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The Software Challenge in Robotics...

service robotik
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concept robot-. This prompts
another lab to
try to build on
this result...

get any details
on the software
used to make it

.++and all the
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So~ a grandiose previous lab
plan is formed members is a mess-.

to write a new
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The Software Challenge in Robotics...

I AT R L T L

Wirtschaftlichkeitsanalysen
neuartiger Servicerobotik-
Anwendungen und ihre Bedeutung
fur die Robotik-Entwicklung

Motivation: Extensive software costs and high risks

(see EFFIROB study / Fraunhofer IPA:
“efficient software engineering is decisive to lower
development costs of service robotic applications”)

=> SWE already is bottleneck towards implementing

service robotic applications in an economic and
feasible way

servicerobotik

13.06.2013

=> SWE is a major hurdle when it comes to developing

markets for service robots and economic success of
service robotic applications

Goal:

reduce risks and costs of software development for
advanced service robotic systems in order to make a

step ahead towards economically feasible service
robotic applications

prepare for a robotics software business ecosystem

Hochschule Ulm
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Towards a Software Business Ecosystem in Robotics...

Robotics Domain Application Domain
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Robotics Business Ecosystem

 Separation of Roles (in order to support specialization)

 Separation of Concerns (in order to reduce complexity)
computation (functionality)
communication (exchange data between entities)
configuration (parameters at component and system level, wiring)

coordination (orchestration, resource management, wiring)
* MDSD (Model-Driven SW Development) Hochschule Ulm
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Is Robotics Different from other Domains???

-

= 5
AUTO©SAR
\ AUTomotive Open System ARchitecture

* the differences of robotics compared to other disciplines (e.g. automotive, avionics) is

* neither the huge variety of different sensors, actuators, hardware platforms
* nor the number of different disciplines being involved

* the differences of robotics compared to other domains originate from the need of a robot to cope
with open-ended environments while having only limited resources at ist disposal

= the best matching between current situation, proper robot behavior and resource assignment
becomes overwhelming even for the most skilled robot engineer!

= due to the enormeous sizes of the problem space and the solution space in robotics, there will
always be a deviation between design-time optimality and run-time optimality

Hochschule Ulm
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service robotik

How to improve the execution quality of a service robot acting
in open-ended environments given limited onboard resources?

Example: Optimize coffee delivery service — How to get the coffee

. . to the customer as
1. guarantee minimum coffee temperatu re hotlas possible?

(preference is to serve as hot as possible)

2.  maximum velocity bound due to safety issues (hot coffee) and
battery level

3.  minimum required velocity depending on distance since coffee
cools down

4. fast delivery can increase volume of coffee sales

Robotics engineer / design-time

* identify and enumerate all eventualities in advance???

* code proper configurations, resource assignments and reactions for all situations???
» not efficient due to the combinatorial explosion of situations & parameterizations

» even the most skilled robotics engineer cannot foresee all eventualities

Robot / run-time:

* just (re)plan in order to take into account latest information as soon as it becomes available???
» complexity of (re)planning is far too high when it comes to real-world problems

(not possible to generate action plots given partial information only while also taking into account
additional properties like, e.g. safety and resource awareness)

Hochschule Ulm
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Towards a Software Business Ecosystem in Robotics...

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, O5)
— 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)

as now...

as wanted...
i / . A o B | f i
Wity UV ) ; |
o hand over Wl SR | hand over \ ¢ Waiste |
et 1 N e WM N, =L
. , / System : /
\ Buider . = | Integrator | Rob =3 /
— = Jinner view* ~ g_ -~ _ o \ obot *
Jfreedom from choice” — —_— e . ™~
in order to ensure uses black-box view exploit :
systemevel conformity Jouter view" variation points | purposefully _exploit
L—" left-open variability variation points
provide ; [/ make in order to deal with
specialist with deep _,,bla_ck b“?( i system-level open-ended
expertise view including — bindings and Gﬂmpt_}nenl must be environments
(return-of-investment model-based | | Application || a4justments bindable to (models@runtime)
based on multiple use variation points domain execution platform
of components) | experts at deployment time \!
—\/— \/ | without recompilation!| | Deployment
Component System \/ (add new components
Development ! Integration Deployment | at run-time)
% stepwise refinement: (1) add more and more informaticn, (2) bind more and more variability
a Hochschule Ulm
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service robotik

A Robotics Software Component Model as Basis...
... Communication Patterns as Major Ingredients

« Communication
- Send
- Query
- PushNewest
- PushTimed
« Coordination / Configuration
- State (Lifecycle)
- DynamicWiring
- Parameter

- Event
- Monitoring

Hochschule Ulm
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Robotics Software Component Model + MDSD...

L] I 1 L]
UML: ' Robotics:
|
a ! I
I Comp?2 Comp4 | Query(requestor)
subscriber |
ComponentQ I |
| Compl ;
+Port0: string | publisher '
+Port1:string | O >_ I
2 I Comp3 : Comp5
|
Component1 | subscriber : Query(requestor)
But: Communication Semantics? Protocols? Policies? QoS?
Interface (inside of component)? Internal Buffers/Handlers?
........ %
s - & -
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service robotik

Robotics Software Component Model + MDSD...

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

Gain control over component hull

all relevant properties and parameters
explicated at the component hull

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

System Integrator Component Developer
(black box view) (white box component)

| Component
\

@ [

Middleware Expert

(provides mapping from communication
patterns to middleware)

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:

13.06.2013 8th National Conference on "Control Architectures of Robots" / Schlegel 11
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service robotik

Robotics Software Component Model + MDSD...

System Integrator
(black box view)

®

X

Component
Developer,
(internal
view)

Component Developer
(white box component)

( ==Component==

[ &

Wariety of user
bccess methods

i sync, async, etc.)
Internal
Interface

( USEE ?0(1&9

111111

Communication:
* Send

* Query

* Push Newest

* Push Timed

martSoft defines:
Decoupling of
internal interface

and external semantic

unimbiguous semantics
that can be understood by:

Coordination / Configuration:
* State (Lifecycle)

* Dynamic Wiring

* Parameter

* Event

* Monitoring

j: E -r:-.:Cumponent:-:.»S

Slerdm ®
s Buffers, tasks
(black box handlers, client /

server

Component

- system integrators and
- component developers

onfigurable Policies lead to:

- Combinatorial Explosion an
- Increased complexity

(incomprehensible systems)

and giv

e them names!

Internal \peveloper
Interface [inferna|

view)
UserCode

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

13.06.20
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the system and component developers
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Communication Patterns:
Mastering the link between component inside / outside view

one-of
Q not variety outside where it affects <<Component>> g send AN
system integration, but . query
. . offerall: ., push (newest)
* avoid complexity of sync/async B = B push (timed)
{ combinatorial explosion of upcall / handler | ~-J=-—""-- event
policies, mechanisms etc. buffer,etc. |  § wiring

* ensure system level
conformance (avoid distributed
systems deadlocks etc.)

* avoid incompatible port

variants of the same service \

Middleware / OS binding:
SmartSoft, OROCOS, ROS, RobotML, ...
ACE, CORBA, DDS, Linux, Windows, ...

diagnose
parameter

system level conformant combinations

@ not variety outside where it affects system integration @ not early platform binding
but variety inside a component to ease job of developer: but late linking to
/ * give freedom to use desired access methods / implementation of
(sync, async, upcall, etc.) execution container

* give freedom to install desired processing
(passive, thread-pool, pipeline, buffers, etc.)

Hochschule Ulm
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Overview Communication: Query / Send / Push Newest / Push Timed
(there are 5 more patterns for coordination / configuration)

Query Client(s) Query Server I Send Client(s) Send Server
(Service Requestor) (Service Provider) | (Service Requestor) (Service Provider)
B :
Lt E | Synchronous m
QUEW or = <<actwe-handiers= SEnd <<active-handiers =
Async. Susntlandicr I Susiandis
Request/ or | or
Answer
cepassiva-handlers > I << passive-handlere >
I ar | .
. : Policy:
Policy: Server Semantics: | Oneway Request Server Semantics:
Request / Response Individual handling I (Fire and Forget) No response available
ModefInitiative: for each query request Mode/lInitiative:
n Requestors to 1 Provider |

n Requestors to 1 Provider

______________________ b e e m m e e e - e - - - e - - - - -
. | , .
PushNewest Client(s) PushNewest Server PushTimed Client(s) PushTimed Server
(Service Requestor) (Service Provider) (Service Requestor) (Service Provider)
. irregular updates . periodic updates

Blocking EE Blocking EE

Wait or EE E Put New Wait or

Async. Update Async.

c<TimerHandlars =
Check for ]1— Check for ]1- R | et

New Updates .. ]——-"(
[ Server Semantics:

no buffer on server,
publish only to
subscribibed clients

New Updates .[

Server Semantics:
Policy: no buffer on server,

Publish / Subscribe individual update rate
Mode/Initiative: for each subscribed

1 Provider to n ReauestorsLCli€nt

Policy:
Publish / Subscribe
Mode/Initiative:
1 Provider to n Requestors

Hochschule Ulm
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servicerobotik

. £
Example Query Pattern / Overview 0,,*0%/
(S e
k.
);
%’e 0”‘5’/-
/7[1/. ]
‘e
h’d‘
Component l ommunication Policy: | Component
P E Request/Response E P
<=Interface=> Servi Servi <<Interface>=
QueryClient |- ervice ervice | | QueryServer
i Requestor(s) { O_ Provider E 4 -
/Client Side\ < Middleware » [ Server Side
Communication Communication Communication
Protocol Protocol
Hochschule Ulm
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servicerobotik

Example Query Pattern / External View C

8, %0
Yy Qs
e, "8y,
(2 P
b
' Provider-Requestor Contract =
. Communication Policy (Query) +
Communication Object(s)
Query Ve o Query
Client(s) \ Server
Query
Communication [Reduest|  [Response
Objects
A Communication Policy:
Request/Response
Relationship: Client-Server
Initiative:
n Client(s) to 1 Server
Hochschule UIm
S -
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Example Query Client / Internal View

%

synchronous query

AsSyNC. qUEry reques te—————

async. test receive
blocking receive

AN BN AN AN WS B E

I R:Requestl!

QueryClient

:A:Answer '

+disconect(): StatusCode
+query(in request:R,out answer:A): StatusCode

+queryRequest(in request:R,in qid:int): StatusCode {

D +queryTestReceive(out answer:A,in gid:int): StatusCode
4——+queryBlockingReceive(out answer:A,in qid:int): StatusCode

+queryDiscard(in gid:int): StatusCode

+connect(in comp:string,in service:string): StatusCode

service robotik

13.06.2013

StatusCode query query queryTest
Request Receive
OK # /- I,.r
disconnected 8 8 8
canceled @ Q .
no-data : 8
wrong ID e
error 2 & (

queryBlocking query
Receive Discard

8th National Conference on "Control Architectures of Robots" / Schlegel
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service robotik

Example Query Pattern:

Mapping of Message Protocol
onto Middleware

Query
Client

®
v

[Disconnected]

Internal Communication Protocol
» to be mapped onto Middleware

» within the protocol use whatever marshaling
we agreed upon

connect: connection-id, service-id

l <

™\

ack-connect: connection-id, status
disconnect

Connected

ack-disconnect
request: reg-stream, query-id

Pending

<
Canceled Received &~
Internal buffer

size 1 for a response
to each request

13.06.2013

8th National Conference on "Control Architectures of Robots" / Schlegel
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2, % 2
/7[@9 e
Query fofo,
Server
>
—>
—>| Internal buffer
=) size 1 for each
individual query
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Policies and Strategies behind SmartSoft Services... - '

service robotik

)(;; - A
...towards QoS and Resource Awareness ‘ ‘

* clients of services are not allowed to make any assumptions about
offered services beyond the announced characteristics

* service providers are not allowed to make any assumptions about service requestors
(like e.g. their maximum rate of requests)

As long as there are no further quality-of-service attributes, the service provider accepts all incoming requests
and guarantees to answer all accepted requests

However, only the service provider knows about its resources available to process incoming requests and
clients are not allowed to impose constraints on the service provider (a request might provide further non-
committal hints to the service provider like a request priority)

Thus, the service provider is allowed to provide a NIL answer in case it is running out of resources (beyond
guaranteed QoS) to answer a particular request

In consequence, all service requestors must always be prepared to get a NIL answer when performing
requests beyond acknowledged QoS

A service requestor is also not allowed to make any assumptions about the response time as long as according
QoS attributes are not set by the service provider

However, if a service provider announces to answer requests within a certain time limit, one can rely on
getting at least a NIL answer before the deadline. If a service provider announces to process requests within a
certain time limit, one can rely on getting a complete answer before the deadline

If a service requestor depends on a maximum response time although this QoS attribute is not offered by the

service provider, it needs to use client-side timeouts with ist request

Hochschule Ulm
A
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service robotik

Robotics Software Component Model + MDSD...

<<Component>> stable interface to
user code inside

component

component lifecycle

_______ ! Send @ @ stable interface
=

to other components
_______________ / p

can have any number of ports but each port
O 4— is based on one of the communication patterns

@ (send, query, push newest, push timed, event).

abstraction of operating system resources

Threads / Mutex / Timer
Interface Execution Environment

Middleware

stable interface (framework internal)
to middleware and
operating system

Meta-Model

A
D>

13.06.2013
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Robotics Software Component Model + MDSD...

SmartMDSD
(service oriented

component model)

* Meta-Model
* Toolchain

<<Components>

* Software
component

* execution
container

service robotik

Middleware

Meta-Model

13.06.2013

Screencast
Simple Navigation

SmartSoft SmartTCL VML
(implementation) (Task (Variability
* CORBA / SmartSoft Coordination Modeling
* ACE / SmartSoft Language Language
[DSL]) [DSL])

PIM Files
71 smanfaceRecognibion_pim.di2
&) SmartFaceRecognition_pim.umi

PSI Files

Graphical Representation of I
Deplg . 15

madel
78 DeployNavTask.ciz
) DeployNavTask.umi

S Outline 1

4% ' PIM outline [ |=+

“ How to get the coffee
to the customer as
hot as possible?

Eclipse-Toolchain
* component

developer Eclipse-Toolchain
* system integrator .
Y g Real robot in real world Hochschule Ulm
* deployment &&((Q;
8th National Conference on "Control Architectures of Robots" / Schlegel 21 7

™


http://www.zafh-servicerobotik.de/ULM/dokumente/MULTIMEDIA/simpleNavigation.wmv

Component Builder View...

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

servicerobotik

e Edit View Navigate Search Project Run Window Help
v @ @ | Bvovar e v |kv Button pr : B Bocr 7
%5. Navigator 22 2% < =0 SmartFaceRecognition_pim.di2 &3 : 4 =0
> : A L PIM Graphical Representation
- &% SmartFaceRecognition w Palette Palette
+ B META-INF [:} I'; Select
= & model Pl M Flles SmartFaceRecoanition 7} Marguee
- & pim E paramSernver: <Undefined= [1) Q Q — UML Link
= 5
~J smartFaceRecognition_pim.di2 }; faceRecogEventServer: <Undefined> [WarllookTask VisualizationThread '; —
N ibi Fr| stateSarver: <Undefined> [1] 1 haimageNewesiClient =
#] SmartFaceRecognition_pim.umi x| - _,}‘; = SmartSoft Deployment
N Ll
+ & psm I T T - smartsoft Component «
—| @& src . ParameterHandler | | FaceRecognitionEventTest Ehhcnl'lp-lﬁ"ldlr i
& gen PS' F |I es o i « € SmartTask
+ = w
e i [0 smartMainState
& & ob) acti “ Acti - --'"'f- B j A SmartMu
e e H ] IMaruviutex
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. - H martTimer
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. DefaultstateChangeHandler.cc _‘_,.-*'" : E SmartiniParameterGroup
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e IR T AT b e ’ - el i » b SmartPushNewestClient
- ‘J.-""'- i » |+ b SmartPushTigedclient
3= Outline &2 O <MmartFaceRecognition_pim
. - =
Bcn Attributes / Tagged Values &

%< 1 PIM outline

£= SmartFaceRecognition_pim
- ['» SmartFaceRecognition
P imageMewestClient: <Undefined>
§ stateServer: <Undefined=
F paramServer: <Undefined=

@ VisualizatonThread

F faceRecogEventServer: <Undefined>

4

= Properties &2

Applied stereotypes:

Profile =

¥ SmartFaceRecognition_pim::SmartFaceRecognition::image

5 smartPushNewestClient {from SmartMARS)
+ = serverName: Strimg [1..1] = SmartUnicapimageServer

+ (=1 serviceMame: String [1..1] = imageNewest
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= X

o
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System Integrator View...

service robotik

navi-
gation

Component Shelf
Reusable Components

13.06.2013

System Level Properties / Bindings / Conformance Checks
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http://youtu.be/DjjNUPpj36E

Robotic Architecture / Software Architecture

Sequencing Layer with SmartTCL:

* bridges between continuous

processing and event-driven task
execution

e orchestrates the software

Sensors, components in the system
Actuators

* assigns decision spaces to

Object Recog- Cn Sy el
nition, motion : L E O e
control, ... ; Q .

P3DX, SICK, = components
Segway, ... O

T * involves dedicated experts for run-
SLAM, Speech| * = time binding of designed variability
Interaction, =

-

Gazebo, * coordinate analysis, simulation and
OpenRAVE,

| 20sim, ...

planning capabilities
—send parameters and
configurations
—switch components on/off to
manage resources
—change the wiring between the

components
—query information and wait for
events
=
=)
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Robotic Architecture / Software Architecture

recognize

) recognize
objects

objects

grasp | |stack-into|| gras stack-into| | gras transport
cup-1 cup-3 cup- cup-3 cup- pose

transform knowledge
about recognized
objects into PDDL

Symbolic planner

generate plan

add TCBs to
task-tree

the knowledge about how to transform
the plan steps into TCBs is encoded
within the action plot of the TCB stack

(metric-ff) (grasp cup-1)
(stack cup-1 cup-3)
(grasp cup-2) transform plan steps into
(stack cup-2 cup-3) SmartTCL Task Coordination
3 (grasp cup-3) Blocks (TCBs)
% (transport) Hochschule Ulm
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Robotic Architecture / Software Architecture

9 2 —————— = f e e e e e m e m e m e mmm e m =
< 5 A sequencer 0O ! |
3 @ o a | @ Sequencer . inati
8 & is always Z | | Sequencer (SmanTCL: Task Coordination Language)
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su®| g ' g | Agenda | i Knowledge
@ o I 1
25| % " = | | Task-Net! | Base
. | 1
9 7 8 c ‘ | 1
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F@ 3 L g =3 | : [Z}\J—:;ilr') l | O i [Task Nat Library
= o w | 1
PRI L e I 7
LI © . @ | | .
o | 1
@ § g § %‘, é‘ other components: | -% o " | cs ! 5 Event Handler
& 3 = ! 5 | Ty 1 v
‘é&% 9 ‘a % . changing .'evgf_s__ L g’.é | | . e . . 2 | Environment Model
Gz og - £ Gl 5 | and responsibilities |% z & | ! % !
5 24 E g =W i | (cecision spaces) - | | 1 1‘ ! ! [Component Model
2320 o W 2| imcomol ierarcy | | | @ I | FE—
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§ % é. § _§ configuration | ‘ J | | i Ei i
nw kg =, @ ] | | 1
g 4§ 0 o I I |
\ | ' | i
_______________________________________________________ i
| Interface: online reconfiguration {state jpar, dvent/quer management
(b)
Cevenis jconfig . y Symbolic Constraint Simulation
} Planner Solver

. ‘\ O/O\O/O e.g. solvers for e.g. Gazebo,

A iniZi i

Navigation d\'\ﬂqie\(’o\“ e.g. Metric—FF, D’l;flsr;%g;tinc o E
\«\@j- FF, LAMA

. Motion [t‘f)
Real-Time [:} Planning

Analysis
Open »
Rave g v ‘ / g

Constraint

Cheddar
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service robotik

confext expecied objecis viewing directions world modef update ask world model
@ <kitchen—unit—1> <Kifchen—unit—1> <kitchen—unit—1> <envid> <envid> update
<=> <=> <=> <=> <objf types> <obf id>
Seq uencer <modef name> <object types> <pan tift pose 1> <6d pose> == <=>
Knowledge IKEA-CUP—SOLBRAEND <pan titt pose 2> - <obj id> IN_GRIPPER
Base SUGAR-DISPENSER <pan tift pose ... > M M
W N
(tcb—load-env-into—openrave-location Kitchen—-unit—1)

Event Handler
Environment Model

(tcb-obj-recog kitchen-ynit—1 => ?enviD)

®

A

21 (tch—obj-recog-setup kitchen-unit-1) @

- ] £ parameter setting, region of interest, Y tcb_obi i ; 7ot
5| component wiring  <object typess (tch—obj-recognition—captlire—scene ?ptu—pose)
%

SmartTCL 5 ®

-l

(tcb—object—recognition £ 7envID 7objs)

r
‘4 v

Object- [:}
@ \ recognition
‘o «0
% (tcb-store—objects—in-kb 7objs)

1924
o | 7 MRPT 3 Zon
I, e
% ‘900;«4‘?
ad
. %S

<model name>
>

o)
v%/so// 0 . query (enviD) @ (tcb—load-env-into—openrave ?envld)
foad Uz . .
f () e, object properties
kitchen mode! o G e L <types> <6d pose> ) (tcb—get-obj-id ?enviD SUGAR-DISPENSER => ?sugarld)
<model name> OpenCV £ {teb-get-obj-id ?enviD IKEA-CUP-SOLBRAEND =» ?cupld)
{colfision model) 0
\
@ % Motion & g;zg;erg:;?;es @ (tch—grasp—object real ?sugarld)
@ é; Planning <type> <60 pose> EVENT HANDLER with status report -
Open
load Rave v ' ; g -
object models _ Y
<model name> —
—_ (collision model) -
~ - OpenRAVE_GRASPOBJ e - -
Order \“\L__ <obj id> ==
"Coffee with sugar” ~—~ ~ ._ - |
Time ;l'@ @ @ ! ‘ Time

approach kitchen | pour sugar into coffee mug I get coffee from coffee machine deliver coffee
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service robotik

Modeling Variability / Run-Time Variability

How to get the coffee
to the customer as
hot as possible?

The Approach
* Express variability at design-time

* make it as simple as possible for the designer to express variability
* Bind variability at run-time based on the then available information

* enable the robot to bind variability at run-time based on the then available information
* remove complexity from the designer by a DSL

* remove complexity from the robot’s run-time decision by modeling variability

Separation of concerns:
* models (e.g. task net) describe how to deliver a coffee
* models specify what is a good way (policy) of delivering a coffee
(e.g. in terms of non-functional properties like safety, energy consumption, etc.)

Separation of roles:
* designer at design-time: provides models

* action plots with variation points to be bound later by the robot
* policies for task fulfillment

* problem solvers to use for binding variability
* robot at run-time: decides on proper bindings for variation points

* apply policies
 take into account current situation and context Universidad Hochschule Ulm
LTy Politécnica é\(@;
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service robotik

Modeling Variability / Run-Time Variability ¢ s

to the customer as
hot as possible?

Objective: Optimize service quality of a system (non-functional properties):
power consumption, performance, etc.
balance conflicting properties by minimizing overall cost function
(constrained optimization problem)
* property importance varies according to the current context > property priority
* properties are expressed as functions of variation points = property definition

Outputs
(variation point bindings)

* binding system variability
(non conflicting
with functionality)

Inputs

(context variables) Context definitions,

* the current robot state
(task and resources)

* the environment situation

adaptation rules:

* define direct relationships between context variables and variation points
* event-condition-action rules

* directly constrain the possible values of variation points according to

current context
: Universidad Hochschule Ulm
5ty Politécnica é\((@;
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Modeling Variability / Run-Time Variability = feeommece

service robotik

/* Data type definitions */
number percentType { range: [0, 100]; precision: 1;}
number velocityType { range: [100 600]; precision: 10; unit: "mm/s"; }

/* Contexts */
context ctx_battery : percentType;
context ctx_noise : percentType;

/* Adaptation rules */

rule low_noise : ctx_noise < 20 => speakerVolume = 35;

rule medium_noise : ctx_noise >= 20 & ctx_noise < 70 => speakerVolume = 55;
rule high_noise : ctx_noise >= 70 => speakerVolume = 85;

/* Properties */

property efficiency : percentType maximized {
priorities: f(batteryCtx) = max(exp(-batteryCtx/15)) - exp(-batteryCtx/15);
definitions: f(maxVelocity) = maxVelocity; }

property powerConsumption : percentType minimized {
priorities: f(batteryCtx) = exp(-1 * batteryCtx/15);
definitions: f(maxVelocity) = exp(maxVelocity/150); }

/* Variation points */
varpoint maximumVelocity : velocityType;
varpoint speakerVolume : percentType;

Context variables

Properties

—
; Adaptation rules
K—
K—

Variation points

% |Universidad Hochschule Ulm
‘.}E‘, . Politécnica gg\((@;
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service robotik

Modeling Variability / Execution Semantics

!\
How to get the coffee A}
to the customer as i
hot as possible?

* M2M transformation from VML model into MiniZinc model

* MiniZinc is currently supported by many constraint solvers
* context variables => parameters

* variation points => decision variables

* adaptation rules / variation point dependencies => constraints
* properties => cost function
* we use

* The G12 Constraint Programming Platform — University of Melbourne

flete,vp) =Y (1) -wilctr) - pi(vp)

Vi ﬁ ﬁ

minimize normalized
maximize normalized definition
priority function
function
Universidad Hochschule Ulm
5y Politécnica é\((&
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service robotik

PPP Topic Group Proposal

FUTURE \\

AHEA V
Path from Research to Development to Innovation

* Achieve and provide structures in robotics software development and software systems integration and software
tools along a business ecosystem (with support for separation of roles)

* Lower the barrier for participating in a robotics software business ecosystem by disseminating model-driven software
development tools beyond the robotics experts to application domain experts, system integrators, end-users etc.

* We expect the very same positive effects of a business ecosystem for the software challenge in robotics as has been
seen already in business ecosystems of other high-tech domains.

Proposal for setting up a Topic Group within the
European Robotics Public Private Partnership on
,Software Systems Engineering in Robotics”

Milestones
* Milestone 1: Driven by current academic group

* establish software systems engineering in robotics as a first-class research discipline
* Milestone 2: Towards Economic Sustainability and Persistence

aé,‘bom i euRohotics Coordination Action i
I 1 1
famea *J ,:-l ! Private ! Public
EUROF :In:lr.ﬂ:::.- EUHDP ,l U :Fartner | PEI’U‘IEF &
| 1
S EURON Robo’[[gg:
g 1
L 1 | | 1 1 | 1 1 | | | 1 1 | | 1 1 1 1 1 i |.-'=-
2012 2013 2014 Hochschule Ulm
&(f
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service robotik

Challenges / Current Work in Progress
(unstructured hints)

* come up with Meta-Models, Models as Robotics Community Activity
» explicate robotics body of knowledge independent from implementational technologies
* collaborate at the level of meta-models < compete at the level of implementations
* Model-Driven Software Development
» workflow to support separation of roles and separation of concerns
* from a standard linear workflow towards a stepwise-refinement approach

* not just linear PIM => PSM => PSI| but Component Developer => System Integrator => Robot
* each role binds variability at PIM, PSM, PSI level
* e.g. early partial binding of H/W (closed source library, sensor mounting)
* e.g. late binding of underlying execution platform (OS, middleware like ACE, DDS) as object
libraries (see generation gap pattern used in SmartSoft templates)
* Black box handover from one role to the next
* variability modeling

* transformation from design-time model to run-time exploitable model
* resource modeling and QoS modeling

* QoS attfibutes at the communication patterns

* Relationships between QoS settings (twice maximum speed < three times processing power)
* deployment

* mapping / matching S/W resource requirements with H/W platform model

* Link between S/W model (component settings, resources) and robot behavioral model (Task Nets)

generic task nets < skills with component configurations < S/W component model

Hochschule Ulm
A
Dy
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service robotik

Addendum / Some Links

SmartMDSD / SmartSoft

* http://smart-robotics.sf.net/

* http://smart-robotics.sourceforge.net/mdsdSmartSoft/index.php
* http://smart-robotics.sourceforge.net/corbaSmartSoft/index.php
* http://smart-robotics.sourceforge.net/aceSmartSoft/index.php

* http://www.youtube.com/roboticsathsulm
* http://www.zafh-servicerobotik.de/ULM/publikationen.php

* http://www.intechopen.com/articles/show/title/robotic-software-systems-from-code-driven-to-model-driven-software-development

* http://www.iconceptpress.com/download/paper/101215045543.pdf
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