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What is the Challenge in Robotics?

The current situation in software for robotics can be »
compared with the early times of the World Wide Web }
where one had to be a computer engineer to setup

web pages.

The World Wide Web turned into a universal medium
only since the availability of tools {
 which have made it accessible to everyone
« which allow domain experts (like journalists) to
provide content without bothering with technical A ,;-.. i
details ‘\\‘;g o=\
« which ensure sustainability / availability of ' %
contents independently of preferred operating /g f N

el d
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systems, browsers etc. & w8 K/ |
=> separation of roles and separation of concerns
=> this is a universal approach towards successfully handling complexity:
applications, markets, sharing efforts / risks { }
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The current situation in software for robotics can be » N
compared with the early times of the World Wide Web }

where one had to be a computer engineer to setup

web pages.

only since the availability of tools

 which have made it accessible to everyone

« which allow domain experts (like journalists) to
provide content without bothering with technical
details

« which ensure sustainability / availability of
contents independently of preferred operating
systems, browsers etc. & =8 [/
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=> separation of roles and separation of concerns
=> this is a universal approach towards successfully handling complexity: { }

e The World Wide Web turned into a universal medium {

applications, markets, sharing efforts / risks

separation of concerns

=> e.g. model-based approaches like MDSD to explicate structures / properties
separation of roles Hochschule Ulm

=> e.g. DSLs to allow non-roboticists to use robotics technology &(f
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Separation of Roles
What is the problem?

servicerobotik

Component
- System
Builder ; In){egrator

% Source Code m E

re . -
Cn - le Non-Functional Properties
OMpozent Properties (NFP) P ,s-cofh
S Parameter Qs  Ports ysté‘,),?ges

Resource (Interfaces)

Information

Relevant information is hidden
in the source files.

The robot has no access
to that (hidden) information
to reason on it at run-time.
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Separation of Roles
Separation of Concerns
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4 component ! domt e
/ Builder ~ + [ witeedom from choice

in order to ensure
system-level conformity

Component /

\' Builder
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Separation of Roles
Separation of Concerns
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Separation of Roles
Separation of Concerns
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— ~
7 / black-box view \
/7 Component
7 Builder _ /

make system-level bindings
and adjustments

Component
\' Builder / System
\ —— — — ‘
- Integrator
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Separation of Roles
Separation of Concerns
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7 Builder / I s
System
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Separation of Roles
How it works? — Use Component Models!
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Component
Component Shelf : System ]
' Builder In){egrator -
5 )] - , -
LTQ ’-ll,ﬂ o oy GE)
AT §
- —
-~ —
- —
- —
- —
Parameters, Properties, ~
Ports (In_terfaces), Resource Name: planner
Information, ... Ports:
mapClient : pushNewestClient<gridmap>
ARE EXPLICATED IN THE MODELS goalServer :pushNewestServer<goal>
pil:gpenerEvent : tsa}/aetr;tsseerr;,veermgoaISta us>
s :
AND ARE NOT HIDDEN IN THE SOURCE FILES param . parameterServer
States:
active, neutral, ...
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Separation of Roles
Bridge between Designtime- and Runtime-Models
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Component

Component Shelf : System ]
" o Builder In){egrator — -
shw ey I . \C ~ 3
: :‘ ./ . g““\m ' g\ N
."_.Il'—L‘ .'1_!-"—1! oes\ E’
Models allow to ...
« explicate information
« provide a black-box view i
. ; As models are computational, also
provide a hull that supports to the robot can accesps the explicated

switch the level of abstraction
(e.g. from Component Builder
View to System Integrator View)

« use MDSD tools to run 0
automated model checks R“

Information.

=> The robot can take this information
into account to make decisions at
run-time.

e
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Model-Driven Approach
SmartMDSD
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lllustration of the Development Process

* |mplemented as UML 2.0-Profile for Robotics Software Components
= supports Component Development, System Integration, Deployment
" based on standards: UML 2.0, Papyrus, Eclipe Modeling Project, etc.
= different Runtime-Platforms, Middleware-Systems etc.

SmartMARS CorbaSmartSoft
(Modeling and Analysis of | |M2M CORBA based implementation | ||M2T <<Component-> g
Robotics Systems) of SmartSoft
e, | S e L
ased implementation || Vo T s=are Bl
of SmatSoft 000 || 0 ¢ M- oplfaa el A gl -

User Code

leqacy code
MATLAB f Simulink

5;1‘;' cther middleware e

Manitoring
T —
Threads §F Mutex f Timer
Interface Execution Environment

Middleware

MRPT HTAI-Lab OpenCVy a CpenHave
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The SmartSoft Component Model
Mapping to different Middlewares

PIM

Alve

—

meta-information for user-code
e.g. platform constraints

—> runs only on QNX

—> runs only on RTAI-Linux

Push

Event

<<Components>
O~ v@r

Threads / Mutex / Timer
Interface Execution Enwmnmen

March 7th, 2012

<<Component>> stable interface towards user—code
o ] —
Neural] {Faial) \USer Space \pr——— - )
elu f h P - stable interface towards
Aive | (VN s & other components

e O internal implementation of the
component hull is generated
depending on the parameters

Threads / Mutex / Timer
Interface Execution Environment

| Middleware

<<Components>

Threads / Mutex / Timer
Interface Execution Environment

ACE ACE

,

Threads / Mutex / Timer

Interface Execution Environment

interoperable

euRobotics Forum 2012 / Lotz, Steck, Schlegel

Ace [eN

Hochschule Ulm

&(f
“J))\“



The SmartSoft Component Model
Decoupled Sphere of Influence
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stable interface to
user code inside
component

<<Component>>

component lifecycle

_______ ' " Send @ @ stable interface
_______ = _______ -— to other components
‘ ““““ can have any number of ports but each port
O 44— is based on one of the communication patterns
(send, query, push newest, push timed, event).

e = e = .. abstraction of operating system resources

Threads / Mutex / Timer
Interface Execution Environment

Middleware

stable interface (framework internal)
to middleware and
operating system

- Services are defined by a Communication Pattern and Communication Objects
- Communication Objects are communicated between components: platform-independent, by-value
- Services are offered / used by components via Ports

The SmartSoft Communication Patterns The SmartSoft Services
send one-way communication param component configuration
query two-way request/response state activate/deactivate component services
push newest |1-to-n distribution wiring dynamic component wiring
push timed 1-to-n distribution diagnose introspection of components Hochschule Ulm
event asynchronous conditioned notification (internally based on communication patterns) §(&
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Model-Driven Approach
Component Builder View
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Papyrus - SmartFaceRecognition/model/pim/SmartFaceRecognition_pim.di2 - itemis openArchitectureWare distribution

Edit View Navigate Search Project Run Window Help
Fiv . & @ | v OrQyry | & #v | [ Bl_]ttDn A = . : B RC/C++ »
%5 Navigator 2 = fer e i SmartFaceRecognition_pim.di2 &1 I I i
g : A £ PIM Graphical Representation
- 122 SmartFaceRecognition a el Pctie Pa’ette
+ @& META-INF [:]; I Select
= & model Pl M Files SmartFaceRecoanition 1 Marguee
- = pim Euararnﬁcrmr =Undefined= [1] Q Q |':Uf"'|l. —
q Sma{tFacERecngnitiDnjim.diZ | E faceRecogEventSernver <Undefined> [arllookTask VisuallzationThread - UML Elements
L m-m- [~
y i Lt S  <Undefined> [1 | » haimageMewesiClient
#) SmartFaceRecognition_pim.umi |_E e SLncoRna: 11 “__.i-}: - smartsoft Deployment
+ (& psm 15 T T :
- i Pl e u’t . ,,-rI [= SmartSoft Component
=F- . arameterHandier aceRecognitionEventT tateC hangsHEndler
. PS' F |I es - ) SmartTask
+ & gen - ;
bj &) B - = | @ SmartMainState
+ =0 o
: J active Active [ S v A SmartMutex
.2 CompHandler.cc { L generic
] <% SmartTimer
& CompHandier.hh =" |5 verbose: boolean [1] = false _ _
£ DefaultstateChangeHandler.cc _ﬂ,.ﬂ“'r E SN e T
& DefaultStateChangeHandler.hh _‘__.--""" » P SmartSendClient
S S T SO . - Pl + P SmarnPushNewestClient
a -._,.-.,-"' = |l ]} SmartPusbTimedClient
2= Outline 12 =0 Eﬁh‘lartFaceHecognition_pim
i i - —_ - -} = = H
%% 1 PIM outline |7 |=roreties . Bcon Atfributes / Tagged Values
-| E2 SmartFaceRecognition_pim } SmartFaceRecognition_pim::SmartFaceRecognition::imageflewestClient
- [» SmartFaceRecognition Applied stereotypes: & | X
D imageNewestClient: <Undefined= _
B stateServer: <Undefined> Profile - ¥ smartPushNewestClient (from SmartMARS)
+ = serverName: String [1..1] = SmartUnicaplmageserver
F paramserver: <Undefined> 9 pmag
E faceRecogEventServer: <Undefined= _ N e e SR L= WaaRchEwest
@ visualizationThread 2 _ + @ commObject: Class [1..1] = CommVideolmage 2
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Model-Driven Approach
Screencast “Simple Navigation”

'Papyrus - DeploySimpleNavigation/model/DeploySimpleNavigation.di2 - itemis openarchitectureWare distribution

File Edit View Navigate Search Project Bun Window Help 2 z |: H
_.";-555:.; | By O Qe | B A [ v oo & —E Tl = - oz i
= & i) .-’.
% Navigator £ 2 % ¥ =0 rJDeploysimpleNavigation.di2 53 = "-
P g CommBasicObjects [trunk/smartsoftsrcfinterfaceClassesiCol > Palette #
= 12 DeploySimpleNavigation | : I Select
b & meTA e http:/lyoutu.be/04SqzrS6Udw S
- = model - | UML Links @
& DeploySimpleNavigation.diz | o Py
#) DeploySimpleNavigation.umil | DeploySimpleNavigation | /, Generalization
:x; .cl.::lsspath ) . @ + /" Association
lu# build. properties | 1 - tink
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I e SmartPioneerBaseServer [trunk/smartsoft/src/components/Sr 1 E‘-:TI’ (& UML Elements i
b 2 SmarnsimpleNavigation B3 Package
B e £ Compenent

i
__,Pj |aserServer: <Undefined> [1] £ Artifact

= = = Port
Q e -

SmansimpleNavigation o (= SmartSoft Deployment <
) 2 CorbaNamingService
Lnﬂ lasarClient <Undefineds= [1] [:} E RTalsetup
~" Conmection

= SmartSoft Component =

[pjreteclen: 'EU_“PE":"E"_’:‘_I#E navigaionVelociySenver: <L =1 Q) SmanTask
+ [ SmartMainstate
+ /2 SmartMutex
: (3 SmanTimer
_l_l I?Jf e i e
7 Birdview 2= Outline 2 = 0| ] DeploysimpleNavigation
AW Yy & B A = || Properties &2 - [E Console| & Progress
AR L S | [2 COMPONENTDIAGRAM_NODE_COMPONENT
T ParameterHandler 5 . S
1 BatteryEventHandler Ganmral MName: smartsimpleNavigation
= 27 import SmartSimpleNavigation | Profile | Misibility: @ public ) protected ) private ) package
= [» SmartSimpleNavigation COmMENSS | ¢|pehav: | CiassifierBehavior Unset
b B navvelClient: =Undefined> Constraints |
+ = laserclient: <Undefined> || Appearance | Abstact: [
Q NavigationTask Advanced | Active: (]
b "2 Applied Profiles (3) Use Cases:
DeploysimpleNavigation .
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Model-Driven Approach
System Integrator View

Papyrus - DeployNavTask/model/DeployNavTask.di2 - itemis openArchitectureWare distribution
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Model-Driven Approach
System Integrator View —

Buttler S
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Model-Driven Approach
System Integrator View — Buttler Scenario
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Further References
Recent book chapters (open access PDFs)
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» Christian Schlegel, Andreas Steck and Alex Lotz, "Robotic Software Rosomic SYSTEMS
Systems: From Code-Driven to Model-Driven Software Development", | ===
in Robotic Systems - Applications, Control and Programming, ISBN 978- ! Moo )
953-307-941-7, InTech, 2012 Download as PDF g :

o

« Christian Schlegel, Andreas Steck, and Alex Lotz. "Model-Driven Software S|
Development in Robotics: Communication Patterns as Key for a

Robotics Component Model", in Infroduction to Modern Robotics, ISBN

978-0980733068, iConcept Press, 2011 Download as PDF

i;”‘ http://smart-robotics.sourceforge.net/ ﬁm@ y

SmartSoft

.........................

http://lwww.youtube. comluserIRobotlcsAtHsUIm
You T3} Q| v | U S

Favorites =

_ SmartSoft is a component approach for robotics software based on
communication patterns as core of a robotics component model. The

y The Robot Butler
=] Scenario

framework assists the component developer, the application builder and
g 20 views - 16 hours ago

k= .| the end user in building and using distributed components in such a way
that the semantics of the interface of components is predefined by the
communication patterns, irrespective of where they are applied. Dynamic
wiring of components at run-time is explicitly supported by the wiring
: pattern which makes the major difference to other approaches. This allows
to implement loosely coupled and distributed systems based on
standardized components whose interaction can be adjusted according to the current context and
requirements.

Teleoperation of the
Robot NAO with a
' 237 views - 1 week ago

= Probabilistic Fusion
d of Multiple Algorithms
101 views - 2 months ago

Sourceforge Hochschule Uim = gT !

Reposit E
p s»onr'yore L&(ﬁf H $ | The robot searchgs forthe coffee machine and places the cup into it.

Information Driven

— — _—— Sensor Placement for
208 . : U I m

134 views - 2 months ago

COB-
ExperimentationDays - ™

[ j
The Robot Butler Scenario o= gl 31 views - 3 months ago
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http://www.iconceptpress.com/01/site/publication.viewPapers.php?publicationID=BK006A
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Selected publications for
Model usage at Run-Time

« Christian Schlegel, Andreas Steck, Davide Brugali, Alois Knoll. “Design Abstraction and
Processes in Robotics: From Code-Driven to Model-Driven Engineering”, in 2nd
International Conference on Simulation, Modeling, and Programming for Autonomous Robots
(SIMPAR), Pages 324-335, Darmstadt, Springer LNAI 6472, ISBN-10 3-642-17318-7, 2010

Get as PDF

« Andreas Steck, Alex Lotz and Christian Schlegel, "Model-Driven Engineering and Run-
Time Model-Usage in Service Robotics", in Proc of the 10th ACM international conference
on Generative programming and component engineering (GPCE '11), Portland, Oregon, USA,
October 2011

Get as PDF

« Andreas Steck and Christian Schlegel, "Towards Quality of Service and Resource Aware
Robotic Systems through Model-Driven Software Developmment”, in Proc. 1st
International Workshop on Domain-Specific Languages and models for ROBotic systems
(DSLRob/IROS), Taipei, Taiwan, October 2010

Get as PDF
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http://www.program-transformation.org/pub/GPCE11/ConferenceProgram/gpce11-steck.pdf
http://www.2010.simpar.org/ws/sites/DYROS2010/01-DYROS.pdf
http://arxiv.org/pdf/1009.4877v1
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