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Research Interests:
* Model-Driven Software Engineering for Robotics
= Three Layer Architectures
= Middleware for Robotics
= Task Coordination for Robotics
= Service Robotics

My research work contributes to the SmartMARS meta-model and the SmartSoft MDSD
Toolchain. | am convinced that model-driven software engineering is mandatory in service
robotics to bridge the gap between lab prototypes and service robots suitable for everyday
use. Furthermore, | am working on Three Layer Architectures to bridge the gap between
symbolic and subsymbolic mechanisms of information processing.

http://www.hs-ulm.de/steck

http://smart-robotics.sourceforge.net

http://www.zafh-servicerobotik.de/ULM/en/index.php WSl
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Buildinlg robots by composing
reusable components

servicerobotik
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Buildinlg robots by composing
reusable components

servicerobotik

Lirux
-----

* precisely defined component services fssens
— component model i

e loosely coupled components
with local responsibility

* middleware independence [ |
- 1S achieved with MDSD —)

 Resource Awareness and
Quality of Service (Qo0S)

e orchestration of the components
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Precisely Defined Services

services are defined by an
Interaction pattern and

a communication object

data structures

framework interface

arbitrary user member functions

The SmartSoft Interaction Patterns

send one-way communication

query two-way request/response

push newest 1-to-n distribution

push timed 1-to-n distribution

event asynchronous conditioned naotification
State activate/deactivate component

wiring dynamic component wiring
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. no middleware
~~-|data types here

These patterns are sufficient since they
offer request/response interaction as
well as asynchronous notifications

and push services.
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Loosely Coupled Components
Example: Query-Pattern

User Space Query Query User Space
handler Server _ Client _ synchronous/
up—call &—— -Q--- <----1 ? a)s/,ynchronous

T T query
optional

= query requests can optionally be queued (active / passive handler)
= calling the handler in active mode is done by a dedicated task.

= whether the handler should be active or passive can simply be
changed in the model (parameter isActive = true | false)

= depending on the parameter isActive a different component hull is
generated by the toolchain. No modification in the User-Code necessary
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Reuse of User-Code

serviceroboti

Middleware Independence

O~ @ \
Neutra F ta
Neutral ? al <<Component==>

PIM Alive O~ @
Push ﬂ NeJtraI - '1Fatél
Event Aive

meta—information for user—code

@/ stable interface towards user—code

( stable interface towards
______ 4'/ other components
ste: O internal implementation of the

_______ component hull is generated
depending on the parameters

; Threads / Mutex / Timer
e.g. platform constraints Interface Execution Environment
—> runs only on QNX Middleware

—> runs only on RTAI-Linux

/ <<Components>

O v

Threads / Mutex / Timer

Threads / Mutex / Timer
Interface Execution Environment i

ACE
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Interface Execution Environment

<<Component=>
O, @
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Neutral

Threads / Mutex / Timer
Interface Execution Environment

ACE

interoperable
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Resource Awareness
Example: State Pattern — State Automaton

* t0 activate/ deactivate component
services

 deactivate currently unused
services to save resources

* manages transitions between

Alive service activations
_ State >User Space « houskeeping activities
———————— ( e appears as stateless interface
_Event__ to the outside

Hochschule Ulm
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Resource Awareness _
Example: Dynamic Wiring of Services

Sequencing CDL
Component (fast local obstacle avoidance)

<<wiring master>> >/ | s<wiring slave>> <<any client port>> |C
1IC[1C[1S[1S | <<any server ports> IS
crc '
| ” "/'? ! N Y L
Path S . ,, 7/ I ~ . S aser g
Planner R : *
Cclc o Vv R
| L7 r S S S
Person S amm amm PMD
Tracker

» a wiring master port can be used to rearrange the client connections
of components at run-time

. e.gtj. CDL component can receive its intermediate goals either from a
path planner or a person tracker and its distance information from
either the laser or the PMD component Hochschule Ulm

$e
>
November 3rd, 2010 CoTeSys-ROS-Fall-School / Andreas Setck ))




Resource Awareness and Quality of Service
Example: Schedulability Analysis (CHEDDAR)

servicerobotik

" Cheddar : a free real time scheduling simulator
DeployRTAI-Cheddar-Test

File Edit Tools Help

b —
SampleRTAIComp ;O|¢|<3|g|.E | QZ|E'5q|a|__’|
al’ & isRealtime: Boolean [1..1] = true
I—!—l—'—l—_—l—_—l—— —t I+
RtTask1 RtTask3 » [= period: Integer [1..1] = 1000 Task name=RtTask! Period= 1000, Capacity= 25, Deadline= 1000, Start time= {0, Priority= 1, (
a a » & prionty: Integer 1.1]=1 N
Task2 sk1 » (& isPeriodic: Boolean [1..1] = true Task name=RtTask2 Perfod= 25, Capacity= 3, Deadline= 25; Start time= G, FPriority= 2, Cpu=ah
| *» & wcet Integer [1.1]=25 b T e
\ » [E timeUnit: TimeUnitkind [1..1] = ms fask name=FRtTask3 Feriod= 10; Capacity= 2, Deadline= 10; Start time= 0, Frierity= 3, Cpu=a

 PSM is transformed into a CHEDDAR specific analysis model
 only the realtime tasks are taken into account (period, wcet)
 analysis of parameters explicated in the modeling level

* realtime schedulability analysis
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Resource Awareness and Quality of Service
Example: Navigation Task

Linux
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SmartSoft MDSD Toolchain
Technical View

servicerobotik

PIM

PSM
CorbaSmartSoft

PSI

<<Component>>

CORBA based implementation
of SmartSoft ~~  [MM&Il \ | Neita) {Faia) \User Space \pF -

SmartMARS — Metamodel

AceSmartSoft ; .

ACE based implementation O P I~ SE
of SmartSoft

(Modeling and Analysis of
Robotics Systems

Threads / Mutex / Timer
Interface Execution Environment

- UML2-Profile | any other middleware |
| |
= platform independent The User Space can
stereotypes .« UML2-Profile | contain arbitrary code and
- SmartComponent | | lbraries
P = platform specific stereotypes
- SmartTask | | The User Space stays the
same independent of the
- SmartMutex | | different platform specific
- SmartQueryServer | has to b ted b | models
- SmartEventClient | ma}gdf)ewgr%r%?(gert ya | glejsértehaet ggmponent hull will
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SmartSoft MDSD Toolchain
User View

servicerobotik
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The Three Layer Architecture
based on the SMARTSOFT Concepts

servicerobotik

. O]
Symbolic Planner 2
O/O\O/O e.g. Metric-FF, FF, LAMA, ... P 5 .
DT
! QJ
L ___________ S o _
SmartTCL (Task Coordination Language) 3
: ©
ggsiﬂizt . Interpreter Knowledge Base | =
5 Q TCB Library [ -

f Rules || Event Handlef qC:J
----------------------------------------------------------- . O‘-
Interface: online reconfiguration (state, parameter, Environment Model 3
dynamic wiring); event/query management Component Model

LX

Skill Layer
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Example: “Follow Me” 0
Reuse for RoboCup@Home

servicerobotik

e deployment of COTS components

* reuse for RoboCup@Home

e robot follows a person through an
unstructured environment

Hochschule Ulm
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http://www.youtube.com/roboticsathsulm
http://www.youtube.com/watch?v=40d4DIk5LCQ
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