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The ReApp Perspective J(IT
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Product individuality
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The Model-driven Approach

SKIT

Karlsruhe Institute of Technology

e On the shoulder of giants
— AutomationML (AML)
- Semantic Web
— Robot Operating System (ROS)
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e Role separation
— Component developer
— Application developer
— System developer
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The Model-driven Approach J(IT

Karlsruhe Institute of Technology

Reuse of AutomationML Models

—

Component Application System
Development Development Configuration
AML Models AML Models
[ Modeling ] { Modeling ] [ Modeling ]
. AML Models ! AML Models ! AML Models
v v v

[ Processing ] [ Processing ] [ Processing ]

Semantic Models Semantic Models
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Semantic Models
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How do we generate Models for the

of
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AutomationML as Modeling Framework

IT

Karlsruhe Institute of Technology

<AutomationML/> _
IEC 62714 Geometry
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Software Engineering of Robotics

IT

Karlsruhe Institute of Technology

e Component Development

— Physical: dimension, weight,

payload,
- Geometry, kinematics
— Interfaces
— Functionalities

e System Development
Actuators

Sensors

Transports
Connections
Behaviour
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ReApp Libraries S(IT

Karlsruhe Institute of Technology

v | [ AutomationMLBaseRoleClasslib
v | [ AutomationMLBMIRcleClassLib
v [ AutomationMLCMIRaleClassLib
v | [ AutomationMLCSRoleClassLib

v [ AutomationMLDMIRoleClasslib

) i AutomationMLExtendedRoleClassLib v) @ AutomationMUinterfaceClassLib
~) [ CommunicationInterfaceClassLib

v [ CommunicationRoleClassLib

~ [ ReAppCommunicationlnterfaceClassLib

«0 Signallnterface {Class: Signallnterface}

v) i ReAppCommunicationRoleClassLib «0 EthernetPhysicalPlug {Class: PhysicalEndPoint}

~ [ ReAppRaleClassLib
w Robot {Class: Robot)
v EndEffector {Class: Tool}
w Actuator {Class: Actuator}
HMI { Class: HMI}
Conveyor {Class: Conveyor}
v [0Device {Class:ICDevice}
w Object {Class: AutomationMLBaseRole}

EthernetPhysicalSocket {Class: PhysicalEndPoint}
USBPhysicalPlug { Class: PhysicalEndPoint}
USBPhysicalSocket {Class: PhysicalEndPoint}
SerialPhysicalPlug {Class: PhysicalEndPoint}

<

SenalPhysicalSocket {Class: PhysicalEndPoint}
CAMNPhysicalPlug {Class: PhysicalEndPoint}
CANPhysicalSocket {Class: PhysicalEndPoint}
+0 WLANPhysicalPlug { Class: PhysicalEndPoint}
0 WLANPhysicalSocket { Class: PhysicalEndPoint}

<
& & &4 8 46 4 8

w Sensor {Class: Sensor)

oo OpticalFiberPhysicalPlug {Class: PhysicalEndPaoint}
«o OpticalFiberPhysicalSocket {Class: PhysicalEndPoint)
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Component Modeling

SKIT

Karlsruhe Institute of Technology

Devide the component into functional parts 2> InternalElements
« Technical specification

« Reusable
« Configurable

(~) |5 UR10

W

o

»

w0 InstanceOFfCOLLADAInterface
[If] RobotArm

model

manufacturer

| weight

dimension

v RoleRequirements: ReAppRoleClassLib/Robot/ArticulatedRobot

E EthernetCommunicationModule

w RoleRequirements: ReAppCommunicationRoleClassLib/EthernetPhysicalDevice

[if] DigitallCMadule

w RoleReguirements: ReAppRoleClassLib/ICDevice/DigitallODevice

v %9 Interfaces
[If] AnaloguelOModule

w RoleReguirements: ReAppRoleClassLib/I0Device/AnaloguelODevice

v %9, Interfaces

SupportedRoleClass: ReAppReleClassLib/Robot/ArticulatedRobot

w | | supportedProtocel
w | type

w | | [PAddress

» | subnethMask

w | | gateway

w | | DHCPServer

~ | | DNSServer

+0 InstanceOfSignallnterface

«0 Instance2OfSignallnterface
«0 Instance30fSignallnterface
«0 InstancedOfSignallnterface
+0 Instance5CfSignallnterface
«0 Instance6OfSignallnterface
e0 Instance7OfSignallnterface
«0 InstanceBOfSignallnterface
+0 Instance90fSignallnterface

+0 Instancel0OfSignallnterface
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Application Modeling ﬂ(IT

Karlsruhe Institute of Technology

&

< ~) B DDECel

w E Instance0OfURLO {Class: URL0 Role: }
v E InstanceOfATN-LK-R3 {Class: ATH-LK-R3 Role: } CO m po n e n t
w E InstanceOfSICK-OD1-B015HO5I14 { Class: SICK-OD1-B015H05I14 Role: } L
v [EZ] InstanceOfSICK-PIMED { Class: SICK-PIME0 Role: } I N Sta nces
w E InstanceOfMayser-EKS-026 {Class: Mayser-EK5-026 Role: )
v E InstanceOfBR-PC-910 { Class: BR-PC-910 Role: } —
E SolderRobotConnections { Class: Role:IOPhyiscalMetworkRaoleClass)

| [IE] START § Class: Role:IOPhyiscalConnectionRoleClass}

w E BUSY {|[Class: Role:IOPhyiscalConnectionRoleClass)

. E ERROR|{ Class: Role:IOPhyiscalConnectionRaleClass) .
[lE] BumperRobotConnections {Class: Role: IOPhyiscalNetwarkRoleClass) L Req u I red

« | [If] TriggerEmergencyStop {Class: Role: IOPhyiscalConnectionRoleClass) conn ecti ons

E RobotPCConnections {Class: Role: EthernetPhysicalMetworkRoleClass)

14dV1S
ASNd
d0dyd

>

>

. E RebotControl {Class: Role: EthernetPhysicalConnectionReoleClass)
w E PimPCConnections {Class: Role: EthernetPhysicalMetworkRoleClass)
w E ODMiniPCConnections {Class: Role: SerialPhysicalMetworkRoleClass} —

It is only a functional modeling: concrete connection
points not known yet
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System Configuration

SKIT

Karlsruhe Institute of Technology

~ E SolderRobotConnections { Class Role ICPhyiscalMetworkRoleClass } D u ri n g de ploym ent : CO n n ect th e e n d pOi ntS

~ E START { Class Role ICPhyiscalConnectionRoleClass }
~ START-Interfaces

via Internallinks

+o RobotEndpoint { Class Signallnterface }
0 SolderEndpoint { Class Signallnterface } A ]

~ [If] BUSY { Class Role [0PhyiscalConnectionRoleClass } RefPartnerSideA

V%

b785dc09-d5153-4b2c-9e8d-a40dfd620003:RebotEndpoint

0c73bcb7-252c-4768-943d-23589278f2e7:50lderStart

RobotEndpoint

b785dc09-d5153-4b2c-9e8d-a40dfd620003:SolderEndpaint

9a498ef3-1cd6-491d-ba7c-20e2d00e05a3:5TART

- BUSY-Interfaces RefPartnerSideB
+o RobotEndpoint { Class Signallnterface } b
0 SolderEndpoint { Class Signallnterface } Name
~ [If] ERRCR { Class Role IOPhyiscalConnectionRoleClass } A [2]
~ ERROR-Interfaces RefPartnerSideA
+o RobotEndpoint { Class Signallnterface } RefPartnerSideB
0 SolderEndpoint { Class Signallnterface } ID
Mame

~ InstanceOfURLO { Class URLD Role }
w InstanceOfURL0-Interfaces
w E Reobotfrm { Class Role ArticulatedRobot }

w E EthernetCommunicationModule { Class Role Ethernat
~ ) [If] DigitallOModule { Class Role DigitallODevice }
~ DigitalOModule-Interfaces

[-D SolderStart { Class Signallnterface }

«0 SolderError { Class Signallnterface }
«0 SolderBusy { Class Signallnterface }
+0 Instance3CfSignallnterface { Class Signallnterface }
«0 InstancedCOfSignallnterface { Class Signallnterface }

»0 Instance30fSignallnterface { Class Signallnterface }

W

L

g

[IE] SelderingToal { Class Role ElectricSolderingTool }

SolderEndpoint

~ InstanceOfATM-LE-R3 | Class ATH-LK-E3 Role }

InstanceOFfATN-LK-R3-Interfaces

Robot Link

N\ Solder Link

E SerialCommunicationModule { Class Role SenalPhysicglDevice |

[IE] DigitallOModule { Class Role DigitallODevice }

A

DigitalOModule-Interfaces

«0 Error Quit { Class Signallnterface }

o0 LV_7W-Hub { Class Signallnterface }
0 ext. Motor vor { Class Signallnterface }

[ «0 START { Class Signallnterface }

«0o Error { Class Signallnterface }

«0 Betrieb { Class Signallnterface }
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The Engineering Pipeline J(IT

Karlsruhe Institute of Technology

Reuse of AutomationML Models

—

Component Application System
Development Development Configuration
AML Models AML Models
[ Modeling ] { Modeling ] [ Modeling ] ,
i AML Models : AML Models : AML Models
v v v

[ Processing ] [ Processing ] [ Processing ]

Semantic Models

Semantic Models Semantic Models
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[ ROS Code ] { ROS Code ] { ROS Code ]
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Model-driven Software Engineering ﬂ(IT

Karlsruhe Institute of Technology

R R SEECERE
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ckontsgpuramatars cotigpe

<SystemUnitClass Name="UR10" RefBaseClassPach=" lazsLib Class"> TR o
<hceribute Name="model" AttributeDataType='"ga:string" ChangeMode='create's @ saovmads| Catenary @ egow contraller EquiCaleg
<Descriptionproduct medel of this hardware</Descriptions = - -
¥ P v ¥ = camguryDeec: S1ing s EoorCategeryLomaller) vold
<Value>URLO</Value> o categuiyNsens: Sting @ finalize(): wid
</Attributer & catagoryNo: Sving @ deletoCategury(category: egoy.madel Categony): vald
<hAttribute Name='manufacturer’ AttributeDataType='xz:string" ChangeMode='create’s = timeStamp; egos vl TimeStarmp| @ inseCategoryicategory: egov.madel, Cakegory): vaid
<Descriptionsmanufacturer of this hardware</Descriptions = modiyld: Sting @ lsxCategoryiz=archVD): gy, SearchVO): org, sprinahamewari . ModelMag
cUalvesUniversal Robotsesvalues = products: egon. et @ selec(Calequry estegory: eguvmatel Category): org. springiramework. ui Modellap
& ragDate: egow.u Tim atogory! egov model Catagary ) void

tamp © updateCatogory

</Atcributes e
<ATTribute Name='weight' ATtributeDatalype='xs:double” angeMode="create"> u usa¥n: St
<Descriptionsweight of this hardware</Descriptions

<Value>28.9</Value> L
odel to Mode e .
e

<Attrivuce on" Attr DataType="xg:double” ChangeMode=roreate”> @ ogov senico EqovC atsgorySaric
w0 SearchVD

7

<Attribute Name="length" ATCributeDaraTyp =ry" ChangeM ate"> @ InsenCateaoy(caEcony: 30 model.C Indet: I
@ seleciCategonyistisearchvo: egov.vo SaarchVD): egov. ulil Page| L4 VN S
: :

</Areributes
<Attribute Name="width" AL

ci updateCategury(catequey: egov.model Calequry): vaid Lalil [

buteDataType="xg:double” ChangeMode="areata"

~ [

<Dascription>width of this hardware</Descriprions =
it n ra n S O rm a I O n o ef>: !
buteDataType="xgy:double’ Unit='g? ChangeMode="create’s © eaov.modsl Product i . /

<Attribute Name="height" Ater
SereRmA {

<Descriptionvheight of this hardware</Description> -
</Aveributes . LT agovimpl EgoiCatea {
’ B twsDay: String O egoviimpl EgorCaten
</Attributes : e

InstanceOfCOLLADAInterface’ RefBas=ClassPath="AutomationMLInter N

<Externallnterface Name=

<Attribute Name="refType" AttributeDataType="xg:string” ChangeMode='create's o g w
<Descriprion>Reference type of the Colladalnterface</Description> o reqDate: egov, uil TimeStarma el stizesichyi: eaus,vo, SearchVD): eauv.ut Paos|
<Valuerexplicit</Value> = selAmount: int e gary (category: egow.model, Category): void i
<Constraint Name="TefTypeConstraint'> " oSty |

<HominalScaledType> = seQuansty! in s
<RequiredValue>explicit</Requiredvalue> @ egovramennoik e, sample dao CalegonyDA0
<RequiredValuerimplicit</RequiredValues =

S ComgonDADD) o
</NominalScaledType> ]
</Constraint> » delsieCateqonyicatmaon: eqnvmode.

</Attribuce> @ inser ategory{category: ege 1,Cs

<Attribute Name="refURI" ATLributeDacaType=rxs:anyURI" ChangeMode=rgreata’> ‘@ seleciCategoryisir: Shing): eger. mods! Calegory
<Description>Reference URT of the ColladaInterface</Descriptions ® selectCategory searchVO: egov, v, SearchVO): egov, utll Page|

» updateCatmgary(catagory: egov modsl Category): void

<Value>./UR10.dag</Value>
</Areribuce>
</Externallnterraces
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Formal Semantics in MDSE ﬂ(IT

Karlsruhe Institute of Technology

e Benefits of applying formal semantics in MDSE:
- Externalize knowledge into ontologies
— Sharable, extendable, adoptable
— Extend existing descriptions by reasoning techniques
- Formal verification and validation

Domain Application vee
Knowledge Knowledge ¥ .28 ROS
> <€ Q %\\ ./ industrial
ReApp ‘&‘\
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Automated Reasoning A\‘(IT

Karlsruhe Institute of Technology

Component to ROS propagation via complex role inclusion axioms:

dhasFunctionalPart o hasROSTopic E hasROSTopic

dhasFunctionalPart o hasROSAction = hasROSAction

,’% JhasFunctionalPart o hasROSService E hasROSService
\\ UR10 & JhasROSTopic.JointState
el UR10 E FhasROSAction.FollowlointTrajectory

UR10 E FhasROSTopic.lOStates
UR10 E FhasROSService.SetlO

4th AutomationML User Conference 16 @
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Component Compatibility J(IT

Karlsruhe Institute of Technology

Signallnterface “In"

IOConnection E

( A'hasEndPoint.(Signallnterface M 'hasValue.“In“)) M

( A'hasEndPoint.(Signallnterface M !'hasValue.“Out®))

Signallnterface “out™
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Code Generation ﬂ(IT

Karlsruhe Institute of Technology

— Java engine to convert RDF Graph to Ecore
— Eclipse based model-to-text transformation

< /AutomationML> RDF Graph Ecore

4th AutomationML User Conference 18 @
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Some Code Examples J(IT

Karlsruhe Institute of Technology

fserver . h>
ple act
ri10Config.h>

=erver.h>

<sensor_msgs/JointState.h>
1 sgs/FollowJointTrajectoryhction. hi
IO0States.h>

gs/SetI0.h> claunchs

/ other includes

#include <reapp url0_common.cpp> <node name="url0 node" package="url0 driver" type="url0 node" nz="rchot":»
<param name="trigger solder start out" value="ur digitalOutl"/>

class reapp urll_ros <param name="trigger solder stop ont" '-.-'a'_';e=“ur_d:1g:’ltalGth“/>

<param n

ros::NodeHandle n_: </noder
ros: :NodeHandle np_:

ne="read soler status in" value="ur digitalInl"/»

<node name="atn lkr3 node" package="atn 1lkr3 driver" type="atn lkr3 node" nz="solder">
reapp url0 data component data ; — — — — — —
- - — - n =n 5 sn" walune=" 3 i n
reapp url0_config component_config : <param name="trigger solder start in" value="atn digitalInl"/>
reapp_urll_impl component implementation ; <param name="trigger solder stop in" value="atn digitalln2"/>

<{param name="read solder status out" value="atn digitalOuti"/>
ros::Publisher joint states ; i N . . . . -
. J - - <remap from="io states" to="/robot driver/io states"/>
ros::Publisher ioc states ; — — —
- - - =n igh =n i igh
ros:iServiceServer set_ic ; <remap from="set io" to="/robot driver/set_io"/

ros: :5irr.pleRct,ionServe:r<cont,rol_rr.sgsfFollowJoint.Trajectoryﬁction} as_; </:3de>

wvoid configure ()

. </launch>
component implementation .configure(component config );
}
void actionCallback joint_trajectory(const control_msgs::JointTrajectoryGoalConstPrr &goal) Pa rt Of the Code for Systel I l
1

code here!

| [/ rrese e e eeas e configuration

Part of the code for robot control

4th AutomationML User Conference
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The Engineering Pipeline J(IT

Karlsruhe Institute of Technology

Reuse of AutomationML Models

—

Component Application System
Development Development Configuration
AML Model AML Model ,
[ Modeling ] ores { Modeling ] ores [ Modeling ]
AML Models ! AML Models AML Models

- — — — --

1
I
I
I
4

[ Processing ] [ Processing ] [ Processing ] J

Semantic Models

- — — — -

Semantic Models Semantic Models

wJojsuel] apo) 0} |9POoN

- - - - -

I
1
1
1
1
A 4

[ ROS Code ] { ROS Code ] { ROS Code ] J

- - - - -

4th AutomationML User Conference 20 @
Esslingen, 18.10.2016 i



Demonstrator ﬂ(IT

Karlsruhe Institute of Technology

= Small lot size

= Stable quality

= human resource costs
= Flexible reconfiguration
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The AutomationML Model S(IT

Karlsruhe Institute of Technology

~) £ ReAppHardwareClassLib
w E HardwareBaseClass { Class }
w E URL0 { Class HardwareBaseClass }
w E SICK-PIMED { Class HardwareBaseClass }
w E SICK-OD1-B015H05114 { Class HardwareBaseClass }
- E Mayser-EKS-026 { Class HardwareBaseClass |
w E ATM-LKE-R3 { Class HardwareBaseClass §
w E ER-PC-910 { Class HardwareBaseClass }

~) "B DDECel

Instance0fURL0 { Class UR10 Role }

v InstanceOfATN-LE-R3 | Class ATN-LK-R3 Role }

w InstanceOfSICK-OD1-B015H05I14 { Class SICK-OD1-B015H05I14 Role }
v InstanceOfSICK-PIMG0 { Class SICK-PIME0 Role }

w InstanceOfMayser-EKS-026 { Class Mayser-EKS-026 Role }

W InstanceOfBR-PC-910 { Class BR-PC-910 Role }

v E SolderRobotConnections { Class Role ICPhyiscalMetworkRoleClass }

<

| [IE] BumperRobotConnections { Class Role I0PhyiscalNetworkRoleClass }

w E RebotPCConnections { Class Role EthernetPhysicalMetworkRoleClass }
v E PimPCConnections { Class Role EthernetPhysicalNetworkRoleClass }
v E ODMiniPCConnections { Class Role SerialPhysicalNetworkRoleClass }
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ReApp at Hannover Messe 2016 A\‘(IT

Karlsruhe Institute of Technology

ReApp - PD3

Automated Soldering with Reusable programing components

| Wiederverwendbare
. Roboterapplikationen fiir
flexible Roboteranlagen basierend auf

ReApp ROS-Industrial

4th AutomationML User Conference
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Summary A\‘(IT

Karlsruhe Institute of Technology

v Modeling of robot components and systems using AML

v Semantic uplifting of AML models

v/ Utilizing formal semantics and automated reasoning in MDSE
v’ Generate ROS code to ease implementation

» Extend AML modeling with software components

» Incorporate PLCopenXML to generate process logic

» Improve generating geometric and kinematic configurations from
COLLADA
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e of Technology

Thank you for the attention!

Any Questions?
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