’ W " German Research

1 Center for Artificial
k Intelligence GmbH

THE FUTURE -

OF MANUFACTURING

Open semantic meta-model as a cornerstone for the
design, engineering and management of CPS-based Factories

Stephan Weyer (DFKI, Innovative Factory Systems)
Dr. Torben Meyer (VW, Smart Production Lab) EC HORIZON2020

Project Co-Funded by the European Commission
Grant agreement: 678556

Pre-Workshop, May 2| WMF 2016 © 2016 DFKI; S.Weyer



R ) German Research
e | 3 Center for Artificial
Intelligence GmbH

36 months (10/2015 - 10/2018)

EC HORIZON 2020 | FoF 8

The Goddess of Illusion

MAYA — The Overview

Grant agreement: 6/8556

W

Developing multi-disciplinary integrated simulation
tools and methodologies for the design, engineering
and management of CPS-based (Cyber Physical
Systems) Factories
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MAVYA in Context of , Industrie 4.0

Factory and Value Chain
* International competition
e Rapid shortening of innovation cycles

Factory and Nature
* Increasing cost and competitive pressure
* Lowest resource consumption

Factory and Humans
* High customer requirements
* Human oriented interfaces for workers
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Prevalence of Internet technologies
 |CT revolutionize our daily life

e Factory as part of a smart networked world
* Merging of automation and ICT

Future Factory Environment

e Smart Products and Advanced HMI

e Mass customization with highly modular and flexible systems for
quick changes (Network of multi-vendor production units)
* Prevalence of so-called “Cyber-Physical Production Systems”
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Factory of the Future
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Changing demands of the market
Customization | Resource efficiency | Global Competition
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DN e 3 main objectives within MAYA -

* interaction between multi-vendor tools (focus on SME) and running simulations
/ - Need: Simulation Coordinator

Supply Chain Sim

* identification, recognition as well
as integration of instantiated CPS

* easily embeddable within multi-

level simulation and monitoring

tools

Platform-independent access

= Need: central support
infrastructure

Synchronization
digital-real

Digital /Factory

-
«

Real |[Factory

< Digital Continuity all along the factory life-cycle

v

* maintaining the relevant digital information across a varied set of tools
* allowing data to be enriched and used as needed for each phase
- Need: common CPS description and container model (digital twin concept)

© 2016 DFKI; S.Weyer
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. Plant plannin .
several manual input of relevant ) Layfut & Concept/Mechanics

data along the lifecycle Tool: f.ex. Proc.Designer

- Part name

: RoboSimulation Plant construc- —————
Robotics - Robot program tion (CAD) Construction
Tool: f.ex. Proc.Simulator - Geometries Tool: f.ex. Catia

- Kinematics
P tic PI X
neumnatic ran Pneumatics

(P-PLAN, PDF)
- Part name

Tool: f.ex. Catia

Electrical Diagram
—
Production

Electronics/ECAD /Eﬂ (PDF)
Tool: f.ex. EPLAN : é'ygrﬁi'_ e schedule (poF) || SCheduling Planning

0 Q0 Q0 Q0

% - - Behaviour of Tool: f.ex. UML
PLC Program whole plant

Control and HMI 8 _ Signal list
Tool: f.ex. S7 Sim.Man. - Symb. (CSV)

Virtual Commissioning (VC) Behaviour
Tool: f.ex. WinMOD Library

© 2016 DFKI; S.Weyer
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Robotics
System: Process Simulator

O

RoboSimulation
- Robot program
- Geometries

- Kinematics

Electronics/ECAD
System: EPLAN

O

Electrical Diagram
(PDF)

- Signal list

- Symb. (CSV)

Control and HMI
System: S7 Simatic Man.

O

PLC Program
- Signal list
- Symb. (CSV)

EXAMPLE: VC
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Plant planning
- Layout
- Part name

Concept/Mechanics
F.ex.: Process Designer

Plant construc-
tion (CAD)

Construction
System: Catia

0 Q0 Q0 Q0

Pneumatic Plan .
(P-PLAN, PDF) Pneumatics |
- Part name System: Catia
Production . .
schedule (PDF) Scheduling Planning
- Behaviour of System: UML
whole plant
Virtual Commissioning (VC) Behavior
System: WinMOD/ProcessSim. Library
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Simulation Coordinator

Architecture Components
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Communication Layer
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<—— Digital Continuify all along the factory life-cycle

Status A

Common Semantic Data Meta-model -

-

communication layer between C & P: raw data
acquisition, aggregation and interpretation.

Status D C\P

-

Status B

Status E

Status C
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Centralized Support Infrastructure

 §

MAVYA Semantic meta data model

Multidisciplinary coordinated digital representation of the factory, synchronized with the real
|| factory and enriched during the factory life-cycle.

Status F
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+has

PRODUCT_TYPE

+ ProductTypeCeode : string

Intelligence GmbH
GEOMETRY_LIBRARY

IdentifiedElement |
+ID : sting |
K |
B g I

ﬂi

_ +3ssels "

Plant Device oPs o ] Asset Behaviour Property |
+|geolocation : string + connection : string +template - string é>— " | +type : string +1ype - sting |
+|company : string + plant + device + format - string + format : string |

L -
1 1 i 1 + childrgn |
3 1 L 3 &1 e 1 1 + behaviours - + property s 1 1 |
+ deviceConnection | 4 + deviceCoffiguration | 4 |
DeviceConnection DeviceConfiguration |
+ references |+ + constraints |« |
= metalnfo | 1 + documentation |9 1 PropertyReference PropertyConstraint
Metalnfo Documentation
+ vendor : string
+ version : integer
+ devicelO | 4 + lastUpdated : long
+ sourceToal : strin
Device Signal + inputSignals DevicelO L
+ direction : SignalDirection T ouoSlonalz 1 |
. a s, oul ignais
+ type : SignalTypé™-.. pusigl |
“»._\_\. = i |
iz SignalDirection ) SignalType. |
Input BYTE B Des cription |
Qutput INT
FLOAT |
BIT .| Shold be compliant
BLOB with the list it belongs |

+has

PROCESS_ROUTING

+ ProductTypeCode : string

=

OPERATION

+ OperationNumber : integer
+ Actuator : CPS
+ Todl : TOOL

+has

CONFAGURATION_TEMPLATE

b1

=

CONAGURATION TEMPLATE
ELEMENT
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The MetaModel (Draft)

GEOMETRY_LIBRARY

+has

PRODUCT_TYPE

+ ProductTypeCeode : string

|dentified

Element

7
}l{_’l AN

J AML Role(lass Libraries

device’s IP address

1 1 1

+ deviceConnection | 4 + deviceConfiguration | 4

port of the device Device Connection + : . CONFIGURATION_TEMPLATE
PLC memory location . . Kinematics
types of data stored Conflgu ration [...]
[] + metainfo | 4 + documentation | g 1
&
Meta Docu-
Information mentation CONFIGURATION TEMPLATE
ELEMENT
. Vendor
° Version

. Last update

. [....]
- ODVA Machine Data Model

PLC OPEN XML
JT (geometry)
VC-model (logic)
Energy model

+has

PROCESS
(several CPS)

Plant X I
+|geolocation : string DeVlce CPS Assets + 1 l
+|company : strin + plant + device . . PFO ertleS -
~ 5 (Semantics) F TEMPLATE % Behaviours P OPERATION

¢ Actuator:CPS

+has
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In a nutshell:

« Meta model for describing a CPS template
(description of the container model)

IdentifiedElement

sets 1
S | Asset Behaviour Property

 Enrichment of the template with relevant
simulation data and models and store them

e e - Reuse of simulation models along the lifecycle
S | - Models stored in the ,Central Support Infrastructure*
|
Imém malype }
-+ AML used for
DESCRIPTION OF TEMPLATE (AML, CAEX) — the description of the container model (CAEX)
— No direct use for the data exchange
CPS Template SystemUnitClassLib . .
CPS Instance InstanceHierarchy, InternalElement (Commun|cat|0n over MQTT’ ReStAPI’ " )
Asset ExternalDataConnector, COLLADAInterface — some relevant Simulation models
Behaviour ExternalDataConnector, PLCopenXMLInterface, ... . o)
- . (PLCopenXML, logic models for VC?...)
Device Role classes: Resource, DiscManufacturingEquipment, ... l
Plant Role classes: ResourceStructure, Site, ... 7
TEST IMPLEMENTATION

© 2016 DFKI; S.Weyer
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8 PLC Interfaces Engine |erSt97{/ BarrierEnd | 8_
(%}
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o [
S PLCLogic Inputs & -8
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= | go
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SimTool B

IdentifiedElement

D suiog b 1 ars) |
L Suppliers
L (Siemen| PS PP
f & (Siemens PL)
A

l +assets

T
|
|
|
|
|
|
I
|
| |
Plant Device s o] Asset Bahaviour [ Property ‘ |
|
|
|
|
|
|
|
|
|
|
|

[ p——— + connaction - stng [Frompan sting  [>—— | *type-stng e sting
+|company - string |+ plant devi _ + format - string + format : string
' [ ~ ' M2M Interf b
] : . 5 nterface Web GUI
(\ beh: property
1 1
DeviceConnection DeviceConfiguration [ I
« references | * constraints |+
~ metainto | 4 + documentation | o, ¢ PropertyReference [ Pmp!n;:mslmm |
= oanenaon ' CPS Model Manager
v T Library for CPS Simulation Coordinator
Device Signal + inpulSignals Devicel0
i Sgatiion oo templates (HLA)

+ type : SignalType™. _

|
|
i Model Database
|
|

Bl sonaivecion I soiiee CPS Registry

= e o1 Database ;
ou S M DB, NosQL) Integrated CPS objects
s ongows, No within real world

CSlin a nutshell: {

WebSocket |

» offersa library of existing CPS templates with links to database (various simulation
models) 2 PLM platform for SMEs

[ Meta data |[ Asset ,model I° ][ Asset ,model Il ]
[ Runtime properties | [ Behavioral Models |[[...] ]

*  “Registry”: Identification and recognition of instantiated CPS (real factory)

CPS-based
production

*  “Simulation Coordinator” for the interaction of running simulations
(time synchronization, ...)

© 2016 DFKI; S.Weyer
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I
--------------- CASE 2 I
(7 \l 4 ) . |
a | == mmmmmmm e {] Suppliers I
: 1 PD : D ___________ I
I (Siemens PL) |
1] |
1] [ 7
T I Centralized Support :
1] 1 Infrastructure (CSI) |
: : PS SPLCOM E ! 1 2 * SimTool AA
| 29 +—> (Vendor A)
1 1 (Siemens PL) > E D ____________________ -D : fg 8
1] § ] I o
L < ! | S
|- - ai = e il | §s
' o ! 5 % SimTool AB
| 5 ! [ [ g HG—J' —> (Vendor A)
I PSC «—>| S I [}——— ! 2
I (Siemens PL) L 1 g :
| 9 [ : |
1 1 L :
I I 5
I I .
1 | e ﬂ SimTool B
| Tool X «—> I MetaModel (TTs)
(Siemens PL)
I I
I I - J
| |
N o 2
CASE 1: SME with multi-vendor tool environment are relying on CSl as a central data base (FINNPOWER, ...)
CASE 2: Mix of siemens tools and external engineering tools and data f.ex. from suppliers (VW)
CASE 3: FullServiceProvider (f.ex. Siemens) which offer all relevant models/data and tools to costumer within teamcentre

(not focus in MAYA)

© 2016 DFKI; S.Weyer



)=

Simulation tool using CSI to download CPS models/data
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Example of Use (1)

Service and Persistence Layer 1 .
= . = =2
Assets Manager o Big Data Manager o | CPS Model Manager—> |
© e 92
. *
[ ] - £
. CSI Data Manager " (=]
lossssEmuossNEEEEIaENENENENEREREREE"
e 3
ég '
EE’
e
w
CSI APISGatepay, @
CSI Web Portal 4 *
(Presentation Layer)
P NS S — ]
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Procedure:

Tool (e.g. Process Simulate) uses REST API to retrieve the
list of available CPS templates (i.e. devices library)

User choose a CPS Template

The information retrieved for that CPS contains the
reference to the 3D geometry and additional data required
for his simulation (e.g. smart component definition,
input/output signals).

Once the device has been selected, the tool can use the
REST API to download the 3D geometry file (using the
reference contained in the template)

— The API Gateway validates the requires (has the user
the rights to access the resource)

— the Data Manager dispatch the request to the Asset
Manager and the resource is sent to the tool

The new device is added to the hierarchy of CPS instances



T et Example of Use (2) -

Simulation tool connecting to real device

1. Direct connection between a device and a tool s T pere—
requires two steps : T T ;
S S S
1. Retrieve the connection information (e.g. IP é ................ '
address, protocol): | Zj‘ 9
- this is done by getting the CPS instance of é . e =
the device from the Model Manager + Registry = ; "

OCICIRIC)

2. Using this connection information to actually
open the communication channel directly with
the device

© 2016 DFKI; S.Weyer
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Design, engineering and management of CPS-based

(Cyber Physical Systems) Factories enabled by a:
1. Common CPS description and container model
' 2. Centralized Support Infrastructure (CSI)

3. Coordinator for multi-disciplinary simulation

Dipl.-In

Step?ian Weyer

Researcher, Innovative Factory Systems
German Research Center for Artificial Intelligence (DFKI GmbH)

Tel.: +49 631 /205 75 3408
Mail: stephan.weyer@dfki.de
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