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Model Driven Software Development
Example: Navigation Task

servicerobotik
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Model Driven Software Development
Example: Navigation Task
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Approach: Design Abstraction

servicerobotik

We need a systematic engineering approach for robotics software!

» robots are complex systems that depend on systematic engineering

= so far fundamental properties of robotic systems have not been made
detailed enough nor explicit (e.g. QoS)

* tremendous code-bases (libraries, middleware, etc.) coexist without any
chance of interoperability and each tool has attributes that favors its use

= rely, as for every engineering endeavour, on the power of models
2 nowadays, robotics functionality is foremost based on software
2> make the step towards MDSD

Ae)blender” -,z {\"- etc. Hh@'{(f; o
—
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Approach: Design Abstraction

= analysis / requirements models are non-computational, MDSD models are
computational

= MDSD models are no “paperwork”, they are the solution which is translated

into code automatically

Domain Concepts

developers

mental work of@l so far

Qaflisimiem T bl

~ Software Technology

Concepts
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What are Models / Modeling Languages
good for ?
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UML notations: unified ?

Semantics matters
(more than syntax)

Useful semantics imply
constraints on designers

Heterogeneity may be
better than generality

Modeling languages that
are not executable, or
where the execution
semantics is vague or
undefined provide only
low benefit
Hochschule Ulm
A
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Example:
Component-based Development Process

servicerobotik

- we focus on concurrent components that communicate via ports

— as one might describe in SysML, AADL, or UML Component Diagrams and
Communication Diagramms

- consider SysML flow ports — .

— seems like message passing FIEO biiffar
— but what kind of message passing? HEILA AR B
— to make this executable, we need some decisions

» nonblocking writes could mean unbounded memory for buffers

» is unbounded memory part of the meaning of this model?

» such questions matter!
— caution: even the professionals can mess up semantics

- Dimensions of variability
— identify / support / ...
— achieve architectural level conformance / integration etc.

Hochschule Ulm
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servicerobotik

Example:
Component-based Development Process

in case we leave too much variability and decisions without explications
and without clear semantics to the developer:

— ,Portability” then apparently means that it runs on different platforms,
not that it has the same behavior on different platforms

semantics
— the semantics of a modeling language is the foundation for the models
— weak foundations result in less useful models

— unless we commit to a semantics, the model means different things to
different observers!

[Edward A. Lee, Berkeley]

does ,more general® always mean ,better*?
— obsessive flexibility can lead to languages like Jisp++
List myList
= new List((cons (cdr foo->bar)).elements());

— usable design practice implies “freedom from choice”

[Alberto Sangiovanni-Vincentelli, on platform-based design]
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Model Driven Software Development in
Robotics

servicerobotik

- useful modeling languages with strong semantics
— useful executable modeling languages impose constraints on the designer
— the constraints may come with benefits
— we have to stop thinking of constraints as a universal negative!!
— freedom from choice!!! [Edward A. Lee, Berkeley]

- what is different in robotics compared to other domains like e.g. automotive, avionics,
embedded systems, complex software systems, other engineering disciplines?

— hypercomplex systems
— deviation between design-time and run-time optimality

- what is a suitable starting point for model-driven software development in robotics?
— component-based design
— service-oriented architecture

> master component-hull by a model-driven approach
to ensure architectural level conformance and interoperability p et ORI

to cope with system complexity &&3((?%
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Model Driven Software Development
Idea and Approach

servicerobotik

Precisely Defined Services:
services are defined by an interaction pattern and communication objects

The SmartSoft Interaction Patterns

send one-way communication These patterns are sufficient since they offer
query two-way request/response request/response interaction as well as
push newest 1-to-n distribution asynchronous notifications and push services.
push timed 1-to-n distribution _ _
event asynchronous conditioned notification T'Lese pztte:"sf and :('_‘eg s:m%";;cs are but
state activate/deactivate component independent ot any Kind ot middieware but
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Model Driven Software Development
Idea and Approach

- service-oriented component approach with loose couplings
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bot

Model Driven Software Development
Idea and Approach

servicero

)]
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Model Driven Software Development
Idea and Approach

servicerobotik

User Space Query Query User Space

handler Server Client synchronous/
______________ Sy
up—call —— < - === asynchronous
oQeoed g C-» query

optional
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servicerobotik

Model Driven Software Development
| Insertion / Technical Details /

Query Client

L — — —

+ QueryClient(:SmartComponent*) throw(SmartError)

+ QueryClient(:SmartComponent*, server:const string&, service:const string&) throw(SmartError)
+ QueryClient(:SmartComponent*, port.const string&, slave:WiringSlave*) throw(SmartError)

+ ~QueryClient() throw() [virtual]

add(:WiringSlave*, port:.const string&) : StatusCode throw()
+ remove() : StatusCode throw()

=+

+ connect(server:const string&, service:const string&) : StatusCode throw()
+ disconnect() : StatusCode throw()

+ blocking(flag:const bool) : StatusCode throw()

+ query(request.const R&, answer:A&) : StatusCode throw()

+ queryRequest(request:const R&, id:Queryld&) : StatusCode throw()

+ queryReceive(id:const Queryld, answer:A&) : StatusCode throw()

+ queryReceiveWait(id:const Queryld, answer:A&) : StatusCode throw()
+ queryDiscard(id:const Queryld) : StatusCode throw()

15. November 2010 SIMPAR / Schlegel, Steck
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Model Driven Software Development
SmartMDSD

servicerobotik

Sequencing CDL
Component (fast local obstacle avoidance)

<<wiring master>> >/ |s<wiring slave>> <<any client port>> |C
— C — C — S T S | <<any server port>> IS
crc |
| P “}’? Py ~ L
Planner R ,' ‘.
HCrC m g % R
| L7 r S S S
Person S amm annm PMD
Tracker

- a wiring master port can be used to rearrange the client connections of
components at run-time
- e.g. the CDL component can receive
— its intermediate waypoints either from a path planner or a person tracker
— its distance information from either the laser or the PMD componertpchschule Uim

$e
15. November 2010 SIMPAR / Schlegel, Steck ‘/J))\%‘



servicerobotik

Model Driven Software Development
SmartMDSD

lllustration of our development process

= UML 2.0 profile for robotics component model

= covers component development, system composition, deployment

= based on standards: UML 2.0, Open Architecture Ware, Eclipse, etc.
= different runtime platforms, middleware systems etc.

MATLAB / Simulink

SmartMARS M2M CorbaSmartSoft M2T <<Component>> o )
(Modeling and Analysis of 0AW CORBA based implementation 0AW ® -
Robotics Systems) xTend / |of SmartSoft xPand O)
User Space

AceSmartSoft Config Neutra P Send

ACE based implementation /

of SmartSoft Param Alive Query

User Code
U S -
legacy code any other middleware /\ Ry Wiring
Threads / Mutex / Timer
Interface Execution Environment

RTAl-Lab OpenCV / Qt / OpenRave

Hochschule Ulm
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Model Driven Software Development
SmartMDSD

servicerobotik

.l
Meutral
aullv.

User Space

<<Componant=x»

PIM * @-—___—.— stable interface towards user—code

stﬁble interface towards
‘/ other components

«= internal implementation of the
component hull is generated

meta—information for user—code

: Threads fMutex f Timer .
e.g. platform constraints Interface Execution Environment depending on the parameters

—= runs only on QNX
—> runs only on RTAI-Linux

PSM| <<Componentss

Middleware

==Components>>

Threads f Mutex S Timer Threads f Mutex f Timer Threads f Mutex / Timer
|nterface Execution Enviranment Interface Execution Environment Interface Execution Environment ...
CORBA Linux f ACE Linux ACE Windows ACE [e))s
interoperable
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Model Driven Software Development
SmartMDSD

servicerobotik

(] *PlayerPushTimedHandler.cc 3

—————— -
-

#include =1ostream=

Aagulary prowldes
baze ztale [pos, .

— raqulany upcall 1o

void PlayerPushTimedHandler: :handlePushTimer(
CHS: :PushTimedServer<Smart::CommBaseState> & server) throw()

{ u=ar code [A)
COMP-=PlayerClientMutex.acquire(]; - g2 curmeni =lak
COMP- =robot- >ReadI fwaiting(); cul ol Rayer [C]
double xPos = COMP-=position_2d proxy-=GetXPos(); — padk =@z Ino
double yPos = COMP-=position_2d proxy-=GetYPos(); o . o2t [B)
double aPos = COMP-=position_2d proxy-=GetYawl); =pHLE=1g0e Ik

sarvar [A]

double xSpeed = COMP-=position_2d proxy-=GetXSpeed();
double ySpeed = COMP-=position_2d proxy-=GetYSpeed();
double yawSpeed = COMP-=position_2d proxy-=GetYawSpeed(];
COMP-=>PlayerClientMutex.release(];

base positiocn.set x(xPos, 1.0);

base position.set yl(yPos, 1.0);

base position.set base_alphalaPos);

base velocity.set v(((xSpeed + ySpeed] / 2.0) * 1000.0);
base velocity.set omega base(yawSpeed);

base state.set _base position(base position);

base state.set base velocity(base velocity);
Hochschule Ulm
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Model Driven Software Development
Metamodels (partial view)

<<metaelement>>
SmartSemaphore

<<metaelement>>
SmartTimer

<<metaelements>

SmartTask SmartiniParameterGroup

<<metaelement>>

0.” &o

<<metaelement>> 0.*
SmartComponent .

<<metaelement>>

SmartMutex | 0.” _|

D O

o = SmartMainState

<<metaelement>>

<<metaelement>>

v

<~:metae|s§n]ent>>
SmartConditionMutex

e:c:metaelen]ent}}
SmartinteractionPattern

<<metaelement>>

SmartSubState
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Model Driven Software Development
Metamodels (partial view)

<<metaelement>>

SmartStateChangeHandler

<<metaelement>>

SmartWiringSlave

SmartStateClient

<<metaelement>=

<<metaelement>>
SmartParamClient

<<metaelement>>

SmariSendClient

H\ 1 “1
<<metaslement>> <<metaelement>> <<metaclements> <<metaelement>> ol 1.1
SmartWiringMaster | | | SmartStateServer | | | SmartParamServer SmartSendServer \
<<metaelement>>
-—— | SmartSendHandler

1.1

\

<<metaelement>>

SmartQueryHandler

<<metaelement>>

SmartPushTimedHandler

<<metaeleme_nt>>
SmartinteractionPatilern

<<metaelements>

SmartEveniTestHandler

<<metaelement>>
SmartParamHandler

T~

Z%

1.1

~

01..‘I

<<metaelement>>
SmartEventHandler

<<metaelement>>

SmartQueryServer

<<metaelement>>
SmartPushNewestServer

<<metaelements>

SmartPushTimedServer

<<metaelement>>

SmartEventServer

.

SmartQueryClient

<<metaelement>>

<<metaelement=> ]
SmartPushNewestClient

<<metaelement>>

SmartPushTimedClient

<<metaelement>> ]
SmartEveniClient
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Model Driven Software Development

SmartMDSD
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servicerobotik

Model Driven Software Development
Examples / SmartMDSD / Real-Time Task

15. November 2010

<<enumeration>> <<metaelement>>
SchedPolicyKind SmartTask
FIFO schedPolicy . SchedPolicyKind
round—robin isRealtime " Boolean
sporadic isPeriodic : Boolean
priority : Integer
timeUnit : TimeUnitType
period : Integer
PIM woet : Integer
------------iS-R;a-Hi:n;-W—---N“-igl:;ea-lﬂ-m-e----|
PSM ==false == frue
<<metaelement>> <<metaelement>>
SmartCorbaTask RTAITask
: 0.1 schedPolicy : SchedPolicyKind schedPolicy : SchedPolicyKind
timer [0..1] | isPeriodic - Boolean isPeriodic . Boolean
priority : Integer priority . Integer
period : Integer period : Integer
wcet : Integer
| <<mefaelement>> | mutex [1]
sPeriodic SmartCorbaCondMutex w—i
== true | |
L TN T T T TLTIIL I N L
| <<metaelement>> ! | <<metaelement>> |
' SmartCorbaTimer ' SmartCorbaMutex | Hochschule Ulm
b T e, T T T T i condMutex [0..1] k-t T T T T T T T T T |

1 period : Integer
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servicerobotik

Model Driven Software Development
SmartMDSD

15. November 2010

Benefits of our development process:
= get rid of hand-crafted single unit service robot systems

= compose them out of standard components with explicitly stated
properties
* be able to reuse / modify solutions expressed at a model level

» take advantage from the knowledge of software engineers that is
encoded in the code transformators

= be able to verify properties (or at least provide conformance
checks)

# be able to address resource awareness !!
and many many more good reasons

Engineering the software development process in robotics is one of the
basic necessities towards industrial-strength service robotic systems

Hochschule Ulm
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Model Driven Software Development
SmartMDSD

15. November 2010

Experience made with our development process

systematically handle integration of systems of the complexity of
service robots and to overcome plumbing

tools like OpenArchitectureWare, Eclipse etc. are matured enough
to be used in robotics

there are many experienced people out there being already familiar
with the tools, can start immediately using them and can just focus
on robotics

design patterns, best practices, approved solutions can be made
available within the code generators such that even novices can
immediately take advantage from that coded and immense
experience

provides the perfect granularity for system design, component
development, composability, freedom within components, tool
support etc.

Hochschule Ulm
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Model Driven Software Development
Examples / Simulation Player/Stage
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Example: “Follow Me” ",
Reuse for RoboCup@Home

servicerobotik

watch on youtube:

http://www.youtube.com/roboticsathsulm
http://www.youtube.com/watch?v=-xvO_bbrb-|
http://www.youtube.com/watch?v=grf- -320Y0

Hochschule Ulm
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http://www.youtube.com/roboticsathsulm
http://www.youtube.com/watch?v=-xvO_bbrb-I
http://www.youtube.com/watch?v=grf-_-32oY0

serviceroboti

Model Driven Software Development
Examples / Robocup@Home / “WholsWho*

«component»
FaceRecognition

QuickCam
«use», - Z *\«use» Dv\ R
FaceDetection | FaceRecognition
[
] ]
L < .
Tt~ 5 ~ Ue
- Pgsb/ye_Wes ¢ i, F,
< aCeS;“~___
=]
«component»
PersonTracker

OpenCVClassifier

SmartStat
[z - Sensa .

<Persons>
] [ |
L [N
A S Query
|PushTimed ~ <Void, Videolmage>
<L. N
: aserScan> A
] m
L =] L
«component» «component»
HOKUYOLaser ImageServer
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2]
«component» =]
SpeechLoquendolnput «component»
Mapper
— /7D
1 Vi "
ry 1Event L/ \\
% ' <Speechinput> 7|
N \e\ : P P @‘j" ’ 71 [ \\
~ V KA L .
M g’ " 1 I\@\
L | = S 8 PushNewest 5,2
N S i Z\Q.
«component» ’ %f’/'\ @ <CridMap> 6@\\5%
1 (1)) i
WholsWho A V %
nG [] e -
[1° s ¥
WholsWhoThread «component» AN «component»
PI N SICKLaser
.‘ - ~§"Ja[l‘8t§t§ .~ SullEY D
\ -~
¢ I ]
d’sﬂ’;ﬁn\ 2en // IWI
OrPgr5, - = 4
WholsWhoThread ﬁ "arameier: 5 |
|£| implements the . [ ] S .
g o x2) 1
> scenario behavior ' iPushNewest By bushNewest
& '<PlannerGoal> /& :<BaseState>
— — R ! e .
qwnl e N % [] o :
uery, oen \ NS ’
<SpeechOut, PrdpertySet> '<SpeechOut> ‘8\ AN ] /) :
I ! 2 o " «component» / D
o) / =
- ] N N CDL Y
L L =) %}0\ Y 4 «component»
\
«component» N D PioneerBase
SpeechLoquendoOutput N
‘ ___ Send 5] |
avigationVelocity>
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mailto:Robocup@Home

servicerobotik

deployment of COTS components

Comelex real world scenario
IN everyday environmen

robot cleans up the table

Hochschule Ulm
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0
Example: “Cleanup Table Scenario” %,
(el

serviceroboti

|L|nn::
LCorbo

DeployCleanUpTableScenario

MobileManipulationServer SmartManipulationConsole SmartGmapbina

[ [} = [o)

scanEnvironment | B

== } scanEnvironmentQueryClient SmartCdlServer smartBasePositionUpdateSendClient } -T=

manipulateObject < - manipulateObjectQueryClient IaserCIientEE- - laserClient -1

. . . goalEventServer !
getNewPoint O getNewPointQueryClient |
ToPo E paramServer r—=--=---~~-~-~-"~-~"~"°"T-°-T-°-TT=-T"7=7=777
moveToPoint . == - moveToPointSendClient
3} v ! : stateServer

cdlParameterClient [:}
[:} cdiStateClient SmartMapperGridMap

SmartSoeechLoauendolnoutServer mapperParameterClient SR E < laserClient
= paramServer

speechEventServer E } speechEventClient
'P- speechStateClient

stateServer

SmartSpneechLoauendoOutbutServer plannerStateClient

speechQueryServerl E|<~ - - ~| }lttsCIient

SmartPlannerBreadthFirstSearch

TIVCIHIDGCIIUIT Vil

$e
15. November 2010 SIMPAR / Schlegel, Steck ‘/)))\%‘



Orchestration of Components
using State Charts
Dynamic Online Reconfiguration

servicerobotik

State—Chart Component [

Base L[| |Laser L[| | Mapperlr| |Path [}| etc.

E_[ﬁ [+01 []\u Planner .

15. November 2010 SIMPAR / Schlegel, Steck
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k'—gﬂ'."S'JEL ITY, ) O : -\usum

T

1
1
i
S Eriry 7 Tlﬁ-lzége?m 1E”T—T'HEE’”--,,E ( s;arch I t t
——|  |SETPARAM Dirive, — i |Emiry T SETPARAMICompa=ach, , S
EVT_BTN_0_DWNG)/ (€ e sy . i FictlD, TRANGLEID) ua d e)
| Exiti SETCOMNFIG(CompSearch,

E | L WS_OFF) [ *

VT_TMEOUT) Lo \
wait 4
T TIMER(1 |

-SE AF‘.AH[':-[:rnnp:E]ﬁ'm. | W'Sgﬁg %n 2 el%Ie% 0 %Ile ware
VE_OMEGA, o) i rom riv ono

1

n
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EVT_FOUNDO! EVT_TIMECUT( | \
§ 1 |
rll III
" DinveToPicture
niry mpLirie, i (Lomphernsors, I {Comp . 2,
Exit/ SETCONFIGICompDrive, VS_OFF) SETCONFIGCompSensors, ¥S_OFF) SETPARAM(CompLEDs, 2, V5 _OFF)
Hawigate ) I SETEAR AR e e earchHicture - J'SETCGNFIGS&:-mpSEEmh
g VS_MIN_DISTANCE. 10) O
Hawqgate 'I'II'
Entry T TIMERTTO00 —
SETPARAMCompDirive, VS_VELOCITY, o (CompSaarch P,

MewWelocity 5 ETPARAM CompDirive,

V5_OMEGA, NewOimega) RIAMNGLE I

Exit/ SETCONFIG(CompSeanch, VS_OFF)

- —

EVT_FOUMD § [Mewielocity =
ZensorMidde + 10] [NewOmega
= (Cam_FormX - 300/10]

L

I E |
| EVT_VALUE_REACHEDY | /
|

FeundFickine ) - (
= e P3DX — x86 (LinuxtS &
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Approach: Design Abstraction

overall design & solution space

ldea

Design Time Co-Simulation

Run-Time
Simulation

15. November 2010

Meta-Model

stepwise reduction of variability
(Y

, R
sl

Transformation

L

Model

Transformation

u

Components

assisted by simulation,

b i
o 1

Transformation

Design space reduction
stepwise refinements from idea to

deployment, design space exploration

Code

Transformation

Run-Timea
Cynamic
reconfiguration

Real-world robot

variability for run-time decisions by cognitive robot

SIMPAR / Schlegel, Steck

abstract

abstractionlevel

concrete

more & more executable

wide

design space

narrow

Hochschule Ulm
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Meta—Nodel

ldea

Transtormation

liodel

Transtormation

Componenis

Transtormation

Design Time CGo-Simulation

Code

Transtormation

Hun-Time
Simulation

) Heaﬁ-waﬂd Fobot

15. November 2010

Idea / Requirement User
7
< PIM-alemeant -~
amartComponent =
=z PIM-alemant [JPon connectad o
SmartTask LK
i Pariodic ; 1rua
Priarily ; Lrknown
pariod ;1000 ms requirad dewices
woal | 100 me [requinsment) RS252 : nknown
kERsalima: frua
7
<= PoM-akmant=
SmartComponent {
<< PON—akmen b pltom : [JPan cornectad 1o;
RTATask Linw: (RTAI] Tgygay
BHarnodc s
prioriy . unknoen _ )
pariod 1000 ms raquirad devices
weal 50 ms [astimation) RS252  Lrkromin PDM
PSM PSM
= F‘E-h'I—EFIEITE | B3 |:+5| ’X p§|
SmartComponent { —w P
<< FEN BN oa platiom : ] ~
RTATask Lan FF!TA P oonnectad o
iz Parodc : 1rue Anciherzomponent
priorty : ¥ [acconding 1o AMS] IP _192 1EE_ R (Cataut
pariod 1000 ms raquirad devices .
wioal |85 me [meas urement) RS232 - fdawAty 52
o
<oSoucecods S Bra s {l po conneciions
c amical
SmartComponent dﬁ%ﬁﬁnﬂm micall
deparding oniha
[churrern_s Lation
[dvramic wirngj
Toolchain
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PIM

PSM / PSI

Deployment

Runtime
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Approach: Design Abstraction

servicerobotik

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

_ Cheddar: a free real time scheduling simulator
DeployRTAIl-Cheddar-Test ’

File Edit Tools Help

SampleRTAIComp [:}‘ e:>| w| <a| @l .ﬂ | ; ®|;§|9|:|

o) » = isRealtime: Boolean [1..1] = true
- _ B
RiTaakt RtTask3 | 1) = period: Integer [1..1] = 1000 Task name=RtTask?  Period= 1000, Capacity= £5; Deadiine= 1000, Stait time= 0; Priority= 1, (
» & priority: Integer [1..1] =1

]

o — b e —
isPeriodic; Boolean [1..1] = true Task name=RtTaske Feriod= 25, Capacity= 3, Deadline= 25, Start time= G, Priority= 2, Cpu=d

Task2 . sk1 . »
' wcet Integer [1..1]=25

N —————————— - ————————f—
fask naime=Ftlasks Period= 140, Capacitv= 2, Deadiine= 10, Slart time= 0, Priority= 3; Cpu=d

/
i

timeUnit: TimeUnitKind [1..1] = ms

Z
O

Hochschule Ulm
Sz
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bot

servicero

robotics
Autonomous Mobile Service Robots

SmartSoft MDSD Toolchai

File Edit View Navigate Search Project Run Window Help

=3
&5 Navigator 52 o BlE S
» 2 CommExtemalObjects
» 122 DeployCdiReactive
2 DeployFollowhe
=2 DeployNavTask
125 DeployNavTaskPlayerStageSimulator

4

122 DeployServoExample
» = METAINF
~ (= model

DeploySenvoExample d F

&) DeployServoExample.uml
%] .classpath
e build.properties
» 2% SmattCdiSener
+ 122 SmartExampleJoystickNavigationClient
+ 2> SmartFollowMeBehavior
» 22 SmartJoystickServer
» 1% SmartLaserCollect
+ 122 SmartLaserObstacleAvoid
+ 2 SmartLaserPersonTracker
» 25 SmartLaserServer
b+ =2 SmartMapperGridiap
2 SmartPioneerBaseServer

£ outline 3

IR

~ = DeployServoExample
DeploySenvoExample
» U Imports (2)
» U Applied Profiles 3)

[2] DeployServoExample

B

AT o oo R
v =0 leeploySeNcExamme diz 2
[ % Palette
DeployServoExample IQ Select
= {1 Marquee
‘ CorbaNamingService ‘ (= UNML Links
[ ] (= UML Elements
E = SmartSoft Component “©
[:} | (@ SmartTask

Smanservo

SmartJovstickServer

joystickClient: <Undefined= [1] _p

ush_semver. <Undefined= 1]

» [@ SmartMainState
» A SmartMutex
(Y SmartTimer

SmartiniParameterGroup

» b SmartSendClient

= [2] DeployServoExample
=a
= Properties 5
s

B console| [R] Recipes

DeployServoExample::DeployServoExample

Profile - orbaSmartSoftDevice  (from CorbaSmartSoft)
Comments » = ip: String [1.1]=192.168.0.1

Constraints » & deployed: DeployType [1..1] = remote
Acvanced » [ usemame: Stiing [1..1] = asteck

» & directory: String [1..1] = deployServo

+ P SmartPushNewestClient

+ P SmartPushTimedClient

» p SmartQueryClient

» p SmartEventClient

+ b SmartstateClient

+ b SmartParameterClient

(= SmartSoft Deployment @
& CorbaNamingService
" Connection

15. November 2010
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Eclipse

R, .
eclipse

THE ECLIPSE PROJECT

ECLIPSE MODELING FREAMEWORK

openArchitectureWare

O

openArchitectureWare

PapyrusUML
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Model Driven Software Development
It is all available (LGPL) ...

servicerobotik

= Toolchain based on Open Architecture Ware ATy
- fully integrated into Eclipse
- http.//www.openarchitectureware.org/ l \Q

= MDSD Toolchain Example
- PIM: SmartMARS robotics profile (Modeling and Analysis of Robotics Systems)
- PSM: SmartSoft in different implementations but with the same semantics !
- can be easily adapted to different profiles / profile extensions / PSMs
= Short Summary on SmartSoft [LGPL]
- http://smart-robotics.sourceforge.net/
- http://www.zafh-servicerobotik.de/ULM/en/smartsoft.php
- http://www.youtube.com/user/RoboticsAtHsUIm
- CORBA (ACE/TAQ) based SmartSoft
— on sourceforge with various robotics components and simulators etc.
— in use in research and industry
- ACE (without CORBA) based SmartSoft
— on sourceforge [Linux, Windows]
— in use in research and industry
- 0AW Toolchain for SmartSoft

— on sourceforge (including Screencasts and Tutorials) Hochschule Ulm
SA
15. November 2010 SIMPAR / Schlegel, Steck “.?)))\ﬁ\



http://www.zafh-servicerobotik.de/ULM/en/smartsoft.php

servicerobotik

SmartSoft MDSD Toolchain

15. November 2010
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serviceroboti

SmartSoft MDSD Toolchain
Links

£) SmariSoft - Mozilla Firefox <2=

for Rob otics

ORBA

15. November 2010

Smartso

Datei Bearbeiten Ansicht Chronile Frse=aichen

Eubrme  Lilén

http /lsmart-robotics. sourceforge.net/ — —

(&) Deaktivieren= [ Cookies+ | _|Keine CSS-Fehlerr | Formularer [ Grafiken~ (@ Informationen~

SmartSoft

Components and Toolchain

i

[T1openSUSE @ Getting Started [ Latest Headlines

=/ Hevornebeny . 4 GroBer J°Extrasv f2]Que

_erschiedene

[

£} YouTube - Kanal von RoboticsAtHsUIm - Mozilla Firefox

P e e o e s o e

Datei Bearbeiten Ansicht Ck---"-

@9 @

[ openSUSE #PGetting Started |5 Latest Headlines

=l
colf @ Deaktivieren £ Cookies~ [JKeine CSS-Fehler- -] Formularer |9 Grafiken- (@ Informationen= (-
fra
the Y h
thal 0" u

co 3 Startseite

‘ Suchen

Videos Kandle

Abonnements Protokell

2 http:/lwww.youtube.com/roboticsAtHsUIm

Iverschiedenes- . Hemorheben- | L GréBer J°Extrase fz|Quelltext- .

Konto erstellen oder anmelden

Video hochladen

Wir

pat]
allg
standardized components whose int
requirements.

Abonnieren

3 =

l Suchen

Hinzugefiigt am | Meist gesehen | Beste Bewertung

[»]

- Follow Me -
= SmartBots@Ulim -

f 15 views - vor 5 Tagen

Mobile Manipulation
using a Katana arm -
61 views - vor 1 Woche

Who is Who? -
‘=% SmartBots@UIm -

112 views - vor 1 Monat

Deployment of SmartSoft B
Components - Navigation
156 views - vor 3 Monaten

Visual SLAM - Lifelong
Localization of a Mobile

184 views - vor 3 Monaten
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Addendum
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Resource Awareness
State Pattern — State Automaton

servicerobotik

to activate/ deactivate component
services
Qv m deactivate{\ currentlg unused
services 1o save resources
Neutral]—~(Faa TERAISURARlRRs betweer
v / houskeeping activities
Alive i
N %Bp{ﬁgrgu giagateless interface
7 __Push__ >User Space
________ l
O _Event

Hoc

15. November 2010 SIMPAR / Schlegel, Steck



The Three Layer Robot Control Architecture
based on the SMARTSOFT Concepts

servicerobotik

@ ) M

- - - - Qo
Symbolic Planner Simulation Analysis =
e.g. Metric-FF,» |e.g. Gazebo - | e.g. Cheddar ol
0—C—0~" FF, LAVA 2%
- O O aS
— e e e e e e — = = - = — % _________________________
SmartTCL (Task Coordination Language) 3
Agenda . Interpreter ©
nok_net | Knowledge Base | -
: Q TCB Library || ... X =
f Rules|[Event Handle] [ &
........................................................... >
| o
Interface: online reconfiguration (state, parameter, Environment Model A
dynamic wiring); event/query management Component Model
— ﬂ — = _
D el DO [
, - >
U it = A Sl
S = Hochschule Ulm
e D D R
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Eclipse Modeling Framework
Meta-Modeling

OQVE

openArchitectureWare

em ]C

ECLIPSE MODELING FRAMEWORK

mgta-meta-model

Me
e ” " (basg rgn%eh/?éngﬂfé)F

r'\r/llgta-model

&m/ﬁ_rtlh-élro file)

modeling tool

M1 S
model 4

code generation

%/Iocqrcecod e/
ex

15. November 2010

S

m

meqx %%%%I

user-model

user-model

user-model

user-model

v

Y

Y

OO

openArchitectureWare

oA

openArchitectureWare

openArchitectureWare

[eTqW%]

v

Y

Y

sourcecode

sourcecode

sourcecode

sourcecode
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SmartSoft MDSD Toolchain
Generation Gap Pattern

Core
Rahmen fur
Tasks, Handler, ...

Userspez. Code:
Tasks, Handler, ...

<<singleton>>

Komponentenhdlle
Ports, ...

User-
erweiterungen

Generierter

Funktionalitat

15. November 2010

Ausfihrungsumgebung
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