Effective Research Data Sharing during the Plant Evolution in the
automated Production Domain

Fan Ji!, Jan Wilch', Birgit Vogel-Heuser"

Institute of Automation and Information Systems,
School of Engineering and Design,
Technical University of Munich

1. Introduction to the research plant xPPU
2. Sharing research data with ontology
3. Ontology for describing research data during plant evolution

4. Summary and outlook

NFDI4Ing Conference 2022 (online)
October 26 — October 27, 2022



Introduction of the Research Plant

Maschinemwesen The extended Pick and Place Unit (xPPU) TI.ITI

« Demonstrator for manufacturing engineering
— Pneumatic actuators (pushers, grippers)
— DC motors (no servos or steppers)
— Optical, inductive, pressure, ... sensors
— REFID readers / writers
— Safety system (light barrier, safety door, emergency stop)

» Workpiece stack provides new workpieces
« Crane distributes them to stamp / conveyors

PicAlfa manipulator

Stamp « Conveyor system for refeeding transport
~ Conveyors

W crane » PicAlfa to manipulate workpiece order

« High redundancy - suitable as a reconfiguration testbed
« Different workpiece types to consider in control scenarios

Github: https://github.com/x-PPU >
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Research Plant Evolution Scenarios

Maschinemwesen The extended Pick and Place Unit (xPPU) TI.ITI
) orginal PPU (2014) + (extended) PPU as a case study of evolution in
rane - . .
SO S manufacturing industry
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Challenges in Sharing Research Data during Plant Evolution

Documents, e.g., different
versions of technical reports

| Technical Report

Technical Report
Researching Evolutig
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Scenarios and Documentation of

and Place Unit
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‘ contains e.g., plant resource information

TUTI

Models/program code developed for
each evolution scenario

[ TwinCAT Scenario_1.tszip

The extended Pick and Place Unit (xPPU)

p,.
qu/pb
7 d

© Digital Sensor
== Analog Sensor

TwinCAT Scenario_10.tszip

B
[ TwinCAT Scenario_11.tszip
D

»

TwinCAT Scenario_12.tszip

onostable
Cylinder

‘ contains e.g., process
information

Stack

[NOT PPU Emergpncy AND WPPickedUp]

[WPWeight=Light] [WPWeight=Heavy]

[WPWeight=Medium]

Table 2. Component list of the stack in Scenario Scl14 Challenges

fig:- Resource Clamp | Description Component Type
1 100 X1 Stack . - _— ot grippervacuumSwitch.DI Takenin]
100 100A1 X1.1 Extend separator (Valve) Stack DO HOW to ImprOVe the |nte ro pe rabl I |ty
100 100B9 X1.2 Separator is extended (Reed Switch) | Stack DI H T
100 100B8 X1.3 Separator is retracted (Reed Switch) | Stack DI Of S hared researc h data d urin g — rpps
100 | 100S11 X1.4 WP is available (Micro Switch) Stack DI plant evolution? o Opqsiehrior WP e
100 100B10 X1.5 WP is metallic (Inductive Sensor) Stack DI )
100 | 100B11 X1.6 | WPis light (Optical Sensor) Stack DI How can different types and o
100 100B12 X1.7 Weight of the WP (Weight module) | Stack Al Variants I VerSionS Of Shared

research data be better used?
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Terminologies of shared data
and data sources

Terminologies of research plant
information*

has_version

-

Sl flas_evolution research plant
scenario
defined_by )
has plant info
has variant has_info_source |
) . process product resouce
information —
sources
z T h tati
has_process as_station
subClassOf A\ g P . -
| | 3 operation | Performs_operation|  gtation
=}
document model o
- ‘L has_component
L Task performs_task component
has_info has_attribute

requires_component

— Benefits

— Providing overview for shared documents, models and research data
— Automatic generation of research plant information based on the latest information sources
(e.g., technical reports, control program)
— Information changes between evolution scenarios can be traced, e.g., changes in hardware
components or software functionalities

Approach: Ontology for Describing Shared Research Data during Plant Evolution

Ontology
v

Scenario
Y information_source
v document
v document_info
version
> plant_info
»> model
v research_plant
plant_component
plant_station
plant_tasks
plant_operation
v plant_process
assembly_process
logistics_process
manufacturing_process
plant_product
V. plant_resource
v actuator
Motor
Valve
v sensor
MicroSwitch
Reed Switch
Vacuum Switch

Instances for
evolution
scenarios

* Ferrer, Borja Ramis, et al. "Product, process and resource model coupling for knowledge-driven assembly automation." at-Automatisierungstechnik 64.3 (2016): 231-243.
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Sharing documents, models and control

Sharing ontology for describing data code developed for each evolution
created during plant evolution Overview of shared xPPU Data scenario
Name Last commit
e
\ xPPU Update README.md Control code
Evolution-Ontology  Private
B3 inputs importing PLCOpenXML models in ontology \ %o %o @ 0 19 0 Updated 7 days ago [ LICENSE Initial commit
B outputs importing PLEOpenXML models in ontology 4 ) [ PLCOpenXML_Scenario_1.xml Add files via upload
i i i PPU-AML-PPR ' Publi
B query importing PLCOpenXML models in ontology X b [ PLCOpenXML_Scenario_10xml Add files via upload
B3 LICENSE Create LICENSE @ XQuery ™o EIG GPL-30 %o @ 0 §% 0 uUpdated on 11 Nov 2021 _}
o Y PLCOpenXML_Scenario_11xml Add files via upload
& importPLC.py importing PLCOpenXML models in ontology
PLCOpenXML  Public oot
& importTR.py importing PLCOpenXML models in ontology P “pliEt e T SySM L MOdeI
wo &ar30 ¥ 1 (o0 §10 Updated on 12 Oct 2018
@ info_query.py generating xPPU-ontology from files/models in each [ LICENSE Initial commit
& onto_main.py importing PLCOpenXML models in ontology Incremental_Changes  Public [ Papyrus - Scenario_01.zip Add files via upload
L wo BGr-30 ¥o (o 110 Updated on 10 Oct 2018 ) [ Papyrus - Scenario_02.zip Add files via upload
Vlsuallzatlon Of plant Informatlon N ‘ ) [ Papyrus - Scenario_03.zip Add files via upload
14.0_Interface ' Public
1 1 Papyrus - Scenario_04a.zi Add files via upload
each evolution scenario 20 B0 Yo OO0 {10 Upendon2020i8 O Papy Odazip p
J [\ Papyrus - Scenario_04b.zip Add files via upload
1t Fix: Doku of I iz. dated
Dyassets v oK oT spardL queny vizpy update . [ Papyrus - Scenario_05.zip Add files via upload
- e i e . Interface with other research plants
atasets Fix: a view minor version corrections [ Papyrus - Scenario_07.zip Add files via upload
& _init_.py Fix: version set to 0.1.0 [ Papyrus - Scenario_08.zip Add files via upload
& layout.py Fix: Library Panel is now shown when Abox visu is off
& sparql_query viz.py Fix: Library Panel is now shown when Abox visu is off Github: https//qn:hubcom/x-PPU >
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Workflow for Updating or Adding Research Data during Plant Evolution

* Required plant data is automatic parsed from the uploaded or updated documents
« Shared ontology is updated with the extracted data from the new information sources
» Visualization of scenario-based plant data and information changes during the evolution

documents

models

Technical Report

. TUM-AIS-TR-02-18-1

Researching Evolution in
Industrial Plant Automation

//Hardware
DI_StartButton AT 2%I* : BOOL;
DI_ManuelButton AT %I* : BOOL

DI_EmergencyStop AT %I* : BO(Q
DO_LampGreen AT %Q* : BOOL;
DO_LampWhite AT %Q* : BOOL;

END VAR

Vogel-Heuser et al.,
Vogel-Heuser et al.,

control code

upload or update
in shared data

Information

TUTI

visualize and query

plant information

| %

repository
' E7'

shared data
repository
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Visualization of Plant Data using Ontology

\.

( A SPARQL Q i
. . uery Viz
Select the data to be visualized based «PPU onto
on the plant terminology and evolution serch ST -~
scenario LN
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A-Box Data-Properties| ge/show xPPU_Se01 SN / \ja'l /
4 ) —> *PPU_Sc02 : 5 ';_‘_ : *d
* Query templates are saved in the e
query-library (SPARQL Library) \ ) pra LY
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. . . SPARQL Library Hide/Show PR =
These templates include queries for pARQL Query [ 1o | [ =
changes in plant data between SPARQL Result |
scenarios and for specific categories — - - L
. . . . . aooisnowy [Eeocncs MicroSwitc >
of information in a specific scenario » e
. ReedSwitch
(e.q., getting the sensors along a -
transportation process in Scenario Ik
2) ‘
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Customization of the visualization
J
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Maschinemwesen Summary and Next Steps for Sharing Research Data during Plant Evolution TI.ITI

— Summary @{o

« Sharing research data of automated production plant with
ontology improves the data interoperability

« Changes along the plant evolution can be better traced
with the developed ontology

» Visualization of research data and query templates help
users to efficiently access the needed plant data

(LY

— Next steps @

« Supporting user-defined information query

» Further enriching the terminology of automated
production plant

* Increasing the flexibility of information extraction process

L
<
©
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