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OPC UA Designer: A model driven toolset for Industry 4.0 systems
design and deployment of OPC UA Information models
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LALLM INTRODUCTION

ceatech

= There Is No Industrie 4.0 without OPC UA[1]

= Need for OPC UA CS for specific semantics description
= Need for model driven tools for fastening the deployment of Industry 4.0 compliant systems

—> Choice of SysML as a modelling language and Model2Model transformation for automating the
deployment of OPC-UA Information models

[1] Industry 4.0 and OPC UA: https://opcconnect.opcfoundation.org/2017/06/there-is-no-industrie-4-0-without-opc-ua/
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°* A Model Driven Tool providing:

* SysML Modelling Environment for Industry 4.0
systems design

| 0OPC UA Information Model

Robotic Cell g'
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* OPC UA Companion Specification for adding
standardized data models

* Automatic deployment of OPC UA information
models from SysML models
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SYSML Introduction
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SysML: Multiple dedicated viewpoints

[ Block Definition Diagram 1 [ | Block Di
nterna ocC lagram
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A process for system modelin*

[ Model ]
requirements

A\ 4

\ 4 A

Manage [Specify system’s boundaries and main ]

requirements and missions
maintain traceability

\ 4

[ Describe interactions between the
system and its context/environment
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[ Specify system ] [Specify system] [ Model constraints of the ]
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Llist

=il SysML for robotic cells modelling

1.Specification:
Use Case diagrams, Requirements diagrams

2.Functional Design:
Structure: BDD, IBD

Behavior: State Machine diagrams, activitiy diagrams,
sequence diagrams




Extending SysML with Robotics Information Models

SysML Blocks are generic and do not contain meta data
specific to robotic systems

=) EXxtension of SysML by adding OPC-UA Companion
Specifications as UML Profiles

OPC UA
Companion
Specificatio
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MODEL DRIVEN TOOL-CHAIN ARCHITECTURE
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ROBOTIC CELL SYSML MODEL : IBD

«Block=
=l Cellule
E
| | «FlowPorts
«FlowPort» 2> - workpiecePresentUpstream: Boolean [1]
_|) + positionX: Int16 [1] flowPort ‘
=FlowPort= > ® 2 — «FlowPort=
_|) * position¥: Int16 [1] | + gGTO_ClampinMotion: Boolear i workpiecePresentScrewingZone: Boolear
zFlowPorts «FlowPorts
-2 - positionZ: Int16 [1] 2 gACT_ActiveClamp: Boolean [1
«FlowPorts «FlowPorts
«FlowPort» = + gSTA ClampState: Integer [1] i ggodWcrrkpiece: Boolean [1]
=? ~+ positionRX: Int16 [1] _l) «FlowPorts <FlowPorts
«FlowPort= | + ClampinMotion: Boolean [1] -2 . badWarkpiece: Boolean [1]
r positionRY: Int16 [1] = + pince: Pince [1]  «FlowPorts
2>+ ClamplsActive: Boolean [1] N «FlowPorts ]
RN «flo;&rsFi"t:irQ:RZ‘ Int16 [1] _I) «FlowPorts B + cycleStart: Boolean [1]
P ' «MotionDeviceSystemType>» + gPO_ActualPosition: Integer [1] —y <FlowPort>
«zFlowPorts - _ «FlowPort=_ o + cycleEnd: Boolean [1]
> + speedX: Int16 [1] = + robotSystem: MotionDevic... => + gPR_SetPointPosition: Integer [1
«FlowPort=
«FlowPort= -2 i - «FlowPorts
=+ speedY: Int16 [1] + gCU ActiveCurrent: Integer [1] =2+ WaitingForPieceStep: Integer [1]
«FlowPort= ] «FlowPorts
B+ tep: TooICentraI..._) + speedZ: Int16 [1] «FlowPorts —I) = + pLC: PLC[1]=» + MaintenanceMode: Integer [1]
-5 «f'gﬁpﬁg% cedRC Int16 [1] + actualPosition: Real [1] =>»___
guiarspeedit «FlowPort» 5, <FlowPorta o
«FlowPort= + ActualClampPositionint: Integer [1]
=> + angularSpeedRY: Int16 [1] + actualSpeed: Real [1]
«FlowPort=
«<FlowPort= Wi .
-2 . angularSpeedRZ; Int16 [1] o InitialGrafcetStep: Integer [1]
«FlowPorts FlowPort» «FlowPort»
=2 + CentralOffsetPoint)X: Int16 [1] & + radarZone: R _ﬁ- slowDownZone: Boolean [1] _I) + RobotStepOrder: Integer [1]
«FlowPort= ok «FlowPorts
=2 -+ CentralOffsetPoint¥: Int16 [1] -2 “FlowPorts =¥ + ClampStateOrder: Integer [1]
zFlowPort= .
=¥ CentralOffsetPointZ: Int16 [1] + stopZone: Boolean [1] «FlowPorts
o ActualRobotStepint: Integer [1]
=FlowPort= ]
2 -+ Central OffsetPointRX: Int16 [1] | <FlowPorts
«FlowPort= ] 2> + CelluleState: Integer [1]
=2 -+ CentralOffsetPointRY: Int16 [1]
=FlowPorts .
_I) + Central OffsetPointRZ: Int16 [1]
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Motion Device System Model

«Block, MotionDeviceSystemType::
MotionDeviceSystem
A 4
. ] «Block, MotionDeviceType=»
«MotionDeviceType= Robot UR_5_CB3
+ robot_UR_5_CB3: Robot_UR_5_CB3 [1]

«AxisType» | slsDrivenBy» _ «PowerTrainType» «MotorType»

+ Base: Axis [1] + powerTrainBase: PowerTrain ... + motorBase: Motor [1]
«SafetyStateType»

+ robotsafetystate: RobotSafetyState [1..7] «AxisType» _«_'ED_“_‘-"FD@-?_;, «PowerTrainType» «MotorType»
+ Elbow: Axis [1] + powerTrainElbow: PowerTrai... + motorEIBow: Motor [1]

«ControllerType= «AxisType» | _«IsDriven @5?_} «PowerTrainType» «MotorType»
+ robotcontroller: RobotController CB31 [1..%] + Shoulder: Axi... + powerTrainShoulder: PowerTr... + motorShoulder: Moto...

«AxisType» |l s_D_ri_w_E-QB_}r_»a «PowerTrainType» «MotorType»
+ Wrist1: Axis [1] + powerWrist1: PowerTrain [1] + motorWrist1: Motor [1]

«AxXisType» |« s_D_ri_w_eQB_y_»;_ «PowerTrainType» «MotorType»
+ Wrist2: Axis [1] + powerTrainWrist2: PowerTrai... + motorWrist2: Motor [1]

«AxisType» | _«l S_D_ri_w_s-gB_g.r_»;_ «PowerTrainType» «MotorType»
+ Wrist3: Axis [1] + powerTrainWrist3: PowerTrai... + motorWrist3: Motor [1]




Extendingthe CS Robotics Profile

«Datalype»
Param eterSetMotionDeviceType

+ onPath: Boolean [0..1]

+ InControl: Boolean [0..1]
redOverride: Real [ 1

+ notCS__Robotintensity: Real [1]

000

+

i+ notCS_isPowerButtonPressed: ...
i+ notCS_isPowerOnRobot Boole...
-+ notCS_isTeachButtonPressed: ...

i+ Mode: ModeEnum

«DataType»
ParameterSetAxisType

4+ ActualAcceleraton: double [0..1]
4+ ActalPosition: double [1]

4+ notCS_AxisState: AxisStateEnumeration [1]

«Enumerations»
& AxisStateEnum eration

= JOINT_BACKDRIVE_MODE
= JOINT_BOOTING_MODE

= JOINT_BOOTLOADER_MODE
=1 JOINT_CALIBRATION_MODE
=7 JOINT_FAULT_MODE

= JOINT_IDLE_MODE

=1 JOINT_MOTOR_INITIALISATION_MODE
= JOINT_NOT_RESPONDING_MODE
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QVTo Transformation

Metametamodel

L | Meta-Object Facility (MOF)
eve MetaMetaModel(Ecore)

instance of instance of
Metamodel Level,
r 1 f 1
. M2M
UML SysML Roobtics OPC UA Metamodel | |CSV Metamodel
ﬂ
Metamodels | | Metamodels | | Metamodels , (setitypes.ecore) (CSV.ecore)
Transformation
QVTO
Model Level -T instance of PIM PSM instance of instance of
ﬁ
SysML Models + Robotics OPC UA Instance: Table of nodes
Profile NodeSet xml File .csv File




Modelling and Transformation of the MotionDeviceType instance

v I MotionDevices

«zBlock, MotionDeviceType= ~
robot_UR_5_CB3
| Robot UR 5 CB3 % —URI
- - v 2 Axes
«AxisType» «lsDrivenBy= #«PowerTrainType» «MotorType» | _-)'TBase |
+ Base: Axis [1 + powerTrainBase: PowerTrain ... + motorBase: Motor [1] | & Addtonalload
«AxisType» | «IsDrivenBy=_ _| «PowerTrainType» «MotorType» v MotionProfile
+ Elbow: Axis [1] + powerTrainElbow: PowerTrai... + motorEIBow: Motor [1] & ParameterSet
i : ¢ Elbow
«AxisType» | _«lsDriven @3,1»_} «PowerTrainType» «MotorType» :
+ Shoulder: Axi... + powerTrainShoulder: PowerTr... + motorShoulder: Moto... & Shoulder
o Wrist1
«AxisType» __«JS_QFi_V!_E‘DB_}-’_»,_:} «PowerTrainType» «MotorTypes & Wrist2
+ Wrist1: Axis [1] + powerWrist1: PowerTrain [1] + motorWrist1: Motor [1] & Wrist3
«AxisType» | _«IsDrive DB_T-’_”;,. «PowerTrainType» «MotorType» ¢ Manufacturer
+ Wrist2: Axis [1] + powerTrainWrist2: PowerTrai... + motorWrist2: Motor [1] ¢ Model
. . v i i
«AxisType» | _<IsDrivenBy»_ «PowerTrainType» «MotorType» MotionDeviceCategory
+ Wrist3: Axis [1] + powerTrainWrist3: PowerTrai... + motorWrist3: Motor [1] & ParameterSet
v I PowerTrains
» & powerTrainBase |

———] & Motorldentifier | .
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Future Work

= Take into consideration other Companion Specification (PLC, End Of Arms
Tools...)

= Generation of Companion Specification from SysML Models
=  Automatically deploy the OPC-UA clients (3D DT) from the SysML model
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Projet « OPCUA CS-DT »

Architecture démonstrateur finale

’ g ‘ OPC-UA server
' Open OPCUA
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