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autonomous mobile service robots

. i Service Robotics Ulm
Outline E

« What is SmartSoft?
e A brief history of SmartSoft
 Parts of the SmartSoft World

« Benefits of using SmartSoft
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Service Robotics
I ‘ autonomous mobile service robots

What is SmartSoft?

service robotik

The SmartSoft World includes:

Structures Tooling
Stable structures guiding robotics Realize the structures
software development to enable via MDSD/meta-models to
the flexible composition of make structures accessible
building blocks to robotics and guide users in applying
systems in an ecosystem them.
approach.
|

Infrastructure m Software Components
Exchangeable reference A collection of building blocks
implementations of the for immediate composition to
SmartSoft Framework for several new robotic systems.

platforms and operating systems.

SmartSoft is an umbrella term for structures, tools and building blocks to build robotics

systems: a systematic development methodology, best practices, implementations and
software components.
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Service Robotics Ulm

autonomous mobile service robots

A Brief History of SmartSoft

service robotik

: 2013 - 2016 2017 - 2021
FIONA

. SeRoNet
" - Toolchain V2 (TRL 6) - Compostion Structures GER

- Location Based Services Domai - Platform
- Building Blocks

- Ecosystem + Compostion

1998 - 2003 2013 - 2016 . 2017 - 2020
. Uni Ulm, FAW i :: iserell  iservel &Q’ . RobMoSys
- Com. Pattern - Toolchain V2 RobMeSys - Compostion Structures EU
- Framework (CORBA) - Intralogistics Domain - Modeling
- Building Blocks
>
= 2008 - 2013 2013 - ... 2015 - 2016 2016 - 2019
£ | ZAFH - Servicerobotik __Robotino / Festo / REC | ECHORD++ MARS _ LogiRob
: . MDSD ' - User of SmartSoft i User from Agricultre Domain - Intralogistics Domain
’ - Toolchain V1 - Intralogistics Domain - Building Blocks - Building Blocks
- Building Blocks - Building Blocks rm Lodagi
- Shipped with Robotino3 Ars =09
2008 - 2013 2014 - 2016 2017 - 2020
0sc 0sC ntralogisti
_Bosch 1 FESTO !EE“M Bosch 2 __ZAFH Intralogistik
- Framework (ACE) Fermeranen - Toolchain Technology Preview (V3) - Intralogistics Domain
- LifeCycle - Non-Functional Properties - Building Blocks
) BOSCH () BOSCH o)
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The SmartSoft World includes:
Structures

Service Robotics Ulm

autonomous mobile service robots

service robotik

We work on structures for: We apply:
 Composition workflow « Component-Based Software Engineering

« Composability
« Separation of Roles
* Robotic Behavior

Think SOA rather than message centric:

A SOA (service-oriented architecture) has to ensure
that services don't get reduced to the status of
interfaces, rather they have an identity of their own

==Companeant==

S
{oomponant [ facycle

[Fatal }"\'iﬂ.’;‘.’.] |

E— (Sl
. L

Monitoring

Service-Oriented Architectures
Freedom from choice

Gain control over component hull

all relevant properties and parameters
explicated at the component hull

Threads / Mutex / Timer

Interface Execution Environment
Middleware Q5
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The SmartSoft World includes:
Structures

Service Robotics Ulm

autonomous mobile service robots

service robotik

e Communication Patterns:
Mastering the link between component inside / outside view

Principles of good service design: [Sprott&Wilkes, 2004]

| Comm. Pattern | Desctiption
f{ﬁﬂmpﬂ nent>> g I:I.DSB] Send one-way communication
Query two-way request-response
PushNewest 1-t0-n publish-subscribe
component sync { async PushTimed 1-t0-n publish-subscribe
dE\l'El'DFIEI' upcall ! handler o [
bulfar, ate. =
1y =]
E Config. Pattern | Description
User Code & | Parameter component configuration t
State/Lifecycle | activate/deactivate comp. services i WY SN
DynamicWiring | dynamic component wiring integrator
Event asynchronous notification
Middleware/0S Monitoring introspection of components
(internally based on communication patterns)

* reusable: use of service, not reuse by copying of code / implementation

» abstracted: service is abstracted from the implementation

* published: precise, published specification functionality of service interface, not implementation

+ formal: formal contract between endpoints places obligations on provider and consumer

* relevant: functionality is presented at a granularity recognized by the user as a meaningful service

July 11th, 2017

Ulm University of Applied Sciences
Schlegel, Lotz, Lutz, Stampfer

p. 8/19



The SmartSoft World includes:

Infrastructure

Service Robotics
I ‘ autonomous mobile service robots

service robotik

of the SmartSoft Framework

« Support for several platforms:

Linux, but also Windows, iOS, macOS

 PC, but also ARM/RaspberryPi, powerPC

Exchangable
middleware:

ACE

CORBA

Two exchangeable reference implementations

Current: ACE middleware, former: CORBA middleware
Additional tooling and build infrastructure

Execution Container

>~ Middleware + Operating

—

! System

July 11th, 2017

Ulm University of Applied Sciences

p. 9/19
Schlegel, Lotz, Lutz, Stampfer



The SmartSoft World includes:
Tools

Service Robotics
I ‘ autonomous mobile service robots

service robotik

 We use meta-models to express structures and to provide

MDSD-tooling that make structures accessible and guide participants
through the composition workflow.

« The SmartMDSD Toolchain v2 was ,demonstrated in operational
environments® (TRL 6):

SmartSoft - SmartCdlServer/model/SmartCdlServer.di - Eclipse

.
S : _ _ Role-specific support
File Edit ~# Diagram Navigate Search Papyrus Project Run Window Help B

R rojectExplorer 1 N P —— - - through views:

o % - !Component model i Palette

«Compencnts
¥ % CommBasicObjects A smartCdlServer NEEEY

* =i JRE System Library [JavaSE-1.6] -y «<smartsendserver» structire | «smartPushNawestClient»

& Nodes

. .

EL: + navVelSendServer: <Undefined> [1] P| + laserClient: <Undefined> [1] - Se rvlce Deslg n er

> #model L artEventServers ] L «smartPushNawestClient» A Edges
= Plug-in Dependencies [E] \palEventserver: <undefined> [1] «csmartMainstate] || + plannerClient: <Undefined=[1 | b SmartSoft © C t S |

» 4 Binaries L, «smar¥arameterSlaves moverobot 1 «smartSenddlient» G smartTask = OI I l po n en u p p Ier

[;| + paraMy <undefined=> [1] structure P+ navielseniClient: <undefined @ SmartTimer .
» &lincludes ! B h D I

L «smartStzthglaves L «smartPushNewestClient» -
» = bin [B] + stetesend <Undeineds [1] Q B+ UackingClienl: <Undefined> © | » T SmartSendHandler e aVIOr eve Oper
i rtTasks .
> z build » “sma 1 «smartPushNawestClient» » 1" smartQueryHandler S t B Id
+ Slave: defined=> [1] cdlTask + laserClient2: <Undefined> [1] - I I l

> = debian L]+ wiingstove: Ngdeined structure ?| +laserClientz: <Undefined> » 1 SmartEventTestHandler yS e UI er

P = MFTA-INF «smartComponentMetadatas — \ » T smartPushTimedHandler t
v = model <nformation «smartComaonentParameter» L E—— - elc.
¥ = commobject MeLadala [ Smart ool palette
CommBasicObjects.comm \‘ [> SmartC onentMetadata
* = parameter - " " [ . NP - mcban
D B smartcdlserver X ISEI’VICE properties I
Drag and drop of elements

Refering to communication fo model the component hull "

object model - v Support Via external
5 CommNavigationVelocity anaIySis tOOIS, e.g.:

Apgplied stereotypes:

= Proper 8

UML Lajt.]
Profile hd smartSendServer (From pridle)
Appearance » Ol smartSerdHandler: SmartSen dler [1..1] = NavVelSendHandler

Advanced » @ commObject: Class [1..1] = CommMNavigatiorvelocity = SymTA/S (TC V3 preVieW)
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The SmartSoft World includes:
Software Components

service robotik

E Service Robotics Ulm

autonomous mobile service robots

« A collection of SmartSoft components is readily available under Open Source
Licenses at http://www.servicerobotik-ulm.de

 They have been developed using the SmartMDSD Toolchain and are available
for immediate reuse, for example in robotics systems for:

<Manipulation> S:l

* Object Recognition .

» Navigation

« Manipulation

<Simulation> @
GazeboBaseServer

 |Localization

 Fleet coordination

 Simulation

« Human-Machine-Interaction

« Machine-to-machine communication
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http://www.servicerobotik-ulm.de/

Video

Service Robotics Ulm

autonomous mobile service robots

service robotik

Industry 4.0 Robot Commissioning Fleet in Intra-Logistics, using Service Robotics for
Order Picking (https://www.youtube.com/watch?v=qRSDxBOUVx0)

Youl ity ™ Search

»l .19- 041 / 5:11

s /7 4 o m 0 @

Analytics Video Manager

Industry 4.0 Robot Commissioning Fleet in Intra-Logistics, using Service Robotics for Order P
—— EE RoboticsAtHsUIm
July 11th, 2017 £} Channel settings —

317 views p. 12/19
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+ Addto s Share  +ee More


https://www.youtube.com/watch?v=qRSDxBOUVx0

An Analogy. :W4g Service Robotics Ulm
The PC Domaln § autonomous mobile service robots
i/o pins -—e i
Graphics Card o g
@ i el S « building blocks
GPU . with data sheets
Supplier Basic part CPU )
{(Intel graphics Supplier
e External View:  _ Internal  Basic part e different
Defined interface View (Il ornics b .
[ (PCI-Express) . o i/o pins<— ‘ stakeholders in
E e different roles
=4 l Standards _
:;—{, Committee ifo pins=— " Ba{sg;g}art . N
— composition
— P b3 instead of integration
E (Nvidia graphics 1 Office PC
= chip) —
Graphics Card Mainboard m — S Office
System L - Supplier
. . . . Integrator
External View: Mainboard
Defined interface
(PCI-Express)
E Laptop ifo FJIHS-I—I- ’ Power 5upp|y ) Ba[\;u;s;‘ir! —
e = Mainboard be
?_,f Basic part Builder
- (Memory)
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An Analogy:
The PC Domain

Service Robotics

autonomous mobile service robots

service robotik

What enables composition of building blocks in the PC domain?

« Building blocks adhere to superordinate structures (e.g. PCle) and

explicate properties in data sheets (e.g. power supply, form factor, thermal
information)

* This enables:
*  Views

* Decoupled supply and use

 Flexible IP
Modeling Twin:
PC Domain:
= | Represents> :
Data Building Artifact: Artifact:
Sheet Block Modeling twin| | ReRresents SW/HW twin
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Service Robotics Ulm

autonomous mobile service robots

Ecosystem

service robotik

Ecosystem Participant "Max”

RobMoSys
* Imagine you as an integrator are willing to develop an application which

needs a localization module and you are interested in integrating the
third-party localization software on your intralogistics mobile platform.

* Youare

- aSME that wants to access robotics technology and that wants to build a robot
application

70
You want {@

to select components from the market matching your expressed needs RobMoSys

your application to be correct by construction:
you expect that building blocks seamlessly fit together

to view components as grey-boxes and use them “as-is":
adjust only at explicated variation points within modeled boundaries

do not modify source code I n 6\
M ax

Hochschule Ulm
S Tl'm l nited
- ;)):‘ UNERSITRT Gi‘:[ ROBOTICS @ SIEMENS R‘JDO"CS Piopew eChpse

.4 .1 N comMAL Assoaalloﬂ

,Models for Composition in an Ecosystem with Separation of Roles®, European Robotics Forum (ERF), Edinburgh, March 2017.
________________________________________________________________________________________________________________________________________________________________________________|
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Service Robotics Ulm

autonomous mobile service robots

Ecosystem

service robotik

Ecosystem Participant “Sally”

RobMoSys
* Imagine you have developed software to localize a robot in the
environment and you are interested in making it available in
robotics.

* You are

- aSME, specialized in a certain domain
- e.g.acomponent supplier for robot navigation

* Youwantto

Sally

- express your offer with pivotal features such that
others can find your component (yellow pages)

ensure that others can use your component (composability+compositionality)

explicate non-functional properties of your component
and define its variation points

Hochschule Ulm . 't d
A m Ll (@ © siemens SY0ed @ eclipse
J))\ lumw || 1 COMAL ROBOTICS

Assocmtloﬂ

,Models for Composition in an Ecosystem with Separation of Roles®, European Robotics Forum (ERF), Edinburgh, March 2017.
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Ecosystem

Tier 1 Modeling Foundations

*» Service-Definition Metamodel
* Communication Object Metamodel
(Data Representation Metamodel)
e Communication Pattern Metamodel
» Component Definition Metamodel

Tier 1 provides the general structures for composition. Three levels can be distinguished:

Service Robotics Ulm

autonomous mobile service robots

service robotik

RobMoSys

Architectural Patterns:
- levels / concerns

- composability

- separation of roles

cccccc

conforms-to

* System Component Architecture 2 _,;:::
Relations, etc. 42 / il
Metamodel Y\conforms_to 3 e 47
*» Cause-Effect-Chain Metamodel = TN
) 1 i RobMoSys composition i & | e
Robotic Behavior Metamodel structure: N e e 7
Blacks_: Re.f.aﬁons: Views: = pardeare o 7 a
Gomponent.Binding [N S (=
- Activity - Wish - Performance V. ’ Architectural
- Task Fulfillment - Service V. b Patterns
= e = . e '4
i conforms-to
Tier 1 ‘f\. <
Ecosystem &@/ ‘ \
Drivers Human translates best practices and lessons
learned as described in architectural patterns
. into formal models using the RobMoSys Block-
----- Experts S Port-Connector meta-models to result in the
— RobMoSys composition-structure.
Tier 3
Ecosystem = Hochschule Ulm TI m , e .
ﬁ ‘\ l‘ Users I:' Cea t’%&(((;; TECHNISCHE l @ SIEM ENS RDbECS inlaend ('= ecllpse
D USNN  ooheay  DoBETICS i
,Modeling Principles and Modeling Foundations®, RobMoSys Brokerage Day, Leuven, July 2017.
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Service Robotics
autonomous mobile service robots

Benefits of using SmartSoft

service robotik

v

Better Better Flexibility
Development Systems and Efficiency

- separation of roles Ensured system - composition of building
- modeling properties and managed blocks
- workflow interfaces: roles and - complexity reduction
- collaborate by components can rely on - consistency

structure rather than them; enables analysis.

management

In BMBF SeRoNet:@ @

In EU H2020 RobMoSys:

Reduction of Reduced Commoditisation
development development of base
time costs components
g ‘E @ﬁ%
C bl | [ Predictable
cgrrrr:ggrigntg E;ﬁlsgﬁi?llé Re-usable properties
Anpassungsaufwénde fur kleine | B_GP ‘ pﬁ
Anforderungsanderungen | - ‘ =
Anderungen der Anforderungen 100% ,
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Service Robotics
autonomous mobile service robots

Mehr Informationen

service robotik

v

» http://www.servicerobotik-ulm.de

« http://www.youtube.com/roboticsathsulm

incl. Screencast-Tutorials for the SmartMDSD Toolchain
* http://www.robmosys.eu/wiki

« SmartSoft contributes to and conforms to the structures of the RobMoSys
approach.
Service Robatics Ulm - Opera
W opera || Bservice Roboliss... » <
& o ®web www.servicerobotik-ulm.de/drupal/ aq-
* -
= ‘n Service Robotics Ulm
=iF autonomous mobile service robots
u
(<]
+
A‘? : Sl w MDSD - Model Driven Software
' E " =" Development for robotics
{% ".’%ﬂ = r o A Mede-eriven software deve opmentfor sersor-meme systems
-!T ) iei - 2 o :;a[:u;;;;mggsuynmurmr-:emr, ard fully Integrated sence
l i . ‘ q 2 }
““f:ﬂ‘ _“:““ Welcome to the Service Robotics Research Center at the
o — University of Applied Sciences Ulm
O« a
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