09:00 - 09:20 Talk: Towards an open and industry-grade European robotics software ecosystem
Presenter: Christian Schlegel

09:20 — 10:00 Interactive Tool Demo: Open source Eclipse-based tooling for system composition:
Piecing together software components to pilot applications Presenter: Dennis Stampfer

10:00 - 10:45 Interactive Tool Demo: Open Source Eclipse-Based Tooling for Component Builders:
Middleware Agnostic Robotics Software Components Presenter: Alex Lotz

10:45 - 11:15 Coffee Break
11:15 — 11:55 Interactive Tool Demo: Safety-analysis by model-driven tooling Selma Kchir

11:55 - 12:35 Interactive Tool Demo: Stepwise Migration to Model Driven Development: Linking Legacy
Systems via the Mixed Port Component, Linking ROS Systems, OPC UA Systems etc. Presenter:

Dennis Stampfer, Alex Lotz

12:35 - 12:55 Talk: Overview, motivation, benefits of model-driven approaches in robotics: What-if
analysis, compliance, predictability, etc. Presenter: Herman Bruyninckx

12:55 — 13:00 Wrap Up: Summary of what to find where, how to get involved etc. Presenter: Chrisfian
Schlegel

N
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RobMoSys

Tutorial “Model-Driven Robot Software Engineering:
From ROS-specific coding to framework-agnostic modeling”

Interactive Tool Demo:
Piecing together software components

to robotics pilot applications

This project has received funding from the
European Union's Horizon 2020 research
and innovation programme under
grant agreement Mo 732410,

Hochschule UIm
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Outline lﬁ

RobMoSys

Introduction

Modeling systems

Modeling and implementing components
The Digital Data Sheet
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RobMoSys Tooling: Realization alternatives

RobMoSys

conformsto conforms to
Scientific Hypergraph MOF \l/__|
grounding: °
Hypergraphs conforms-to AN - N\
conforms to
Cﬂnfurms tﬂ cgnforms to
Block-Port-Connector,
NPC4, Constraints,
Relations, etc. Block-Port-Connector
: conforms-to UML/SysML
AN A
RobMoSys composition conforms te conforms to

structure: extends
Blocks: Relations: Views: RobMo Sys
- Service - Middleware - Component
- Component Binding Developer V. composition-structures R:;thlu%rsgclnre - b fil
- Activity - Wish - Performance V. (Meta-Madels) etaModels [ _____ B ___ToMCoClI S .. RobMoSys Profile
- Task Fulfillment - Service V. \ ;"
= e Rl T llf

\ conforms-to - -
Dumain-speiific Varlant 1: Varlant 2:
N\ to robotics. SmartMDSD Toolchain Papyrus4Robotics

SmartMDSD
Toolchain

powered by
SmartSoft,

= eclipse

ZE(Sirius




Where to get the SmartMDSD Toolchain

« SmartMDSD Toolchain easy entry:
- Available as standalone installation
- and pre-installed/ready-to-go virtual machine image!
- https://robmosys.eu/wiki/baseline:environment_tools:smartsoft:start

Tutorials

- https://wiki.servicerobotik-ulm.de/tutorials:start

- https://wiki.servicerobotik-ulm.de/how-tos:start

Log In
=
] 1 Search
3 SRRC Wiki .
3 Service Robotics Research Center Recent Changes Media Manager Sitemap Mainpage
'g at Ulm University of Applied Sciences
You are here: Service Robotics Ulm: Technical Wiki » The SmartMDSD Toolchain
Trace: - The SmartMDSD Toolchain
Artmc

The SmartMDSD Toolchain

The SmartMDSD Toolchain is an Integrated Software i e e R

Development Environment (IDE) for system compositionin = luer® "0 w_.,“.__“_ ) '

an rabotics software business ecosystem. It supports the — 3 g ‘:m T e

different roles that act around the development of robotics = =T = - O

systems to offer building blocks and/or use building blocks to o —t ';_—__-—-

build systems. || ——

S
Robotics solution providers can use the SmartMDSD = e

Toolchain to develop software components. Robotics System
Builders can use the SmartMDSD Toolchain to compose their
sytems from previously developed software components. For
both of them, the SmartMDSD Toolchain provides guidance t i
through tooling and enables users to gain benefit from 20 years mm=— | [ E H
of best-practices of robotics component and system == E

develonment The SmartMDSD Toolchain is based on the —K

&o

RobMoSys


https://robmosys.eu/wiki/baseline:environment_tools:smartsoft:start
https://wiki.servicerobotik-ulm.de/tutorials:start
https://wiki.servicerobotik-ulm.de/how-tos:start

SmartMDSD Toolchain

The SmartMDSD Toolchain is an Integrated
Development Environment (IDE) for robotics
software to support system composition
according to the structures of RobMoSys.

i/

Strong in building real systems

& eclipse
S Sirius
Xtest

Industry 4.0 Intralogistics Pilot

Ecosystem Tiers
and groups of roles

-

Very mature, Used in Products delivered by FESTD/E,ZI

Tier 1

Drivers

Ecosystem

i
" 2“‘

Domain [~ -

R

Tier 3

"t

Ecosystem :I
Users I

Enabling access

Composition
of previously

to the RobMoSys developed
Approach building
blocks
SmartMDSD
Toolchain
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Applications built with the SmartMDSD Toolchain

https://www.youtube.com/user/RoboticsAtHsUIm RobMoSys
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e C | & Secure | https:;//www.youtube.com/watch?v=cZz0HDI P

2 YouTube ™ Search

RobMoSys

Me

E{=

The operator places a box on tof
robot and presses a button to indicate

it is ready to proceed to the delivery
position.

Pl o) 1447430 @ (=] O [

Dealing with Metrics on Non-Functional Properties in RobMoSys

43 views g0 &§l o .+ SHARE =} SAVE

bot
vality

trics



Ecosystem, Separation of Roles, Composition

Component
Supplier

[> SmartPioneerBaseServer

System Builder

se:
artPioneerBaseServer

ttttttt

Deploymer

Base Phnn:lg| ""‘f.‘
ion
Frth.la|§| oL E| Mlppgr|§|

B /tmp &Gm £ MainCPU

- &

Expert
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RobMoSys Modeling Directory

® e
‘\ RobMoSys Wiki
hitp/fwww.robmosys.eu
RobMoSys

You are here: RobMoSys Wiki » RobMoSys Model Directory

RobMoSys Model Directory

page for a legend.

Tier 2 Domain Models

Name Description

& CommBasicObjects

A collection of very basic service definitions and
communication objects for use in almost every

A list of domain models, software components and systems for use with RobMoSys Tooling. Please see end of

RobMoSys

robotics system.

A collection of domain mor
navigation.

@ CommMNavigationObjects

A collection of domain mol
Robotino robot.

& CommRobotinoObjects
& CommLocalizationObjects A collection of domain mol

A collection of domain mol
manipulation.

@ CommManipulationPlannerObjects
& CommManipulatorObjects A collection of domain mol

@ CommObjectRecognitionObjects A collection of domain mo

IROS 2019 — RobMoSys Tut<I

Search
Recent Changes Media Manager Sitemap Mainpage Impri
jel-dire
Table of Contents - =
| https://robmosys.eu/wiki/model-
RobMoSys Model Directory
Tier 2 Domain Models "
Tier 3 Component Models d I reCtO ry'Start
Tier 3 Systems
Explanation/Legend
Purpose Vendor Tooling Status
Universal HSU SmartMDSD = Ready
Toolchain v3
Tier 3 Component Models
Name Description Purpose Vendor Tooling Status Fig
& SmartCdlServer Implements the Curvature Distance Navigation HSU SmartMDSD = Ready a
Lookup (CDL) algorithm for fast local Toolchain v3 :
obstacle avoidance. It considers the a
dynamics and kinematics of the robot, : |
: Tier 3 Systems
& ComponentLaserObstacleAv
Name Description Purpose  Vendor Tooling
; i @ SystemTiagoNavigation A pilot skeleton that covers | Navigation | HSU SmartMDSD
% ComponentPlayerStageSimu the navigation aspect of Toolchain v3
the Intralogistics Industry
4.0 Robot Fleet Pilot and
Assistive Mobile
Manipulation Pilot. This
system covers the TIAGo
. Robot in
& ComponentSymbolicPlanner simulation/Gazebo.
f SystemP3dxNavigationRealworld A pilot skeleton that covers = Navigation = HSU SmartMDSD

the navinatinn acnect of

Toalehaim w2



workspace-v3 - platform:/resource/SystemintralogisticsPilot/representations.aird/SystemintralogisticsPilotComponentArchitecture - Eclipse

Synchronized diagram

File Edit Diagram Mavigate Search Project Model Converters smartsoft Tools Run Window Help
;rﬁ'.--\ . I'E%AC%'”%E®'§'§#'°'Q'EB 9"";= x MR SV ¢ |'QuickAccess\|§§,>
2 Model Explorer £ = 0O || & SystemintralogisticsPilotComponentArchitecture 231 ]
BS v|2-®iv ¢|Ovw~ mg @] Qalns v = S palotle b
| type filter text a e N ———— L O & b o (hR*eD--
—u . . . _ [ CommPlennercach ict System Tools
» &> ComponentskillServer [ComponentRe e ri [‘} nlylmportt:om
|* & ComponentStateTest [K] Bormeenes (g ; ] o m——— [ 4] [ commeninee miapout E;c tI
» > ComponentSymbolicPlanner [Compor N mﬂﬂmm{K_} Sonme thiaasoncos o . ompon-en
» @2 > ComponentTTs [ComponentRepositol ) TE"I_ s [‘}_ [!}'“m ¥ Connection
» 24> ComponentTTsClient [ComponentRep mcsmesenicen (K} I ] iti Requiredser...
» &5 > DomainPTU [DomainModelsRepositol I . e [Fl Providedser...
» =% > DomainSpeech [DomainModelsRepos WERTI [ commesespe & emmaterentrr {lt Parameters...
» =5 > DomainSymbolicPlanner [DomainMoc| um.r‘]
» =% DomainTestPiLongLong . 8 fociessivirogramis ot =
|» 34> SmartAmcl [ComponentRepository m: T g [ commiaigationtelociy R
» &4 > smartcdlServer [ComponentReposito i L4 T
» 24> SmartGazeboBaseServer [Component T @]’ : : Y [ commasesiate
» i smartGazeboManipulatorServer [Comr
» 2> SmartGMapping [ComponentRepositc EJr=c kT (A0
» 24> smartJoystickNavigation [Componen = e e ) _
» 27> SmartJoystickServer [ComponentRep "‘“‘"’“’—:"‘““ :’l
» 25> SmartLaserLMS200Server [Componen S sonUpdstesenicen
| &> SmartMapperGridMap [ComponentRe =
» 11> SmartOpenRave [ComponentReposite .
» &> smartPioneerBaseServer [Component G ychargerDocking 1 =
» 24> SmartPlannerBreadthFirstSearch [Cor .j [ Commerigationvelocity
» 24> SmartRobotConsole [ComponentRept :I"' e 2 Rl
~124> SystemintralogisticsPilot [20181123-D Basestateservicein ‘: S r—
» =i Project Dependencies i componentskillserver
» @ JRE System Library [java-8-openjdk-am “"“"‘"“"'“"‘i.rt_ll ey
» i model [E] CommMobileiRscan
» =\ Referenced Libraries 3 CompanentRcbatinaitserver e e e L e et
~ (> datasheet-gen Compomenthcotinamtenie e
Eq systemintralogisticspPilot.skills.json CommumabiRou = s A
¥ % > smartsoft
» [ representations.aird ! =
@ SystemintralogisticsPilotComponents 'T"I & b e :mg
» 34> SystemLaserObstacleAvoidP3dxPlaye [5) commuatgieRscan LocslizationEventsenviceOut _{"}m&m"mm-
|» 4> SystemLaserObstacleAvoidTiagoGaze 3 ComponentrestoMPSDocking: -y ]
» 4> SystemP3dxNaviaationPlaverStaaesSir ] cmlim!l‘_l-- II_. —[’]umm
Soutine| o BET v = O 1 toesenvcen I}
T 3 ; o - —
et :Iil [
. : ;. i:l' 5] commmabileLaserscan
HE L] LeserServicen || _i
: 'T [ CommMobileLas erscan

e
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Replacement of Components

IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de
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Replacement of Components

~ = SmartMDSD Toolchain z
Modifying a Robot System: Exchanging Sensor
s Compoentsentogouncsever O Epen YR 0 gt e
ij}mmlm-mmr—.m laserPuchbesastCanate = :::j:::lm i b — [,Jm w::

SmartMDSD Toolchain - Modifying a Robot System: Exchanging Sensor

34 views g1 ®l o & SHARE =} SAVE
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https://www.youtube.com/watch?v=RHvvb6ITHG4
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RobMoSys

Demo:

Piecing together software components
The System Builder View

Example: Simple Navigation Example

Tutorial and screencast to reproduce at home:
https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-system:start
https://wiki.servicerobotik-ulm.de/tutorials:laser-obstacle-avoid-scenario:start
https://wiki.servicerobotik-ulm.de/tutorials:flexible-navigation-task:start

IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de 14
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Replacement of Components:
Flexible Navigation Stack

RobMoSys

Flexible Navigation Stack

03 ‘CompanentPurePursuitNavigation: L 03 ‘ComponentiavigationPlanner:
‘ComponentPurePursuitMavigation ‘ComponentMavigationPlanner
.. Bl commelannercositis
CommPisnnearGosllistSenvicsn [‘] E]Phnnumm
[ ri'!pau. Nanigation Goalsendicein
sthnavigation Gaslsenvicein {‘.]ﬂ__c""'""”“‘ MerviDetiod o S~
T
= { 4on
r =] dommeFathi g ation Goal
[ commescsthie 03 CompenentPathNavigationclient:
‘ComponentPathMavigati onClient
e | |Paﬂ| HawigationGoatserviceOut
ver e ’
I.%j i
[F] Commiasestate
_@]{nmmm botinsiOVsluesQuenySenicaansw - [ commEasestate
o sbeServiced
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Replacement of Components

SmartAchat Canwsle @ irtualBocimege Componenk

Werld | Hiait

i SysterlaserDbstacled .
o SystembaserDbstadledaoid TiagoGazeboSimulator [SystemB
o SyslemPIdaNavigalionPlayerslageSmulalon [SyalemF 5
o5 SyslemP3deNavigationRealierld |Syslembep
i SystemTiageNavigation [SystcrmBepository mast =1 € oor il e
g = SystemTiagoblavigation |repos tor i L ] I
=
= Project Dependarcies
m RE System Ubrary |[nva-8-open|di-ami6s
= = el
B SystemTiagaNavigation activitydnch
5 SystemTiagoNavigalion.compenentardh
B Swstem Component Archileclure SyslemTiagoNavig:
& Systom Tisgohlavigation
T8 Camipanent Instarice SmatColerver '_l"ag,..,ah.,.;, T
™% Companent instanca SmatMapparGridMap =
T Campanent Instanca SmanFannarBresdthFArsSe:
O Companent Instance SmanmobotConsoie
O Campanent Instance CompanentBrdgeTiagolase

Proparty

= —
j!m

JinceSereicel

D Consoba 1

SyslemTiagohiavigationTesiReplacemenLDepl oy ndRur

=
Deplopmest o device Virmsal@owlrage finished.

RobMoSys tooling in TIAGo robot

|-

& [« O {3

https://www.youtube.com/watch?v=FCvK9dAZXPo

RobMoSys



Ecosystem Tiers
and groups of roles

Tier 1

Ecosystem
l Drivers

Ecosystem Organization

Tier Elements

Composition

Structure

conforms

to

Tier 2

_ Domain [~~
R l Experts =~

Domain-

Models

Tier 3

il | | =

onforms
to

Content for

Exchange

IROS 2019 — RobMoSys Tutorial —

In terms of modeling

meta-meta-model

meta-model

model

November 8" 2019 — Alex Lotz lotz@hs-ulm.de
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RobMoSys

Demo:

Modeling and implementing
a Software Component:
The Component Supplier View

Example: Simple Obstacle Avoidance Component

Tutorial and screencast to reproduce at home:
https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-component:start
https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-domain-model:start

IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de 18
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Outline &@

RobMoSys
 |ntroduction

 Modeling Systems
 Modeling and implementing Components
 The Digital Data Sheet
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Digital Data Sheet

RobMoSys

— T T T T T T T T e e — 1

I_ Software Building Block (e.g. Component) |

[ I

igi I

[ Software represents Digital I

| Artefact Data Sheet I

obMoSys |l . " 1 L

conformant to compatible to industry 4.0
RobMoSys asset administration shell
e N e ——— e

r Software Building Block (e.g. Component) I Software Building Block (e.g. Component) :
E r" 5 Ew- o eee : I H . . I
séRONet - ,'<l> :::ROS P Descriptive Part: Technical Part: i
il | Manual annotations Generated from Models |
RobMoSys RobMoSys RobMoSys RobMoSys RobMoSys | I Semantic modeling, focus on Technical modeling, focus |
e gy s Pots || searching and selection: on composition: I
SmartSoft Ports Plain OPC UA Ports  Plain OPC UA Ports ROS Topics I - Application domain - Component Model, |
netiie éﬂtr;“pk;:{;i'tg;égj) I - Performance attributes - Communication Patterns |
] I - Common speech in domain - Variation Points |
__ J | - Restrictions - Resource Constraints |
= =l | - |

RobMoSys System

IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de 20




&

RobMoSys

Digital Data Sheet

Emmmmm
ws - CommBasicObjects/datasheet-gen/CommBasicObjecks.ttl - Eclipse 3 SmartAmct 3 SmartGMapping:
Smartamel SmartGMapping
; ' T « 3 =gy 3 3 3 _
v R ARG 2R S-S RED O -RviCc A Yooy~ ocststant e L{@]-mesenotueceiamas
| Quick Access | =R J i
& Model Explorer &2 = g
= = CommBasicObjects.domainModelsDatasheet & = CommBasicObjecks.types
S ¥ 1 DomainModelsDatasheet CommBasicObjects A =
( . Y 2 baseURI : "http://www.servicerobotik-ulm.de"
type filter text a 3 shortDescrition : "The generic domain models shared by many other domains"
» i . . 4 license : spdx ( "LGPL-3.0-or-later” )
5 > CommBasicObjects [Domaini 5 }

| Artefact Data Sheet

obMoSys |

conformant to
RobMoSys
—_ [ =N\ = o e s . . e S e . e
r Software Building Block (e.g. Component) : I Software Building Block (e.g. Conyponent) |
I E ; T [E]]u. eee I 1 1 i I
|SQG*I‘1I;t E ﬁ - - - :::ROS } I Descriptive Part: Technical Part: i
: — | Manual annotations Generated from Models| |
I RobMosys RobMoSys RobMoSvs -RobMoSvs.RobMOSys } : Semantic modeling, focus on Technical modeling, focus I
Ports Ports Ports Ports Ports = H =

I searching and selection: on composition: I
| Smao Ports Plaln DF’C UA Ports Plain OPC UA Ports ROS Topics I I = Appﬁcation domain = Component Model, I
ipsthidiriest] é;:;“;;:{;,irg;(;i) I - Performance attributes - Communication Patterns |
_______________________________ I - Common speech in domain - Variation Points |
| - Restrictions - Resource Constraints |
' |

RobMoSys System
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Digital Data Sheet

ws - CommBasicObjects/datasheet-gen/CommBasicObjecks.ttl - Eclipse

Nyl D B AR ORI REDN O -Rvic I H oY

r 1_ ocalization: Lln-dm- It
—l‘]

't

|jQuickAccesst|.i = ([

= H

B Model Explorer &2 = 7
<}:=*> =4

= CommBasicObjects.domainModelsDatasheet 2 | = CommBasicObjects.types

1 DomainModelsDatasheet CommBasicObjects {

2 baseURI : "http://www.servicerobotik-ulm.de"

shortDescrition : "The generic domain models shared by many other domains”
license : spdx ( "LGPL-3.0-or-later” )

@l

| type Filcer text a |

Lo L

~z5 > CommBasicObjects [DomainM

Component Parameters SmartCdiServerParams

[roboteone] conpanrtsaen Toing wmivoiseoe ¢ (Y

InternalParameter PathNav

Attribute Name Attribute Type Description
pathNavPredictedGoalPose_controlll_dist  Double
pathNavPredictedGoalPose_controlll_speed  Double

_ pathNavPredictedGoalPose_controll2_dist  Double

pathiNavPredictedGoalPose_controll2_speed  Double

The marketplace
for service robot
components

Component manufacturers can use the

platform to familiarize their hardware and ~ paihNavPredictedGoalPose_controll3_dist  Double
S e i) , 7 pathNavPredictedGoalPose_coniroll3_speed  Double
customer base of system integrators and W - -
robot developers. For the customer, the — Y pathNavPredictedGoalPose_minDist Double
L)
n "

marketplace provides easy and
transparent access to information about
various products from the service
robotics category.

pathNavRecover_max_dist Double

robotBlacked_event_timeout uint1e timaut for robot beeing block in secons
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Behaviour Coordination

s The fancy BehavierTree Editor

Tasks
Delivery

Abstraction Levels

|

SmartTCL

MoSys

MISSION

ROBOTIC
BEHAVIOR

Skills:

[PPE— o s
»,

COORDINATION pick up box
SERVICE goto
drop box

COMPOMNENT FUNCTION

L

EXECUTION CONTAINER

0S / MIDDLEWARE HE BN BN BN BN BN BN BN BN BN BN B O .
J I [ CommBazeState ) I
HARDWARE s it st 0
Localization EventSenviceDut r%}mm sonU pdateSeniceOut I
loMUMMIII?:!i_{i}m _ I

l'|"_' [F] CommssabileLasersoan
‘ComponentLaserLMSioc I
I = [ commabileLagerscan BcunputultLasuLmln I
I [] commuabileLaserscan ‘L’ L m[:‘] I
I [5] CommMabilelaserscan I
i
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Behaviour Coordination

Robotic Behavior in RobMoSys using Behavior Trees and the SmartMDSD Toolchain
https://www.youtube.com/watch?v=54 skOuHsds
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Behaviour Coordination

Abstraction Levels

MISSION

ROBOTIC
BEHAVIOR
COORDINATION

SERVICE

COMPOMNENT 4 FUNCTION

EXECUTION CONTAINER

05 / MIDDLEWARE

HARDWARE

Tasks
Delivery

SmartTCL

MpDSys

Skills:
pick up box
go to @

drop box

Il I I N N I N ENENNNNNNB

J I ] CommBss eState ! I
Localizstion EventServiceDut r%}mmlm sonUpdateSenviceOut I
N 1

'T'_' ] commbsobilelLaserSoan I

= i

I =] commbsiobilelaserSoan __=|i o ) 5 iceln [:‘] I
: [2] CommMobileLaserSean I
i
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Behaviour Coordination

T Ve
xﬁ._ S

e |

Intralogistics Scenario: Flexible Context Model Adaptation for Robotic Order Picking

https://www.youtube.com/watch?v=5116bGhXBr8
IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de




¢

RobMoSys
« RobMoSys serves the robotics community by collecting and
consolidating best practices and approaches related to model-
driven, composition-oriented robotics software
engineering

Take away messages

« The RobMoSys philosophy is to use the right approach for
the right problem by the right expert, and to support the
handover of information and artefacts between different
experts

 RobMoSys provides matured and ready-to-use modeling
tools with code generation and model checks that offer
iImmediate benefit for the design and implementation of real
robotic software systems
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09:00 - 09:20 Talk: Towards an open and industry-grade European robotics software ecosystem
Presenter: Christian Schlegel

RobMoSys
09:20 — 10:00 Interactive Tool Demo: Open source Eclipse-based tooling for system composition:
Piecing together software components to pilot applications Presenter: Dennis Stampfer

10:00 - 10:45 Interactive Tool Demo: Open Source Eclipse-Based Tooling for Component Builders:
Middleware Agnostic Robotics Software Components Presenter: Alex Lotz

10:45 - 11:15 Coffee Break
11:15 — 11:55 Interactive Tool Demo: Safety-analysis by model-driven tooling Selma Kchir

11:55 - 12:35 Interactive Tool Demo: Stepwise Migration to Model Driven Development: Linking Legacy
Systems via the Mixed Port Component, Linking ROS Systems, OPC UA Systems etc. Presenter:
Dennis Stampfer, Alex Lotz

12:35 - 12:55 Talk: Overview, motivation, benefits of model-driven approaches in robotics: What-if
analysis, compliance, predictability, etc. Presenter: Herman Bruyninckx

12:55 — 13:00 Wrap Up: Summary of what to find where, how to get involved etc. Presenter: Chrisfian
Schlegel

‘ IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de 28



RobMoSys

Tutorial “Model-Driven Robot Software Engineering:
From ROS-specific coding to framework-agnostic modeling”

Interactive Tool Demo:
Stepwise Migration to Model-Driven Development

This project has received funding from the
European Union's Horizon 2020 research
and innovation programme under

grant agreement Mo 732410,

Hochschule UIm

jf)(ﬁ ’m e (f,(ﬂ PALE SIEMENS RobEC':WD'}ed = cclipse

MUNCHEN COMA

Associal tion

IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de 29



Scientific
grounding: °
Hypergraphs

NPC4, Constraints,
Relations, etc.

RobMoSys composition

structure:
Blocks: Relations:
- Service - Middleware
- Component Binding
- Activity - Wish

- Task Fulfillment

Block-Port-Connector,

Views:

- Component
Developer V.

- Performance V.

- Service V.

conforms-to

!\conforms—to

\ conforms-to

A

Recap: RobMoSys Tooling: Realization alternatives

RobMoSys

conformsto
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RobMosSys
 Part l: Mixed Port Components

« Part Il: Middleware Agnostic Modeling
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RobMoSys

Builder role
Composing
RobMoSys-
conformant
components

RobMoSys conformant
components for
composition.

Encapsulated
building blocks of the
specific frameworks.

Component

RobMoSys
Component
Supplier role

Mixed-Port Components

RobMoSys

Component

ROS Nodes

&

RobMoSys

RobMoSys
Component|
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Replacement of Components: =
Flexible Navigation Stack

RobMoSys

Flexible Navigation Stack
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&o

RobMoSys

Mixed-Port Components

L K B R a =l

P »l o) 716/735 « [« O L

Using the YARP Framework and the R1 robot with RobMoSys (CARVE ITP)
https://www.youtube.com/watch?v=p466dW-IU4wé&t=51s
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Mixed Port with OPC UA

'_v.b; T
|
Proy

rer 5

P CommBasicobpscks

¥ -5 CommMavigationChjects

rHSmartCazeboBaseServer

S smartlaystickMavigatian
+ e Praject Dependencles

FiEmadel
Fiincludies
bz bin
+=-model
+-smartsoft
opcba.xml
¥ README.md
= [ representaticng. aind
=& CompurentBefinitionView poinl
= £y ComponentDefinition Diagram
T TR T
kP SmartfoysbickSerer
= EystemloystckDemo
+E Praject Dependendles

ES Cutline B

F i JPRE Sstem Library [java-tapenjedk-a

¢ vk B

il ]

S

& SysteminystckDemolampanentarchitecture

ol s-] = W O 00 | H

FwBiw o @y v

A Sysbem oyt diDema Target™ latform

3 Joyatickioy Task

T ]

i SmartiaystickMaviaation

J +} CamparastMedar |

Crorsre . M
e

1 Tasks [ Propertses 3 |2 Console
O Componant Daf Modal
Cwehural el r

Semantic
Behaviars

Decurmenbation
Fasders B Grid
AppEArance

by Vel St

A SystemdnystickDema Deployment

Developing an OPC UA Server: Using the Plain OPC UA Port (ReadServer)
62 views * Published on Jan 22, 2019

ile ©

9

RobMoSys

& SmartboystickMavigation 22 3
= Paleite ]
E*e .-
B Component Tooks
b Activity Toods
¢ Coardination Taols
&) Sehohics Toals o

M scnnbick Fart {Input]
1Met-Pork (Dutput)
ert ro SefaMetPart

= 4 Maln OPC U Port {DovlcoClions)
# Flain OPC U4 Port {ReadServer)

~ SHARE =} SAVE

IROS 2019 — RobMoSys Tutorial — November 8" 2019 — Alex Lotz lotz@hs-ulm.de 35



Replacement of Components:
Manipulation

RobMoSys

Manipulation Stack
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Replacement of Components:
Manipulation with e.DO

¢

RobMoSys

CLIENT/SERVER

JoptckStrncein

Example of Manual Guidance device
for intuitive Jog (joint and cartesian)

Su bsnrlbers

D - - - - — - — - - &% -
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G

RobMoSys

Demo:

Mixed-Port Components — Accessing ROS nodes

Example: ROS Joystick

Tutorial and screencast to reproduce at home:
https://wiki.servicerobotik-ulm.de/tutorials:ros:mixed-port-component-ros
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e Part I: Mixed Port Components

 Part lI: Middleware Agnostic Modeling



RobMoSys
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RobMoSys-
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components

RobMoSys conformant
components for
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building blocks of the
specific frameworks.

RobMoSys <

Component
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RobMoSys User-Story:
Middleware Late Binding / Middleware agnostic modeling

RobMoSys

Abstraction Levels Coordination Layers
([ B B B B B B B B B B |
i MISSION L Deliberative Layer
3 I |
TASK |
ROBOTIC i :
BEHAVIOR 1l 1 Sequencing Layer
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; ||
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i
[ EXECUTION CONTAINER Skill Layer

=
-
- ®

CORBA
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RobMoSys

Demo:

Middleware agnostic modeling

Example: Navigation Stack
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¢

RobMoSys

 Expressive and consistent communication semantics together
with a middleware abstraction layer and a middleware-
independent API are important aspects that exist in
RobMoSys from day one

Take away messages

- Middleware technologies evolve over time, so it must be possible to easily
adapt to new middleware solutions (or even support multiple
middlewares) with ideally no modifications of the component code

* RobMoSys does not exclude approaches as ROS, instead,
it actively supports linking to and gradually migrating from such
approaches using the Mixed Port Component idea
- RobMoSys goes beyond what is currently possible with approaches like

ROS, by implementing the consolidated body of knowledge within model-driven
tools with respect to composition-oriented robotics software system development
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