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Separation of Roles: Challenges for MDSD

— Use models for the entire life-cyle of the robot
— Models are refined step-by-step until finally they become executable

— Separate inside view (component builder) from outside view (system integrator)
— Separate stable execution container from implementational technologies (middleware, OS)

— Variation points: design-time (component builder, system integrator), runtime (robot)

* Explicitly model variability for late binding (by system integrator and even by the robot at runtime)
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Separation of Roles: Challenges for MDSD

Goal: Robotics Business Ecosystem
=> requires separation of roles
=> how to achieve this?

MDSD as solution technology

=> needs and priorities guided by separation of roles

Application
Domain
Expert

MDSD for robotics / Challenges:
« Stepwise refinement instead of strictly linear MDA approach
* Support deployment with late-binding of OS & middleware
« Variability modeling: design-time & run-time exploitation of variability
» for QoS (quaility-of-service) in open-ended environments
» to address non-functional properties
* provide role-specific support:
* component developer, system integrator, robot, application domain expert, ...
» enable hand-over between these roles
» black-box view, explicate and transfer constraints
* provide appropriate infrastructure
» repositories for components & models with distributed access and versioning
» shared and agreed meta-models and competition at implementational level
» support also closed-source components in deployment to protect IP

System
Integrator

MDE-support for the full life-cycle of a robotics system

+  SW-component model, system model, hardware model, behavior model, etc. etc.

* Role models, Workflows and transformations Hochschule Ulm
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Separation of Roles: Challenges for MDSD

 Edward A. Lee

.Modeling languages that are not executable, or where the execution semantics is vague
or undefined are not much better than TUML (The Truly Unified Modeling Language)“.

~We have to stop thinking of constraints as a universal negative!!!

,Freedom from Choice“ instead of ,,Freedom of Choice*

* Robotics systems

«  OMG MDA approach PIM => PSM => PSl is too linear
* Inrobotics systems,

« parts of the hardware model (PSM, PSI) already needed at PIM level:

(e.g., sensors and their mountings strongly influence algorithmic options)

explicate / hand-over constraints from PIM to PSM to PSI
» Separation of Roles

Component Developer: provide component to component shelf (not necessarily bound to middleware etc.)
System Integrator: picks-up component and binds it to target platform
» Both: need to understand provided / required services

« SmartMDSD covers a service-oriented component and system model with a focus on
separation of roles and separation of concerns

« component, port semantics, lifecycle, system composition, deployment, runtime, variability modeling, etc.
* component execution container

» decouples inside view / outside view / OS / middleware, ...
explicates variability and constraints for the various roles

Hochschule Ulm
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The SmartMDSD Toolchain: Assumptions...
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= The major focus is not: are the internals of the middleware are developed based on MDSD? Hochschule Ulm
§ but is on a workflow that supports separation of roles / concerns by means of MDSD §(&
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The SmartMDSD Toolchain: Assumptions...

service robotik
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+Port0: string | publisher
+Port1:String | O -
E1 | Comp3
I
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Comp4 | Query(requestor)

Comp5
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But: Communication Semantics? Protocols? Policies? QoS?
Interface (inside of component)? Internal Buffers/Handlers?

( <<Component>> Ij

\Variety of user
access methods
sync, async, etc.)

o

X

Internal
Interface

SmartSoft defines:

- Decoupling of
internal interface
and external semantics

- Middleware Mappin

unimbiguous semantics
that can be understood by:

- system integrators and
- component developers

Configurable Policies lead to:qb

- Combinatorial Explosion an

- Increased complexity
(incomprehensible systems)

We decide on a small set of commnuication patterns, AN
each binding a reasonable and consistent configuration

and give them names!
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(black box handlers, client /
view) server
Internal
Interface

C UserCo%e;
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X

Component
Developer
(internal
view)

>
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Now system integrators understand
the system and component developers

know how to use the services!
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The SmartMDSD Toolchain:
Standard Sequential Workflow According to MDA

I
SmarttARS : | CorbaSmartSoft
Modeling and Analysis of | [M2M | CORBA based implementation | ||M2T <<Component>> g
Robotics Systems) of SmartSoft
AceSmartSoft
ACE baszed implementation
of SmanSoft

User Code

o e

legacy code
MATLAB / Simulink

a;w other middleware

-o
Palette

PCL

Threads / Mutex  Timer
Interface Execution Environment

Middlewares | os

MRPT HTAl-Lab OpenCv at OpenHave

5 outline £ -o|g siﬁgr;; aaaaaa gnition_pim
7 [ = properies 12 Beon Attributes / Tagged Values
» Smarti i i it

—
SF

Profile

«  OMG MDA is not perfectly fitting (too linear) since we need stepwise refinements
(more and more bindings of variability across the different and separated roles)
« e.g. component builder
» uses SmartMARS to specify component hull (stable internal structure and interface: red)
generates code of component hull (red & green interfaces provided as templates and via generation gap pattern)
and adds user code ( )
* e.g. system integrator
exploits left open variability for adjusting settings of components
specifiies target platform during deployment step
deployment step adds implementation of execution container & links platform specific libraries
(links together red, green, brown parts etc. as marked by pink coloring)

=> we need late binding of execution container (middleware / OS) and variation points during deployment
=> we need to support selling closed components as object files (intellectual property) with late deployment
=> we (perhaps also) need to be able to compile several components into a single process Hachschelenim
(as with embedded systems) §(&
11.02.2013 Lotz, Schlegel @ Robotics MDE Workshop, Leuven \//))‘\‘? 7-25

service robotik




SmartMDSD Toolchain:

currently implemented traditional MDA workflow | automized steps

« ' PIMoutline [ |=

e Aftributes / Tagged Values

' : Component

dv Developer
PIM Model Checks > M2M PSM M2T SRC Checks PSI .
Model "0AW checks" "XTend" Model "XPand" "0AW recipes" (Code) l(i%?(r)flplle +
(@) component
Component
Developer - 4

2. Deployment Workflow

Deployment Model Checks » M2T Deploy to o
"oAW checks" "XPand" Targets
System
Integrator Cheddar
Models

1. Main Workflow (for Components and CommObjects) = User : Also triggered by
' Code
Buil

Publish (sell)
Component

componentg

User —"ﬂ.‘
Code f'_.

e

_______ Cheddar .
> Analysis ®
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The SmartMDSD Toolchain:

Stepwise-Refinement Workflow / current work in progress

» User: add user code
» Toolchain:

- generation gap pattern
- templates

<<Component>>

©

©0—L

@ Threads / Mutex / Timer @
Interface Execution Environment
Middleware 0s

» Toolchain:

component| SmartMARS ~ Component Level: PIM => PSM => PS|
developer | component builder view
* build component model and generate
component hull with explicated
constraints (bindings, variability)
+ add user code
* provide black-box view
hand component model and object / binary :
OVer . models of valid bindings for variability = LTl
* constraints with respect to system i L ,,,,,,,, ,_/;‘ =
* integration (e.g. x86, RTAI, etc.)
system SmartMARS System Level: PIM => PSM => PS]|
Integrator system integrator view

over

robot

service robotik

11.02.2013

» design deployment / system model

* bind variability for a balanced
system integration

* use black-box component models

» use models of target platforms

* bind against middleware

hand Run-time model and executable
» models of run-time variability

SmartMARS
robot run-time view

Run-time model

Lotz, Schlegel @ Robotics MDE Workshop, Leuven

Run-Time Level: PIM => PSM => PS|

link platform-specific libraries
for execution container

<<Component>> E
Executable Level or ®

Object Level
©oL

®

Interface Execution Environment @
Middleware os

-+ Executables
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SmartMDSD Toolchain:

Stepwise-Refinement Workflow |/ current work in progress

1. Main Workflow (for Components and CommObjects)

can even be platform-specific
=> adds constraints to component model

QO : Triggered by

: Component

@ Platform i\'r”e"e"’per om
PIM Model Checks__y, M2T SRC Checks : g .
i Model "0AW checks" “XPand" "oAW recipes" |ndepedndent SR ' .
code
Component
Devgloper component Publish (sell) :
Component + Model E 3
- -l (without execution
container)
2. Deployment Workflow
®) Deployment Model Checks M2M PSM M2T SRC Checks Middleware
I Model "0AW checks" ) "XTend" Model "XPand" ) "0AW recipes" SRCs L Execution Executables
Container
System :
Integrator - Define Targets @
- J[l\)si:gn (Ffomponents ;t Black
_ selectMidaiewars Refine Deploy to Box
e System  Model ___—Y Targets
Integrator C
Cheddar '} ) Cheddar .
Models Analysis
ome
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Excerpt of SmartMARS as Ecore diagram

| Semaphore |
T name : EString \
[

E| SmartComponent %Comm?bJR§D05lt0r {
H SmartConditionVariablef T name : EString H SmartPort \ T _name : EString
‘ ‘ T portname : EString \

—
A A

H SmartMutex | - |
T name : EString \ E| CommunlcatlonObJec
[ ] T name : EString ‘
: ‘ L I
/ i ‘ E PSM_Connector E clientserverPort || [E MasterSlavePort

‘ [ T serviceName : EString \

A | — 00 ol ST

H SmartTask

| - y 0..% 7‘ A\ g v
| T name : EString " : i T ) [ B Element |
| | T isRealtime : EBoolean =] ParameerGroup j / O iserae ‘ \ L 1 » i e ‘[
T isPeriodic : EBoolean } ‘ pd s I
= period : EInt E ClientPort i H Master H slave ‘ A A
= unit : TimeUnit 0..* - : H ServerPort
fapTivic . stemParams T serverName : EString
= priority : EInt =) e . e
= weet : Elnt T w!rgable : EBooleqn H PrimitiveType E Reference
o scheduling : SchedPolicy conngctions = wiringName : EString A T type: SimpleType
; defaultParams VAN JAY -
Ik<enumeration>> <<enumeration>>
© TimeUnit E PSM_NS £ SimpleType
- T ip: EString - Int8
- ms T port:EInt - UlInt8
- us 0.1 E PSM_Target - Int16
- ns ns T targetName : EString - Ulnt16
T deployLocal : EBoolean — Int32
<<£numeratio.n>> T hostURI : EString = UlInt32
& SchedPolicy o u_ser:EString ) H PushNewestPattern - Int64
= FIFO T directory : EString — Ulnte4
- RoundRobin El QueryPattern _ _ - Float
B poradic H wiringMaser H wiringSlave - Double
(é - Boolean
’_ZF = String
] . E QueryHandler
H PushNewestClientl |E PushNewestServer E QueryClient EH QueryServer handler T name : EString
d T isActive : EBoolean
. » Graphical or textual editor needs additional annotations on top of Ecore
3 « Methods (Ecore: operations) are not explicated in this diagram ”°C“S&‘;'e Uim
o - . . . . .
3 + Not all communication patterns are shown in this diagram (event, diagnose, state, etc.) S f‘,;,
2 .
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Excerpt SmartMARS / PIM: Component Builder View | Ecore

| Semaphore |
T name : EString \

[

H SmartConditionVariable
[

H SmartComponent
T name : EString

H CommunicationObject]
T name : EString ‘
|

T portname : EString \

H CommObjRepository|
T name : EString \
SmartPort B

/\
H SmartMutex |

T name : EString \
[ 1

H MasterSlavePort

I
ANVA
\

H PSM_Connector |
|
[ \

E ClientServerPort |

T serviceName : EString \

H SmartTask o L
T name : EString y ; 4 A
& isRealtime : EBoolean 'H ParameterGroup|
T isPeriodic : EBoolean 1

\1
=

I
L

: Sﬁiré?slj'i.r::erljtnit 0 XN Mo g ClientPort o~ H Master ¥~ H Slave [ A
o prior'ir_y~ Elnt - dystemParams T serverName : EString H ServerPort
= weet : EInt T wireable: EBoolean H PrimitiveType H Reference
= scheduling : SchedPolicy conngctions = wiringName : EString ﬁx T type:SimpleType
defaultParams 2\

<<enumeration>>

_ lk<enumeration>>
“ TimeUnit H PSM_NS “ SimpleType
-5 T ip: EString = Int8
- ms T port: EInt = UInt8
- us 0.1 H Psm Target - Int16
- ns ns T targetName : EString = Uint16
: T deployLocal : EBoolean = Int32
<<enumeration>> T hostURI : EString = UInt32
« i . ;
£ SchedPolicy =) u;er.EStrlng ; B PushNewestPattern - Int64
= FIFO T directory : EString = Uint64
- RoundRobin H Querypattern 5 WiringM 5 Wirings! - Float
- Sporadic iringMaser iringSlave - Double
- Boolean
= String
F - H QueryHandler
H PushNewestClient| |E PushNewestServer H QueryClient H QueryServer handler S name : EString
1 T isActive : EBoolean
X
= Hochschule Ulm
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Excerpt SmartMARS | PSM: System Integrator View | Ecore

service robotik

T name : EString
]

H SmartComponent

H SmartConditionVariable!

SmartMutex

T name : EString

H SmartTask

name : EString
isRealtime : EBoolean
isPeriodic : EBoolean
period : EInt

T name : EString

E SmartpPort \
T portname : EString ‘
I

B ParameterGrou |
1

I

g ClientServerPort |
T serviceName : EString \
L ]

E ClientPort

VAN

.

/\

H MasterSlavePort|
|

[

ANWA
|

H CommObjRepository

T name : EString

H CommunicationObject
T name : EString

I
I

E Master

-

H Slave

/\

H ServerPort

/

[\

VA

- un.|t ..TlrpeUnlt 0.* dystemParams T serverName : EString
ARSI = nE T wireable : EBoolean
. T :
e E!nt . . = wiringName : EString
o scheduling : SchedPolicy conngctions
= defaultParams
lk<enumeration>>
2 TimeUnit H PSM_NS
- T ip: EString
- ms T port: EInt
— 0..1 H PSM_Target
= S ns T targetName : EString
T deployLocal : EBoolean
k<enumeration>> T hostURI: EString
2 SchedPolicy T user : EString B PushNewestPattern
= [H|Fo) T directory : EString
= RoundRobin
= Sporadic

E QueryPattern

T

T

H PrimitiveType

H Reference

2 type : SimpleType

H WiringMaser

H WiringSlave

E PushNewestClient

E PushNewestServer

E QueryClient

E QueryServer

k<enumeration>>
£ SimpleType

Int8
Uint8
Int16
Ulnt16
Int32
Ulnt32
Int64
Ulnt64
Float
Double
Boolean
String

H QueryHandler

handler

T name : EString
1 T isActive : EBoolean
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SmartMARS |/ PIM:
Component Builder View as UML profile

[<<Profile>s]
fsmar thARS

Concurrency

<<Metaclass>>

Class

<<Metaclass>>
Component

Communication Port Base Classes

<<lletaclass>>

Port

<slletaclass>>
Class

<<PrimitiveType>>] [<<PrimitiveType>>
I Int8 | | Uint8 |
<<Stereotype>> <<Stereotype>
SmartCond I.m.-. | SmartSemaphore| SmartComponent — 3 Int16 Uint16
<<PrimitiveType>>| [<<PrimitiveType>>
<<Stereotype>> <elletaclass>> I Int32 | | Ulnt32 |
SmartTimer <<Metaclass>> <<Stereotype>> Class
TtimeUnit: TimeUnitkind <<Enumeration>> Class SmartCl n| | <<Stereotype>> | <<PrimitiveType>>] [<<PrimitiveType>>
rcycle: Integer TimeUnitKind [FServiceNane. String I actionPatterr Int64 Uint64.
S - <<Stereotype>>
ns SmartCommObject| <<PrimitiveType>>| [<<PrimitiveType>>
us <estereotypers = I Float | | Double |
— SmartTask ’
[~timeUnit: TimeUnitKind <<PrimitiveType>>| [<<PrimitiveType>>
<<Enumeration>> |+isRealtime: Boolean <<Stereotype>> <<Stereotype>> <<Stereotype>> <<Stereotype>> I String || Boolean |
h icyKil :1;';5{:;”;;;852?165" <<stereotyper> SmartinteractionClient| SmartinteractionMaster| SmartinteractionSlave
FIFO .:nm;y_ ,nﬁgge, Smar ver [~Serverhame: string
RoundRobin [icet: Tnteger suireable: Boolean = true D GRS
Sporadic [rschedpolicy: SchedPolicykind [ruiringhame: String
<<Metaclass>> <elletaclass>> <<Mletaclass>> <<Metaclass>> <<lletaclass>> <dlletaclass>> <<Metaclass>> <slletaclass>> <alletaclass>>
Class Class \ Class Class Class Class
<<Stereotype>» <<Stereatype>> <<Stereotype>> <<Stereotyper> <<Stereotypes> <sStereotyper> <<Stereatype>> <<Stereotype>>
PushTimedPattern <<Stereotype>> EventPattern N QueryPattern SendPattern ParameterPattern StatePattern
[TcommOb] : Smar t ConmObJ ect PushNewestPattern [FeventParameter  SmartConmob)ect [request . SmartCommObject [Fcommand:rar tCommob ject [Fparams. Smar tConmObject —5 —— %
[~CommOb ] - Smar tConmob) act [-eventResult: Smar tComnObject +response : Smar tCom0Object / \ / \
<<Stereotype>> <<Stereotype>> I <<Stereotype>> <<Stereotype>> <<Stereotype>> <<Ster pe>>. VP reotype>>| <<Stereotype>> <<Stereotype>>’ <<Stereotype>> <<Stereotype>> <<Stereotype>> <<Stereotype>>. <<Stereotype>> || < reotype>> I r pe>>.
PushTimedServer PushTimedClient | |F ver| |F lient| EventServer EventClient QueryServer| QueryClient SendServer SendClient ParameterMaster| | ParameterSlave StateMaster| StateSlave WiringMaster| | WiringSlave| |Di:
[FtimeUnit: TimeUnitkind | [rinterval: Integer = 1 [reventsState: SmartEventStateObject
cycle: integer I
<<Metaclass>> <<Stereotype>> <<Stereotype>> <<Metaclass>> <<Stereotype>>
<<Stereotypes> Class EventTestHandler| EventHandler <<Stereotype>> Class StateChangeHandler|
PushTimedHandler [Fishctive: Boolean | [FisActive: Boolean <<Stereotypex> <<Stereotype>>
R Tl QuaryHandler SendHandler
/ [“isActive: Boolean [-isActive: Boolean <<Stereotype>> I<<Sterectwe>>
<<Stereotyper> MainState SubState
SmartHandler

bot

servicero

[substates [1..*

* Implementation as UML profile gives graphical editor for free
« SmartMARS does not depend on UML

11.02.2013
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Model-Driven Software Development
Model Transformation + Code Generation

\)
~ /776/“ [‘S
OSO O
OI@[‘ .
Q//S .
<<enumerations> <<metaclements»
SchedPolicyKind SmartTask

FIFO )
round-robin
sporadic

[P

schedPolicy : SchedPolicyKind
isHealtime > Boolean
isPernodic : Boolean

priority : Integer

timeUnit : TimeUnitType

period : Integer

weet : Integer

IIIIIIIIIIIIIl.l.l.\%.l.‘%‘......l.l-l
isRealtime isRealti

<<metaclements>
SmartCorbaTask

<<metaelement>>

RTAITask

schedPolicy : SchedPolicyKind

schedPolicy : SchedPolicyKind

timer [0.1] _ |isPeriodic : Boolean isPeriodic : Boolean
priority : Integer priority : Integer
period : Integer period : Integer
weet : Integer
| <<metaglement=> T T 1 e
isP?ritadic 'SmartCorbaCondMutex ; i
51"~ |
|
| <<mefaelement> | <<melaelement>> !
. SmartCorbaTimer_ _ . SmartCorbaMutex |
| period : Integer : condMutex [0..1] ] :

Transformation PIM into PSM

service robotik

11.02.2013

¥ -::-::G|.»;;lss:.v-::-
tSmartTask

<<class>>

MyTaskCore

T

<<class>>

=== -————===x--

Generation Gap Pattern

y

PSI

Provided by \[- -meta—element>>| !
Framework | n.
Builder ; i 4
: =1
: =h
RTAI ik<meta-element>>| @1
Task | |SmartTask |5
7 L e
|
|
N b III
|
|
Ta lN-—=-====-== JL __________
Lry, |||  <<model-element>>
! MyTask
11| schedPolicy: SchedPolicyKind
11| isBealtime! Boolean
il
o5 o 11| fime if: TimeUnitkind
ot I ermt#l nteger
_______ 11| weet: Integér

PIM

Generation Gap Pattern / Technical View:

- stable user interface [e.g. MyTask] even when
platform is changed

«  platform-specific internals / internal
implementations are added transparently

Lotz, Schlegel @ Robotics MDE Workshop, Leuven
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[Ej task_mutex.ext i3

Model-Driven Software Development
Sp % PIM to PSM | SmartTask / isRealtime

create uml::Class this addSmartTask(SmartMARS::SmartTask tsk, uml::Component cmp)

cmp.packagedElement.add(this) -=
this.setName(tsk.name) -=
if( tsk.isRealtime == true) then

{

this.applyStereotype("CorbaSmartSoft:
setTaggedValue(this, "CorbaSmartSoft:
setTaggedvalue(this, "CorbaSmartSoft:
setTaggedvalue(this, "CorbaSmartSoft:
setTaggedvValue(this, "CorbaSmartSoft:

:RTAITask") -=

:RTAITask", "isPeriodic", tsk.isPeriodic) -=

:RTAITask", "wcet", tsk.wcet.toSecond(tsk.timeUnit.name)) -=
:RTAITask", "period", tsk.period.toSecond(tsk.timeUnit.name)) -=
:RTAITask", "priority", tsk.priority)

:SmartCorbaTask") -=

:SmartCorbaTask", "isPeriodic", tsk.isPeriodic) -=

:SmartCorbaTask", "wcet", tsk.wcet.toSecond(tsk.timeUnit.name)) -=
:SmartCorbaTask", "period®, tsk.period.toSecond(tsk.timeUnit.name)) -=
:SmartCorbaTask", "priority", tsk.priority) -=

setTaggedValue(this, "CorbaSmartSoft::SmartCorbaTask", "timer", cmp.addTimer(tsk.name, tsk.period, tsk.timeUnit.name})

}

else

{
this.applyStereotype("CorbaSmartSoft:
setTaggedValue(this, "CorbaSmartSoft:
setTaggedValue(this, "CorbaSmartSoft:
setTaggedvalue(this, "CorbaSmartSoft:
setTaggedvValue(this, "CorbaSmartSoft:
if( tsk.isPeriocdic == true ) then
{
}

ki

Xtend Transformation Rule (M2M):

PIM to PSM model transformation of the SmartTask depending on the attribute “isRealtime”

service robotik

Hochschule Ulm
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Sh, Model-Driven Software Development
PSM to PSI

smartTaskxpt 2 . PSM — PSI| Template

«DEFINE TaskUserSourceFile FOR CorbaSmartSoft::Task-=»

«FILE this.getUserSourceFilename() writeOnce-=»

«getCopyrightWriteOnce( )=

#include "«this.getUserHeaderFilename()=»"

#include "gen/«((CorbaSmartSoft::SmartCorbaComponent)this.eContainer()).getCoreHeaderFilename()="

#include <iostream=

«this.getName()»: :«this.getName ()»() | ServoTask.cc 5 PSI (user code .ccfile)
{ 3 n n
std::cout << "constructor «this.getName()»\n"; #?nclude servoTask.hh
} #include "gen/SmartServo.hh"
int «this.getName()»::svc() #include <iostream>
{
// do something -- put your code here !!! ServoTask: :ServoTask()
while(1) {
{ std::cout << "constructor ServoTask\yn";
«IF this.isPeriodic == true-=» }
std::cout == "Hello from «this.getName()» - periodic\n"; .
smart_task wait period(); int ServoTask::svc()
«ELSE-» { . ) -
std::cout << "Hello from «this.getName()»\n"; // do something -- put your code here !!!
SLEEP{IJ: thlE {1]
«ENDIF-» { o
} std::cout =< "Hello from ServoTask - periodichn®;
return 0; smart task wait period();
} }
«ENDFILE=» return @;
«ENDDEFINE» }

Xpand / Xtend Transformation (M2T): PSM to PSI model transformation

Hochschule Ulm
A
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service robotik




Additional Slides

service robotik

11.02.2013 Lotz, Schlegel @ Robotics MDE Workshop, Leuven

Hochschule Ulm
A
“3))\? 18 - 25



s, Model-Driven Software Development
SO ’ -
%, ~SmartMARS UML Profiles (PIM, PSM)
S.
PIM | PSM faml)
cenumeration» : Class
(um) TimeUnitKind
Class ‘
=) s |
*‘ El ms «stereotype»
: =l us Task {abstract}
wstereotypen £l ns
SmartTask = isPeriodic: Boolean [1]
=, period: double [1]
= timeUnit: TimeUnitKind [1] =, priority: Integer [1]
=] isRealtime: Boolean [1] «enumeration» =] wcet: double [1]
= isPeriodic: Boolean [1] SchedPolicyKind <7 s
= period: Integer [1] / N
= priority: Integer [1] % FIFO _ astereotype» ustereotypes
1 weet: Integer [1] % round_robin RTAITask SmartCorbaTask
=] schedPolicy: SchedPolicyKind [1] £} sporadic

= ftimer: Class [0..1]

excerpts of UML Profile created with Papyrus UML (left PIM, right PSM)

service robotik
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SmartOpenRave Component

SmartOpenRave
T o
-tr'ctSdCI' t: <Undefined> [1 -
P| rajectorysendCiient: <Undefined> [1] ManipulatorEventClientHandler OpenRave
manipulatorStatePushTimedClient: <Undefined=> [1] I &} defaultEnvironmentPath: string [1] = data/defaultOp...
; et o = robotPath: string [1] = robots/katana. robot. xml
manipulatorEventClient: <Undefined=> [1] 7
PathPlanningSendHandler =] saveTrajectoryToFile: boolean [1] = false
= saveObjectsToFile: boolean [1] = false
T = debugSend: boolean [1] = false
. TaskPlanningSendHandler (= debugOpenRave: boolean [1] = true
wiringSlave: <Undefined= [1] £ debugGrasping: boolean [1] = false
pathPlanningSendServer: <Undefined= [1] it = gui_active: boolean [1] = true
. EventServerHandler & robotName: string [1] = Katana
taskPlanningSendServer: <Undefined=> [1] E showCompleteTrajectory: boolean [1] = false
T = storedEnvironmentPath: string [1] = data/
= storedEnvircnmentMame: string [1] = storedEnviron...
ParameterServerHandler = py‘lhﬂn_path: stnng [1] =/
environmentQueryClient: <Undefined> [1] T m
objectCueryClient: <Undefined= [1] StateChangeHandler PortParameter B
T = withManipulator: boolean [1] = true
ObjectQueryHandler = withObjectRecognition: boolean [1] = true
objectQueryServer; <Undefined= [1] fb ﬁ
eventServer: <Undefined= [1] OpenRaveMutex trajectory
parameterServer: <Undefined= [1] o simulation 1 Q
trajectory DemonstrationTask
stateServer: <Undefined> [1] ManipulatorModeMutex
simulation Q
A demonstration
ParameterTask
ManipulaterFactoryMutex
demonstration

Hochschule Ulm
S

b
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service robotik

SmartOpenRave Component

’
———__-----—_ —”
High level description of states. See Services for a detailed description how individual ports behave in
specific states.
neutral: The component does not perform any planning or IK calculation. It accepts

parameters.
frajectory: The component can plan paths or plan higher level tasks like grasping an object and
place it somewhere.
demonstration: The component just synchronizes the modeled manipulator with the real manipulator.
This state is mainly for testing purpose.
simulation: The component does not send any trajectory to the real manipulator. It computes all IK
solutions and plans path as in "trajectory” state.
ENV CLEAR: The scene is reset to its default as loaded initially
from the ini-configuration.
ENV_[OAD OBJECTRECOGNITION(?envid): The environment with id ?envid is loaded from
the object recognition. The
environmentQueryClient is used to get the -~
— - e - E-Eimnment from the object recognition. - - Hoch@;le Ulm
11.02.2013

Lotz, Schlegel @ Robotics MDE Workshop, Leuven
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SmartcMapping

DeployButisrscanario

Task Coordination

r

SmartTCL

symibolicPlannarGueryClient
tsSendClient
temuenyClient
sEventClient
‘wepintarfaceEventCliant
webinierfacaSandCllent
1
LB
i
i
W
State Ports
Parameter Ports,

disconnected in this diagram

* | and to all ports that appear

Learning from Demonstration
Smartia

Smartop

.
s @ | u £ o
8 ] e % jo o
Pl : - -
Pl
S T
== [ TR T -
Gl i
imiEm :
g T T L
- A o
g

maripul

Object Recognition

3Ij0gol8oinles



Model-Driven Software Development:
Component Builder View

Papyrus - SmartFaceRecognition/model/pim/SmartFaceRecognition_pim.di2 - itemis openArchitectureWare distribution

+ Palette

e Search Project Run Window Help
vl @ @ | #v0vQy | & #v |&v Button f- 2
| %5 Navigator &2 = fer e i smartFaceRecognition_pim.diz &1 i i
2 | A i PIM Graphical Representation
- =& SmartFaceRecognition .
+ [ META-INF [:],
=/ & model ] SmartFaceRecoqnition
- = pim P! M FII es | paramServer: <Undefined= [1] Q Q
f'" SmaTtFﬂCERﬂcngmtlonjlm.dZ aceRecogEventSemnver <Undefined> [\arllookTask VisualizationThread
#| SmartFaceRecognition_pim.umi b stateServer: <Undefined= [1] | ::b imageNewesClicnt
—_ ul — ‘.J- -
+| [= psm "
i
N PSI FI ParameterHandler FaceRecognitionEventTest Eulchwf;ﬂlr
=
il iles -
+| & obj 31 ik | e =
ik active Active | o=
£ CompHandler.cc i - generic
wt
& CompHandlerhh ",.--"" | £ verbose: boolean [1] = false
.2 DefaultstateChangeHandler.cc _‘i,.a*"'r
& DefaultStateChangeHandler.hh '_,.»-"‘"‘
R PSR RS S-S PP T, S T i = -""-.
a __,.w""-r »
&= Outline i3 | ‘@-SﬁartFaceHeccsgnitiun_pim
L] - —_— - .
%% 1 PIM outline |7 |=reeeries 2~ Bcon Attributes / Tagged Values
=| B2 SmartFaceRecognition_pim } SmartFaceRecognition_pim::SmartFaceRecognition::imagefNewestClient
- [» SmartFaceRecognition Applied stereotypes: & |5
¥ imageNewestClient: <Undefined=> _
B stateServer: <Undefined> Profile - ¥ smartPushNewestClient (from SmartMARS)
5 paramServer: <Undefined=> _ + = serverMame: String [1..1] = SmartUnicapilmageServer
5 faceRecogEventServer: <Undefineds _ + = serviceMame: String [1..1] = imageMNewest
Q VisualizationThread i _ + E commObject: Class [1..1] = CommVideolmage

B BECCc++ k

| ]

Palette

[; Select
[ : Marquee
= UML Links
= UML Elements
= Smartsoft Deployment
[= SmartSoft Component &)
) SmartTask
@ smartMainstate
v A SmartMutex
<% SmartTimer
E SmartiniParameterGroup
+ p SmartSendClient
» B SmartPushMewestClient

v b SmartPyshTimedClient

»Build a Component Hull*

Screencast




Model-Driven Software Development:
System Integrator View

Papyrus - DeployNavTask/model/DeployNavTask.di2 - itemis openArchitectureWare distribution

File Edit View Navigate Search Project Run HEIp

My @ m | #vOovay o v |y Button Er 30 .' m Boc+
| L & =y _:\ - = = " " =
% Navigator 22 B% 0 [l DeployNavTask di2 &3 Graphical Representation of -
I M i A el i il O L ™ W A Tl Wi i =
sDe | EEE Deployment Model |2 Palette Palette
+ = Deployment Model r by Select
— &= model _ NamingService S L. Marguee
'-I DE‘F‘WHHUTHSE.dII A BEOG B UeaSIRST |1] é.r ----- -_‘.:-l Ewﬂmamef:.am et ] IE" UML Links
&) DeployNavTask.umil [k T —— %[‘ s d;m-'am' T |- umML Elements
v SmarticboiConsol e Tao. <Undsines [1] | B e
B Y P T e pry— - B —_1--{-;-;;;;-‘3'_‘-_}---‘—_ T T o h‘\ R e S - [= SmartSoft Deployment &
MRS TR T ——— [ N L‘} i # CorbaNamingService
5= outline 2 = g . : . ;
L= b P Ui 111 Bl 3 bbb ' ¥ SmartlacerLM52005erver | ! H RTAISetup
g T T Ems———————— " ’ 1., temel et =Lirdetnad= [1] FI - .
] J JJ {E'_ ey S <Ll [1] 4 Cﬂnnﬂchﬂn
Imported Components : £ Jgr
= i : Ll Bl < Leeds 1] _.g _____________________ :
~ 24 import SmartCdiServer R 1y : Syt sneise s N [:} '
+ E}Smﬂntdjsﬁmer IR 1\“.‘ !uarnu.ub:r.u- < Livedelned [1] '\1‘\ _—Mmﬁh_d_-ﬂ’ | :
o3 - . o . " i ‘:Lti RS S e Y ‘&11; T R e = R ey | |
il Impﬂﬁ. Smﬂlmﬁppefﬁfldmaﬂ e \*f;'-ﬂl":crm <LngeEd 1] asorCont: <Urcietined= [1] m
+ [Cb SmartMapperGridMap _-Sijiu.m.w i '
e i q|
i IMport Sm.arlPluneerElase‘iewer . ____,..a-"' |~ Smartsoft Component
+ [k SmartPioneerBaseServer oyNavTask e
— % import SmartPlannerBreadthFirstSearch) = . —
+ [k SmartPlannerBreadthFirstSearch == Fmpertl'és.._tf‘_ & console & Progress 4’ Search . | v =8
o

- %% import SmartLaserl M52005erver
+ [ SmartLaserLMS200Server

- %% import SmartRobotConsole
+ [t SmartRobotConsole

= %, import SmartAmcl

Deploy

" Deployment Properties ‘

& ip: String [1..1] = 192.168.31.115
= deployed: DeployType [1..1] = remote
= username: String [1..1] = student

+

Profile

+

+

+ [k Smartamcl di : i
el o + & directory: String [1..1] = tmp/lautms
T = .




Model-Driven Software Development: o
System Integrator View )

—_— —
&!jau; [Seveloper|

System Level Properties / Bindings / Conformance Checks
N

target baseTask
. avTask ip: 192.168.0.1 period: 100ms
navi- username: zath

gation o] [:} device: RS232 ﬁ
NamingService
- SmartCdiServer SmartPioneerBaseServer

nawelSendClient| P~~~ —-=-===

navigationVelocityServer

E:} laserClient pushTimed E basePositionServer
N\ cycle: 100ms
S SmartRobotConsole plannerClient S 1
\ N .
. Tl - - ==K goalEventServer \ N /| T mmmmmmm s laserTask
L cdIGoalEventClient| P 2|9 ' S _ period: 25ms
s cdIParameterClient] -=2 - paramServer chTazk 100 N7 [ dovice: RSaza
§ 3 period: ms A evice:
3 cdistateClient -->>{ p] stateServer | i RN SmartlaserServer resolution: 50
e ! Y T
——————————————————— 1 N )
’/ E laserServer baseChent$
I
[:] / I
Component ShEIf SmartPlannerBreadthFirstSearch / .
Reusable Com pOnentS plannerEventClient plannerGoalServer baseClient S
. \
plannerParameterClien I'! plannerEventServerCUl’MapC|Ient| > Mo [:::) !
i paramServer \\ SmartMapperGridMap i
plannerStateClien 0 . n
BN I-! stateServer curPushServer laserClient EEI
mapperParameterClien| pf - — - - - = - - — - m - e paramServer

map_size_x: 60000
map_size_y. 40000

stateServer cell_size: 50

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

File Edit Tools Help

D olelolalal ol¥lel=)
Q el = isRealtime: Boolean [1..1] = true N L . ) . J
EtTRak] RtTask3 || =) period: Integer [1..1] = 1000 Task name=RtTaski  Period= 1000; Capacity= 25; Deadline= 1000; Start time= 0; FPriority= 7
» (= priority: Integer [1..1] =1 | — L - L )
Task2 @ sk1 - » (= isPeriodic: Boolean [1..1] = true Task name=ﬂr?'eskl.? I IPe.Ir'J'oclrf: .;2’5,'.6&,;:-&\':'@': 3 Déad;finel: 25 Isra}?r;mel: &y Priority= 2 Cpu=d
» = weet: Integer [1..1]=25 [ P M| e o g SR e
N\ y B timelnit 3|sz.-Uni'3Kind [.1]=ms Task name=RtTask3 Period= 10; Capacity= &; Deadline= 10, Start time= 0; Prfarfty; 3 Cpﬁ Hochschule Ulm
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