
used.

* Num Channels: Number of input channels if Single Input is FALSE.
* Num Elements: Number of elements to be compared if Single Input is TRUE.
» Pareto Mode: Mode for calculating the output values.
Count: The cycles in which the respective input channel is TRUE are counted.
Timespan: The timespans in which the input channel is TRUE are added up.

* Threshold 00, Threshold 01, ..., Threshold n: Comparison operator and threshold for monitoring
input values.

+ Channel Name 00, Channel Name 01, ..., Channel Name n: Alias of the input channel.

@ If the configuration option Single Input is set and an input of type Enumeration is
1 linked to the input, configuration options are set automatically:
Number of input channels: 1

Number of elements to be compared: Number of enumerations
Threshold values: Values of the individual enumerations

Output values
« Output: Sorted absolute values. The output type depends on the Pareto mode.
* Accumulated Relative Output: Accumulated relative output values.
+ Channel Name 00, Channel Name 01, ... Channel Name n: Sorted alias names of the input

channels.
5.21.2.6 Section Timer 1 Ch
[ ) Section Timer 1Ch NMEB GV
Input <Empty> v - MNum Sections E Section Empty

First Lower Border Sections

]

II|I Upper Border 00 2
1 1 Upper Border 01 3
Upper Border 02 4

The Section Timer 1Ch calculates the timespan the input is in range of each configured section. It can be
configured with the amount of sections and the borders of each section. Each section is defined with lower
border (greater than or equal to) and upper border (less than). The following sections lower border is set by
the previous upper border. Values that are less than the minimal border are stored in the first array element.
Values that are greater than or equal to the maximal border are stored in the last array element.
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Sections: This is the number of sections.
» First Lower Border: This is the lower border of the first section.
* Upper Border 00, Upper Border 01, ..., Upper Border n: These are the upper borders of all sections.

* Enable Display Names: Enable Section Display Names. This configuration is visible hidden in the
property window.

» Section Display Names: Display names of the individual sections. This configuration is hidden in the
Property window and is used for the HMI.

Output values

» Section: specifies the section of the last input value. If the input value is less than the First Lower
Border, the return value is zero. If the input value is in the interval [First Lower Border, Upper Border
00), the return value is one, for the interval [Upper Border 00, UpperBorder 01) it is two, etc. If the input
value is greater than the last specified limit Upper Border On, the return value is NumSections+1.

* Array of Timespans: total time during which the input value was sorted into each section.

Standard HMI Controls

For the Section Timer 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SectionTimer control visualizes the input value Array of Timespans and the configuration options First
Lower Border and Upper Border.

Section Timer
24 7

18

12

<-10

[0.5)

[-10.0)

2. The PieChart control visualizes the input value Array of Timespans and the configuration options First
Lower Border and Upper Border.
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Section Timer

B Section 1:<-10
Section 2: [-10..0)
Section 3:[0..5)

00:01:46 B Section 4:[5..10)

I Section 5:>= 10

00:00:26

Alternatively, customer-specific HMI controls can be mapped in the Section Timer 1Ch algorithm using the
Mapping Wizard [»_382].

5.21.2.7 State Histogram 1Ch
(e ) State Histogram 1Ch NBae GV
Input <Empty> wv| - Histogram Mode Absolute |v‘ Mum Values Empty
Il Min 1 Histogram
II II Max 10

The State Histogram 1Ch counts how often the input signal (INT) has a specific value between the
configured minimum and maximum and shows the distribution in a histogram. The first bar represents the
boundary values which are smaller than the minimum and the last bar represents the boundary values which
are greater than the maximum. The State Histogram 1Ch is suitable for state-machines to show how often
the different states are executed.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ Histogram Mode: The operation mode of the histogram. A distinction is made between absolute and
relative output. The latter can be used to display the percentage distribution.

* Min: Minimum value to be analyzed.
* Max: Maximum value to be analyzed.

« Enable Display Names: Enable Histogram Display Names. This configuration is visible hidden in the
property window.

» Histogram Display Names: Display names of the individual bins. This configuration is hidden in the
Property window and is used for the HMI.

Output values
+ Num Values: Indicates the total number of states executed between the configured borders.

* Histogram: The histogram is displayed below the Num Values. The respective value is indicated on
each bar. If you move the cursor over the bars, you will see a tooltip with the value interval and the
corresponding value of the histogram bin.
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Standard HMI Controls

For the State Histogram 1Ch algorithm, the following HMI controls are available for generating an Analytics

Dashboard:

1. The PieChart control visualizes the output value histogram.

Pie Chart

12.8%

' Value 1
" Value 2
B value 3
I Value 4
Bl value 5

2. The StateHistogram control visualizes the output value histogram.

3. The Table Control or Multivalue Control visualizes all output values: Num Values, Histogram.
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Alternatively, customer-specific HMI controls can be mapped in the State Histogram 1Ch algorithm using the

Mapping Wizard [P 382].

5.2.1.2.8 Threshold Classifier 1Ch
[ ) Threshold Classifier 1Ch NEB GV
Input | <Empty> |v| - Level OK / Warning 10 Class Empty
Level Warning / Alarm 20 Last Event Wa... Empty
Last Event Ala... Empty
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Threshold Classifier 1Ch classifies the input values into three different classes: OK, Warning and Alarm
according to the configured thresholds.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Level Ok / Warning: Input values that are less than the configured threshold are classified as OK;
input values that are equal to or greater than the configured threshold are classified as Warning.

* Level Warning / Alarm: Input values that are less than the configured threshold are classified as
Warning; input values that are equal to or greater than the configured threshold are classified as Alarm.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
« Class: Indicates the class to which the input values belong.

» Last Event Warning: Indicates the time of the last triggered warning event — the event can be
dragged and dropped into the scope chart to display it as a trigger-event.

+ Last Event Alarm: Indicates the time of the last triggered alarm event — the event can be dragged
and dropped into the scope chart to display it as a trigger-event.

Standard HMI Controls

For the Threshold Classifier 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The TrafficLight Control visualizes the output values Class, Last Event Warning and Last Event Alarm as
well as the input value of the data.

Traffic Light

Wamning
Value
2.20
Last alarm:
10. Mar 2021 16:19:25

Last warning:
10. Mar 2021 16:19:26

2. The MultiState Control visualizes the Class output value, optionally with a smiley.
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Multi State

3. The Tachometer Control visualizes the input value including the configured limit values.

Tachometer

1. I )
Y \ / s
~ 40 B0 -
bl -
= 0 100 -
\ / N
73

4. The Radial Gauge Control visualizes the input value including the configured limit values.

110 Version: 1.0.1 TE3510



BECKHOFF

Configuration | Algorithms

Tachometer

0

5. The Table Control or Multivalue Control visualizes all output values: Class, Last Event Warning Last Event

Alarm.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Threshold Classifier 1Ch algorithm using
the Mapping Wizard [>_382].

5.21.2.9 Threshold String Classifier 1Ch
(e ) Threshold String Classifier 1Ch MNB e GV
Input <Empty> vl - Level 1/2 10 Output String  Empty

Level 2/3 20 Last Event Empty
String Level 1 String 1
String Level 2

String 2

String Level 3 String 3

The Threshold String Classifier 1Ch algorithm classifies the input values into three different classes
according to the configured thresholds. The class names (output string) can be configured individually as
String 1, String 2 and String 3.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Level 1/ 2: Input values that are less than the configured threshold are assigned to the first class;
input values that are equal to or greater than the configured threshold are assigned to the second
class.

* Level 2/ 3: Input values that are less than the configured threshold are assigned to the second class;
input values that are equal to or greater than the configured threshold are assigned to the third class.

« String 1: Name of the first class.

» String 2: Name of the second class.

« String 3: Name of the third class.

* Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Output values
» Output String: Indicates the class to which the input values belong.

« Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Threshold String Classifier 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:
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1. The TrafficLight control visualizes the output values Output String and Last Event as well as the input
value of the data.

Traffic Light

Warning
Value
2.20

Last alarm:

10. Mar 2021 16:19:25
Last warning:

10. Mar 2021 16:19:26

2. The SingleValue control visualizes the output value Output String.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The Tachometer Control visualizes the input value including the configured limit values.

Tachometer
R B |
% \ ! F

~ 40 60 ”
= wn A e
3 @ -
- 1] 100 -
\ ’ =

73

4. The Radial Gauge Control visualizes the input value including the configured limit values.
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Tachometer

0

5. The Table Control or Multivalue Control visualizes all output values: Output String, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

T T
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Alternatively, customer-specific HMI controls can be mapped in the Threshold String Classifier 1Ch algorithm
using the Mapping Wizard [»_382].

5.21.210 Time Based Envelope 1Ch
[ ) Time Based Envelope 1Ch NMBa QW
Input <Empty> V] - File Path C\Temp\Analytics Project\ Teach [-] Executing Co... Empty
Start Period [<Empty> V] - Band Mode Absolute [“]|valueRead  Empty
Band 10 Lower Band Empty

Upper Band Empty
Within Band ~ Empty

Compare Res... Empty

R

Current Com... Empty
Count Within... Empty
Count Smaller  Empty
Count Bigger  Empty

Value Number Empty

The Time Based Envelope 1Ch algorithm checks whether the periodic input data is within a configured range
of values read from a file. This can be a reference signal that was previously learned with Time Based Teach
Path 1Ch [»_219], for example. The comparison starts when the signal of the Start Period flag is TRUE. It is
recommended not to use Time Based Envelope 1Ch simultaneously with Time Based Teach Path 1Ch [» 219]
due to concurrent file access. Instead, a reference signal should first be taught in with Time Based Teach Path
1Ch [»_219] and only then should the evaluation be carried out with the aid of the Time Based Envelope 1Ch.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
» File Path: Path to the previously teached data file.
» Band Mode: Mode of the band operation (use absolute or relative values).
+ Band: Bandwidth of the band operation.

Output values

+ Executing Compare: displays TRUE if the algorithm is processing the envelope, otherwise FALSE.
The envelope process begins when the Start Period flag is TRUE.

* Lower Band: displays the value of the lower band depending on the band mode.
« Upper Band: displays the value of the upper band depending on the band mode.
« Within Band: displays TRUE if the current values are within the band, otherwise FALSE.
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» Compare Result: result of the current comparison. Indicates whether the current values are within the
band or are smaller or larger than the band.

« Current Compared Cycles: number of cycles that have been compared.

» Count Within Band: counts how often the values were within the band.

» Count Smaller: counts how often the values were smaller than the band.

« Count Bigger: counts how often the values were larger than the band.

» Value Number: displays the value of the data point in the file that is currently being compared.

Standard HMI Controls

For the Time Based Envelope 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The TimeBasedEnvelope control visualizes the output values Executing Comparison, Lower Band, Upper
Band, Within Band, Compare Result, Count Within Band, Count Smaller, Count Bigger, Current Compared
Cycles, State and Value Number.

Time Based Envelope
M Busy

| | |
— T ]
5 4 I 7
0.0 10.0
Read state: Pending idle
Current cycles: 6

2. The Table Control or Multivalue Control visualizes all output values: Executing Comparison, State, Lower
Band, Upper Band, Within Band, Compare Result, Current Compared Cycles, Count Within Band, Count
Smaller, Count Bigger, Value Number.

Data Table Vertical

10 Mar 2021 16:15:29
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DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Time Based Envelope algorithm using
the Mapping Wizard [» _382].

5.2.1.2.11 Step Response 1Ch
[ ) Step Response 1Ch MNB e GV

Input <Empty> v - Threshold Reversal ‘D,m ‘ Executing Empty

Setpoint u - Relative Tolerance Equivalent De... Empty

Error Tolerance ‘5 ‘ Equivalent Ti.. Empty

Settling Time  Empiy

Time Max Empty

Error Empty

Step Response 1Ch identifies parameters of the step response of a PT2 track. These include the delay time
T,, the compensation time T,, the settling time T, and the time of maximum t,,.

PT2

To detect whether the track is steady, a local minimum or maximum is searched for. If this is within the
tolerance band (marked in gray), it is assumed that the track is steady. Only then is the settling time set.

The algorithm starts when a new setpoint is outside the previously stored tolerance band.
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

« Threshold Reversal: threshold for identifying reversals. Reversals are only detected if their difference
from the next reversal exceeds the value of Threshold Reversal.
Below are three examples of peak identification using the parameter Threshold Reversal.
(a) The value y; is identified as a peak immediately after processing the value y, because the
difference between y; and y, is greater than Threshold Reversal.
(b) The value y; is not identified as a peak because the difference between y; and y, is smaller than
Threshold Reversal and the curve starts rising again after y,.
(c) The value vy, is identified as a peak after processing the value y; because the difference between vy,
and y; exceeds Threshold Reversal. The value y, cannot be identified as a peak beforehand because
the difference between y, and y; (y,) is less than/equal to Threshold Reversal and it is not known
whether the values will continue to decrease.

(a) ®) (©

* Relative Tolerance: Boolean flag. If this flag is True, the parameter Error Tolerance refers to the
setpoint at the input as a percentage. Otherwise, an absolute tolerance band is taken into account.

» Error Tolerance: Specifies the size of the tolerance band in relation to the parameter Relative
Tolerance. The tolerance band is updated when parameter identification is restarted.

Output values
+ Executing: True if parameter identification is active.

» Equivalent Dead Time: Delay time of the track. Timespan between the start of the step response and
the intersection of the inflectional tangents with the start value.

+ Equivalent Time Constant: Compensation time of the track. Timespan between the intersection point
of the inflectional tangents with the start value and the intersection point of the inflectional tangents
with the setpoint.

» Settling Time: Settling time of the track.
+ Time Max: Time of the maximum overshoot.
» Error: Difference between input value and setpoint.

Standard HMI Controls

For the Step Response 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control and Multivalue Control visualize all output values.
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Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped using the Mapping Wizard [»_382].

5.21.3 Analytics - Clustering

The algorithms in the Clustering category provide functions for streaming data-based clustering of input data
into various clusters that are not predefined. The clusters are detected based on the structures present in the
input data. Examples of such cluster algorithms are Sequential k-Means and DenStream.
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5.21.31 DenStream
[ ) DenStream [
Update Micro Cl.. | <Empty> v - Num Channels E MC Buffer Ov... Empty
Input 00 u - Epsilon 0.15 Last Event Empty
Mu x Beta 2 Last Switch Empty
ﬁ?ﬁlﬁgg Lambda 1E-06 Number of p... Empty
%ﬁb; Epsilon (DBSCAN) 0.8 Number of o... Empty
Min Weight (DBSCAN) 2 Cluster Index  Empty
potMCs Buffer Size 100 Number of Cl... Empty
outMCs Buffer Size 100

DenStream is an implementation of the unmonitored, density-based clustering algorithm of the same name
[1]. The latter is based on the well-known clustering algorithm DBSCAN [2, 3] and is particularly suitable for
data streams whose structures change over time.

The number of input channels (referred to below as n) for this algorithm can be selected by the user. These
inputs form the n-dimensional feature space in which clusters can be found. In each analysis cycle, the data
stream provides the algorithm with a new feature vector that can be interpreted as a data point in this feature
space. Clusters are separable areas with a high density of data points in the feature space.

In the first phase of the algorithm, the incoming data points are assigned to so-called micro-clusters (MCs).
These micro clusters have properties (such as center point, weight and variance) that depend on the data
points they contain. Only micro-clusters whose weight exceeds a certain threshold enter the second phase
and are clustered by the DBSCAN algorithm. Thus, it is not necessary to retain the information about each
data point. This reduces memory requirements, because over time there are far fewer micro-clusters than
data points. Also, the computing effort for the DBSCAN algorithm is much lower since it runs over the
reduced set of micro-clusters rather than all the data points. It is also possible to apply a fading function to
the weights of the micro clusters. In this way, old data points lose their importance to the clustering process
over time. This allows the algorithm to capture changes (such as the movement of clusters or their
disappearance/appearance over time).

The DenStream algorithm has further advantages over other clustering algorithms. The user does not need
to know the number of micro-clusters in advance, as the DenStream algorithm determines this number
automatically. In addition, the algorithm is able to detect outliers in the data that does not belong to any
cluster. Since it is a density-based algorithm, it is even possible to detect separate clusters of any shape
(even if they are intertwined).

Parameter setting

Here we give a short introduction to how the algorithm works, mainly to give the reader a quick introduction
to the parameter setting. For a deep understanding of the algorithm and its parameters, we refer the reader
to the publications mentioned. Most of the terms and parameter names used here come directly from these
publications.

The parameters of the DenStream algorithm mainly affect the following properties of the algorithm:

» the coarseness of the micro-clusters,

» the maximum distance between data points/micro-clusters so that they are assigned to the same
cluster,

+ the minimum density so that data points are identified as clusters and not as outliers,
« The fading rate at which older data points lose their significance.

The Parameters Epsilon, Lambda and Mu x Beta belong to the first phase of the algorithm, the formation of
micro-clusters.

If possible, a data point is inserted into the micro-cluster whose center is closest to the data point. For this
purpose, the Euclidean distances between the data point and the center points of all micro-clusters are
compared and the micro-cluster with the smallest distance is selected. The data point can only be inserted
into the micro-cluster if the radius of the micro-cluster does not exceed the Epsilon threshold after insertion.
The radius is analogous to the variance of all data points contained in the micro-cluster. This means that
data points can also be integrated into a micro-cluster even if their Euclidean distance to the center of the
cluster is greater than Epsilon, as long as there are enough other points in the micro cluster with a smaller
distance.
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If the data point cannot be inserted into the nearest micro-cluster, a new micro-cluster is created with that
data point. The weight of the respective micro-cluster is increased by one with the insertion of a data point.

In the left-hand plot in the illustration, the assignment of the data points to the micro-clusters is sketched for
two input channels as an example. 20 data points assigned to four different micro-clusters are shown. The
first micro-cluster (#1, marked in red) contains six data points, the second (#2, marked in green) also
contains six, the third (#3, marked in blue) contains seven and the fourth (#1, marked in gray) contains only
one data point. The area around the center of the micro-cluster in which a new data point would have to be
located in order to be accepted into the respective micro-cluster with the specified epsilon (marked by
dashed line) is colored. This sphere of influence is greater if the micro-cluster already contains several data
points and they have a lower variance (see, for example, micro-clusters #1 and #2). In addition, the spheres
of influence of multiple micro-clusters can overlap and mutually influence one another through their
existence, see micro-cluster #2 (green) and #3 (blue). The data points are always assigned to the closer
micro-cluster, for which reason the spheres of influence are separated by a straight line. In the plot, a data
point can be seen that is assigned to the micro-cluster #2, but if the latter did not exist, then it would be
assigned to micro-cluster #3.

Like in the original study [1], micro-clusters are divided into potential and outlier micro-clusters depending on
their weight. Only potential micro-clusters are subsequently clustered by the DBSCAN algorithm. The data
points in the outlier micro-clusters are marked as outliers. However, outlier micro-clusters are also stored and
updated with new data points, as they can still develop into potential micro-clusters. The weight of a micro-
cluster must exceed the Beta x Mu threshold in order to be counted as a potential micro-cluster. In the left-
hand sketch in the illustration, for example, the micro-cluster #4 (gray) contains only one data point, thus has
a weight of less than or equal to one and would be counted as an outlier micro-cluster for Beta x Mu = 1.

When a fading function is applied, the weight of the micro-clusters decreases over time. This fading rate is
determined by the parameter Lambda. If the value is set to zero, no fading function is applied, otherwise the
weights decrease by a factor of 2*(-Lambda) every second. If the weight of an outlier micro-cluster falls
below an internal threshold (depending on Mu x Beta and Lambda), it is deleted from the memory.

The parameters Epsilon (DBSCAN) and Min Weight (DBSCAN) affect the second phase. These parameters
were adopted from the DBSCAN algorithm [3].

The DBSCAN algorithm runs over the set of potential micro-clusters and assigns them cluster designations.
This can be either the index of the cluster to which they belong, or the designation outlier. The data point
currently being processed is then assigned the name of the micro-cluster to which it belongs.

How does DBSCAN cluster the micro-clusters? The algorithm works according to the concept of density
accessibility. Objects (in this case micro-clusters) belong to the same cluster if they are density-connected.
This means that there must be a chain of micro-clusters with a maximum distance Epsilon (DBSCAN). All
micro-clusters forming this chain must satisfy a second condition. The sum of the weights of all micro-
clusters within the distance Epsilon (DBSCAN) around each individual micro-cluster in this chain must
exceed the threshold Min Weight (DBSCAN). Micro-clusters that are not density-connected to at least one
micro-cluster that meets this second condition are marked as outliers.

This is shown in the right-hand sketch in the illustration. For simplicity, it is assumed here that the weight of
all micro-clusters is equal to 1. This corresponds to the case where there is exactly one data point in each
micro-cluster and no fading function has been applied. The two clusters (marked with an x (turquoise) and a
plus (orange)) with the two outlier micro-clusters result when the Min Weight (DBSCAN) parameter is set to
four. The micro-clusters marked with a capital "x" or "+" are core micro-clusters. This means that at least
three more micro-clusters (plus the micro cluster considered = 4) have a maximum distance of Epsilon
(DBSCAN) to these micro-clusters. The micro-clusters marked with a small "x" or "+" are not core micro-
clusters, but are located in the Epsilon (DBSCAN) neighborhood of a core micro-cluster and therefore belong
to the same cluster. The micro-cluster in the upper right corner, marked with a small dot, is an outlier micro-
cluster. Although it is located in the Epsilon (DBSCAN) neighborhood of a micro-cluster that is counted as
belonging to a cluster, it is not a core micro-cluster.

Likewise, the two micro-clusters at the bottom right are outliers. Although they are in the immediate Epsilon
(DBSCAN) neighborhood, there are only two of them. The Min Weight (DBSCAN) threshold of the weights is
not exceeded.
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The parameters outMCs Buffer Size and potMCs Buffer Size are specific to this implementation of the
algorithm and are required because the memory for outliers and potential micro-clusters must be allocated
before execution. Thus, outMCs Buffer Size and potMCs Buffer Size limit the possible number of outliers and
potential micro-clusters during runtime. The user must find values for these parameters so that this limit is
not exceeded.

The maximum number of outliers and potential micro-clusters during the execution of the algorithm depends
on the distribution of the input data, but also on the setting of the other parameters. There are fewer micro-
clusters at higher values of Epsilon as this results in coarser micro-clusters that can contain data points from
a wider range. In general, the number of outlier micro-clusters increases at the beginning of the analysis, but
decreases again when outlier micro-clusters transform into potential micro-clusters. If the patterns in the data
stream do not change over time, the number of micro-clusters settles after an initial phase.

The more micro-clusters there are, the higher the computing requirements. For all outliers and potential
micro-clusters we compare the distance to a data point and then all potential micro-clusters must be included
in the calculation of the DBSCAN algorithm. A compromise must therefore be reached between the
computing speed and the coarseness of the micro-clusters.

What happens if the values of outMCs Buffer Size and potMCs Buffer Size are set too low and at some point
during the analysis more micro-clusters are required to capture the input data points? In this case, the
algorithm continues to assign the data points to the existing micro-clusters and marks the data points
accordingly, but the existing micro-clusters are no longer updated to prevent the buffer from overflowing.
This means that the clustering of the data points continues, but with an overall stagnated feature space
(older set of micro-clusters). Changes in the pattern of the data stream could then no longer be detected.

[1]1 F. Cao, M. Ester, W. Qian, A. Zhou. Density-Based Clustering over an Evolving Data Stream with Noise.
In Proceedings of the 2006 SIAM International Conference on Data Mining, S. 326-337. SIAM.

[2] M. Ester, H.-P. Kriegel, J. Sander and X. Xu. A density-based algorithm for discovering clusters in large
spatial databases with noise. In Proc. of KDD, 1996.

[3] J. Sander, M. Ester, H.-P. Kriegel, X. Xu. Density-Based Clustering in Spatial Databases: The Algorithm
GDBSCAN and its Applications. Data Mining and Knowledge Discovery 2, 169-194 (1998)

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Input values

» Update Micro Cluster: If TRUE, micro-clusters are updated by the incoming data. If FALSE, the
existing micro-clusters remain unchanged and are only used to determine the cluster index of the
incoming data points.

* Input 01, ..., Input On: These inputs form the feature space for which clustering is performed.
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Configuration options

Num Channels: Here you can modify the number of input channels.
Epsilon: Threshold for the maximum radius of micro-clusters.
Mu x Beta: Threshold for the weight of a micro-cluster between outlier and potential micro-cluster.

Lambda: Specifies the fading rate of the algorithm. The weight of each data point decreases by a
factor of 2*(-Lambda) every second.

Epsilon (DBSCAN): Specifies the epsilon parameter of the DBSCAN algorithm.

Min Weight (DBSCAN): Threshold for the sum of weights in the epsilon neighborhood of a micro-
cluster for the DBSCAN algorithm.

potMCs Buffer Size: Maximum number of potential micro-clusters. The memory is allocated to
potMCs Buffer Size micro-clusters.

outMCs Buffer Size: Maximum number of outlier micro-clusters. The memory is allocated to outMCs
Buffer Size micro-clusters.

Output values

New Result: Is TRUE if the new cluster index differs from the cluster index of the last cycle.

MC Buffer Overflow: TRUE if the micro-cluster update is stopped to prevent overflow of potMCs or
outMCs Buffer Size.

Last Event: This is the timestamp of the last cycle with a change of the cluster index

Last Switch: This is the timestamp of the last cycle with an alternation between updating and not
updating micro-clusters (either by setting the input Update Micro Cluster to TRUE or by internally
preventing an overflow of potMCs/outMCs Buffer Size).

Number of potMCs: Indicates the number of potential micro-clusters currently present.
Number of outMCs: Indicates the number of outlier micro-clusters currently present.

Cluster Index: Specifies the cluster index that the DBSCAN algorithm outputs for the data point of the
current cycle.

Number of Clusters: Specifies the total number of clusters detected by the DBSCAN algorithm.

Standard HMI Controls

For the DenStream algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The DenStream control visualizes the inputs in the chart and their respective classification in a cluster
(cluster index) in color. The buttons can be used to select the inputs to be displayed, up to two at a time. The
slider on the right lists all output values: cluster count, number of potential micro-clusters, number of outlier
micro-clusters, cluster index, last event, last switch.
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2. The Table Control or Multivalue Control visualizes all output values: cluster count, number of potential
micro-clusters, number of outlier micro-clusters, cluster index, last event, last switch.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the DenStream algorithm using the Mapping
Wizard [P _382].

5.2.1.3.2 Sequential k-Means
(e ] Sequential k-Means MNE e GV
Update Cluster C... | <Empty> v - Num Channels E Cluster Index ~ Empty
Input 00 - Number of Clusters z Distance Empty
2 Aggregation Buffer Size 10 Cluster Cente... 0
% . Max Iterations q Cluster Cente... 0
% Initialization Mode Equidistant ‘v‘
Lower Bounds 00 -1000
Upper Bounds 00 1000

The Sequential k-Means algorithm is an implementation of the unmonitored clustering algorithm of the same
name. It is a sequential variant of the widely used k-Means clustering algorithm for streaming data. The aim
of the algorithm is to find clusters based on the structure of the data, each of which contains similar data
points and separates different data points from each other.

The number of input channels (referred to below as n) for this algorithm can be freely selected by the user.
These inputs span the n-dimensional feature space in which the clusters are found. In each analysis cycle,
the data stream provides the algorithm with a new feature vector that can be interpreted as a data point in
this feature space. Data points that are close to each other in this feature space are assigned to the same
cluster. The number of clusters present must be set by the user before the analysis begins and remains
fixed.

In contrast to the k-Means algorithm for conventional batch analysis, the data for the Sequential k-Means are
not fully available at the time of analysis. Instead, the data points arrive one by one in the form of streaming
data. They are therefore processed sequentially and assigned to the corresponding cluster closest to them.
This approach results in a number of differences, two of which are particularly relevant to the use of the
algorithm as well as the parameter settings.
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On the one hand, all data points and thus the value ranges of the individual features are already available at
the beginning of a batch analysis, whereas this is not the case with sequential analysis, so that the value
ranges are not necessarily fixed in advance. However, it is helpful to know the value ranges of the input
channels in advance, even if the actual values only arrive during the course of the analysis. This is
particularly important for the initialization of cluster centers. Three different approaches are available for
initialization. The center points can be specified in the form of specific values via a parameter array.
Alternatively, the center points can be set randomly or equidistantly in a defined range of values. For the
initialization modes Random and Equidistant the value ranges are required and have to be set via the
parameters Lower Bounds and Upper Bounds for the individual input channels.

On the other hand, in a batch analysis all data points are typically traversed multiple times to update the
cluster centers until they change only minimally. This is not possible within the framework of the sequential
analysis. However, in order to still be able to adjust the cluster centers and traverse data points multiple
times, the algorithm Sequential k-Means has a buffering mechanism referred to as Aggregation Buffer, which
makes it possible to store a limited number of values temporarily. When filling the buffer, all incoming data
points are assigned to the closest cluster. The distance between a data point and the cluster centers is
determined by the Euclidean norm. Only when the buffer is filled are the cluster centers updated based on
the newly allocated data points in the buffer. The new cluster center corresponds to the mean value of all
data points contained in the cluster. This can be calculated incrementally, so that the old data points are not
needed for the calculation. The size of the buffer is set by the parameter Aggregation Buffer Size; the default
value is 10. The parameter Max lterations can be used to specify the number of iterations through the buffer.
The default value is one. If the value is set to two, for example, after the first adjustment of the cluster
centers the data points in the buffer are reassigned to the clusters and then the cluster centers are adjusted
again. Due to the shift in cluster centers, it is possible for individual data points to be assigned to different
clusters from one iteration to the next. Due to the limited computing capacity for data processing between
two cycles, excessively high values should be avoided for the parameters Aggregation Buffer Size and Max
Iterations, otherwise the update of the cluster centers may not be guaranteed. If the cluster centers are not
updated for large values for these parameters but are updated for smaller parameter values, this is an
indication that the computing capacity is insufficient for the set parameter values and smaller values should
be selected.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Input values

» Update Cluster Centers: If TRUE, the centers of each cluster are updated by the incoming data. If
FALSE, the cluster centers remain unchanged and are only used to determine the cluster index of the
incoming data points.

e Input 01, ..., Input On: These inputs form the n-dimensional feature space for which clustering is
performed.

Configuration options
* Num Channels: Determines the number of input channels.
* Number of Clusters: Defines the number of clusters.

» Aggregation Buffer Size: Specifies the size of the aggregation buffer and thus the number of cycles
after which the cluster centers are updated. The input values of these cycles are stored internally (in
the aggregation buffer). The default value for this parameter is 10.

+ Max Iterations: Specifies how often to iterate over the values in the aggregation buffer. The default
value for this parameter is 1.

« Initialization Mode: Specifies the way in which the cluster centers are initialized:

o Random: The cluster centers are set randomly within the limits set by the Lower Bounds and
Upper Bounds.

o Equidistant: The cluster centers are distributed equidistantly in the range of values defined by the
Lower Bounds and Upper Bounds.

o Values: The cluster centers are initialized with the values set by the array Initial Cluster Centers.

« Initial Cluster Centers: For the initialization mode Values the values for the initial cluster centers are
set here. The values for the individual clusters are set line by line. That is, the number of matrix rows
corresponds to the Number of Clusters and the number of matrix columns corresponds to the Number
of Channels. The first row contains the values for the first cluster for each input channel, and so on.
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» Lower Bounds: For the modes Random and Equidistant the lower limits for the individual input
channels are set.

+ Upper Bound: For the modes Random and Equidistant the upper limits for the individual input
channels are set.

Output values

» Cluster Index: Specifies the cluster index assigned to the data point of the last cycle, indicating the
corresponding assigned cluster.

» Distance: Specifies the Euclidean distance between the data point and the assigned cluster center.

+ Cluster Centers: Outputs the cluster centers of all clusters line by line. This corresponds to a matrix of
dimension Number of Clusters x Number of Channels.

Standard HMI Controls

For the Sequential k-Means algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control or Multivalue Control visualizes the output values: Lower Bounds, Upper Bounds and
Initial Centers.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Sequential k-Means algorithm using the
Mapping Wizard [»_382].

5.21.4 Analytics - Compare

The algorithms of the category Analytics-Compare provide functionalities for comparative analysis and logic
operations.

5.2.1.41 Demultiplexer
® Demultiplexer NMEa GV
Input <Empty> v - Num Channels [=]| cument Chan... Empty
Count Empty
‘)t Last Event Empty
Qutput 00 Empty
Qutput 01 Empty

The demultiplexer selects an output channel based on the input value. For this purpose, the input value is
interpreted as an integer. This value corresponds to the output channel. If the value is outside the configured
number of channels, the output channel is set to 0.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* NumChannels: Adds or removes an output channel.

Output values

* Current Channel: Indicates the number of the selected channel. The value is 0 if the selected channel
is outside the configured channels.

» Count: Starts with 1 for the channel selected at the start of the analysis and increments each time
another channel is selected.

» Last Event: Timestamp of the last channel change.
* Out 00..n: Boolean output for channels 0 (selected channel < 1 or >n) ton

Standard HMI Controls

For the Demultiplexer algorithm, the following HMI controls are available for generating an Analytics
Dashboard:
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1. The Table Control or Multivalue Control visualizes the output values Count, Current Channel and Last
Event and Out.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

m

Alternatively, customer-specific HMI controls can be mapped in the Demultiplexer algorithm using the
Mapping Wizard [P 382].
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5.21.4.2 Detect String Change 1Ch
® Detect String Change 1Ch NBa GV
Input <Empty> v| - Case Sensitive String Changed Empty
a->A Count Empty
Last Event Empty

The Detect String Change 1Ch detects and counts changes of string values. Therefore, case sensitivity can
be taken into account or not.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
» Case Sensitivity: If the checkbox is ticked off, case sensitivity is taken into account, otherwise not.

Output values
« String Changed: TRUE, if a string change was detected, otherwise FALSE.
» Count: Count up every time Boolean Switch is TRUE.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the Detect String Change 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Comparison control visualizes the output values Boolean Switch and Count.

Detect String
Change

2. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState control visualizes the output value Boolean Switch.
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Binary State

4. The Table Control or Multivalue Control visualizes all output values: Operation Out, Count, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Detect String Change 1Ch algorithm
using the Mapping Wizard [»_382].

5.21.4.3 Detect Value Change 1Ch
[ ) Detect Value Change 1Ch NMBa QW
Input <Empty> v| - Tolerance  |g Value Changed Empty
< > Count Empty
Last Event Empty

The Detect Value Change 1Ch detects and counts changes in numeric input values.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Tolerance: The tolerance refers to the input value of the last detected value change. If the input value
is outside this tolerance, a value change is detected.

Output values
« Value Changed: TRUE, if a value change was detected, otherwise FALSE.
» Count: Count up every time Boolean Switch is TRUE.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the Detect Value Change 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The SingleValue control visualizes the output values Count and Last Event.
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Single Value

Last event:
10. Mar 2021 16:24:29

2. The Table Control and Multivalue Control visualize all output values.

Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped using the Mapping Wizard [»_382].

. . .
52144 Dynamic Time Warping
® Dynamic Time Warping NBa GV
Input <Empty> v| - Num Templates E Executing Co... Empty
Start Period u - File Path 00 Ci\Analytics Project\ Templatel E Best Match Idx  Empty
Stop Period u - File Path 01 C\Analytics Project\ Template2 lzl Distance 01 Empty
Distance 02 Empty

The Dynamic Time Warping algorithm compares input data with previously recorded templates. The special
feature of the algorithm is that signals with different speeds or even shifted signals can be compared. As a
result, the distance between the input signal and the respective template is output. The smaller the distance,
the more equal the compared signals are. If the distance is 0, both signals are identical. The amount of
distance depends on the equality but also on the length of the signals.

The comparison starts when the signal of the Start Period flag is TRUE. A result is output if the signal of the
Stop Period flag is TRUE or the Start Period flag is TRUE again.

It is recommended not to use Dynamic time Warping simultaneously with Time Based Teach Path 1Ch [P 219]
due to concurrent file access. Instead, a reference signal should first be taught in with the Time Based Teach
Path 1Ch [» 219] and only then should the evaluation be carried out with the aid of the Dynamic time
Warping. The templates contain reference signals previously recorded with the Time Based Teach Path 1Ch
[»_219]. As a rule, the templates are a few hundred supporting points. Therefore, a reduction of the data with
the function block Downsampling 1Ch [» 44] is often useful.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Templates: adds or removes a template for comparison.
» File Path 01 ... n: path to the previously recorded template.

Output values

» Executing Compare: displays TRUE if the algorithm is processing the incoming values, otherwise
FALSE. The processing begins when the Start Period flag is TRUE and ends when Stop Period is
TRUE.

« Best Match Idx: outputs the index of the template with the smallest distance to the input channel.

» Distance 01 ... n: specifies the distance between the input signal and the respective template. The
smaller the distance, the more equal the compared signals are.
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Standard HMI Controls

For the Dynamic Time Warping algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Table Control and Multivalue Control visualize all output values: Executing Compare, Best Match ldx,
Distance.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the Dynamic Time Warping algorithm using
the Mapping Wizard [>_382].
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5.21.4.5 Dynamic Time Warping Interval

® Dynamic Time Warping Interval NBa GV
Reference Input <Empty> v - MNum Channels E Best Match Idx  Empty

W Input 01 u - Window Size 100 Distance 01 Empty

The Dynamic Time Warping Interval algorithm compares several input data with each other. The special
feature of the algorithm is that signals with different speeds or even shifted signals can be compared. Only
the signal interval of a configured window is considered for the comparison. New results are output after the
window expires. As a result, the distance between the reference signal and the respective input signal is
output. The smaller the distance, the more equal the compared signals are. If the distance is 0, both signals
are identical. The amount of distance depends on the equality but also on the length of the signals.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: adds or removes an input channel.

+ Window Size:specifies the number of cycles over which a calculation is made. The memory
requirement of the algorithm is proportional to this parameter.

Output values

« Best Match Idx: outputs the index of the input channel with the smallest distance to the reference
channel.

» Distance 01 ... n: specifies the distance between the reference signal and the respective input
channel. The smaller the distance, the more equal the compared signals are.

Standard HMI Controls

For the Dynamic Time Warping Interval algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Table Control and Multivalue Control visualize all output values: Best Match Idx, Distance.

Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped in the Dynamic Time Warping Interval algorithm
using the Mapping Wizard [»_382].

5.2.1.4.6 Logic Operation Counter
® Logic Operation Counter MNBa GV
Input 00 <Empty> v| - Num Channels E Operation Qut  Fmpty
Input 01 u - Logic Operator E Count Empty
& Count Mode OnChange |v Last Event Empty
Threshold 00 A 1
Threshold 01 A

The Logic Operation Counter executes a logical operation on the values of two or more channels and
provides the result of this logical operation. Therefore, each input value can be combined with a threshold
and an operator. Furthermore, the logic operator and the count mode can be configured individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: adds or removes an input channel.
* Threshold 00: threshold for the signal of the first channel.
* Threshold 01 ..n: threshold for the signal of the second to nth channel.
* Logic Operator: logical operator for the operation:

Logical OR

@ Logical XOR (EXCLUSIVE OR)
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Logical AND
Logical NAND (NOT AND)
Logical NOR (NOT OR)

» Count Mode: mode of the result counter.
OnChange: the counter counts every time the result changes to TRUE.
Cyclic: the counter increments every cycle when the condition is TRUE.

+ Use Absolute Values: if the checkbox is checked, the absolute values of the input signal are used.
» Tolerance (optional): tolerance value for the Equal / NotEqual comparisons.

Output values
» Operation Out: Result of the logical operation.

« Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the Logic Operation Counter algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Comparison control visualizes the output values Operation Out and Count as well as the configuration
option Logic Operator.

Comparisons

Count: 2

2. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState control visualizes the output value Operation Out.
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Binary State

4. The Table Control or Multivalue Control visualizes all output values: Operation Out, Count, Last Event.

Data Table Vertical
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Alternatively, customer-specific HMI controls can be mapped in the Logic Operation Counter algorithm using
the Mapping Wizard [»_382].

.
5.21.4.7 Multiplexer
[ ) Multiplexer NMBa QW
Default Result <Empty> v| - Num Channels E Result Empty
Condition 00 u - Current Chan... Empty
Input 00 [<Empy>  [v] - Count Empty
Last Event Empty

The Multiplexer selects one channel out of one or more input channels. For each input channel a boolean
input has to be provided additionally. The output corresponds to the first input channel, where the conditional
input is TRUE. The priority of the configured channels is the order of configuration. If the condition is not met
for any of the channels, the provided default channel is returned.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Num Channels: The number of channels. For each channel there are two input variables; one is a
boolean condition (ConditionOn), the other is an input value of any data type (/nputOn) which can be
passed to Result if the condition is met.

Output values
* Result: Delivers the signal InputOn of the selected input channel.

* Current Channel: Indicates the number of the selected channel. The value is 0 if the default result is
selected. The input channels are numbered in the order of their configuration.

» Count: Starts with 1 for the channel selected at the start of the analysis and increments each time
another channel is selected.

» Last Event: Timestamp of the last channel change.
Standard HMI Controls

For the Multiplexer algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control or Multivalue Control visualizes the output values Count, Result, Current Channel and
Last Event.
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Alternatively, customer-specific HMI controls can be mapped in the Multiplexer algorithm using the Mapping
Wizard [P_382].

5.21.4.8 Numerical Compare 1Ch
[ ) Mumerical Compare 1Ch MNB e GV
Input | <Empty> |v| - Operator A ‘[I Operation Qut  Empty
< > Count Mode | OnChange |v T Empty
Use Absolute Values [ | Last Event Empty
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The Numerical Compare 1Ch compares the input values with a reference value and provides the result of
this comparison operation. The operator, the reference value and the count mode can be configured
individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: specifies whether the input value should be greater than, greater than or equal to, less than
or equal to, less than or not equal to the reference value.

» Reference: reference value for the comparison operation.

+ Count Mode: mode of the result counter.
OnChange: the counter counts every time the result changes to TRUE.
Cyclic: the counter increments every cycle when the condition is TRUE.

+ Use Absolute Values: if the checkbox is checked, the absolute value of the input signal is used.
» Tolerance (optional): tolerance value for the Equal / NotEqual comparisons.

Output values
* Operation Out: Result of the comparison operation.

* Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

« Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the Numerical Compare 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Comparison Control or Multivalue Control visualizes the output values Operation Out and Count as
well as the configuration option Operator.

Comparisons

Count: 2

2. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState control visualizes the output value Operation Out.
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Binary State

4. The Table Control and Multivalue Control visualize all output values: Operation Out, Count, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

ae | me | me [
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Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Numerical Compare 1Ch algorithm using
the Mapping Wizard [>_382].

.
5.21.49 Numerical Compare 2Ch
[ ) Mumerical Compare 2Ch MEB GV
Input Ch1 <Empty> v - Operator (Ch1 | Operator | Ch2) | GreaterThanOrEqualTo |v‘ Operation Qut  Empty
< > Input Ch2 ErcE Count Mode [ OnChange [+]| count E
Use Absolute Values [1| Last Event Empty

The Numerical Compare 2Ch compares the input values of the first channel with the input values of the
second channel and provides the result of this comparison operation. The operator and the count mode can
be configured individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: specifies whether the input value should be greater than, greater than or equal to, less than
or equal to, less than or not equal to the reference value.

« Count Mode: mode of the result counter.
OnChange: the counter counts every time the result changes to TRUE.
Cyclic: the counter increments every cycle when the condition is TRUE.

+ Use absolute values: if the checkbox is checked, the absolute values of the input signal are used.
+ Tolerance (optional): tolerance value for the Equal / NotEqual comparisons.

Output values
» Operation Out: Result of the comparison operation.

« Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the Numerical Compare 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:
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1. The Comparison Control or Multivalue Control visualizes the output values Operation Out and Count as
well as the configuration option Operator.

Comparisons

Count: 2

2. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState control visualizes the output value Operation Out.

Binary State

4. The Table Control visualizes all output values: Operation Out, Count, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29
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DataTable Horizontal

10 Mar 2021 16:15:29

Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the Numerical Compare 1Ch algorithm using
the Mapping Wizard [» 382].

5.2.1.4.10 String Compare 1Ch
(e ] String Compare 1Ch [ =
Input <Empty> v| - Reference String EmptyString String Match ~ Empty
abc String Compare Mode [ Equals [+ | count Empty
a é t>) Case Sensitive Last Event Empty
Count Mode | OnChange |v‘

The String Compare 1Ch compares the input string with a reference string and counts the string matches.
Therefore, case sensitivity can be taken into account or not and the count mode can be changed.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Reference String: reference string for the comparison operation.

« String Compare Mode: enumeration for different string compare modes.
Equals: input string equals the reference string.
BeginsWith: input string begins with the reference string.
Contains: input string contains the reference string.

» Case Sensitivity: if the checkbox is checked the input is case-sensitive, otherwise it is not case-
sensitive.

» Count Mode: mode of the result counter.
OnChange: the counter counts every time the result changes to TRUE.
Cyclic: the counter increments every cycle when the condition is TRUE.
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Output values

« String Match: TRUE, if the input string matches the reference string, otherwise FALSE.

» Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the String Compare 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Comparison control visualizes the output values String Match and Count as well as the configuration
option String Compare Mode.

String Compare

Count: 0

2. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState Control visualizes the output value String Match.

Binary State

4. The Table Control or Multivalue Control visualizes all output values: String Match, Count, Last Event.
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Data Table Vertical

10 Mar 2021 16:15:29

i v i i |
“

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the String Compare 1Ch algorithm using the
Mapping Wizard [»_382].

5.21.4.11 String Compare 2Ch
[ ) String Compare 2Ch ME s GV
abg |mPuch <Empty> ] - String Compare Mode [ Equas || string Match  Empty
< > |InputCh2 <Empty> | - Case Sensitive Count Empty
ach Count Mode [ ©nchange V]| Last Event Empty
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The String Compare 2Ch compares the values of the first input string with the values of the second string
and counts the string matches. Therefore case sensitivity can be taken into account or not and the count
mode can be changed.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

« String Compare Mode: enumeration for different string compare modes.
Equals: input string equals the reference string.
BeginsWith: input string begins with the reference string.
Contains: input string contains the reference string.

» Case Sensitivity: if the checkbox is checked the input is case-sensitive, otherwise it is not case-
sensitive.

» Count Mode: mode of the result counter.
OnChange: the counter counts every time the result changes to TRUE.
Cyclic: the counter increments every cycle when the condition is TRUE.

Output values

» String Match: TRUE, if the value of the first input string matches the value of the second input string,
otherwise FALSE.

» Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the String Compare 2Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Comparison control visualizes the output values String Match and Count as well as the configuration
option String Compare Mode.

String Compare

Count: 0

2. The SingleValue control visualizes the output values Count and Last Event.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The BinaryState Control visualizes the output value String Match.
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Binary State

4. The Table Control or Multivalue Control visualizes all output values: String Match, Count, Last Event.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

e | mo | me lowmss
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Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the String Compare 2Ch algorithm using the
Mapping Wizard [»_382].

5.21.412 Timespan Compare 1Ch
[ ) Timespan Compare 1Ch NMBa QW
Input <Ernpty> v| - Reference A Seconds  |v||1 Operation Qut  Empty
< > Count Mode | OnChange M T Empty
Use Absolute Values [1| Last Event Empty

The Timespan Compare 1Ch compares the input value with a reference value and returns the result of this
comparison operation. A timespan with a resolution of 1 ns is supported as an input. The operator, the
reference value and the count mode can be configured individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Operator: specifies whether the input value should be greater than, greater than or equal to, less than
or equal to, less than or not equal to the reference value.

» Reference: Reference timespan for the comparison operation.

» Count Mode: Mode of the result counter.
OnChange: The counter counts every time the result changes to TRUE.
Cyclic: The counter increments every cycle when the condition is TRUE.

+ Use Absolute Values: If the checkbox is checked, the absolute value of the input signal is used.

Output values
» Operation Out: Result of the comparison operation.

» Count: Incremented when the output value is TRUE. The behavior depends on the parameter Count
Mode.

» Last Event: Indicates the time of the last triggered event — the event can be dragged and dropped
into the Scope chart to display it as a trigger-event

Standard HMI Controls

For the Timespan Compare 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Table Control visualizes all output values: Operation Out, Count, Last Event.
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Alternatively, customer-specific HMI controls can be mapped in the Timespan Compare 1Ch algorithm using
the Mapping Wizard [» 382].

5.2.1.5 Analytics - Energy
5.2.1.51 Energy
c® Energy [

|

Valtage <Empty> - Sample Rate 1000 Electrical Pow... Empty
Current <Empty> - Voltage Scale Factor 1 Electrical Ener... Empty

Current Scale Factor 1

The Energy module is suitable for energy monitoring of various electrical components. The input data for
current and voltage are averaged over a configurable interval and then calculated.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Sample Rate: Sample rate of the system to be analyzed in Hz.
» Voltage Scale Factor: Scale factor of the input voltage.
« Current Scale Factor: Scale factor of the input current.
+ Interval (optional): By default, the input data is averaged over an interval of one second.

Input values
» Voltage: RMS value of the voltage in V.
* Current: RMS value of the current in A.

Output values
» Electrical Power [W]: Electrical power in W.
 Electrical Energy [Wh]: Electrical energy in Wh.

5.2.1.5.2 Energy AX5xxx

® Energy AXSxxx MEa GV
DC Bus Voltage <Empty> - SampleRate  |1ppp Electrical Pow... Empty

[

DC Bus Current <Empty> = Peak Torque 0 Mechanical P... Empty
Velocity Feedbac... - Braking Powe... Empty

Torque Feedback... | <Empty> - Electrical Ener... Empty
Internal Braking...

External Braking... <Empty>

|

The Energy AX5xxx module is suitable for energy monitoring of servo drives from the AX5xxx series. The
input data is averaged over a configurable interval and then calculated. To ensure that the required input
data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Sample Rate: Sample rate of the system to be analyzed in Hz.

* Peak Torque: Peak value of the torque in Nm
Process data: CoE: P-0-0094

* Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

+ DC Bus Voltage: DC bus voltage in 0.1 V.
Process data: CoE: S-0-0016. Add that of the CoE S-0-0380 "DC bus voltage" to the PDO content.
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* DC Bus Current: Input current to the DC link in mA.
Process data: CoE: S-0-0016. Add that of CoE S-0-0381 "DC bus current" to the PDO content.

» Velocity Feedback Value: Motor velocity.
Process data: CoE: S-0-0016. Add that of the CoE S-0-0040 "Velocity feedback 1 value" to the PDO
content.

» Torque Feedback Value: Torque-forming current.
Process data CoE: S-0-0016. Add that of CoE S-0-0084 "Torque/force feedback value" to the PDO
content.

+ Internal Braking Resistor Power: Braking power output via the internal braking resistor in W.
Process data: CoE: S-0-0016. Add that of the CoE P-0-0209 "Internal braking resistor actual averaged
power" to the PDO content.

+ External Braking Resistor Power: Braking power output via the external braking resistor in W.
Process data: CoE: S-0-0016. Add the CoE P-0-0210 "External braking resistor actual averaged
power" to the PDO content.

Output values
» Electrical Power [W]: Electrical power in W.
* Mechanical Power [W]: Mechanical power in W.
« Braking Power [W]: Braking power in W.
» Electrical Energy [Wh]: Electrical energy in Wh.

5.2.1.5.3 Energy AX81xx
® Energy AX81xx MNB e GV
Electrical Power <Empty> v - Sample Rate 1000 Electrical Pow... Empty
g Mechanical Power _<Empty> u - Mechanical P... Empty
DC Link Voltage H - Braking Powe... Empty
Mator Brake Cur... m = Electrical Ener... Empty

The Energy AX81xx module is suitable for energy monitoring of servo drives from the AX81xx series. The
input data is averaged over a configurable interval and then calculated. To ensure that the required input
data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Sample Rate: Sample rate of the system to be analyzed in Hz.
+ Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

» Electrical power: Electrical power in W.
Process data: Enable PDO input 0x1A32 and add CoE 0x3242:12 "Electrical power" to the PDO
content.

* Mechanical Power: Mechanical power in W.
Process data: Enable PDO input 0x1A32 and add CoE 0x3242:13 " Mechanical power" to the PDO
content.

« DC link voltage: DC link voltage in mV.
Process data: Enable PDO input Ox1A00 and add CoE 0x6079 "DC link circuit voltage" to the PDO
content.

* Motor Brake Current: Brake current of the motor in A.
Process data: Enable PDO input 0x1A20 and add CoE 0x3001:01 "Actual motor brake current" to the
PDO content.

Output values
» Electrical Power [W]: Electrical power in W.
* Mechanical Power [W]: Mechanical power in W.
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* Braking Power [W]: Braking power in W.
 Electrical Energy [Wh]: Electrical energy in Wh.

5.21.54 Energy AX82xx

[ ) Energy AX82xx MEa GV
Electrical Power... | <Empty> - SampleRate  |1ppp Electrical Pow... Empty

|

Mechanical Pow... <Empty>

Mechanical P... Empty

Electrical Power... <Empty> - Braking Powe... Empty
Mechanical Pow... <Empty> - Electrical Ener... Empty
DC Link Voltage <Empty>

Motor Brake Cur... <Empty>

|

Motor Brake Cur... <Empty>

The Energy AX82xx module is suitable for energy monitoring of servo drives from the AX82xx series. The
input data is averaged over a configurable interval and then calculated. To ensure that the required input
data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
« Sample Rate: Sample rate of the system to be analyzed in Hz.
* Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

» Electrical Power ChA: Electrical power of the first channel in W.
Process data: Enable PDO input 0x1A32 and add CoE 0x3242:12 "Electrical power" to the PDO
content.

* Mechanical Power ChA: Mechanical power of the first channel in W.
Process data: Enable the PDO input 0x1A32 and add the CoE 0x3242:13 " Mechanical power" to the
PDO content.

» Electrical Power ChB: Electrical power of the second channel in W.
Process data: Enable PDO input 0x1A52 and add CoE 0x3642:12 "Electrical power" to the PDO
content.

* Mechanical Power ChB: Mechanical power of the second channel in W.
Process data: Enable the PDO input 0x1A52 and add the CoE 0x3642:13 "Mechanical power" to the
PDO content.

« DC link voltage: DC link voltage in mV.
Process data: Enable PDO input 0x1A00 and add CoE 0x6079 "DC link circuit voltage" to the PDO
content.

* Motor Brake Current ChA: Brake current of the motor of the first channel in A.
Process data: Enable PDO input 0x1A20 and add CoE 0x3001:01 "Actual motor brake current" to the
PDO content.

e Motor Brake Current ChB: Brake current of the motor of the second channel in A.
Process data: Enable PDO input 0x1A40 and add CoE 0x3401:01 "Actual motor brake current" to the
PDO content.

Output values
» Electrical Power [W]: Electrical power in W.
* Mechanical Power [W]: Mechanical power in W.
* Braking Power [W]: Braking power in W.
 Electrical Energy [Wh]: Electrical energy in Wh.
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5.2.1.5.5 Energy AX86x0
[ ) Energy AX86x0 [l
DC Link Voltage <Empty> v - Sample Rate 1000 Electrical Pow... Empty
DC Link Current u - Braking Powe... Empty
Brake Resistor C... <Empty> w| - Electrical Ener... Empty

The Energy AX86xx module is suitable for energy monitoring of AX86xx series power supply modules. The
input data is averaged over a configurable interval and then calculated. To ensure that the required input
data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Sample Rate: Sample rate of the system to be analyzed in Hz.
+ Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

» DC Link Voltage: DC link voltage in mV.
Process data: Enable the PDO input 0x1A05.

* DC Link Current: Input current to the DC link in 0.01 A.
Process data: Enable the PDO input Ox1A6.

» Brake Resistor Continuous Power: Power output via the braking resistor in W.
Process data: Enable the PDO input 0x1A07.

Output values
» Electrical Power [W]: Electrical power in W.
+ Braking Power [W]: Braking power in W.
» Electrical Energy [Wh]: Electrical energy in Wh.

5.2.1.5.6 Energy EL72xx EL74xx
(e ) Energy EL72xx EL7dux MEa GV
Actual Velocity <Empty> v - Sample Rate 1000 Electrical Pow... Empty
Actual Torque u - Rated Current 1000 Mechanical P... Empty
g DC Link Voltage u - Torque Constant | Electrical Ener... Empty
Feature Bits 0

The Energy AX72xx EL74xx module is suitable for energy monitoring of EL72xx and EL74xx EtherCAT
Terminals. The input data is averaged over a configurable interval and then calculated. To ensure that the
required input data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Sample Rate: Sample rate of the system to be analyzed in Hz.

* Rated Current: Nominal current in mA.
Process data: CoE: 0x8011:12.

* Torque Constant: Torque constantin mNm / A.
Process data: CoE: 0x8011:16.

» Feature bits: Feature bits for specifying the current type.
Process data: CoE: 0x8010:53.

« Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

» Actual velocity: Actual velocity value.
Process data: Enable the PDO input 0x1A02.
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* Actual Torque: Actual value of the torque.
Process data: Enable the PDO input 0x1A03.

« DC link voltage: DC link voltage in mV.
Process data: Enable PDO input 0x1A04 and select "DC link voltage (mV)" in CoE 0x8010:39.

Output values
» Electrical Power [W]: Electrical power in W.
* Mechanical Power [W]: Mechanical power in W.
» Electrical Energy [Wh]: Electrical energy in Wh.

5.21.5.7 Energy EL259x
[ ) Energy EL259% NBa GV
Supply Voltage <Empty> v| - SampleRate 1000 Electrical Pow... Empty
Supply Current u - Electrical Ener... Empty

The Energy EL259x module is suitable for energy monitoring of EL259x EtherCAT Terminals. The input data
is averaged over a configurable interval and then calculated. To ensure that the required input data is
available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
« Sample Rate: Sample rate of the system to be analyzed in Hz.
+ Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

» Supply Voltage: Supply voltage in 0.01 V.
Process data: Enable PDO input Ox1A01 and select CoE 0xF900:05 "Supply voltage" in CoE
0x8002:11.

» Supply Current: Input current in mA.
Process data: Enable PDO input 0x1A01 and select CoE 0xF900:06 "Supply current” in CoE
0x8002:19.

Output values
» Electrical Power [W]: Electrical power in W.
» Electrical Energy [Wh]: Electrical energy in Wh.

5.2.1.5.8 Energy EP9224
® Energy EP9224 NMBa QW
Device Voltage Us <Empty> v - Sample Rate 1000 Electrical Pow... Empty

g Device Current Us Electrical Ener... Empty
Device Current Up <Empty> vl -

The Energy EP9224 module is suitable for the energy monitoring of EP9224 EtherCAT Box modules. The
input data is averaged over a configurable interval and then calculated. To ensure that the required input
data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Sample Rate: Sample rate of the system to be analyzed in Hz.
+ Interval (optional): By default, the input data is averaged over an interval of one second.
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Input values

» Device Voltage Us: Control voltage in V.
Process data: PDO Inputs Device

* Device Current Us: Control current in A.
Process data: PDO Inputs Device

» Device Voltage Up: Load voltage in V.
Process data: PDO Inputs Device

» Device Current Up: Load current in A.
Process data: PDO Inputs Device

Output values
 Electrical Power [W]: Electrical power in W.
» Electrical Energy [Wh]: Electrical energy in Wh.

5.2.1.5.9 Energy EPP9022
® Energy EPP3022 MNB e GV
Voltage Us <Empty> v| - SampleRate 1000 Electrical Pow... Empty

Current Ip <Empty>

L]

|

Electrical Ener... Empty

The Energy EPP9022 module is suitable for the energy monitoring of EPP9022 EtherCAT Box modules. The
input data is averaged over a configurable interval and then calculated. To ensure that the required input

data is available, it must be added to the process image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only

active if the value of the selected signal is TRUE.

Configuration options

+ Sample Rate: Sample rate of the system to be analyzed in Hz.
* Interval (optional): By default, the input data is averaged over an interval of one second.

Input values

» Device Voltage Us: Control voltage in V.
Process data: PDO Inputs Device

* Device Current Is: Control current in A.
Process data: PDO Inputs Device

» Device Voltage Up: Load voltage in V.
Process data: PDO Inputs Device

» Device Current Ip: Load current in A.
Process data: PDO Inputs Device

Output values
» Electrical Power [W]: Electrical power in W.
 Electrical Energy [Wh]: Electrical energy in Wh.

5.2.1.6 Analytics - Math

The algorithms of the category Analytics-Math provide functionalities for mathematical operations such as

basic arithmetic operation, integration or slope analysis.

5.2.1.6.1 Integrator 1Ch
[ ) Integrator 1Ch NMBa QW
Input <Empty> v - Integration Mode Y | Result Empty
Factor q
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The Integrator 1Ch integrates the input value over time with a base unit of one second and provides the
result of this integration operation. For the approximation of this integral the trapezoidal rule is used. The

T(t,.t

trapezoidal nt1) between two subsequent timestamps En and Ent1 with the values ™ and

V. .
“n+l g calculates as

T(tn tasy) = (tosq[s] —t,[s] ) - 7 2ne

If the integration mode "absolute" ("|x|") is chosen in the configuration, Yn and ¥n+1 are substituted by
their absolute values in the above equation.

In each cycle the trapezoidal between the current and the last timestamp is calculated and added to the sum
of trapezoids starting from the beginning of the analysis. Additionally, this sum can be scaled by a factor that
can be configured individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options

 Integration Mode: You can select an integration mode. "—"; the input value is will be integrated
directly. "[x|": The absolute values of the input signal will be integrated.

+ Factor: With this factor the integral is multiplied.

Output Values
* Result: Shows the result of the integration operation.

Standard HMI Controls

For the Integrator 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Integrator Control visualizes the last x output values Result.

Integrator

12
24
-36

48

-60
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2. The Table Control or Multivalue Control visualizes all output values: Result.

Data Table Vertical

10 Mar 2021 16:15:29

[ —————
m

Alternatively, customer-specific HMI controls can be mapped in the Integrator 1Ch algorithm using the

Mapping Wizard [» 382].

5.2.1.6.2 Math Operation
[ ) Math Operation MNB e GV
Input 00 <Empty> w| - Num Channels E Result Empty
-!- - Inpull]1 777777777777 W‘: D Mathematical Operator
-~ X Use Absolute Values O
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The Math Operation executes a mathematical operation on two or more different input channels and
provides the result of the mathematical operation. The operator is the same for all operands.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: The number of operands that are inputs to the function.

+ Mathematical Operator: Mathematical operator of the operation.
"+" Addition
"-" Subtraction
"x" Multiplication
"" Division
" PowerOf
"%" Modulo
"v" Minimum
"A" Maximum
+ Use Absolute Values: If the checkbox is checked, the absolute values of the input signal are used.

Output Values
* Result: Result of the mathematical operation.

Standard HMI Controls

For the Math Operation algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the output value Result.

Single Value

Last event:
10. Mar 2021 16:24:29

2. The Thermometer control visualizes the Result output value and can be used for temperature displays.

Thermometer

ars

25.0

12.5
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3. The Table Control or Multivalue Control visualizes all output values: Result.

Data Table Vertical

10 Mar 2021 16:15:29

[ —————
m

Alternatively, customer-specific HMI controls can be mapped in the Math Operation algorithm using the
Mapping Wizard [» 382].

5.21.6.3 Math Operation 1Ch

[ ) Math Operation 1Ch B GV
+ - Input |<Empiy> |v| - Mathematical Operand o | Result Empty
. X Use Absolute Values |
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The Math Operation 1Ch executes a mathematical operation on the signal of the input channel and a
reference value. The algorithm provides the result of the mathematical operation and the operator can be
configured individually.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ Mathematical Operator: Mathematical operator of the operation.
"+" Addition
"-" Subtraction
"x" Multiplication
"I" Division
" PowerOf
"%" Modulo
"Vv" Minimum
"A" Maximum
+ Mathematical Operand: Mathematical operand for the operation.

* Use Absolute Values: If the checkbox is checked, the absolute values of the two operands are used.

Output Values
* Result: Result of the mathematical operation.

Standard HMI Controls

For the Math Operation algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the output value Result.

Single Value

Last event:
10. Mar 2021 16:24:29

2. The Thermometer control visualizes the Result output value and can be used for temperature displays.
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3. The Table Control or Multivalue Control visualizes all output values: Result.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Math Operation algorithm using the
Mapping Wizard [»_382].

5.2.1.6.4 Mean 1Ch
e ) Mean 1Ch BB GV
Input <Empty> v| - Sample Rate 1000 Mean 00 Empty
- Startup Behavieur UsePreviousCascadeValue |v‘
X MNum Cascades E
Cascades Cascade 00: 0:00:00:01.000

The Mean 1Ch calculates the mean value over the input values according to the formula

The number of samples N that are included in the calculation can be configured by specifying a time interval.
A cascaded output can be configured to realize a long-term mean value in a resource-saving way and to pick
up intermediate results. The time interval of the configured cascade must correspond to an integer multiple
of the time interval of the previous cascade.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Cascades: Number of output cascades

» Cascades: Configuration of the output cascades. The time interval of the configured cascade must
correspond to an integer multiple of the time interval of the previous cascade.

« Sample Rate: Sample rate of the system to be analyzed in Hz.

+ Startup Behavior:
WaitUntilFilled waits until the configured timespan of the cascade has elapsed. The result and the
"NewResult" Boolean flag are only set for the first time after the timespan has expired.
UsePreviousCascadeValue: The cascades whose configured timespan has not yet expired use the
next smallest result that has already been set.

Output values

* Mean: Output array in which the results of the mean value calculations are saved. The dimension
corresponds to the number of set cascades. The startup behavior can be set via the Startup Behavior
parameter.
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Standard HMI Controls

For the Mean algorithm, the following HMI controls are available for generating an Analytics Dashboard:

1. The Table Control or Multivalue Control visualizes all output values: Mean Results.

Data Table Vertical

10 Mar 2021 16:15:29

s oy pn i

Alternatively, customer-specific HMI controls can be mapped in the Mean algorithm using the Mapping
Wizard [P 382].
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5.2.1.6.5 RMS 1Ch
[ ) RMS 1Ch B GV
Input <Empty> v| - Sample Rate 1000 RMS 00 Empty
Startup Behaviour UsePreviousCascadeValue |v‘
RMS Num Cascades E
Cascades Cascade 00: 0:00:00:01.000:

RMS 1Ch calculates the root mean square over the input values according to the formula

|~

. :
RMS = N Zx[n]

3 n=1

The number of samples N that are included in the calculation can be configured by specifying a time interval.
A cascaded output can be configured to realize a long-term RMS in a resource-saving way and to pick up
intermediate results. The time interval of the configured cascade must correspond to an integer multiple of
the time interval of the previous cascade.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Cascades: Number of output cascades

» Cascades: Configuration of the output cascades. The time interval of the configured cascade must
correspond to an integer multiple of the time interval of the previous cascade.

+ Sample Rate: Sample rate of the system to be analyzed in Hz

» Startup Behaviour:
WaitUntilFilled waits until the configured timespan of the cascade has elapsed. The RMS result and the
Boolean flag "NewResult" are only set for the first time after the timespan has elapsed.
UsePreviousCascadeValue The RMS cascades whose configured timespan has not yet expired use
the next smallest RMS result already set.

Output values

* RMS: Output array in which the results of the RMS calculations are stored. The dimension corresponds
to the number of set cascades. The startup behavior can be set via the parameter Startup Behaviour.

Standard HMI Controls
For the RMS algorithm, the following HMI controls are available for generating an Analytics Dashboard:

1. The Table Control or Multivalue Control visualizes all output values: RMS Results.
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Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, customer-specific HMI controls can be mapped in the RMS algorithm using the Mapping
Wizard [P 382].
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5.2.1.6.6 Slope Analysis 1Ch
® Slope Analysis 1Ch NBa GV
Input <Empty> v| - Num Values 2 Slope Empty

Slope Min Empty
Slope Max Empty

Delta Value Empty
ﬁ*/ Delta Time Empty
Time Slope Empty
Time Slope Min Empty

Time Slope M... Empty

The Slope Analysis 1Ch calculates the slope between two values of the input stream. One of those two
values is the current input value and the second value is the input value that occurred a defined number
(configured by the parameter Num Values) of cycles before in the input stream. The difference between
these two values is returned as Delta Value.

The corresponding distance on the time-coordinate is calculated as the difference of the timestamps of these
two values and is provided as the output value Delta Time. Note that the value Delta Time is displayed in
nanoseconds, but for the calculation of the slope it is scaled to a second as base unit.

The Slope is then calculated as the fraction of Delta Value and Delta Time (scaled to seconds) and
estimates the gradient for the timestamp in the center of the two timestamps used in the calculation of Delta
Time. This is the value returned as Time Slope if it corresponds to a timestamp of the input stream. For
configurations, where Num Values is an uneven number there is no input value matching the exact centre
timestamp. In this case the timestamp of the value that directly succeeded the calculated centre timestamp is
returned as Time Slope.

Further, the algorithm provides the minimal slope, the maximal slope and the time values of minimum and
maximum.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options

Num Values: Number of cycles that are in between the values used for the calculation of the slope.

Output values
« Slope: Indicates the current slope value.
» Slope Min: Indicates the minimum of the slope values.
» Slope Max: Indicates the maximum of the slope values.
» Delta Value: Indicates the difference between the two values used to calculate the latest slope.
» Delta Time: Indicates the time period used to calculate the latest slope.
+ Time Slope: Indicates the time value of the latest slope value.

» Time Slope Min: Indicates the time value of the minimum of the slope — the event can be dragged
and dropped into the Scope chart to display it as a trigger-event.

+ Time Slope Max: Indicates the time value of the maximum of the slope — the event can be dragged
and dropped into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the Slope Analysis 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SlopeAnalysis control visualizes the output values Slope, Slope Min, Slope Max, Time Slope Min and
Time Slope Max.
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Min: 10. Mar 2021 16:25:28
Max: 10, Mar 2021 16:26:21

Max: 62 .83

Min: -62.83

2. The Table Control or Multivalue Control visualizes all output values: Slope, Slope Min, Slope Max, Delta
Value, Delta Time, Time Slope, Time Slope Min, Time Slope Max.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

ae | e | e s
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Alternatively, customer-specific HMI controls can be mapped in the algorithm using the Mapping Wizard
[»_382].

5.2.1.6.7 Timespan operation

® Timespan Operation NMEa GV
Input 00 <Empty> v - MNum Channels E Result Empty

@ Input 01 u - Timespan Operator | Addition |v‘

The Timespan Operation performs a mathematical operation on two or more different input channels and
returns the result of the mathematical operation. Timespans with a resolution of 1 ns are supported as
inputs.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: The number of operands that are inputs to the function.
+ Timespan Operator: Mathematical operator of the operation (addition / subtraction).

Output values
* Result: Result of the mathematical operation as timespan.

Standard HMI Controls

For the Timespan Operation algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the output value Result.

Single Value

Last event:
10. Mar 2021 16:24:29
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2. The Table Control or Multivalue Control visualizes all output values: Result.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, customer-specific HMI controls can be mapped in the Timespan Operation algorithm using the
Mapping Wizard [» 382].
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5.21.7 Analytics - Preprocessing

5.21.71 Scaler Fitting

[ ) Scaler Fitting 1Ch B GV
4 Input - v - Scaling Mode Mormalization [¥]|scaling Para...  Empty

- : = | Fit u - File Path C:\Analytics Project\Teach\Scaler json l:l Scaling Para.. Empty

The Scaler Fitting module can be used to determine the parameters for feature scaling and save them in a
file. These parameters can then be used in the Scaler module.

The parameters required for scaling are determined depending on the operation mode.
Normalization:
x — low(x)

~ high(x) — low(x)

xi’

Standardization:

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Scaling Mode: Mode for scaling.
Normalization
Standardization

» File Path: Specifies the file path for the file in which the scaling parameters are saved. File type: json.

Output values

» Scaling Param 1: The value of the first scaling parameter depends on the scaling mode set.
Normalization: Smallest value of the input signal
Standardization: Average value of the input signal

» Scaling Param 2: The value of the second scaling parameter depends on the scaling mode set.
Normalization: Largest value of the input signal
Standardization: Standard deviation of the input signal

(e ) Scaler 1Ch NEH e GV
+ Input <Empty> | - Scaling Mode (Result: Norm.: 0..+1 | Stand.: -1..+1) Mormalization Result Empty

- i - Scaling Param 1 (Norm.: Xlow | Stand.: u) 0
+ Scaling Param 2 (Norm.: Xhigh | Stand.: sigma) 1

The Scaler module can be used to perform feature scaling.
Depending on the operation mode, the scaling parameters are used in different ways.
Normalization

x — low(x)

~ high(x) — low(x)

Standardization:
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The scaling parameters can be configured directly. Alternatively, they can be imported from a file.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Scaling Mode: Mode for scaling.
Normalization: Result has a value range of 0..+1
Standardization: Result has a value range of -1..+1

» Scaling Param 1: The value of the first scaling parameter depends on the scaling mode set.
Normalization: Smallest value of the input signal
Standardization: Average value of the input signal

» Scaling Param 2: The value of the second scaling parameter depends on the scaling mode set.
Normalization: Largest value of the input signal
Standardization: Standard deviation of the input signal

 File Path (optional): File path to a file with previously determined parameters. The file is created by
the Scaler Fitting module. File type: json.

Output values

* Result: Outputs the calculated value. This is calculated from the two scaling parameters depending on
the scaling mode.
Normalization: Result has a value range of 0..+1
Standardization: Result has a value range of -1..+1

5.2.1.8

24/7 reporting can be implemented in TwinCAT Analytics using the algorithms in the Reporting category. The
reporting collectors collect the data and send it to the reporting server. The reporting triggers trigger the
creation of a report.

Analytics - Reporting

5.2.1.81

The Reporting Collectors collect data and send it to the Reporting Server in a data message after an event.

Reporting Collector

5.2.1.8.11 Reporting Collector Edge
(e ] Reporting Collector - Edge MNME GV
Edge <Empty> v - Threshold Edge * [1 New Result Empty
Channel 00 u - Report Name | Beckhoff Report Template ‘Vl Last Message  Empty
s Data Key [_stakeyioi [] | Buffer Count ~ Empty
Wi Buffer Size 1
:> Buffer on event
MNum Channels E
Alias Name 00 Channel 1

The Reporting Collector Edge collects the data from the input channels and sends the data to the Reporting
Server after an event or after the buffer is filled, depending on the configuration. An event is triggered when
the signal of the input channel passes the configured edge at a certain threshold.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

TE3510 Version: 1.0.1 173



Configuration | Algorithms

BECKHOFF

Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

Data Key: the data key should be unique within a report. The data object can be uniquely assigned to
the report via the data key.

Buffer Size: specifies the size of the buffered data. If the buffer size is equal to one, a key-value
structure is built. If the buffer size is greater than one, the data is presented in a table.

Buffer on event: specifies how the data is to be collected and buffered.

If the parameter is True, the data of the inputs is buffered at each edge signal at the input. As soon as
the Buffer Count output has the same value as the Buffer Size parameter, the data is sent to the
TcReportingServer.

If the parameter is False, the data of the inputs are buffered in the buffer at each cycle. Once the buffer
size is reached, the new data replaces the previous data. If there is an edge signal at the input, the
data is sent to the TcReportingServer.

Num Channels: the number of input channels from which the data will be collected. And the number of
parameters to allow a description of the input channels.

Alias Name: serves as a description of the input channel. BufferSize = 1: the alias name serves as a
key in the key-value structure. BufferSize > 1: the alias name serves as the heading of the table
column.

Include Timestamps (optional): inserts a column with the timestamps.

Output values

Last Message: indicates when the last message was sent to the Reporting Server.
Buffer Count: specifies the number of elements in the buffer.

5.2.1.8.1.2 Reporting Collector Interval
(e ] Reporting Collector - Interval MNME GV
Timestamp - Interval Seconds  |w||1 New Result Empty
Channel 00 - ReportMame | Beckhoff Report Template [ [#][C] | Last Message  Empty
- N Data Key | Datakey101 |V‘ Current Interv... Empty
Bt E Buffer Size 1 Buffer Count  Empty
I:>. Buffer on event
Num Channels E
Alias Name 00 Channel 1

The Reporting Collector Interval collects the data from the input channels and sends the data to the
Reporting Server after an event or after the buffer is filled, depending on the configuration. An event is
triggered when the timespan of the configured interval has expired.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

Interval: time interval at which the data should be sent to the Reporting Server.

Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

Data Key: the data key should be unique within a report. The data object can be uniquely assigned to
the report via the data key.

Buffer Size: specifies the size of the buffered data. If the buffer size is equal to one, a key-value
structure is built. If the buffer size is greater than one, the data is presented in a table.

Buffer on event: specifies how the data is to be collected and buffered.

If the parameter is True, the data of the inputs is buffered at each edge signal at the input. As soon as
the Buffer Count output has the same value as the Buffer Size parameter, the data is sent to the
TcReportingServer.
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If the parameter is False, the data of the inputs are buffered in the buffer at each cycle. Once the buffer
size is reached, the new data replaces the previous data. If there is an edge signal at the input, the
data is sent to the TcReportingServer.

* Num Channels: the number of input channels from which the data will be collected. And the number of
parameters to allow a description of the input channels.

» Alias Name: serves as a description of the input channel. BufferSize = 1: the alias name serves as a
key in the key-value structure. BufferSize > 1: the alias name serves as the heading of the table
column.

* Include Timestamps (optional): inserts a column with the timestamps.

Output values
» Last Message: indicates when the last message was sent to the Reporting Server.
« Current Interval Time: indicates the amount of time that has already elapsed from the current interval.
» Buffer Count: specifies the number of elements in the buffer.

5.2.1.8.1.3 Reporting Collector Time

® Reporting Collector - Time MBa QW
Timestamp - Time On hh| 1 |mm| 0| ss| 0 |MNewResult Empty
Channel 00 u B Day Of Week Mask Mon[¥/] Tue[s/] Wed[/] Thul] Frilw/] Satl] Sun | Last Message  Empty
Report Name | Beckhoff Report Template ‘Vl Next Tigger  Empty
s EM Data Key [ DataKey101 [+] | Buffer Count ~ Empty
::) M | Buffer Size 1
Buffer on event
Num Channels E
Alias Narne 00 Channel 1

The Reporting Collector Time collects the data from the input channels and sends the data to the Reporting
Server after an event or after the buffer is filled, depending on the configuration. An event is triggered when
the configured switch-on time is reached. The switch-on time and the days of the weeks can be configured.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Time On: switch-on time.
+ Day of Week Mask: weekdays on which the timer should be active.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

+ Data Key: the data key should be unique within a report. The data object can be uniquely assigned to
the report via the data key.

» Buffer Size: specifies the size of the buffered data. If the buffer size is equal to one, a key-value
structure is built. If the buffer size is greater than one, the data is presented in a table.

+ Buffer on event: specifies how the data is to be collected and buffered.
If the parameter is True, the data of the inputs is buffered at each edge signal at the input. As soon as
the Buffer Count output has the same value as the Buffer Size parameter, the data is sent to the
TcReportingServer.
If the parameter is False, the data of the inputs are buffered in the buffer at each cycle. Once the buffer
size is reached, the new data replaces the previous data. If there is an edge signal at the input, the
data is sent to the TcReportingServer.

* Num Channels: the number of input channels from which the data will be collected. And the number of
parameters to allow a description of the input channels.

» Alias Name: serves as a description of the input channel. BufferSize = 1: the alias name serves as a
key in the key-value structure. BufferSize > 1: the alias name serves as the heading of the table
column.

* Include Timestamps (optional): inserts a column with the timestamps.
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Output values
» Last Message: indicates when the last message was sent to the Reporting Server.
* Next Message: indicates the remaining time until the next message.
» Buffer Count: specifies the number of elements in the buffer.

5.2.1.8.2 Reporting Trigger

The Reporting Triggers send a trigger message to the Reporting Server after an event and thus trigger the
creation of a report.

5.2.1.8.2.1 Reporting Trigger Edge
[ ) Reporting Trigger - Edge MNEa GV
=N Timestamp - Mum Channels E Last Trigger Empty
Ilifll Channel D0 - Threshold Edge A | Edge Overview Empty
= ReportMame | Beckhoff Report Template v

The Reporting Trigger Edge triggers the creation of a report after an event is triggered. An event is triggered
when the input channel signal exceeds the configured edge at a specified threshold. Internally, the inputs
that were once True remain True. The inputs are only reset to False as soon as all inputs were True at least
once. This allows the output bNewResult to be used as one input by multiple Reporting Collectors and once
all Reporting Collectors have sent a data message, a trigger message is sent.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

« Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

» Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

Output values
» Last Trigger: indicates when the last message was sent to the Reporting Server.
« Edge Overview: indicates which input channels were True at least once.

5.2.1.8.2.2 Reporting Trigger Interval

[ ) Reporting Trigger - Interval MNEa GV

= Timestamp - Interval Seconds  |w||1 Last Trigger Empty

I/i;II Report Marme | Beckhoff Report Template ‘Vl Current Interv... Empty

The Reporting Trigger Interval triggers the creation of a report after an event has been triggered. An event is
triggered when the timespan of the configured interval has expired.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Interval: time interval at which the data should be sent to the Reporting Server.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.
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Output values
» Last Trigger: indicates when the last message was sent to the Reporting Server.
+ Current Interval Time: indicates the amount of time that has already elapsed from the current interval.

5.2.1.8.2.3 Reporting Trigger Time

[ ) Reporting Trigger - Time NMEBEa QW
=N Timestamp - Time On hh| 1 |mm| 0| ss| 0 |Last Trigger Empty
Ilifll Day Of Week Mask Mon(y] Tue[w/] Wed[v| Thul[] Frilv] Sat[¥] Sun | Next Trigger ~ Empty
Report Name | Beckhoff Report Template ‘Vl

The Reporting Trigger Time triggers the creation of a report after an event has been triggered. An event is
triggered when the configured switch-on time is reached. The switch-on time and the days of the weeks can
be configured.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Time On: switch-on time.
+ Day of Week Mask: weekdays on which the timer should be active.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

Output values
* Last Message: indicates when the last message was sent to the Reporting Server.
* Next Trigger: indicates the remaining time until the next message.

5.21.9 Analytics - Specific

5.2.1.91 XTS

The algorithms of the category Analytics-XTS provide special functionalities for the Beckhoff XTS system.
For example analysis of distance, velocity and acceleration.

5.2.1.9.1.1 XTS Acceleration Analysis 1Ch
(& ] XTS Acceleration Analysis 1Ch MBE GV
% Position [mm] <Empty> v| - XTS Length [mm] 4000 Acceleration [... Empty

The XTS Acceleration Analysis 1Ch calculates the current acceleration of a XTS mover. For this purpose,
the length of the XTS in millimeters must be declared and as input signal the mover position is required.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
» XTS Length [mm]: Length of the given XTS system in millimeters.

Output Values
» Acceleration: Current acceleration of the XTS mover.
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Standard HMI Controls

For the XTS Acceleration Analysis 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Tachometer control visualizes the output value Acceleration.

Tachometer
LRI |
LY \ ; F
~ 40 &0 -
- 1] 100 -
\ / N
73

2. The Radial Gauge control visualizes the output value Acceleration.

Tachometer

0 100

3. The SingleValue control visualizes the output value Acceleration.

Single Value

Last event:
10. Mar 2021 16:24:29

4. The Table Control or Multivalue Control visualizes all output values: Acceleration.
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Data Table Vertical

10 Mar 2021 16:15:29

[ |

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the XTS Acceleration Analysis 1Ch algorithm
using the Mapping Wizard [P 382].

5.21.9.1.2 XTS Distance Integrator 1Ch
(& ] XTS Distance Integrator 1Ch MBE GV
Positien [mm] |<Emw> |..| B XTS Length [mm] 4p00 Distance [m] ~ Empty
@ Distance Posit... Empty
Distance Neg... Empty

TE3510 Version: 1.0.1 179



Configuration | Algorithms BEGKHOFF

The XTS Distance Integrator 1Ch calculates the distance covered by a XTS mover. The algorithm provides
the total distance, the positive distance and the negative distance. For this purpose, the length of the XTS in
millimeters must be declared and as input signal the mover position is required.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
+ XTS Length [mm]: Length of the given XTS system in millimeters.

Output Values
» Distance: Total distance the XTS mover has covered.
» Distance Positive: Positive distance the XTS mover has covered (direction: forward).
» Distance Negative: Negative distance the XTS mover has covered (direction: backward).

Standard HMI Controls

For the XTS Distance Integrator 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The XTSDistance control visualizes the output values Distance, Distance Positive and Distance Negative.
XTS Distance

-10 -71.50 -5 -2.50 0 2.50 5 7.50 10

2. The SingleValue control visualizes the output value Distance.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The Table Control or Multivalue Control visualizes all output values: Output values Distance, Distance
Positive, Distance Negative.
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Data Table Vertical

10 Mar 2021 16:15:29

[ |

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the XTS Distance Integrator 1Ch algorithm
using the Mapping Wizard [P 382].

5.21.913 XTS Velocity Analysis 1Ch

c® XTS Velocity Analysis 1Ch BB~ G v
@ Position [mm] | <Empty> |v| - XTS Length [mm] 4p00 || Velocity [m/s]  Empty

TE3510 Version: 1.0.1 181



Configuration | Algorithms BEGKHOFF

The XTS Velocity Analysis 1Ch calculates the current velocity of a XTS mover. For this purpose, the length
of the XTS in millimeters must be declared and as input signal the mover position is required.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
+ XTS Length [mm]: Length of the given XTS system in millimeters.

Output Values
» Velocity: Current velocity of the XTS mover.
Standard HMI Controls

For the XTS Velocity Analysis 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Tachometer control visualizes the output value Velocity.

Tachometer
1. 1 )
* \ f Fd
L 40 B0 -
- 0 100 -
\ s ~
73

2. The Radial Gauge control visualizes the output value Velocity.

Tachometer

0 100
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3. The SingleValue control visualizes the output value Velocity.

Single Value

Last event:
10. Mar 2021 16:24:29

4. The Table Control or Multivalue Control visualizes all output values: Velocity.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

T T

TE3510 Version: 1.0.1 183



Configuration | Algorithms

BECKHOFF

Executing

10 Mar 2021

16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the XTS Velocity Analysis 1Ch algorithm

using the Mapping Wizard [»_382].

.
5.21.9.1.4 XTS Movement Analysis

® XTS Movement Analysis NMBa QW

Hardware Positi... <Empty> vl - XT5 Length [mm] 4000 Position R... Empty

External Signal 1 u - Hardwe Pos Factor 0,0001 Position F... Empty

External Signal 2 u - Sample Rate 4000 Velocity R... Empty

Filter Time Constant (pos) 2 0,05 Velocity Fi... Empty

Filter Time Constant (vel) 2 0,05 Accelerati... Empty

Filter Time Constant (acc) 2 0,05 Accelerati... Empty

Filter Time Constant (jerk) 2 0,05 Jerk Raw [... Empty

Use Filter Ext 1 O0OOd [ |Jerk Filter... Empty

Use Filter Ext 2 O0OOd [] | External Si... Empty

External Si... Empty

The XTS Movement Analysis calculates the position, speed, acceleration and jerk of an XTS mover. Various
filter stages are chained together to smooth the signal. In order to be able to analyze additional, associated
signals, the module enables the filtering of two further signals with the same filter stages.

QOut: Position Raw [mm]

1 - ;
In: Hardware Position Modulo — PT, ] Out: Position Filtered [mm]
» Qut: Velocity Raw [m/s]
Modulo- > ey o 4 ‘ia pr 2 Out: Velocity Filtered [m/s]
cleaner " dt "
Out: Acceleration Raw [m/s?]
L] i Al—. PT. El Out: Acceleration Filtered [m/s?]
dt "
» Out: Jerk Raw [m/s?]
Ly dﬂ J—; PT, it Out: Jerk Filtered [m/s?]
t
1 2 3 4
In: External Signal1 —  PT, 0 PT, 2 PT, 3 PT, L4- Out: External Signal 1 Filtered
) 1 2 3 4 . .
In: External Signal2 —* PT,, PT, PT, PT, — Out: External Signal 2 Filtered
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* XTS Length [mm]: length of the given XTS system in millimeters.
» Hardware Pos Factor: Factor for scaling the input signal in mm.
+ Sample Rate: Sample rate (samples per second) of the input signal.

» Filter Time Constant (pos): Filter order and filter time constant of the PTn filter for calculating the
position.

 Filter Time Constant (vel): Filter order and filter time constant of the PTn filter for calculating the
speed.

 Filter Time Constant (acc): Filter order and filter time constant of the PTn filter for calculating the
acceleration.

 Filter Time Constant (jerk): Filter order and filter time constant of the PTn filter for calculating the jerk.

» Use Filter Ext 1: Choice of whether the filter level (position, speed, acceleration, jerk) should be
applied to the external input signal 1.

» Use Filter Ext 2: Choice of whether the filter level (position, speed, acceleration, jerk) should be
applied to the external input signal 2.

Output values
* Position Raw: Position in mm.
» Position Filtered: Filtered position in mm.
» Velocity Raw: Speed in m/s.
» Velocity Filtered: Filtered velocity in m/s.
» Acceleration Raw: Acceleration in m/s2.
» Acceleration Filtered: Filtered acceleration in m/s2.
« Jerk Raw: Jerk in m/s.
 Jerk Filtered: Filtered jerk in m/s®.

« External Signal 1 Filtered: External signal 1 to which the same filter stages can be applied as to the
position signal.

« External Signal 2 Filtered: External signal 2 to which the same filter stages can be applied as to the
position signal.

The following human-machine interface controls are available for the algorithm to generate an Analytics
Dashboard:

The Table Control or List Control visualizes all output values.
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Data Table Vertical

10 Mar 2021 16:15:29

[ |

Alternatively, customer-specific HMI controls can be linked using the Mapping Wizard [» 382].

5.2.1.9.2 Wind Turbine

The algorithms of the category Analytics — WT provide special functionalities for the wind technology

industry. For example analysis of mean wind speed, turbulence and turbulence intensity.
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5.2.1.9.21 WT Turbulence 1Ch
® WT Turbulence 1Ch [
Input <Empty> v| - Num Cycles 1 Mean Empty
%\ Turbulence Empty
Turbulence In... Empty

The WT Turbulence 1Ch calculates the mean of the wind velocity, the turbulence, and the turbulence
intensity according to the standard EN 67400-1. As input signal, the wind velocity is required. The output
values are updated in a cycle of 10 minutes.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options

* Num Cycles 10Min: Indicates the number of cycles that fit in the time interval for the calculation,
according to EN 61400-1 this is a ten minutes interval.

Output Values
* Mean: Mean of the wind velocity.

* Turbulence: Turbulence of the wind. According to EN-standard this is the standard deviation of the
wind velocity over a time interval of 10 minutes.

* Turbulence Intensity: Intensity of the wind turbulence.

Standard HMI Controls

For the WT Turbulence 1Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The WindTurbulence control visualizes the output values Mean, Turbulence and Turbulence Intensity.

Wind Turbulence
—_— T~ -
@ - ~—
Wind

turbulence:

0 %

Wind velocity:
17

Turbulence intensity: 0

2. The Table Control or Multivalue Control visualizes all output values: Mean, Turbulence, Turbulence
Intensity.
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Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

Alternatively, customer-specific HMI controls can be mapped in the WT Turbulence 1Ch algorithm using the
Mapping Wizard [» 382].

188 Version: 1.0.1 TE3510



BECKHOFF Configuration | Algorithms

5.21.93 AM
5.2.1.9.3.1 AM8xxx Smart System Diagnosis
[ ) AMoe Smart System Diagnosis | =L e
Update Counter <Empty> vl - MNum Sections Humidity 10 e Min Max Avg
Data Sensor 0 u 5 MNurm Sections Temperature 10 Hurnidity... Empty Empty Empty Empty
Data Sensor 1 u 5 MNum Bins RMS Acceleration 10 Temperat.., Empty Empty Empty Empty
Data Sensor 2 u 5 Threshold Shock [g] 2 XRMS Ac... Empty Empty Empty Empty
Data Sensor 3 u > X Kurtosis... Empty Empty Empty Empty
X Peak-Pe... Empty Empty Empty Empty
Y RMS Ac... Empty Empty Empty Empty
¥ Kurtosis... Empty Empty Empty Empty

¥ Peak-Pe... Empty Empty Empty Empty

Shock Detected Count Last Shock
w X Shock Empty Empty Empty

Y Shock Empty Empty Empty
Total Shoc... Empty

Sections...

Sections T..

XRMS Ac...

¥ RMS Ac...

The AM8xxxSSD enables the analysis of a motor equipped with the Smart System Diagnosis functionality.
The built-in encoder records measured values from various internally installed sensors. These include the
temperature and humidity in the encoder, as well as the acceleration in the X and Y directions. Various
statistical parameters are calculated on the basis of these measured values and threshold monitoring is
carried out to detect shocks.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Sections Humidity: Configure the number of sections for analyzing the humidity in the encoder.

* Num Sections Temperature: Configure the number of sections for analyzing the temperature in the
encoder.

* Num Bins RMS Acceleration: Configure the number of histogram bins for analyzing the acceleration.
* Threshold Shock: Threshold value for the RMS of the acceleration for detecting shocks.

Output values
* Humidity: Minimum, maximum and average value of the humidity within the encoder in %.
« Temperature: Minimum, maximum and average value of the temperature within the encoder in °C.

* X RMS Acceleration: Minimum, maximum and average value of the RMS acceleration in the X
direction in g.

* X Kurtosis Acceleration: Minimum, maximum and average value of the kurtosis of the acceleration in
the X direction.

+ X Peak-Peak Acceleration: Minimum, maximum and average value of the peak-peak value of the
acceleration in the X direction in g.

* YRms Acceleration: Minimum, maximum and average value of the RMS acceleration in the Y
direction in g.

+ Y Kurtosis Acceleration: Minimum, maximum and average value of the kurtosis of the acceleration in
the Y direction.

* Y Peak-Peak Acceleration: Minimum, maximum and average value of the peak-peak value of the
acceleration in the Y direction in g.

+ X Shock | Shock Detected: TRUE, if a shock is detected in the X direction. The threshold value of the
RMS acceleration is monitored for this purpose.

TE3510 Version: 1.0.1 189



Configuration | Algorithms BEGKHOFF

X Shock | Count: Number of shocks in the X direction.
X Shock | Last Shock: Timestamp of the last detected shock in the X direction.

Y Shock | Shock Detected: TRUE, if a shock is detected in the Y direction. The threshold value of the
RMS acceleration is monitored for this purpose.

Y Shock | Count: Number of shocks in the Y direction.

Y Shock | Last Shock: Timestamp of the last detected shock in the Y direction.
Total Shocks: Number of shocks in the X and Y direction.

Sections Humidity: Temporal distribution of humidity within the encoder. (Section Timer)

Sections Temperature: Temporal distribution of the temperature within the encoder. (Section Timer)
+ X Rms Acceleration: Distribution of the acceleration in the X direction. (Histogram)
* Y Rms Acceleration: Distribution of the acceleration in the Y direction. (Histogram)

Standard HMI Controls

For the algorithm, the following HMI controls are available for generating an Analytics Dashboard:

1. The specific AM8xxx Control visualizes the output values and displays them graphically.

AMBxxx Smart System Diagnosis
Humidity ¥ 17.00%  Temperature ¥ 37.53°C
Min  16.90 =2 Min  37.00 e )
Max 17.30 Max 37.56
Avg 17.11 - Avg 37.29 3729
RMS acceleration X ¥ 0.16g  RMS acceleration Y ¥ 0.16 ¢
Min 0.16 ~ Min 0.6 ~
Max 0.18 - Max 0.19
Ayg 0.7 Avg 0.8
Total shocks ¥ 0
Kurtosis acceleration X # 2.90 Kurtosis acceleration Y # 2.96
Peak-Peak acceleration X # 1.36 Peak-Peak acceleration Y # 1.34
Shocks X # 0 Last X shock # -
Shocks Y # 0 LastY shock -
Fig. 1:

2. The Table Control or List Control visualizes all output values

190 Version: 1.0.1 TE3510



BEGKHOFF Configuration | Algorithms

Data Table Vertical

10 Mar 2021 16:15:29

Last Event

Preparation

In order for the sensor values to be available for analysis, they must be added to the process image of the
drive. This process is described below.

1. Create a TwinCAT project.
2. Scan the I/Os of the TwinCAT project.
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3. Add a Drive Manager project to the solution.

4. Select the corresponding channel of the drive to which the motor with the B/SSD-capable encoder is

connected.
5. Select the Advanced tab.

6. Further process data can be added in the Process data subitem.

7. Add the following process data:
IntSHub: Update counter
IntSHub: Data Sensor 0
IntSHub: Data Sensor 1
IntSHub: Data Sensor 2
IntSHub: Data Sensor 3

mf File Edit View Gt Project Build Debug TwinCAT TwinCATHMI ~TwinSAFE PLC  Scope Tools Window Help  Search (Ctrl+)

=]

L TwinCAT Project — [u] B

S REEELTE- LS8 & ADMIN

© - ﬁ- B Release - TwinCAT RT (x64) - P Attach... -
© Build 402612 (Loaded) - = ¢ 17 B3 [ED] 2 T 9B | TwinCATProject - =
Solution Explorer +::ivvvivi « X (IR IRTTTIN Drive 2 (AX§108-0000-0107)
BT F =] = BECKHOFF
Search Solution Explorer (Ctrl+0) P-|| fEBasicsettings @ Scaling o Tunedrive @) Diagnostics [
R Solution TwinCAT Project’ (2 of 2 projects) - —

4 [ TwinCAT Drive Manager 2 Project

Use scaling from description file [WritableAndReadOnly [ ~
4 [ Term 1 (AX8620-0000-0105) @Device 2 (E || Startuplist ~ Ch AModes of operation | Cyclic_synchronous_position_made_CSP (¢) [l Info: change the aperation mode will modify the pracess data on the mode of [Flexible i3

4 [ Drive 2 (AX8106-0000-0107) §
o A AMISS- 1N 00 s L L —
4 gl TWinCAT Project Parameter list + Outputs
> @ sysem Device commands Gallnput
4 [ momon B
4 [ NCoTask 1 SAF Probe unit Actual motor brake current (0x3001:01; REAL; 32bit) IntSHub: Update counter (0x32FE:02; ULINT; 64bit)
[B1 NC-Task 1 5V8 1GBT temperature (Bc3001:02; INT; 16bit) IntSHubs: Data Sensor 0 (0x32FE:03; ULINT: 64bit)
+n
I
E‘] :;QE Missing output eycle eounter increments (0x3001:03; UDINT; 32bit) IntSHub: Data Sensor 1 (0x32FE:04; ULINT; 64bit)
ables
[ Objects Output stage safety state (0x3001:04: BYTE; 8bit) IntSHub: Data Sensor 2 (0x32FE:05; ULINT; 64bit)
o
4 ;-":E;x ; Dyninput cycle counter (0x3001:05; BYTE; 8bit) IntSHub: Data Sensor 3 (0x32FE:06; ULINT: 64bit)
is
pLC Missing dynoutput cycle counter increments (Ox3001:06; UDINT: 32bit) Position actual value invalid (0 2, BIT: 1bit)
SAFETY. Actual motor brake state (0x3001:07: BYTE; 8bit) 15t Additional position actual value invalid (0x03E:03; BIT: 1bit)
Cos
S Current error reaction (0x3001:08; UDINT; 32bit) Ch A Statusword (0<6041:00; UINT, 16bit)
ANALYTICS Actual motor brake state with delay time (0x3001:09; BYTE; 8bit) Ch A Position actual value (0x6064:00; DINT; 32bit)
‘e
/ Fast stop position (0x3001:04; DINT: 32bit) Ch ATorqueforce actual value (Bx6077:00; INT: 16bit)
2 Devices
4 = Device 2 (EtherCAT) Fast stop state (0x3001:08; BYTE; 8bit) Ch A Following error actual value (0c60F4:00; DINT; 326it)
am
+ Image Interpolated position demand value (0x3061:07; DINT: 32bity

% Imsge-Info
2 SyncUnits
Inputs Interpolated acceleration demand value (0x3061:03; REAL; 32bit)
W Outputs
) InfoData
T Term 1 (AX8620-0000-0105) Demandvalue extrapalation cycle counter (0x3061:05; UDINT: 32bit)
b PSM Controlword for axis
b [ Westate
b I InfoData Limited velocity demand value (0x3141:02; REAL; 32bit)
4 T Drive 2 (AX8108-0000-0107 e

Interpolated velocity demand value (0x3061:02; REAL; 32bit)

Target velocity remote loopback (0x3061:04; DINT: 32bit)

L v e

PosCtrl velocity demand value (0¢3141:01; REAL; 32bit)

4 § Device
b W DeviceMain Output
4 % Cha
€h A AxisMain Inpu
W Ch A AxisMain Outj
W Ch Alnterpolator O
Ch A PositionContn
€h A TorqueCantrol
Ch A[SL] OCT rotar,
b [l WcState

3
b
b
3
3
3

2l »

Solution Explorer | Team Explorer

™ Addto Source Control « T Select Repository

= Once the process data has been added, it is displayed in the I/O node and is available for analysis.

4 [ Drive 2 (AX8108-0000-0107)
4 [ Device
b [ DeviceMain Qutputs
Ch &
Ch A AxisMain Inputs
B Ch A AxisMain Outputs
B Ch A Interpolator Outputs
Ch A PositionControl Inputs
Ch A TorqueCeontrol Inputs
Ch A [5L] OCT rotary (Hiperface DSL) Inputs
#] Int5Hub: Update counter
IntSHub: Data Sensor 0
IntSHub: Data Sensor 1
IntSHub: Data Sensor 2
IntSHukb: Data Sensor 3

[
wm -l

k ¥V OV W OV WV

O W
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5.2.1.9.3.2 AM8xxx Smart System Diagnosis Value Extractor
(e ] AMB8iooc Smart System Diagnosis Value Extractor NMEB e G W
Update Counter <Empty> wv| - Humidity... Empty
Data Sensor 0 - Temperat... Empty
Data Sensor 1 u - X RMS Ac... Empty
Data Sensor 2 u - X Kurtosis... Empty
M Data Sensor 3 u - X Peak-Pe... Empty
Y RMS Ac... Empty
Y Kurtosis,.. Empty
¥ Peak-Pe... Empty

The AM8xxxSSD_ValueExtractor enables the analysis of a motor equipped with the Smart System
Diagnosis functionality. The built-in encoder records measured values from various internally installed
sensors. These include the temperature and humidity in the encoder, as well as the acceleration in the X and
Y directions. These measured values are provided as outputs.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Humidity: Humidity inside the encoder in %.
* Temperature: Temperature inside the encoder in °C.
* X RMS Acceleration: RMS of the acceleration in the X direction in g.
« X Kurtosis Acceleration: Kurtosis of the acceleration in the X direction.
+ X Peak-Peak Acceleration: Peak-peak value of the acceleration in the X direction in g.
* Y RMS Acceleration: RMS of the acceleration in the Y direction in g.
« Y Kurtosis Acceleration: Kurtosis of the acceleration in the Y direction.
* Y Peak-Peak Acceleration: Peak-peak value of the acceleration in the Y direction in g.

The following human-machine interface controls are available for the algorithm to generate an Analytics
Dashboard:

The Table Control or List Control visualizes all output values.

Data Table Vertical

Data Table

Input 1 20.42
—
Input 2 2543
—
Executing TRUE
]
Last Event 10 Mar 2021 16:15:29
el
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DataTable Horizontal

10 Mar 2021 16:15:29

Alternatively, customer-specific HMI controls can be linked using the Mapping Wizard [»_382].

Preparation

In order for the sensor values to be available for analysis, they must be added to the process image of the
drive. This process is described below.

1.
. Scan the 1/Os of the TwinCAT project.

. Add a Drive Manager project to the solution.

. Select the corresponding channel of the drive to which the motor with the B/SSD-capable encoder is

A WODN

N O O

Create a TwinCAT project.

connected.

. Select the Advanced tab.

. Further process data can be added in the Process data subitem.
. Add the following process data:

IntSHub: Update counter
IntSHub: Data Sensor 0
IntSHub: Data Sensor 1
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IntSHub: Data Sensor 2
IntSHub: Data Sensor 3
mf File Edit Viev Git Project Build Debug TWinCAT TwinCATHMI TwinSAFE PLC  Scope Tools Window Help  Search (Curl+Q) I TwinCAT Project

‘@-9 - =1
Build 4026.12 (Loaded) -

1. ¥  TwinCATProject - -

Solution Explorer
4 o - K| ol -
Search Solution Explorer (Ctrl+0) P~ L Basicsettings @ Scaling  of Tunedrive @), Diagnostics | 4%

FR Solution TwinCAT Project’ (2 of 2 projects) =
4 [l TwinCAT Drive Manager 2 Project

Slots settings

Release - | TWinCAT R (x64) - P Atach... - () JRAEER -

4 [ Term1(AX8620-0000-0105) @Device 2 (E || Startup list  Ch AMaodes of operation | Cyclic_synchroneus_position_mode_CSP (&) [l Info: change the aperation mode will modify the process data on the mode of [Flexible 2

4 T Drive2 (AXB108-0000-0107) ]
o Ch A (MBS 082 Poos | ——
4 gl TWinCAT Project Parameter list + Outputs
> @ sysem Device commands Gallnput
4 [ Momon B
rErrase Probe unit Actual motor brake current (0x3001:01; REAL; 32bit) IntSHub: Update counter (0x32FE:02; ULINT; 64bit)
[B NC-Task 1 5VB 1GBT temperature (G3001:02; INT; 16bit) IntSHub: Data Sensor 0 (0x32FE03; ULINT, 646it)
ey
I
E”I‘ :;“ Missing output eycle counter increments (0x3001:03; UDINT; 22bit) IntSHub: Data Sensor 1 (0x32FE:04; ULINT; 64bit)
ables
@) Objects Output stage safety state (0x3001:04; BYTE; &bit) IntSHubs: Data Sensor 2 (6x32FE05; ULINT, 64bit)
=
4 ;-" :E;x ; Dyninput cycle counter (0x3001:05; BYTE; 2bit) IntSHub: Data Sensor 3 (0x 32FE:06; ULINT; 64bit)
is

LC Missing dynoutput cycle counter increments (0x3001:06; UDINT; 32bit) Position actual value invalid (0x603E:02; BIT: 1bit)
SAFETY. Actual motor brake state (0x3001:07: BYTE; 8bit) 15t Additional position actual value invalid (
Cos
= Current error reaction (0x3001:08; UDINT; 32bit) Ch A Statusword (0<6041:00; UINT; 18bit)
Actual motor brake state with delay time (0x3001:09; BYTE; 8bit) Ch A Position actual value (0x6064:00; DINT; 32bit)
N Fast stop position (0x3001:04; DINT; 32bit) Ch ATorque/force actual value (Gx6077:00; INT; 16bit)

4 %% Devices

4 B Device2 (EtherCAT) Fast stop state (0x3001:08; BYTE: 2bit) Ch A Fallowing error actual value (0x60F2:00; DINT; 32bit)

Ny
& lmage Interpolated position demand value (0x3061:07; DINT: 32bity

2% Image-Info
2 Synclnits Interpolated velocity demand value (0x3061:02; REAL; 32bit)
Inputs Interpolated acceleration demand value (0x3061:02; REAL; 32bit)
M Outputs.
[ InfoData
7 Term 1 (AX8620-0000-0105) Demandvalue extrapolation cycle counter (0x3061:05; UDINT; 32bit)
3 PSM Controlword for axis
b Wstate
b I InfoData Limited velocity demand value (03141:02; REAL; 32bit)
a .

Target velocity remote loopback (0x3061:04; DINT: 32bit)

R

PosCtl velocity demand value (0x3141:01; REAL; 32bit)

T Drive 2 (AX8108-0000-0107 p——
4§ Device

b Wl DeviceMain Output
4 [ Cha

Ch A AxisMain Inpu
W Ch A AxisMain Out;
W Ch Alnterpolator O

Ch A PositionContr,

Ch A TorqueControl

Ch AL OCT rotar
b I Wcstate

< »
Solution Explorer | Team Explorer

3
3
b
3
3
3

d to Source Control =

X

ADMIN

¥ Use scaling from description file [WritsbleAndReadOnly [Bll [ Al-— |4
=

Drive 2 (AX8108-0000-0107)
4 [ Device

b [ DeviceMain Qutputs

E ChaA

[+ Ch A AxisMain Inputs

b Ch A AxisMain Outputs

b I Ch A Interpolator Qutputs

[ Ch A PositionControl Inputs

> Ch A TorqueCentraol Inputs

F Ch A [5L] OCT rotary (Hiperface D5L) Inputs

#] Int5SHub: Update counter

IntSHub: Data Sensor 0
IntSHuk: Data Sensor 1
IntSHub: Data Sensor 2
IntSHukb: Data Sensor 3

O A

5.2.1.10 Analytics - Statistics

The algorithms of the category Statistics offer functions for data analysis based on statistical methods. This

includes, for example, the calculation of signal correlations and regression analyses.
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5.2.1.101 Array Statistics

[ ] Array Statistics NBae GV

Array In <Empty> v - Use Bessel Correction Min Empty

Threshold Reversal 0.5 Idx Min Empty

Threshold Delta 0.5 Max Empty

Lower Bound q ldx Max Empty

Max Delta Empty

A Idx Max D... Empty

[:' . ':] Count Pe... Empty

Count Vall... Empty

Sum Empty

Mean Empty

Standard... Empty

The Array Statistics algorithm calculates various statistical quantities based on the input array.

Optio

nally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only

active if the value of the selected signal is TRUE.

Configuration options

Use Bessel Correction: if the checkbox is activated, Bessel correction will be applied. In order to
obtain an expectation-true result for random samples, this parameter must be activated. The parameter
is only relevant for the calculation of the standard deviation.

The empirical standard deviation, without Bessel's correction

N Z(r n] — )2

n=I(0

The empirical standard deviation, with Bessel's correction

Threshold Reversal: threshold for identifying reversals. Reversals are only detected if their difference
from the next reversal exceeds the value of Threshold Reversal.

Below are three examples of peak identification using the parameter Threshold Reversal.

(a) The value y, is identified as a peak immediately after processing the value y, because the
difference between y; and y, is greater than Threshold Reversal.

(b) The value y, is not identified as a peak because the difference between y; and y, is smaller than
Threshold Reversal and the curve starts rising again after y,.

(c) The value vy, is identified as a peak after processing the value y; because the difference between y,
and y; exceeds Threshold Reversal. The value y, cannot be identified as a peak beforehand because
the difference between y, and y; (y,) is less than/equal to Threshold Reversal and it is not known
whether the values will continue to decrease.

(@ ®) (©

3 l 3 l 3 1
2 2 R /\
1 1 1

1 2 H 3 < 1 2 3 s B 1 2 3 4 3

Threshold Delta: threshold for identifying Delta maxima. Maxima of the absolute difference of two
successive values (delta) are detected only if the difference between successive deltas exceeds
Threshold Delta.

Below are three examples of identifying the Delta maxima with the parameter Threshold Delta . The
upper diagrams show the original input signals, the lower ones the corresponding delta.

(a) The value vy, is identified as a maximum after processing the value y; because the difference
between the two deltas exceeds Threshold Delta.

(b) No maximum is identified because the difference between the deltas is less than Threshold Delta.
(c) The value y; is identified as a maximum after processing the value ys.

196
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Regardless of Threshold Delta, at least one maximum of the Delta between two reversals is
detected.

Lower Bound: Lower bound of the array

Output values

Min: smallest value in the input array.

Idx Min: array index of Min. Indexing starts at 1.

Max: largest value in the input array.

ldx Max: array index of Max. The indexing starts at 1.

Max Delta: maximum of the absolute difference between two consecutive values in the input array.
ldx Max Delta: array index of Max Delta. The indexing starts at 1.
Count Peaks: total number of peaks identified.

Count Valleys: total number of valleys identified.

Sum: sum over the entire input array.

Mean: mean value over the entire input array.

Standard Deviation: standard deviation over the entire input array.

Standard HMI Controls

For the Array Statistics algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The SingleValue control visualizes the Sum output.

Single Value

Last event:
10. Mar 2021 16:24:29

2. The SingleValue control visualizes the Mean output.
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Single Value

Last event:
10. Mar 2021 16:24:29

3. The SingleValue control visualizes the Standard Deviation output.

Single Value

Last event:
10. Mar 2021 16:24:29

4. The Table Control or Multivalue Control visualizes the output values: Min, Max, Max Delta, CountPeaks
Count Valleys, Sum, Mean, Standard Deviation.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Last Event

Alternatively, customer-specific HMI controls can be mapped in the Standard Deviation algorithm using the
Mapping Wizard [»_382].

5.2.1.10.2 Clearance Factor
[ ) Clearance Factor MBa GV
Input 00 <Empty> vl - Num Channels E Clearance Fac... Empty
j\ Window Size 100
Window Mode | Continucus [

The algorithm Clearance Factor calculates the signal feature of the same name from the input values. The
output value is calculated from the ratio of the peak value of the input signal to the squared mean of the
square roots of the absolute input signal.

max (|x|)

(% E=1 |X[“]|)

The number of input data to be included in the calculation and the type of calculation can be configured.

Clearance Factor = 2

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Num Channels: Configuration of the number of independent input and output channels.

* Window Mode: Used window mode. Influences the number of input data that are included in the
calculation as well as the time of the calculations.
Continuous: All input values since the start of the algorithm are included in the calculation. The
calculation is cyclic.
Fix Window: Only the last N input values are included in the calculation. The calculation is performed
every N calls.
Sliding Window: Only the last N input values are included in the calculation. The calculation is
performed cyclically.

* Window Size: Depending on the window mode used, you can configure the number of values N that
will be included in the calculation. In the window mode Continuous this parameter is ignored.

Output values
» Clearance Factor 00..n: Clearance factor of the input channels.

TE3510 Version: 1.0.1 199



Configuration | Algorithms BEGKHOFF

Standard HMI Controls

For the Clearance Factor algorithm the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control or Multivalue Control visualizes all output values.

Data Table Vertical

10 Mar 2021 16:15:29

s oy pn i

Alternatively, customer-specific HMI controls can be mapped using the Mapping Wizard [» 382].
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5.2.1.10.3 Correlation Function

® Correlation Function [
Channel Ref <Empty> v - MNum Channels E Output 00
Channel 00 u - Minimum Lag 0

i

Maximum Lag
Step Size
Window Size
Correlation Mode

Window Mode

0
1
400

| Normed

<

| FicWindow

w

Minimum Co...
Maximum Co...
Minimizing L...

Maximizing L...

Empty
Empty
Empty
Empty

The Correlation Function function block calculates the discrete correlation function between a reference
signal (Channel Ref) and one or more other signals (Channel 00, ..., Channel On). The correlation
coefficients are calculated for time shifts of m cycles between the two signals, with the maximum and
minimum values for m being limited by the parameters Minimum Lag (negative integer) and Maximum Lag
(positive integer).

The Step Size parameter determines the number of cycles by which the signals are moved to calculate two
consecutive correlation coefficients. l.e. m is always a multiple of StepSize. Accordingly, for Minimum Lag
and Maximum Lag only multiples of StepSize are allowed. If the StepSize is set to one and Minimum Lag is
set to -6 and Maximum Lag is set to +4 -for example-, correlation coefficients are calculated for shifts of -6,
-5, -4, -3,-2,-1,0, +1, +2, +3 and +4 cycles. If the StepSize is set to two, coefficients are calculated for shifts
by -6, -4, -2, 0, +2 and +4 cycles.

The coefficients can be calculated over different timeframes, which are set by the Window Mode parameter.
In Continuous mode, all values since the beginning of the analysis are included in the calculations. In
SlidingWindow mode, the calculation runs continuously for the last number of cycles set by the Window Size.
In FixWindow mode, the calculation is also done for the number of cycles set by the Window Size. However,
the calculation restarts after each WindowSize cycle and the output values are updated only when the last
cycle of a window is run through.

If m is not zero, the window for the corresponding signal shifts by m cycles. The number of values included in
the calculation of the coefficients is the same for all values of m. The only exceptions to this are the results
from the first cycles after the start of the analysis. If the number of elapsed cycles is less than |m|,
correspondingly fewer values are included in the calculation.

For positive values of m, the values of the reference signal (Channel Ref) are stored in a ring memory, so
that the respective value of the reference signal received before m cycles can be compared with the current
values from Channel 00 to Channel On. This corresponds to a shift of the reference signal into the past. For
negative values of m, the reference signal would accordingly have to be moved into the future. Since this is
obviously not possible, the second signal (Channel 00, .. ChannelOn) is saved and moved backward instead.

The correlation coefficients can be calculated according to different calculation rules. This is determined by
the Correlation Mode. In the Base and Normed modes, the coefficients are calculated analogously to the
definition from signal processing, which calculates the correlation over the convolution. In Normed mode, the
coefficients are also divided by the number of summands. Covariance and CovarianceBessel calculate the
covariance without and with Bessel correction. Pearson mode uses the definition of the Pearson correlation
coefficient commonly used in statistics. The exact calculation rules are mathematically listed in the
configuration options. Here, x, denotes the value of the reference signal and y,, denotes the value of the
second signal (in each case Channel00, ..., ChannelOn) at the timestamp ¢, (corresponding to the nth cycle
since the start of the analysis or since reset, except for the cycles in which Enable Execution = FALSE). The
value of N depends on the WindowMode you select. For SlidingWindow mode and FixWindow mode, N is
equal to the WindowsSize, provided a corresponding number of cycles have already elapsed since the start of
the analysis, so that x,. ., (or y..n:m) has been recorded, otherwise N will be reduced to n-m+1 or n+m+1
respectively. Note that in FixWindow mode the output values are only updated every WindowSize cycle. In
Continuous mode, N = n+1 always applies.

In the illustration, the output values of the function block for two signals (Channel Ref and Channel 00) for a
given cycle (n = 150) are shown as an example of a configuration (Correlation Mode = Pearson, Window
Mode = FixWindow, Window Size = 75, Step Size = 5, Maximum Lag = 50, Minimum Lag = -50). In the two
left plots, the input signals Channel Ref and Channel 00 are shown over time. The right plot shows the
discrete correlation function (the Pearson correlation coefficients in relation to m). Coefficients are shown for
the shifts m = -50, -45, -40, -35, -30, -25, -20, -15, -10, -5, 0, +5, +10, +15, +20, +25, +30, +35, +40, +45,
+50. These are output as an array in the function block. In addition to the two parameters Minimum Lag and
Maximum Lag, the output values Minimizing Lag and Maximizing Lag are marked on the abscissa. The
corresponding coefficients Minimum Coefficient and Maximum Coefficient, which also represent outputs of
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the function block, are marked on the ordinate. For the shifts m = -25, m = 0 and m =+25 in the plots of the
input channels (left), the time ranges included in the calculation of the respective coefficient are highlighted
in color. In the right plot, the corresponding points are colored.

Outputs for the 150th cycle

Input Channels Minimum  Maximizing Minimizing Maximum
Correlation Mode = Pearson ] 5 50 75 100 125 150 175 200 Lag Lag ] Lag Lag
Window Mode = FixWindow 104
. ﬂ .-"'f-\‘\. 10 ® |- Maximum
Window Size = 75 o ", 5 ey : .. Coefficient
054 S Ky .
Step Size = 5 : - * "
5 ) : .
& 00 I .
Maximum Lag = 50 3 - o
T 3 ;
4 : .
Minimum Lag = -50 & 051 7 0.5
] : ", : -
= . o
-1.0 v v g .
E
I T g
15 m=0 c
2
. @ 0o . ?
Timeintervalls for the L 2 L 3 ]
calculation of coefficients 1o """-..\x .-/-\"\. _,-“' g
with different lags ., : " 5 5
at the 150th cycle: 05 " (End of first window ) *, (End of second window] & 4
— = 425 -, = 3 : i i
m=20 g 0.0 -0s
M =25 g = K ) K .
g . N ",
£ 05 -
] " 5 . E - .
-10 1 \K-_/ ) .”'.’. .
. "
104 . [ Minimum
om=25 1.0 * Coefficient
-15 4 m=0
Y T T T ; ; y
5 50 75 100 125 150 175 200 50 25 0 25 50

Cycles since start of analysis Timelags m

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Num Channels: The number of channels that are correlated with the reference signal. This can be set

via Add/Remove Channel

+ Maximum Lag: Specifies the maximum number of cycles by which the two signals are shifted to
calculate the correlation to each other. This is a positive integer.

* Minimum Lag: Specifies the minimum number of cycles by which the two signals are shifted to
calculate the correlation to each other. This is a negative integer.

» Step Size: Specifies by how many cycles the signals are shifted to calculate two consecutive
correlation coefficients.

* Window Size: For the SlidingWindow and FixWindow window modes, specifies the number of cycles
over which the coefficients are calculated. The windowing has no effect for the Continuous Window

Mode and cannot be set. In SlidingWindow mode, Window Size values for all channels are buffered in
addition to Maximum Lag values from the Reference Channel and Minimum Lag values for Channel 00

to Channel On. The size of the router memory should therefore be taken into account when setting
these parameters.

« Correlation Mode: The correlation coefficients are calculated according to one of the following

definitions:
* Base:
N—-1
E xrz—i—rn : }Frz—if m = 0
_ i=0
ny[m’ trz] T iw-1
xn—i 'Fu—ihnf m <0
i=0
* Normed.
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N-1

. _.
szn—i—m "¥o—i mz=0
EIZ‘F [m’ t;.;] = t=_'1

N
1
E x:lz—z' '}F:'z—z'+m’ m =0
i=0
» Covariance:
N-1 N-1 N—-1
1 1 1
szu—i—m '}Fn—z’_ szu—i—m 'EZ}F::—E’ mzl]
_ i=0 i=0 i=0
coux}_[m, ta] = N-1 N-1 N-1
1 1 1
E xn—il}rn—Hm_ szn—i 'EZ}F?:—H?N’ m<=10
i=0 i=0 i=0

» CovarianceBessel.

cov,, [m,t,] = 1 COViy [m,t,]

xy N —
* Pearson:
covix,y)|mt -
Py M, t,] = Coy)lm, ¢, ,where a;[m,t, ] =cov,[m,t,]

g [mt, 1o, [mt,]
* Window Mode: Specifies the type of window used to calculate the coefficients:
Continuous: All values since the start of the analysis are included in the analysis with equal weighting.

SlidingWindow: The calculation is done via a window of the size Window Size. The current values are
always included in the analysis and outputs are updated with each cycle.

FixWindow: The outputs are updated every Window Size cycles and calculated via a window with the
length Window Size.

Output values

e Output00 .. OutputOn: Shows for each input (ChannelQ0, ..., ChannelOn) the coefficients for the shifts
m = Minimum Lag, m = Minimum Lag + Step Size, ..., m = - Step Size, m =0, m = +StepSize, ..., m =
Maximum Lag as an array.

* Minimizing Lag00..Minimizing Lag0On: For each channel, specifies the shift for which the coefficient
becomes minimum.

¢ Minimum Coefficient00..Minimum CoefficientOn: Specifies the minimum coefficient for each
channel.

+ Maximizing Lag00..Maximizing Lag0On: for each channel, specifies the shift for which the coefficient
becomes maximum.

* Maximum Coefficient 00..00.. Maximum CoefficientOn: Specifies the maximum coefficient for each
channel.

Standard HMI Controls

For the Correlation Function algorithm, the following HMI controls are available for generating an Analytics
Dashboard:
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1. The Table Control or Multivalue Control visualizes all output values: minimum coefficient, maximum
coefficient, minimum lag, maximum lag and the coefficient array.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

m

Alternatively, customer-specific HMI controls can be mapped in the Correlation Function algorithm using the
Mapping Wizard [»_382].
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5.21.10.4 Correlation Function Reference
(e ) Correlation Function Reference NBae GV
Channel 00 <Empty> V|- Num Channels [=]|VslueRead  Empty
File Path ChAnalytics Project\Teach E Output 00

Minimum Lag 0

Maximum Lag 10 Minimum Co... Empty
Step Size 1 Maximum Co... Empty

Window Size 400 Minimizing L... Empty

Correlation Mode | Normed

<

Maximizing L... Empty

]
Window Mode | FixWindow |v‘

The Correlation Function Reference function block calculates the discrete correlation function between a
recorded signal (referred to below as reference signal), which is read from a tcab file, and one or more input
signals (Channel 00, ..., Channel On).

The correlation coefficients are calculated for time shifts of m cycles between the two signals, with the
maximum and minimum values for m being limited by the parameters Minimum Lag (negative integer) and
Maximum Lag (positive integer).

The Step Size parameter determines the number of cycles by which the signals are moved to calculate two
consecutive correlation coefficients. l.e. m is always a multiple of the Step Size. Accordingly, only multiples
of the Step Size are also allowed for Minimum Lag and Maximum Lag. If the Step Size is set to one,
Minimum Lag to -6 and Maximum Lag to +4, for example, coefficients are calculated for shifts by -6, -5, -4,
-3,-2,-1,0, +1, +2, +3, and +4 cycles. If the Step Size is set to two, coefficients are calculated for shifts by
-6, -4, -2, 0, +2, and +4 cycles.

From the start of the analysis, a value is processed from the read-in signal per cycle. When the end of the
file is reached, the process starts again with the first value of the file. The read-in signal is therefore assumed
to be periodic. If you only want to correlate certain periods of the input signal with the reference signal, you
can control this via the Enable Execution and Reset inputs as well as via the New Result output.

The correlation coefficients can be calculated over different timeframes. which are set by the Window Mode
parameter. In Continuous mode, all values since the beginning of the analysis are included in the
calculations. In SlidingWindow mode, the calculation runs continuously for the last number of cycles set by
the Window Size. In FixWindow mode, the calculation is done over the length of the reference signal and the
output values are always updated at the end of the recorded sequence.

If m is not zero, the window for the corresponding signal shifts by m cycles. The number of values included in
the calculation of the coefficients is the same for all values of m. The only exceptions to this are the results
from the first cycles after the start of the analysis. If the number of elapsed cycles is less than |m|,
correspondingly fewer values are included in the calculation.

For positive values of m, the values of the reference signal (Channel Ref) are stored in a ring memory, so
that the respective value of the reference signal received before m cycles can be compared with the current
values from Channel 00 to Channel On. This corresponds to a shift of the reference signal into the past. For
negative values of m, the reference signal would accordingly have to be moved into the future. Since this is
obviously not possible, the second signal (Channel 00, .. ChannelOn) is saved and moved backward instead.

The correlation coefficients can be calculated according to different calculation rules. This is determined by
the Correlation Mode. In the Base and Normed modes, the coefficients are calculated analogously to the
definition from signal processing, which calculates the correlation over the convolution. In Normed mode, the
coefficients are also divided by the number of summands. Covariance and CovarianceBessel calculate the
covariance without and with Bessel correction. Pearson mode uses the definition of the Pearson correlation
coefficient commonly used in statistics. The exact calculation rules are mathematically listed in the
configuration options. Here, x, denotes the value of the reference signal and y,, denotes the value of the input
signal (in each case Channel00, ..., ChannelOn) at the timestamp t, (corresponding to the n'" cycle since the
start of the analysis or since reset, except for the cycles in which Enable Execution = FALSE). The value of
N depends on the WindowMode you select. For SlidingWindow mode and FixWindow mode, N is equal to
the WindowSize, provided a corresponding number of cycles have already elapsed since the start of the
analysis, so that X,x.m (Or Ya.n:m) has been recorded, otherwise N will be reduced to n-m+1 or n+m+1
respectively. In FixXWindow mode, the window size is not to be set manually, but corresponds to the length of
the read-in signal section (reference signal) and the output values are updated at the end of the signal
section. In Continuous mode, N = n+1 always applies.

TE3510 Version: 1.0.1 205



Configuration | Algorithms BEGKHOFF

The illustration shows the different input and output values of the function block for a configuration
(Correlation Mode = Pearson, Window Mode = FixWindow, Window Size = 120 (= number of values in the
file), Step Size = 5, Maximum Lag = 20, Minimum Lag = -20) and an input channel. On the left side, the input
signals Channel 00 and Reset are shown in the two lower plots, above which the read-in sequence is shown
on the same timeline, according to its processing. The signal starts to be read in at the beginning of the
analysis. If the last value from the file is processed in the 120" (or 240") cycle, the process starts again with
the first one. In the 300" cycle, a reset is performed and the process starts again with the first value of the
file. In addition, all values are deleted from the internal memories and the calculation of the coefficients
begins again. For example, it was detected here that Channel 00 did not contain valid values in the previous
cycles and the vibration has now been re-energized. In this area the analysis could also be interrupted by
Enable Execution = FALSE. Since WindowMode = FixWindow, the outputs are updated only in the 120™,
240" and 420" cycle. The corresponding coefficients (from Output00) are shown in the right plot. From the
value pairs (Maximizing Lag, Maximum Coefficient) you can read how much the input signal is shifted with
respect to the reference signal. For example, in the 420" cycle (Maximizing Lag, Maximum Coefficient) =
(-10.1). This means that if the Reset had taken place 10 cycles earlier, the reference signal and Channel 00
would have matched each other exactly in this window.

Input Channels

Correlation Mode = Pearson Start End/Start End/Start Start End Outputs for the
of file of file of file of file of file 120th, 240th and 420th cycle
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Num Channels: The number of channels that are correlated with the reference signal. This can be set
via Add/Remove Channel

* File Path: Path to the data file.

« Maximum Lag: Specifies the maximum number of cycles by which the two signals are shifted to
calculate the correlation to each other. This is a positive integer.

* Minimum Lag: Specifies the minimum number of cycles by which the two signals are shifted to
calculate the correlation to each other. This is a negative integer.

« Step Size: Specifies by how many cycles the signals are shifted to calculate two consecutive
correlation coefficients.

* Window Size: For the SlidingWindow and FixWindow window modes, specifies the number of cycles
over which the coefficients are calculated. The windowing has no effect for the Continuous Window
Mode and cannot be set. In SlidingWindow mode, Window Size values for all channels are buffered in
addition to Maximum Lag values from the Reference Channel and Minimum Lag values for Channel 00
to Channel On. The size of the router memory should therefore be taken into account when setting
these parameters.

» Correlation Mode: The correlation coefficients are calculated according to one of the following
definitions:
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« CovarianceBessel:

cov,, [m,t,] = ov,, [m, t,]
* Pearson:
covix,yv)mt "
Py M8, ] = Ce.y)lm, t,] ,where o;[m,t,] = cov,[m,t,]

a.[mt,]o,[mt,]
+ Window Mode: Specifies the type of window used to calculate the coefficients:
Continuous: All values since the start of the analysis are included in the analysis with equal weighting.

SlidingWindow: The calculation is done via a window of the size Window Size. The current values are
always included in the analysis and outputs are updated with each cycle.

FixWindow: The coefficients are calculated over the entire length of the read-in signal section and the
outputs are updated after processing the last value.

Output values
* Output00 .. OutputOn: Shows for each input (ChannelQ0, ..., ChannelOn) the coefficients for the shifts
m = Minimum Lag, m = Minimum Lag + Step Size, ..., m = - Step Size, m = 0, m = +StepSize,..., m =
Maximum Lag as an array.
* Minimizing Lag00..Minimizing Lag0On: For each channel, specifies the shift for which the coefficient
becomes minimum.
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¢ Minimum Coefficient00..Minimum CoefficientOn: Specifies the minimum coefficient for each
channel.

+ Maximizing Lag00..Maximizing LagOn: for each channel, specifies the shift for which the coefficient
becomes maximum.

+ Maximum Coefficient 00..00.. Maximum CoefficientOn: Specifies the maximum coefficient for each
channel.

Standard HMI Controls

For the Correlation Function Reference algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Table Control or Multivalue Control visualizes all output values: read value, minimum coefficient,
maximum coefficient, minimum lag, maximum lag and the coefficient array.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal
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Alternatively, customer-specific HMI controls can be mapped in the Correlation Function Reference algorithm
using the Mapping Wizard [»_382].

5.2.1.10.5 Impulse Factor
™ Impulse Factor MBa GV
Input 00 <Empty> v| - Num Channels E Impulse Facto... Empty
j\ Window Size 100
Window Mode | Continucus [

The algorithm Impulse Factor calculates the signal feature of the same name from the input values. The
output value is calculated from the ratio of the peak value of the input signal to the mean value of the input
signal.

max(|x|)

%EE=1 |x[n]|

The number of input data to be included in the calculation and the type of calculation can be configured.

Impulse Factor =

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: Configuration of the number of independent input and output channels.

* Window Mode: Used window mode. Influences the number of input data that are included in the
calculation as well as the time of the calculations.
Continuous: All input values since the start of the algorithm are included in the calculation. The
calculation is cyclic.
Fix Window: Only the last N input values are included in the calculation. The calculation is performed
every N calls.
Sliding Window: Only the last N input values are included in the calculation. The calculation is
performed cyclically.

» Window Size: Depending on the window mode used, you can configure the number of values N that
will be included in the calculation. In the window mode Continuous this parameter is ignored.

Output values
* Impulse Factor 00..n: Impulse factor of the input channels.
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Standard HMI Controls

For the Impulse Factor algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control and Multivalue Control visualize all output values.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped using the Mapping Wizard [» 382].
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5.2.1.10.6 Linear Regression Fitting
® Linear Regression Fitting NBa GV
Dependent <Empty> vl - Num Channels E Result Empty

* Input 01 u - Involve Existing File Output 00 Empty

File Path cs Project\Teach\LinearRegression.json l:l l:l Output 01 Empty

The Linear Regression Fitting function block approximates one variable (the Dependent input) by linear
combination of several other variables (Input 01 ... Input On). This is done by the incremental stochastic
gradient method. At the end of the analysis, the calculated coefficients are written to a file.

The linear combination is given by the following equation:

n
V= ﬁD+Zﬁi » Input 0i
i=1

In each cycle, the values for Po to B are recalculated using the following rule:

B {ﬁl -y % Input 0i x (y — Dependent), i=12..n
B = B; -y x (y — Dependent), i=20

This corresponds to the minimization of the squared deviation of the calculated values y (output by the

function block as result) from the corresponding input value Dependent. The parameter ¥ corresponds to
the step size and specifies how strongly the parameters are adjusted. The larger the value, the faster the
coefficients approach a local optimum. However, if the value is too large, the algorithm may not converge.

Typically, the Linear Regression Fitting function block is first used to fit the weights for the regression of a
target variable. Then, using the Linear Regression Inference function block and the fitted weights, the target
variable can be predicted based on the input variables.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Num Channels: The number of channels that are correlated with the reference signal. This can be set
via Add/Remove Channel

» File Path: Specifies the file path for the file in which the coefficients are saved at the end of the
approximation process. File type: json or tas.

 Involve Existing File: If TRUE, the values for the coefficients are read from the file at the start of the
analysis and then adjusted further. If FALSE, all coefficients are set to zero at the start.

« Step Size: Specifies how much the coefficients are adjusted after each new calculation.
» Bias (optional): If FALSE, the Bias Output 00 is set to zero and is not approximated further.

» Mini Batch Size (optional): Specifies over how many cycles the MSE is to be calculated before the
coefficients are adjusted based on it.

Output values

* MSE: Specifies the MSE (mean squared error) between the calculated Result value and the
Dependent input value.

* Result: Outputs the approximated value for the inputs of the current cycle with the coefficients updated
from them.

e Output00 .. OutputOn: Shows the calculated coefficients.
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Standard HMI Controls

For the Linear Regression Fitting algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Linear Regression Control visualizes the inputs and the calculated regression line. The buttons can
be used to select the input channel to be displayed on the x axis. The y axis shows the target values of the
regression. A new point is outlined in red, old points gradually fade.
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2. The Table Control or Multivalue Control visualizes all output values: MSE, result, output coefficients.

Data Table Vertical

10 Mar 2021 16:15:29
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Alternatively, customer-specific HMI controls can be mapped in the Linear Regression Curve Fitting
algorithm using the Mapping Wizard [»_382].

5.2.1.10.7 Linear Regression Inference

® Linear Regression Inference MNBa GV

Lot |Input 01 <Empty> v| - Num Channels E Result Empty

Weights 00 0

Weights 01 0

The Linear Regression Inference function block calculates the linear combination of the inputs (Input 01 ..
Input On) with the coefficients (Weights 00.. Weights 0n).

n
Result = Weights 00 +ZWeights 0i X Input 0i
i=1

The parameters Weights 00 to Weights On can either be set manually or automatically via a file generated by
the Linear Regression Fitting function block by dragging / dropping onto the parameter field. Typically, the
Linear Regression Fitting function block is first used to fit the weights for the regression of a target variable.
Then, using the Linear Regression Inference function block and the fitted weights, the target variable can be
predicted based on the input variables.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

* Num Channels: The number of channels that are correlated with the reference signal. This can be set
via Add/Remove Channel
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+ Weights00 .. Weights 0n: Specifies the coefficients that determine the linear combination to be
calculated.

» File Path (optional): File path to a file with previously determined parameters. The file is created by
the Linear Regression Fitting module. File type: json or tas.

Output values
» Result: Specifies the value calculated from the linear combination.

Standard HMI Controls

For the Linear Regression Inference algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The Linear Regression Control visualizes the inputs and the calculated regression line. The buttons can
be used to select the input channel to be displayed on the x axis. The y axis shows the target values of the
regression. A new point is outlined in red, old points gradually fade.

Linear Regression
_ Input 1 Input 2
30 —
il .
28 —-
= .'
20 -]
| T T T T T T T T | T T T T T T T T |
0 80 16

2. The Table Control or Multivalue Control visualizes all output values: MSE, result, output coefficients.
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Alternatively, customer-specific HMI controls can be mapped in the Linear Regression Inference algorithm
using the Mapping Wizard [P 382].

5.2.1.10.8 Shape Factor

(e ) Shape Facter MNEBa~ GV
Input 00 | <Empty> |V| - Num Channels E Shape Factor 00 Empty

j\ Window Size 100

== Window Mode Continuous [+
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The algorithm Shape Factor calculates the signal feature of the same name from the input values. The
output value is calculated from the ratio of the root mean square (RMS) of the input signal to the mean of the
absolute values of the input signal.

ers
N EE=1 |x[n]|

The number of input data to be included in the calculation and the type of calculation can be configured.

Shape Factor =

[

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: Configuration of the number of independent input and output channels.

* Window Mode: Used window mode. Influences the number of input data that are included in the
calculation as well as the time of the calculations.
Continuous: All input values since the start of the algorithm are included in the calculation. The
calculation is cyclic.
Fix Window: Only the last N input values are included in the calculation. The calculation is performed
every N calls.
Sliding Window: Only the last N input values are included in the calculation. The calculation is
performed cyclically.

» Window Size: Depending on the window mode used, you can configure the number of values N that
will be included in the calculation. In the window mode Continuous this parameter is ignored.

Output values
» Shape Factor 00..n: Shape factor of the input channels.
Standard HMI Controls

For the Shape Factor algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control and Multivalue Control visualize all output values.

r
&
5
2
g

Data Table

Input 1 2042
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Input 2 2543
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Executing TRUE
—
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Alternatively, customer-specific HMI controls can be mapped using the Mapping Wizard [»_382].

5.2.1.10.9 Standard Deviation
[ ) Standard Deviation MNB e GV
Input 00 <Empty> v| - Num Channels E Standard Devi... Empty

j\ Use Bessel Correction
Window Size 100

Window Mode | Centinuous |v‘

The Standard Deviation algorithm calculates the empirical standard deviation for a configurable number of
input channels. The number of input data to be included in the calculation and the type of calculation can be
configured.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Channels: Configuration of the number of independent input and output channels.

+ Use Bessel Correction: If the checkbox is checked, Bessel's correction is applied. This parameter
must be enabled in order to obtain an expected result for random samples.

The empirical standard deviation, without Bessel's correction

=
& = il = (z[n] —7)2
i

n=

The empirical standard deviation, with Bessel's correction
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j Al .
S=Jm Z(m[ﬂ]——:z)

n=0

+ Window Mode: Window mode used. Influences the amount of input data included in the calculation
and the timing of the calculations.
Continuous: All input values since the start of the algorithm are included in the calculation. The
calculation is performed cyclically.
Fix Window: Only the last N input values are included in the calculation. The calculation is performed
every N calls.
Sliding Window: Only the last N input values are included in the calculation. The calculation is
performed cyclically.

+ Window Size: The number of values N that are included in the calculation can be configured
depending on the window mode used. With the window mode Continuous this parameter is ignored.

Output values
+ Standard Deviation 00..n: Empirical standard deviation of the input channels.
Standard HMI Controls

For the Standard Deviation algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The Table Control or Multivalue Control visualizes all output values: Standard Deviation Results.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

218 Version: 1.0.1 TE3510



BEGKHOFF Configuration | Algorithms

Executing
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Alternatively, customer-specific HMI controls can be mapped in the Standard Deviation algorithm using the
Mapping Wizard [»_382].

5.21.11 Analytics - Training Base

The algorithms of the category Analytics — Training Base provide functionalities for teaching periodic signals
and write this data to a file. So that it is possible to compare it later on to another input signal, to analyze
differences from the optimal behavior.

5.2.1.111 Time Based Teach Path 1Ch
e ) Time Based Teach Path 1Ch [
Input <Empty> v - Teach mode | Maximum |V‘ Executing Tea... Empty
Start Period u - Number Of Teaches 0 Teaching Done Empty
/\/ Stop Period u - Involve Existing File Written Values Empty
™ ] File Path C:\Analytics Project\Teach [ |[EH] |valussinFile  Empty
Current Teach... Empty

Time Based Teach Path 1Ch periodically writes the input data to a file according to the configured number of
teach operations. This means that the values are not written sequentially for each period, but the values of a
new period are compared with the existing values. The period can be defined by the input values Start
Period and Stop Period (boolean signals are required). According to the teach mode, each value is
overwritten or retained, so that the result is a taught input signal that can later be used as a reference signal

for the Time Based Envelope 1Ch [P_115] algorithm, for example.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

It is recommended that you do not use Time Based Teach Path 1Ch at the same time as Time Based
Envelope 1Ch [P_115] due to competing file access. Instead, the reference signal should be learned first and
only then should an evaluation with Time Based Envelope 1Ch [P_115] be performed.

Configuration Options

+ Teach mode: Mode for teaching. Defines according to which criteria the values will be compared
(Minimum, Maximum or Mean). In case of Mean a weighted average is calculated, in order to ensure
that the values of a later period do not have an increasing weight regarding the total result.

* Number of Teaches: Amount of cycles the teach process should be stopped after automatically. If set
to 0 the teaching is processed continuously.
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Involve Existing File: If the checkbox is checked and a file with data already exists, the values of the
existing file will be included in the teach process. Otherwise the existing file will be ignored and
overwritten.

File Path: Path to the data file.

Negate Start Period: If the checkbox is checked the Boolean input signal of the Start Period is
negated.

Negate Stop Period: If the checkbox is checked the Boolean input signal of the Stop Period is
negated.

Output Values

Executing Teach: Shows if the teaching is active (time range between start and stop flag).

Written Values: Shows the total amount of written values during the teach process. Not to be
confused with the amount of values in File, which are overwritten each teach cycle.

Values in File: Shows the amount of values which are written currently into the file (after one cycle the
value will be constant).

Current Teach Cycles: Shows the amount of teach cycles within the file.

Standard HMI Controls

For the Time Based Teach Path 1Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The TimeBasedTeachPath Control visualizes the output values Written Values, Values in File and Current
Teach Cycles.

Time Based Teach Path

B Written values [ Values in file
Current cycles 15

2. The Table Control or Multivalue Control visualizes all output values: Written Values, Values in File, Current
Teach Cycles.
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Alternatively, customer-specific HMI controls can be mapped in the Time Based Teach Path 1Ch algorithm
using the Mapping Wizard [P 382].

5.2.1.12 Analytics - Visualization Only

The algorithms in the Visualization Only category represent auxiliary function blocks that provide functions

for subsequent visualization in the context of the HMI dashboard.

TE3510
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5.21.12.1 Array Bar Scope Chart

d The generation of the HMI Scope Control for the HMI One Click Dashboard is only possible with an
HMI version > 1.12.752.0.

([ Array Bar Scope Chart NMEa GV
Channel 00 <Empty> v - Num Channels E
Enable Record Contrals
l
LIl Dl Wi 0
Channel Mame 00 Channel 1

The Array Bar Scope Chart function block is used to display the inputs in the HMI Dashboard. The inputs are
displayed in an Array Bar chart in the HMI Scope Control.

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.

Configuration options

* Num Channels: the number of inputs to be displayed in the HMI Scope Control.

+ Channel Name 00/XX: the display names of the inputs. These appear as legends in the HMI Scope
Control.

+ Enable Record Controls: if the checkbox is activated, a recording can be started and stopped from
the HMI.

* Record Time: the recording time of a record. After reaching the time, the scope chart runs in a ring
buffer.

+ Display Width: the selected display width of the image. This property can also be modified in the HMI
Scope Control.

Standard HMI Controls

For the algorithm Array Bar Scope Chart the following HMI Control is available for generating an Analytics
Dashboard.

The HMI Scope Control for displaying a Scope Chart.

Scope Chart
o 162338943 | End- 1624

No other HMI controls can be added to the function block, as it is intended exclusively for displaying the HMI
Scope Control.

5.2.1.12.2 Pie Chart
(e ] Pie Chart MEBa GV
Input 00 <Empty> wv| - Array Input O
Input 01 u - Mum Channels E
Relative
, Channel Name 00 Channel 1
Channel Name 01 Channel 2

The Pie Chart function block can be used to create a pie chart for later use in the HMI Dashboard. The
number of pie pieces can be parameterized via the parameterNum Channels.

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only

active if the value of the selected signal is TRUE.

Configuration options

» Array Input: Selection of whether a single array should be used as an input or several independent
inputs. Is set automatically as soon as an array is dragged onto the first input. As long as the array is

still linked, the parameter cannot be reset.

* Num Channels: Specifies the number of configurable channels. This corresponds to the number of pie

pieces in the pie chart.

+ Channel Name 00: Specifies the name of the first channel. The name assigned here will later be used

for this channel in the HMI Dashboard.

+ Channel Name 01: Specifies the name of the second channel. The name assigned here will later be

used for this channel in the HMI Dashboard.

+ Channel Name xx: Analog for all other channels.

Standard HMI Controls

For the Pie Chart algorithm the following HMI controls are available for generating an Analytics Dashboard.

Pie Chart to display the data in a pie chart.

Histogram
1¢.2%
s 10.8%
3.7%
T34
3.a%
758
9.6%

2.8%,
&3k 9.9%

B41

812

= Vfalue 1
= Value 2
=" Value 3
" Value 4
" Value 5
= Value 6
"Value 7
Value 8
= Value 9
= Value 10

Histogram to display the data in a histogram.

TE3510

Version: 1.0.1 223



Configuration | Algorithms BEGKHOFF

Histogram
29472

2104

14736

TIGE

Alternatively, customer-specific HMI controls can be mapped in the Pie Chart algorithm using the Mapping
Wizard [P _382].

.
5.21.12.3 Sankey diagram
® Sankey Diagram MNB e GV
Input Inflow 00 <Empty> w - Num Channels Inflow E Rest [%] Empty
Input Qutflow 00 u - Num Channels Qutflow E Qutput Inflow [%]
- Input Qutflow 01 u - Channel Name Rest Rest
Channel Mame Inflow 00 Inflow 1 Output Qutflow [%]
Channel Name Outflow 00 Outflow 1
Channel Name Qutflow 01 Outflow 2

The Sankey Diagram function block can be used to create a Sankey diagram for later use in the HMI
Dashboard. A distinction is made between inflows and outflows. The number of inflows and outflows can be
individually parameterized via the parameters Num Channels Inflow and Num Channels Outflow
respectively.

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.
Configuration options

* Num Channels Inflow: specifies the number of channels of inflows in the Sankey diagram.

* Num Channels Outflow: specifies the number of channels of outflows in the Sankey diagram.

+ Channel Name Rest: specifies the name of the channel with which a possible rest value is to be
designated. The name assigned here will be used later for this outflow in the HMI Dashboard.

« Channel Name Inflow 00: specifies the name of the first inflow channel. The name assigned here will
be used later for this inflow in the HMI Dashboard.

* Channel Name Inflow xx: analog for all other inflow channels.

* Channel Name Outflow 00: specifies the name of the first outflow channel. The name assigned here
will be used later for this outflow in the HMI Dashboard.

* Channel Name Outflow 01: specifies the name of the second outflow channel. The name assigned
here will be used later for this outflow in the HMI Dashboard.

« Channel Name Outflow xx: analog for all other channels.

224 Version: 1.0.1 TE3510



BEGKHOFF Configuration | Algorithms

Standard HMI Controls

For the Sankey Diagram algorithm the following HMI control is available for generating an Analytics
Dashboard.

Sankey chart to display the data.

49764.89 kWh 341286.94 kWh

137730.49 kWh
M

Alternatively, customer-specific HMI controls can be mapped in the Sankey Diagram algorithm using the
Mapping Wizard [»_382].

5.21.12.4 Trend Line

(e ) Trend Line NBae GV
Channel 00 <Empty> v - MNum Channels E

t Channel Mame 00 Channel 1

The Trend Line function block provides for the forwarding of trends of the input signals for later use in the
HMI dashboard. Any channels can be selected for forwarding; the number of channels can be controlled via
NumChannels. One value per minute is then stored for each channel. This means that the function block is
not suitable for signal forwarding, but rather for displaying trends for signals that change slowly.

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.
Configuration options

* Num Channels: Indicates the number of configurable channels for forwarding the input signals.

« Channel 00: Indicates the name of the first channel to be forwarded. The name assigned here will later
be used for this channel in the HMI Dashboard.
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» Channel 01: Indicates the name of the second channel to be forwarded. The name assigned here will
later be used for this channel in the HMI Dashboard.

« Channel 02: Indicates the name of the third channel to be forwarded. The name assigned here will
later be used for this channel in the HMI Dashboard.

+ Channel Name xx: Analog for all other channels.
Standard HMI Controls

For the algorithm Trend Line the following HMI Control is available for generating an Analytics Dashboard.

Trend Line to display the data over time.

HMI Trend Chart
12 Hours 1 Day 3 Days 7 Days

715226 o

ns1.48 4

7507

714993 4

714915

714837

714759

714681

714604

714526

T144.48 3

T T T T 1
12 Aug 2020 1256:00 12 Aug 2020132600 12 Aug 2020135600
@vax@

No other HMI controls can be added to the function block, as it is intended exclusively for displaying the
Trend Line Control.

5.2.1.12.5 Referenced Scope
[

The generation of the HMI Scope Control for the HMI One Click Dashboard is only possible with an
HMI version > 1.12.752.0.

[ ) Referenced Scope NB e GV
Chart No available Charts |

E ; Enable Record Controls
Record Time 600
Display Width [ seconcs [v][10

The Referenced Scope function block is used to display a Scope Chart from the Referenced Scope in the
HMI Dashboard

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.

Configuration options

» Chart: the chart from the referenced scope to be displayed in the HMI. So far the following charts are
supported: YT Chart, XY Chart, Array Bar Chart and Single Bar Chart.

+ Enable Record Controls: if the checkbox is activated, a recording can be started and stopped from
the HMI.

* Record Time: the recording time of a record. After reaching the time, the scope chart runs in a ring
buffer.

+ Display Width: the selected display width of the image. This property can also be modified in the HMI
Scope Control.

Standard HMI Controls

For the algorithm Referenced Scope the following HMI Control is available for generating an Analytics
Dashboard.

The HMI Scope Control for displaying a Scope Chart.
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No other HMI controls can be added to the function block, as it is intended exclusively for displaying the HMI

Scope Control.

5.2.1
[

12.6

XY Scope Chart

The generation of the HMI Scope Control for the HMI One Click Dashboard is only possible with an

HMI version > 1.12.752.0.

[ )

XY Scope Chart

[l

L~

Channel X 00
Channel ¥ 00

<Empty> v -
e T

MNum Channels

Enable Record Contrals
Record Time

Display Width

Channel MName 00

Channel 1

[+] [=]

"

The XY Scope Chart function block is used to display the inputs in the HMI Dashboard. The inputs are
displayed in an XY chart in the HMI Scope Control.

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.

Configuration options

* Num Channels: the number of channels or input pairs to be displayed in the HMI Scope Control.

+ Channel Name 00/XX: the display names of the channels. These appear as legends in the HMI Scope
Control.

+ Enable Record Controls: if the checkbox is activated, a recording can be started and stopped from
the HMI.

* Record Time: the recording time of a record. After reaching the time, the scope chart runs in a ring
buffer.

+ Display Width: the selected display width of the image. This property can also be modified in the HMI
Scope Control.

Standard HMI Controls
For the algorithm XY Scope Chart the following HMI Control is available for generating an Analytics
Dashboard.

The HMI Scope Control for displaying a Scope Chart.

Scope Chart
o 162338943 | End- 1624

Date: Wedre

No other HMI controls can be added to the function block, as it is intended exclusively for displaying the HMI
Scope Control.
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5.2.1.12.7 YT Scope Chart
o

The generation of the HMI Scope Control for the HMI One Click Dashboard is only possible with an
HMI version > 1.12.752.0.

[ ) T Scope Chart MEa GV
Channel 00 <Empty> v - Num Channels E
Enable Record Contrals
; Record Time 600
Display Width 10
Channel Mame 00 Channel 1

The YT Scope Chart function block is used to display the inputs in the HMI Dashboard. The inputs are
displayed in a YT chart in the HMI Scope Control.

Since the function of this function block is irrelevant for the analysis itself, it belongs to the Visualization Only
category.

Configuration options
* Num Channels: the number of inputs to be displayed in the HMI Scope Control.

+ Channel Name 00/XX: the display names of the inputs. These appear as legends in the HMI Scope
Control.

+ Enable Record Controls: if the checkbox is activated, a recording can be started and stopped from
the HMI.

* Record Time: the recording time of a record. After reaching the time, the scope chart runs in a ring
buffer.

+ Display Width: the selected display width of the image. This property can also be modified in the HMI
Scope Control.

Standard HMI Controls

For the algorithm YT Scope Chart the following HMI Control is available for generating an Analytics
Dashboard.

The HMI Scope Control for displaying a Scope Chart.

Scope Chart
o 162338943 | End- 162

No other HMI controls can be added to the function block, as it is intended exclusively for displaying the HMI
Scope Control.

5.2.1.13 Analytics - XY Path Analysis

The algorithms of the category XY Path Analysis provide functions for the position evaluation of XY
channels. For example, it is possible to analyze whether the position determined by the input channels is
within certain bounds or shapes and how often boundary crossings occur.
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5.2.1.131 XY Gate Monitor 2Ch

[ ) XY Gate Monitor 2Ch B GV
Input ChX <Empty> v| - Gate 1X Gate Intersect... Empty
Input ChY u - Gate 1Y Outlier Interse... Empty

Gate 2 X

XY Gate 2Y

Position Inter... Empty

ra =] =

Position Inter... Empty
Count Gate In... Empty

Count Qutlier... Empty

Last Intersecti... Empty

The XY Gate Monitor 2Ch counts the amount of intersections of an XY input with a specified gate or its
projection (straight line between the gate points) depending on the configured Gate Mode. The analysis
period can be started with the inputs Start and Stop. The algorithm is direction sensitive, which means that
just intersection in the right direction are counted. The direction interpretation depends on the order of the
gate points (X1/Y1) and (X2/Y2). The possible intersection directions are visualized below.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Directions of the intersection points:

The blue arrow represents the signal direction and the black lines illustrate the gate with its gate points (X1/
Y1) and (X2/Y2). The direction of the intersection points is counted when the signal rotates counterclockwise
around the first gate point (X1/Y1).

[X,,Y,] Direction [Xy,Y4]

Direction Direction \
| N\ |

Direction
[Xerl] [X2IY2] [Xerl] [X2IY2] [Xerl] [}(2,Y2]

Configuration Options
+ Gate Mode: Mode of the Gate Monitor:

Intersect Gate: Determines if the XY signal intersects the gate in the configured direction. If there is an
intersection during the analysis period, it will be classified as OK, otherwise NOK.

Not Intersect Gate: Monitors if the XY signal does not intersect with the gate in the configured
direction during the analysis period. Then it will be classified as OK, otherwise NOK.

Intersect Projection: Determines if the XY signal intersects the projection of the gate in the configured
direction. If there is an intersection during the analysis period, it will be classified as OK, otherwise
NOK.

Not Intersect Projection: Monitors if the XY signal does not intersect with the projection of the gate in
the configured direction during the analysis period. Then it will be classified as OK, otherwise NOK.

Intersect Gate Or Projection: Determines if the XY signal intersects the gate or its projection in the
configured direction. If there is an intersection during the analysis period, it will be classified as OK,
otherwise NOK.

Gate 1 X: X position of the first gate point.

Gate 1 Y: Y position of the first gate point.
Gate 2 X: X position of the second gate point.
Gate 2 Y: Y position of the second gate point.

Output values
+ Gate Intersection: Indicates whether there is currently a gate intersection.

» Outlier Intersection: Indicates whether there is currently an outlier intersection (gate projection
intersection).

» Position Intersection X: X-position of the last intersection.
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» Position Intersection Y: Y-position of the last intersection.
« Count Gate Intersections: Indicates the total number of gate intersections.
» Count Outlier Intersections: Indicates the total number of outlier intersections.

» Time Intersection: Indicates the time of the last intersection event — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

* New Result: Indicates whether a new result was calculated or not.
+ Executing: Indicates whether the algorithm is active or inactive.

» Classification: Indicates the classification result. OK or NOK. The classification depends on the gate
mode, as can be seen above.

Standard HMI Controls

For the XY Gate Monitor 2Ch algorithm, the following HMI controls are available for generating an Analytics
Dashboard:

1. The XYGateMonitor control visualizes the output values Gate Intersection, Outlier Intersection, Count
Gate Intersections, Count Outlier Intersections and Last Intersection as well as the direction of the
intersection points.

XY Gate Monitor

Intersections: 0
Outlier intersections: 0
Last intersection: -
2. The Table Control or Multivalue Control visualizes all output values: Executing, Gate Intersection, Outlier

Intersection, Position Intersection X, Position Intersection Y, Count Gate Intersections, Count Outlier
Intersections, Last Intersection, Classification.
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Alternatively, customer-specific HMI controls can be mapped in the XY Gate Monitor 2Ch algorithm using the
Mapping Wizard [»_382].

5.2.1.13.2 XY Shape Monitor Circle 2Ch
® XY Shape Meniter Circle 2Ch MBE GV
Input ChX <Empty> v| - Centre X 0 Within Shape ~ Empty
XY Input Ch¥ <Empty> v| - CentreY  |p Intersection  Empty
. Radius 1 Count Interse... Empty
Last Intersecti... Empty

TE3510 Version: 1.0.1 231



Configuration | Algorithms BECKHOFF

The XY Shape Monitor Circle 2Ch count the amount of intersections of an XY input with a specified circle
shape.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
» Centre X: X position of the circle center.
» Centre Y: Y position of the circle center.
» Radius: Radius of the circle.

Output values
+ Within Shape: Indicates whether the input signal is currently within the specified shape.
* Intersection: Indicates whether the input signal currently crosses the specified shape.
» Count Intersections: Counts the total number of intersections of input signal and shape.

« Time Intersection: Indicates the time of the last intersection event — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the XY Shape Monitor Circle 2Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:

1. The XYShapeMonitor control visualizes the output values Within Shape, Intersection, Count Intersections
and Last Intersection.

XY Shape Monitor Circle

Intersections: 222
Last intersection: 10. Mar 2021 16:27:56

2. The SingleValue control visualizes the output values Intersection and Last Intersection.

Single Value

Last event:
10. Mar 2021 16:24:29
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3. The Table Control or Multivalue Control visualizes all output values: Within Shape, Intersection, Count
Intersections, Last Intersection.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

m

Alternatively, customer-specific HMI controls can be mapped in the XY Shape Monitor Circle 2Ch algorithm
using the Mapping Wizard [»_382].
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5.2.1.13.3 XY Shape Monitor Rectangle 2Ch

® X¥ Shape Monitor Rectangle 2Ch NBa GV
Input ChX <Empty> v| - Lower Left Corner X 0 Within Shape ~ Empty

XY Input ChY u - Lower Left Corner ¥ Intersection Empty

0
I:I Length X 2 Count Interse.. Empty
2

Length ¥ Last Intersecti... Empty

The XY Shape Monitor Rectangle 2Ch count the amount of intersections of an XY input with a specified
rectangle shape.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
* Lower Left Corner X: X position of the lower left rectangle corner.
* Lower Left Corner Y: Y position of the lower left rectangle corner.
* Length X: Length of the rectangle in positive X direction.
* Length Y: Length of the rectangle in positive Y direction.

Output values
» Within Shape: Indicates whether the input signal is currently within the specified shape.
* Intersection: Indicates whether the input signal currently crosses the specified shape.
« Count Intersections: Counts the total number of intersections of input signal and shape.

» Time Intersection: Indicates the time of the last intersection event — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the XY Shape Monitor Rectangle 2Ch algorithm, the following HMI controls are available for generating
an Analytics Dashboard:

1. The XYShapeMonitor control visualizes the output values Within Shape, Intersection, Count Intersections
and Last Intersection.

XY Shape Monitor

Intersections: 206
Last intersection: 10. Mar 2021 16:27:40

2. The SingleValue control visualizes the output values Intersection and Last Intersection.
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Single Value

Last event:
10. Mar 2021 16:24:29

3. The Table Control or Multivalue Control visualizes all output values: Within Shape, Intersection, Count
Intersections, Last Intersection.

Data Table Vertical

10 Mar 2021 16:15:29

DataTable Horizontal

ae | me | me [
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Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the XY Shape Monitor Rectangle 2Ch
algorithm using the Mapping Wizard [P 382].

5.21.13.4 XY Shape Monitor Triangle 2Ch

[ ) X¥ Shape Monitor Triangle 2Ch NMBa QW
Input ChX <Empty> v| - Corner 1X Within Shape ~ Empty
Input ChY u - Corner 1Y Intersection Empty

XY Corner 2 X

Corner 3X

1

1

2 Count Interse... Empty
A Corner2Y 2 Last Intersecti... Empty

3

3

Corner 3 Y

The XY Shape Monitor Triangle 2Ch counts the amount of intersections of an XY input with a specified
triangle shape.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration Options
» Corner 1 X: X position of the first triangle corner.
« Corner 1Y:Y position of the first triangle corner.
« Corner 2 X: X position of the second triangle corner.
» Corner 2 Y:Y position of the second triangle corner.
» Corner 3 X: X position of the third triangle corner.
« Corner 3 Y: Y position of the third triangle corner.

Output values
» Within Shape: Indicates whether the input signal is currently within the specified shape.
* Intersection: Indicates whether the input signal currently crosses the specified shape.
» Count Intersections: Counts the total number of intersections of input signal and shape.

+ Time Intersection: Indicates the time of the last intersection event — the event can be dragged and
dropped into the Scope chart to display it as a trigger-event.

Standard HMI Controls

For the XY Shape Monitor Triangle 2Ch algorithm, the following HMI controls are available for generating an
Analytics Dashboard:
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1. The XYShapeMonitor control visualizes the output values Within Shape, Intersection, Count Intersections
and Last Intersection.

XY Shape Monitor Triangle

Intersections: 241
Last intersection: 10. Mar 2021 16:28:15

2. The SingleValue control visualizes the output values Intersection and Last Intersection.

Single Value

Last event:
10. Mar 2021 16:24:29

3. The Table Control or Multivalue Control visualizes all output values: Within Shape, Intersection, Count
Intersections, Last Intersection.

Data Table Vertical

10 Mar 2021 16:15:29
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DataTable Horizontal

10 Mar 2021 16:15:29

Executing

10 Mar 2021
16:15:30

Last Event

Alternatively, customer-specific HMI controls can be mapped in the XY Shape Monitor Triangle 2Ch
algorithm using the Mapping Wizard [»_382].

5.21.14 Analytics - Communication

The algorithms in the Analytics-Communication category offer functions for logging channels. This means
that analysis results can be communicated from the analysis.

5.21.141 MQTT logger
o ) MOTT Logger MBa GV
Symbols 00 <Empty> ~| - MQTT Target 127.0.0.1:1883 /| | New Result Empty
@F Samples Per Buffer 100 Sent Samples [
A Compression Width | o
Nurm Channels ==
Use project hierarchy 0O

The MQTT logger sends the data from the input channels in analytics binary format to an MQTT broker. The
number of input channels (symbols) is configured via the Num Channels parameter. The data is collected
and published in configurable packet sizes via the MQTT protocol to the specified destination.

Configuration options

+ MQTT target: Target address of the MQTT broker, consisting of host and port (e.g. 127.0.0.1:1883).
The already configured MQTT targets are reused from the TwinCAT Target Browser TcAnalytics
Extension and displayed in the combo box. If an MQTT target from the TwinCAT Target Browser
defines a connection with an MQTT broker with certificates, the following CA, Cert and Key File
parameters are also set automatically.

* Topic: MQTT topic under which the data is published. Two loggers of the same type must not write to
the same topic, otherwise they will overwrite each other. It is then not possible to start the analysis and
a message appears.
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Samples Per Buffer: Number of samples that are collected before a data packet is sent.
Compression Width: Compression width of the data. If the value is 0, no compression takes place.
Num Channels: Number of input channels (symbols) to be sent to the MQTT broker.

Use project hierarchy: Specifies whether the project hierarchy should be used in the MQTT topics.

MQTT port (optional): Port of the MQTT broker (e.g. 1883 for unencrypted, 8883 for TLS-encrypted
connections).

Host (optional): Host name or IP address of the MQTT broker.

User name (optional): User name for authentication on the MQTT broker.

User password (optional): Password for authentication on the MQTT broker.

Ca File (optional): Path to the CA certificate file for TLS-encrypted connections.
Cert File (optional): Path to the client certificate file for TLS-encrypted connections.
Key File (optional): Path to the private key file for TLS-encrypted connections.

Key password (optional): Password for the private key file.

Output values

New Result: Shows TRUE if new data was successfully sent, otherwise FALSE.
Lost samples: Number of samples that were discarded due to a buffer overflow.
Sent Samples: Total number of successfully sent samples.

Current Timestamp (optional): Specifies the timestamp of the last transmission.

5.21.14.2 MQTT JSON logger
[a) MQIT JSON Logger EER
Symbols 00 <Empty> ~ - MQTT Target 127.0.0.1:1883 | | New Result Empty
P Symbols 01 u - Topic My/Test/Topic Lost Samples Empty
@ Samples Per Buffer 100 Sent Samples Ermy
NN Num Channels J[+HE]
Use project hierarchy 0

The MQTT JSON Logger sends the data of the input channels in JSON format to an MQTT broker. The
number of input channels (symbols) is configured via the Num Channels parameter. The data is collected
and published in configurable packet sizes via the MQTT protocol to the specified destination.

Configuration options

MQTT target: Target address of the MQTT broker, consisting of host and port (e.g. 127.0.0.1:1883).
The already configured MQTT targets are reused from the TwinCAT Target Browser TcAnalytics
Extension and displayed in the combo box. If an MQTT target from the TwinCAT Target Browser
defines a connection with an MQTT broker with certificates, the following CA, Cert and Key File
parameters are also set automatically.

Topic: MQTT topic under which the data is published. Two loggers of the same type must not write to
the same topic, otherwise they will overwrite each other. It is then not possible to start the analysis and
a message appears.

Samples Per Buffer: Number of samples that are collected before a data packet is sent.
Compression Width: Compression width of the data. If the value is 0, no compression takes place.
Num Channels: Number of input channels (symbols) to be sent to the MQTT broker.

Use project hierarchy: Specifies whether the project hierarchy should be used in the MQTT topics.

MQTT port (optional): Port of the MQTT broker (e.g. 1883 for unencrypted, 8883 for TLS-encrypted
connections).

Host (optional): Host name or IP address of the MQTT broker.

User name (optional): User name for authentication on the MQTT broker.

User password (optional): Password for authentication on the MQTT broker.

Ca File (optional): Path to the CA certificate file for TLS-encrypted connections.
Cert File (optional): Path to the client certificate file for TLS-encrypted connections.
Key File (optional): Path to the private key file for TLS-encrypted connections.
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» Key password (optional): Password for the private key file.

Output values
* New Result: Shows TRUE if new data was successfully sent, otherwise FALSE.
» Lost samples: Number of samples that were discarded due to a buffer overflow.
» Sent Samples: Total number of successfully sent samples.
« Current Timestamp (optional): Specifies the timestamp of the last transmission.

5.2.2 C++ lambda functions

The C++ lambda functions offer the possibility to develop user-specific algorithms and integrate them into the
TwinCAT Analytics Workflow. To guide through the development of the algorithm, a lambda template is
available in the Visual Studio Toolbox.

4 Analytics - C++ Lambda Functions

I Pointer

C++ Lambda Function

The Lambda Template can be used to configure, program and publish the lambda function. After the
successful development of the lambda function, the algorithm is located in the toolbox group "Analytics - C++
Lambda Functions". In the further course, all subsequent steps of the Analytics workflow are available. For
example, the lambda function can be linked to the HMI controls. After deployment, the lambda functions are
available in the TwinCAT Analytics Runtime and are displayed on the generated HMI One Click Dashboard
after appropriate configuration.

5.2.21 Requirements

Overview of minimum requirements

The following minimum requirements must be met for the implementation and debugging of TwinCAT 3 C++
modules.
The following must be installed on the engineering PC:

* Microsoft Visual Studio 2017 or 2019 Professional / Enterprise.

o When installing Visual Studio, the Desktop development with C++ option must be additionally
selected, as this option is not selected with the automatic installation:
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nstalling — Visual Studio Professional 2019 — 16.7.0

Workloads Individual components Language packs

a Python development
Editing, debugging, intefdtive development and source
control for Python.

Installation locations

Node.js development
Build scalable network applications using Node.js, an

asynchronous event-driven JavaScript runtime

Desktop & Mobile (5)

®
.NET desktop development b Desktop development with C++
'—.J Build WPF, Windows Forms, and console applications using Build modern C++ apps for Windows using tools of your

vith .NET Core and .NET...

C#, Visual Basic, and F choice, including MSVC, Clang, CMake, or MSBuild.

ifying — Visual Studio Professional 2017 — 15.6.6

Workloads Individual components Language packs

Windows (3)

m M Universal Windows Platform development m .NET desktop development
Hl Create applications for the Universal Windows Platform 'J Build WPF, Windows Forms, and console applications using

with C# VB, JavaScript, or optionally C++. C# Visual Basic, and F#.

"‘I +J Desktop development with C=+

Build Windows desktop applications using the Microsoft
C++ toolset, ATL, or MFC.

« TwinCAT 3 installation (XAE engineering)
» XAE Shell is sufficient for integrating and using existing binary C++ modules in a TwinCAT 3 PLC
environment (Visual Studio is not required).
On the runtime PC:

* |IPC or Embedded CX PC with one of the operating systems Windows 10 or TwinCAT/BSD. Both 32
and 64-bit versions are supported.

* Microsoft Visual Studio does not have to be installed.
» TwinCAT 3.1 installation (XAR runtime)

5.2.2.2

A PC for engineering lambda functions and thus TwinCAT C++ modules must be prepared. You only have to
carry out these steps once per system:

Preparation - only once

» Configure the TwinCAT Basis as well as the configuration and platform toolbar.
» Create a test certificate to sign the modules

» Use the TcSignTool to store the certificate password outside the project

» Create an environment variable with the certificate name

When publishing the C++ Lambda function, an overview of the corresponding signature requirements is
output in the log file. The log file can be searched for "Checking Signing Preconditions" and the
corresponding error handling can be taken. A successful signing of the drivers looks like this:

ecking Signing Preconditions

ucceeded: Certificate folder 'C:\TwinCAT\3.1\CustomConfig\Certificates' is valid.

Succeeded: Environment variable 'TWI ERTIFICATENAME® is set with value 'TwinCATLfCertNew®.
a certificate 'TwinCATLfCertNew.tccert®.

Succeeded: Certificate folder *C:\TwinCAT\3.1\CustomConfig\Certificates’ contai
Succeeded: Environment variable *TWINCATTESTCERTIFICATE® is set with value ‘MyTestSigningCert”.

> Succeeded: One or more certificate p words are stored outside of the project with the TcSignTool.
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5.2.2.21 Visual Studio - TwinCAT XAE Base toolbar

Efficient engineering through TwinCAT XAE base toolbar

TwinCAT 3 integrates its own toolbar in the Visual Studio menu for better efficiency. It assists you in the
creation of C++ projects. This toolbar is automatically added to the Visual Studio menu by the TwinCAT 3
setup. If you wish to add it manually, however, do the following:

1. Open the View menu and select Toolbars\TwinCAT XAE Base

= The selected toolbar appears below the menu.

Dd TwinCAT I0-Project - Microsoft Visual Studio (Administrator)

File  Edit View Project Build Debug TwinCAT  TwinSAFE PLC Team  Tools Test Scope Analyze Win

P-0 | B-0-2 WP X | - ~| Release ~ | TwinCAT RT (x64) - P Attach.. =

e 'lal n ;.." =) | )] ',"_‘l <Local> 5 |

Soluf%n Explorer
@ o-5a|lp-=

Sear Solution Explorer (Ctrl+ ) P~

fa] Ziolution TwinCAT I0-Project’ (1 project)
4 ai[| TwinCAT I0-Project

L |

W'l Modulel.cpp & X
Untitledl « =2 CModulel

HRESULT hr = 5_0K;
m_Trace.Log{tlVerbose, FENTERA);

.ﬂ SYSTEM /f TODD: Add deinitialization code
MOTION m_Trace.Log(tlVerbose, FLEAVEA "hr=2x%@8x", hr
PLC return hr;

5.2.2.2.2 Module signing

For Windows and TwinCAT/BSD® runtime systems, TwinCAT C++ modules are signed with a certificate so
that they can be executed. Beckhoff RT Linux® systems do not recognize file-based signatures, so this step
can be omitted if Beckhoff RT Linux® alone is to be provided.

The signature ensures that only C++ software whose origin can be traced is executed on productive
systems.

The C++ modules are loaded by the TwinCAT runtime system and must be signed with a TwinCAT user
certificate.

For test purposes, certificates that cannot be verified can be used for signing. However, this is only possible
if the operating system is in test mode so that these certificates are not used on productive systems.

® No signing for engineering and Beckhoff RT Linux® target systems.

Only execution on Windows and TwinCAT/BSD® requires certificates — the engineering and
Beckhoff RT Linux® target systems do not.

Organizational separation of development and production software
Beckhoff recommends working organizationally with (at least) two certificates.

1. A certificate which is not countersigned, thus the test mode is needed for the development process.
This certificate can also be issued individually by each developer. The test systems are then set to test
mode.

2. Only the software that has passed the corresponding final tests is signed by a countersigned
certificate. This software can thus also be installed on machines and delivered.

Such a separation of development and operation ensures that only tested software runs on productive
systems.

5.2.2.2.2.1 TwinCAT

Versioned C++ projects are stored as binary in a TMX file (TwinCAT Module Executeable).
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For the implementation of TwinCAT 3 C++ modules, this compiled, executable TMX file must be signed with
a TwinCAT user certificate if it is to be loaded by the TwinCAT Runtime.

Signing

TwinCAT TMX files can only be loaded after a successful signing.

Signing on 32-bit and 64-bit systems

In contrast to the operating system signing, TwinCAT signing is intended for both 32-bit and 64-bit systems.
Thus, the test mode is also assumed for a test signing on 32-bit systems.

For signing a TMX file, a TwinCAT user certificate is required [P_243], which is configured accordingly in the
project for signing.

Test signing

The user certificate can be created locally in TwinCAT. As long as it is not countersigned by Beckhoff, it is
necessary to activate the test mode [P 243].

As soon as the TwinCAT user certificate has been countersigned by Beckhoff [P 245], the test mode can be
dispensed with accordingly. It can be deactivated in the same way as it is activated.

5.22.2.2.1.1 Test signing

The test signing for TwinCAT can be carried out with the same TwinCAT user certificate as for the actual
delivery (see Request TwinCAT 3 user certificate [P 246]).
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1. For test operation, e.g., during software development, it is sufficient to create a TwinCAT user certificate

[»_247]1. Make sure that you select the purpose "Sign TwinCAT C++ executable (*.tmx)". For this the
Crypto version 2 is required, a message appears.

Certficates  Database Users Groups  Object Protection  Rights

Name Unique Status lssue (UTC) Expire (UTC) Permissions
Create OEM Certificate >
OEM Mame: Chart
. | i ) ; | Cancel
OEM Certfficatt  Unique Mame (domain or e-mail address):
Create New.] | |
Import ... ] Certificate far:

Sigh user DB
Sigh OEM licenze request
QEM Authority Sign TwinCAT C++ executable [* tox)

Sign License

Create Temp*

Create New q Tt e Microsoft Visual Studic

Reissue E;a'54

OEM certificate for TwinCAT C++ executable signing must use crypto
version 2 which is supported by TwinCAT 3.1.4024 and newer. Change
crypto version?

oK Cancel

On XAR (and XAE, if it is a local test), activate the test mode so that the operating system can accept the
self-signed certificates. This can be done on both engineering systems (XAE) and runtime systems (XAR).

For Windows

Use the administrator prompt to execute the following:

bcdedit /set testsigning yes

and reboot the target system.

You may have to switch off "SecureBoot" for this, which can be done in the bios.

If test signing mode is enabled, this is displayed at the bottom right of the desktop. The system now accepts
all signed drivers for execution.

Test Mode
Windows 10 Enterprise

Build 19041.vb_release.191206-1406

For TwinCAT/BSD®

In the file /usr/local/etc/TwinCAT/3.1/TcRegistry.xml enter "<Value
Name="EnableTestSigning" Type="DW"1</Value>" under Key "System".
<Key Name="System">

<Value Name="RunAsDevice" Type="DW">1</Value>
<Value Name="RTimeMode" Type="DW">0</Value>
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<Value Name="AmsNetId" Type="BIN">052445B00101</Value>

<Value Name="LockedMemSize" Type="DW">33554432</Value>

<Value Name="EnableTestSigning" Type="DW">1</Value>
</Key>

Then restart the TwinCAT system service:

doas service TcSystemService restart

After the respective procedure, the system accepts all signed drivers for execution.

1. During the first activation (Activate Configuration) with a TwinCAT user certificate, the target system

detects that the certificate is not trusted and the activation process is aborted:

Error List
Entire Solution - ||@ 2 Errors H| 1 4Warnings |||0 18 Messages H Clear | | Build + IntelliSense -

Code  Description

27.08.2019 17:32:42 783 ms | TwinCAT System' (10000): Sending ams command »>> InitT\Load Driver: Load Versioned Classfactory 'C++ Module Vendor|Untitled1]0.0.0.1" = > AdsError: -

Q ERROR: General ADS Error) <<« failed!
[x] 27.08.201% 17:32:42 782 ms | 'TCOM Server' (10): Loading 'Ch\TwinCAT\3.1\Boot\Repositon\ C++ Module Vendor\Untitled 140.0.0.1\ Untitled1.trmx' failed

27.08.2019 17:32:42 782 ms | 'TCOM Sk'ver' (10): Impert 'C\TwinCAT\3. 1\ Target\OemCertificatestest.domain_dbD0be5e-e160-0177-d83e-2f0ddafdacfe.reg’ to add OEM to trusted list

For Windows:
A local user with administration rights can trust the certificate via the created REG file by simply

executing it:
» ThisPC * System (C:) » TwinCAT » 3.1 » Target » OemCertificates

| Mame Date modified Type Size

@ test.domain_db006e5e-2160-0177-d83e-2... 27.08.201917:32 Registration Entries 2 KB

o The keys and values contained in
CATwinCAT3. \Target\ OemCertif...\test.domain_db006e3e-e160-0177-d33e-2f0ddafdacfe.reg

have been successfully added to the registry.

For TwinCAT/BSD®:
If the "Tcimportcert" package is not installed, install it: pkg install TcImportCert

Trust the certificate via doas tcimportcert /usr/local/etc/TwinCAT/3.1/Target/
OemCertificates/<CreatedFile>.regq.

Then restart the TwinCAT System Service or reboot the system:

doas service TcSystemService restart

= This process only enables C++ modules with a signature from the trusted TwinCAT user certificates

to run.

2. Following this process you can use the TwinCAT user certificate for signing with the test mode of the

operating system.
This is configured in the project properties.

Use the TcSignTool [P 256] to avoid storing the password of the TwinCAT user certificate in the project,

where it would also end up in version management, for example.

If you want to use the TwinCAT user certificate without TestMode for delivery, you must have the certificate

countersigned by Beckhoff [P 245].

5.2.2.2.2.1.2 User certificates for delivery without test mode

® System requirements

1 - Min. TwinCAT 3.1 Build 4024
- Min. Windows 10 or TwinCAT/BSD® (on the target system)

With TwinCAT Build 4024, Beckhoff offers existing customers the issuing of a "TwinCAT 3 OEM user
certificate", which can be used for signing TMX files created with TwinCAT 3 in C++.
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» This certificate requires secure validation of the applicant data, since it is used in the Windows
environment. TwinCAT 3 user certificates must therefore be officially ordered for validation of the
address and contact data, and are only issued to existing Beckhoff customers.

* Order number: TC0008
» The issuing of this TwinCAT 3 user certificate is free of charge.
+ Directory for saving the certificate: C:\TwinCAT\3.1\CustomConfig\Certificates

The TwinCAT 3 user certificate is not required for using the TwinCAT 3 TMX files

The TwinCAT 3 user certificate is used exclusively for the one-time signing of the TMX files and is
not required for the use of the TMX files signed with it.

jmi o

On which computers is the TwinCAT 3 user certificate TC0008 required?

o
1 The TwinCAT 3 user certificate should be located exclusively on the engineering computer on which
the TMX files are signed - i.e. NOT on each target system.

Validity of the TwinCAT 3 user certificate

The validity of the TwinCAT 3 user certificate is limited to two years for security reasons.

® What happens if the certificate has expired?

You can no longer sign new TMX files.
However, the use of already signed TMX files is still possible without any restrictions.

You can apply for a renewal of your certificate before the expiry of the two years (and even after that).

To extend a TwinCAT 3 user certificate, the same process applies as for requesting a new certificate. In this
case, the certificate must also be ordered (the order numbers for a certificate extension are the same as for
a new certificate request).

In contrast to a new certificate, you do not generate a new OEM Certificate Request File but send your
existing certificate to the Beckhoff certificate section for renewal. Please notify us in the email that this is a
certificate extension and not a new issue. Otherwise, the same criteria apply regarding the content of the
email as for the application for a new certificate.

The existing certificate receives a new expiration date, is then re-signed and is valid for another 2 years.

The newly signed certificate is thus fully compatible with the original version.

5.2.2.2.21.21 Request TwinCAT 3 user certificate

Overview of the ordering and validation process

An official order is required to request a TwinCAT user certificate.
* Order number: TC0008 (TwinCAT 3 Certificate Extended Validation)
» The issuing (and renewal) of a TwinCAT 3 user certificate is free of charge.

+ Since a TwinCAT 3 user certificate is a digital ID card, verification of the inquirer's contact data is
required according to the usual market standards.

» A TwinCAT 3 user certificate is therefore only issued to existing Beckhoff customers.

Overview of the ordering and validation process

d Your email address must be a company email account (freemailers such as GMail or similar are not
permitted) and correspond with the company name of the inquirer.

1. Contact your Beckhoff sales contact and announce the request of a TwinCAT 3 OEM certificate. Order
"TC0007" or "TC0008".
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2. Important: as the inquirer, please provide your contact details as the delivery address (= contact name
and email address) and the area of use of the certificate (company name, address).

3. The contact details provided in the order will be verified and you (the inquirer named in the delivery
address) will be contacted by Beckhoff Sales.

4. When requesting a new OEM certificate, Creation of the Certificate Request file for TCO008 [P 247].

5. Determine the "File Fingerprint" of the OEM certificate file using TwinCAT Engineering (see
Determining the file fingerprint of the OEM cetrtificate file [ 250]). Please inform the Beckhoff sales
contact of this File Fingerprint as part of your contact data verification. The transmission of the File

Fingerprint must be done by a different communication channel than the one used for sending the
OEM certificate request file.

6. Now send the "OEM certificate file" to the Beckhoff sales contact.

7. After signing the certificate file at the Beckhoff headquarters, you will receive it by e-mail from your
contact person.

Please note that it may take a few days to validate your contact details and issue the certificate.

5.2.2.2.21.2.2 Creation of the Certificate Request file for TC0008

® System requirements

1 - Min. TwinCAT 3.1 Build 4024
- Min. Windows 10 or TwinCAT/BSD® (on the target system)

1. Call up the Software Protection configurator. To do this, select the menu item Software Protection in
the main menu below the item TwinCAT:

ﬂ] Microsoft Visual Studio
File Edit View Project Debug TwinCAT | TwinSAFE  PLC
. . | = - - G Windows *

A E|H#

= e Software Protection...

41

File Handling *
EtherCAT Devices 4

About TwinCAT
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2. In the window that opens, select the Certificates tab.
Click Create New

_____ 0 >
Cerificates Database Users Groups Object Protection  Rights
Mame Unique Status lzsue (UTC) Bxpire (UTC)
OEM Certificate [ Extended Info
Create Mew...
Impart ...
QK Abbrechen
3. The Create OEM Certificate input window opens:
Software Protection =
Cerificates Database Users Groups Object Protection  Rights
Mame Inique Status lssue (UTC)
Create OEM Certificate >
DEM Mame: Shart
“ | Cancel
OEM Certificatt  Unigue M ame [domain or e-mail address];
Create Newi | |
Import ... 1 Certificate for;
Sign uzer DB
Sign OEM licenze request
[ ]5ign TwinCAT C++ executable [t
Crypto Wersion: 2 W
QK Abbrechen

4. Enter the required data:

» Enter your company name in the OEM Name text field. The name must have a clear reference to your
company or your business unit.
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» Enter a Unique Name. The "OEM Unique Name" must be a unique name that uniquely identifies the
owner of the certificate worldwide, preferably the URL of your company's website or your email
address. The email address must be a company email address, i.e. it must be possible to assign it
unambiguously to your company.

* Check the checkbox Sign TwinCAT C++ executables:

Cerficates Database Users Groups Object Protection Rights

Name Unique Status Issue (UTC)

Create OEM Certificate 4
OEM Mame: Stat
“ ] Cancel 0

OEM Cetficat  Lnique Name (domain or e-mail address}

Import ... Certificate for:
[ Sign uses DB
ign OEM I i
Sign TwinCAT Ce+ executable [* tmx)

Crypto Version: 2 i

OK Abbrechen

If you only want to sign TwinCAT driver software with this certificate, uncheck the other two
checkboxes. (These are only used in the PLC area)

» Make sure that Crypto version 2 (for the encrypted content of the certificate content) is set. (default
setting)

5. Once you have entered the data, click Start and select a directory to save the file.
You can simply accept the suggested directory "c:\twincat\3.1\customconfig\certificates". You
need the newly created file in this directory in order to be able to read out the "File Fingerprint" for
this file [»_250] in a subsequent step.

= A dialog for selecting a password for the OEM Private Key opens.

6. Issue a password for the OEM Private Key.
Password security - Be sure to use a strong password for your certificate! Take suitable
measures to protect your password so that it cannot fall into the wrong hands!
Password cannot be recovered if lost - Beckhoff cannot recover or reset your password. If you
forget or lose the password for your certificate, you can no longer use it and have to request a
new certificate.
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7. Confirm the password by entering it again and close the dialog with OK.

Enter encryption password to protect private key X
Password: | sesssessessssese | Cancel
Verify: | sosescsseecseses |

= The file is saved.

The "Certificate Request File" generated in this way must now be signed by the Beckhoff certificate section
in order to be valid. The procedure is described in chapter Requesting a certificate [»_246].

5.2.2.2.2.1.2.3 Determining the file fingerprint of the OEM certificate file
You need this functionality to request a TwinCAT OEM Certificate Extended Validation (TC0008).

® System requirements
1 This functionality requires TwinCAT 3.1 Build 4024 of higher.

@ The OEM Certificate Request File becomes the TwinCAT OEM certificate once it is signed by
Beckhoff. The files do not differ except for this signature. For this reason, the term "TwinCAT OEM
1 certificate file" is used for both file versions in the following sections.

Reading the "file fingerprint” of an OEM certificate file via TwinCAT 3 Engineering

For this function it is necessary that the OEM certificate file is located in this directory: "c:
\twincat\3.1\customconfig\certificates".

This directory contains your OEM certificate, if you already have a certificate and want to renew it.

If you did not change the suggested directory when creating the "OEM Certificate Request File", the file is
already in this directory.

Procedure:
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1. Call up the TwinCAT 3 Software Protection configurator.

E‘QJ Start Page - Microsoft Visual Studic

File  Edit VWiew | TwinCAT | TwinSAFE PLC  Te:
- = | #3 «| & Software Protection...
Chaage Active User...

Solution Explorer Show ‘ealtime Ethernet...

|ﬁ Filel Sz ware Protection
Ethi =
| Cerificates |Database Users Groups Object Protection  Rights
@l TP
Tar Demld Fingerprint A
Filk 4-7FeEARAA. TEE MW—EBDD-EMF—FBE?—EE?F&W—ER&FAEDEJ
Abg .
i
,
£ g ," >
QEM Cerificate Extended Info
Create Mew...
Import ..

2. Select the Certificates tab.
Check the Extended Info checkbox.

4. In the window scroll to the right until you see the Fingerprint column. (As an alternative, you can
simply double-click the certificate line. The Fingerprint file is then displayed in a pop-up window:

w

licrosoft Visual Studio pe

OEM Certificate 'Beckhoff_2' has fingerprint
'A231-B835-33AF-FO66-6E6TF-B4F7-2320D0 - ARAR

oK

d The shortcut [Ctrl] + [C] can be used to copy the fingerprint data from the message window to the
Windows clipboard.
5.2.2.2.21.2.4 Saving the signed TwinCAT user certificate

Recommended directory for saving the certificate: C:\TwinCAT\3.1\CustomConfig\Certificates

® System requirements

1 - Min. TwinCAT 3.1 Build 4024
- Min. Windows 10 or TwinCAT/BSD® (on the target system)
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® The TwinCAT 3 user certificate is not required for using the TwinCAT 3 TMX files

1 The TwinCAT 3 user certificate is used exclusively for the one-time signing of the TMX files and is
not required for the use of the TMX files signed with it.

® On which computers is the TwinCAT 3 user certificate TC0008 required?

1 The TwinCAT 3 user certificate should be located exclusively on the engineering computer on which
the TMX files are signed - i.e. NOT on each target system.

5.22.2.2.2 Operating system

Migration to TMX with TwinCAT Loader recommended

Since TwinCAT 3.1 4024.0 versioned C++ projects are available, whose binaries can be loaded directly
from TwinCAT. Migration is recommended!

For the implementation of TwinCAT 3 C++ modules on x64 platforms, the driver (*.sys file) must be signed
with a certificate if it is to be loaded by the operating system.

The signature, which is automatically executed during the TwinCAT 3 build process, is used by 64-bit
Windows operating systems for the authentication of the drivers.

A certificate is required to sign a driver._This Microsoft documentation describes the process and
background knowledge for obtaining a test and release certificate that is accepted by 64-bit Windows
operating systems.

To use such a certificate in TwinCAT 3, configure the step after compiling your x64 build target as
documented in "Creating a test certificate for test mode [P 252]".

Test certificates
For testing purposes, self-signed test certificates can be created and used without technical limitations.

The following tutorials describe how to enable this option.
To create drivers with real certificates for production machines, this option must be disabled.

« Creating a test certificate for test mode [P 252]
» Delete (test) certificates [P 254]

Further references:

MSDN, MakeCert test certificates (Windows drivers),
https://docs.microsoft.com/en-us/windows-hardware/drivers/install/makecert-test-certificate

5.22.2.2.2.1 Test signing

Overview
Implementing TwinCAT 3 C++ modules for x64 platforms requires signing the driver with a certificate.

This article describes how to create and install a test certificate for testing a C++ driver.

® Note the procedure when creating test certificates

Developers may have a wide range of tools for creating certificates themselves. Please follow this
description exactly to activate the test certificate mechanism.

The following commands must be executed from a command line that has been opened in either way:
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+ Command prompt from Microsoft Visual Studio 2010 / 2012 with administrator rights. (Via: All
Programs -> Microsoft Visual Studio 2010/2012 -> Visual Studio Tools -> Visual Studio Command
Prompt, then right-click Run as administrator)

* Developer Command Prompt from Microsoft Visual Studio 2017 / 2019 with administrator
rights.. (Via: All Programs -> Visual Studio 2017 -> Visual Studio Command Prompt for VS
2017/2019, then right-click on Run as administrator)

* Only if the WINDDK has been installed:
Normal prompt (Start ->Command Prompt) with administrator rights, then change to directory
%WINDDK7%\bin\x86\, which contains the corresponding tools.

1. On XAE:

In the engineering system, enter the following command in the Microsoft Visual Studio 2010 / 2012
command prompt with administrator rights (see note above):
makecert -r -pe -ss PrivateCertStore -n CN=MyTestSigningCert

MyTestSigningCert.cer

(If you do not have access rights to the PrivateCertStore, you can use a different storage location.

This must also be used in the PostBuild event [P 256].)

= This is followed by creation of a self-signed certificate, which is stored in the file
"MyTestSigningCert.cer" and in the Windows Certificate Store.

= Check the result with mmc (Use File->Add/Remove Snap-in->Certificates):

ﬁ certmgr - [Certificates - Current User\PrivateCertStore\Certificates

File Action View Help

= #E = HE

EE_}‘ Certificates - Current User
» || Personal
» || Trusted Root Certification Authorities

» [ Other People
» [ ] PC-Doctor, Inc.
4 || PrivateCertStore
| Certificates
» [ Certificate Enrollment Requests
» || Smart Card Trusted Roots

2. On XAE:

LsuedTo Issued By Expiration Date  Intended Purposes  Friendly Mar
mMyTestSigningCert MyTestSigningCert 01.01.2040 <All= <Maone>

configure the certificate so that it is recognized by TwinCAT XAE on the engineering system.

Set the environment variable TWINCATTESTCERTIFICATE to "MyTestSigningCert" in the engineering
system or edit the post build event of Debug|TwinCAT RT (x64) and Release|TwinCAT RT (x64).

The name of the variable is NOT the name of the certificate file, but the CN name (in this case

MyTestSigningCert).

o From TwinCAT 3.1 4024.0, the configuration of the certificate to be used is carried out under Tc
Sign in the project properties. To use signing via the operating system, as described here, please
pay attention to the project settings.

Untitled1 Property Pages

Configuration: | Release

| Platform: | Active{TwinCAT RT (x54))

4 Configuration Properties + Enable signing

General 5HAT signing Yes
Debugging SHAZ36 signing Mo
VC++ Directories TwinCAT signing Mo
Te SDK ~  TwinCAT Certificate {Same for all configurations)
Tc bxtract Version TwinCAT Certificate Name
Tc UbliSh TwinCAT Certificate Password

Verbose Qutput Mo
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On XAR (and XAE, if it is a local test), activate the test mode so that the operating system can accept the
self-signed certificates. This can be done on both engineering systems (XAE) and runtime systems (XAR).

For Windows

Use the administrator prompt to execute the following:

bcdedit /set testsigning yes

and reboot the target system.

You may have to switch off "SecureBoot" for this, which can be done in the bios.

If test signing mode is enabled, this is displayed at the bottom right of the desktop. The system now accepts
all signed drivers for execution.

Test Mode
Windows 10 Enterprise

Build 19041.vb_release.191206-1406

After the respective procedure, the system accepts all signed drivers for execution.

1. Test whether a configuration with a TwinCAT module implemented in a TwinCAT C++ driver can be
enabled and started on the target system.

= Compilation of the x64 driver generates the following output:

Show output from:  Build - € a

1p==nm=- Build started: Project: Untitled2, Configuration: Debug TwinCAT RT (x64) ------

1> header file << C:\TwinCAT\3.I\SDK\\_products\TwinCAT RT (x64)\DebugiUntitled2\\Untitled2Version.h »> is up-to-date!
1> TcPch.cpp

1> Modulel.cpp

1» Untitled2ClassFactory.cpp

1> Untitled2Driver.cpp

1> Untitled2.vexproj -»> C:A\TwinCATA3.I\SDK\\_products\TwinCAT RT (x64)\Debug\Untitled2.sys

1> The following certificate was selected:

1> Issued to: MyTestSigningCert

1> Issued by: MyTestSigningCert

1> Expires: Sun Jan 81 @8:59:59 2848

1> 5HA1 hash: E27ABBEBABCTECEC36DFDDE93DDF2I486D1EESB2ZE

1> Done Adding Additional Store

1> Successfully signed and timestamped: C:\TwinCAT\3.1\SDK\\_products\TwinCAT RT (x64)\Debug\Untitled2.sys
1> MNumber of files successfully Signed: 1

1> MNumber of warnings: 8

1> MNumber of errors: @

References:
MSDN, MakeCert test certificates (Windows drivers),

https://docs.microsoft.com/en-us/windows-hardware/drivers/install/makecert-test-certificate

5.2.2.2.2.2.2 Delete test certificate

This article is about how to delete a test certificate.

Overview

A certificate can be deleted with the Microsoft Management Console:
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1. Start the management console MMC.exe via the Start menu or the user interface.

@ Fle  Action View Fawontes ‘Window Melp 5

&= = BE

| Conscle Root Mame Actisns
Consale oot

More Actions

There are no items 1o show in this view,

2. Click in the menu on File -> Add/Remove Snap-in.. and select the certificate snap-in for the current
user; conclude with OK.

You can select snap-ins for this console from those avaiable on your computer and configure the selected set of snap-ns. For

extensible snag-ins, you can configure which extensions are enabled,

Avaidable snap-ns: Selected snap-ns:

s S al 7 Console Root Edit Extensions... |
4 ET Framework 2.0... Miaosoft Cor... o Certiicates - Current User

= AckiveX Control Micresoft Cor...

ﬁmﬂ'roﬁzamrﬂ‘lﬂﬁgﬂ Micresolft Cor... |=

[ Certificates Microsoft Cor, ..

s Component Services  Microsoft Cor,.. =
;ﬁ_'cmwwm..- Microsoft Cor... l-Tﬂl*_J :
o= Device Manager Micresoft Cor... -

o= Disk. Management Microsoft and...

[8] Event viswer Microsoft Cor...

| Folder Microsoft Cor....

i Group Policy Object ... Microsafft Cor...
M 1P Security Monitor Microsoft Cor...
_.Etp_s-em.r,{pohc_ym... Moosoft Cor... _ K e

Description:
The Certificates snap-in alows you to browse the contents of the certficate stores for yourself, a service, or & computer.

I’ ook || cance

= The certificates are listed in the node under PrivateCertStore/Certificates.
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3. Select the certificate to be deleted.

'i File Action View Favontes Window Help - = ;
oo sEFol==HE

Conscle Root Issued To ’ lssued By Expiration Date  Intended Pusposes || Actions

a [F Certificates - Cumrent User
Personal
= Trusted Root Cetification Authorities
Enterpnze Trust
Intermediate Certification Authosties
Active Directory User Object
| Trusted Publshers
Untrusted Cenificates
~ Third-Party Root Cestification Autharities
Trusted People
Ogher Pecple
& PrivateCenStone
1 Certificates
Certificate Ensollrment Requests
Sevart Card Trusted Roets

Col Beckhatf.comiTest) Beckhedl.com{Tem) 1/1/2080 <Al Centificates -
o My TestSigningCent My T estSegningCent 1/1/2040 <Al More Adions b
Lol Te3TestCort TeiTeuCent 17172040 <Al

ProvateCertStare store contsins 3 certificates.

5.2.2.2.2.2.3 Windows driver without test mode

For Windows operating systems the driver has to be signed via "Attestation Signing". This requires an EV
certificate.

Microsoft provides relevant instructions: https://docs.microsoft.com/en-us/windows-hardware/drivers/
dashboard/attestation-signing-a-kernel-driver-for-public-release
he drivers created in this way are also suitable for devices that have secure boot enabled.

Microsoft announced that the previous procedure using CrossSigning certificates (signing tool with

parameter /ac) will be discontinued from July 2021. It can no longer be used (depending on the expiry date
of the individual CrossSigning certificate).

Versioned C++ projects, which are loaded via the TwinCAT Loader, have been available for TwinCAT C++
for some time, so that they are not drivers in the sense of the operating system. Beckhoff therefore
recommends using versioned C++ projects.

A guide is available in the How-to section for the migration of TwinCAT C++ drivers to versioned C++
projects.

5.22.2.3 TcSignTool - Storage of the certificate password outside the project

The TcSignTool can be used to store a password for a TwinCAT user certificate in the registry. Thus, the
password is not needed in the projects, where the passwords would end up unintentionally in version control
systems.

The TcSignTool is a command line program located in the path C:\TwinCAT\3. 1\sdk\Bin\ or C:\Program Files
(x86)\Beckhof\ TwinCAT\3. 1\SDK\Bin.

The storage of the password is carried out with the following parameters:

tcsigntool grant /f "..CustomConfig\Certificates\MyCertificate.tccert" /p MyPassword

The password is deleted with the following parameters:

tcsigntool grant /f "..CustomConfig\Certificates\MyCertificate.tccert" /r

The unencrypted password is stored under: HKEY CURRENT USER\SOFTWARE\Beckhoff\TcSignTool\

5.2.2.24 Environment variables

Finally, two environment variables must be created with the certificate name. These are read during the
generation of the lambda function and sign the lambda function with the corresponding certificates.
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Variable name

Variable value

TWINCATTESTCERTIFICATE

<Operating System Certificate Name> (e.g.
MyTestSigningCert)

TWINCATCERTIFICATENAME

<TwinCAT certificate name> (e.g. TwinCAT TestCert)

1 The file extensions (.cert and .tccert) must not be included.

5.2.2.3 Lambda Template

C++ Lambda Function

Na GV

A

/o

<f>

Status:

Ready

testing

The lambda template guides through the development of a lambda function. Within the parameter area there
is a control. This control contains four buttons for configuring, programming and publishing the lambda
function. The fourth button is for viewing the log files of the development process. A status bar provides
additional information during the process. A drop-down menu at the bottom right offers the possibility to
choose between a release and a testing version of the lambda function.

Configuring the lambda function

The first button from the left opens a wizard. With the help of this wizard you can configure the lambda

function.

ﬂ Lambda Function Wizard
Creation
Symbaole editor

Creation

Create with
template

[

Create with
blueprint

Import
Function

Function Name
Myla mhdaTut:-.'ua(

TE3510
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On the first page you can choose between three modes. The first mode is called Template. With this mode
new lambda functions can be developed. All files and dependencies are prepared in a template and can be
implemented with user-specific logic.

@ Lambda Function Wizard x
Creation
Creation
% Create with E Create with by [ POt
template . blueprint Function
Blueprint

E Trigonometric | | | Label ' P
functions B Encoding B

Function Name
.M:.IL.a mbdaTngFu n:tuc'nsl

The second mode is called Blueprint. There are three blueprints already implemented in each case. There is
a blueprint for calculating trigonometric functions, for label encoding and for calculating covariance. These
blueprints serve as an example configuration and implementation of a lambda function. More detailed
information is available at the following link (see: Lambda Blueprints [»_265]).

Via the third mode you import exported lambda functions. With a click on the button Import Function, an
Open File dialog opens. Then you can select the exported lambda function, which should be available as a
ZIP archive. As soon as the lambda function is imported, the name can be recognized and the configured
symbols are shown on the next page.

The name of the lambda function can be selected individually. However, the version number in the name of
the lambda function should not be adjusted or changed. Otherwise, the proper use of the lambda functions
may be impaired. Also the function name should contain at least four characters.

On the second page of the wizard you configure the symbols and variables of the lambda function.

In the Blueprint mode, some symbols are already preconfigured.
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I Lambda Function Wizard o
bt Caatpe - Tpe
| LREAL E' ' Primitive E'
_)I Inputs Category Name Datatype Type  Count Visualization
_,I Dataln LREAL Primitive 1 |m:I X
I_) Outputs |_) DataOut LREAL Primitive 1 Resul |4
m -

E Trig_function STRING(255) Primitive 1

E Parameters

m InternalVars

) o]

In the template mode the list of symbols is empty. As shown in the following figure, you can configure user-
specific symbols.
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E Lambda Function Wizard ”
;ynhu::ndlur Datatype Type
LREAL EJ Primitive E|
' —)I Inputs Category MName Datatype  Type Count Visualization
_)l Summand! LREAL Primitive 1 Input ] K
I_, Outputs _)l Summand? LREAL Primitive 1 input | (3¢
. I_) Sum LREAL Primitive 1 Resul '[ %

E Parameters
m InternalVars

& Back v/ Create
(< Back |

Use the two drop-down boxes at the very top of the page to select the data type and the data structure type,
respectively.

Available data types
LREAL REAL BOOL WORD INT
LINT ULINT LTIME STRING(255)

For the data structure types you can choose between primitive and array.

Use the buttons on the right to add the variables with the selected data type and data structure type.

Internal variables are member variables. They are not displayed in the algorithm interface and cannot be
linked in Analytics Workbench. Their purpose is to store variable values over cycles.

If the data structure type Array is selected for a variable, the size of the array can be specified in the Count
column of the variable. To create multi-dimensional arrays, the dimensions must be separated with the letter
"x" (example: 2x4).

You can configure the visualization of the symbol in the Workbench using the drop-down menu. Depending
on the data type, different visualizations are possible. Undefined visualizations are not possible. No
visualization can be selected for the internal variables because they are not displayed in the Workbench. The
following visualizations are possible for the respective data types for inputs, outputs and parameters:
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Data type Visualization Sample
STRING(255) String (Input)
String (Output) .
Qutput String String Result
String (Parameter) Sogtedl  sungren
FileOpen/FileSave (Parameter) — oA naoatieni] [
ULINT Timestamp (Output) Last Event 15.11.2021 11:14:57.048
BOOL Boolean (Input) EriviEceriz: e crrtrem
Bool
oolean (Output) New Result —
Boolean (Parameter) T
REAL InpUt (InpUt) Input Variables.fTriangular @ Virtual Input (2).._ || 14508
Result (Output)
Avg -0,224
INT Count (Output) o E
LINT Ti Output
imespan (Output) Elapsed Time T
Clock (Parameter) — R
Interval (Parameter) [
WORD DayOfWeekMask (Parameter) — T T e TR P T
LREAL InpUt (lnPUt) Input VariablesfTriangular @ Virtual Input (2],.. || 1,4508
Result (Output)
Avg -0,224
Level (Parameter) T

After clicking the Create button, the C++ project is generated in the background and the wizard is closed.

Programming the lambda function

C++ Lambda Function

Na G v

A

M|l A

Status: Ready

A

testing

After you click the second button, the C++ project will be added to the Solution Explorer. The project
contains all files, dependencies and configuration to develop an executable TcCOM module for the Analytics
Workbench as well as for use in a real-time context.
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BECKHOFF

File Edit View Project Build Debug TwinCAT ~TwinCATHMI TwinSAFE PLC Tesm Scope Tools

[2-
|

4] TwinCaT! ject?] - Mi s
ie-olB-n-amd|yd

Build 4024.17 (Loaded) = < |
& [ Solution Explorer B

: G- o-a@| o p-]
Bl <2 ch Solution Explorer (Ctri+a) p-
Bl 5 Solution TwinCAT Measurement Project21" (2 pre
4 MyLambdaTutorial_v1

b vu References

P 1 External Dependencies

b
b
»
»

F MylambdaTutorial v1Artifacts props
4 [l TwinCAT Measurement Project21
4 [ Anatytics Project

4 [ Network

A Co Lambda Function
Dashboard

4 [l mputs

Al Virtual Mappings

|l sources

NGNSt Team Explorer Class View

[ Htem(s) Saved

Test Analyze  Window Help

~]© lambda_handler(Lf _Input & Inputs, Lf_Output & Outputs)

Search Error List

| Debug - TinCATCET(ARMV]) - b TuinCATDebugger -
LF MyLambdsTutoriavl.cpp = X [NRSSY
i MyLambdlsTutorialv1 -] 3 CL_CppModulehlyLambdsTutoral w1
1 #include "TcPch.h"
2 #pragma hdrstop
4 #include "L CppModuleMylambdaTutorial vi.h"
5
6
7 BHRESULT CLf_CppModuleMyLambdaTutorial v1::lambda_init(Lf_Input& Inputs, Lf Output® Outputs){
8 // TODO: Add any additional initialization
9 HRESULT hr = 5_0K;
10
1 return hr;
12 |}
13
14
15 EHRESULT CLf_CppModuleMyLambdaTutorial vi::lambda_handler(Lf_Input& Inputs, Lf_Output& Outputs){
16 // TODO: Add your cyclic logic
17 HRESULT hr = S_0K;
18 Outputs.Sum = Inputs.Summandl + Inputs.Summand2;
19 return hrj
20 |}
05% <
ErrorList
Entire Solution ~|[@ 0knors || 4 OWamings | @ oMesseges | Clear |[¥r|| Build onty -

7 Code Description ~

Ln1g

Col 52

Ch 50 INS

& | Quick Launch (Ctrl+Q) P - O x
L I

- “ax

~ | search Toolbox P-

1 4 Analytics - Base -

Pointer
Edge Counter 1Ch

Edge Counter OnOff 1Ch
Edge Counter OnOff 2Ch
Event Timing Analysis 1Ch
Event Timing Analysis 2Ch
Timing Analysis 1Ch
Lifecycle Analysis 1Ch
Lifetime Analysis 1Ch

Min Max Avg 1Ch

Min Max Avg Interval 1Ch
Moving Average 1Ch
Moving Interval Counter 1Ch
Interval Piece Counter 1Ch
Timer 1Ch

Productivity Interval 1Ch

Signal Generator 1Ch
Downsampling 1Ch
BatchNShift 1Ch
4 Analytics - Clessification

N Pointer
Threshold Classifier 1Ch
Threshold String Classifier 1Ch
State Histogram 1Ch
Banduwidth Classifier 1Ch
Time Based Envelope 1Ch
Histogram 1Ch
Bandwidth Classifier 3Ch
Curve Sketcher 1Ch

HESRRMBONMRY % LCLOOOREEN ~

FHM=EHR=E==

<» Numerical Compare 1Ch

RO oroperties

A Add to Source Control

The automatically opened file contains several encapsulated functions. The so-called lambda_init method is
for the initialization of variables. The lambda_handler method is executed cyclically. The lambda_uninit
method is for deinitializing variables. In both methods the inputs, outputs, parameters and internal variables
are available as structures in the method parameters. The following inputs and outputs are available by
default in the lambda functions.

Category Symbol name Data type Description Visibility
Input tTimestamp ULINT The variable contains the TwinCAT |Hidden
timestamp.
bReset BOOL The variable resets the configured |Optional
symbols.
bEnableExecution BOOL The variable activates the Optional
lambda_handler method.
Output bNewResult BOOL The variable indicates whether the |Optional
algorithm returns new results.

Variables created within the methods lose their content after one cycle. Internal variables offer the
possibilities to store variable values over cycles. An object named "m_FileHandler" is available in the two
Lambda methods. You must initialize this object once, if you have not already done so. Then you can use
the two functions "ReadFile" and "WriteFile" of the object. The functions have the following properties:

Function name |Parameter Return value
InitFileHandlingBa |ITComObjectServ Hresult
se er ipSrv
ReadFile PCCH filename |Std::string* bool* Hresult
value bNewResult
WriteFile PCCH filename |Std::string Std::string mode |bool* blsWritten |Hresult
value

In TwinCAT Analytics Workbench, file access is synchronous, whereas in Analytics Runtime it is
asynchronous. This feature is automatically distinguished in the methods. In case of an asynchronous read
access, the method does not return the read value in the same cycle. Only as soon as the parameter
bNewResult returns the value true, the parameter value contains the read value. With asynchronous write
access, the data is stored internally and written at the next opportunity. Once the data is written, the
blsWritten parameter returns true. You can use the two parameters bNewResult and blsWritten analogously
for a synchronous file access. The following figure shows an example usage of the file access in the lambda

functions:
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P MyLambdaTutorial v1 ~| > CLf_CppModuleMyLambdaTutorial v1 ~1® lambda_handler(Lf_Input & Inputs, Lf_Output & Outputs, ParameterStruct & Paran ~ f Search Toolbox. P~
1 #include "TcPch.h” + ) 4 Anaitics - Base -
#pragma hdrstop - k  Pointer
F Edge Counter 1Ch
#include "Lf_CppModuleMyLambdaTutorial vi.h" Edge Counter OnOf 1Ch
Edge Counter OnOff 2Ch

b 15 External Dependencies
4 4. Lambda Function Files

#+ LF_MyLambdaTutorial v.cpp.
[ LF_MylambdaTutorial v1.h
Resource Files

i
TainCAT
il
 MyLambdsTutorialvIAifactsprops
4 [l TwinCAT Messurement Project21
4 [l Anslytics Project
4 [ Network
A MylambdsTutorialv1
Dashboard
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4 Virtusl Mappings
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4 [l Sources
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) VarisblessHelloWorld

3
3
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Solution Explorer [FES= YR

[ Ready

// TODO: Add any additional initialization
HRESULT hr = S_OK;

return hr;

// TODO: Add your cyclic logic
HRESULT hr = S_OK;
if (Im_FileHandler.IsInitialized)
hr = m_FileHandler.InitFileHandlingBase(m_spSrv);

/1 Write
bool TsWritten = false;
hr = m_FileHandler.WriteFile(Parancters.WriteFilePath, Inputs.Text, "a", &IsWritten);

// Read
bool NewResult = false;
hr = m_FileHandler.ReadFile(Parancters.ReadFilePath, &Value, &NewResult);
= if (NewResult)
strepy (Outputs.ReadText, Value.c_str());

¥
Outputs.bNewResult = NewResult;
return hr;

1145

Show output from: el I

Target Browser _Error List QRANY Find Symbol Results

Ln17

Create the project as usual in Visual Studio to check the syntax.

Col23

SHRESULT CLf_CppModuleMylambdaTutorial vi: :lambda_init(Lf_Input& Inputs, Lf_Output& Outputs, ParameterStruct& Parameters){

SHRESULT CLf_CppModuleMyLambdaTutorial vi::lambda_handler(Lf_Input& Inputs, Lf_Output& Outputs, ParameterStruct& Parameters){
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In the header file in the "Lambda Function Files" folder you can declare user-specific objects and methods.

A TwinCAT

Studi

File Edit View Project Buld Debug TwinCAT TwinCATHMI TwinSAFE PLC Team Scope Tools Test Andlyze Window Help

-0 @ -a-2 M| XA |90 - Debug ~| TwinCATCE7 (ARMVT) - D TwinCAT Debugger ~ | & License
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b 15 Extemal Dependencies 5 Bclass LambdaExtension
4 2 Lambda Function Files 6
b+ LF MylambdaTutorial vi.cop 7 public:
b B LFMylambdaTutorial vi.h 8 //<Lambda0bjects>
b 45 Resource Files 9 std: :vector<double> Buffer;
b T 10 //</LambdaObjects>
b i TwinCAT p
b 11
’ b Tl Arfct 12 || |//<Lambdabethods>
tyLambdaTutorial v Artifacts.props .
4 [l TwinCATMeasurement Project2! L double Sum(double 2, double b);
& Bl Avsytis Project 14 | //</LambdaMethods>
4[5 Network 15 35
A Cr+ Lambda Function 16
Dashboard
4 |l inputs
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il sources
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4 Analytics - Compare.
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4 Addto Source Control ~

Above the class "LambdaExtension" libraries can be included. Within the class, objects and methods can be
declared and used in the lambda functions. The newly declared methods can be implemented below the two

lambda functions.
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After the logic is integrated, you need to save the project. Then switch back to the lambda template in the

Analytics project.

If sufficient know-how in dealing with TcCOM modules is available, the C++ project can be extended
individually. If the TcCOM modules are used improperly, errors may occur during subsequent steps of the
lambda functions. More information on the development of TcCOM modules can be found at the following

link TwinCAT C++ development.

Publishing the lambda function

Before publishing, you can configure the type of lambda function using the drop-down menu at the bottom

right.

C++ Lambda Function

Na GV

/o

As

Au

A

A

Status: Ready

testing -

S
testing

A lambda function of type "testing" contains the control with the four buttons for developing lambda functions.
This type is useful during the development and testing phase.

MylambdaTutorial_v1

Na GV

Summand1 Variables.fStairs @ Vi, |¥| 4
Summand2 Variables.fTriangular... 1,822 > &

A

Status: Ready

testing v

Sum

5822

Once the lambda function is working, select the "release" type. After clicking the third button, a Release

Wizard opens.
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m Lambda Function Release Wizard *

Configurations

Release Configuration

Final Function Name:

| MylLambdaTutonal v2

Function Icons:
lcon 256 x 256 px lcon 16 x 16 px

. )

Group Mame
C++ Lambda Functions E

Map HMI Contral: @

The wizard offers the possibility to assign a final name and select individual icons. One icon with 256 x 256
pixels and one icon with 16 x 16 pixels must be selected. Alternatively, you can continue to use the Lambda
icons. Use the drop-down menu to assign the lambda function to a specific group in the toolbox. By default,
the "C++ Lambda Functions" group is selected. For example, a final lambda function can be placed in the
"Analytics - Base" section of the toolbox. If the "Map HMI Control" checkbox is activated, a wizard for linking
HMI controls with the lambda function opens after publishing. In Analytics HMI Control Manager, the points
for module selection are preselected directly with the corresponding lambda function (see also Use

customized and own controls [» 382]). Use the Create button to generate the lambda function.

MyLambdaTutorial_v2 | ey
Summand1 <Empty> v - Sum Empty
LN —

After successful publishing, the lambda template is automatically replaced by the newly generated lambda
function.

Viewing the log files

If an error occurs while publishing the lambda function, it is shown in the status display and the log file can
be viewed via the fourth button.

5.2.2.4 Lambda Blueprints
Trigonometric functions
TrigonometricFunctions e G W
A Dataln <Empty> | - Trig_function sin DataOut Empty
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The blueprint Triginometric function performs the calculation of a trigonometric function on an input
channel and returns the result to the output channel. The input channel expects the angle in radians. The
respective trigonometric function can be specified in the parameter area.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» Trig_function: the short form of the trigomic function to be calculated, e.g. sin for sine. The choices
include: sin, cos, tan, asin, acos and atan. The input value for asin and acos must lie in the interval
[-1,1].

Output values
» DataOut: outputs the result of the calculation of the trigonometric function.

Label Encoding

LabelEncoding e G W

A Message <Empty> vl - EncodedMessage Empty

CategoryCount gmpty

The blueprint Label Encoding converts text on an input channel to numeric values. For this purpose, the
texts are classified into different categories at the input channel. Equal input texts return the same numeric
value.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
+ EncodedMessage: this output channel returns the index of the corresponding category.
» CategoryCount: this output channel outputs the number of categories.

Covariance
Covariance Nar G
xi <Empty> wv| - Windowbize 1000 Cov Empty
)\ P

The blueprint Covariance calculates the covariance between two input channels. WindowSize specifies how
many values are included in the calculation of the covariance.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ WindowsSize: this parameter specifies the number of cycles over which the covariance is calculated. A
sliding window is implemented in the blueprint. The current values are included in the analysis and
outputs are updated with each cycle. The size of the router memory should be taken into account when
setting this parameter.

Output values

» Cov: this output channel indicates the covariance of the two input channels over the configured
window size.

5.2.2.5 Lambda Function

In the development and testing phase, lambda functions should be published as testing versions. These
contain the configured symbols, as well as the Lambda Control with the four buttons.
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MyLambdaTutorial_v1 MNaer G 7
Summand1 Variables fStairs @ Vi... |%| 4 Sum 5822
A Summand?2 Variables fTriangular... 1,822 = +
Status: Ready testing <

This lambda function can be tested like any other algorithm in Analytics Workbench. If changes are
necessary, the Lambda Control guides you through the further development. After clicking the first button, a
wizard for configuring the lambda function opens. The wizard for existing lambda functions offers two modes.

[ Lambda Function Wizard x

Creation

Creation

e Edit lambda
‘ function

Function

by [xpOIt |

Function Name
MylLambdaTutorial v2

|—)Next

The button Export Function offers the possibility to export lambda functions. For this purpose, the C++
project and the drivers of the lambda function are saved in a zip archive. Using the import function in the
lambda template, the lambda function can be conveniently imported and integrated on another system. Via
the mode Edit lambda function the already developed lambda function can be edited. The second button
can be used to export the current lambda function. A Save File dialog opens for this purpose. This dialog can
be used to specify the file location. Exporting starts after the selection. The exported lambda function can
then be distributed to other systems. The other systems can import the lambda function from the lambda
template using the wizard.

In the Edit lambda function mode, the symbols can be customized on the next page of the wizard.
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Creation
Symbole editor

ﬂ Lambda Function Wizard

Datatype

LREAL E'

Category MName

Inputs

Type
Primitive E'

Datatype Type Count Visualization

—5 Summand1 LREAL Primitive 1 ||-||:|ut — Iz‘
Outputs — Summand2 LREAL Primitive 1 ||-|put — Iz‘
_s| NewSummand3 LREAL  Primitive 1 Input [+ X
e | 5, Sum LREAL Primitive 1 Resul |+ Iz‘

InternalVars

B | (T L

<« Back

v/ Create

In this example, another input named "NewSummand3" has been added. These changes are also included
in the C++ file in the subsequent step.

) TinCAT Measurement Project2! - Microsoft Visual Studio (Administrator) X & | Quick Launch (Ctri+Q) P = O x
File Edit View Project Buld Debug TWinCAT TwinCATHMI TwinSAFE PLC Team Scope Tools Test Analyze Window Help
‘e-o @R L AA|D - - Debug ~| TWinCATCE7(ARMVZ)  ~ b TwinCAT Debugger ~ | 51 License CRErR=2e R e g A | Vil N
¢ Build 202417 (Losded) - < | L E | | < | g & e <
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4 .1 Lambds Function Files 6 @  Event Timing Analysis 1Ch
b % LEMylambdaTutorial v2.cpp 7  EHRESULT CLf CppModuleMylambdaTutorial v2::lambda_init(Lf_Input& Inputs, Lf_Output& Outputs){ @  Event Timing Analysis 2Ch
3 LF_MyLambdaTutorial v2.h 8 // TODO: Add any additional initialization
@  Timing Analysis 1Ch
b Resource Files 9 HRESULT hr = S_0K;
b T o Lifecycle Analysis 1Ch
b s TwinCAT " return hrs | & LifetimeAnalysis 1Ch
b xml - ’ & Min Max Avg 1Ch
& MyLambdaTutorial v2Arifacts.props s & Min Max Avg Interval 1Ch
4 [ TwinCAT Measurement Project?1 T B Moving Average 1Ch
4 [@ Analytics Project . M | Ic \ch
4 B Network 15  EHRESULT CLf CppModuleMylambdaTutorial v2::lambda_handler(Lf_Input& Inputs, Lf Output& Outputs){ F Moving Interval Counter
A MylambdaTutorial w1 16 // TODO: Add your cyclic logic X Interval Piece Counter 1Ch
@ Deshboard 17 HRESULT hr = S_OK; @ Timer1Ch
4 [ inputs 18 Outputs.Sum = Inputs.Summandl + Inputs.Summand2 + Inputs.NewSummand3; % Time Clock 1¢h
4 4l virtual Mappings 19 return hr; £ Continuous Piece Counter 1Ch
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8 Virtual Input (1) 2 S Gmetorch
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4 [l 172.17.62:145: TestSignals/Plcstd o BatchNShift 1Ch
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™ Code Description ~ Project. File A TimeBased Envelope 1Ch
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The new variable is included in the structure from inputs and can be used in the program code. The program
code from the previous version was taken over. If symbols have been removed across a version, the
corresponding changes must be made in the program code.

The further steps in the development of the lambda function are analogous to the procedure for the lambda
template.

Debugging Lambda Functions

To debug lambda functions, the tools of TwinCAT C++ have to be used. For this purpose a new TwinCAT
project must be created and the C++ project of the lambda function must be inserted under the C++ node. All
TwinCAT C++ debugging options are available (see Debugging). The Debug tab can be used to attach to the
TcScopeSever process. Afterwards the analysis is to be started in the Workbench and the set breakpoints
are reached in the C++ project.

Tidying up the toolbox

After some lambda functions have been developed and tested, the toolbox may be very full. To clean up the
toolbox, the corresponding lambda functions must be deleted from the Modules folder. The folder can be
found under the path <TwinCAT3Dir>/CustomConfig/Modules.

5.2.2.6 Further steps for the lambda functions

Runtime deployment

Lambda functions are also suitable for runtime deployment. The developed lambda function is created as a
TcCOM module in the TwinCAT project for this purpose. A PLC function block handles the TcCOM module.
The PLC function block calls the corresponding interface methods of the lambda function for this purpose.
The interface methods of the lambda function, as well as the associated PLC function block are generated
automatically and do not require any explicit configuration. Thus, the user-specific lambda functions can be
downloaded into a TwinCAT Analytics Runtime and an individual 24/7 data analysis can be realized. More

information can be found at the following link (see Runtime deployment [» 303]).

HMI One Click Dashboard

To display the results of the lambda functions, the integration into the HMI One Click Dashboard is ideal. A
new control can be linked via the Dashboard node of an Analytics project. In the Analytics Dashboard
Wizard, an HMI Control and the corresponding lambda function can be selected and linked. The Analytics

Dashboard Wizard is described in more detail at the following link (see Manage dashboard structure and
content in Analytics project [P 372]).

5.2.2.7 Analytics Custom Toolbox Cleaner

A wide range of toolbox elements can be created using the network templates and the Lambda functions. To
conveniently remove these elements, Analytics Custom Toolbox Cleaner can be used. The following figure
shows the wizard:
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ﬂ Analytics Custom Toclbox Cleaner x

Toolbox Overview .
Analytics Custom Toolbox Cleaner

4 C++ Lambda Functions
A ATest_vi
A ATest v2
) ATest v3
A ATest vd
4 Templates - Templates
o' AbweichungenReporting
% ClosedNetworkTest
o% Data Preprocessing

Delete

| \/ Save

The individual toolbox elements can be selected via the tree structure. By holding down CTRL several
elements can be selected in the building structure. The Delete button removes the elements from the
building structure. The changes are confirmed by clicking on the Save button. If the wizard is closed
otherwise, the changes will not be applied.

5.2.3 Vision

The vision algorithms of the TwinCAT Analytics Engineering Tools originate from the PLC libraries of the
TF7xxx product family.

5.2.31 Add Images
o Add Images MB& GV
@ Image 1 <Empty> | image in module wat... Count Results Empty
+ ||['mage2 <Empty> v| image in module wat... hr Empty
| Enable Execution <Empty> ] - Image image in module watcher
New Result B Empty

Item-by-item addition of two images with saturation arithmetic.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
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5.2.3.2 Clahe
[ ] Clahe BB« GV
— Image <Empty> V] image in module wat... |ClipLimit |05 Count Results Empty
Y Tiles ¥ 6 Image. image in module watcher
New Result B Empty

Applies a Contrast Limited Adaptive Histogram Equalization. A local histogram uniform distribution is applied
to individual tiles.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
 Clip Limit: Threshold value for the contrast limit. Clipping is disabled with <= 0.
» Tiles X: Number of tiles in the X direction.
« Tiles Y: Number of tiles in Y direction.

Output values
* Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
+ Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.3 Closest Points BF

je ] Closest Points BF BB~ C YV

Image <Empty> image in module wat... Count Results Empty

Point Set 1 <Empty> hr Empty

[oe O |PointSet2 <Empty> v - Minimum Distance Empty
oo
V]

Enable Execution <Empty> Point 1 0 0

Point 2 P 0

Image image in module watcher
New Result K Empty

Determines the smallest distance between two 2D point sets of the same type using the brute force method.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
* Minimum Distance: Minimum distance between the points of two point sets.
» Point 1: Point of the first set of points with which the minimum distance was determined.
» Point 2: Point of the second point set with which the minimum distance was determined.
« Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.4 Color Map

[=) Color Map 8B C 7V
____ |image [cempy> V] imagein module wate. | Color Map B AutoMn | CountResults Empty
/—.-© Enable Execution I AUTUMN = Empty
= | I sone image. image in module watcher
I cviois New Result WS Empty
S cooL

S sor
sy
|
| Iy
EE vacMa
B ocean
m PARULA
m PINK
H PLasMa
[ o [TUN
[ SPRING

[ SUMMER
—
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Applies a color scheme to a grayscale image. If the image is not a grayscale image, it is automatically
converted.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Color Map: Choice of color scheme to be applied to the image.

Output values
« Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

.
5.2.3.5 Contours File Source
[« ) Contours File Source &B -GV
—o Enable Execution <Empty> V] - File Path  cXoeShell\analytics Project30\Analytics Project30\Teachi\ContoursResultxmi| [ .|| Count Results Empty
@ | he Empty
™ Contour List iy
New Result W Empty

Loads contours from the file system. These can be saved using the Contours File Store [ _272] module, for
example.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
 File Path: File path of an XML file in which contours are saved.

Output values
» Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
« Contour List: Container in which the loaded contour is made available.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.6 Contours File Store
e ) Contours File Store NBaC TV
— | contour List <Empty> v File Path  "cXaeShell\Analytics Project lytics Project30\Teach\C | [ ]| Count Results Empty

L New Result K Empty

Saves contours to the file system.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
 File Path: File path of an XML file in which contours are to be saved.

Output values
» Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
* New Result: (Optional) TRUE if a new result is provided.
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5.2.3.7 Convert Color Space

(= ] Convert Color Space FEER"
Image EE ] image in module wate.. | Tansform TCVN_CST BGR TO_BGRA ||| Count Results Empty
|—-©| Enable xsction e [ e .
[ Image image in module watcher
New Result W Empty

Converts an image from one color space to another.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Transform: Choice of transformation to be performed.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.8 Copy Image
[ ) Copy Image BB GV
Image <Empty> v| image in module watc... | Num Copies 1 E Count Results Empty
[ <O | Enable Execution . hr Empty
@ | Image. image in module watcher
Image Copy 00 image in module watcher
New Result K Empty

Creates one or more deep copies of an image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Copies: Specifies how many independent copies are to be created.

Output values
» Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
* Image Copy 00..n: Copy of the input image.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.9 Custom filter
[} Custom Filter [l R
Image <Empty> | image in module watc... | Rows 3 Count Results Empty
Enable Execution H B Cols 3 hr Empty
Kernel Matrix 00 | g00 Image image in module watcher
D Kernel Matrix 01 010 New Result K Empty
Y Kernel Matrix 02 000
I Anchor X B
Anchor ¥ B
Delta o

Applies a user-defined filter to the image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Rows: Rows of the filter core matrix.
* Cols: Columns of the filter core matrix.
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Kernel Matrix: Filter kernel matrix

Anchor X: (Optional) The anchor point defines which point of the filter kernel is moved over each pixel
of the input image.

Anchor Y: (Optional) The anchor point defines which point of the filter kernel is moved over each pixel
of the input image.

Delta: (Optional) The constant delta is added to the result of the filter operation.
Border Type: (Optional) Treatment of the image border.

Output values

Count Results: Is incremented when a new result is provided.
hr: HRESULT error code that outputs the result of the processing.
Image: Initial image of the algorithm.

New Result: (Optional) TRUE if a new result is provided.

5.2.3.10 Detect Blobs
[ ) Detect Blobs BB GV
Image <Empty> | image in module watc... | Filter By Area Count Results Empty
Enable Execution ﬂ Filter By Circularity O |hr Empty
. Min Area 230000 Number Of Objects  Empty
= ©| Max Area 300000 Image image in module watcher
O Threshold 110 Contour List Empty
New Result K Empty
Image Preview K3 image in module watcher
Image Threshold k& image in module watcher

Recognizes blob contours. To do this, a threshold value is first applied to the input image. A contour search
is then carried out using blob detection.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

Filter By Area: Activates filtering by area. This must lie between Min Area and Max Area.
Recommended for noise suppression.

Filter By Circularity: Activates filtering by circularity. This must lie between Min Circularity and Max
Circularity. 1t is defined as follows: 4pi * area / perimeter?.

Min Area: (Visible when the By Area filter is activated) Minimum area of a blob in pixels.
Max Area: (Visible when the By Area filter is activated) Maximum area of a blob in pixels.

Min Circularity: (Visible when the By Circularity filter is activated) Minimum circularity (1: ideal circle, <
1: less circular, 0: not circular).

Max Circularity: (Visible when the By Circularity filter is activated) Maximum circularity (1: ideal circle,
< 1: less circular, 0: not circular).

Threshold: Threshold value for the binary image.

Output values

Count Results: Is incremented when a new result is provided.

hr: HRESULT error code that outputs the result of the processing.
Number Of Objects: Displays the number of objects found.

Image: Initial image of the algorithm.

Contour List: Container in which the contours found are made available.
New Result: (Optional) TRUE if a new result is provided.

Image Threshold: (Optional) Image to which the set threshold is applied.
Image Preview: (Optional) Image in which the objects found are marked.
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5.2.3.11 Detect Codes Neural Network
[« Detect Codes Neural Network MR&GV
Image <Empty> V| image in module wate... | Num Codes 1 Count Results Empty
Code Type Last Event Empty
Code Region Ratio 115 Codes Detected Empty
o @ Dot Code Module Width 5 Image image in module watcher
'il,gﬂ-l Code Type Decoded Data
[ ’“.l Code Type 00 Empty Empty
Top Left Corner Bottom Right Corner
Top Left Comner 00 0 0 0 0
New Result K5 Empty
Image Preview k3 image in module watcher

Recognizes different code types such as barcodes, QR codes and data matrix codes in the image provided
using a trained neural network. The recognized codes are sorted from high to low according to their model
confidence. If a code is recognized, the area is enlarged according to the ratio of the code region. Depending
on the code type detected, the appropriate reading algorithm is then applied.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Codes: Maximum number of codes to be found.

* Model: Model of the neural network for code recognition. Different numbers of models are available.
These include specialized models for 1D codes, 2D codes or all code types.

» Code Type: Fixes the code type(s) to be recognized.

» Code Region Ratio: (Optional) Enlarges or reduces the code region found in proportion to its current
size.

* Dot Code Module Width: (Optional) Average dot diameter of the code in the image in pixels. The
value must be at least 3, preferably 5 to 8. Only required for dot codes.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Last Event: Timestamp of the last result.
+ Codes Detected: Number of codes found.
« Image: Initial image of the algorithm.
» Code Type 00..n: Type of the code found
* Decoded Data 00..n: Decoded data of the code found.
* Top Left Corner 00..n: Top left corner of the code found.
* Bottom right corner 00..n: Bottom right corner of the code found.
* New Result: (Optional) TRUE if a new result is provided.
+ Image Preview: (Optional) Image in which the objects found are marked.

5.2.3.12 Draw Arrow
[« ) Draw Armow B~ GV
Image <Empty> ] image in module wate...| Color Green ][ Count Resuts [
Start Point <Empty> V] - Thickness 3 hr Ery
\ <@ End Point <Empty> V] - Double Head [ | Image image in medule wateher
Hl Enable Execution e B Line Type New Result K Empty
Shift o
Tip Lenght 04

Draw a line with an arrowhead in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Color: Color of the arrow.
* Thickness: Line width.
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Double Head: Draws an arrow on each side of the line.

* Line Type: (Optional) Line type.

Shift: (Optional) Decimal bits of the coordinates (bit shift).

Tip Length: (Optional) Length of the arrowhead as a proportion of the line length.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.13 Draw Circle
[« Draw Circle S GV
Image <Empty> | image in module wate... | Radius [} Count Results Empty
N <@ Center Point <Empty> V] - Color hr Empty
O Enable Execution <Empty> ] Thickness |3 Image image in module watcher
Line type MNew Result kS Empty

Draw a circle in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Radius: Radius of the circle in pixels.
» Color: Color of the circle.
» Thickness: Line width. If the value is negative, the circle is filled.
» Line Type: (Optional) Line type.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.14 Draw Contours

[ ) Draw Contours FEER
o Image <Empty> v| image in module wate.., | Contourindex | g Count Results Empty
3B || enable Bxecution <Empty> V] - Thickness 3 Image image in module watcher

Line type TCVN LT 8 CONNECTED | | New Result W Empty

Draws a single set of points or several sets of points in the image, which are interpreted as contours.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Contour Index: Index of the contour if a container with several contours is provided at the input.
» Color: Color of the contour.
« Thickness: Line width. If the value is negative, the form is filled.
* Line Type: (Optional) Line type.

Output values
+ Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
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* Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.15 Draw Line
- Draw Line 8hac v
N Image <Empty> V| image in module watc... | Celor Green |v| | Count Results Empty
\ <@ Start Point <Empty> ™ Thickness |3 hr Empty
— || end point <Empty> v - Line type Image image in module watcher
Enable Execution <Empty> v Shift o New Result W Empty

Draw a line in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Color: Color of the line.
* Thickness: Line width.
* Line Type: (Optional) Line type.
« Shift: (Optional) Decimal bits of the coordinates (bit shift).

Output values
* Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.16 Draw Point
[ ) Draw Point BB G 7
Image <Empty> | image in module watc... | Shape TCUN_DS_CIRCLE [+ | count Resuts Empty
o T — " o
A | Enabie Beecuton sie s mage e e
+ Thickness | 3 New Result W Empty
e ]

Draws a point in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Shape: Shape of the point.
« Color: Color of the point.
» Size: (Optional) Size of the shape.
* Thickness: (Optional) Line width. If the value is negative, the form is filled.
* Line Type: (Optional) Line type.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.17 Draw Rectangle
e ) Draw Rectangle BB GV
__ [image <Empty> ] image in module wate...| Color Green | [ Count Resuts Empty
N < Top Left Comer <Empty> = Thickness |3 e Empty
I:II Bottom Right Comer <Empty> v Image image in module watcher
Enable Execution ~Empty> g New Result W Empty
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Draws a rectangle in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Color: Color of the rectangle.
« Thickness: Line width. If the value is negative, the rectangle is filled.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
* Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.18 Extract ROl From Contour
= ) Extract ROI From Contour NMB -G 7
_____[image <Empty> v| image in module watc... | Auto Revert ROI Count Results Empty
< Contour List <Empty> v hr Empty
@ I Enable Execution <Empty> v Image image in module watcher
New Result B Empty

Extracts a region of interest (ROI) from a contour.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Auto Revert ROI: Automatically resets the ROI at the end of the network.

Output values
+ Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.19 Gaussian filter
e ] Gaussian Filter BB~ G YV
Image <Empty> | image in module wate.. | Filter Width |3 Count Results Empty
<©> | Enable Execution H R Filter Height 3 hr Empty
Y Sigma X 1 Image image in module watcher
I Sigma ¥ o New Result W Empty

Applies a Gaussian filter to smooth the image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Filter Width: Filter width in pixels (1, 3, 5, 7, ...).
 Filter Height: Filter height in pixels (1, 3, 5, 7, ...).

« Sigma X: (Optional) Standard deviation of the Gaussian kernel in the X direction (>= 0, automatically
selected at 0).

» Sigma Y: (Optional) Standard deviation of the Gaussian kernel in the Y direction (>= 0, automatically
selected at 0).

« Border Type: (Optional) Treatment of the image border.
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Output values
+ Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.20 Histogram Equalization
(o ) Histogram Equalization BB GV
_ Image <Empty> | image in module watc... | Channel idx 1 Count Results Empty
D craie Execton [Eve Y e Empty
Y I Image. image in module watcher
New Result B empty

Equalizes the histogram of a grayscale or color image, thereby normalizing the brightness and improving the
contrast. The channel index to be equalized must be specified. The value -1 expects an RGB image,
converts it to YCbCr, equalizes the Y channel and then converts the image back to RGB. If no RGB image is
provided, automatic conversion takes place internally.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

Channel Idx: (Optional) Index of the image channel to be equalized. -1 expects an RGB image, converts it
to YCbCr, equalizes the Y channel and then converts back to RGB.

Output values
+ Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.21 Image File Store
[ Image File Store SB GV
— o Image <Empty> | image in module watc.. | File Path |calD\Documents\TcXaeShell\Analytics Project30\Analytics Project30\mages| [ . || Count Results Empty
e P w s
a Image image in module watcher
New Result B Empty

Writes an image to the file system.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* File Path: File path for saving the images.

Output values
» Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
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.
5.2.3.22 Image Histogram
o ] Image Histogram ~NB -GV
Image <Empty> V| image in module watc.. | nBins 255 Count Results Empty
Enable Execution . fUppersound | 254 3 Empty
fLowerBound o R
R L® G
oL
8l
B
Image image in module watcher
New Result WS Empty

Calculates the histogram of an image. An RGB image is expected at the input. If no RGB image is provided,
automatic conversion takes place internally.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

« Bins: Indicates the size of the buffer and thus the number of values that are stored. The number of
output channels equals the buffer size.

* Upper Bound: Upper (exclusive) limit of the last histogram bin nBins-1.
* Lower Bound: Lower (including) limit of the Oth histogram bin.

Output values
+ Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
* R: Histogram of the red channel
» G: Histogram of the green channel
« B: Histogram of the blue channel
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.23 Image Info
[&) Image Info B GV
Image <Empty> | image in module watc... Count Results Empty
Enable Execution ﬂ hr Empty
Image Size Empty
M © Width Empty
E i | Height Empty
X Padding Empty
¥ Padding Empty
Image. image in module watcher
New Result B Empty

Reads out image information.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
+ Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image Size: Number of pixels of the input image.
« Width: Width of the input image in pixels.
* Height: Height of the input image in pixels.
» X Padding: X-padding of the input image.
* Y Padding: Y-padding of the input image.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

280 Version: 1.0.1 TE3510



BEGKHOFF Configuration | Algorithms

.
5.2.3.24 Image Statistics
= ) Image Statistics BB GV
Image <Empty> | image in module watc... Count Results Empty
Average
Standard Deviation
e
u_ Min
Max
Image. image in module watcher
New Result ¥ Empty

Outputs image statistics such as minimum value, maximum value, mean value, and standard deviation of the
pixel values. An RGB image is expected at the input for this. If no RGB image is provided, automatic
conversion takes place internally.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
» Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Average: Average values of the individual RGB channels
+ Standard deviation: Standard deviation of the individual RGB channels
* Min: Average values of the individual RGB channels
» Max: Average values of the individual RGB channels
+ Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.25 Invert Image Color
[« Invert Image Color B~ GV
> Image <Empty> | image in module watc.,, | Max Value | q Count Results Empty
[wpr w ey
!’ Image image in module watcher
New Result ¥ Empty

Inverts the color of an image. In the case of signed integers or negative floating point values, only the sign is
reversed. If the image contains only positive floating point values, each pixel value is subtracted from the
maximum available pixel value or from 1.0, whichever is greater.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ Max Value: Maximum pixel value if, for example, a 16 bit image contains 12 bit values. -1 uses the
default values.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
+ Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

. .
5.2.3.26 Laplacian filter
[=) Laplacian Filter BRaqV
Image <Empty> V] image in module watc.., | Dest Depth TCVN_ET_SAME AS SOURCE |v| | Count Results Empty
[ <O | Enable Execution [€mpy>- - Kemel Size 1 hr Empty
Y Scale 1 Image image in module watcher
Delta 0 New Result W Empty
Border Type

Applies a Laplace filter to an image.
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

Dest Depth: Depth of the original image.

Kernel Size: (Optional) Aperture size for calculating the second derivative filter (1, 3, 5, ..., 31).
Scale: (Optional) Scaling factor for the calculated derivative values.

Delta: (Optional) Delta value that is added to the results before saving.

Border Type: (Optional) Treatment of the image border.

Output values

Count Results: Is incremented when a new result is provided.
hr: HRESULT error code that outputs the result of the processing.
Image: Initial image of the algorithm.

New Result: (Optional) TRUE if a new result is provided.

5.2.3.27 Locate Edge
(= ] Locate Edge BB GV
Image <Empty> | image in module watc... | Start Point 00 Count Results Empty
Enable Execution g R End Point 00 hr Empty
Edge Direction Image image in module watcher
Min Strength 1 New Result W Empty
— o Search Lines 3 Image Preview k2 image in module watcher
A | 110 Image Threshold S image in module watcher

1 Edge Points W Empty

Subpixels fterations | 10

Approx Precision 0001

Algorithm TCVN_EDA_INTERPOLATION

Localizes the points of the first occurring edge within a specified search window with subpixel accuracy.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

Start Point: Position from which the search process is started in the direction of the End Point.
End Point: Position at which the search process ends.
Edge Direction: Definition of the edge direction to be searched for.

Min Strength: Definition of the minimum strength or intensity difference of the edge being searched
for.

Search Lines: Width of the search window, i.e. the number of search lines (1, 3, 5, 7, ...), centered
around the line defined by Start Point and End Point.

Threshold: Threshold value for the binary image.
Search Line Dist: (Optional) Distance between the search lines in pixels (> 0).

Max Thickness: (Optional) Definition of the maximum thickness of the edge searched for. This means
that Min Strength must be achieved within Max Thickness pixels.

Algorithm: (Optional) Choice of edge detection algorithm.

Subpixels Iterations: (Optional) Fixes the number of subpixels. For INTERPOLATION, 10 to 20 are
usually sufficient. Alternatively, the value specifies the maximum number of iterations for optimizing the
parameters; for APPROX_ERF and APPROX_GAUSSIAN, 50 to 100 is usually sufficient.

Approx Precision: (Optional) Fixes the approximation precision for APPROX_ERF and
APPROX_GAUSSIAN. 0.001 is usually sufficient; the value is not used for INTERPOLATION.

Output values

Count Results: Is incremented when a new result is provided.
hr: HRESULT error code that outputs the result of the processing.
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* Image: Initial image of the algorithm.

* New Result: (Optional) TRUE if a new result is provided.

» Image Preview: (Optional) Image in which the edge found is drawn.

» Image Threshold: (Optional) Image to which the set threshold is applied.

« Edge Points: Container in which the points of the found edge are made available.

5.2.3.28 Match Contours 1vsN
[« Match Contours 1vsN BB GV
Image <Empty> | image in module watc... | Num Contours 1 Count Results Empty
Contour List <Empty> V] - File Path Analytics Project30\Analytics Project30\Teach\ShapeCollectionxmi| [ . ] [hr Empty
| Enable Brecution <Empty> EE Max Dissimilarity | 0.02 File Read Empty
n Contour Name 00 | XML is not valid Result Empty
Ao | Image. image in module watcher
Match Indexes 0
Dissimilarities 0
New Result W Empty

Compares contours with contours previously saved in a file.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Num Contours: Number of contours with which the input contour is to be compared.
 File Path: File path of an XML file in which contours were saved.
+ Max Dissimilarity: Maximum distance between the original contour and its approximation.
« Contour Name 00..n: Alias names of the contours.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» File Read: TRUE if the file was read successfully.
* Result: Output of the best matching contour name if the maximum dissimilarity is not exceeded.
» Image: Initial image of the algorithm.
» Match Indexes: Listing of the indexes of the contours. Sorted by equality.
» Dissimilarities: Listing of the inequality of the contours. Sorted by equality.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.29 Measure Angle Between Edges
= ) Measure Angle Between Edges NBew GV
Image <Empty> V| image in module watc... | Inner Point 00 Count Results Empty
Enable Execution . Outer Point 1 00 hr Empty
Outer Point 2 00 Angle Empty
Edge Direction Image image in module watcher
Min Strength 1 New Result B empty
. Search Lines 3 Image Preview K image in module watcher
< Invert Search Direction [ | Image Threshold k3 image in module watcher
A

Threshold 110 Edge Points 1 1 empy

Search Line Dist 1 Edge Points 2 K Empty
10
10

]

Approx Precision 0001

Algerithm TCVN_EDA_INTERPOLATION

Measures the angle between two edges.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

 Inner Point: Position within the angle to be measured from which the edge search is started in the
direction of Outer Point 1 and Outer Point 2.
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» Outer Point 1: Position at which the search process for edge 1 ends.
« Outer Point 2: Position at which the search process for edge 2 ends.

« Edge Direction: Definition of the edge direction to be searched for from Inner Point to Outer Point 1
and Outer Point 2.

* Min Strength: Definition of the minimum strength or intensity difference of the edge being searched
for.

« Search Lines: Width of the search window, i.e. the number of search lines (1, 3, 5, 7, ...), centered
around the line defined by Inner Point and Outer Point 1 and Outer Point 2.

 Invert Search Direction: If TRUE, the search starts from each outer point in the direction of the inner
point.

* Threshold: Threshold value for the binary image.
» Search Line Dist: (Optional) Distance between the search lines in pixels (> 0).

» Max Thickness: (Optional) Definition of the maximum thickness of the edge searched for. This means
that Min Strength must be achieved within Max Thickness pixels.

+ Algorithm: (Optional) Choice of edge detection algorithm.

» Subpixels Iterations: (Optional) Fixes the number of subpixels. For INTERPOLATION, 10 to 20 are
usually sufficient. Alternatively, the value specifies the maximum number of iterations for optimizing the
parameters; for APPROX_ERF and APPROX_GAUSSIAN, 50 to 100 is usually sufficient.

« Approx Precision: (Optional) Fixes the approximation precision for APPROX_ERF and
APPROX_GAUSSIAN. 0.001 is usually sufficient; the value is not used for INTERPOLATION.

Output values
* Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Angle: Angle between the edges found in degrees.
» Image: Initial image of the algorithm.
« Image Preview: (Optional) Image in which the edges found are shown.
» Image Threshold: (Optional) Image to which the set threshold is applied.
* New Result: (Optional) TRUE if a new result is provided.
» Edge Points 1: (Optional) Outputs the points found at the edge between Inner Point and Outer Point 1.
» Edge Point 2: (Optional) Outputs the points found at the edge between Inner Point and Outer Point 2.

5.2.3.30 Measure Edge Distance
e ) Measure Edge Distance BB GV
Image <Empty> | image in module watc.. | Start Point 00 Count Results Ermpty
Enable Execution [tmpr> ¥ End Point 00 hr Empty
Edge Direction Avg Distance Empty
Min Strength 1 Image. image in module watcher
Search Lines 3 New Result B e
—_— @ Invert Search Direction [[]|Image Preview (=} image in module watcher
| | | Threshold 110 Image Threshold 3. image in module watcher
Search Line Dist 1 Edge Points 1 B empy
0 Edge Points 2 B empty
o Distances B empty
10
0.001

Exhibits the distance between two parallel edges.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Start Point: Position from which the search process is started in the direction of the End Point.
* End Point: Position at which the search process ends.
» Edge Direction: Definition of the edge direction to be searched for from Start Point to End Point.
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* Min Strength: Definition of the minimum strength or intensity difference of the edge being searched
for.

« Search Lines: Width of the search window, i.e. the number of search lines (1, 3, 5, 7, ...), centered
around the line defined by Start Point and End Point.

* Invert Search Direction: If TRUE, the search starts from the midpoint between Start Point and End
Point in both directions.

* Threshold: Threshold value for the binary image.
» Search Line Dist: (Optional) Distance between the search lines in pixels (> 0).

» Max Thickness: (Optional) Definition of the maximum thickness of the edge searched for. This means
that Min Strength must be achieved within Max Thickness pixels.

« Search Gap: (Optional) Width of a gap (>= 0, centered between Start Point and End Point), which is
ignored during the edge search and can reduce the execution time. The two edges you are looking for
must be on different sides of the gap

» Algorithm: (Optional) Choice of edge detection algorithm.

» Subpixels Iterations: (Optional) Fixes the number of subpixels. For INTERPOLATION, 10 to 20 are
usually sufficient. Alternatively, the value specifies the maximum number of iterations for optimizing the
parameters; for APPROX_ERF and APPROX_GAUSSIAN, 50 to 100 is usually sufficient.

» Approx Precision: (Optional) Fixes the approximation precision for APPROX_ERF and
APPROX_GAUSSIAN. 0.001 is usually sufficient; the value is not used for INTERPOLATION.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Avg Distance: Average distance between the two edges found.
+ Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
* Image Preview: (Optional) Image in which the set edges are drawn.
* Image Threshold: (Optional) Image to which the found threshold is applied.
» Edge Points 1: (Optional) Displays the points found on the edge near the start point.
+ Edge Point 2: (Optional) Outputs the points found on the edge near the end point.
» Distances: (Optional) Displays the distances between the points found.

- .
5.2.3.31 Median filter
[« Median Fiter B~ GV
__ Image <Empty> v| image in module watc... | Filter Size |5 Count Results Empty
< Enable Execution [<€mpy> V] hr Empty
Y I Image. image in module watcher
New Result ¥ Empty

Applies a median filter to an image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
 Filter Size: Size of the filter in width and height (3, 5, 7, ...).

Output values
* Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
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.
5.2.3.32 Morphological Operator
(o ) Morphological Operator MB&GV
—o Image <Empty> v image in module watc.. | SE Shape TCVN_SES RECTANGLE [v]| count Resuits Empty
Enable Execution [eos M SEwidth |15 e Empty
Y SE Height 15 Image image in module watcher
Operator TCVN_MO_OPENING New Result K5 Empty

Creates a tree item and applies it to the input image using a morphological operator.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» SE Shape: Shape of the tree item.
« SE Width: Width of the tree item.
» SE Height: Height of the tree item.
* Morphological operator.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

.
5.2.3.33 Normalize Image
o ] Normalize Image NMB &GV
[ mage <Empty> ] image in module watc...| Aipha o Count Results Empty
DO e Escuton : Beta 255 . ety
Y | Norm Type Image image in module watcher
Dest Type [ TCUN T SAME A5 SOURCE || | New Result ¥ Empty

Normalizes an image with regard to its value range, for example by spreading the pixel values [50..150] to
the full range [0..255].

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Alpha: (Optional) Lower range limit for range normalization or target value for normalization.
+ Beta: (Optional) Upper range limit when normalizing the value range.
* Norm Type: (Optional) Normalization type, only INF, L1, L2 or MINMAX.
* Dest Type: (Optional) Color depth of the target image. Usually SAME_AS_SOURCE.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.34 OCR
[=) ocR =l
Image <Empty> V| image in module wate... Model TCVN_OMT_NUMBERS v | Count Results Empty
OCR Code Empty
Last Event Empty
Image: image in module watcher
New Result ¥ Empty

Recognizes and identifies characters in a binary image. White characters on a black background are
supported.
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Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Model: Choice of OCR model.

» Pattern: Character template with the format in which characters are displayed.
“I”ignores characters, but not spaces.
“.” permits any characters, also without spaces.

“ 7stands for a space.

“d” expects a digit from 0 to 9.

“#” expects one of the special characters (. /- : =).

“u” expects a capital letter from A to Z.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
« Code: Identified characters as a string.
» Last Event: Timestamp of the last result.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.35 Put Label
[« Put Label [l R
Image <Empty> V| image in module watc.. | X 0 Count Results Empty
Text <Empty> v - ¥ 33 hr Empty
[ @ |Enable Execution <Empiy> V] Font Type Image image in module watcher
ABCl Fositon [Eer [ Zoieett i Now Rosult [y~
Background Color
Thickness 1

Write text on a uniform background in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

» X: X-coordinate of the bottom left corner. If Position has an input, this value is used as an additional
offset.

* Y: Y-coordinate of the bottom left corner. If Position has an input, this value is used as an additional
offset.

* Font Type: Font type.

* Font Size: Font size.

* Font Color: Font color.

» Background Color: Background color.
* Thickness: Line width.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
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5.2.3.36 Put Text
[« Put Text =]
Image <Empty> v| image in module wate.. | X [} Count Results Empty
S Text <Empty> v ¥ 33 hr Empty
e a— T 5 e e D
ABCl Position EEe ] - FontSaale |15 New Result W Empty
Font Color Black
Thickness 1

Write text in the picture.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options

+ X: X-coordinate of the bottom left corner. If Position has an input, this value is used as an additional
offset.

* Y: Y-coordinate of the bottom left corner. If Position has an input, this value is used as an additional
offset.

* Font Type: Font type.
* Font Size: Font size.

* Font Color: Font color.
* Thickness: Line width.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

.
5.2.3.37 Pyramid Down
o ] Pyramid Down BBaG Vv
@ Image <Empty> V| image in module watc... Count Results Empty
i) | Image image in module watcher
New Result W Empty

Scales an image down to half its width and height.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
+ Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
* Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.38 Pyramid Up
=] Pyramid Up SBe GV
Image <Empty> V| image in module watc... Count Results Empty
New Result W Empty

Scales an image up to twice its width and height.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Count Results: Is incremented when a new result is provided.
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» hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.39 Read Barcode
[=) Read Barcode BB« GV
=z <Empty> V| image in module watc... | Barcode Type TCUN_BT EAN13 [v] | Count Rasults Empty
Ermbls Beeaton S s iDistin hr Empty
P e o
LN
New Result ¥ Empty
Image Previeur k3 image in module watcher
Contours ¥ Empty
Recognizes and interprets a 1D barcode in the image provided.
Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.
Configuration options
» Barcode type: Barcode types to be searched for.
« Search Direction: Search direction for barcodes.
Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
« Code: Identified characters as a string.
» Last Event: Timestamp of the last result.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
» Image Preview: (Optional) Image in which the code found is displayed.
» Contours: (Optional) Contours of the code found.
5.2.3.40 Read Data Matrix Code
e ) Read Data Matrix Code BB GV
Image <Empty> v| image in module watc... | Search Strategy TCVN_CSS_ DEFAULT || | Count Results Empty
Enable Execution H hr Empty
P e
Lﬁd Image image in module watcher
New Result K3 Empty
Image Preview k3 image in module watcher
Contours k8 Empty
Recognizes and interprets a Data Matrix code (ECC200) in the image provided.
Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.
Configuration options
» Search Strategy: (Optional) Search strategy used.
Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Code: Identified characters as a string.
» Last Event: Timestamp of the last result.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
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* Image Preview: (Optional) Image in which the code found is displayed.
» Contours: (Optional) Contours of the code found.

5.2.3.41 Read Pharma Code
[ ) Read Pharma Code BB GV
Image <Empty> v| image in module watc... | Min Bar Number | 4 Count Results Empty
e T & ety
Code Empty
&
oA Last Event Empty
IlII"IJ Image. image in module watcher
New Result ks Empty
Image Preview K3 image in module watcher
Contours K Empty

Recognizes and interprets a pharma code in the image provided.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Min Bar Number: (Optional) Minimum number of dark bars that codes must have.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
» Code: Identified characters as a string.
» Last Event: Timestamp of the last result.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
» Image Preview: (Optional) Image in which the code found is displayed.
» Contours: (Optional) Contours of the code found.

5.2.3.42 Read QR Code
[=) Read QR Code &B -GV
Image <Empty> v| image in module wate.., | Search Strategy TCVN_CSS_DEFAULT V|| Count Results Empty
Code Empty
o Last Event
fo,g! ST
B Image image in module watcher
New Result K Empty
Image Preview k& image in module watcher
Contours W Empty

Recognizes and interprets a QR code in the image provided.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Search Strategy: (Optional) Search strategy used.

Output values
* Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Code: Identified characters as a string.
» Last Event: Timestamp of the last result.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
+ Image Preview: (Optional) Image in which the code found is displayed.
+ Contours: (Optional) Contours of the code found.
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5.2.3.43 Reference Color Similarity
[« Reference Color Similarity BB GV
Image <Empty> V| image in module watc... | Reference Color R0 G0 B: 0 Count Resufts Empty
m© Enable Execution . Variance 015 hr e
- Luminance Weight | o Image. image in module watcher
New Result ¥ Empty

Calculates the similarity of each pixel to a reference color and returns the result as a grayscale image.
Objects in the reference colors are then detected on the basis of these grayscale images.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Reference Color: Todo
» Variance: (Optional) Approved color variance (0.1 to 0.3 is often a good starting value).

* Luminance Weight: (Optional) Weights the influence of luminance ([0..1], for example 0O for higher
robustness against uneven illumination. However, weighting may be required to distinguish some
colors.

Output values
» Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.44 Reset ROI
[« Reset ROI B~ GV
— Image <Empty> | image in module watc... Count Results Empty
@ Image. image in module watcher
New Result W Empty

Resets the region of interest (ROI) of an image. After this operation, the ROI covers the entire image again.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
* Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.45 Rotate Image
[ ) Rotate Image BB~ 7
Image <Empty> v| image in module watc... Angle in deg 0 Count Results Empty
(&> | Enable Execution Adjust dest size hr Empty
Dﬂ | . mage image in module waicher
ek W Empty
0,000

Rotates an image clockwise by the specified angle.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
« Angle in deg: (Optional) Angle of rotation in degrees (positive: counterclockwise, negative: clockwise).

» Adjust dest size: (Optional) If TRUE, the size of the output image is adjusted so that the fully rotated
input image is included. Otherwise, the output image is set to the size of the input image.

* Interpolation Type: (Optional) Interpolation method.
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* Border Interpolation: (Optional) Interpolation method at the border (ISOLATED is not supported).
» Border Value: (Optional) Border value if CONSTANT is used.

Output values
* Count Results: Is incremented when a new result is provided.
» hr: HRESULT error code that outputs the result of the processing.
+ Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.46 Set ROI
(=] Set ROI [~ e
Image <Empty> v| image in module watc... | X 0 Count Results Empty
[ <& | Enable Execution Y o hr Empty
@ | Width 570 Image image in module watcher
Height 570 New Result ¥ Empty
Auto Revert ROI

Sets a region of interest (ROI) within an image. This can optionally be reset.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» X: X-coordinate of the top left corner.
* Y:Y-coordinate of the top left corner.
Width: Width of the ROI.
* Height: Height of the ROI.
+ Auto Revert ROI: Automatically resets the ROI at the end of the network.

Output values
» Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.2.3.47 Subtract Images
[« Subtract Images NMB &GV
o) <Empty> ] image in module watc.. Count Results o
- [limage 2 <Empty> | image in module watc.. hr Empty
| Enable Execution <Empty> g Image image in module watcher
New Result B Empty

Item-by-item subtraction of two images with saturation arithmetic.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Output values
* Count Results: Is incremented when a new result is provided.
* hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.
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5.2.3.48 Threshold
[ ) Threshold MB GV
Image <Empty> v| image in module watc... | Threshold 100 Count Results Empty
@ | Enable Execution . Max Value 255 hr Empty
> ﬂ Threshold Type TCVN_TT_BINARY Pixels above Thres..  Empty
Image image in module watcher
New Result W Empty

Applies a binary threshold operation and counts pixels.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Threshold: Fixed threshold for conversion to a binary image.
+ Max Value: Maximum value.
« Threshold Type: Type of threshold value.

Output values
* Count Results: Is incremented when a new result is provided.
hr: HRESULT error code that outputs the result of the processing.

» Pixels above Threshold: Number of pixels with value greater than Threshold
* Image: Initial image of the algorithm.
New Result: (Optional) TRUE if a new result is provided.

5.2.3.49 Variance filter
[ ) Variance Filter BB GV
Image <Empty> | image in module watc.. | Kemel Size 5 Count Results Empty
@ Enable Execution R Scale 1 hr Empty
Y T Fezs Epem——
New Result K Empty

Calculates the local variance of an image.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Kernel Size: Size of the filter kernel.
» Scale: Scaling factor for the calculated variance values.
» Border Type: Treatment of the image border.

Output values
* Count Results: Is incremented when a new result is provided.
« hr: HRESULT error code that outputs the result of the processing.
» Image: Initial image of the algorithm.
* New Result: (Optional) TRUE if a new result is provided.

5.3 Interaction with Scope

The TwinCAT Analytics engineering tools offer easy interaction between the Analytics Configurator and
Scope View. They allow you to highlight significant values in the data stream and examine them with other
process data within the exact cycle. In addition, it is possible to display the algorithm's result data, such as
an average or maximum value, in the Scope View.

v’ After configuring the analysis, switch to the Analytics Project start page.
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BECKHOFF

1. Click add referenced Scope...

@a-|o-5a@| kL=
Search Solution Explorer (Ctrl+ () P~

[ Solution 'Analytics Project20’ (1 project)
4 [l Analytics Project20
4 | @] Analytics Project
4 |d Functions
4 Statistics
& Min Max Avg 1Ch_1
4 Motion section control
¥ XY Shape Menitor Rectangle 2Ch_1
4 Classification
[ Threshold Classificator 1Ch_1
4 [ inputs
4 [l 172.17.62.145: TestSignals/StreamFast [1.00ms]
@l TimeLine @ 172.17.62.145: TestSignals/StreamFast [1.00ms]
@l VariablesfGrowSlow @ 172.17.62.145: TestSignals/StreamFast [
@k Variables.fSine ® 172.17.62.143: TestSignals/StreamFast [1.00m|

(A TE3500 TwinCAT Analytics Workbench

Waorkbench-ID: b75ace58-5208-4c8c-8515-b1db46978106

add a Netwark..

Add a Network or select an existing from the Solution Explorer to open the Network editor tab.

open the Toolbax.
Drag Analytics-Functions to a Network editor and configure or extend a project.

add referenced Scope..

Create a new TC3 Scope file, which contains all Analytics variables to show them.

open the Target Browser.

Drag Analytics variables from the Target Browser to the inputs of the Analytics-Functions to add an InputStream to the project.

open the Anaiytics Storage Provider Recorder.

Use the Analytics Storage Provider Recorder to manage connections to a Storage Provider and configure records.

deploy Runtime..

Once an Analysis is designed and tested in the Workbench, autogenerated code can be compiled and deployed to an Analytics-Runtime-System.

First Steps.

Launch the 'First Steps’ to get detailed Information about how to start into TwinCAT Analytics.
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= An appropriate Scope configuration is automatically added to the project.

Solution Explorer * 1 X
Q@E-o-s 9B L=
Search Solution Explorer (Ctrl+0) P~

fad Solution 'Analytics Project20' (1 project)
i ﬁ Analytics Project20
4 E Analytics Project
P d Functions
4 |8 Classification
B Threshold Classificator 1Ch_1
4 o8 Motion section control
) XY Shape Menitor Rectangle 2Ch_1
4 |28 Statistics

0 Min Max Avg 1Ch_1
P i Inputs
F ‘ 172.17.62.145: TestSignals/StreamFast [1.00ms]
@l Timeline @ 172.17.62.145: TestSignals/StreamFast [1.00ms]
@l VariablesfGrowSlow @ 172.17.62.145: TestSignals/StreamFast [
@l Variables.fSine @ 172.17.62.145: TestSignals/StreamFast [1.00

4 & DataPool
i fGrowslow
= fSine
4 YT Chart
4 Axis Group (4)
E fGrowslow
B4 fSine
4 E CTeAlyThresholdClassificator_1Ch
4 Warning 5tyle
I Condition (1)
4 [ Alert Style
I Condition
4 [@) XY Chart
4 12 Axis Group (5)
4 [T fSine, fGrowSlow
) X fSine
i Y fGrowSlow (2)

ML Trigger
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2. There are numerous possibilities to visualize the data from the various algorithms. Any timestamps of an
algorithm output can be dragged and dropped into the graphs. The Scope marks the position of the event
with a colored marker (see blue line in the image below).

Networks
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LevelWarning/ Ao A 2 270872019 165129588
270209 163133514
rause -
\ Networs _ !
als/StreamFast [1.00ms] [G I BT =)
@ 172752145 Tessignatysuearas | I CrX VarablestSne @ 21762145 TesSion 10414 Lower Lot Comer X B " s |
A oy vbeicesove st 2 Lower LetComer ¥ 201 e
[} Lo BETA - For test purposes only 4 D
Length ¥ 0 270809 tstsaszs
1 st

WB-1D: 7420327-234e-4d7-3092- 077545125
g
ety ik

Min Ma~_Avg 1ChT (=S
= Vb Goion € TR Te | 2552 e s \
s
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27072019 161213365
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3. For each type of Shape algorithm, the SW creates an XY diagram in the Scope configuration including a
shape with the given definition (see orange line in the image above). For the Threshold classification
algorithm, a dynamic color change from channel color to yellow (warning) and to red (alarm) (pink line)
also occurs automatically in the Scope View.

4. In addition, you can drag and drop the algorithm's result values into a graph before or during recording to
add a new channel showing, for example, the average, minimum, or maximum value.

2849 MB' received (1.58 MB/s)
Networks

I« iv/]
C Min Max Avg 1ChT G~
‘ e Variables fGrowSlow @ 1721762.145: Te - 24500 Min 24505 ‘
Max 24601
f BETA - For test purposes only g 24398
h4 Time Min 27/06/2019 17:41:43.945.
Time Max 27/06/2019 17:41:50.345.
New Result FALSE s
WB-ID: 7d20a327-234e-4df7-a09a-60f877 5dbf25
YT Chart (1) 4 XY Chart | YT Chgg 4
Start: 17:41:35585:000 | End: 17:41:54.484:000 | Pos: 0.00:00:00.000:000 | Time: 17:41:35.585:000 | Date: Thursday, June 27, 2019 Start: 17:41 P5000 | End: 17:41:54.484:000 | Pos: 0.00:00:08.874:000 | Time: 17:41:44.459.000 | Date: Thursday, June 27, 2019
10 |[_P-00:00:20.000:000) o OlnX Qe 4”7 0.0000:10.000:000] 0. SRR
= 24509.0
2a502.0
24600.0 7 j £ o
N = N
24598.0
9 245045
SN/ : ~ :
. g 3
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. = 245000
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5. Click the appropriate trigger group in the Scope View tree to control the number of events/markers
displayed.
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6. In the Properties window you can set a number for Visible Trigger Release Capacity.

4

.
I
F |

4 iy Auis Group (4)

F |

Fi

F

Solution Explorer

Properties
Last Intersection @ XY Shape Monitor Rectangle 2Ch_1 TwinCAT.Measurement.B -

=8 | 2

YT Scope Project]
= DataPool
B3 YT Chart (1)

4 E CTchlyThresheldClassificator_1Ch
4 E' Warning Style
I Condition (1)
4 Alert Style
I Condition
B Avg @ Min Max Avg 1Ch_1 (1)
Fl &;3 Axis Group
EH fsine
XY Chart
4 {2 Axis Group (5)
P E f5ine, fGrowSlow
| X fSine
i Y: fGrowSlow (2)
4 [T Max @ Min Max Awvg 1Ch_1, Avg @ Min Max Awvg 1Ch_1
i Y Avg @ Min Max Avg 1Ch_1 (2)
Y Max @ Min Max Avg 1Ch_1 (1)
Angular Shape
B3 YT Chart
4y Auis Group ()
E fGrowSlow
L Trigger
4 Jl Last Intersection @ XY Shape Monitor Rectangle 2Ch_1
N Channel Triggerset (2]
4 Jl Time Max @ Min Max Avg 1Ch_1
N Channel Triggerset (1)

4

v 0 X

E Common
Mame Last Intersection @ XY Shape Monitor Rec
= Trigger Action
Trigger Action Set Mark
= Trigger Group
Color B 27.183.0
Enabled True
Trigger Category CustomPicture
Trigger Category Image Almages\5efb9f84-42f0-4d33-9f37-690bs
Trigger Image Size 16
Trigger Release Capacity 200
Visible True
Visible Trigger Release Capacity Show Last 5
Show All
Hide all
Show Last
Show Last 2
Visible Trigger Release Capacity show Last 10
Show Last 20
Show Last 50
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= You can choose between:
< All
 Hide All
» Show Last
+ Show Last 2
» Show Last 5
» Show Last 10
« Show Last 20
» Show Last 50

Scope configuration stored in network template

A created Scope configuration can be saved together with the associated network in a network template
[»_298], in order to automatically obtain the same Scope configuration when a network is used again.

® Time relationship between Analytics configuration and Scope View

1 Note that the recording time in Scope View may differ from that in Analytics. Especially if the ring
buffer is selected in the Scope View, it could be possible that some significant values of your
analysis are in a past Scope recording!

5.3.1 Scope configuration in the network template

In addition to the configuration of a network, the configuration of the connected Scope project can also be
saved in a network template. However, only those parts of the Scope can be saved that have a connection to
the selected network.

Depending on whether the Scope configuration to be saved is still to be adjusted manually, the template can
be saved in two ways.

Save without manual configuration

If you want to save the Scope configuration in the template without any manual adjustment, select the
context menu items Save-As template and Save-As closed template.

Analytics Project
e

& Velo 1 Add .

¥ Velo 2 Save r Az template

« Velo 3 E%  Deploy Runtime As closed template
P “ Count Stor .

F Positior 1@ Create Report 1 Configure template

L Prcitine Ml T el | | |

In the following dialog, specify the location and name of the template. At this point you can use the file type
Save as type to specify whether the Scope configuration should also be saved (Scope Network Template)
or whether only the network (Network Template) should be saved.

Save with manual configuration

If the Scope configuration is to be checked and, if necessary, adjusted before saving, select the lowest entry
in the context menu Configure template.
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4 ihnaly‘ticspra_iect »
& Velo 1 Add " | [Input
# Velo 2 Save - As ternplate
o Velo 3 E%  Deploy Runtime As closed template
4 Count TC'FWEQE % Create Report Configure template
F Position 1

= - — T [

To control and adjust the Scope configuration, a new window opens, showing all Scope components on the
left and all Analytics components on the right:

|8 createNetworkTemplate - O >

Template Settings

CATwinCAT\Functions\TE3500-Analytics-WorkbenchNetworkTemplates\Velocity.astemplate & Browse

(x) Add referenced scope configuration as template [J Closed Network

4 B2 Velocity
4 by Velo1

B aXtsMoverVelocity[1]

4 8 Velocity
5 Velo 1
& Velo 2

B Max @ Velo 1 & Velo 3
4 &y Velo2
B aXtsMoverVelocity[2]
B Max @ Velo 2
4 ¥y Velo3
a1 aXtsMoverVelocity[3]
B Max @ Velo 3
L Time Max @ Velo 1
L Time Max @ Velo 2

M Time Max @ Velo 3

In the upper line you can set the location and name of the template. Directly below you can make general
settings that affect the template.

+ Add referenced scope configuration as template
Activate this setting to save the scope configuration in the template.

* Closed Network

This setting determines in which format the template [P_13] should be saved. This setting is only visible
if at least one network input and one network output are configured in the network.

In the two tree views below, the configurations are displayed in order to still edit the Scope configuration if
necessary. Here you can exclude Scope components from the template but also add them again.
All components which are added to the template are underlined in the view.

When elements are selected in the Scope tree, all Analytics components that have a direct dependency on
the Scope component are also selected.
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| createMetworkTemplate — O x

Template Settings

CATwinCAT\Functions\TE3500-Analytics-Workbench\NetworkTemplates\Velocity.astemplate [&@] Browse

(x) Add referenced scope configuration as template [J Closed Network
4 E Velocity 4 Velocity

4§y Velo 1 & Velo 1
B aXtsMoverVelocity[1] ¥ Velo 2
FH Max @ Velo 1 & Velo 3

4 ¥y Velo 2
8] aXtsMoverVelocityi2]
B Max @ Velo 2

4 &y Velo3
i aXtsMoverVelocity[3]
B Max @ Velo 3

JI. Time Max @ Velo 1

JIL Time Max @ Velo 2

JL Time Max @ Velo 3

|— Exclude | Save

In the example above, selecting aXtsMoverVelocity[2] automatically selects the module Velo 2 because the

channel indicates the module's input variable.
If a Scope component is selected that is still underlined and thus stored in the template, you can use the

Exclude button to remove it from the template.
If you remove an element from the template, all elements that lie below it are also automatically removed. In

addition, the element above is taken out if every element below it is also taken out.
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| createMetworkTemplate — O x

Template Settings

CATwinCAT\Functions\TE3500-Analytics-Workbench\NetworkTemplates\Velocity.astemplate

[&] Browse

(x) Add referenced scope configuration as template [J Closed Network

4 E Velocity 4 Velocity
4 'kl—*’r Velo 1  Velo 1
B aXtsMoverVelocity[1] ¥ Velo 2
FH Max @ Velo 1 & Velo 3
4 iy Velo 2

B aXtsMoverVelocity[2]
B Max @ Velo 2

4 &y Velo3
i aXtsMoverVelocity[3]
B Max @ Velo 3

JIL Time Max @ Velo 1

JIL Time Max @ Velo 2

JIL Time Max @ Velo 3

Identical to removing elements, you can select Scope components to add them back to the template using
the button Include.

It should be noted that all overlying elements are also automatically added back to the template, even if they
were previously deselected.

Adding Scope configurations from the template

To use a template with the Scope configuration, you need to add the template to the Analytics project. If
there is already a referenced Scope project for the project, the template configuration is added directly there.
If no referenced Scope project exists yet, the template configuration will be added when the Scope project is
created later.

Before the configuration is added to the project, a query opens where you can also cancel the automatic
addition.

54 Working with Historical Data

Historical Data can be analysed with the Analytics Workbench or the Analytics Service Tool. To see your
recorded data, you need the TwinCAT Target Browser.

Selection of data from the TwinCAT Target Browser

The historical data can be pulled directly from the Target Browser to an input of an analysis algorithm.
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1. First, you need to click TcAnalytics in the left corner of Target Browser. There you can see your
configured broker, which lists live and historical data from your various devices. This should look like the
following figure.

Target Browser v ax
@ TcAnalytics  TeAnalyticsFile  Opelia Enter Filter..
% QS GVL > nWVacuumPressure >
Name Type Sze Cotegory  FulName Comment  Subitens Unit Bit-Offset. Attibutes (nstance) Atributes Type)

4 @ 1921685660
. 3fa-d8ac-B1eT-T4f042eectc2

® AnaylicsFle (193D32AC-108A-00A0-TADF-ABL1260
® AnaylisFle (471ADHBA-0200-3071-D148-C429COT

o] S2080057-8006-3077-Bee-BBFSTESad3F

o] 0030207-c652 Tea-Nef6-31167 150749

o] 30095703200 d00¢-eb13-0TB5467 T

« 3

2. Go to the historical stream you created and select the recording to be analyzed. All your records are
listed in the Record window on the right. The last recording is selected by default.

Target Browser B x
ADS  Tehnalytics  TchnalyticsFile  Opela Filter Editor ¥ %
R eew 42018
= Type Sie Category  Full-Name  Comment Subitems Unit Bit-Offset Attributes (nstance) Attributes (Type)
@ w1566 e i . Ve 2 . Gnstanc) s ~) Recordl (>28m)
4 ] SHaeh03a-ac-01eT-T 0 Denctcd s000 . Lol . o on [2016-07-26 12:51:00.964, 2016-07-26 13:20:06.622]
. StarTime EndTime o
goot i VM. 0 ! none 010-07-26 25109964 @ 2010-07-26 BANGS2  #
ati BOOL 1 LMl 0 1502 on
ile (183D324C 7268 800L 1 GVLBNe... 0 2000 none
® Anayticsfile (41 B00L 1 GVLbPick... 0 1992 none Intervaltimes. 00:26:56.655
] 9268057-08b6-3077-Shee-FUB0ST83503 800L 1 GVLbPick.. o 1928 none
of] 0503f207-c652-1Lea-Def6-4311eT15af40 < BOOL 1 GVLbPick... o 1944 none
], 3d695703-29f0-d90e-cb13-017b5467Tbb0 gooL 1 CVLbPick.. o 1952 none
e BOOL 1 GLbPick... 0 1960 none
e BooL 1 GVLbPick... 0 1968
. . BoOL 1 GVLbPick... 0 1076
Ro01 1 0 pirk 0 T nene <~

3. When you record live, the time range of the recording is updated every few seconds. The entire time
range of a recording is used by default. You can also edit the start and end time to analyze your desired
data area. This can be done with a slider, text fields or in a graphical calendar view. If you click on the
symbol to the right of the text fields, the calendar view will be displayed.

Filter Editor= T %§

4 2018
4 July, 2018 4

~ | Record
[2018-C

St
2018-07-26

Interval tim

Su Mo Tu We Th Fr Sa

Hour  Minute  Second  Millisecond

2 58 B o B
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4. After these steps, you can drag and drop a symbol to an input of an algorithm just as you do with the
symbols of the live data.

(@] TwinCAT Messurement Projectd - TeXaeShell (idrministrator) ¥ & | QuickLaunch (Ctl+Q) P- B x
Fie Edt View Project Buld Debug Team Scope Tools Window Help
-o|B-u-% 1 | 9 < & - Debu ~| TwinCAT CET (ARMVT)  ~| B Aftach.. ~ R SR D V-GN~
Wetworis
2 -
Edqe Counter 1ChT =Zov)
Tnput | GVLnVacuumPressure @ 192168.56.6%: 1 + | o Threshold Edge 4 Edge FALSE ¥
Count: 0
Last Event 01/01/2000 02:00:00.000
(]
(e}
[}
@ Lifecyele Analyss 1h
@ Lifetime Analysis 1Ch
z
z
%
ks
¥
(]
ol
ks
¥
Anl
x
B The Classificator 1Ch
‘ > B Threshold Sting Classifcator 1Ch
Solution Explorer B <TF9580-ccip-440e-adbT Sbbdbsialc P
Torget Browser
ADS  TeAnabtics  TcAnabics Fle  Opela Entefiter Fiter Edtore ¥ %
YR s <
Full-Name  Comment Subitems Uit Bit-Offset Attributes (nstance) Attibutes (Type) -
@ 685668 o . o ~) Record1 (328 m)
4 ], SBT3 B1eT 140 2ccci? e . T [2016-07-26 12:5109.964, 2018-07-26 132006.622]
o Lie Dote o . T StartTime EndTime c
oPick.. 0180726 0000000 # 2016-07-26 B2 #
GLbPick. 0 1936
. 817264 GVLbPick. 0 1984
® AnaylicsFile (471ADBEA-02D0-3071-D148-C425C0( LMl 0 mlengty) 1608 Intervaltime: 00:2006.622
T —— GVL Ml 0 Hz Frequency) 1672
o ff 05036297-c652-1lea-Oef6- 431167155749 G¥L.nCol. o 2008
o], 3db0ST03-2000-du0e-eb13-01TbS4G Tk 0 4
0 Pa Pressure) 2024
1 /s (hcceleratic §
1 m(length) 173
« > ! o
Torget Browser [T

= A new input source for your historical stream is then generated and can be displayed in the Solution
Explorer of your Visual Studio. First, the dragged symbol and a timestamp of the current device time are
listed under this stream. Also new drawn symbols of this stream are listed there.

Analyse your historical data in the Analytics Configurator

To analyse your historical data press on the Start Analytics button. In contrast to analysing live data, a green
progress bar appears. The speed of your analysis depends on your record length, the amount and size of
your symbols as well as on your broadband speed to the broker. The analysis stops automatically when the
progress bar ends. The results will remain visible.

Tools  Window  Help

Jebug ~ TwinCAT CET (8RMVT) = | P Attach.. ~ | 2

Metwork 1 & X

. '0.94 MB' received (407,25 KB/s) -
" Metwrorks )
I Edge Counter 1CHT ZCc 7
I Input GWL.nWacuurnPressure @ 192,168.56.6%:1 | g Threshald Edge ; 1 Edge False
| Count 1608
Last Event 26/07/2018 12:18:35.570

WYB-ID: e7FO580-cobl-440e-adb T -04fbbdh38d2e

5.5 Runtime deployment

PLC code can be generated with all modules and parameters configured in the TwinCAT Analytics
Workbench Configurator. This code can be downloaded into a TwinCAT Analytics Runtime to realize 24/7
data analysis.

TE3510 Version: 1.0.1 303



Configuration | Runtime deployment BECKHOFF
NOTICE

Compatibility of automatically generated PLC code

The automatically generated PLC code is based on the TwinCAT Analytics Library. Interfaces of the base
models of the library are compatible with earlier versions after release of the library. The automatically
generated code itself is only a sample code! This code generation may change from version to version. As
far as possible, this is solved by the code generation version.

NOTICE

TwinCAT Version (4026.20 or later) recommended

It is recommended to work with a current TwinCAT version. Especially when using the Usermode
Runtime, both the Usermode Runtime and TwinCAT should be at least version 4026.20.

v' After configuration, click on the Deploy Analytics Runtime command in the context menu.

Solution Explorer

@ o-a| & =

Search solution Explorer (Ctel +0) P~
] Solution ‘Anakics Projectd' (1 project) + Ipue L il
L. W ]
Target Browser
Detach / Reattach
_J  Send Project By E-Mail... —
2 Clear Error List it
I Copy Chrl+C
ttl Paste Crl +4
X Remove Drel
i? Storage Provider Recorder
S Add new Metwark
| BL  Deploy Analytics Runtime
K& Properties Alt+Enter
g8 Tirmeline @ 127.0.0.1: Beckhoff! Input
4 127.0.0.1: Beckhoff HW/PM/PD /Pl
g8 Timeline @ 127.0.0.1: Beckhoff/ a
&8 “Wariables.fPeak @ 127.0.0.1: Beck

g Wariables fStairs @ 127.0.0.1: Bec

v The Deploy Wizard starts and it is possible to set up the entire required configuration step by step for
use.
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1. On the first tab Solution, select whether a new Solution is to be created (Create new Solution), whether
the analysis PLC code is to be integrated or added to an existing Solution as a new project, new PLC or
to an existing PLC (Add to existing Solution), or whether the new project is to be added to an existing
solution using the TwinCAT Project Compare Tool (Merge to existing Project).

Deploy Analytics Runtime X

Codegeneration: Latest Version ("Tc3_Analytics »= V3,1.0.4" E'

a Solution ﬂ Input Source TwinCAT PLC Target |£Y Results HMI Dashboard | Ryl IDE Surnmary

@ Create new Solution

Solution Path: C\Users\Beckhoff\Documents E

Solution Name: AnalyticsSolution
Praject Name: AnalyticsProject PLC MName:  |AnalyticsPLC

O Add to existing Solution

Solution Path: @

Mew TwinCAT Project MNew PLC Project Include to PLC Project

Project Name: PLC Name: ‘

| O Merge to existing Project (TwinCAT Project Compare) |
|

Solution Path: @ |

Project Name: PLC Name:

| [X Cancel| | — Next v~ Deploy :
|

2. Select several data source configurations on the second tab Input Source. This is necessary, for
example, if both live data and historical data are to be analyzed.

Codegeneration: Latest Version ("Tc3_Analytics == W3,1.0.4" E|

= solution | @l nput Source |[@] TwinCAT PLC Target | 14 Results | [l HMI Dashboard | gl IDE Summary

4 ﬂ Sources
4 @ Building A E]
4 ﬂ messagebroker2.beckhoff-cloud.com: EnergyData/Buildin ] ]
] Default Active Configuration (C1)
4 E messagebroker2.beckhoff-cloud.com: Historic-> EnergyD Display Name: |Live Data
] Default
4 ﬂ Building B ! Building A | [Default] messagebroker2, beckhoff-cloud.com:
“ ﬂ %es[s)a?etirokerE.beckhoﬂ—cloud.com: G ! Building B | [Default] messagebroker? beckhoff-cloud.com: |
efault

4 E messagebroker2.beckhoff-cloud.com: Historic-> EnergyD
] Default Configuration {C2)

Display Name; |Historical Data

! Building A | [Default] messagebroker2, beckhoff-cloud.com: ‘

| ! Building B | [Default] messagebrokerd beckhoff-cloud.com: [w |
|

||6 Back | [X Cancel [—> Next [\/ Deploy i
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3. On the third tab TwinCAT PLC Target PLC-specific parameters such as target system, task cycle time
or task assignment to corresponding CPU cores can be specified.

E Deploy Analytics Runtime

Codegeneration:

| Latest Version ("Tc3_Analytics > = V3,1.04" |"I

|ﬂ Solution |i Input Source| TwinCAT PLC Target |Iﬁ Results | HMI Dashboard | fal IDE | Summar}f|

Target
Target System: | <Local> (172.17.60.160.1.1) |Vi G D Create Boot-Project
ADS Pert: 851 (O Enable UTF8 Encoding (%) Activate PLC Runtime
Realtime Router Memory
Available CPU cores: Shared: 1 12 %_l Isolated: | | 0 %_‘ Configured Size [MB]: 1 256 @
Tasks
Name Cycle time (ms) CPU Core
AnalyticsTask 10 Corel (Shared) -
AnalyticsTask_C1 10 Corel (Shared)
AmalyticsTask_C2 10 Corel (Shared)
ki
@ Overwrite Task Config Maximal Stack Size [KB]: 512 KB |:i
< Back X Cancel | | = Next v~ Deploy

4. If you have set the PLC Result property of some functions in the configurator, the Result tab is enabled.
Specify where the results are streamed or saved.

ﬂ Deploy Analytics Runtime

Codegeneration:

| Latest Version ("Tc3_Analytics == W3,1.0.4" |"|

| &l solution | [l Input Source | [@ TwinCAT PLC Target| 1& Results | [l HMI Dashboard | & IDE | [ Summary

Result Type
= Create no Results

Topic:

(NO MODULES SELECTED FOR RESULTSTREAM)
Map Results to ADS Struct

Stream Results to MQTT Broker

Analytics/Analysis/ResultStream

[ MQTT Connection Settings

]

Write Results to Analytics File

File Path: @
Max File Size: 256 Sample buffer count
< Back X Cancel | | — Next \/ Deploy
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5. By clicking Select Result Iltems it is possible to select only the desired values.

Select Result [tems

4 Analytics Project

4 D -Ne‘mru-rk

4 F MeasurementMemberBase

4 @ Inputs
(x) #I Dataln

@ #] bEnableExecution
@ %] bReset
4 @ Iy Cutputs
@ - bMNewResult
(X) m- bEdge
@ K- nCount
@ K- tLastEvent

A D -Netwurk

d o MeasurementMemberBasze
4 [x) Inputs
@ %] Dataln
@ #] bEnableExecution
@ %] bReset
i @ Iy Cutputs
@ K- bMewResult
@ K- fMin

@ - fiMax
(%) mfAvg
@ K- thin
@ K- tMax
| cancel ][ ok
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6. If you have assigned HMI Controls to one or more functions, the HMI Dashboard tab is enabled. Here
you can make various settings to generate a customized dashboard that suits your needs.

Deploy Analytics Runtime ks
Codegeneration: Latest Version ("Tc3_Analytics > = V3,1.04" El
& sclution | [ Input Source TwinCAT PLC Target | & Results HMI Dashboard | fg] IDE Summary

HMI generated Settings -

Generate HMI Dashboard [] Create only HMI Project (no PLC) i

Dashboard Version:

HMI Project Name: AnalyticsHMIProject Latest (Version 2.0) “

Dashboard Options

Dashboard Title: Analytics Dashboard

Desktop Width: 1920 Desktop Heigth: 864

Create Start-Page Show current time

Dashboard Styles

Dashboard Layout: Dashboard Sorting:

Allign Center Control Type W

< Back X Cancel | | = Next v~ Deploy

7. On the IDE tab, select which Visual Studio version or TwWinCAT XAE Shell is to be used for the
generation if several are installed.

Deploy Analytics Runtime

Codegeneration: Latest Version ("Tc3_Analytics == W3,1.0.4" El

= solution | @ Input Source | [@8 TwinCAT PLC Target | &7 Results HMI Dashboard | lg IDE Summary
4 Common

CodeGenVersion: "Latest”
Fi a Solution

DeployMode: "New Solution®

SolutionPath: "C\Users\Beckhoff\Documents®

ProjectName: "AnalyticsProject”

SolutionMame: “AnalyticsSolution”

PLC Name: "AnalyticsPLC"

SolutionDirectoryMName: "AnalyticsSolution™

CreateSubFolders: "True"

CreateSubFolders_|sfvailable: "True”

ProjectFilePath: "Ch\Users\Beckhoff\Documents\AnalyticsSolution\AnalyticsProject\AnalyticsProject.tsproj”

NewTcProject: "True"
4 H Input Source

4 Analytics.Common.InputSrcConfigurations:
C1 - Live Data
C2 - Historical Data

4 [@] TwinCAT PLC Target

Runtime: "851"

< Back X Cancel [ > Next l \/ Deploy
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8. The Summary tab shows you all the settings you have made for the generation. Click on Deploy to start
the generation process.

ﬂ Deploy Analytics Runtime ks

Codegeneration: | Latest Version ("Tc3_Analytics > = V3,1.04" |"|

| &l solution | [l nput Source | (@0 TwinCAT PLC Target | 1& Resuits | [l HMI Dashboard | B3 1DE| &) Summary |

4 Common
CodeGenVersion: "Latest”
4 ﬂ Solution
DeployMode: "New Solution™
SolutionPath: "C:\Users\Beckhoff\Documents®
ProjectName: "AnalyticsProject”
SolutionMame: "AnalyticsSolution”
PLC Name: "AnalyticsPLC"
SolutionDirectoryName: "AnalyticsSolution®
CreateSubFolders: "True"
CreateSubFolders_|sAvailable: “True”
ProjectFilePath: "C\Users\Beckhoff\DocumentsiAnalyticsSolution\AnalyticsProject\AnalyticsProject.tspro)”
NewTcProject: "True”
4 H Input Source
4 Analytics.Common.InputSrcConfigurations:
C1 - Live Data
C2 - Historical Data
4 [@] TwinCAT PLC Target
Runtime: "851" V

< Back X Cancel [—>Next l v/ Deploy
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= The overview window shows each step during the generation process, clearly arranged and divided into
categories.

Deploy Analytics Runtime n

Deploy preparation
Read the project. check the configuration and transform objects.
o ﬁ 0 Emors 1 0 'Waming 0 26 Messages

Visual Studio

Creates a new instance of the Visual Studio / TeXaeShell and create an empty solution.
ﬁ 0 Bmors 1 0 Waming ﬂ 3 Messages

TwinCAT PLC code generation
Creates a new TwinCAT PLC project with all FBs and other needed components.
B 0Emors 1 0 Waming 0 114 Messages

Done

Deploy Runtime succeeded

Bring to Front Save to File Cance Close

5.5.1 Algorithm properties

Each algorithm of the Analytics Configurator is providing some properties. The sections of HMI and PLC are
necessary for the automatic code generation.
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Properties

Comment

SortPricrity
B Function

Classld

ClassMame

FactoryMame
Group
Title

B HMI
Generate GVL

E Metwork
MetwaorklD
B PLC

Stream Results

Apperance

HMI

GlobalVariableType

Persistent Results

vfll_x

Edge Counter 1Ch_1 TwinCAT.Measurement.AnalyticsFunctionMNodeProper -

Il elack
100

02040701 -0000-0000-f000-000000000064
TcAnalyticsKernel

TcAnalyticsKernel Base

Edge Counter 1Ch_1

False

InQutVariables

False

Falze

* Generate GVL: Enable the generation of an Global Variable List with a collection of variables and
corresponding data type mapping for TwinCAT HMI

» GlobalVariableType: Choose the type with InOutVariables just for inputs and outputs of the algorithm
or KeyValuePairs for general mapping to STRING for tables

» Persistent Results: Enable this flag to store results of algorithm persistent to target system of the

Analytics Runtime

» Stream Results: Enable this flag to add the In- and Outputs of the algorithm to a result stream which
will be generated by the code generation

TE3510

Version: 1.0.1
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5.5.2 PLC Code

@ AnalyticsSelution - TcXaeShell (Administrator) % &  Quick Launch (Ctrl+Q) P - [m] x
File Edit View Project Build Debug TwinCAT  TwinSAFE PLC Team Scope Jools Window  Help

N - I 3 - -2 W YT - ~ | Release ~ | TwinCAT RT (x64) ~| B Attach.. ~ 57 pSQLCmd - B ;

© Build 402412 (Loaded) ~ - |+ “.,‘ = o9&  AnalyticsProject - <Local> = _ AnalysisPLC - -

Solution Explorer @ x MAIN_Analyt z

5

- T 1| PROGRAM MRIN Analytics_Cl "

- - & = = =

aa- e * E =zl var meUT R

Search Solution Explorer (Ctrl+i) P - 3 stReser: ST AnalysisBeset; i

- Q

T Solution 'AnalyticsSolution' {1 project) - 4 END VAR z

4 ol AnalyticsProject = - VAR_OUTPUT g

b ﬂ SYSTEM : I?Error: BOOL;
MOTION 7 ipTcResult: I TcMessage;
6 pLc 2| END VAR 1nn v

4[] AnalysisPLC L AReset{); "
4 2] AnalysisPLC Project :
b EF Extemal Types 3 fbResults.Call();
b [:3] References b
b £3 DU - 5 IF fbResults.bInitialized THEN
b g Guls - € IF TestAndSet(Analytics.blLock T1) THEN
4 3 POU 7 IF RAnalytics.fbTl DataSource.bllewData THEN
s
= ]
< DB' ;“’[TI“ : s WHILE NOT Analytics.fbTl_DataScurce.bEndOfData DO
elper] = 10
b [3 DataSource 11 Znalytics.fbTl_DataSource.NextData();
4 [ Networks 12
4[5 NOT Network1 13 fhinalysis.Call():
4 [ Modules =2 14 IF fblhnalysis.bErrcr THEN
3 H';j FB_N1_M1_EdgeCounter1Ch (FB) 15 EXIT;
b [F] FB_N1_M2_MinMaxAug1Ch (FB) = 16 ELSE
I HEJ FB_N1_Metwork1 (FB) 17 fbAnalysis.ResultStream(fbResulta);
b [J Results L= END_IF
4 [F] FB_Analysis (FB) =
b B} bNewlnputData =0 END_WHILE
iy Cal i
3 E; nContext - ELSE
|_?' R 23 fbhnalysis.Call();
i Reset 24 END IF
Fﬁ" ResultStream . -
_ DMﬁ t;;’ge‘“mp 26 Analytics.block_Tli= FAISE;
& (PRG) 27 END IF
F] MAIN_Analytics (PRG) . -
b ] MAIN_Analytics_C1 (PRG) 2 J/Brvor Handling
3 VIsus 20 pError:= fhlnalysis.bError:
b AnalyticsTask (AnalyticsTask) - 31 ipTcResult:= £blnalysis.ipTcResult;

Solution Explorer  Team Explorer 22 v

Target Browser Error List  Output

4 Add to Source Control =

Compatibility of automatically generated PLC code

The automatically generated PLC code is based on the TwinCAT Analytics Library. Interfaces of the base
models of the library are compatible with earlier versions after enabling the library. The automatically
generated code itself is only a sample code! This code generation may change from version to version.

Code generation version compatibility
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Version Version | Version | Version | Version | Version
4.0 (obso- | 4.1 (obso- | 5.0 (obso- 5.1 6.0 7.0
lete) lete) lete)

Analytics algorithms (X) (X) (X) X X X
Filter algorithms (X) (X) (X) X X X
HMI support (X) (X) (X) X X X
HMI with advanced input stream (X) (X) (X) X X X
handling
Support of array inputs (X) (X) (X) X X X
Support of oversampling inputs (X) (X) (X) X X X
Network templates (X) (X) (X) X X X
“Closed” network templates (X) (X) (X) X X X
Network with inputs, outputs and (X) (X) (X) X X X
parameters
“Condition Monitoring” network (X) (X) (X) X X X
templates
Lambda algorithms (X) (X) (X) X X X
Writing parameters via HMI - (X) (X) X X X
“Power Monitoring” algorithms (X) (X) (X) X X X
Scope Support - - (X) X X X
AnalyticsFile Inputsource Support - - - - X X
Vision Support - - - - - X

manually adapted.

NOTICE

Possible manual PLC code optimizations

Every automatically generated PLC project has specific properties and requirements for smooth and error-
free execution. Some of these properties cannot be predicted at the time of generation. To optimize the

execution, various places are listed under Manual optimizations [P_314] where the generated code can be

TE3510
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5.5.2.1 Manual optimizations

Cycle overruns in the processing of historical data

Task  Online  Parameter (Online)  Add Symbals

| | | |
L 10000 us Cpu 3023.5us™
Total 31281 us

*Dus

Exceed counter: 174 Reset

This can be optimized using the following parameters in Analytics.GVL

Tl InputSource: FB Tl InputSource;

A/Historical:

fhT2 C2 Input3ourceHist: FB T2 C2 TnputSourceHistorical;
A /Empty:

fbTl_TecCriticalSection: FB TecCriticalSection:

J/Historical DataSource parsmster
nHistMaxInputBuffer: UDINT := 1007
nHistMaxSampleCount: UDINT := 4007

atReset: 5T_AnalysisReset:
END VAR

» The parameter nHistMaxInputBuffer specifies the maximum number of samples to be processed per
cycle. The higher this value, the greater the risk of cycle overruns. If this value is too small, the
StreamHelper buffer may overflow, resulting in data loss.

* The parameter nHistMaxSampleCount specifies how many samples a message from the ASP may
contain. The higher the value, the faster the data of a historical recording is transmitted. However, this
can also cause the StreamHelper buffer to overflow more quickly
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5.5.2.2 Code version 2.1 (obsolete)
Solution Explorer =
co@e-cadls -
Search Solution Explorer (Ctrl+a)
fa] Solution 'AnalyticsSelutiond' (1 project)
Pl E.AnalyliGPlojed
4 [ svsTEM
E License
b @ Real-Time
4 & Tasks
[ PlcTask

215 Type System
4 TcCOM Objects

StreamHelper
MOTION

4 [ rLC
a AnalyticsProject
4 m AnalyticsProject Project
b [ External Types
I References
4

= DUTs
4 [ Analytics
b HMI
4[5 Results
&2 ST_Results (STRUCT) DataTypes
7 E_AnalysisComponents (ENUM)
& E_AnalysisComp
& ST_AnalysisReset (STRUCT)
4 [ GVls
HMI GVL
DataSource /
M2M Mapping
4 |5 Metworks
4[5 NO1 Networkl Network
Modules
b 5] FB_N1_Metworkl (FE)
A Results
Results
b ] FB_Analysis (FB) Analysis
] MAIN (PRG)
Main
Task

b g5 PlcTask (PlcTask)
O} AnalyticsProject Instance

Task:

A separate task is created for the analytics analysis.

StreamHelper:

If one or more data sources are of type MQTT binary stream, the code generation creates an instance of a
StreamHelper object to process the incoming binary stream patterns.
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DataTypes:

The data types are created for the analysis. They contain STRUCTSs for the reset function or result
processing and ENUMs to select the various components.

HMI GVL:

To conveniently map module inputs and outputs with the HMI dashboard, selected variables are generated
as global variables.

DataSource/M2M Mapping:

The FB DataSource manages the receipt of input values from the various sources. In the OUTPUT
declaration you will find all configured inputs. The FB ValueMapping_M2M manages the value mapping
between the modules (M2M - Module to Module) from the module INPUTs to the module OUTPUTSs.

Network:

All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.

Modules:

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

Results:

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected
variables to the message broker or saves the data to the Analytics binary file.

Analysis:

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error
handling are created.

MAIN:
The FB Analysis is called in the program MAIN_Analytics. The program is assigned to the separate task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.

All reset calls are defined in the action A_Reset.

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics Version >= 3.1.0.0
5.5.2.21 FB_DataSource

The DataSource FB manage the receiving of the input values of the different sources. In the OUTPUT
declaration you can find all configured inputs.

Syntax

Definition:

FUNCTION BLOCK FB T[n] DataSource IMPLEMENTS I T[n] DataSource
VAR
END VAR
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‘w Methods

Name Definition location Description

Call [» 317] Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.

GetData [» 317] Local Method to get the data of the specified element

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics

5.5.2.21.1 GetData

Syntax

METHOD GetData : BOOL
VAR INPUT

nElement : UDINT;
END VAR

! Inputs

Name Type Description

nElement UDINT Element ID to get the specific
sample

E- Return value

Name Type Description

GetData BOOL Is TRUE if a new element is
selected

5.5.2.2.1.2 Call

Syntax
METHOD Call : BOOL

E- Return value

Name Type Description
Call BOOL Always returns FALSE.

5.5.2.2.2 FB_Network

All modules are sorted in a specific network to get a better overview and structure of the configured analysis.

Syntax

Definition:

FUNCTION BLOCK FB N[n] [Networkl]
VAR INPUT
[module FBs]
END VAR
VAR _OUTPUT
bError: BOOL;
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ipTcResult: I TcMessage;

END_ VAR

# Inputs

Name Type Description

Module FBs FBs of the configured modules

& Qutputs

Name Type Description

bError BOOL Becomes TRUE as soon as an error situation
occurs.

ipTcResult |_TcMessage Message interface from the TwinCAT 3
EventLogger, which provides details on the return
value.

w Methods

Name Definition location Description

Call [» 322] Local Method for background communication. The method
must be called cyclically.

Reset [P 322] Local Reset the Network with all sub modules

ValueMapping [» 318] Local Map the input values to the different module inputs

SetHMIValues [» 319] Local Optional: Map in- outputs of the modules to the
global HMI variable

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86) Tc3_Analytics

5.5.2.2.2.1

Syntax

METHOD ValueMapping :

VAR INPUT

ipDataSource :

END VAR

# Inputs

ValueMapping

BOOL

I T[n]_DataSource;

Name

Type

Description

ipDataSource

|_T[n]_DataSource

Data for the analysis from the
specific data source

E- Return value

Name

Type

Description

ValueMapping

BOOL

Always returns FALSE.
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5.5.2.2.2.2 SetHMIValues
Syntax

METHOD SetHMIValues : BOOL
VAR _INPUT

pHMI N[n] [Networkl] : POINTER TO ST HMI N[n] [Networkl];

END VAR

# Inputs

Name Type

Description

pHMI_N[n]_[Network1] POINTER TO
ST_HMI_Nin]_[Network1]

Pointer to global HMI struct

E- Return value

Name Type

Description

SetHMIValues BOOL

Is TRUE if done

5.5.2.2.2.3 Reset

Syntax

METHOD Reset : BOOL
VAR
END VAR

E- Return value

Name Type

Description

Reset BOOL

Is TRUE if done

5.5.2.2.2.4 Call

Syntax

METHOD Call : BOOL

VAR INPUT
ipDataSource: I T[n] DataSource;
[ipValueMapping M2M: I ValueMapping M2M; ]

END VAR
# Inputs

Name Type Description
ipDataSource |_T[n]_DataSource Data for the analysis.

ipValueMapping_M2M |_ValueMapping_M2M

Optional: Needed for mapping
values between modules

E- Return value

Name Type Description

Call BOOL

Always returns FALSE.

TE3510 Version: 1.0.1
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5.5.2.2.3 FB_Module

The module FBs contains all inputs and outputs of the configured modules from the Workbench
Configurator. It is also possible to reconfigure the modules at runtime. You only have to change the
parameter and then start the reconfigure process with a rising edge at the bReconfigure INPUT.

Syntax

Definition:

FUNCTION BLOCK FB N[n]
VAR INPUT
[module inputs]
END VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
[module outputs]
END VAR

M[n]

[Module]

# Inputs

Name Type

Description

Module inputs

Inputs of the selected module

E QOutputs

Name Type

Description

bError BOOL

Becomes TRUE as soon as an error situation
occurs.

ipTcResult |_TcMessage

Message interface from the TwinCAT 3
EventLogger, which provides details on the return
value.

Module outputs

Outputs of the selected module

‘w Methods
Name Definition location Description
Call [» 320] Local Method for background communication. The method
must be called cyclically.
Reset [P 321] Local Reset the module
SetHMI [» 321] Local Optional: Sets the in- outputs to the global HMI
structs

Requirements

Development environment Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.2.3.1 Call

Syntax

METHOD Call
VAR
END VAR

: BOOL
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E- Return value

Name Type Description

Call BOOL Always returns FALSE.
5.5.2.2.3.2 Reset

Syntax

METHOD Reset : BOOL

VAR

END VAR

E- Return value

Name Type Description
Reset BOOL Is TRUE if done
5.5.2.2.3.3 SetHMI

Syntax

METHOD SetHMIValues : BOOL
VAR INPUT
PHMI N[n] [Networkl]

: POINTER TO ST HMI N([n] [Networkl];

END_ VAR
# Inputs

Name Type Description
pHMI_NI[n]_[Network1] POINTER TO Pointer to global HMI struct

ST_HMI_N[n]_[Network1]

E- Return value

Name Type Description
SetHMI BOOL Is TRUE if done
5.5.2.24 FB_Analysis

In the analysis FB the whole analytics routine is defined. All configured networks with their modules and error

handling is created.

Syntax

Definition:

FUNCTION BLOCK FB Analysis
VAR INPUT
[network FBs]
END_ VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END_ VAR

TE3510
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% Inputs

Name Type

Description

Network FBs

FBs of the configured networks

E- Qutputs

Name Type Description

bError BOOL Becomes TRUE as soon as an error situation
occurs.

ipTcResult |_TcMessage Message interface from the TwinCAT 3
EventLogger, which provides details on the return
value.

w Methods

Name Definition location Description

Call [r 322] Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.

Reset [P 322] Local Reset the whole analysis

ResultStream [P 323] Local Optional: If a result stream has to be created

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.2.4.1 Call

Syntax

METHOD Call : BOOL
VAR INPUT

ipDataSource: I T[n] DataSource;
END_ VAR

% Inputs
Name Type Description
ipDataSource |_T[n]_DataSource Data for the analysis.

E- Return value

Name Type

Description

Call BOOL

Always returns FALSE.

5.5.2.2.4.2 Reset

Syntax
METHOD Reset : BOOL
VAR _IN OUT
stReset: ST AnalysisReset;
END VAR

322
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% Inputs

Name Type Description

stReset ST_AnalysisReset Struct to define witch module or
network should be reset.

E- Return value

Name Type Description
Reset BOOL Is TRUE if done

5.5.2.2.4.3 ResultStream

Syntax

METHOD ResultStream : BOOL
VAR _INPUT

ipResults: I Results;
END VAR

# Inputs

Name Type Description
ipResults |_Results Interface pointer to the Result FB

E- Return value

Name Type Description
Call BOOL Always returns FALSE.
5.5.2.2.5 FB_Results

If results of the analysis has to be stored or streamed, the result FB managed this and streamed the selected
variables to the message broker or store the data into the analytics binary file.

Syntax

Definition:

FUNCTION BLOCK FB Results
VAR OUTPUT

stResults: ST Results;
END VAR

E QOutputs

Name Type Description

stResults ST _Results Result struct which contains all items of the result
stream
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w Methods
Name Definition location Description
Call [» 324] Local Method for background communication. The method
must be called cyclically.
AddResult [» 324] Local Add a sample to the result stream
SendResults [» 324] Local Sends all buffered samples of the result stream
Release [P 325] Local Close stream or file of the result stream
Requirements
Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
5.5.2.2.5.1 Call
Syntax
METHOD Call : BOOL
VAR
END_VAR
E- Return value
Name Type Description
Call BOOL Always returns FALSE.
5.5.2.2.5.2 AddResult
Syntax
METHOD AddResult : BOOL
VAR_INPUT
tTimestamp: ULINT;
stSample: ST Results;
END_ VAR
#* Inputs
Name Type Description
tTimestamp ULINT Timestamp of the sample
stSample ST_Results Sample structure
E- Return value
Name Type Description
AddResult BOOL Always returns FALSE.

5.5.2.2.5.3 SendResults

Syntax

METHOD SendResults : BOOL
VAR
END VAR
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E- Return value

Name Type

Description

SendResults BOOL

Always returns FALSE.

5.5.2.2.5.4 Release

Syntax

METHOD Release : BOOL
VAR
END VAR

E- Return value

Name Type Description
Release BOOL Always returns FALSE.
5.5.2.2.6 MAIN_Analytics

In the MAIN_Analytics program the analysis FB is called. The program is assign to the separated Task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First you have to choose the component you would like to reset. Then a rising edge at the bReset INPUT

starts the reset process.

Inside of the A_Reset Action all reset calls are defined.

Syntax

Definition:

PROGRAM MAIN Analytics
VAR INPUT

stReset: ST AnalysisReset;

END VAR
VAR _OUTPUT
bError: BOOL;

ipTcResult: I TcMessage;

END VAR

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

TE3510
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5.5.2.3 Code version 3.0 (obsolete)

Sol
CO@E- o-a Kl
| Search Solution Explorer (Ctrl+ )
] Selution 'AnalyticsSelutiond' {1 project)
4 EAnalylicsPloject
Fl ESVSTEM
| License
b @ Real-Time
a4 B Tasks
[Z1 PlcTask

Tasks

=f= Routes
£2 Type System
4 TeCOM Objects

StreamHelper

[ momon
4 [rc
4 [ AnalysisPLC
4 & AnalysisPLC Project
b 3 External Types
b References
4 [ DUTs
4 % Analytics
b O HMI
4[5 Results
&2 ST_Results (STRUCT)
¢ E AnalysisComponents (ENUM)
2 E_DataSourceState (EMUM)
& ST_AnalysisReset (STRUCT)
2 ST HistoricalDataSourceCtrl (STRUCT)
4 [ GVLs

DataTypes

GVLs

4 [ POUs
4 [ Analytics
b 3 [Helper]

VirtuallnputSource /
DataSource /
M2M Mapping

4 [ Networks

4 [ NOT Network! Network

- -

b iE] FB_N1_Network1 (FB)
4 [ Results
b [Z] FB_Analysis (FB) Analysis
] MAIN (PRG)
Assign Tasks

bl PlcTask (PlcTask]
OfF AnalysisPLC Instance

Tasks:

A separate task is created for the analytics analysis and for each configuration of a Virtual Input Source.

StreamHelper:

For each data source of type MQTT binary stream, the code generation creates an instance of a stream

helper object to process the incoming binary stream patterns.

w
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DataTypes:

The data types are created for the analysis. They contain STRUCTSs for the reset function or result
processing and ENUMs to select the various components.

GVLs:

To conveniently map module inputs and outputs with the HMI dashboard, selected variables are generated
as global variables. In addition, the Data Source function block instances and various parameters are
generated as global variables.

VirtuallnputSource / DataSource / M2M Mapping:

The Virtual Input Source interfaces abstract the Data Source symbols from the analysis. The FB DataSource
manages the receipt of input values from the various sources. In the OUTPUT declaration you will find all
configured inputs. The FB ValueMapping_ M2M manages the value mapping between the modules (M2M -
Module to Module) from the module INPUTSs to the module OUTPUTSs.

Network:

All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.

Modules:

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

Results:

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected
variables to the message broker in binary or Json format, or saves the data locally to an Analytics binary file.

Analysis:

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error
handling are created.

MAIN PRGs:

In the MAIN_Analytics program, the DataSource FBs are called, the reset function is managed and, if
appropriate, the values are mapped with the HMI dashboard. The program is assigned to a separate task.

The FB Analysis is called in the programs MAIN_Analytics Vx_Cx. The programs are each assigned to a
separate task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.

All reset calls are defined in the action A_Reset.

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics Version >= 3.1.0.0
5.5.2.3.1 FB_DataSource

The FB DataSource manages the receipt of input values from the various sources. In the OUTPUT
declaration you will find all configured inputs.
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Syntax

Definition:

FUNCTION BLOCK FB T[n] DataSource IMPLEMENTS I DataSource,

VAR OUTPUT

eDataState: E DataSourceState;

END VAR

‘w Methods

I V[n] Virtual Input Source

Name

Definition location

Description

Call [r 328

Local

Method for background communication with the
TwinCAT driver. The method must be called
cyclically.

GetData [» 328] Local Method to retrieve the data of the specified element.
GetDataOversampling Local Method to retrieve the oversampling data of the

» 329] specified element.

NewDataAvailable [» 329] |Local Method to check if new data is available.
HistoricalCtrl [ 329] Local Method for retrieving historical data.
UpdateRecordList [» 330] |Local Method for updating the historical record list.

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.3.1.1

Syntax

METHOD GetData :
VAR_INPUT

nElement :
END VAR

BOOL

UDINT;

# Inputs

GetData

Name

Type

Description

nElement

UDINT

Element ID to obtain the specific example.

E- Return value

Name

Type

Description

GetData

BOOL

Is TRUE if a new element is selected.

5.5.2.3.1.2 Call

Syntax

METHOD Call : BOOL

E- Return value

Name

Type

Description

Call

BOOL

Always returns FALSE.
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5.5.2.3.1.3 GetDataOversampling

Syntax

METHOD GetDataOversampling : BOOL

VAR _INPUT

nElement : UDINT;

nSample: : UDINT;

END VAR

# Inputs

Name Type Description

nElement UDINT Element ID to obtain the specific sample element.
nSample UDINT Sample ID to obtain the specific sample.
E- Return value

Name Type Description

GetDataOversampling BOOL Is TRUE if a new element is selected.

5.5.2.31.4 NewDataAvailable
Syntax
METHOD NewDataAvailable : BOOL
VAR _INPUT
nLastDataHandle : ULINT;
END_ VAR
# Inputs
Name Type Description
nLastDataHandle ULINT Handle from the last fetched data packet.
E- Return value
Name Type Description
NewDataAvailable BOOL Is TRUE if new data is available.

5.5.2.3.1.5

Syntax

METHOD HistoricalCtrl
VAR INPUT
stCtrl

HistoricalCtrl

: BOOL

: REFERENCE TO ST HMI DataSourceCtrl;

stHistStreamInfo : REFERENCE TO ST HMI DataSourceHist;

stRecordInfo : REFERENCE TO ST HMI DataSourceHistRecordInfo;
END VAR
# Inputs
Name Type Description
stCtrl ST_HMI_DataSourceCtrl
stHistStreaminfo ST_HMI_DataSourceHist
stRecordInfo ST_HMI_DataSourceHistR

ecordinfo
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E- Return value

Name Type Description
HistoricalCtrl BOOL Always returns FALSE.
5.5.2.3.1.6 UpdateRecordList

Syntax

METHOD UpdateRecordList : BOOL

VAR INPUT

stCtrl : REFERENCE TO ST HMI DataSourceCtrl;
stHistStreamInfo : REFERENCE TO ST HMI DataSourceHist;
sStreamSystemID : GUID;

END_ VAR
# Inputs
Name Type Description
stCirl ST_HMI_DataSourceCtrl
stHistStreaminfo ST_HMI_DataSourceHist
sStreamSystemID GUID
E- Return value
Name Type Description
UpdateRecordList BOOL Always returns FALSE.
5.5.2.3.2 FB_Network
All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.
Syntax
Definition:
FUNCTION BLOCK FB N[n] [Networkl]
VAR INPUT
[module FBs]
END VAR
VAR OUTPUT

bError: BOOL;

ipTcResult: I TcMessage;

END VAR

| Inputs

Name Type Description

Module FBs Function blocks of the configured modules.

& Qutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.

ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.
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w Methods

Name Definition location Description

Call [» 335] Local Method for background communication. The method
must be called cyclically.

Reset [»_335] Local Resetting the network with all submodules.

ValueMapping [» 331] Local Assignment of the input values to the various
module inputs.

SetHMIValues [» 331] Local Optional: Mapping of the inputs/outputs of the
modules to the global HMI variable.

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics

5.5.2.3.2.1 ValueMapping

Syntax
METHOD ValueMapping : BOOL
VAR INPUT
ipVirtual Input Source : I V[n] Virtual Input Source;
END VAR
% Inputs
Name Type Description
ipVirtual_Input_Source |_V[n]_Virtual_Input_Sourc|Data for analysis from the specific data source.
e
E- Return value
Name Type Description
ValueMapping BOOL Always returns FALSE.

5.5.2.3.2.2 SetHMIValues

Syntax
METHOD SetHMIValues : BOOL
VAR _INPUT
pHMI N[n] [Networkl] : POINTER TO ST HMI N[n] [Networkl];
END_ VAR
# Inputs
Name Type Description
pHMI_NI[n]_[Network1] POINTER TO Pointer to the global HMI structure.
ST_HMI_N[n]_[Network1]

E- Return value

Name Type Description
SetHMIValues BOOL Is TRUE when completed.
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5.5.2.3.2.3

Syntax

METHOD Reset : BOOL
VAR
END_ VAR

E- Return value

Reset

Name

Type

Description

Reset

BOOL

Is TRUE when completed.

5.5.2.3.2.4 Call

Syntax

METHOD Call : BOOL
VAR _INPUT

ipVirtual Input Source: I V[n] Virtual Input Source;
[ipValueMapping M2M: I ValueMapping M2M; ]

END_ VAR

% Inputs

Name

Type

Description

ipVirtual_Input_Source

|_T[n]_Virtual_Input_Sourc
e

Data for the analysis.

ipValueMapping_M2M

|_ValueMapping_M2M

Optional: Necessary for mapping values between

modules.
E- Return value
Name Type Description
Call BOOL Always returns FALSE.
5.5.2.3.3 FB_Module

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

Syntax

Definition:

FUNCTION BLOCK FB N[n] M[n] [Module]

VAR INPUT

[module inputs]
END VAR
VAR OUTPUT

bError: BOOL;

ipTcResult: I TcMessage;

[module outputs]
END VAR

% Inputs

Name

Type

Description

Module inputs

Inputs of the selected module.
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& QOutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.
ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,

which provides further information about the return
value.

Module outputs

Outputs of the selected module.

w Methods
Name Definition location Description
Call [» 333] Local Method for background communication. The method
must be called cyclically.
Reset [P 333] Local Resetting the module.
SetHMI [» 334] Local Optional: Sets the inputs/outputs to the global HMI
structures.

Requirements

Development environment Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.3.3.1 Call

Syntax

METHOD Call
VAR _INPUT
ipvirtual Input Source :
[ipValueMapping M2M : I ValueMapping M2M; ]
END VAR

: BOOL

# Inputs

I V[n] Virtual Input Source;

Name Type

Description

ipVirtual_Input_Source
e

|_V[n]_Virtual_Input_Sourc

Data for the analysis.

ipValueMapping_M2M |_ValueMapping_M2M

Optional: Necessary for mapping values between
modules.

E- Return value

Name Type

Description

Call BOOL

Always returns FALSE.

5.5.2.3.3.2 Reset

Syntax

METHOD Reset :
VAR
END VAR

BOOL
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E- Return value

Name Type Description

Reset BOOL Is TRUE when completed.
5.5.2.3.3.3 SetHMI

Syntax

METHOD SetHMIValues : BOOL

VAR INPUT

PHMI N[n] [Networkl]

: POINTER TO ST HMI N([n] [Networkl];

END_ VAR
# Inputs

Name Type Description
pHMI_N[n]_[Network1] POINTER TO Pointer to the global HMI structure.

ST_HMI_N[n]_[Network1]

E- Return value

Name Type Description
SetHMI BOOL Is TRUE when completed.
5.5.2.3.4 FB_Analysis

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error

handling are created.

Syntax

Definition:

FUNCTION_ BLOCK FB Analysis

VAR INPUT
[network FBs]

END_VAR

VAR OUTPUT
bError: BOOL;

ipTcResult: I TcMessage;

END VAR

# Inputs

Name Type Description

Network FBs Function blocks of the configured networks.

E QOutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.

ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.
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w Methods
Name Definition location Description
Call [» 335] Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.
Reset [P 335] Local Resets the entire analysis.
ResultStream [P 336] Local Optional: If a result stream needs to be created.

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.3.4.1

Syntax

METHOD Call
VAR INPUT

: BOOL

ipVirtual Input Source:

END VAR

# Inputs

Call

I V[n] Virtual Input Source;

Name

Type

Description

ipVirtual_Input_Source

|_V[n]_Virtual_Input_Sourc
e

Data for the analysis.

E- Return value

Name Type Description
Call BOOL Always returns FALSE.
5.5.2.3.4.2 Reset
Syntax
METHOD Reset : BOOL
VAR _IN OUT
stReset: ST AnalysisReset;
END VAR
% Inputs
Name Type Description
stReset ST_AnalysisReset Structure to define which module or network is to be
reset.

E- Return value

Name

Type

Description

Reset

BOOL

Is TRUE when completed.
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5.5.2.3.4.3 ResultStream
Syntax
METHOD ResultStream : BOOL
VAR _INPUT
ipResults: I Results;
END_VAR
# Inputs
Name Type Description
ipResults |_Results Interface pointer to the FB Results.
E- Return value
Name Type Description
Call BOOL Always returns FALSE.
5.5.2.3.5 FB_Results

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected
variables to the message broker or saves the data to the Analytics binary file.

Syntax
Definition:
FUNCTION BLOCK FB Results
VAR OUTPUT
stResults: ST Results;
END VAR
& QOutputs
Name Type Description
stResults ST _Results Result structure that contains all elements of the
result stream.
w Methods
Name Definition location Description
Call [» 337] Local Method for background communication. The method
must be called cyclically.
AddResult [» 337] Local Add a sample to the result stream
SendResults [P 337] Local Sends all buffered samples of the result stream
Release [» 337] Local Close stream or file of the result stream

Requirements

Development environment Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics
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5.5.2.3.5.1 Call

Syntax

METHOD Call : BOOL
VAR
END VAR

E- Return value

Name Type Description
Call BOOL Always returns FALSE.

5.5.2.3.5.2 AddResult

Syntax

METHOD AddResult : BOOL
VAR _INPUT
tTimestamp: ULINT;
stSample: ST Results;

END VAR
% Inputs

Name Type Description

tTimestamp ULINT Timestamp of the sample
stSample ST _Results Sample structure

E- Return value

Name Type Description
AddResult BOOL Always returns FALSE.

5.5.2.3.5.3 SendResults

Syntax

METHOD SendResults : BOOL
VAR
END_VAR

E- Return value

Name Type Description
SendResults BOOL Always returns FALSE.

5.5.2.3.5.4 Release

Syntax

METHOD Release : BOOL
VAR
END_ VAR

E- Return value

Name Type Description
Release BOOL Always returns FALSE.
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5.5.2.3.6 MAIN_Analytics

In the MAIN_Analytics program, the DataSource FBs are called, the reset function is managed and, if
appropriate, the values are mapped with the HMI Dashboard. The program is assigned to a separate task.

Syntax

Definition:

PROGRAM MAIN Analytics
VAR INPUT
sCurrentStreamSystemID: GUID;
stHistStreamInfo: REFERENCE TO ST HMI DataSourceHist;
stHistRecordInfo: REFERENCE TO ST HMI DataSourceHistRecordInfo;
END_ VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END_ VAR

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
5.5.2.3.7 MAIN_Analytics_V[n]_C[n]

The FB Analysis is called in the program MAIN_Analytics_V[n]_C[n]. The program is assigned to the
separate task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.

All reset calls are defined in the action A_Reset.

Mapping of the HMI values takes place in the action A_MapToHMI.

Syntax

Definition:

PROGRAM MAIN Analytics V[n] C[n]
VAR INPUT
stReset: ST AnalysisReset;
END_VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
nLastDataHandle: ULINT;
END_ VAR

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
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5.5.24 Code version 4.x (obsolete)

Solution Explorer

co@s-lo-a &

| Search Solution Explorer (Ctrl+ i)
] Solution 'AnalyticsSolutiond' (1 project)

4 gl AnalyticsProject

4l SYSTEM
[& License

b @ Real-Time
4 & Tasks

[ PlcTask

Tasks

Sz Routes

22 Type System
4 TcCOM Objects

StreamHelper

MOTION
B3 ric
4 [ AnalysisPLC
4 E AnalysisPLC Project
b T3 External Types
3 References
4 [ DUTs
4 [ Analytics
b L3 HMI
4[5 Results
&t ST_Results (STRUCT)
2 E AnalysisCompenents (ENUM) DataTypes
& E_DataSourceContext (ENUM)
& E_DataSourceState (ENUM)
& ST_AnalysisReset (STRUCT)
& ST HistoricalDataSourceCtrl (STRUCT)
4 [ GVLs

GVLs

4 [ POUs
4 [ Analytics
b 3 [Helper]

ClosedNetwork

4 [ DataSource

VirtuallnputSources /
DataSources

4 [ Networks
4 [E NOT Networkl Network

Modules

ClosedNetwork
Instance

b [ FB_N1_Network? (FB)
4 [ Results

Results

b ] FB_Analysis (FB) Analysis
] MAIN (PRG)

|

MAIN PRGs

3 vISUs

Asign Tasks

b g8 PlcTask (PlcTask)
O} AnalysisPLC Instance

Tasks:

A separate task is created for the analytics analysis and for each configuration of a Virtual Input Source.

StreamHelper:

For each data source of type MQTT binary stream, the code generation creates an instance of a stream

helper object to process the incoming binary stream patterns.
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DataTypes:

The data types are created for the analysis. They contain STRUCTSs for the reset function or result
processing and ENUMs to select the various components.

GVLs:

To conveniently map module inputs and outputs with the HMI dashboard, selected variables are generated
as global variables. In addition, the Data Source function block instances and various parameters are
generated as global variables.

ClosedNetwork:

The ClosedNetwork FBs are generated once with all subnetworks and modules. They can be instantiated
multiple times in the analysis. In this way, the generated code can be reduced and simplified.

VirtuallnputSource / DataSource:

The VirtuallnputSource interfaces abstract the DataSource symbols from the analysis. The FB DataSource
manages the receipt of input values from the various sources. In the OUTPUT declaration you will find all
configured inputs.

Network:

All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.

Modules:

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

ClosedNetwork Instance:

In this FB the corresponding ClosedNetwork is instantiated for the analysis. Internally used modules are no
longer generated as module FBs in this case.

Results:

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected
variables to the message broker in binary or Json format, or saves the data locally to an Analytics binary file.

Analysis:

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error
handling are created.

MAIN PRGs:

In the MAIN_Analytics program, the DataSource FBs are called, the reset function is managed and, if
appropriate, the values are mapped with the HMI dashboard. The program is assigned to a separate task.

The FB Analysis is called in the programs MAIN_Analytics_Vx_Cx. The programs are each assigned to a
separate task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.

All reset calls are defined in the action A_Reset.
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Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics Version >= 3.1.0.0
5.5.2.41 FB_DataSource

The FB DataSource manages the receipt of input values from the various sources. In the OUTPUT
declaration you will find all configured inputs.

Syntax

Definition:

FUNCTION BLOCK FB T[n] DataSource IMPLEMENTS I DataSource, I V[n] Virtual Input Source
VAR OUTPUT
eDataState: E DataSourceState;

END_VAR
w Methods
Name Definition location Description
Call [» 342] Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.
GetData [» 341] Local Method to retrieve the data of the specified element.
GetDataOversampling Local Method to retrieve the oversampling data of the
> 342] specified element
NewDataAvailable [» 342] |Local Method to check if new data is available.
HistoricalCtrl [P 342] Local Method for retrieving historical data
UpdateRecordList [» 343] |Local Method for updating the historical record list.
Requirements
Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
5.5.2.4.1.1 GetData
Syntax
METHOD GetData : BOOL
VAR _INPUT
nElement : UDINT;
END VAR
# Inputs
Name Type Description
nElement UDINT Element ID to obtain the specific sample
& Return value
Name Type Description
GetData BOOL Is TRUE if a new element is selected
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5.5.2.4.1.2 Call

Syntax
METHOD Call : BOOL

E- Return value

Name Type Description

Call BOOL Always returns FALSE.

5.5.24.1.3 GetDataOversampling

Syntax

METHOD GetDataOversampling : BOOL

VAR INPUT

nElement : UDINT;

nSample: : UDINT;

END_VAR

! Inputs

Name Type Description

nElement UDINT Element ID to obtain the specific sample element
nSample UDINT Sample ID to obtain the specific sample
E- Return value

Name Type Description

GetDataOversampling BOOL Is TRUE if a new element is selected

5.5.24.1.4 NewDataAvailable
Syntax
METHOD NewDataAvailable : BOOL
VAR INPUT
nLastDataHandle : ULINT;
END_ VAR
# Inputs
Name Type Description
nLastDataHandle ULINT Handle of the last fetched data packet
E- Return value
Name Type Description
NewDataAvailable BOOL Is TRUE if new data is available

5.5.2.4.1.5

Syntax

METHOD HistoricalCtrl
VAR INPUT
stCtrl

HistoricalCtrl

: BOOL

: REFERENCE TO ST_HMI DataSourceCtrl;
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stHistStreamInfo : REFERENCE TO ST HMI DataSourceHist;
stRecordInfo : REFERENCE TO ST HMI DataSourceHistRecordInfo;
END VAR

# Inputs
Name Type Description
stCirl ST_HMI_DataSourceCtrl
stHistStreamInfo ST_HMI_DataSourceHist
stRecordInfo ST_HMI_DataSourceHistR

ecordInfo
E- Return value
Name Type Description
HistoricalCtrl BOOL Always returns FALSE.
5.5.2.4.1.6 UpdateRecordList
Syntax
METHOD UpdateRecordList : BOOL
VAR _INPUT

stCtrl : REFERENCE TO ST HMI DataSourceCtrl;
stHistStreamInfo : REFERENCE TO ST HMI DataSourceHist;
sStreamSystemID : GUID;

END_ VAR

* Inputs

Name Type Description
stCirl ST_HMI_DataSourceCtrl
stHistStreaminfo ST_HMI_DataSourceHist
sStreamSystemID GUID

E- Return value

Name Type Description

UpdateRecordList BOOL Always returns FALSE.

5.5.24.1.7 NextData

Syntax

METHOD NextData : BOOL
VAR _INPUT
END VAR

5.5.24.1.8 NextDataOversample

Syntax

METHOD GetDataOversampling : BOOL
VAR_INPUT

nMaxOversampling : UDINT;

END VAR
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% Inputs
Name Type Description
nMaxOversampling UDINT Specifies the maximum oversampling factor.
& Return value
Name Type Description
NextDataOversample BOOL Is TRUE if a new element is selected
5.5.24.2 FB_Network
All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.
Syntax
Definition:
FUNCTION BLOCK FB N[n] [Networkl]
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END_ VAR
VAR
[module FBs]
END VAR
E- Qutputs
Name Type Description
bError BOOL Becomes TRUE when an error situation occurs.
ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.
i Methods
Name Definition location Description
Call [» 335] Local Method for background communication. The method
must be called cyclically.
Reset [P 335] Local Resetting the network with all submodules.
ValueMapping [» 345] Local Assignment of the input values to the various
module inputs.
SetHMIValues [» 345] Local Optional: Mapping of the inputs/outputs of the
modules to the global HMI variable.

Requirements

Development environment Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x84, x86)

Tc3_Analytics
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5.5.2.4.2.1

Syntax

METHOD ValueMapping :
VAR _INPUT

ValueMapping

BOOL

pAnalysis : POINTER TO FB Analysis;
END_VAR
# Inputs
Name Type Description
pAnalysis FB_Analysis Instance of the analysis FB
E- Return value
Name Type Description
ValueMapping BOOL Always returns FALSE.
5.5.2.4.2.2 SetHMIValues
Syntax

METHOD SetHMIValues
VAR INPUT

PHMI N[n] [Networkl]

: BOOL

: POINTER TO ST HMI N([n] [Networkl];

END_ VAR
# Inputs

Name Type Description
pHMI_N[n]_[Network1] POINTER TO Pointer to the global HMI structure

ST_HMI_N[n]_[Network1]

E- Return value

Name Type Description
SetHMIValues BOOL Is TRUE when completed
5.5.24.2.3 Call
Syntax
METHOD Call : BOOL
VAR INPUT
pAnalysis: POINTER TO FB Analysis;
END VAR
% Inputs
Name Type Description
pAnalysis FB_Analysis Instance of the analysis FB.
& Return value
Name Type Description
Call BOOL Always returns FALSE.

TE3510

Version: 1.0.1

345




Configuration | Runtime deployment

BECKHOFF

5.5.2.4.2.4 Reset

Syntax

METHOD Reset : BOOL
VAR
END_ VAR

E- Return value

Name Type Description
Reset BOOL Is TRUE when completed.
5.5.24.3 FB_Module

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

Syntax

Definition:

FUNCTION BLOCK FB N[n] M[n] [Module]
VAR INPUT
[module inputs]
END VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
[module outputs]
END VAR

# Inputs

Name Type

Description

Module inputs

Inputs of the selected module.

& Qutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.
ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,

which provides further information about the return
value.

Module outputs

Outputs of the selected module.

‘w Methods

Name Definition location Description

Call [r 347] Local Method for background communication. The method
must be called cyclically.

Reset [P 347] Local Resetting the module.

SetHMI [P 347] Local Sets the inputs/outputs to the global HMI structures.

GetHMI [» 348] Local Optional: Sets the inputs of the global HMI
structures to the inputs of the module

346 Version: 1.0.1 TE3510



BEGKHOFF Configuration | Runtime deployment

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics

5.5.2.4.3.1 Call

Syntax

METHOD Call : BOOL

VAR INPUT
ipVirtual Input Source : I V[n] Virtual Input Source;
[ipValueMapping M2M : I ValueMapping M2M; ]

END VAR

# Inputs

Name Type Description

ipVirtual_Input_Source |_V[n]_Virtual_Input_Sourc|Data for the analysis
e

ipValueMapping_M2M |_ValueMapping_M2M Optional: Necessary for mapping values between
modules

E- Return value

Name Type Description
Call BOOL Always returns FALSE.

5.5.2.4.3.2 Reset

Syntax

METHOD Reset : BOOL
VAR
END VAR

E- Return value

Name Type Description
Reset BOOL Is TRUE when completed.

5.5.2.4.3.3 SetHMI

Syntax

METHOD GetHMI : BOOL
VAR INPUT
nContent : DINT
pContent : PVOID
bHMIReinit : BOOL
END VAR

VAR
pHMI C[n]_ [Content] : POINTER TO ST _HMI C[n]_[Content];
END VAR
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% Inputs

Name Type Description

nContent DINT HMI Content Index

pContent PVOID Pointer to the HMI content structure
bHMIReinit BOOL Initialize the HMI content structure

E- Return value

Name Type Description
SetHMI BOOL Is TRUE when completed

5.5.2.4.3.4 GetHMI (4.1)

Syntax

METHOD GetHMI : BOOL
VAR _INPUT
nContent : DINT
pContent : PVOID
END VAR

VAR
pPHMI C[n] [Content] : POINTER TO ST HMI C[n] [Content];
END VAR

#* Inputs

Name Type Description
nContent DINT HMI Content Index
pContent PVOID Pointer to the HMI content structure

E- Return value

Name Type Description
GetHMI BOOL Is TRUE when completed
5.5.24.4 FB_Analysis

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error
handling are created.

Syntax

Definition:

FUNCTION BLOCK FB Analysis
VAR _INPUT
ipV[n] VirtualInputs: I V[n] Virtual Input Source;
END VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END_ VAR
VAR
[network FBs]
END_VAR
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% Inputs

Name

Type

Description

ipV[n]_Virtuallnputs

|_V[n]_Virtual_Input_Source

Data for analysis from the specific data source

E- Qutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.

ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.

w Methods

Name Definition location Description

Call [» 349] Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.

Reset [P 349] Local Reset the whole analysis

ResultStream [» 350] Local Optional: If a result stream has to be created

Requirements

Plc libraries to include
Tc3_Analytics

Target platform
PC or CX (x64, x86)

Development environment
TwinCAT v3.1.4024.0

5.5.2.4.4.1 Call

Syntax

METHOD Call
VAR INPUT

ipVirtual Input Source:
END_ VAR

: BOOL

I V[n] Virtual Input Source;

# Inputs

Description
Data for the analysis.

Name
ipVirtual_Input_Source

Type
|_V[n]_Virtual_Input_Sourc
e

E- Return value

Description
Always returns FALSE.

Name
Call

Type
BOOL

5.5.2.4.4.2 Reset

Syntax

METHOD Reset
VAR _IN OUT

stReset: ST AnalysisReset;
END VAR

: BOOL
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% Inputs

Name Type Description

stReset ST_AnalysisReset Structure to define which module or network is to be
reset.

E- Return value

Name Type

Description

Reset BOOL

Is TRUE when completed.

5.5.2.4.4.3 ResultStream

Syntax

METHOD ResultStream : BOOL
VAR _INPUT

ipResults: I Results;
END VAR

# Inputs

Name Type

Description

ipResults |_Results

Interface pointer to the FB Results

E- Return value

Name Type Description
Call BOOL Always returns FALSE.
5.5.24.5 FB_Results

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected
variables to the message broker or saves the data to the Analytics binary file.

Syntax

Definition:

FUNCTION BLOCK FB Results
VAR OUTPUT

stResults: ST Results;
END VAR

E QOutputs

Name Type

Description

stResults ST _Results

Result structure that contains all elements of the
result stream.
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w Methods
Name Definition location Description
Call [» 351] Local Method for background communication. The method
must be called cyclically.
AddResult [» 351] Local Add a sample to the result stream
SendResults [» 351] Local Sends all buffered samples of the result stream
Release [» 352] Local Close stream or file of the result stream

Requirements

Development environment

Target platform Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86) Tc3_Analytics

5.5.2.4.5.1 Call

Syntax

METHOD Call
VAR
END VAR

: BOOL

E- Return value

Name Type

Description

Call BOOL

Always returns FALSE.

5.5.2.4.5.2 AddResult

Syntax

METHOD AddResult :
VAR_INPUT
tTimestamp: ULINT;
stSample: ST Results;
END_VAR

BOOL

#* Inputs

Name Type

Description

tTimestamp ULINT

Timestamp of the sample

stSample

ST _Results

Sample structure

E- Return value

Name Type

Description

AddResult BOOL

Always returns FALSE.

5.5.2.4.5.3

Syntax

METHOD SendResults
VAR
END VAR

: BOOL

SendResults
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E- Return value

Name Type Description
SendResults BOOL Always returns FALSE.

5.5.2.4.5.4 Release

Syntax

METHOD Release : BOOL
VAR
END VAR

E- Return value

Name Type Description
Release BOOL Always returns FALSE.
5.5.2.4.6 MAIN_Analytics

In the MAIN_Analytics program, the DataSource FBs are called, the reset function is managed and, if
appropriate, the values are mapped with the HMI Dashboard. The program is assigned to a separate task.

Syntax

Definition:

PROGRAM MAIN Analytics
VAR _INPUT
sCurrentStreamSystemID: GUID;
stHistStreamInfo: REFERENCE TO ST HMI DataSourceHist;
stHistRecordInfo: REFERENCE TO ST HMI DataSourceHistRecordInfo;
END_ VAR
VAR _OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END_ VAR

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
5.5.2.4.7 MAIN_Analytics_C[n]

The FB Analysis is called in the program MAIN_Analytics_C[n]. The program is assigned to the separate
task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.

All reset calls are defined in the action A_Reset.

Mapping of the HMI values takes place in the action A_MapToHMI.

Syntax

Definition:

PROGRAM MAIN Analytics C[n]
VAR_INPUT

stReset: ST AnalysisReset;
END VAR
VAR OUTPUT
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bError: BOOL;

ipTcResult: I TcMessage;

nLastDataHandle: ULINT;
END VAR

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
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5.5.2.5 Codeversion 5.x-7.0
o-a Ll

Search Solution Explorer (Ctrl+ () pel

] Solution 'AnalyticsSolutiond' (1 project)
4l AnalyticsProject
4 [l svsTEM
|® License
b @ Real-Time
4 B Tasks
[& PlcTask

=iz Routes

22 Type System
4 TcCOM Objects

|

MOTION
4 [Of PLC
4 [0 AnalysisPLC
4 [ AnalysisPLC Project
b [ External Types
3 References
4 [ DUTs
4 [ Analytics
b g HMI
4 [ Results
&t ST_Results (STRUCT)
P [ Sources
&2 E_AnalysisComponents (ENUM) 3
& E_DataSourceContext (ENUM)
&2 E_DataSourceState (ENUM)
& E_Virtualinput (ENUM)
&¢ ST AnalysisReset (STRUCT)
ﬁl: ST_HistoricalDataSourceCtrl (STRUCT)
4 [ GVLs

4 [ POUs
4 [F Analytics
b 4 [Helper]
4 [ Analysis
4 [ Networks 5

4 [ NOT Metwork

(03]

b [F] FB_N1_Network (FB)
b [F FB_M2_ClosedNetwork (FB)
b (F] FB_Analysis (FB)

10

11

12

w oo

] MAIN (PRG)
£ ViIsus

13

b [g PlcTask (PlcTask)
O} AnalysisPLC Instance

1: Tasks
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A separate task is created for the analytics analysis and for each configuration of a Virtual Input Source.

2: StreamHelper

For each data source of type MQTT binary stream, the code generation creates an instance of a stream
helper object to process the incoming binary stream patterns.

3: DataTypes

The data types are created for the analysis. They contain STRUCTSs for the reset function or result
processing and ENUMs to select the various components.

4: GVLs

To conveniently map module inputs and outputs with the HMI dashboard, selected variables are generated
as global variables. In addition, the Data Source function block instances and various parameters are
generated as global variables.

5: Network

All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.

6: Modules

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

7: Analysis

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error
handling are created.

8: ClosedNetwork

The ClosedNetwork FBs are generated once with all subnetworks and modules. They can be instantiated
multiple times in the analysis. In this way, the generated code can be reduced and simplified.

9: Results

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected
variables to the message broker in binary or Json format, or saves the data locally to an Analytics binary file.

10: InputSource

The FB InputSource manages the receipt of input values from the various sources. In the OUTPUT
declaration you will find all configured inputs.

11: VirtuallnputSource

The VirtuallnputSource interfaces abstract the InputSource symbols from the analysis.

12: MAIN PRGs

In the MAIN_Analytics program, the DataSource FBs are called, the reset function is managed and, if
appropriate, the values are mapped with the HMI dashboard. The program is assigned to a separate task.

In the programs MAIN_Analytics_Vx_Cx the FB-Analysis is called. The programs are each assigned to a
separate task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.
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All reset calls are defined in the action A_Reset.

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics Version >= 3.1.0.0
5.5.2.5.1 FB_Analysis

The entire analysis routine is defined in the FB Analysis. All configured networks with their modules and error
handling are created.

Syntax

Definition:

FUNCTION BLOCK FB Analysis
VAR INPUT
nConfigurationID: INT;
ipV[n] VirtualInputs: I V[n] Virtual Input Source;
END VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END VAR
VAR
[network FBs]
END_VAR

! Inputs

Name Type Description
nConfigurationID INT Configuration index
ipV[n]_Virtuallnputs |I_V[n]_Virtual_Input_Source Data for analysis from the specific data source

& QOutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.

ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.

oy Properties

Name Type Access Description

nContext DWORD Get Context index
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w Methods

Name Definition location Description

Call [» 3571 Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.

Reset [P 357] Local Resets the entire analysis.

ResultStream [P 358] Local Optional: If a result stream needs to be created.

SetHMIValues [» 358] Local Method for filling the HMI structures

GetHMIValues [ 358] Local Method for setting the parameters from the HMI into

the analysis

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.5.1.1

Syntax

METHOD Call
VAR INPUT

: BOOL

ipVirtual Input_ Source:

END VAR

# Inputs

Call

I V[n] Virtual Input Source;

Name

Type

Description

ipVirtual_Input_Source

|_V[n]_Virtual_Input_Sourc
e

Data for the analysis.

E- Return value

Name Type Description
Call BOOL Always returns FALSE.
5.5.2.5.1.2 Reset
Syntax
METHOD Reset : BOOL
VAR _IN_OUT
stReset: ST AnalysisReset;
END VAR
% Inputs
Name Type Description
stReset ST_AnalysisReset Structure to define which module or network is to be

reset.

E- Return value

Name Type Description
Reset BOOL Is TRUE when completed.
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5.5.2.5.1.3

Syntax

METHOD ResultStream :
VAR _INPUT

ipResults: I Results;

BOOL

ResultStream

END_VAR
# Inputs

Name Type Description

ipResults |_Results Interface pointer to the FB results
E- Return value

Name Type Description

ResultStream BOOL Always returns FALSE.

5.5.2.5.1.4

Syntax

METHOD SetHMIValues
VAR INPUT

PHMI N[n] [Networkl]

SetHMIValues

: BOOL

: POINTER TO ST HMI N([n] [Networkl];

END_ VAR
# Inputs

Name Type Description
pHMI_N[n]_[Network1] POINTER TO Pointer to the global HMI structure

ST_HMI_N[n]_[Network1]

E- Return value

Name

Type

Description

SetHMIValues

BOOL

Is TRUE when completed

5.5.2.5.1.5

Syntax

METHOD GetHMIValues
VAR INPUT

PHMI N[n] [Networkl] :

GetHMIValues

: BOOL

POINTER TO ST HMI N([n] [Networkl];

END VAR
% Inputs

Name Type Description
pHMI_N[n]_[Network1] POINTER TO Pointer to the global HMI structure

ST_HMI_N[n]_[Network1]

E- Return value

Name

Type

Description

SetHMIValues

BOOL

Is TRUE when completed
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5.5.2.5.2 FB_Network
All modules are sorted in a specific network to achieve a better overview and structure of the configured
analysis.
Syntax
Definition:
FUNCTION BLOCK FB N[n] [Networkl]
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
END VAR
VAR
[module FBs]
END VAR
& QOutputs
Name Type Description
bError BOOL Becomes TRUE when an error situation occurs.
ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.
w Methods
Name Definition location Description
Call [» 335] Local Method for background communication. The method
must be called cyclically.
Reset [P 335] Local Resetting the network with all submodules.
ValueMapping [» 360] Local Assignment of the input values to the various
module inputs.

Requirements

Development environment

Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.5.2.1 Call
Syntax
METHOD Call : BOOL
VAR _INPUT
pAnalysis: POINTER TO FB Analysis;
END VAR
# Inputs
Name Type Description
pAnalysis FB_Analysis Instance of the analysis FB.
E- Return value
Name Type Description
Call BOOL Always returns FALSE.
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5.5.2.5.2.2 Reset

Syntax

METHOD Reset : BOOL
VAR
END_ VAR

E- Return value

Name Type

Description

Reset BOOL

Is TRUE when completed.

5.5.2.5.2.3 ValueMapping

Syntax

METHOD ValueMapping : BOOL
VAR INPUT

pAnalysis : POINTER TO FB Analysis;
END VAR

# Inputs
Name Type Description
pAnalysis FB_Analysis Instance of the analysis FB

E- Return value

Name Type Description
ValueMapping BOOL Always returns FALSE.
5.5.2.5.3 FB_Module

The module FBs contain all inputs and outputs of the configured modules from the workbench configurator. It
is also possible to reconfigure the modules during runtime. To do this, simply change the parameter and then
start the reconfiguration process with a rising edge at INPUT bReconfigure.

Syntax

Definition:

FUNCTION BLOCK FB N[n] M[n] [Module]
VAR _INPUT
[module inputs]
END VAR
VAR INPUT PERSISTENT
[module persistent parameter inputs]
END VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
[module outputs]
END VAR

# Inputs

Name Type

Description

Module inputs

Inputs of the selected module.
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& QOutputs

Name Type Description

bError BOOL Becomes TRUE when an error situation occurs.

ipTcResult |_TcMessage Message interface of the TwinCAT 3 EventLogger,
which provides further information about the return
value.

Module outputs Outputs of the selected module.

ey Properties

Name Type Access Description

nContext DWORD Get Context index

w Methods

Name Definition location Description

Call [» 361] Local Method for background communication. The method
must be called cyclically.

Reset [»_362] Local Resetting the module.

SetHMI [P 362] Local Sets the inputs/outputs to the global HMI structures.

GetHMI [» 362] Local Optional: Sets the inputs of the global HMI
structures to the inputs of the module

Requirements

Development environment Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.5.3.1 Call

Syntax

METHOD Call

VAR INPUT
ipVirtual_ Input_ Source :
[ipValueMapping M2M : I ValueMapping M2M; ]

: BOOL

I V[n] Virtual Input Source;

END_VAR

# Inputs

Name Type Description

ipVirtual_Input_Source |_V[n]_Virtual_Input_Sourc|Data for the analysis
e

ipValueMapping_M2M |_ValueMapping_M2M

Optional: Necessary for mapping values between
modules

E- Return value

Name Type

Description

Call BOOL

Always returns FALSE.
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5.5.2.5.3.2 Reset
Syntax
METHOD Reset : BOOL
VAR
END_ VAR
E- Return value
Name Type Description
Reset BOOL Is TRUE when completed.
5.5.2.5.3.3 SetHMI
Syntax
METHOD SetHMI : BOOL
VAR _INPUT
nContent : DINT
pContent : PVOID
bHMIReinit : BOOL
END_ VAR
VAR

pHMI C[n]_[Content]
END_ VAR

: POINTER TO ST HMI C[n] [Content];

# Inputs
Name Type Description
nContent DINT HMI Content Index
pContent PVOID Pointer to the HMI content structure
bHMIReinit BOOL Initialize the HMI content structure
& Return value
Name Type Description
SetHMI BOOL Is TRUE when completed
5.5.2.5.3.4 GetHMI
Syntax
METHOD GetHMI : BOOL
VAR INPUT
nContent : DINT
pContent : PVOID
END_VAR
VAR

pHMI C[n]_ [Content]
END VAR

: POINTER TO ST HMI C[n] [Content];

# Inputs

Name Type Description

nContent DINT HMI Content Index

pContent PVOID Pointer to the HMI content structure
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E- Return value

Name Type Description
GetHMI BOOL Is TRUE when completed
5.5.25.4 FB_InputSource

The FB DataSource manages the receipt of input values from the various sources. In the OUTPUT
declaration you will find all configured inputs.

Syntax

Definition:

FUNCTION BLOCK FB T[n] InputSource IMPLEMENTS I InputSource
VAR
END VAR

““ Interfaces

Type Description
|_InputSource Interface for communication with a data source
w Methods

Name Definition location Description

Call [» 363] Local Method for background communication with the
TwinCAT driver. The method must be called
cyclically.

GetData [P 364] Local Method to retrieve the data of the specified element.

NewDataAvailable [» 364] |Local Method to check if new data is available.

AddClient [» 365] Local Method for adding data Clients

ClientDone [» 365] Local Method to signal that the client has received all data.

& Properties

Name Type Access Description

bReadNewData BOOL Get

eDataState E_DataSourceSt |Get

ate

nDataHandle ULINT Get

nElements UDINT Get

nMaxOversamplingFactor [UDINT Get

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics

5.5.2.5.4.1 Call

Syntax
METHOD Call : BOOL
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E- Return value

Name Type Description
Call BOOL Always returns FALSE.
5.5.2.5.4.2 GetData
Syntax
METHOD GetData : BOOL
VAR INPUT
nElement : UDINT;
pInputs : PVOID;
nInputsSize : UDINT
END_ VAR
VAR OUTPUT
nTimestamp : ULINT;
nContext : DWORD;
END_ VAR
# Inputs
Name Type Description
nElement UDINT Element ID to obtain the specific sample
plnputs PVOID Pointer to the data structure
ninputsSize UDINT Size of the data structure
& Qutputs
Name Type Description
nTimestamp ULINT Timestamp data
nContext DWORD Data context
& Return value
Name Type Description
GetData BOOL Is TRUE if a new element is selected
5.5.2.5.4.3 NewDataAvailable
Syntax
METHOD NewDataAvailable : BOOL
VAR INPUT
nLastDataHandle : ULINT;
END VAR
# Inputs
Name Type Description
nLastDataHandle ULINT Handle of the last fetched data packet
E- Return value
Name Type Description
NewDataAvailable BOOL Is TRUE if new data is available
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5.5.2.5.4.4

Syntax

METHOD AddClient :
VAR OUTPUT

nClientID
END VAR

E- Qutputs

AddClient

BOOL

: DWORD;

Name

Type

Description

nClientID

LWORD

Client-ID

5.5.2.5.4.5

Syntax

METHOD ClientDone :

VAR OUTPUT
nClientID
END VAR

& QOutputs

ClientDone

BOOL

: DWORD;

Name

Type

Description

nClientID

LWORD

Client-ID

5.5.2.5.5

FB_VirtuallnputSource

The FB VirtuallnputSource abstracts the InputSources for the different analysis configurations. The virtual
inputs configured in the Analytics Workbench are set here.

Syntax

Definition:

FUNCTION_BLOCK FB _V[n]_ C[n] VirtualInputSource IMPLEMENTS I VirtualInputSource,
I V[n] VirtualInputSource

VAR
END_ VAR

““ Interfaces

Type

Description

|_VirtuallnputSource

Interface for communication with a data source

|_V[n]_VirtuallnputSource

Interface that provides all defined virtual inputs

‘w Methods
Name Definition location Description
SourceSync [» 366] Local Method for synchronizing multiple FB instances
NextData [» 366] Local Method to accept the next data set
Done [» 366] Local Method of signaling that the entire data packet has

been processed.
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= Properties

Name Type Access Description

bEndOfData BOOL Get Signals the end of the data packet

dtTimestamp DCTIMESTRUC |Get Timestamp of the currently accepted data set
T

nDataHandle ULINT Get Data handle

nContext DWORD Get Data context

tTimestamp ULINT Get Timestamp of the currently received data set

Requirements

Development environment Target platform Plc libraries to include

TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics

5.5.2.5.5.1 SourceSync

Syntax

METHOD SourceSync : BOOL

5.5.2.5.5.2 NextData

Syntax

METHOD NextData : BOOL
VAR INPUT

nMaxOversampling : UDINT;
END VAR

# Inputs

Name Type

Description

nMaxOversampling UDINT

Specifies the maximum oversampling value

E- Return value

Name Type

Description

NextData BOOL

Is TRUE if a new element is selected

5.5.2.5.5.3 Done

Syntax

METHOD Done : BOOL
VAR_INPUT
END VAR

5.5.2.5.6 FB_Results

If analysis results need to be saved or streamed, the FB Results manages this and streams the selected

variables to the message broker or saves the data to the Analytics binary file.

Syntax

Definition:
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FUNCTION BLOCK FB Results

VAR OUTPUT
nTimestamp: ULINT;
stResults: ST Results;
END VAR
E- Qutputs
Name Type Description
nTimestamp ULINT Associated timestamp of the result structure data
stResults ST_Results Result structure that contains all elements of the
result stream.
= Properties
Name Type Access Description
blnitialized BOOL Get Indicates whether the function block has been
properly initialized
nMaxSamples INT Get Maximum number of buffered results
nResultCount INT Get Current number of buffered results

i Methods
Name Definition location Description
Call [» 3671 Local Method for background communication. The method
must be called cyclically.
AddResult [» 367] Local Add a sample to the result stream
SendResults [» 368] Local Sends all buffered samples of the result stream
Release [»_368] Local Close stream or file of the result stream

Requirements

Development environment Target platform

Plc libraries to include

TwinCAT v3.1.4024.0

PC or CX (x64, x86)

Tc3_Analytics

5.5.2.5.6.1 Call

Syntax

METHOD Call
VAR
END VAR

: BOOL

E- Return value

Name Type

Description

Call BOOL

Always returns FALSE.

5.5.2.5.6.2 AddResult

Syntax

METHOD AddResult :
VAR INPUT
tTimestamp: ULINT;
stSample: ST Results;
END_ VAR

BOOL
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% Inputs

Name Type Description

tTimestamp ULINT Timestamp of the sample
stSample ST _Results Sample structure

E- Return value

Name Type Description
AddResult BOOL Always returns FALSE.

5.5.2.5.6.3 SendResults

Syntax

METHOD SendResults : BOOL
VAR
END VAR

E- Return value

Name Type Description
SendResults BOOL Always returns FALSE.

5.5.2.5.6.4 Release

Syntax

METHOD Release : BOOL
VAR
END_VAR

E- Return value

Name Type Description
Release BOOL Always returns FALSE.
5.5.2.5.7 MAIN_Analytics

In the MAIN_Analytics program, the InputSource FBs are called, the reset function is managed and, if
necessary, the values are mapped with the HMI dashboard. The program is assigned to a separate task.

Syntax

Definition:

PROGRAM MAIN Analytics
VAR
END VAR

Requirements

Development environment Target platform Plc libraries to include
TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics
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5.5.2.5.8 MAIN_Analytics_C[n]

The FB Analysis is called in the program MAIN_Analytics_C[n]. The program is assigned to the separate
task.

It is also possible to reset single modules, whole networks or all defined networks with only one rising flag.
First, select the component to be reset. Then a rising edge at INPUT bReset starts the reset process.

All reset calls are defined in the action A_Reset.
The handling of the "InputSources" is done in the action A_InputSources.

The mapping of the HMI values is done in the action A_MapToHMI.

Syntax

Definition:

PROGRAM MAIN Analytics C[n]
VAR INPUT
stReset: ST AnalysisReset;
END VAR
VAR OUTPUT
bError: BOOL;
ipTcResult: I TcMessage;
nAnalysisResultsTimestamp: ULINT;
stAnalysisResults: ST Results;
END VAR

Requirements

Development environment Target platform Plc libraries to include

TwinCAT v3.1.4024.0 PC or CX (x64, x86) Tc3_Analytics

5.6 HMI One-Click Dashboard

It is possible to automatically generate an HMI dashboard with HMI Controls for all modules and parameters
configured in the TwinCAT Analytics Workbench Configurator. The HMI Dashboard is based on the TwinCAT
HMI and visualizes the PLC data from the runtime deployment [» 303].

d The automatically generated One-Click Dashboard is only available with the new HMI version 1.12.

An Analytics Runtime license is required in order to use the Analytics HMI Controls.

BECKHOFF

31.2% | (8

v' After configuring your Analytics Workbench project, an HMI Control can be selected for each algorithm.

1. Open the Properties window of the module and select an HMI Control from the dropdown list. You can
change the display text for the title in the HMI dashboard (display text). You can also choose whether the
control should be docked to the start page (Dock on Desktop). In the Solution Explorer all the controls
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to be generated are stored under the Manage dashboard structure and content in Analytics project
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HMI Control
HMI Control

2. After completion of the configuration, click the Deploy Analytics Runtime command in the context
menu. The Deploy Wizard starts and it is possible to set up the entire required configuration step by step

for use.

= You can configure your HMI Dashboard on the HMI Dashboard tab.

3. Activate the Generate HMI Dashboard checkbox. It is also possible to create only one HMI project
without a PLC. Furthermore, you can also assign an HMI Project Name to the dashboard and set a
Dashboard Title as well as the Desktop Height and Desktop Width in order to generate a tailor-made
dashboard that suits your needs. The remaining configurations are explained in Dashboard Configuration
[».404].

:EZ‘:‘_ Analytics Runtime >
Codegeneration: Latest Version ("Tc3_Analytics » = V3,1.0.4" E|
a Solution ﬂ Input Source TwinCAT PLC Target | &7 Results HMI Dashboard |fg] IDE Summary
| I Generate HMI Dashboardl ] Create anly HMI Project (no PLC) i}
Dashboard Version:

HMI Project Mame: AnalyticsHMIProject Latest (Version 2.0) b

Dashboard Options

Dashboard Trtle: Analytics Dashboard

Desktop Width: 1920 Desktop Heigth: 864

Create Start-Page Show current time

Dashboard Styles

Dashboard Layout: Dashboard Sorting:

Allign Center Control Type k
<— Back [X Cancel | | = Next | |\/ Deploy
370 Version: 1.0.1 TE3510



BEGKHOFF Configuration | HMI One-Click Dashboard

= As usual, the last tab shows you all the settings you have made for the generation.
4. Now you can start the generation process by clicking Deploy.

= The HMI generation begins immediately after runtime deployment (if selected). Each step for generating
the HMI dashboard is also displayed in the overview window during the generation process.

Deploy Analytics Runtime
~—
@ €3 0Emore 1 OWaming @ 2 Messages ™

TwinCAT PLC code generation
Creates a new TwinCAT PLC project with all FBs and other needed components.
ﬁ 0 Emors 1 0 Waming 'ﬂ' 142 Messages

TwinCAT HMI Dashboard generation

Creates a new TwinCAT HMI project with all selected HMI Contrals.
ﬂ 0 Emors ! 1 Wamings 'ﬂ' 32 Messages
Image path: A

CATwinCAT W Functions ' TE3S00-Analytics-Workbench®
HMIImagesCtd_Images'16x 16 MinMaxAva png

[2021-05-18 10:34:07] Create control: MapControl for AlyLeafletMapCid, Image
path:
CATwinCAT W Functions' TE3500-Anahtics-Workbench®
HMIImages*Ctd_Images.16x 16 Mapcontral png

[2021-05-18 10:34:07] Create cantral: Timer far Curent Time, Image path:
CATwinCATWFunctions \ TE3500-Analytics-Waorkbench®,
HMIImages Ctd_Images* 16164 Timer png
lﬂl [2021-05-18 10:34:07] Checking project...

1 [2021-0518 10:34:07]  The EventLogger cannot be imported automatically.
Please install the package manually.

lﬂl [2021-05-18 10:34:07] ©Open HMI Dashboard in Browser... W
W
Bring to Fromt Save to File Close
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= The dashboard opens automatically in your default browser.

BECKHOFF .z, Analytics Dashboard

HMI Dashboard

21 > MNetworkl

Min Max Avg HMI
N 33 Jon 230 11 3047
Man L]
o ;
Wiert -]

o

]
B
5.6.1 Manage dashboard structure and content in Analytics project

An Analytics project has a configuration of HMI contents (pages) and HMI controls (display elements) that
are created during dashboard generation. This configuration can be viewed and changed via the Dashboard
node in the Solution Explorer. You can rename the contents and controls at any time, move them to other
contents via drag & drop, copy them (Ctrl-C, Ctrl-V) or delete them. A control can also be edited by double-
clicking on it.
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Solution Explorer
@E-|o-5 k=

Search Solution Explorer (Ctrl+ Q) P~

fa] Solution "TwinCAT Measurement Project’ (1 project)
4 TwinCAT Measurement Project
P E Analytics Project
F Metwork
o Min Max Avg 1Ch
[l Threshold String Classifier 1Ch
o E_Dashbﬂ-ard
4 [ Metwork
Min Max fvg 1Ch

3 ‘ Inputs

Each Analytics module has existing control mappings, which can be selected via the window Properties
(you can also create/edit these yourself via "Create new Mapping Template" or via the Use customized and
own controls [P 382] (point 2)). Once a control is selected for a module, it is listed under the Dashboard

node.

Ex

. Bk
False

CTeAlyMinMaxAvg_1Ch
100

Min Max Avg 1Ch

Threshold Classifier 1Ch

Input. GVL_EnergieDaten... |v| EMPTY Level OK/ Warning 10

Level Warning / Alaim 30

62.145: Data/Building.F [10,00ms]
& GVL_EnergieDaten_F_ Halle_Verpackung.stMesswerte KL3403.F Verpackung_Beleuchy
2 TimeLine

Create new Mapping Template

You can create new content for the Dashboard and Content nodes by right-clicking.

Soluticn Explorer * 0 x
@8- o-5 @ L=
Search Solution Explorer (Ctrl+ ) P~

fa] Solution ‘TwinCAT Measurement Project’ (1 project)
Fi TwinCAT Measurerment Project
4 E Analytics Project
o Metwork
& Min Max &vg 1Ch
[l Threshold String Classifier 1Ch

Add 3 Mew Control

% Deploy Runtime 1 Mew Content

b ﬂ in| B4 5end Information Report...
! Copy Ctrl+C
gl Paste Crl+V
Rename
yF o

Properties Alt+Enter
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Likewise, you can add new controls by right-clicking on a Content node.

Solution Explorer * 1 X
@E-|o-s | p=
Search Solution Explorer (Ctrl+ () o~

fa] Solution TwinCAT Measurement Project’ (1 project)
4 ﬁ TwinCAT Measurement Project
4 ﬂ Analytics Project
o ﬂ Metwork
& Min Max &vg 1Ch
[l Threshold String Classifier 1Ch
a4 Dashboard

4 EIN Add ke Mew Control
) EL  Deploy Runtime 1 Mew Content
I 'Input 7 Send Information Report...
H Copy Cirl+-C
|':t| Paste Ctrl+W
X Remove Del
Rename
M Properties Alt+Enter

This opens the Analytics Dashboard Wizard. This wizard guides you step-by-step through the configuration
for adding a control.

® Analytics Dashboard Wizard

1 Familiarize yourself with the wizard by adding a control (select a control from the Properties window
of the module). You can then look up the entire configuration in the wizard by double-clicking on the
control. There you can follow the individual configuration steps.

Analytics Dashboard Wizard

Select a control. All available controls are listed on the left. By default, only controls that are not algorithm-
specific are listed. All controls can be made available by unchecking the Show only default Controls
checkbox.
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1. Select Single Value to display a single value in the dashboard. Click the Next button to continue.

ﬂ Analytics Dashboard Wizard

Control Selection
Select a Control

@ | Binary State Width: Single Value
© | Data Table 150 px
¥ Multi Value Control Height: 8
= Sankey Chart 150 px
Single Value ‘|i|¢v.:;“.::|_'1 Wi 24 29
| Thermometer

Preview of Control Properties &~
4 Analytics

Value

Unmit

Show Last Event

Last Event

Show Only Unit

Show Title

@ Show only default Controls

|—)Next
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2. You can now link data from one module (1-Module), several modules (N-Modules) or from virtual inputs
(Virtual Inputs). For this example, select 1-Module.

[l Analytics Dashboard Wizard hd
Control Selection . . R
Mapping Type Choose your Mapping intention
1-Module N-Modules Virtual Inputs
Map data from a single Map data from multiple Map data from virtual
Madule to your Control Modules to your Control inputs to your Control
| < Back | ? |
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3. All modules from the Analytics project are listed. Select the module from which you want to display the

data. A preview of the selected module is available on the right.

[l Analytics Dashboard Wizard hd
Control Selection

Mapping Type
Muodule Selection

Select a Module

4 & Analytics Praoject
4 Network
¥ Min Max Avg 1Ch
H Threshold String Classifier 1Ch

Preview of Module Properties &~
4 Input
Input
4 Results (Qutput)
Min
Max
Avg
Time Min
Time Max
4 Config

Persistent Results

|(— Back m |—) Next
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4. Here the first control property is linked to a module variable. To do this, select the Value to be displayed
with the variable Max.

[l Analytics Dashboard Wizard hd
Control Selection
e Select the Control Property and the Module Data to map
Module Selection
Select Mapping 8 Single Value ar o CTcAlyMinMaxAvg_1Ch k), A
4 Analytics 4 Input

Value Input

Unit 4 Results (OQutput)

Show Last Event Min

Last Event Max

Show Only Unit Avg

Show Title Time Min

Time Max
F Conﬁg
Persistent Results

D Enable invalid mappings (not recommended) | \I_‘) Reset

D Set default value
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5. This overview page lists all existing links. Add another link with Add.

[l Analytics Dashboard Wizard hd
Control Selection ) i
Mapping Type Mapping Overview
Module Selection
Select Mapping Single Value CTcAlyMinMaxAvg1Ch
ManninaEns Control Property Data + Add
Value Max E]
Control Title: |Min Max Avg 1Ch
| < Back | ? | |\/ Create
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6. Select Unit and check Set default value to assign a static value. A text field opens on the right; enter °C.

[l Analytics Dashboard Wizard hd

Control Selection
Mapping Type Select the Control Property and the Module Data to map
Module Selection T
Select Mapping 8 Single Value o Default Value:
Select Mapping o B

Value

Unit

Show Last Event

Last Event

Show Only Unit

Show Title

D Enable invalid mappings (not recommended) | \Ij Reset

@ Set default value

|(— Back m |—> Next
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7. Change the title of the control to Max Temperature and add the control mapping via Create.

Control Selection
Mapping Type
Module Selection
Select Mapping
Select Mapping
Mapping Overview

ﬂ Analytics Dashboard Wizard

Mapping Overview
Single Value CTcAlyMinMaxAvg1Ch
Control Property Data
Value Max E] + Add
Unit °C =)

Control Title: Max Temperature

| < Back m |\/ Create

8. The Max Temperature control that was created appears in the Dashboard node. Right-click >
Rename to rename the content.

Solution Explorer
@E- -5 a| k=

Search Solution Explorer (Ctrl+ )

* I

fa] Solution 'TwinCAT Measurement Project’ (1 project)
4 E TwinCAT Measurement Project
4 E Analytics Project
4 28 Metwork
& Min Max Avg 1Ch
B Threshold String Classifier 1Ch

4 Dashboard
wy Cutors 7o

8 Max Temnperature
4 B Metwork
Min Max Avg 1Ch
Thresheld String Classifier 1Ch

[+ i Inputs

TE3510

Version: 1.0.1
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= After a successful HMI and PLC generation, you can open the previously created My Custom Page via
the navigation. There you can see the manually created control.

BECKHOFF .= Analytics Dashboard

My Custom Page  Network

2 > MyCustom Page

30095703 29fb-099e-¢b13-017b54677bb0

5.6.2 Use customized and own controls

HMI Control Mapping Wizard

The HMI Control Mapping wizard enables the following:

1. Adding your own controls.

2. Mapping controls to module classes or changing existing mappings.

3. Mapping controls to module instances or virtual inputs (Analytics project must be open)

Open the wizard via the tab TwinCAT > Analytics > HMI Control Mapping.

éj TwinCAT Measurement Project - TcXaeShell
File  Edit View Project Build Debug | TwinCAT | TwinCATHMI  TwinSAFE PLC  Team Scope Tools Window  Help
colfR- o R E Windows v | - p Attach.. - | 2 it
% Build4024.15 (Loaded) ~ = & | & Software Protection... B |
I . File Handlin 3
WE-|o-5 | s ’
EtherCAT Devices 3
Search Solution Explorer (Ctrl+d)
- - - TcProjectCompare
] Solution TwinCAT Measurement Project’ (1 pr
4 ﬁTwinCATMeasurementProject Target Browser 4
4 ﬂAnaIy‘ticsProject Analytics 3 Analytics Messages v
-
4 Q8 Network1 3 About TwinCAT % New Empty Network
[l Threshold String Classifier 1Ch i .
Dashboard 5= Deploy Runtime
[ -’ Inputs W3 Storage Provider Recorder
T HMI Control Mapping

o
1 Additional help is offered via the question mark ? in the wizard.
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1. Adding your own Controls

The TwinCAT 3 HMI allows you to create your own HMI Framework controls and export them as a NuGet
package.

1. To assign your own framework controls to the Analytics modules, click Import HMI Controls

ﬁi Analytics HMI Control Manager bt

Mapping Starting Point . 1
— Choose the starting point

Import Mapping Template HMI Dashboard
HMI Controls Configurator

m— —
v
—

EL_

Import your awn HMI Create a Control to Configure the
Framewaork Controls. Module(s) Mapping Dashboard of your
Template which can be Analytics Project.
used in any Analytics
Project.
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BECKHOFF

2. Select the NuGet package via Browse.

a HMI Control Mapping Wizard

Mapping Starting Point

Import your existing controls

Select the nuget package with your HMI framework controls:

CATwinCAT\Functions\TE2000-HMI-Engineering\References
\SchirmerControls.1.0.0.nupkg

Browse

Your controls (2) have been imported successfully. Please configure them in

the next steps (just a few things like the default size).
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3. Next, choose a name, size and image for your control. Then click Next and for the last control click
Create.

ﬂ HMI Control Mapping Wizard

Mapping Starting Point
Import Control Package
Profile Production Control Options

Temperature Monitor

Name: Width: Height:

Profile Production 470 @ AT0 @

Select control image (optional):
C:\Bilder\Zeichnung-Profil.png | & BFOWSEI

Image preview:

|(— Back m |—) Next

= You will automatically be redirected so that you can create a mapping between your controls and
Analytics modules.

2. a) Mapping of controls to modules (further to 1.)

o
1 Under 2. b) this step is explained in more detail using "Binary State" control.
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1. Now select your control.

ﬂ HMI Control Mapping Wizard
Mapping Starting Point

4 Custom Controls
i Profile Production
D:E;Eaﬁitor
4 Analytics Controls
| Average Chart
= Bandwidth Classifier
@ | Binary State
_~;| Comparisons
| Curve Sketcher
“— Data Table
“+| Edge Counter On Off
| Event Timing
| Histogram
| Integrator
- Moving Interval Counter
® | Multi State
® | Pie Chart

B EL

r.—liack|?

Select a Control

Width: \
470 px

Height:
470 px

L )

Preview of Control Properties
4 Schirmer

Title

Profile bars

Profile seals

Screws

Message

Message Okay

Message Warning

Message Alarm
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2. Now select the module to which you want to assign the control.

ﬂ HMI Control Mapping Wizard

Mapping Starting Point
Control Selection
Module Selection Select a Module

¥ MinMaxAvglinterval 1Ch
% MovingAvg_1Ch .
£ MovinglntervalCounter 1Ch O
F ProductivityDiagnosis_3Ch

Productivitylnterval_1Ch O
13 TimeClock_1Ch

I} Timer_1Ch

@ TimingAnalysis 1Ch Preview of Module Properties «~

4  (Classification

f BandwidthClassificator 1Ch
B BandwidthClassificator_3Ch
< CurveSketcher_1Ch

4 |nput
Input

4 Results (Output)
Output String

[1] Histogram_1Ch Last Event

[l] SectionTimer_1Ch 4 Config

[ StateHistogram_1Ch Level 1/ 2

[l ThresholdClassificator_1Ch Level 2 /3

[l ThresholdStringClassificator_1Ch String Level 1
- Corimen | el T

A - o -

|(— Back m |—> Next
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3. Select Continue with Mapping.

ﬂ Analytics HMI Control Manager hd
Mapping Starting Point I .
b gy Choose if you want to select an additional Module
Module Selection
Additional Module?
Select second Continue with
Analytics Module Mapping
L4
K
Select an additional Continue with the mapping
Analytics Module to map for the selections
data from multiple Modules
to a HMI Control.
|(— Back
TE3510
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4. In the next steps, connect the control inputs to the module data.

[ HMI Contral Mapping Wizard hd
Mapping Starting Point
Control Selection
Module Selection Select the Control Property and the Module Data to map
Additional Module?
SelssiliRgin 11t Profile Production ThresholdStringClassificat... 3, .-
4 Schirmer 4 Input
Title Input
Profile bars 4 Results (Output)
Profile seals Output String
Screws Last Event
Message 4 Config
Message Okay Level 1/2
Message Warning Level 2 /3
Message Alarm String Level 1
String Level 2
String Level 3

D Enable invalid mappings (not recommended) | \Ij Reset
D Set default value
|(—Back |?| |—>Next
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5. Last, click Create to add the mapping to the Analytics workbench.

[ HMI Contral Mapping Wizard hd
Mapping Starting Point
Control Selection
Module Selection Mapping Overview
Additional Module?
Select Mapping . . - -
. Profile Production ThresholdStringClassificator
Select Mapping
Select Mapping Control Property Data | + Add
Select Mapping Message Output String =
P_ Message Okay String Level 1 B
Message Warning String Level 2 [E]
Message Alarm String Level 3 E

Mapping Name: |Proﬁ|e Praduction

|(— Bgc_k | m |\/Crea_tt-j:_
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6. You can now close the wizard and the mapping will automatically be available for the module. Select it
and generate your dashboard.

[@ WwinCAT Measurement Project - TcXaeshell X & | QuickLaunch (Ctrl+Q) Pl- B x
File Edit View Project Buld Debug TwinCAT TWnCATHMI TwinSAFE PLC Team Scope Tool  Window  Help
5 |@®~ -z H X a9 - | Debug +| TwinCATCET(ARMVT) = b Attach.. = 5 Analytics FRArREsE s O S ARE
¢ Build 4024.10 (Loaded) - | - | | | - | | | | -
Solution Explor Properties - 1x
@& s -8 }-E Network &GVl creAlyThresholdStringClassificator_1Ch Function - Properties
Search Solution Explorer (Ctrl+) p- I‘x‘* |
137 Solution TwinCAT Messurement Project’ (1 project) B Appearance
4 [l TwinCAT Measurement Project = Show Opticnal Inputs False
4 (@] Analytics Project estomiCeniplBhopry 0 G V] o um
4 a8 Network Input Variables fSine... || -17,012 String Level 1 Okay LastEvent  Empty Displaytext Custom Control Mapping
B Custom Control Mapging Level 172 = OutpUtS... Ermpry DocOnDesktop Faise
> [l nputs Generate GVL Tue
String Level 2 Warning 8
GiobalVaricbleType ControlSpecific
Level2/3 20 HMI Control Profile Production <
String Level 3 Alorm & Misc T
Comment I
DisplayColor T ——
Neme
Title
& Network K Ix
Include Prefile Production
NetworkiD
E Parameter e
-
tel1/2 @
Level2/3 20
Negate Enable Execution FALSE
Negate Input FALSE
Negate Reset FALSE
String Level 1 Olay
String Level 2 Warning
String Level 3 Alarm
a pic
Stream Results False

BECKHOFF Analytics Dashboard

Network

&) > Network

Profile Production

530 dbz—== ===

= The dashboard is ready.

2.b) Mapping controls to modules (without own controls)

Analogous to 2.a), this section describes how to perform a mapping between a control and a module. An
existing Analytics Control is used as an example. You can try this example directly.
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1. To do this, select the item Mapping Template.

Analytics HMI Control Manager
@l Analyt 9 X
Mapping Starting Point . 1
Choose the starting point
Import Mapping Template HMI Dashboard
HMI Controls Configurator
’
3
Import your own HMI Create a Control to Configure the
Framewaork Controls. Module(s) Mapping Dashboard of your
Template which can be Analytics Project.
used in any Analytics
Project.
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2. Select a control. The properties of the control are displayed on the right. It also shows how big the control
will be on the dashboard.

[ HMI Contral Mapping Wizard hd

Mapping Starting Point
Control Selection

Select a Control

4 Custom Controls Width: Binary State
i Profile Production 150 px
D Temperature Monitor Height.
4 Analytics Controls 150 pX
Average Chart
= Bandwidth Classifier
J Preview of Control Properties
+ | Comparisons
ki It
Curve Sketcher Ana
 Data Table State
s Titl
.- | Edge Counter On Off e
ShowTitl
7 Event Timing S
: FontsizeTitle
Histogram
Color Gradient
Integrator
ShowReset
Moving Interval Counter R
4
® | Multi State Colues
® | Pie Chart OffColor
Lg TN gl F

|(— Back m |—) Next
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3. Select the module from which you want to display the data. The inputs, outputs and parameters are
displayed as a preview, which can then be linked to the properties of the selected control.
Modules that have already been mapped are underlined. These mappings can also be edited.

,ﬂ HMI Control Mapping Wizard

Mapping Starting Point
Control Selection
Module Selection
Additional Module?

F ]

Select a Module

F ContinuousPieceCounter_1Ch

F EdgeCounter 1Ch
EdgeCounterOnOff 1Ch
EdgeCounterOnOff 2Ch
€D EventTimingAnalysis_1Ch
2 EventTimingAnalysis 2Ch
£ IntervalPieceCounter_1Ch
<% LifecycleAnalysis_1Ch

% LifetimeAnalysis_1Ch

¥ MinMaxAvg_1Ch
 MinMaxAvginterval 1Ch
% MovingAvg 1Ch

F MovinglntervalCounter_1Ch
% ProductivityDiagnosis_3Ch
% Productivitylnterval_1Ch

| < Back m

Preview of Module Properties «~

4 |nput

Input

4 Results (Qutput)

Is On

Current Interval
On Min

On Max

On Avg

On Total

MEE BB

|—)Next
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4. In the future, a control will be able to display data from different modules. Since this is not currently
possible, select Continue with Mapping.

ﬂ Analytics HMI Control Manager hd
Mapping Starting Point I .
s e g Choose if you want to select an additional Module
Module Selection
Additional Module?
Select second Continue with
Analytics Module Mapping

e
=
]

Ceontinue with the mapping

Select an additional
for the selections

Analytics Module to map
data from multiple Modules
to a HMI Contral.

|(— Back
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5. Next, select a control property to be mapped. All impossible variables that cannot be assigned due to
their data type are grayed out. All others can be mapped.
Now select the module variable you want to map with the control property.

[@ HMI Contral Mapping Wizard bt

Mapping Starting Point
Control Selection

Module Selection Select the Control Property and the Module Data to map
Additional Module?
Selechibwpinn @ Binary State €7y EventTimingAnalysis_1Ch g3, . -
4 Analytics 4 Input
State Input
Title 4 Results (Output)
ShowTitle I1s On
FontsizeTitle Current Interval
Color Gradient On Min
ShowReset On Max
4 Colors On Avg
OffColor On Total
OnColor Off Min
FontColor Off Max
ControlColorDark Off Avg
ControlColorMiddle Off Total
ControlColorLight Count On

D Enable invalid mappings (not recommended) | \I_‘) Reset
D Set default value
|(—Back |?| |—)Next

6. Likewise, you can check the Set default value checkbox to assign a default value to the control. This
can be used, for example, to change default colors or to set Boolean values such as "ShowTitle" to
"False" if no title is to be displayed in the Analytics control.
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In this example, the "OnColor" is changed. Based on the data type, a specific selection option is
provided.

ﬂ HMI Control Mapping Wizard
Mapping Starting Point
Control Selection

Additional Module?

Select Mapping a Bfnary State Default Value:
Select Mapping
4 Analytics
State
Title
ShowTitle G 222
FontsizeTitle
Color Gradient
ShowReset
4 Colors
OffColor
OnColor
FontColor
ControlColorDark
ControlColorMiddle
ControlColorLight

&

255

28
137 [

KIIRKI
o =

$® Set default value

Module Selection Select the Control Property and the Module Data to map

D Enable invalid mappings (not recommended) \I_‘) Reset

.
(O Reset ]
(2 Next |

|(— Back m —> Next

ps
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7. As far as you do not want to add any more entries via Add, you can complete the mapping via Create. It
is recommended to assign a meaningful mapping name.

[ HMI Contral Mapping Wizard hd
Mapping Starting Point
Control Selection
Module Selection Mapping Overview
Additional Module?
e o Binary State EventTimingAnalysis1Ch
Mapping Qe oo Praarty = [ 7ad |
Add
State Is On E] +
Mapping Name: |Bl'm'-r¥5'ﬂté Exampld
€ Back ? \/ Create
TE3510
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8. You can close the wizard and the mapping will automatically be available for the module. Select it and

generate your dashboard.

[@ winCAT Measurement Project - TekacShell

|8~ -2

Build 402410 (Loaded) = = |

Solution Explor

4 [l TwinCAT Measurement Project
4[] Analytics Project
4 a8 Network
€ Mapping Example

b [l inputs

BECKHOFF

File Edit View Project Build Debug TwinCAT TWinCATHMI TwinSAFE PLC  Tesm Scope Tools Window  Help

Flnaa

-~ b Attach.. - B4 Analytics

10,58 MB' received (2,03 MB/s)

Y & Quick Launch (Ctrl+Q) L 0 x
LoD BKARE
Properties T ax

is 1Ch Function - Properties

Analytics Dashboard

Network &8GQ v
|
=l
Mapping Example [
VariablesfSine... || -17,018 ThresholdEdgeOn -~ & |1 CountOn 2
Thieshold Edge OFf ¥ [1 Is On Er
OnAvg  00:00:00:969
OnTotal  ROO01938 5
OnMin 020000969
OnMax 030000969
OffAvg  00:00:01:031
Off Total  0:00:02:401 =l
OffMin  00:00:01:031
OffMax  00:00:01:031 B
Currentl... (30000339
=l

i i
]2 |2

Appearance

Show Optional Inputs
HMI

Displaytext
DocOnDesktop
Generate GVL

False

Mapping Example
False
True

Misc
Comment
DisplayColor
Name

Title
Network
Include
NetworkiD
Parameter
Negate

[«
Binary State Example

Binary State

Binary State Example

Negate Input
Negate Reset
Operator Edge Off
Operator Edge On
Threshold Edge Off
Thresheld Edge On
PLC

Persistent Results
Stream Results

FALSE
FALSE

LessThan
GreaterThanOrEqualTo

Network

) > Network

= The dashboard is ready.

Mapping Example

3. Mapping of controls to module instances

In addition to mapping controls to module classes, the module instances of a project can also be directly
linked to controls. This is possible via the Manage dashboard structure and content in Analytics project
[»_372] as well as via the wizard.

TE3510
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1. At the beginning of the wizard, click HMI Dashboard Configurator.

ﬂ Analytics HMI Control Manager

Mapping Starting Point
Dashboard Configurator

Choose the starting point

Import Mapping Template HMI Dashboard
HMI Controls Configurator
’
3

Import your own HMI Create a Control to Configure the

Framewaork Controls. Module(s) Mapping Dashboard of your
Template which can be Analytics Project.
used in any Analytics
Project.

(Shex |
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2. There you have several choices.

&j Analytics HMI Control Manager hd

Mapping Starting Point

e Dashboard Configurator

L Dashboard QOverview

P 1. Dashboard Cverview of your Control-Mappings
u D D 2. Edit of Control-Mappings
3. Remove of Control-Mappings
. —

Create Control-Mapping

2. Inputs 3. From Template 4. From Scratch
L
V ' x
Map Inputs to a HMI Control Add Control to your Add Control to you
Dashboard - using a Dashboard - start from
template, scratch.

|(— Back

1. Overview and editing options for all controls
o This function is also available by double-clicking a control in the Solution Explorer.
2. Adding a control that displays your input data

o This function is also possible via the Manage dashboard structure and content in Analytics project
[»_372].
3. Adding a control that displays module data (selection via a template)

o This function can also be set for an individual module via the Properties window. This is the only
way to display data from several modules.

> You can see directly which data from the template are linked and can adjust them directly.
4. Adding a control that displays data from modules (fully manual)

o This function is also possible via the Manage dashboard structure and content in Analytics project

[»_372].

For the individual points you have to follow the steps of the wizard. The steps are the same or very similar to
section "2. Mapping of controls to modules".

5.6.3 Configure user management and access rights

Users and user groups can be generated individually via the user management. Access rights to contents
and controls can be defined for user groups.

d Note that user management and access rights are only transferred to the HMI project from

Dashboard version 2.0.
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5.6.3.1

Definition in the Analytics Project

Defined users, user groups and access rights are automatically transferred to the HMI project during code
generation. Changes to users and access rights can be made in the web browser after generation.

TwinSAFE PIC Team Scope Tools Window Help

5.6.3.1.1 User management
ﬂ TwinCAT Measurement Project6 - TeXaeShell
Eile  Edit  Miew Project Build Debug  TwinCAT TwinCAT HMI

o - B-u-2 o P a1 - ~ | | Debug

Build 4024.22 (Loaded) ~ <

Solution Explorer
@E-|o-als=
Search Solution Explorer {Ctrl+ P~
&l Solution TwinCAT Measurement Project61’ (1 project)
F) TwinCAT Measurement Projectfl
4 @l Analytics Project
4 Netwaork
F Edge Counter 1Ch
& Edge Counter 1Ch (1)
& Min Max Avg 1Ch
o Min Max Avg 1Ch (1)
%3 Math Operation
%2 Math Operation (1)

4 [~ Dashboard

4 [ Network
L Edge Counter 1Ch
B Edge Counter 1Ch (1)

Min Max Avg 1Ch

Min Max Avg 1Ch (1)
8 Math Operation

Math Operation (1)

4 [l nputs

= || TwinCAT CET (ARMVT) - P Attach.. -

2 =

DA

MR Dashboard +

User Management
User Groups:
Username Third User I Administrators
|| Users
Password wee
|| Guests
. Customn user grou
Language: English v Y group
| Create User | Delete User | [] Advanced
Groupname
Default Access Editar -
Create Group Delete Group
Usemame Groups Language
First User Administrators English
Second user Users, Custom user group English

Users (outlined in red) can be created under the Analytics project dashboard node. For a new user, a
username and password must be set, as well as a language. In addition, it is necessary to assign one or
more user groups to the user, which gives the user the access rights of the respective group(s).

By default, there are the following user groups:

e Administrators
e Users
* Guests

For a more precise classification, additional user groups can be created (outlined in green). For this purpose,
a name and the access authorization must be entered.
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5.6.3.1.2 Configure access rights

@ TvincaT eassement Projectst - Totaeshe

Buld Debug TwinCAT TwinCATHMI TwinSAFE PIC Team Scope Tools Window Help
P X D@2 - | Debug -] TwincATCE7 ARMVT)  ~| B Attach.. = 0

User Management
»- User Groups:
Prjectst” 1 project Usermame Adnministators
Users

Password
Guests

walytics Pro
& Networe

Custom user group

Language
¥ Edge Counter 1Ch Englih,
516
5 Operation B S
) G| [Doemv] O] Advnced
Groupname
Min M Av
01h Default Acces[Viewsr
¥ Math Operaion
< Ml rous Greste Group] [Delee Group

Groups Language
English

w» English

Error List

QR Team Explorer TwinCAT Analytics Storage Provider Recorder  Target Browser [LGGuliiall Output Exception Settings

msmess B KAEOR I E

P - & x

Bl Prcperties
Network AnalyticsHMIContentNode - Properties

[t

E Access Permissions.
Editor
No Access

E Common
Title
B Misc

Administraters, Users
empty

# Add to Source Control +

Access rights can be configured for objects below the dashboard node (contents and controls). Access

permissions (outlined in red) can be set for each user group.

The following access rights are available:

« Editor: Access to the object is permitted, and changes (such as layout adjustments for content objects)

can also be made.

* Viewer: Access to the object allowed - but no changes can be made.

* No Access: No access allowed to the object and the objects subordinate to it in the Solution Explorer.

1 Access rights for content objects can be subsequently adjusted via the web browser.

5.6.3.2 Customize users and access rights in the web browser

o
Dashboard version 2.0.

Note that the menu control and the configuration of users and access rights are only available from
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Configure user

2 _systemAdministrator

The menu control can be used to make changes to the users and access rights. To do this, please click on
your username (at the top of the menu).

BECKHOFF .7 Analytics Dashboard

Network

& > Network

Min Max Avg 1Ch (1) Math Operation (1) Math Operation

Min: 08, Feb 2023 14:24.08
Max: 08. Feb 2023 15:21:24

|
8
8

Min 0.00
Max 5.00
Ag 250

5.00

Value 032 Hello __SystemAdministrator

O
w
N

000 User mana gement

Min Max Avg 1Ch

Min: 08. Feb 2023152124
Max:08. Feb 202315:21:24 Close

Avg

Value

The following options are available via the popup (outlined in red):
« Switch user: Change of the logged in user
» Edit user properties: Change the properties of the own user
+ User management: Create new users, remove existing users and set user properties
» User permission configurator: Configuring the access rights of user groups to content objects

o
Note that when creating new users, individually configured layouts of the creating user are taken
over.

5.6.4 Dashboard Configuration

HMI Dashboard tab

The HMI Dashboard tab contains all the configurations for the dashboard.
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Codegeneration: Latest Version ("Version 2.1')
Soldion  TwinCAT PLC Target  Resuts| HMI Dashboard  Visual Sudo  Summary
HMI generation Settings

2] Generate HMI Dashboar este orly HHl Project (no
[ Generate HMI Dashboard O Cresteonly HMIProject (no PLC) L ion

HMI Project Name:

Dashboard Options

Dashboard Tie [FW DoshboardonsCiok Dasboard ]

Show current time:

Desktop Height: Desktop Width

Create Starpage:

Dashboard Styles
Dashboard Layous:

Wihot Dock

W .

Dashboard Theme: Shiny <

Select Color:

Color Gradient

Cortrol Ste: Round

Languages

Geman Chinese Belgian Swedish
Engish Halian Finnish Brai
s
Pubiish to HMI Server
or Paseward
Vakdete Comecin | €
Configuration

HMI generation Settings

[BnalticsHMIProjectOneCick Dasboard | Latest (Version20)

Generate HMI Dashboard

Enables the generation of the HMI Dashboard, if enabled. This
automatically activates/deactivates the checkboxes Create
Bootproject and Activate PLC Runtime on the TwinCAT PLC
Target tab.

Create only HMI Project (No PLC)

Creates only one HMI project and not a PLC project, if enabled.

HMI Project Name

Name of the TwinCAT HMI project.

Dashboard version

Selection of the dashboard version.

Dashboard Options

Dashboard Title

Title of the HMI Dashboard, which is displayed in the dashboard
header.

Desktop Width

Width of the target screen in pixels.

Desktop Height

Height of the target screen in pixels.

Create Start-Page

Creates a start page for the dashboard that displays a map with all
machine locations. The location data is adopted from the machine
management data.

Show current time

Creates a clock in the dashboard header that shows the current local
time.

Dashboard Styles

TE3510
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Dashboard Layout

Defines the layout of the dashboard. Dock requires the "Dock"
property of a module to be TRUE.

Dock Left: fixed left column
Dock Right: fixed right column
Without Dock: no fixed column

Dashboard Sorting

Defines the sorting of the dashboard.

Space Saving: arranges the controls without free space.

Control Type: arranges the controls by Control type.

Control Size: arranges the controls by size from large to small.
Filled: arranges the controls so that the entire screen is filled.
Network Groups: groups the controls by network and summarizes
them on a screen. Grouping begins at the defined level (0 = All, 1 =
First Level...)

Control Distance

Determines the minimum distance between controls in the grid.

Dashboard Theme

Defines the topic of the HMI dashboard, affects controls and
backgrounds:

Light: bright skin, especially for day mode.
Shiny: similar to the bright skin, color gradient in the controls.
Dark: dark skin, especially for night mode.

Header Color

Specifies the color of the dashboard header. This contains a color
gradient if Color Gradient is enabled.

Control Style

Defines the style of the controls:

Round: The controls have rounded corners.
Flat: The controls have angular corners.

Change default Background Image

If enabled, a customer-specific background image can be set for the
HMI Dashboard. If nothing is defined, the default image is used.

Use Logo If enabled, a logo is added to the dashboard header. A customer-
specific image can be defined for the logo.

Languages

Languages Selection of languages available in the HMI Dashboard.

Select Default Language

Default language for the dashboard.

HMI Server

Publish to TwinCAT HMI Server

Publishes the dashboard to a TwinCAT HMI server, if enabled.

Address Enter the IP address or host name of the TwinCAT HMI server.

Port Enter the port of the TwinCAT HMI Server (by default 1010 without
encryption and 1020 with encryption).

User Enter the user name.

Password Enter the password. (The administrator password must be set once

on the HMI server via the configuration page).

Validate Connection

Press the button to validate your server connection.
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@ Inorderto publish to a remote HMI server, the HMI port and IP of the development computer must
be shared in the HMI server. Also an inbound rule with the HMI ports must be set up in the
Windows firewall from the remote PC.

B TeHmisry x o+

TcHmiSrv  ADS  TcHmiEventLogger

TcHmiSrv

Running as service with name TcHmiProject

> O hitps/0.00.0:1020
> © http/0.00.0:1010

+ Add

< C @ 127.00.1:1010/Config/TcHmiSrv?Content=CATEGORY_WEBSERVER v 2 X O & i

TcHmisqlitelogger  TcHmiUserManagement  Client

Diagnostics

Accepted sockets 57
Active sessions® 3
Active sockers 2
Architecture winx64
NET Classic framework versions.

NET Core framework versions

NET Classic runtime versions

License

@ Windows Defender Fiewall with Advanced Securty

IDE tab

On the IDE tab, you can select which IDE (Visual Studio or TwinCAT XAE Shell) is to be used for generating
the PLC and HMI. In addition, it is possible to generate HMI and PLC in two different solutions.

ﬂ Deploy Analytics Runtime

Codegeneration: Latest Version (“Tc3_Analytics »= V3.1.04" B

X

Target IDE Version:

HMI
@ Create HMI in another IDE:

General Settings

@ Keep IDE open

<— Back

& solution | @ Input Source TwinCAT PLC Target | |&7 Results HMI Dashboard | kad IDE Summary

TwinCAT XAE Shell (V52017) El

TwinCAT XAE Shell (V52017) Ei

@ Show IDE during code generation

X Cancel | | = Next v/ Deploy

Keep IDE open

Keeps the IDE open after generation, if enabled.

Target IDE Version

The IDE target version for PLC and HMI.

Create HMI in another IDE

If enabled, the HMI is generated into a second solution. A different
IDE can be selected.

Requirement: TwinCAT or TwinCAT HMI must be installed in the selected IDE.

Click Next to display the Summary tab, then click Deploy to start generating the dashboard.
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Impressions
Topics

BECKHOFF Analytics Dashboard

Network1

@ Network1

BECKHOFF  .i5vs Analytics Dashboard

Network]
@ > Networkl b

BECKHOFF  :°.. Analytics Dashboard

Network1

& > Networkl B 9

Styles

Min Max Avg HMI 9

= 24. —H 2020 07:40:26
B 24. —H 2020 07:40:27

=i -5
7N 5 5
e 0

=]
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Min Max Avg HMI

Bh: 24.—H 2020 07:41:14
B4 24.—H 2020 07:41:15

= -5
1 =78 5
FiSE 0

=]

Heat Admission
500

K i

250

125

< 30 [30..35) [35..40) [40..45) [45..50) == 50

mT2 mT:

Views for mobile devices

& > Shift Overview

Current shift production

31.2% | (&

2968 Elapsed

6532 Remaining
Working time of current shift

35.0% | (8

02:48:02 Elapsed
05:11:57 Remaining

Early shift Late shift
Last Event: Last Event:
21. Aug 2019 14:00:00 22. Aug 2019 00:00:00
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& > Shift Overview

Current shift Average production per shift

Min: 20, Aug 2019 140000
Max: 21, Aug 2018 140000

Min 7216.00
Max 9523,00
Avg 9318.33 SERRIDT

vawe  so2100 9021 8119
ok
Value
9523
Lastaim
12 Aug 2019 1400:00
Lot Viming
16 Aug 2019 150000
721600
Current shift production Early shift
2968 Elapsed
6532 Remaining LastEvent
21 Aug 2019 140000
Working time of current shift Late shift
35.0% | (8 9511
02:48:02 Elapsed
05:11:57 Remaining ast Evert
22 Aug 2019 00:00:00

Map on customer-specific dashboard

SCHIRMER

Profile Processing Technology =

Shift Overview  Quantity Today ~ Overall Productivity

Production
+ [« || 9 Ewrope
| | ¢ asia
@ North America
. @ South America
: Q Australia

9 0 ¢ |

(o} Leste 1 Opensreetiap

SCHIRMER

Profile Processing Technology. =

Untemehmen ~ Werkstoffe  Produkte ineering und Service

Maschinenstandorte

adbur

Frankfurt am
Man

o 9 Vert
Hamburg
ey xS 9 Berin
i Betischibaaty Sl i 2
-t Q Frankfurt
S = v s @ Stutgart
o v @ Manchen

Uelzebierg e &
i
, Nurnberg
Swrasbou L
% wien
Ninéhen Sy Loato @ oponsrosizp

Historical data and machine switching

BECKHOFF

Analytics Dashboard
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BECKHOFF .=z,

Analytics Dashboard

5.6.5 Modifying a generated dashboard in HMI engineering

TwinCAT 3 HMI project
The result of dashboard generation is a complete TwinCAT 3 HMI project. Therefore, all options offered by
TwinCAT 3 HMI Engineering can be used and included.

4 Anal]rtit;iHMIPrﬂ-jectl}ne{lickl}asboard

Server

[

b Properties
b LY References
b 4l Imports

b %3 Themes

[ Bl CodeBehind
 ml Content

i Ml Fonts

b Ml Images

i Bl Localization

fa} Desktop.view

‘% packages.config

IT tsconfig.tpljson

1 Note that many dashboard customizations can also be made in the web browser at runtime.

5.6.6 Configuration of the dashboard at runtime in the web browser

At runtime, different configurations can be made in the web browser:
+ Create individual user-specific layouts
» Manage users (see Configuring user management and access rights)
« Customize access rights to contents (see Configuring user management and access rights)
» Changing control properties in the browser
» Customize parameters
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» Changing global dashboard options

o
1 Note that not all configuration options are available with Dashboard version 1.0.

5.6.6.1 Customizing layouts with the Interactive function

With the interactive function, controls can be arranged within a content in a user-specific way. The
customized layout is stored centrally in the HMI server extension "TcHmiAnalytics".

hd Note that layout editing is available only from Dashboard version 2.0. In addition, the layout can
1 only be edited if the user has the necessary access rights.

Edit mode

Editing a layout is done in a special editing mode. The editing mode can be called via the menu control.
Alternatively, the edit mode can also be started with the key combination "CTRL" + "E".

151327 2
BECKHOFF ..:5%. Analytics Dashboard
Network 8 —SystemAdministrator
Edit L
© > newot
p- () Bervens
Min Max Avg 1Ch Min Max Avg 1Ch (1) Math Operation (1) Math Operation
e P D - C e 233 seun
Max:08.Feb 2023 15:1328 Max: 08_Feb 2023 15:13:26 = 7 -I 2
- . = Logout
Min 500 Min 000 —um E R
Max 500 Max 500 =
5.00 500 =
Avg -0.00 2 Avg 250 8 8 =
412 =
Value 405 Value 412 =
—nm
-0.00 250 M Macvane -
6 6 Zom
500 090

v .

In edit mode, a grid is visible in the background, on which the controls can be arranged as desired.

BECKHOFF .;in. Analytics Dashboard
Network
A > Network CIRCIROIE IR Y
Min Max Avg 1Ch Min Max Avg 1Ch (1) Math Operation (1) Math Operation
Min: 08. Feb 2023 15:1351 Min: 08. Feb 2023 14:24.08 —e
Max: 08, Feb 2023 16:1351 Max: 08 Feb 2023 15:13:50 =
Win 500 Min 000 —nm 4'36
Max 5.00 Max 5.00 -
g 000 T = @ |
Value Value 236 E
236 250 Mo Vi M v = i
6 6 o
w R Ol @) ‘@ |
Edit layouts

The following options are available:

» Positioning: For positioning, a control must be clicked or pressed. Thus, it is released from its
anchorage and can be moved. The light blue frame indicates the new position within the layout. When
the control is released, it anchors itself in its new position.

« Scale: Using the arrow in the lower right corner of a control, its size can be changed.

» Hide controls: By using the visibility button (bottom right inside a control) it can be shown or hidden.
Hidden controls are displayed semi-transparently in edit mode.
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BECKHOFF >, Analytics Dashboard = 8
Network
) > Network |‘ﬁgﬁﬁﬁ’|
( Min Max Avg 1h (1) Mmourl‘lion('l) muw;m 2 B
Min Max Avg 1Ch Min: 08.Feb 2023 142408 —a
Max: 08. Feb 2023 15:15:00 -
Min: 08. Feb 2023 15:15:02 1 W - b — — — —|— = — — ==
™ 4.68
Max 5.00 2
Mir E 5.00 =
ax 3 8 8 Zam @ |
Ay } Vaue 368 368 = !
D
Value } 250 Mtk Maxiake =
! 6 6 =
o (S ) \wovee () Jwovee ©) @

Editing menu

In edit mode, different actions can be performed via an additional menu (outlined in red):
+ Save the layout (alternatively key combination "CTRL" + "S")
+ Saving the layout and exiting the editing mode (alternatively key combination "CTRL" + "Q")
» Reset the changes made (alternatively key combination "CTRL" + "R")
* Move controls upwards so that free lines are removed (alternatively key combination "CTRL" + "U")
* Undo last action (alternatively key combination "CTRL" + "Z")
* Repeat last action (alternatively key combination "CTRL" + "Y")

Save layouts

Customized layouts can be saved via the edit menu or via the menu control. A popup shows the result of the
save operation.

BECKHOFF .7 Analytics Dashboard = 8
Network
& > Network a) @) 9)ellal i~
Min Max Avg 1Ch Min Max Avg 1Ch (1) Math Operation (1) Math Operation :
Min: 08 Feb 2023 151706 Min: 08, Feb 2023 142408 — 5000
Max: 08 Feb 2023 15:17.06 Max; 08, Feb 2023 15:17.04 S
Min - Min 000 “am
Max Max 5.00 500 -
Avg “ Avg 250 - 8 8 s
» 432, - ™1

Value X Value 432 =

250 M von Mar b = =

6 6 “om
0.00
(G0 T (D) 5 agie &) @ @ |

i If an error occurs during saving, check in the server configuration whether the "TcHmiAnalytics"

extension is activated.

Mobile layout

For mobile devices, a user-specific mobile layout can additionally be generated. This is independent from the
normal layout and has only 2 columns. Editing and saving is done in the same way.

TE3510 Version: 1.0.1 413


https://infosys.beckhoff.com/english.php?content=../content/1033/te2000_tc3_hmi_engineering/2669771659.html&id=

Configuration | HMI One-Click Dashboard BECKHOFF

= BECKHOFF .. .>:
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5.6.6.2 Changing control properties in the browser

® Recommendation: make changes in the Analytics Workbench project

1 Usually, the changes made here can already be made in the Analytics Workbench before you
generate the dashboard (see Mapping Wizard or also Dashboard node). This has the advantage
that the changes are saved when the dashboard is generated again.

Each Analytics Control has selected properties that can be changed dynamically in the browser. This option
is available from Analytics version 3.4.3145.0 or with Control Package version 1.1.31. You can use it to
easily update the NuGet package for older HMI projects.

1. Open a generated HMI project and click on the title of a control where you want to change a property.
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2. There a menu opens where you can click on Edit Properties.

BECKHOFF ==, Analytics Dashboard

Network
2 > Network > Sensor02

State ~
 Edit Properties

3
Value
-1488
Lastalam:

Lastwarning:
10.Jan 2022 1428:32.

= Each control has different properties that can be customized. Here, for demonstration purposes, the
properties of the Traffic Light control are changed

3. Change the title and uncheck the bottom three selection boxes to display only the traffic light with the
changed title.

BECKHOFF 2%, Analytics Dashboard ientifer state x
Title [State -Machine |
Network Show Title

Fontsize Title [16 |
) > Network > Sensor02 Show Values (u}

Amount Decimals ~ [2 ]
Show LastWarning [

State - Machine 1

Show Last Alarm a
Show Milliseconds a

= The changes made are saved client-side (on the device where you open the dashboard) and are only

displayed there. In the future, storage will be performed via the HMI server, which means that changes
will be made globally on each device.

5.6.6.3 Changing parameters in the browser
Numerical parameters such as limit values can be changed dynamically in the dashboard. This is possible

with the Data Table Control. The values are persistently written back to the PLC there and are thus also
available after a restart.
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1. Open a generated HMI project and click on the title of the table control where you want to change a
parameter.

2. There a menu opens where you click on Change parameters. A module without parameters does not
have this menu item.

BECKHOFF .52, Analytics Dashboard

Network

) > Network > Sensor02

State ~
# Edit Properties
 Change parameters

29 Reset column size 10. Jan 2022

= The changeable fields change to an input field with a white background.
3. Change the values there and then click the save icon in the top right corner.

BECKHOFF =, Analytics Dashboard 9 [EA = Language

Network

2 > Network > Sensor02

State

10.Jan 2022
State 575 189 18.02 Ee
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= After saving the parameters, you will see a message in the upper right area of the dashboard. There you
will be told if the reconfiguration worked.

BECKHOFF 522, Analytics Dashboard ge

Network ;R W S

2 > Network > Sensor02

State

e 10. Jan 2022 | 10. Jan 2022
152323 | 152323

5.6.6.4 Customizing global dashboard options

On the Options page, general settings for the dashboard can be edited.
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BECKHOFF .:%- Analytics Dashboard

. OperatorA
MachineA 83‘
. .I Layout B
(=) > Options ="
m Event Viewer
Layout
Select dashboard theme: Shiny E
= Logout
Select control style: Round
Show background image:

Networks.
Reset buttons for networks:
Controls

Reset buttons for controls:

Show control titles

Color gradient: - +

Preview:
42.0% | (9
42 Elapsed
58 Remaining
Layout
Select dashboard theme Change the dashboard theme between shiny, dark and light.
Select control style Change the control style between flat and round.
Show background image Displays the standard or customer-specific background image.
Networks
Reset buttons for networks Enables reset buttons for entire networks. Reset all controls within the
selected network.
Controls
Reset buttons for controls Enables reset buttons for controls. Reset a single control.
Show control titles Enables control titles for all controls.
5.6.6.5 Managing layout configurations

The User Layouts button allows you to manage layout configurations for individual users. These
configurations include both the layout items saved in the server extension and the interactive charts
generated.
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12:08:09
28. Apr 2026

BECKHOFF

Network
21 > Network

MotorCumrent

Min: 28, Agr 2006 120800
Max 28 Apr 2026 120807
Min 0

Max 2658

g 1449

Valve 18.19

Analytics Dashboard

M 28 Agr 2026 120809

Max 28 Apr 2026 120346

[

Max 606058 _
A 448355

Value 6000.10

28. Apr 2026 am
12:07:53.778 vk
Last Event |

] Last E\‘Enl'

User Layouts
User

Analytics

Guest

LayoutBackup

User
__SystemAdministrator
__SystemGuest

__SystemUser

Hello _SystemAdministrator

Switch user

Edit user properties

User management

Server Extension Configuration

Data Source Management

| Content management

User Layouts

Selected User: Guest
Layout Mode Default layouts
Import layouts from user: Analytics

Share layouts from user:

Reset Layouts

Import Layouts

Share Layouts

There is an overview of all users on the left-hand side. Choose a user to manage their layout configurations.

The selected user and the current layout mode are displayed on the right-hand side. The following layouts

are possible:

Default layouts

The user has no individual layout configurations. The standard layouts are used.
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Custom layouts
The user has their own layout configurations that are used.
Shared layouts

The user shares his layout configurations with another user. This allows multiple users to use the same
layouts.

The following actions are available to you:

Reset layouts

Resets all layouts saved by the user, including the interactive charts created.
Copy layouts

Choose a user whose layout configurations are to be copied. Confirm the process with Copy Layouts. The
selected user receives an independent copy of the layout configurations.

Share layouts

Choose a user whose layout configurations are to be shared. Confirm the process with Share Layouts. The
selected user receives a reference to the layout configurations of the other user. If one of the users changes
a layout configuration, the other user automatically receives the current version after a reload.

5.6.6.6 Management of the content pages

You can use the Content Management button to define the access rights of individual user groups for
existing content pages. You also have the option of adding new content pages and activating them for
selected user groups.

BECKHOFF .>n Analytics Dashboard

Network
21 > Network

&30 o

m Event Viewer

MotorCument SpindleSpeed Tool Component
Temperature Temperature @ Settings
Min: 28, Apr 2026 120800 Min: 28 Agr 2036 120800
Max 28 Apr 2026 120807 Max 28 Apr 2026 120346 ~
Mn 0 Mn 0 ™= E" Logout
Max 2658 Max  6060.58 i 26 am
. - 6
B Count Count

g 1449 Avg 448355

Valve 18.19 Valve 6000.10

Cum
“em —
Cam

28. Apr 2026 TIANl \is [ =
12:07:53.778 nonm |\ @) \!

o Last Event LastEvent | "
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Hello _SystemAdministrator

| Switch user

| Edit user properties |

User management

T —
Server Extension Configuration

| Data Source Management |

| User Layouts |

Content management »
User groups Contents Add
Administrators Network Edit
Guests
Users
Advanced Save Reset

Select a user group on the left-hand side. You can then define the access rights for the respective content
pages on the right-hand side.

Content management »
User groups Contents Add
Administrators Metwork Edit
Edit
Guests i
View
Users Mo Access
Advanced Save Reset

The following access rights are available:
Edit

Users in this group can customize the layout of the content, e.g. Move controls, change their size, show or
hide them and — if supported — add new controls.

View

Users can view the content, but cannot make any changes.
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No Access
Users cannot view the content. The content is also not displayed in the navigation.
Adding dynamic content

Users have the option of adding new dynamic content. New content can be created using the Add button.
This is enabled by default for all user groups with the View access right and is displayed in the navigation
bar. The access rights can then be adjusted as required.

Content management

Administrators Network Edit ~
Guests
Users

Advanced Save Reset

You can rename or remove the content using the three-dot menu on the right-hand side.

Content management X
User groups Contents Add

Administrators Network Edit Add
Guests Custom_Content Edit il Remove
Users < Rename

Advanced Save ‘ ‘ Reset

([
1 These options are only available for dynamically added content.

As an alternative to the Add button at the top right, you can also add a new sub-content via the three-dot
menu of an existing content.

5.6.6.7 Exporting and importing layout configurations

You can export the current configuration of the TcHmiAnalytics extension or import a new configuration via
the “Server Extension Configuration” area. The configuration includes all data stored in the server extension,
such as. Layout configurations and user-specific settings (color theme, language, etc.).
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BECKHOFF .ns Analytics Dashboard

Network
21 > Network q o
m Event Viewer
MotorCument SpindleSpeed Component
Temperature {§} Settings
Min: 28, Agr 2026 120809 M 28 Apr 2026 120800
Max 28 Apr 2026 120807 Max 28 Apr 2026 120346
Ma 0 [ % St —+ Logout
Max 2658 Max 606058 & - Za
g 149 A 448355 = N
Vaue 1819 bpsicr 77 Value 600010 - o Zas
28, Apr 2026 2 =
12:07:53.778 Iulnm

® B . LastEvent | LastEvent |

Hello _SystemAdministrator

Switch user

Edit user properties

User management

Content management

Server Extension Configuration

Data Source Management

User Layouts

Server Extension Configuration ®
Export TcHmiAnalytics Configuration Export
Import TcHmiAnalytics Configuration Import
([

1 When importing a configuration, the existing configuration is irrevocably overwritten.
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5.6.7 Creating charts in the web browser

With the new Interactive Chart function, you can add charts to your dashboards as required. Charts can be
added and configured directly in the web browser. Engineering is not required for this. Data that has been
historized with the Analytics Storage Provider can be used as a data source for the charts. During
configuration, you can select the variables to display, the time ranges and the chart type.

® Analytics Storage Provider Update required

1 A TwinCAT Analytics Storage Provider >= version 1.0.12.3 is required so that the data can be
loaded correctly.

o
1 The following NuGet packages are required to use the Interactive Chart function:
Beckhoff. TwinCAT.Analytics.Controls >= 1.35.0

Beckhoff. TwinCAT.Analytics.ControlsExtension >= 1.35.0

The Interactive Chart function can be integrated into already generated HMI projects by updating
the NuGet packages.

5.6.7.1 Managing the data sources

Data that has been historized with the Analytics Storage Provider can be used as a data source for the
charts. The data sources can be managed directly via the dashboard.

® Automatic addition of historical sources during code generation

1 From TwinCAT Analytics Workbench version >= 49.0, all historical data sources from the project
are automatically transferred to the dashboard during code generation. It does not matter whether
these are actively used in the project or have merely been added as sources. Please note that live
data sources cannot be used.

Open of the Data Source Management

Data sources can only be managed by users in the " SystemAdministrators" or "Administrators" group. You
can open the Data Source Management via the menu icon in the top right-hand corner: Menu - <username>
- Data Source Management.

o uame Analytics Dashboard

% IngmarR

l Layout

Eh Logout
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Hello IngmarR

Switch user
Edit user properiies
User management
User permission configurator

Data Source Management

s

Data Source Management ®
Data Sources
» messagebroker2 beckhoff-cloud.com:8883:EnergyData/Building_F - Status: 0K . . .
» messagebroker2 beckhoff-cloud.com:1883:EnergyData/Building_F - Status: NOCONNECTION . . .
v messagebroker2 beckhoff-cloud.com:8883:EnergyData/Building_T - Status: OBSOLETE ! . . .
Source D d223bdb0-6790-4254-b32e-beac 2641784
Broker |messagebroker2 beckhoff-cloud.com |
Broker Port |8883 |
Topic | IngmarR/OIdASP/ TcAnahticsStorageProvider/07 8bfcf-c260-4547-9912-016a%ca28457Historicall Stream_1 |
Ctraam Tnnir [FrarmunataBuilding T |
Drop a source from the target browser |+

Alternatively, you can also open Data Source Management via an existing Interactive Chart.
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¢ Edit Properties

I Chart Type

' Refresh Chart

w Edit datasources |

[T T T T T T T I T 7]
2024-06-05 00:00:00.000 2024-06-05 23:59:50.000

¥ —GVL_EnergieDaten_F_Halle_Verpackung.stMesswerte_KL 34

Overview of data sources

All existing data sources are displayed in the Data Source Management. The status of each data source is
also displayed. This has the following meanings:

OK: The data source has been configured correctly.

NOCONNECTION: The data source was configured incorrectly. In this case, the connection
parameters should be checked and corrected.

OBSOLETE: The Storage Provider of the data is outdated and should be updated to at least version
>=1.0.12.3. Otherwise, data cannot be queried correctly.

INIT: A new configuration has been sent to the server extension. This attempts to connect to the data
source.

UNDEFINED: The configuration has only been created locally and has not yet been saved in the server
extension.

NOSOURCEHANDLER: The configuration could not be loaded correctly in the server extension and
should be saved again.

Data Source Management

DataSources

» messagebroker2.beckhoff-cloud.com:8883:EnergyData/Building_F - Status: 0K

» messagebroker2 beckhoff-cloud.com:8883:SlideData/PlcStream - Status: NOCONNECTION

» messagebroker2.beckhoff-cloud.com:8883:EnergyData/Building_T - Status: INIT

» <broker>:1883:<streamTopic> - Status: undefined

Drop a source from the target browser
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Creating a data source

New data sources can be added simply by drag and drop from the TargetBrowser. In the TcAnalytics tab,
select Historical Data sources.
All symbols are automatically added to the data source.

If the parameters have been read successfully, the upload icon lights up green. Click on the upload icon to
send the configuration to the server extension.

Data Source Management
DataSources

» messagebroker2.beckhoff-cloud.com:8883:EnergyData/Building_T - Status: OK

messagebroker2. beckhoff-cloud.com:8883:EnergyData/Building_F - Status: Not Initalized . +

Target Browser
TeAnalytics File TcScope File Enter Filter...
ADS TeDBSrv T™MC

™C TcAnalytics

] Case Sensitive ;Filter Editorv T %7

GVL_EnergieDaten_F_Halle_V/ k > st
_EnergieDaten_F_Halle_Verpflkung esswe Today

Mame Ty =
g gy @ 3 (=) stM KL3403_F Verpack TYI (%) Record 55 (>35d)
s 1T - _ = (=) stMesswerte_ _F_Verpacku Tc [2024-06-10 07:09:18.195, 2024-07-15 14:58:55.575]
- P LR
| 'amessagebroker.beckhoﬁ—c[oud.cc 4 Last & Months
i flL2 LR
“ a.'messagebroker?.‘.beckhoff-cloud‘c F L3 LR Record 54 (>53 <)
b wl 358ac77-0126-ea54-Oeeb-bda’ g LR [2024-06-10 07:08:10.035, 2024-06-10 07:09:03.465]
- !1|0b29529f-da1a-3962-d5cb-3&d- & fuL LR Record_53 (>2 m)
I 33 |jve Data UL LR [2024-06-10 07:05:54.035, 2024-06-10 07:07:57.865]
- Historical Data B fuL3 LR Record_52 (>33 d)
® Building F 5 FPL1 LR [2024-05-07 11:21:43.506, 2024-06-10 07:05:43.145]
I wil StreamFast i fPL2 LR Record_51 (>33 d)
I !1IPIcStream3 & fPL3 LR [2024-04-04 07:10:26.984, 2024-05-07 11:21:32.616]
b = 51caab16-4fel-6aSb-55af-1067 _ HfPg LR () Record 50 (>324)
e N > £ fCasPhil 1 "“ [2024-02-28 11:02:25.085, 2024-04-01 06:51:50.605]

If the Target Browser is not available on the device, you can create an empty data source using the plus icon
in the bottom right-hand corner. This must be configured manually.

Configuring and changing a data source

You can use the arrow to the left of a data source to expand and edit it.
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Data Source Management x

DataSources

¥ <broker>:1883:<streamTopic> - Status: undefined . . . Q

Stream SystemlID |GIU'DUDUUO—DU00—0UDU-GUOU-OUOUGUU{!UDUD

i !

Source ID 00000000-0000-0000-0000-000000000000
Message Broker  |<broker> |
Broker Port [1883 |
Topic |<topic} |
Stream Topic |<streamTopic> |
CycleTime | |
Layout |0UﬂlUDUUO—DU00—0UDU-QUDU-OUUUQUUQUDUD |
|
1

Drop a source from the target browser @+

The following parameters can be set:

Parameter Description

Source ID

Unique ID of a data source. This is unique and is assigned by
the server extension.

Message Broker

Address of the message broker

Broker Port

Port of the message broker

Topic

MQTT topic of the historical stream
.-..ITCAnalyticsStorageProvider/.../Historical/Stream...”

StreamTopic

Original topic of the recorded stream.

Cycle Time

Cycle time of the data source in 100 nanoseconds.

Layout

Layout of the stream

Stream SystemID

SystemID of the recorded stream.

UserlD

User name for accessing the message broker.

Password Password for access to the message broker.

With certificates If the value is checked, the selected certificate files are used.
CA CA file (can be uploaded to the server extension).

CERT CERT file (can be uploaded to the server extension).

KEY KEY file (can be uploaded to the server extension).

Key Password

Password for the KEY file.

The changes can be sent to the server extension via the save icon (green). Alternatively, the changes made
locally can be undone using the reset icon (blue). The status of the data source can be queried again via the

refresh icon (gray).

Deleting a data source

A data source can be deleted using the corresponding delete icon (red). Please note that all charts using this
data source will no longer work. If parameters are changed, such as the broker address or the renewal of
certificates, it is advisable to adapt existing data sources and not to delete them.
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5.6.7.2 Adding and removing charts

In the web browser

Add new charts via the menu icon. Click on Add Chart under the Layout category. The new chart is inserted
at the first free position in the layout.

Al B

5 v

5

— ) save m Event Viewer
{:}} Settings

| |
| Current state of active power in total
I

|

|

|

Energy costs in Euro

o
1 Charts can only be added if the user has authorization to edit the layout.

The added chart is user-specific and can only be viewed by the current user. Its position and size can be
moved within the layout as required. You can remove a chart in Edit mode using the recycle bin icon in the
bottom right-hand corner.
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127.0.0.1:13004 says

Do your really want to delete this chart?! The configuration will be
deleted permanently.

Network  Network (1) KN -
() > Network

A~ OIAR | =0

New charting 1

In HMI engineering

Charts can also be added via the HMI engineering. These charts are available to all users by default and

cannot be removed. The configuration [P 431] of charts added in Engineering is carried out in the web
browser.

Network.content™ & X

Analytics Control
Curve Sketcher
Data Table
DataChart

i 2

Edge Counter On Off
Energy Monitoring

Event Timing

Histogram

Liy i irigl

Histogram Multi
Integrator
LayoutManager
Linear Regression

Map Control

Menu
oving Interval Counter
Multi State

Multi Value Control

Viewport: 1900 x | 1725 OEE
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5.6.7.3 Configuration of a chart

A chart is configured in the web browser. You can edit all settings (such as chart type, variables and time
periods) via the properties window of the chart.

Open of the chart properties

Open the chart properties by clicking on the title of the Chart control.

BECKHOFF .7 %

Building T  Building F
Building T

New charting 1 ~

L s
ST, T N I S M e

Click on Edit Properties to open the chart properties.
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BECKHOFF

Identifier Network_ContentGrid11X
Analytics
Title |New charting 1 |
Show Title
Fontsize Title [18 |
Chart Type
| Y vrchan v ]
Chart Settings
Y-Axis-Description  [Value |
Fill Mode [Fil v
Use Hover Effect
Channels

. ]

Timeranges

. ]

The chart properties are divided into 4 categories.

» Chart Type: Selection of the chart type

« Chart Settings: Configuration of the chart

+ Channels: Selection of variables and their display.

» Timeranges: Selection of time ranges to be displayed.

5.6.7.3.1 Chart type

You can set the chart type via the properties of the chart.

432 Version: 1.0.1
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[ I\ YT Chart v]

| [l” Bar Chart
Categorical chart by channel.

C
Recognise distributions of data.

Gmw

Recognise distributions of data.

Single Value

e
4 Presentation of values as figures.

2
q

Time Series Bar Chart
Represents data trends.

M Compare YT Chart
| Compare time series over an interval.

You can use the following chart types:
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YT-Chart

' Energy Monitoring —

80.0 — :

700 :

Value

004 &

| | | |
2024-07-09 00:00:00.000 2024-07-12 23:59:59.000

2 GVL_EnergieDaten_T1
4—GVL_EnergieDaten_

Display of the time on the X-axis and the corresponding values on the Y-axis.
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Bar-Chart

Energy Monitoring ~

Ampere

3 ey e s e s a s
. R SR
"1 = | ceeeeerorerererrererereerr e erereererereeee e e e e e e e e e e e e e e ererrerer e re e e e e e e e e r e e R R EEEE P
10.0

90— -1 S . o)

?:n: Mon, July 15, 2024: 13:02:57:498
6.0 — GVL_EnergieDaten_F_Halle_Verpackung.stMesswerte_KL3403_F_Verpackung_Beleuchtung.fiL1 952
50— M GVL_EnergieDaten_F_Halle_Verpackung.stMesswerte_KL3403_F_Verpackung_Beleuchtung fILZ 1078 -oeeeeee
40 - GVL_EnergieDaten F_Halle VerpackungsiMesswerte KL 3403 F Verpackung_Beleuchtung L3 8.82 =~ 777
s 000

2024-07-15 13:02:57.498

GVL_EnergieDaten_F_Halle_Verpackung.stMesswerte_KL3403_F_Verpackung_Beleuchtung fIL1
£4—GVL_EnergieDaten_F_Halle_Verpackung stMesswerte_KL3403_F_Verpackung_Beleuchtung fIL2
4 GVL_EnergieDaten_F_Halle_Verpackung.stMesswerte_KL3403_F_Verpackung_Beleuchtung fIL3

One bar is displayed per selected time range and per variable. The bar represents the last value of the time

range.
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Pie-Chart

Energy Monitoring -

Mon, July 15, 2024: 13:26:58:998
GVL_EnergieDaten_T1.stMesswerte_KL3403_T1_gesami.fPg 53.30
B GVL_EnergieDaten T2 stMesswerte KL3403 T2 Klimaanlagen. fPyg 16.10

GVL_EnergieDaten_T1.stMesswerte_KL3403_T1_Klimageraet_Auditorium.fPg 0.02
B GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_DG.fPg 0.99
B GVL_EnergieDaten_T1.stMesswerte_KL3403_T1_Klimageraet_Erdgeschoss.fPg 532

2024-07-1513:26:58.998

GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_gesamt.fPg
4—GVL_EnergieDaten_T2 stMesswerte_KL3403_T2_Klimaanlagen.fPg
GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_Auditorium.fPg
{4—GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_DG fPg
£4—GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_Erdgeschoss fPg

A pie is displayed for each selected time range, which represents the last sample of the time range. Negative
variable values are not displayed.
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Ring-Chart

Energy Monitoring ~

Mon, July 15, 2024: 13:26:58:998
GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_gesamt.fPg 53.20
B GVL_EnergieDaten_T2 stMesswerte_KL3403_T2_Klimazanlagen.fPyg 16.10

GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_Auditorium.fPg 0.0z
B GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_DG.fPg 0.99
B GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_Erdgeschoss.fPg 532

2024-07-15 13:26:58.998

GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_gesamt.fPg
4—GVL_EnergieDaten_T2 stMesswerte_KL3403_T2_Klimaanlagen fPg
GVL_EnergieDaten_T1.stMesswerte_KL3403_T1_Klimageraet_Auditorium.fPg
£4—GVL_EnergieDaten_T1 stMesswerte_KL.3403_T1_Klimageraet_DG fPqg
4—GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_Klimageraet_Erdgeschoss fPg

A ring is displayed for each selected time range, which represents the last sample of the time range.
Negative variable values are not displayed.
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Compare-YT-Chart

Energy Monitoring
e gemm g g g e e e e e 3
TU_U u— ;. ............. ;. ' ) ) ' . !
: i Mon, July 15, 2024: 08:06:48:724
T | 1 GVL_EnergieDaten_T1 stblesswerte_KL3403.T1_gesantiPg TR PR — e
600 | oo . W GVL_EnergieDaten_T2 stMesswerte_KL3403 T2 KlimaanlagenfPg 478 | & L, &
© Sun, July 14, 2024: 08:07:14:008
8 w0 : g
= i M GVL_EnergieDaten_T1.stMesswerte_KL3403_T1_gesamt.iPg 26.68
00 = ideriaris : |
; B GVL EnergieDaten_TZ.stMesswerte_KL3403_T2 KlimaanlagenfPg  4.50
0.0 — .............
100 - ndudafdintnns b : N A— R— S— e ;
0-—-
| | | | I | I | | | |
2024-07-1413:13:55.436 2024-07-1512:13:55.436
| | | | I | | | | | |
2024-07-1313:13:55.437 2024-07-14 12-13:55.437

GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_gesamt fPg
 Fd—GVL_EnergieDaten_T2 stMesswerte_KI.3403_T2_Klimaanlagen fPg £4—Timerange 1&4—Timerange 2

J
Suitable for comparing several time series. This involves comparing the data over the selected comparison
interval. Several comparison modes are available for the comparison. The comparison period is shown on
the X-axis.
Time-Series-Bar-Chart
Energy Monitoring -
B5.0 — oo e e e e e e g
60.0 : : : : : : :
550 - | §
800 ' sunJuly14,2024: 137443222 S —
907 GVL_EnergieDaten_T1.stMesswerte KI 3403 _T1_gesamt.fPg o8
400 — -
= 350 B GVL_EnergieDaten_TZ stMesswerte_KL3403_T2_KlimaanlagenfPg 10.76
= 121410
= 300 Sun, July 07, 2024: 13:14:19:733
L [ — B GVL_EnergieDaten_T1.stMesswerte_KL3403_T1_gesamt.fPg 27.80
200 — - W GVL_EnergieDaten_TZ stMesswerte_KL3403_T2_Klimaanlagen fPg  9.80
15.0 = -
10.0 —
50 —
0 =
T | | I T | T
Tue Wed Thu Fri Sat Sun Mon
GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_gesamt.fPg
- FA—GVL_EnergieDaten_T2 stMesswerte_KL3403_T2_Klimaanlagen.fPg E4—Timerange 1 £4—Timerange 2 .

438 Version: 1.0.1 TE3510



BECKHOFF

Configuration | HMI One-Click Dashboard

Suitable for comparing several time series. This involves comparing the data over the selected comparison
interval. Several comparison modes are available for the comparison. Bar charts are generated per selected

timespan and per variable based on the comparison timespan.

5.6.7.3.2 General settings

You can make general chart settings in the Chart Settings area.

Identifier NetworkContentGrid0 X
Analytics

Title |Energy Comparison |

Show Title

Fontsize Title |16 |
Chart Type

l IR/ Compare YT Chart v 1

Chart Settings

Y-Axis-Description  |Power [W]

FillMode [ Fill

Use Hover Effect

Channels

Channel 1 GVL_EnergieDaten T1.st
Channel 2 GVL_EnergieDaten_T1.st

DX
.X

| .

Timeranges
Refresh Interval 1 | [Minute(s) v
Compare Type | Absolute v|
Compare Interval [10 | [Minute(s) v
Timerange 1 (Reference) X
From  Mow - Last 1 day 1
To From + Compare Interval =]
| Last 1 day v|
Timerange 2 x
From  Now - Last 1 hour | B
To From + Compare Interval B
[Last 1 hour v|

The following options can be set here:

TE3510

Version: 1.0.1
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BECKHOFF

Property

Description

Y-Axis-Description

Labeling the Y-axis

FillMode

Selection of whether the graphs should be filled.

Use Hover Effect

If this option is enabled and the mouse pointer is in
the chart, the exact time points and variable values
are displayed in a window.

5.6.7.3.3

Adding variables

In the Channels area, you can select the variables to be displayed. Use the plus icon to add a new channel
for the chart. Define a variable for the channel via a drop-down window. Use the color icon to assign an
individual color for the channel. Remove the channel using the X icon.

Channels

Channel 1 GVL EnergieDaten T1.st B *

Channel 2 (Please choose variable_ | B %

| EnergyData/Building_T ;

Compare Ty

Compare In

Timerangy
From N

To F

Last 1 ha

GVL_EnergieDaten_T1.5
tMesswerte_KL3403_T1
_gesamt fIL1

GVL_EnergieDaten_T1.5
tMesswerte_KL3403_T1
_gesamt.flL2

GVL_EnergieDaten_T1.s
tMesswerte_KL3403_T1
_gesamt.fIL3

v
() v
p 4
E
B

D
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Channels

Channel 1 GVL_EnergieDaten_T1.st B *
Channel2 GVL_EnergieDaten_T1 st E A

j?.li-l =

255 0 235
|
{ R G B -+ .
5.6.7.3.4 Adding time ranges

The time ranges to be displayed can be selected in the "Timerranges" area. A new time range can be added
to the chart using the plus icon.

Absolute time ranges

For a time range, the start and end time can be selected using the "From" and "To" parameters. The date
can be selected from the calendar (opened by clicking on the calendar icon). The days are marked in color in

the calendar:
* Green: Day has been fully recorded.
* Yellow: Day was only partially recorded.
» Gray: No data available for this day.
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Refresh Interval K | [Minute(s)  +|
Compare Type | Absolute v|
Compare Interval |10 | [Minute(s)  v|

Timerange 1 (Reference) X

From  Now - Last 1 day =

To From + Compare Interval =

| Last 1 day v |

«  January 2024 »

Mon Tue Wed Thu Fri Sat Sun
From MNow - Las 1 2 3 45 6 T

Timerange 2

To From+Cc 8 9 m.u 13 14

| Last 1 hour 15 16 17 1819 20 21

22 23 24 2526 21 28
Timerange 3 29 30 31

From  MNow - Last 1 hour ==}

To From + Compare Interval =5

| Last 1 hour v |

Relative time ranges

As an alternative to absolute time ranges, relative time ranges can also be selected. The selection of a
relative time range can be made via the drop-down window. As soon as at least one relative time range has
been selected, the "Refresh Interval" property can be used to specify the time interval at which the chart is
updated.

442 Version: 1.0.1 TE3510



BEGKHOFF Configuration | HMI One-Click Dashboard

Timeranges

Refresh Interval K | [Minute(s) v

Compare Type | Absolute v

Compare Interval [10 | [Minute(s) |

Timerange 1 (Reference)

X
From  Now - Last 1 day B
| Choose interval

Y
Last 1 minute
Last 3 minutes
Last & minutes
| Last 10 minutes

Last 15 minutes

Last 30 minutes

Last 1 hour

Last 2 hours

Last 3 hours

Last & hours

| Last 1 day

Last 2 days

Last 3 days

Last 1 week t
Last 2 weeks
Last 3 weeks

Last 4 weeks
Last & weeks o

| Last 1 hour v

® Automatic setting of the end time

1 For the Compare-YT-Chart and Time-Series-Bar-Chart, the end time of a time range is set based
on the configured comparison interval. Manual selection of the end time is not possible in these
chart types.

5.6.7.4 Comparing data

The CompareCompare-YT-Chart and TimeSeries-Bar-Chart can be used to compare data from different time
ranges. Up to three time ranges can be added in the settings for this purpose. The first time range serves as
a reference for the display.

The data is compared over a defined timespan (e.g. 3 hours, 1 week, ...) The length of the comparison
period can be configured in the "Timeranges" area if Compare-YT-Chart or TimeSeries-Bar-Chart is selected
as the chart type.
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Timaranges

Refresh Interval K | [Minute(s)  +|
Compare Type | Absolute v|
Compare Interval |10 | [Minute(s)  v|
Timerange 1 (Reference) X
From ‘Now - Last 1 day | =
To From + Compare Interval E
| Last 1 day V|

In addition to the timespan, a comparison mode can be set. This can be used to set whether the data should
simply be displayed on top of each other or whether they should be displayed synchronized with each other.

This corresponds to a shift on the time axis in the diagram. The available comparison modes are:
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 E-GVL_EnergieDaten_T2 stMesswerte_KL3403_T2 Klimaanlagen.iPg [4—-Timerange 154—Timerange 2

2024-07-03 00:00:00.000

oy

In this mode, all selected time ranges are visualized one above the other. The absolute time is displayed on
the X-axis. There is no shift on the time axis. The origin is always the start time of a timespan.
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In this mode, all selected time ranges are visualized one above the other. The relative elapsed time is shown
on the X-axis. There is no shift on the time axis.

Match Start
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r S ™
Energy Monitoring -
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: [0 GVL_EnergieDaten_T1 stMesswerte_KL3403_T1_gesamt.fPg 33.56 :
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In this mode, the data is superimposed at the correct time. The start time of the first time range serves as a
reference. The data for the other points in time are shifted so that the data at the beginning of the chart are
aligned. The basis for this is the selected comparison period (see table).

Match End

446 Version: 1.0.1 TE3510



BEGKHOFF Configuration | HMI One-Click Dashboard

Energy Monitoring -
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60.0 — ------------ Sat, May 25, 2024: 16:28:37:395 I O
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50.0 | W GVL EnergieDaten_T2 stMesswerte_KL3403_T2 KlimaanlagenfPg 11.10
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GVL_EnergieDaten_T1 stMesswerte_KL 3403_T1_gesamt.fPg
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In this mode, the data is superimposed at the correct time. The end time of the first time range serves as a
reference. The data for the other points in time are shifted so that the data at the end of the chart overlap in
time. The basis for this is the selected comparison period (see table).

Comparison period Procedure

Second(s) Comparison of the milliseconds of data. As soon as the same
millisecond occurs, the data is superimposed.

Minute(s) Comparison of the seconds of data. As soon as the same
second occurs, the data is superimposed.

Hour(s) Comparison of the minutes of the data. As soon as the same
minute occurs, the data is superimposed.

Day(s) Comparison of the hour of data. As soon as the same hour
occurs, the data is superimposed.

Week(s) Comparison of the weekday of the data. As soon as the same
day of the week occurs, the data is superimposed.

Month(s) Comparison of the day of the data. As soon as the same day
(date) occurs, the data is superimposed.
One month always corresponds to 31 days.

Year(s) Comparison of the month of data. As soon as the same month
occurs, the data is superimposed.
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® Shifting the data

As it is not guaranteed that the data is recorded at the same cycle time or that the data is scanned
at the same sampling rate, it is possible that the values do not always overlap exactly.

5.6.8 Switching multiple machines in the HMI Dashboard

In TwinCAT Analytics you can use different data streams from several machines, which you can switch in an
analysis. This is possible both in the Analytics Workbench via the Virtual Input Source and in the fully
generated PLC and HMI. Both live and historical data can be used. For each data stream, you can add a

brief description and the location either in the Analytics Logger or in the Machine Administration.

Machine Administration page

If not already done in the Overview, set the metadata of your machine on the Analyse data page. Open the
TwinCAT Target Browser (TwinCAT > Target Browser > Target Browser) and click the gear icon. Now you
can enter the location of your machine, a short description and the name of your machine. Note that existing
data in an Analytics project is not assigned this meta information, since the information is only transferred
from the Target Browser during drag and drop. In this case, you can delete the data stream and recreate it.

For each data stream you use in your Analytics configuration, the Runtime deployment [»_303] creates a

map entry. These map entries are used as input variables for the general map on the start page of your HMI
dashboard.

Target Browser - X
TeAnalytics  TcAnabytics File  TeScopefile | Enter Filer..
N @ Machine Administration Page — o X F
R i
= iy
o @ 1217.62145 Neme) Yo% X
5l {<} DATEN_VON_TRO!
1w, Production Ver © CKEssELT Source Broker | Customer | SystemID System Alizs | Online | Position | Description | Topic
1w, Production Hanover @ (=} KESSEL2 (~)172.17.62.145 “g::(e
< ofl Production Berlin @ (<} MISCHVERTEILER | TwinCAT Analytics Logger 17247.62.145 30b95703-28fb-d30e-eb13-017b54677bb0 | Production Verl | True | Huelshorstweg 20, 33415 Verl TestSi Customer
25 Live Date TwinCAT Analytics Logger 17217.62145 30b95703-28fb-d3%e-eb13-017b54677bb0 | Production Vel | True | Huelshorstweg 20, Verl TestSi SystemiD
- v System Al
4 g Historical Data TwinCAT Analytics Storage Provider | 17 3db95703-29fb-d99-eb13-017b54677bb0 | Production Verl False | Huelshorstweg 20, 33415 Verl TestS Bopar
® AnalyticsFile (183D32AC-1884-00A0 TwinCAT lot Device 7 2313c550-7537-0617-827d-c6930e90d931 | EK True, EK916] Cnline
® AnaylticsFile (06B7FSEF-C558-C2D7- TwinCAT Analytics Storage Provider | 17 53facObf-03fa-48ac-8167-74f042eec6c2 | Production Berlin | False | FasanenstraBe 81, 10623 Beriin _Analy Position
® AnaylticsFile (183D324C-1884-00A0 Description
! TwinCAT Analytics Storage Provider | 17 1d038f10-2403-273a-578b-3fb3aa747c5e Production Hanover | True PodbielskistraBe 342, 30655 Hannover Beckhy Topic
SRiny oot ic CIBBLE a1 Tl TwinCAT Analytics Storage Provider | 17 103810-ad0a-2T3a-578b-3fbSaaT47cSe | Production Hanover | True | PodbielskistraBe 342, 30655 Beckh Topic Alias
lyt h
® AnaylticsFile (FECDB88E-B684-FTB2- - — — -
L TwinCAT Analytics Storage Provider 30b95703-28fb-d3%e-eb13-017b54677bb0 | Production Verl rue | Huelshorstweg 20, Beckh
TwinCAT Analytics Storage Provider 3d585703-29fb-d99e-eb13-017b54677bb0 | Production Verl True Beckh]  OTOUPMd
| ], TaccO72f-428-8745-CTd4-024ebf33d9¢ - — [ Source
TwinCAT Analytics Storage Provider 3db95703-20fb-d9%e-eb13-017b54677bb0 | Production Verl rue Beckh| [ Customer
TwinCAT Analytics Storage Provider | 17 3db95703-20fb-d90e-€b13-017b54677bb0 | Production Vel | True | Huelshorstveg 20, Beckh| [ SystemlD
TwinCAT Analytics Storage Provider | 17 30b05703-20fb-d0%-eb13-017b5467Tbb0 | Production Verl True | Huelshorstweg 20, Beckh éi::er: Alias
TwinCAT Analytics Storage Provider 30b95703-28fb-d90e-eb13-017b54677bb0 | Production Vel | True | Huelshorstweg 20, Beckh| [ Online
TwinCAT Analytics Storage Provider 30b95703-28fb-d9%-eb13-017b54677bb0 | Production Vel | True | Huelshorstweg 20, Beckh| [ Position
De ti
TwinCAT Analytics Storage Provider | 17 3db95703-29fb-d99-eb13-017b54677bb0 | Production Verl True | Huelshorstweg 20, ekl = T pen
TwinCAT Analytics Storage Provider | 17 3db95703-20fb-d90e-€b13-017b54677bb0 | Production Vel | True | Huelshorstveg 20, Beckh| [ Topic Alies
TwinCAT Analytics Storage Provider | 17 30b95703-20fb-090e -eb13-017b54677bb0 | Production Vel | True | Huelshorstweg 20, Beckh
TwinCAT Analytics Storage Provider | 17 3db95703-29fb-d9%-eb13-017b54677bb0 | Production Verl True Huelshorstweg 20, Beckhy
TwinCAT Analytics Storage Provider | 17 3db95703-29fb-d9%-eb13-017b54677bb0 | Production Verl True Huelshorstweg 20, Beckhg
TwinCAT Analytics Storage Provider 53fac0bf-03fa-dBac-B1e7-T4042eec6c2__ | Production Berlin | True | FasanenstraBe 81, 106 Beckh
TwinCAT Analytics Storage Provider S3facObf-03fa-48ac-B1e7-T4i042cechc2__ | Production Berlin__| True | F traBe 81, 10623 Berlin Beckh
TwinCAT Analytics Storage Provider 53facObf-03fa-48ac-B1e7-T4042cec62 | Production Berlin | True | FasanenstraBe 81, 10623 Berlin Beckhi
TwinCAT Analytics Storage Provider | 17 53fae0bf-03fa-48ac-81e7-T4f042eec6c2 | Production Berlin | True | FasanenstraBe 81, 10623 Beriin Beckh
TwinCAT Analytics Storage Provider | 17 7acc072f-428f-8745-c7d4-a24eb4f33d0¢ True Beckhd
TwinCAT Analytics Storage Provider | 17 a313¢550-7537-0617-827d-c6930e90d931 | EK True Beckhy
TwinCAT Analytics Storage Provider | 172.17.62.145 2313550-7537-0617-827d-c6930e30d931 | EK rue Beckh
TwinCAT Analytics Storage Provider | 172.17.62.145 53facObf-03fa-48ac-B1e7-T4042cec6c2__ | Production Berlin | True | FasanenstraBe 81, 10623 Beriin 88P_d|
TwinCAT Analytics Storage Provider | 17 53facObf-03fa-48ac-B1e7-T4042cec62 | Production Berlin | False | FasanenstraBe 81, 10623 Berlin _Anal
TwinCAT Analytics Storage Provider | 17 53facObf-03fa-48ac-B1e7-T41042cec6c2 | Production Berlin | False | FasanenstraBe 81, 10623 Beriin _Anat
TwinCAT Analytics Storage Provider | 172.17.62.145 53fac0bf-03fa-48ac-81e7-T4f042eec6c2 | Production Berlin_| False | FasanenstraBe 81, 10623 Beriin _Anat

4 4K

RGN Marker Window  Error List  Output

In the Analyse data the data streams are listed under Sources. These are created by using data from
various sources from the TwinCAT Target Browser. These sources are listed in the Virtual Input Source. It is
possible to switch between the sources. Check that all individual inputs are linked and that none is set to
Empty by clicking each source once (which corresponds to a switch in the workbench). You can then
generate an HMI with PLC.
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WinCATHM... Document O... [SNuMatal Team Explorer |\ ARad Merker Window Error List Output

4 Add to Source Control

Deploy Wizard

In Runtime deployment [»_303], any number of configurations can be created at Input Source, which can be
switched in the HMI. This makes it possible in the analysis HMI to analyze and switch live as well as
historical data from possibly different machines. Each of the listed configurations can be analyzed in parallel.
A configuration always has as many Virtual Input Sources as are configured in the Analytics Workbench.

Deploy Analytics Runtime *

Codegeneration: Latest Version (“Tc3_Analytics »= V3.1.04" |E'

& solution| @l Input Source | [@] TwinCAT PLC Target | 1€ Results HMI Dashboard | ] IDE Summary

4 [ Sources B

4 &l Building A
4 E messagebroker2 beckhoff-cloud.com: EnergyData/Buildin IV R U N
7] Default ive Configuration [C1)

F E messagebroker2 beckhoff-cloud.com: Historic-> EnergyD Display Mame; | Live Data
| Default

4 E Building B ! Building A | [Default] messagebroker2 beckhoff-cloud.com:
4 . ) .
) %es[s;?:i:okerz.beckhoﬁ R Building B | [Default] messagebroker2.beckhoff-cloud.com: |w

El E messagebroker2. beckhoff-cloud.com: Historic-> EnergyD
71 Default Configuration {C2)

Display Mame: |Historical Data

! Building A | [Default] messagebroker2 beckhoff-cloud.com: ‘

| ! Building B | [Default] messagebroker2.beckhoff-cloud.com: |w |
|

(¥

|| € Back X Cancel | | = Next v/ Deploy|

After a successful HMI and PLC generation, the names, positions, and descriptions of the input sources are
entered into the global variable list of the PLC. If something is not right or you want to change a value
afterwards, you can do this directly in the PLC.
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Map with machines

If you selected to create a start page, the Map Control will be created on the homepage of your HMI
Dashboard. The map shows all machine locations and lists the names of the machines (system alias) in the
legend. The legend can be opened and closed using the arrow on the right. The icon color indicates the
current machine status: green = OK, yellow = Warning, red = Alarm.

BECKHOFF "= Analytics Dashboard 5% ¥ [ = sprache

Overview Temperature  Produced Pieces

UNITED
A

Leaflet ARTO
Production Berlin

You can zoom in on a single icon by double-clicking it and zoom out to an overview of all machines using the
icons on the left. It is also possible to click on an icon on the map. The corresponding legend entry is
automatically highlighted. This also works the other way around, i.e. when you click on a legend entry, the
corresponding icon is automatically highlighted.
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Switching machine data

In addition to the map with the individual machine configurations, the analyses for the individual
configurations can be switched. In the PLC all analyses run in separate tasks, which means that all analysis
data is available at the same time. In the generated HMI, the various machines can be switched over in a
specially developed control. The control can be opened and closed via the icon highlighted in the image
below (black arrow).
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The configurations that were previously shown on the map with the locations can be selected in the control.
A configuration can consist of live and historical data, whereby only historical data is configured for the
Production Berlin. Historical data can be analyzed equivalently as in Working with Historical Data [P _301] in
the HMI.

When clicking on another machine, this configuration is only displayed in the control. To activate, click
Activate Configuration.
The control is explained below.
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1. The currently active configuration.
2. Button to activate the selected configuration.
3. Selection window to minimize (and automatically activate the selected configuration).
4. Reloading the record list. This allows data recorded subsequently to be dynamically loaded and
analyzed in the dashboard.
5. Selection of the start and end times via a slider.
6. Selection of the start and end date via a selection window with calendar.
7. Resetting the start and end times.
8. Starting the analysis of the selected Input Source.
9. Cancel the analysis of the selected Input Source.
10. Starting the entire analysis
11. Cancel the entire analysis
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The slider is ideal for quick tests and approximate setting of the start and end times. For an exact setting
down to the millisecond, click on the text field. This opens a selection window with calendar for selecting the
date and setting the exact time.
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As soon as you click the button Start, the analysis is triggered with all input sources in the PLC. A loading
symbol appears for the first time until the analysis starts. It turns green when the first data appears. Likewise,
a marker shows the current time of the historical analysis in the slider. The process speed depends on the
bandwidth, the number of data and the recorded cycle time. It is possible to analyze several historical
recordings at the same time by simply switching machines. Internally, all analyses continue in parallel. This
makes it easy to switch between analyses in the dashboard.
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The button Minimize in the upper right corner hides the selection of configurations and records. This allows
you to work with the records from the input sources and view the data at the same time. You can hide the
window completely by clicking the blue icon at the top. Only the configuration name is always in the bottom
right corner of the dashboard.
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5.6.9 Integration of a language switch

In the Deploy wizard configuration window, up to 8 languages can be selected for language switching in the
HMI area.

Codegeneration: Latest Version ("Tc3_Analytics > = V3.1.04" B

& solution | [Jll Input Source | [@ TwinCAT PLC Target | & Results B8 HMI Dashboard | IDE [E summary

ugugu J Ei 5 B [

Control Dist ¥
S R R [] Change default Background Image

Dashboard Theme: Shiny ¥
Use Logo
T found . CATwinCAT\Functions\TE3500-Analytics-WarkbenchiHM| E]
Color Gradient
! Control Gradient: Header Color: | l
| 0% 0% 100% |
| Languages
| English German [] Chinese [] kalian [] Dutch Select Default Language: |
[] Finnish [] swedish [] Portugese [] Spanish [] French English - |
|
|
|| <— Back | X Cancel | —> Next |\/ Deploy |
o

If you use the user administration, the languages of the created users are already selected. These
1 cannot be deselected.
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The texts in the supplied Analytics Controls and all other texts can be switched automatically. Only your
network and module names have to be translated, if you want them to be included in language switching. In
the following screenshot, the main affected names are marked in the Solution Explorer.
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In the generated TwinCAT HMI Engineering project this is easily possible, since the translation entries are
already prepared. The texts for the respective languages are stored in the Localization files. The names of
your networks and modules are automatically entered there and only have to be translated. To do this, open
all the files of the languages for which you need a translation. The following screenshot lists the entries that
need to be translated for German. The number of entries to be processed varies depending on the
complexity of the Analytics project.
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Once completed, you can open the dashboard by clicking the Google Chrome button (or the name of your
default browser). Simply reloading in the browser is not sufficient, because the project has to be rebuilt
internally. In the following image the texts which are now also switched with the language switch are

highlighted.
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BECKHOFF .z, Analytics Oberfliche
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The language can be changed via the flag in the upper right corner.

BECKHOFF .27 Analytics Dashboard

Please select your language: Close X
™ German = English (US) @ Chinese (CN) i1 Italian
11 Belgian 4 Finnish &= Swedish @ Portugese

+

@ Beckhoff Automation

o
1 The language can be set and saved user-specifically from Dashboard version 2.0.
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5.6.10 Using the interactive functions in standard TwinCAT HMI
projects

Both the Interactive Dashboard and the Interactive Chart function can be integrated into any TwinCAT HMI
project independently of the One Click Dashboard. This requires a valid TwinCAT Analytics Runtime or
Runtime Base license (TF3550 or TF3551) on the target system.

Installation of the NuGet packages

The required components (Analytics Framework Controls and the Analytics Server Extension) can be
integrated into the HMI project via NuGet packages. To do this, the packages

"Beckhoff. TwinCAT.HMI.Analytics.ControlsExtension" and "Beckhoff. TwinCAT.HMI.Analytics.Controls" must
be installed in the NuGet Package Manager.

After installation, the "TcHmiAnalytics" server extension is located in the HMI project under the server node.
If this does not start automatically, it must be started manually by right-clicking on the extension.

Adding the Layout Manager control

Dynamic and user-specific layouts can be created using the Layout Manager control. The Layout Manager
control can be inserted into the HMI project via the toolbox using drag and drop. It is located in the
"Beckhoff. TwinCAT.HMI.Analytics" area. The Layout Manager is similar to the Container Control. The
difference is that the controls can be repositioned in the browser.
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Setting the properties of the Layout Manager control

For the Layout Manager control to function optimally, the following properties should be set:

Name Description

Identifier Once layouts have been saved with the server extension, the
identifier should no longer be changed. Otherwise, saved
layouts can no longer be assigned.

WidthMode Selection “Value” should not be changed.
HeightMode Selection “Value” should not be changed.

The following parameters can be set optionally:
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Name Description

DarkMode Selects whether to display the control in DarkMode.

MobileViewWidth Pixel width from which to switch to Mobile View.

Number of columns Number of columns that the layout should include in the normal
view.

Grid Gap Percentage distance between the controls that are positioned on
the Layout Manager.

UseCustomRowHeight This parameter can be used to activate the fixed row height,

which can be set using the RowHeight parameter. Otherwise, a
dynamically scaled height is used.

RowHeight This parameter can be used to specify the row height in pixels.

LockControls This parameter can be used to prevent interaction with the
existing controls in the layout in Edit mode.

IsAnalyticsUse This property should only be activated if the Layout Manager

control is used in an Analytics-One-Click-Dashboard. This
positions the menu of the Layout Manager control appropriately
on the layout.

MenuControlSymbol A control of the "Menu" type (also from the

"Beckhoff. TwinCAT.HMI.Analytics" area) can optionally be
linked here. This should always be visible on the dashboard and
placed on the "Desktop.view". The Edit mode can also be
opened and closed via the Menu control.

Adding controls

Any controls can then be added to the Layout Manager control. These can be moved as required in HMI
engineering.

@ Ifalayout has been saved for a user using the interactive function, the items are loaded from the
saved layout. If further controls are added at a later date, they are sorted into a free space within
1 the layout. Removed controls, on the other hand, disappear directly from the layout.

Help

< P Micresoft Edge with Authentication -

~ B % Desktopview* & X MNuGet: TeHmiProjectd

o
1 Interactive chart controls can also be added in the web browser.

Building the project

To be able to use the functions of the Interactive Dashboard and Interactive Charts, the project must be built
with user authentication.
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Making user-specific changes

The interactive functions can then be used in the web browser. Information on the use of the Interactive
Dashboard [» 412] and the Interactive Chart [P 424] can be found on the following pages.

Exporting and importing layout and chart configurations

The configurations of layouts and charts saved in the "TcHmiAnalytics" server extension can be exported
and imported. This is useful if the configurations are to be transferred from a remote project (e.g. running on
an HMI server) to a local project. Alternatively, the configuration of a remote project can also be updated.

The configurations can be exported and imported into the server extension via the Config page of the
respective HMI project.

TcHmMISrv ADS TcHmiAnalytics TcHmiEventLogger TcHmiLua TcHmiScope TcHmiSqliteLogger TcHmiUserManagement Client

Other Server-Extensions Settings Current User

Log Export TcHmiAnalytics Config Username: __SystemAdministrator
Import TcHmiAnalytics Config Authentication domain: TcHmiUserManagement
Export SSL Certificate Logout

Switch to advanced mode

5.7 Reporting Integration

5.71 Basic concept

The following figure shows the basic concept of TwinCAT Reporting from the Reporting Clients to the
distribution of the generated Reports.

Reporting Client Reporting Server

Scope / \
Data / Trigger AN
Message N Output
=

I /N
PO Email
Configuration File
g > HTML

’

AN

{css}
Reporting Client JSON
Analytics Iz] Stylesheet E

Data / Trigger File System
Message

Reporting Clients

Currently, a Reporting Client is integrated in the TwinCAT Scope View as well as in the TwinCAT Analytics
Workbench or in the TwinCAT Analytics Service Tool. These tools provide the ability to implement 24/7
reporting and on-demand reporting.

» Scope Reporting
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« Analytics Reporting [» 460]

247 reporting is also possible via the PLC. The function blocks have the same functionality as the algorithms
from TwinCAT Analytics.

» PLC Reporting
The Reporting Clients communicate with the TwinCAT Reporting Server. The Reporting Clients can send
two types of messages. On the one hand, data messages can be sent with the associated data. On the other

hand, so-called trigger messages can be communicated. This type of message triggers the generation of a
report.

TwinCAT Reporting Server

The TwinCAT Reporting Server [P 468] has a variety of tasks. The server receives the messages from the
Reporting Clients and stores the data in a DataStore. A report can be defined in an associated configuration
file. The assignment of a data object to a report is established via a Report Name and a Data Key. The
design of the report in can be customized in a stylesheet. As soon as a trigger message is received, a report
with the associated data is generated in the configured formats and distributed accordingly.

Glossary
Term Explanation
Report A report is a document available in PDF, HTML and JSON formats. It contains the

information and images.
Configuration | The configuration file describes the structure of a report. It also offers the possibility to

file integrate static information into a report by default. Furthermore, settings can be made in
the Reporting Server for the corresponding report.

Reporting The Reporting Server manages the configuration files, receives information and creates

Server individual reports from this information.

Reporting A Reporting Client can be used to send data to the Reporting Server or to trigger the

Client creation of a report.

Data message |A Reporting Client can send information to the Reporting Server via a data message. The
contained data is cached in the Reporting Server.

Trigger A Reporting Client can send a trigger message to the Reporting Server, triggering the
message generation of a report. For this purpose, the Reporting Server uses all data received up to
this point and belonging to the corresponding report. After generation, the data is deleted.
Report Name | The Report Name is used to identify a report. The Report Name is derived from the name
of the configuration file without the extension (e.g.: configuration file: Beckhoff Report
Template.json; Report Name: Beckhoff Report Template)

Data Key A Data Key identifies a data object of a report. It must be unique within a report and its
configuration file. This can ensure the assignment and sorting of data objects in the report.

24/7 Reporting |24/7 Reporting provides the ability to collect data and automatically generate reports.

On-demand On-demand reporting provides the ability to generate custom reports on demand.
reporting

5.7.2 Analytics Reporting

5.7.21 24/7 Reporting

24/7 reporting can be implemented in TwinCAT Analytics using the algorithms in the Reporting category. The
reporting collectors collect the data and send it to the reporting server. The reporting triggers trigger the
creation of a report.

5.7.211 Reporting Collector

The Reporting Collectors collect data and send it to the Reporting Server in a data message after an event.
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.
5.7.21.1.1 Reporting Collector Edge
® Reporting Collector - Edge NMEBEa GV
Edge <Empty> v| - Threshold Edge 4 | NewResult  Empty
Channel 00 u - Report Name | Beckhoff Report Template ‘Vl Last Message  Empty
o 2R Data Key [ DstaKey101 [+]| uffer Count ~ Empty
gn Buffer Size 1
Buffer on event
Num Channels E
Alias Mame 00 Channel 1

The Reporting Collector Edge collects the data from the input channels and sends the data to the Reporting
Server after an event or after the buffer is filled, depending on the configuration. An event is triggered when
the signal of the input channel passes the configured edge at a certain threshold.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

* Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

+ Data Key: the data key should be unique within a report. The data object can be uniquely assigned to
the report via the data key.

» Buffer Size: specifies the size of the buffered data. If the buffer size is equal to one, a key-value
structure is built. If the buffer size is greater than one, the data is presented in a table.

» Buffer on event: specifies how the data is to be collected and buffered.
If the parameter is True, the data of the inputs is buffered at each edge signal at the input. As soon as
the Buffer Count output has the same value as the Buffer Size parameter, the data is sent to the
TcReportingServer.
If the parameter is False, the data of the inputs are buffered in the buffer at each cycle. Once the buffer
size is reached, the new data replaces the previous data. If there is an edge signal at the input, the
data is sent to the TcReportingServer.

* Num Channels: the number of input channels from which the data will be collected. And the number of
parameters to allow a description of the input channels.

» Alias Name: serves as a description of the input channel. BufferSize = 1: the alias name serves as a
key in the key-value structure. BufferSize > 1: the alias name serves as the heading of the table
column.

* Include Timestamps (optional): inserts a column with the timestamps.

Output values
» Last Message: indicates when the last message was sent to the Reporting Server.
» Buffer Count: specifies the number of elements in the buffer.

5.7.21.1.2 Reporting Collector Interval
[ ) Reporting Collector - Interval =] e
Timestamp - Interval Seconds  |w|[1 New Result Empty
Channel 00 u - Report Name | Beckhoff Report Template ‘Vl Last Message  Empty
= Data Key | DataKey101 |V‘ Current Interv... Empty
gh Buffer Size 1 Buffer Count  Empty
Buffer on event
MNum Channels E
Alias Name 00 Channel 1
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The Reporting Collector Interval collects the data from the input channels and sends the data to the
Reporting Server after an event or after the buffer is filled, depending on the configuration. An event is
triggered when the timespan of the configured interval has expired.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Interval: time interval at which the data should be sent to the Reporting Server.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

+ Data Key: the data key should be unique within a report. The data object can be uniquely assigned to
the report via the data key.

» Buffer Size: specifies the size of the buffered data. If the buffer size is equal to one, a key-value
structure is built. If the buffer size is greater than one, the data is presented in a table.

+ Buffer on event: specifies how the data is to be collected and buffered.
If the parameter is True, the data of the inputs is buffered at each edge signal at the input. As soon as
the Buffer Count output has the same value as the Buffer Size parameter, the data is sent to the
TcReportingServer.
If the parameter is False, the data of the inputs are buffered in the buffer at each cycle. Once the buffer
size is reached, the new data replaces the previous data. If there is an edge signal at the input, the
data is sent to the TcReportingServer.

* Num Channels: the number of input channels from which the data will be collected. And the number of
parameters to allow a description of the input channels.

« Alias Name: serves as a description of the input channel. BufferSize = 1: the alias name serves as a
key in the key-value structure. BufferSize > 1: the alias name serves as the heading of the table
column.

* Include Timestamps (optional): inserts a column with the timestamps.

Output values
» Last Message: indicates when the last message was sent to the Reporting Server.
» Current Interval Time: indicates the amount of time that has already elapsed from the current interval.
» Buffer Count: specifies the number of elements in the buffer.

5.7.21.1.3 Reporting Collector Time

® Reporting Collector - Time NMEsG YV
Timestamp B Time On hh| 1 |mm| 0| ss| 0 ||NewResult Empty
Channel 00 [<Bmpyy> V] - Day Of Week Mask Mon[] Tuelw] Wed[] Thul] Fril/] Sat[sf] Sun | Last Message  Empty
Report Mame [ Beckhoff Report Template E Next Trigger  Empty
w [ED Data Key [ Datakeyioi [+] | Buffer Count ~ Empty
|:> il Buffer Size 1
Buffer on event
MNum Channels E
Alias Name 00 Channel 1

The Reporting Collector Time collects the data from the input channels and sends the data to the Reporting
Server after an event or after the buffer is filled, depending on the configuration. An event is triggered when
the configured switch-on time is reached. The switch-on time and the days of the weeks can be configured.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
* Time On: switch-on time.
+ Day of Week Mask: weekdays on which the timer should be active.
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* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

+ Data Key: the data key should be unique within a report. The data object can be uniquely assigned to
the report via the data key.

» Buffer Size: specifies the size of the buffered data. If the buffer size is equal to one, a key-value
structure is built. If the buffer size is greater than one, the data is presented in a table.

« Buffer on event: specifies how the data is to be collected and buffered.
If the parameter is True, the data of the inputs is buffered at each edge signal at the input. As soon as
the Buffer Count output has the same value as the Buffer Size parameter, the data is sent to the
TcReportingServer.
If the parameter is False, the data of the inputs are buffered in the buffer at each cycle. Once the buffer
size is reached, the new data replaces the previous data. If there is an edge signal at the input, the
data is sent to the TcReportingServer.

* Num Channels: the number of input channels from which the data will be collected. And the number of
parameters to allow a description of the input channels.

» Alias Name: serves as a description of the input channel. BufferSize = 1: the alias name serves as a
key in the key-value structure. BufferSize > 1: the alias name serves as the heading of the table
column.

* Include Timestamps (optional): inserts a column with the timestamps.

Output values
» Last Message: indicates when the last message was sent to the Reporting Server.
* Next Message: indicates the remaining time until the next message.
» Buffer Count: specifies the number of elements in the buffer.

5.7.21.2 Reporting Trigger

The Reporting Triggers send a trigger message to the Reporting Server after an event and thus trigger the
creation of a report.

5.7.21.21 Reporting Trigger Edge
® Reporting Trigger - Edge NMEsG YV
=[N Timestamp - Num Channels E Last Trigger Empty
I’ifl Channel 00 u - Threshold Edge & |1 Edge Overview Empty
=> Report Name [ Beckhoff Report Template =

The Reporting Trigger Edge triggers the creation of a report after an event is triggered. An event is triggered
when the input channel signal exceeds the configured edge at a specified threshold. Internally, the inputs
that were once True remain True. The inputs are only reset to False as soon as all inputs were True at least
once. This allows the output bNewResult to be used as one input by multiple Reporting Collectors and once
all Reporting Collectors have sent a data message, a trigger message is sent.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
» Type of the edge: Specifies whether the edge counter should respond to a rising or falling edge.

» Threshold: Threshold of the signal at the respective edge. The event is triggered when the signal
passes this threshold.

+ Tolerance (optional): Tolerance value for the Equal / NotEqual comparisons.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.
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Output values
» Last Trigger: indicates when the last message was sent to the Reporting Server.
« Edge Overview: indicates which input channels were True at least once.

5.7.21.2.2 Reporting Trigger Interval

[ ) Reporting Trigger - Interval NMEBEa QW

= Timestamp - Interval Seconds  |w||1 Last Trigger Empty

ﬁfl Report Name | Beckhoff Report Template ‘Vl Current Interv... Empty

The Reporting Trigger Interval triggers the creation of a report after an event has been triggered. An event is
triggered when the timespan of the configured interval has expired.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
« Interval: time interval at which the data should be sent to the Reporting Server.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

Output values
» Last Trigger: indicates when the last message was sent to the Reporting Server.
+ Current Interval Time: indicates the amount of time that has already elapsed from the current interval.

5.7.21.2.3 Reporting Trigger Time

[ ) Reporting Trigger - Time NMEBEa QW
=N Timestamp - Time On hh| 1 /mm| 0| ss| 0 |LastTrigger Empty
| Day Of Week Mask Mon[] Tue[#] Wed[] Thul7] Fri[] Satid] Sun | Next Tigger  Empty
Report Mame | Beckhoff Report Template ‘Vl

The Reporting Trigger Time triggers the creation of a report after an event has been triggered. An event is
triggered when the configured switch-on time is reached. The switch-on time and the days of the weeks can
be configured.

Optionally, a Boolean signal can be selected for the Enable Execution input so that the algorithm is only
active if the value of the selected signal is TRUE.

Configuration options
+ Time On: switch-on time.
+ Day of Week Mask: weekdays on which the timer should be active.

* Report Name: specifies the name of the report. The name must correspond to the name of the
configuration file at the Reporting Server. The drop-down menu displays all report names that are
located in the Configuration folder of the Reporting Server. The Edit button can be used to edit the
selected configuration file.

Output values
» Last Message: indicates when the last message was sent to the Reporting Server.
* Next Trigger: indicates the remaining time until the next message.

5.7.2.2 On-demand reporting

On-demand reporting provides the ability to manually integrate algorithm data and additional data into a
report.
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Each algorithm has the same five icons in the upper right corner: The second icon from the left is called
Include to Report icon. This icon allows you to add the algorithm to a manual report.

This icon symbolizes that the algorithm is added to a manual report:
o[£l ey
This icon symbolizes that the algorithm is not included in a manual report:

Bl G v

A network also contains these icons. Via these, all containing networks and algorithms are added to or
ignored from the manual report.

The functionality of the Include to Report icon can also be mapped via the properties.

For a network, the properties look like this:

E Reporting
Data Key MyNetwork
Include in Report False

Include SubMember in Report True
Reporting visualization Reporting Table Default

Closed networks are treated like algorithms in on-demand reporting.

Reporting

Data Key The Data Key uniquely identifies the data object in the report. The Data Key is preset
with the network name by default.

Include in Report This option specifies whether the network is added to a manual report. The network

inputs and outputs or the network parameters are used as contents to be displayed.

Include SubMember |This option specifies whether the Analytics elements contained in the network should
in Report be integrated into the report.

Reporting This option specifies how the data of the network should be presented.
visualization

For an algorithm, the properties look like this:

B Reporting
Data Key MyAlgorithm
Include in Report True

Reporting visualizaticn Reporting Table Horizontal

Reporting

Data Key The Data Key uniquely identifies the data object in the report. The Data Key is preset
with the network name and the name of the algorithm by default.

Include in Report This option specifies whether the algorithm is added to a manual report.

Reporting This option specifies how the algorithm data should be presented.

visualization

On-demand reporting can be started in two ways. On the one hand, the reporting can be opened via the
Reporting button in the toolbar:

& eoE-.

On the other hand, it can be started via the context menu on the Analytics project:
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Solution Explorer > 0 X
@E-|o-d@m| s
Search Selution Explorer (Ctrl+ ) P~

fal Selution TwinCAT_Reporting_BA_Ternplate' {1 project)

a n Metw Add 3
Deploy Runtime

Create Report I

Send Information Report...

Copy Ctrl+C
Paste Ctrl+V
Remove Del

Rename

Properties Alt+Enter

*= Math Operaticn (1)
*% Math Operation
Reporting Collector - Edge
I ﬂ Grenzwerte
B ﬂKorrelationLeistungSchalI‘u’ibratinn
I_} Reporting Trigger - Edge
Dashboard

B ‘ Inputs

A AN

The wizard for on-demand reporting then opens.

On the first page, additional information can be added to the report.

d Analytics Manual Reporting

Report Overview _
Report Overview

Report Name Beckhoff Report Template El

Additional Information

Key | Value |
Operator Max Mustermann
Series No. 2

|—)Next
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The additional information is built in a key-value structure. Another line can be added by clicking on the
empty line. A selected line can be deleted by pressing the Delete key.

An overview of the project is presented on the second page. The grayed out algorithms and networks are not
included in the report.

ﬂ Analytics Manual Reporting >

Report Overview ) i
R Project Overview

4 & Analytics Project
4 (S8 Machine
+* Vibrations Min Max Avg
£ Vibrations Overshoot
& Drilling Unit

|(— Back |—) Next

On the third page, information about the analysis can be added to the report.
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dAnaIy‘tics Manual Reporting >

Report Overview F ;
Analysis Overview

Function Overview

Analysis Overview

Include | Description | Value
@ Analysis Start Time 15.06.2022 14:49:58
E Analysis End Time 15.06.2022 14:56:53
@ Time In Run 00:06:54.5185000
@ Processed Data "17,06 MB' received (698,19 KBfs)
D Function Count 2
D MNetwork Count 2
D Channel Count 2

(%] Generate Report
(x) Open Report

| < Back | \ Create

In the table, a lot of information is available for integration in a report. The checkbox in the Include column
can be used to select or deselect individual pieces of information.

The Generate Report option defines whether the report should be generated with the configured data. If this
option is not selected, only the data will be sent to the Reporting Server, but the report will not be generated
yet. This option is useful when manually adding data from multiple products to a single report.

The Open Report option defines whether the report should be opened after generation. To use this option, a
FilePublishLocation with PDF or HTML formats must be defined in the configuration file. If the report is
generated in PDF and HTML format, the PDF report will be opened by default.

5.7.3 TwinCAT Reporting Server
5.7.31 Design

5.7.3.1.1 Configuration file

The configuration file offers the possibility to organize, sort and customize the report. The configuration files
must be stored in the folder .\TwinCAT\Functions\Reporting-Server\Configuration\ConfigFiles.

The following options are supported in the Reporting Server.
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Key Description Sample Leve
|
General
Store Type |Specifies which store mode to use. Currently only "StoreType": "Ram" 1
"Ram" is supported.
Header Provides the possibility to display three headers nHeader®: [ 1
arranged one below the other. If the second and / or gizgii é
third header is not to be used, an empty string can be |vgeager 3
specified. ]
Footer The footer of a PDF page is divided into three areas. |"Footer™: [ 1
All three areas can be individualized with a free text. |,-° 5% tef™r |
To display the date and time of creation, the "Footer Right",
placeholder "{date} {time}" must be specified. To ]
display the page number, the placeholder "{page} of
{total-pages}" must be specified. If a range is to be
left blank, an empty string can be specified.
Logo The logo is displayed on the top right of the first "Logo": ".//<Bildname.png>" 1
page. The logo can be specified as a relative path to |oder
the folder Reporting- "Logo": "data:image/
Server\Configuration\ConfigFiles. Alternatively, the  |<Encoding>;base64,
logo can be specified as a Base64String with the CEcEotE g
preceding encoding.
StyleSheet |Offers the possibility to customize the design of a "StyleSheet": ., 1
report. To use a user-specific style sheet, its name StyleBeckhoff.css
must be specified (see Style Sheet [P 472]).
i t t ; Sl ; F A "SignatureSettingsFile":
E:]%r;zla:ilréeSe Erz\;f(;S the possibility to sign a report (see Signing "BeckhofESionatuzes. Jo0n",
Email text  |This text will be included in every email unless a ;;EmiilTeXg"; "Clllitom 9f.E—t 1
B . ] alls sen o a recipients
specific text is specified. With no or empty E-Mail-Text.
Special. Ones"
Required Is a collection from Data Key. If the data objects of  |"Requiredkeys": ["Datal0Ol"] 1
Keys these data keys are not available in the Reporting
Server, the report will not be generated.
Trigger On |Is another way to trigger the generation of a report. If |"TriggerOnRequiredKeyReceived" |4
Required true is selected for the option and all data objects ¢ false
Key with the required Data Keys are present, the report
Received will be generated. This eliminates the need for a
trigger message from a Reporting Client.
Static
Default Data
Default Data | This object can be used to define data objects to be |"Pefaultbata”: {} 1
presented in each report.
Text Fields |This element is an array and can have multiple text |"TextFields": [] 2
field objects with the following elements.
Key Used as a heading for the text field. "Key": "My Text Field" 3
Comment Serves as a comment for the data object. The "Comment™: "My Comment™ 3
comment is not displayed in the report.
Sort Priority |Specifies the position of the data object in the report. |"SortPriority": 42 3
Value Contains an individual value and must be specified |"Value": "253-5553-9421" 3
as STRING.
Tables This element is an array and can have multiple table |"Tables": [] 2
objects with the following elements.
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Key Description Sample Leve
|
Key Used as a heading for the table. "Key™: "My Tablem 3
Comment Serves as a comment for the data object. The "Comment": "My Comment" 3
comment is not displayed in the report.
Sort Priority |Specifies the position of the data object in the report. |"SortPriority": 42 3
Value This element is an object and contains the following |"Value": {} 3
elements.
Header This element is an array and receives the column ::Header": ["Tab%e Header 1", 4
titles of the table. The number of column titles must | *2Pte Headex 2%
be equal to the columns of the table.
DataTypes |This element is an array and receives the data types |"DataTypes”: ["string", 4
of the table column. The following data types are e
possible: BOOL, BYTE, SBYTE, CHAR, DECIMAL,
DOUBLE, FLOAT, INT, UINT, LONG, ULONG,
SHORT, USHORT, STRING. The number of data
types must be equal to the columns of the table.
Values This element is a 2D array and receives the value of |"Values": [[1,[]] 4
the table. An array in the array represents a table
column. The table column must match the specified
data type. The number of arrays must be equal to the
columns of the table. The arrays should be the same
size.
Images This element is an array and can have multiple image|"Images™: [] 2
objects with the following elements.
Key Used as a caption for the image. "Key": "My Image" 3
Comment  |Serves as a comment for the data object. The CComngsnic 3 iy CommiSmnic 3
comment is not displayed in the report.
Sort Priority |Specifies the position of the data object in the report. |"SortPriority": 42 3
Value Contains the Base64String with PNG encoding. "Value": "<Base645tring PNG- |3
Encoding>"
Value Pairs |This element is an array and can have multiple key- |"ValuePairs™: [] 2
value pair objects with the following elements.
Key Used as a heading for the collection from key-value |"Key": "My Value Pair® 3
pairs.
Comment  |Serves as a comment for the data object. The vComngSniE 3 iy CommiSmic 3
comment is not displayed in the report.
Sort Priority |Specifies the position of the data object in the report. |"SortPriority": 42 3
Value Pair  |Serves as a collection of key-value pairs. This "ValuePair Collection": [] 3
Collection element is an array and can have multiple objects
with the following elements.
Key Contains an individual value and is displayed Lo ocioal ciaccns 4
presented on the left side.
Data Type |Describes the data type of the "Value" element. "DataType": "string" 4
Value Contains an individual value and is presented on the |"Value": "253-5553-9421" 4
right side. The value must be specified as STRING.
Data
Configuratio
ns
Data Data Configurations can be used to sort and "DataConfigurationst: [] 1
Configuration|individualize the data that is sent dynamically from
s the Reporting Clients. This element is an array and
can have multiple objects with the following elements.
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Key Description Sample Leve
|
Key Corresponds to the Data Key of the data object. This |"Key": "DataTablelOl" 2
ensures that this data configuration is applied to a
unique data object. (Required)
Title Provides the option of a better name as a heading. ~ |"Title": "Rotations and 2
(optional) vibrations
SortPriority |Specifies the position of the data object in the report. |"SortPriority": 42 2
(Required)
IsRequired |Indicates whether this data object is required for "IsRequired": false 2
generating the report. (see: TriggerOnRequiredKey)
StoreMode |Provides the option to store individual data objects in |"StoreMode™: "Overwriting" 2
a specific way and display them accordingly.
Currently, four different store modes are supported:
» Blocking: The first data object is saved and all
subsequent data objects with the same data key
are discarded.
« Overwriting: The newly received data object
replaces the last data object with the same data
key.
* Appending: The newly received data object is
saved. The previously received data objects are
also held and presented in the report. In the case
of a table, the data is merged.
« Appending_Series: This store mode corresponds
to the store mode "Appending". However, the data
objects are numbered and presented in individual
tables.
RoundTo Provides the option to round floating-point numbers |"SortPriority": 4 2
to a specified decimal place.
TimestampF |Provides the option to convert Timestamp to a "TimestampFormat®: 2
ormat specified format. By default, the following formatting |~ *#:™m:ss- £EEE
is selected: "yyyy-MM-dd HH:mm:ss.ffff"
(See also: Custom date and time format strings)
IsAsc Provides the option to specify the sort order of a data |"IsAsc": true 2
table. If the value is true, the first data set is
presented in the first line.
StyleClass |Provides the option to use a custom CSS style class. |"StyleClass": "CustomClass" 2
The CSS style class must be defined in the CSS file
and the CSS file must be referenced under the
StyleSheet option.
Publish
Locations
Publish "PublishLocations": [] 1
Locations
Email Used to forward the report as an e-mail. This element | "EmailPublishLocations”: [] 2
Publish is an array and can have multiple objects with the
Location following elements.
Type Specifies the type of distribution. "Type": "File" 3
Format Offers the option to send only a selection of formats | "Format®: ["EDEY, "HIMLY, 3
by email. SRS
Address Provides the ability to send the report to multiple "Address": 3
email addresses. [ "m.mustermann@tester.com "]
Use Bcc Provides the option to set the email addresses in TUsEEees ialse 3
BCC.
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Key Description Sample Leve
|
Text Provides the option to specify a specific email text.  |"Text": "Hello, \n insert 3
This text replaces the default email text. Emall e MOTES, b ohe
eporting Service.
File Publish |Used to copy the report to a specified location. This |"FilePublishLocations": [] 2
Location element is an array and can have multiple objects
with the following elements.
Type Specifies the type of distribution. "Type": "File" 3
Format Offers the option, to send only a selection of formats |"Format®: ["PDE", "HIML", 3
by email. e
Path Provides the possibility to specify a destination path |"Path": "C:\\tmp\\CpyFolder" |3
for the report. The destination path must not require
administrator rights.
5.7.31.2 StyleSheet

The style sheets offer the possibility to customize the design of the report. The StyleBeckhoff.css style sheet
serves as a template.This can be copied, renamed and customized. The name of the style sheet must then
be specified in the corresponding configuration file. The style sheets must be stored in the folder .
\TwinCAT\Functions\Reporting-Server\Configuration\ReportStyleSheets.

Basically, all HTML objects contained in an HTML report can be individualized in the custom style sheet.
The following CSS objects are frequently used and are ideal for customization:

CSS element Description

html The HTML element refers to the entire report.

h1 Main heading of the header in the report

h3 Subheading of the header in the report; heading of a data object

The following CSS classes are used to design data objects:

CSS class

Description

reporting-header

Class for the header of the report.

reaporting-header

img

Class for the icon on the top right of the header.

reporting-header

table

The header is tabular and can be customized via this class.

reporting-body

Class for the content of the report.

reporting-body
caption

The headings of the data objects are located in a Caption element.

reporting-body

Class for a data table in the report.

valuetable

reporting-body Class for a collection from key-value pairs in the report.

valuepair

reporting-body Class for the additional information and analysis or recording information from the
infotable manual report.

reporting-body
figure

Class for images, such as charts from the scope in the report.

reporting-body img

This class contains the actual image. It is located in the figure element.

5.7.3.2 Report format
The reports are generated in the following formats.
1. PDF
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2. HTML
3. JSON

5.7.3.3 Network Configuration

A possible use case could be that the Reporting Server and the Reporting Client are running on different
systems. The Reporting Server and the Reporting Client must be on the same network. To be able to map
this use case, a JSON file must be extended. The file should be located under the following path and have
the appropriate name: .\TwinCAT\Functions\Reporting-
Server\Configuration\Network\ReportingNetworkConfiguration.json

A network configuration looks like this:

Name Description Data type

Configlds Report names of the corresponding reports List<string>

AmsNetld AmsNetld of the target system. The Reporting Server is string
executed on the target system.

5.7.3.4 Email-Client configuration

A TwinCAT Reporting Server can be connected to an SMTP server. The SMTP server must be set up by the
user and is not part of TwinCAT Reporting. The TwinCAT Reporting Server sends the configured email with
the report to the SMTP server. This forwards the email to the recipient.

A wizard is available for configuring the connection to an SMTP server. The wizard can be opened in two
ways.

1. TwinCAT > Analytics > Reporting Email
2. Scope > Reporting Email
1. In the first dialog you can configure a connection to the SMTP server.

SMTP Server

SMTP Server

Connection
SMTP Server |
Port 587

(%) Use Authentification

Username ‘ |

Password ‘ |

User

Sender Name ‘ |

Sender Email ‘ |
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2. The second dialog offers the possibility to configure a connection to an HTTP proxy. This option can be
enabled if the user's architecture requires it.

. Reporting SMTP-5Server Configuration Ed
SMTP Server

HTTP Proxy HTTP Proxy
(%) Use HTTP Proxy

Connection

HTTP Proxy |

Port 8080 S
[x) Authentification

Username ‘ |

Password ‘ |

= After clicking the Create button, the configuration will be saved in a corresponding file.

5.7.3.5 Signing
In order to verify reports, PDF reports can be signed in TwinCAT Reporting. Digital and handwritten
signatures are supported. The wizard for configuring signatures can be opened in the following ways.
« TwinCAT > Analytics > Reporting > Reporting Signatures
+ Scope > Reporting > Reporting Signatures

v' The wizard offers the possibility to create multiple signature configurations, which can then be reused in
multiple report configurations.

1. The name of this configuration must be referenced in the configuration file via the key
"SignatureSettingsFile" (see Configuration file [ 468]).
You can use the two checkboxes to select whether the configured signatures displayed on the next
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pages should be used.
By clicking the button Next you can edit the selected configuration.

Configuration Selection

. Reperting Signature Configuration

Signature Configuration

[ + Add ] [ = Remove]
MySigningCfg

Name ‘MySigninngg

(%) Use Digital Signature

(%) Use Handwritten Signature

|—)Next

TE3510
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2. Here you can define a digital signature.

. Reporting Signature Configuration x

C uration Selection
D“ﬁgm—mm Digital Signature Editor
[ + Add ] [ = Remove]

DigitalSignature1

CEniEE \.\Configuration\Signatures\testCertificate.p12 O
Password |123455 |
Name |Dig|'1:aISignature1 |
Contact |tester@beckhoff.com |
Location |Ver| |
Reason |Test Reason |

< s ) — Next |

= Pfx and p12 certificates are supported by TwinCAT Reporting.
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3. Here you can define a handwritten signature.

. Reporting Signature Configuration Ed
Configuration Selection
Digital Signature Editor
Handwritten Signature Ec

Handwritten Signature Editor

[ + Add l [ = Removel

Handwritten Signature 0

Handwritten Signature 1

CATwinCAT\Functions\Reporting-Server\Configuration

T T \Signatures\TestSign.png e/
Name ‘Handwritten Signature 0 |
Cwner ‘User‘l |
Location ‘VE.‘H |

Date Time Format ‘WW-MM-dd HH:mm:ss

Left Align 25 @ Bottom Align 50

Height 100 @ Width 100

IIEEIEE

\/ Create

= If you use handwritten signatures, an additional signature page is inserted into the report.

4. The signatures can be positioned via the left and bottom alignment. The origin is at the bottom left of the
signature page.
The following image shows an exemplary handwritten signature:

Verl, 2022-12-19 09:54:51 Giitersloh, 09:54:51

Jest59nng Jest59nng
Owner User
= The signature configuration information is stored in the Reporting Server folder in plain text in a file.
5.7.3.6 Licensing

TwinCAT Reporting can be licensed as a full version and as a 7-day trial version.
The following products include the TwinCAT Reporting license.

Product number Product name

TE1300 TwinCAT 3 Scope View Professional
TF3300 TwinCAT 3 Scope Server

TE3500 TwinCAT 3 Analytics Workbench
TE3520 TwinCAT 3 Analytics Service Tool
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The following features are available with the full version or with the 7-day trial version in TwinCAT Reporting
Server.

Features TwinCAT Reporting Server

7-day trial Full license
General:
Reports

& (Max. 1) & (unlimited)

Digital signatures

X o
X o

Please refer to the product overview page for Reporting Client trial limitations.

Handwritten signatures

5.8 Comparison of analysis results

Various analysis runs can be compared with the Analytics Diary. The Analytics Diary offers several
advantages for exploratory data analysis and identifying an appropriate analysis method, including algorithm
parameters.

1. By default, all analysis results including the project configuration are saved with each analysis run. You
can change this setting at
Tools > Options > TwinCAT > Measurement > Analytics > Diary .

Search Options (Ctrl+E) » Table Good Color ] 68;255;136 ~
b B - Table Bad Color I Red
b Projects and Solutions © by
» Source Control Default Configuration Name Configuration {Configurations} ({Networks} {Functions) Functions - {Date})
» Work ltems Default Parameter Set Name Parameter set {FarameterSets)
b Text Editor Default Result Name Result {Results} - {Date}
b Debugging Save Result Sets True
b NuGet Package Manager Save Project History True
b Text Templating ~ General Settings
4 TwinCAT Highlight related member True
Embedded Browser Bar Color [ 76:255:0
b HMI Envirenment Tool Tip Amount 200
4 Measurement Open editor only on double click False
General + LogReceiver .
b Analytics
b Scope Diary
b PLC Environment
b TwinSAFE Environment .
Cancel

2. When you start an analysis, a Diary window appears. Here you can set the names of the configuration,
the parameter set and the result. If nothing has changed in the project, only the data is saved. Likewise,

no analysis configuration is generated if only the configuration of parameters changes (see also Global

parameters [P_25]).

Hey! To enable future result comparisons, we will save your profect configuration and result set.
Configuration name:
Configuration 1 (1 Metwerk, 2 Functions - 20,08.2024 14:21:22)

Parameter set name:

Parameter set 1

Result name:
Result 1 - 20.08.2024 14:21:22

[ OK H Cancel

[ ] Remember my answer and don't ask again.
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3. These entries will then appear in a tree structure in the Compare window, which you can open by
clicking on them in the Solution Explorer. This shows the history of analysis runs. You can select
multiple result data sets and matching symbols, which can then be viewed in the Table View and Chart
View windows. The selection of data sets and symbols is therefore synchronized with the other two
windows. The last data set is always selected by default.

Compare

Rvailabile Results Results only: i) Matched Symbok
[4 O Configuration T {1 Metwenk, 2 Functinn - 710830048 R:32-20) 1
o 25 Parameter set

|| Cese Sercitie
Mebanek = Totel Power g o Input

L D3] Hare Ty S Cabegory | Full Mame | Comment | subiters | -

ETmaine ULINT B Timeline
{=} Nebweork I 3 Hetwark

(o] Total Powar fivg L] 5 Hetwork.T. 7
T Num Vadues UEHNT 4 1 Hiztwark 1. ]
5 il T3 L. 2 Metwork.T. o
T Megate lnpis 8L 1 1 Hiztwark. 1. o
i Mavang Min LKEA ] 1 Histwnrke. 1. a
£ Moving Max LREAL ] Metwork.T.

(=] Power ClessFication Natwork.

Tl Negate Input 0L izt
7l Last Ewert Warni  LLINT Htwark. =

4. You can open the Table View and Chart View windows by clicking in the Solution Explorer. Two tables
are displayed in the Table View. The first displays the last result of all selected data sets and symbols.
The data sets are listed column by column and the symbols row by row. An optional color display can be
used to visually highlight the differences between symbols. Furthermore, the differences between the

symbols can be shown in a second table. At least two columns or data sets must be selected from the
first table.

Chart Wiew" Iﬂﬁm Metwork® -
Symboks | Reswit 1 - 21.08.2024 08:32:29 | Result 2 - 21082004 083410 | Result 4 - 21.08.2024 112614
— Metwork.Tokal Power AwgJnput [0z

= Metwork. Totsl Power Aug Maving g a1, 455
= Metwork Power Classification. Level OK 7 Waming

= Metwork Power Classfication Level Warin

Mo Min/Maz Highlight
o | Highlight Min/Max

Highlight full range
~ | Uppervalue is better

S Edit manman colors

T4 Edit default min/max colors
Sy | Riesuslt & - 21082004 11:2614 - Result 2 - 21083004 08:3410
= Metwork.Total Power dvg Input -13.44
= Metwork. Total B Ao Mherving Avg 16,345
= Metwork.Power Classdicstion Level 0K/ 5

= Metwork Power Classification Level Wami 5

= Metwork Power Classdication.Class
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5. The Chart View is used to compare result data sets as time series. Different colors are assigned to the
symbols. The symbols appear according to the number of selected data sets, whereby the opacity of the
lines is reduced in each case. You can manually adjust the opacity and the line thickness to differentiate
the data sets. To view a closer area, you can use a zoom equivalent to the scope.

o
¥ Rt 1 - HO820734 DEZZ TS
‘ Rt 2 - 1082004 DEI4ND

{ - 4 L 7 VR - LB R

My =

- , } . |.J..[ | hll
" _\hlt.‘UIHﬂLI !U‘H i ]]lfl] U .\L'f“ | UJHMJMJ b

-0

6. If the start times of the data sets do not match, you can adjust them for a direct comparison. This can be
done either by manually entering the time offset or by an automatic edge search.

Chart View™ = X QIEE0IS
4 Chaninel Visibility

A D
— B Vietual nput Source Variables f5ine
18,0 llr/\ 4 Records
. . Result 1- 22.08.2024 07:25:40 =
12,0 22082004 07:25:43. 407 - 220082024 OT:25:51.664
80 |In' \ b Style
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5.8.1 Loading and saving project configurations

The history of the analysis runs is listed in the Compare window. The corresponding project status is saved
for a configuration and can be loaded. To load the configuration, right-click on the desired configuration (or
parameter set) and select the Load Configuration option in the context menu. This restores the old project
status. The configuration icon then turns blue, indicating the last loaded configuration.
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In addition to automatically saving a configuration at the start of an analysis, you can also save it manually.
To do this, simply select Save Configuration from the context menu.
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6 Appendix

6.1 FAQ - Frequently asked questions and answers

This section answers frequently asked questions to make your work with TwinCAT Analytics Vision easier. If
you have any further questions, please contact our support team at support@beckhoff.com.

1. L have purchased TE3510 Analytics Vision, but need additional Condition Monitoring algorithms for my
application. Can | extend my package? [ 482]

I have purchased TE3510 Analytics Vision, but need additional Condition Monitoring algorithms for
my application. Can | extend my package?

Yes, you can combine all TE351x products as you wish. If you specifically require Condition Monitoring
algorithms, you can also license TE3512 in addition to TE3510.
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7 Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast
and competent assistance with all questions related to Beckhoff products and system solutions.

Download finder

Our download finder contains all the files that we offer you for downloading. You will find application reports,
technical documentation, technical drawings, configuration files and much more.

The downloads are available in various formats.

Beckhoff's branch offices and representatives

Please contact your Beckhoff branch office or representative for local support and service on Beckhoff
products!

The addresses of Beckhoff's branch offices and representatives round the world can be found on our internet
page: www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Support

Support offers you comprehensive technical assistance, helping you not only with the application of
individual Beckhoff products, but also with other, wide-ranging services:
e support
 design, programming and commissioning of complex automation systems
+ and extensive training program for Beckhoff system components
Hotline: +49 5246 963-157
e-mail: support@beckhoff.com

Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:
* on-site service
* repair service
* spare parts service
* hotline service

Hotline: +49 5246 963-460
e-mail: service@beckhoff.com
Beckhoff Headquarters

Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963-0
e-mail: info@beckhoff.com
web: www.beckhoff.com
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