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Enable success stories and finally produce success stories
Technical User Stories and Benefits

Composable commodities for robot navigation with traceable and assured properties

Description of building blocks via model-based data sheets

Replacement of components and again matching all the attached constraints

(requirements, system, building blocks)

* Composition of components and managing all the dependencies,e.g. mounting a camera

on a manipulator

Quiality-of-service and management of resource shares

Determinism when you change the processing platform,e.g. keep cause-effect-chains

valid

Free from hidden interference when you add further components to a system

* Management of non-functional properties and tool-supported trade-off

* Manage gap between design time assumptions and run time situation via e.g. sanity
checks

* System analysis tools for what-if questions, trade-off analysis, etc.

* Task modeling for task-oriented robot programming

» Safety and shift from fail-safe to safe-operational
(not just “the following things cannot happen” but “the system only behaves like that”)

* How to configure coordinate systems?

* How to inject schedules and manage budgets?

* How to partition synchronous islands(local sync, global async)?

* How to present composable computation models (budget, resource shares) to robotics
experts?

* How do uncertainties propagate through chains of computation, motion, etc.?

* How to always reach a safe state (mode transitions)?
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Replaceable
components

Re-usable

Ease of use Reliable Standardization Certifyable Simplifying
quality of service of models and systems usability &
interfaces integration
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RobMoSys

RobMoSys - Composable Models and Software for Robotics Systems
www.robmosys.eu

01.01.2017-31.12.2020, EU H2020-ICT-2016
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SeRoNet—Eine Plattform zur arbeitsteiligen Entwicklung von Serviceroboter-Losungen
www.seronet-projekt.de

01.03.2017-28.02.2021, BMWi—Technologieprogramm , PAICE"
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LogiRoh - Multi-Robot-Transportsystem im mit Menschen geteilten Arbeitsraum
http://www.softwaresysteme.pt-dir.de/media/content/Infoblatt_LogiRob.pdf
01.06.2016—31.05.2019, BMBF KMU innovativ
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Splitting Apart,
Putting Together a4 B, O

Separation Composition, abstract declarative composition, compos ability, compositionality
e models
of @ Composability, .
Concerns Compositionality ! _ _
. . executable gr,gund;ng mapping
hd Computatlon o Computatlon models W.I'Tl':?h which
* communication * communication ; realizes conserves
 coordination  coordination transformable semantics Semantics
X . X . models
* configuration * configuration .
i too fine-grained, Tier 3 == Tier 2 == Tier 1
o . plain extremely reusable, - added value
splitting apart... @ ...putting together sowce code | no added valve QUM single size does not fit al
concrete configurable
« composability is the ability to combine and recombine element with

as-is building blocks into different systems for different purposes. data sheet m

It requires that properties of sub-systems are invariant
(,remain satisfied“) under composition.
« splittability is the ,inverse” relationship of composability.

* compositionality requires that the behavior of a system is predictable
from its sub-systems and that of the composition ,,glue”.
¢ system composition (activity): the activity of putting together a set of
existing building blocks to match system needs with a focus on flexible (re-)combination. 13 ' T [

* system integration (activity): the activity that requires effort to combine components, Sepa ration
requiring modifications or additional actions to make them work with others. f 5 *
o BN
. . R0|ES! i '\\! Hochschule Ulm
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RobMoSys

. . Video ,,What is the aim of RobMoSys?“ https://youtu.be/8GUSDTNoGRM Hachschule Ulm
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Ecosystem, Network Markets, Platform Approach

What is a platform?

» a platform offers your service without compensating you

* they go between you and your customer

* they take existing business relationships and squeeze in between you and your customer

Example: Transportation (the same for music platforms, booking platforms, ...)
e sofar:

* you (customer) paid taxi driver directly (service provider)
* now:

* platform does not deliver transportation

* you now pay platform and platform pays the taxi driver

* you have a one-stop shop for transportation without extra costs

* the taxi driver gets less per transport but hopes for better occupancy

In which markets does a platform approach work and why?

* it works in network markets because they have a different value proposition compared to ,,old markets”

Example “old market” and value proposition
* there is a glass of water
e one person drinks it with benefit
and the others do not have a benefit, when the water is away
* the water being away is for the benefit of others either neutral (don’t care)
or is a disadvantage (you suffer from not having it)

Example “network markets” (here, it is completely different with respect to value proposition!)
* Aand B each have a telephone
* Acan call B (one participant), B can call A (one participant)
* now C has a telephone as well
* Acan now call B, C (two participants: +100%),
B can call A, C (two participants: +100%),
C can call A,B (from 0% to 200%)
* now D has a telephone as well ...
* A, B, C, Dall have additional value
* that market is n! (n faculty) value proposition, which is a steep rise of the value proposition where
all benefit with each new participant

Service Robotics Ulm
I ‘ autonomous mobile service robots
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Projekt-Video ,SeRoNet” https://www.seronet-projekt.de/files/inhalte/Videos_fuer_Artikel/SeRoNet_v5.1_1080.mp4
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Ecosystem, Network Markets, Platform Approach

100% o -
high & keep effort in
effort %! relation to changes
P
£ Ve reduce overall effort
0311 to build applications
2
Qs
low effort >
0% change in requirements 100 %
same entirely new.
application application

RobMoSys Ecosystem Tiers
and groups of roles

r;a\o\\"\\ I Level 6: Conceptual Interoperability

+ Al can he blocks with hierarchy
{containment, collection).

+  Blocks define structure where ports
link inner parts of a block with the
outer view on the hlock.

+ Ports are linked via connectors.

+ Blocks come with data sheets

building blocks with data sheets
(outer view on block)

different stakeholders in different
roles

composition instead of integration

.\,;n.-‘-lzw:l l s

+ Composition is ahout the
management of the interfaces
between different roles (participants
Inan ecosystem) in an efficient and
systematic way.

* Composition is about guiding the
roles via superordinate
composition-structures.

* Composition is ahout explicating and
managing properties.

+ Composition is ahout the right levels
of abstraction and views for roles.,

o
(,o‘(\Q 1 Level 5: Dynamic Interoperability  f _
. - za
‘d\\(d | Level 4: Pragmatic Interoperability | Es
= o
o Ea
,@09 1 Level 3: Semantic Interoperability | g =
s 0
. are Q
I Level 2: Syntactic Interoperability I 3 3
& g
20 | Level 1: Technical Interoperability | S
et =
\
1 Level 0: No Interoperability |
Tier Elements In terms of modeling
Cg';sg:lif'i;n meta-meta-model
Freedom of Choice
conforms

to

Domain-

Not a universal positive
High price to pay since there is
no guidance with respect to

Freedom from Choice

Not a universal negative
Structures that
ensure composability restrict

« Structures enable collaboration:
organization by structure rather
than by “management”

« Structure and tooling go

ta-model -in-
Experts Models meta-mode ensuring composability and freedom of choice to achieve e rggﬁn'gn ;::t;jles access to
conforms
— system level conformance system level conformance structures to benefit from them
=1 m s &\ whic patems and =
Exchange Ch patterns an —é Guidance for se| i
paration of concerns by
structures form the 't superordinate objectives like the need
ixee‘;‘oﬁfg; g‘;:x;gg';n 4 G= & ) K. for separation of roles and the need for
composition
Y . Freedom from Choice? L P
i : ip ‘—:&@
j | a Support as much freedom as possible while still ensuring composability despite separation of roles
' computation
communication achieve separation of roles
coordination support composition Hochschule Ulm
- - configuration
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Hierarchy and Heterarchy

Agility, Flexibility, Adaptability, ...

traditional transitional
leader /\ leader
ol 0 o) Ill '
Command Command of Teams

Small teams operate
indepedently but still within a
more rigid superstructure

A traditional top-down structure

_—t]
design-centric '~
leader
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LARGE-SCALE
ScruM

+ o Team of Teams

Relationship among teams resembles
the closeness among individuals on
those teams

Fachtagung Web 2.0: Technische Gestaltung, Folgerungen fur
die Prozesse und Interaktion durch den Menschen

Fihrungshierarchie

Institution 2

Abbildung 1: K: Ineh

tikation der in Hierarchie und Heterarchie
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Achieve adequate results with respect to
quality and resource usage:

* resource budgets, resource shares

* local sync, global async

* nesting versus flattening

* extra-functional properties

Hierarchy

Expert 4 Q
Expert1 Expert 2 \

Expert 3

Heterarchy (Network)

,g,zx .A z»\

. . . . . M
Disruption from Industrie 4.0 — Networks of Apps & Microservices
O
< g M L
O ™ Cloud S Cloud
=1 S— & "
T i1 — \
Q: R Edge \\
~ S Edge / \ Y, e
N pr \sps \\ \%\ ge
N /// M></ kM\sps\ SN
T 4 B i \\\ eRp \ / \\
8 Ss MES ™
< Senso!s I‘ &l Sl @ :AMES/ | N o
§ Actuators = k i » . E— l P M Microservice
% i \ . . Cf.. \\\A /\ sPS//’_\ M/</SPS Sensors & Actuators
Today -> hierarchical, monolithic and closed Tomorrow =» networked, open and new Microservices v
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Horizontal and Vertical Interaction
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(a) Consistent because of either vertical coordination by E or
horizontal coordination F asking G

(b) Consistent because of either vertical coordination above
EFG and RSVW or just horizontal coordination E asking S

(c) Consistent because of either vertical coordination by RV
for SW or S asking W

(d)

Dynamically changing control hierarchy but with always a
consistent and clear responsibility for resource shares

* best effort, contract based with guarantees,
orthogonal assighment, ...

design time, deployment time, run time, ...

Service Robotics Ulm

13.07.2018

Distributed and linked Models:

Model of factory

Model of production cell

Model of robot resources and
skills in the robot knowledge base
Model of object in object
recognition skill

Brezntalk FORTISS - Christian Schlegel

in Robotics

consistent assignment
of resource shares
(forward constraints)

~

request / negotiate
resource shares
(accept constraints)

get resource shares
(get constraints)

assign resource shares
(forward constraints)
[ [ [

resource mgmt
(constraint solving)

get resource shares
(propose constraints)

resource shares
managed by this
entity

assign resource shares

VvV

consistent assignment
of resource shares
(constraint forwarding)

10

(accept constraints@

request / negotiate
resource shares
(propose constraints)

Hochschule Ulm
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Horizontal and Vertical

Interaction in 14.0

Horizontal: , difficult*

L

>

I_I"'? L

IJII\Ik!, II\

Vertical: ,,simple”

I
I
[
I
1
I

| v

<€

Horizontal and vertical interaction:
* technical aspect
* process aspect
* organizational aspect
* decision making aspect

Challenge:
* resource management
* proper granularity and size of ,entities”

Service Robotics Ulm
I ‘ autonomous maobile service robots

coordination
computation
communication
configuration

* constraints networks

e structural granularity along

Corporate Management Level

Operational Management Level

Process Management Level

Control Level

Field Level

adding more constraints
(e.g. derived from and
configured from a
computation model)

Real time KPI's on
enterprise level

Customer specific
configuration of products

Smart Distribution

(dependency graphs)

blocks, ports, connectors
driven by composition and by
separation of roles

Intelligent Factory

https://www.unity.at/fileadmin/Insights/OPPORTUNITY/OPPORTUNITY_Seize_OPPORTUNITY_Industrie_4.0.pdf Hochschule Ulm
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Abstraction Levels Coordination Layers

V3

Composition in Robotics

MISSION Deliberative Layer
:------------------I :---_------_-----_-: ROBOTIC TASK invz
P 1 service definitions Sequencing Layer
: Junction : ! : b domai/{ experts = = gg%‘:g%inon SKILL v
. development : Y p ] :
] 1
, ! G ! SERVICE v
COMPONENT FUNCTION v

T T T T s TS A EE A EE A E TS ST R R | =

; ; 1 1 )
' component o component ig;"r’:l:;”tfg;’o” 1| behavior i EXECUTION CONTAINER o Skill Layer
| supplier O ; . ' 1 developer o !
 SUPP = 8] | configuration Lo 4 \ ' 05/ MIDDLEWARE o
| d computation |1 o :
: qd g ] ! ' { - } >0 > = ! HARDWARE o
] 1
e e e e e e e o e - 1 e e e e, e e, e, e, e, e, e, e, - 1
B ittt ittt ) composition operators Tier 2:

aints 1 1 . . :
' system D—w—mgmim L et o I within the different service definition
] \ 1 safe 1 .

| architect T R I.ny cor ———— I abstractions levels and for A
| D/D\El 1 1 €ng constraints ) 1 . .
| N constraints i their mutual linkage triangle

L e e e e e e e e e e e e e e e e e e e e = - "
: constraints X ! (structural, behavioral, _ .
""""""""""" - resource shares, ...) Tiers: Tier 3:

Lol b component supplier system architect
_____________________ . D/D\EI system builder

system - -
builder dependency graphs, exploit variation points

erobotlk

" Service Robotics Ulm

I ‘ autonomous maobile service robots

data cconsistenvy constraints:
* cause-effect-chains

u

|

* data aging constraints
* data accurarcy constraints
* scheduling constraints

B [

e etc

13.07.2018

Brezntalk FORTISS - Christian Schlegel

trade-off and manage consistent bindings
achieve adeqaute solutions

design time  deployment time run time
Hochschule Ulm
S
12 2y



Horizontal and Vertical Interaction in Robotics
Oo' <Z>OO @ g ) !

@ * resource grippe"r'ﬁ;.l‘ly occupied
. u * constraint ,,hold always upside”

computation model configuration ',,,?YStem Configuration View @
* data consistency / data sync / data quality / data aging piT
* inject register / trigger semantic for communication
* inject port trigger / timed trigger for computation
* inject scheduling constraints

* component operating mode
e assignment of resource shares
e constraints forwarding

Globally asynchronous

dynamic behavior tree

* parallel (one-of, all), sequential, expansion, ...

horizontal

* e.g. resource share reservation in knowledge base

vertical

* e.g. expand task node under constraints and forward
constraints

NN, O¢nnis Stampter. Alax Lotz, Matthuas Lutz and Cheistian Schi

II Performance View

b ————————— e e e M e e e e e R e e e e e e
Abstraction Levels Coordination Layers
MISSION Deliberative Layer
TASK
ROBOTIC
BEHAVIOR s Sequencing Layer
COORDINATION | SKILL
SERVICE
COMPONENT FUNCTION
EXECUTION CONTAINER Skill Layer —
omputation mudels:
0S / MIDDLEWARE functionar  LET- SOF. Kahn, etc. ::::L;‘:NI
HARDWARE
L
H Hochschule Ulm
3 - -
3 Service Robotics Ulm A
g =

. ) &
l‘ autonomous mobile service robots {/))\!“
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Block-Port-Connector (BPC) Model
RobMaSys Tier 1 in Detail - Block, port, connector %]

Has-a
- Contains %3
- Connection

- Collection -

conforms to

| Hypergraph MOF

conform conforms to conforms to
| Block-Port-Connector Ecore | UML/SysML |
RobMoSys compositian L
W5 sit
structura: conforms to conformsto extends
Blacks: Relations:
- Service - Middlewars RobMoSys repre
o — RobMoSys Ecore
:m?;nem ) Em:na con‘foﬂtlun—sﬂgum < Mcta:ﬁodals represent RiobMo Sys Profile
Task Fulfillment MetaModels) , [l «Cnmmmmfennnsromnssnss oo oo e e s R nenn el oo e

Variant 1: Variant 2:

SmartMDSD Toolchain

Domain-specific
to robotics.

Composition Structures
!

. Lm0

= B & SmartPioneerBased
Tl wE> &

[«ComponentDefinition 3 [=Rab
Acmed
FE meCorpMapper e

[ | P

emosys.pruﬁl “¥ *exam|

= Paled

IS
S e
i
et

-------

x . . Hochschule Ulm

H Service Robotics Ulm -
H autonomous mobile service robots =) :’5
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service robotik

SmartMDSD Toolchain Walkthrough
Support for RobMoSys Tier 1

RobMoSys

The SmartMDSD Toolchain
implements the RobMoSys
composition structures using
Ecore. RobMoSys structures
become accessible to Tier 2
and Tier 3 users!

Example: Component
Definition Meta-Model

RobMoSys Structures:

Tier 2

o ‘ Domain
i ‘ Experts

Ecosystem I:I
Users C ]

4‘\

Service Robotics Ulm

I ‘ autonomous maobile service robots
13.07.2018

conforms to

| Hypergraph

P S conforms to
| Block -Port-Connector | Ecore

conforms to conforms to

RobMoSys <— represents RobMoSys Ecnre\
composition-structures ( Meta-Models
(Meta-Models) |,

2Repolmport
[0..*] imports

[® ComponentDefModel

| o J0..1] component

e.g. ecore meta-model for
Component definition

[® componentDefinition

dMNamespace

Va ComponentElement]
Observer

EQ AbstractComponent
Element

T name : EString

{ ]

[0..*] Elements

[0..1] behaviorslave

[1..1] pubject

h 5 name : EString

r
4 BehaviorSlavelnterface

— mame : EString =
L “slave"

[o]+]

Brezntalk FORTISS - Christian Schlegel
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service robotik

SmartMDSD Toolchain Walkthrough

P

Support for RobMoSys Tier 2
RobMoSys

The SmartMDSD Toolchain RobMoSys Structures: Role-Specific View:
supports in modeling domain eviceDefRepository o AbstractsenvceDefii favigationObjects services 22
an [
H me : EString [0..#] serviges [0..#] prog ActivationType=-CommBasicObjects.CommBatteryPar
structures (domain models) © rame: Esting EventType-CORMBasicObjects. CommbatteryEvent
H 7 EventStateType-CommBasicObjects. CommBatteryst:
according to the RobMoSys T . ? ’ !
Pyt }
I
composition structures. _ _
f pun
i C icationServicel Coordi « Planner service defimitiane
version 3| EH:}L"::'{ onService. J nIDI:-Q;rIIM h:_r'.mn. r service definitions
B T Tt skateP; FerkingServiceDefinition PlannerGoalService {
Example Ser\ﬂce DEflnltlﬂnS - ?5:::::: PushPattern < DataType = CommNavigationObjects.Cor
L T Parame ¥
5:,',;?"?,:;( FerkingServiceDefinition FlannerEventService {
l 4 ] [ y manitos EventPattern <
B %ﬁzﬁ:mn b:| mﬁ:ﬁg:wm’: ~ Mealtor ActivationType=CommNavigationObjects. CommPlanr
EventType=CommNavigationObjects.CommPlannerEve
EventStateType=CommNavigationObjects.PFlannerks
r - =
Tiers Fa¥ iy ,
s of roles )
e R NEE———— R [T Farvommr o] ] * Mapping service-definitions

Available content: Domain Models

Drivers See htips://github.com/Servicerobotics-Ulm/DomainModelsR epositories

Tier 2

el | | Lo
=W e SR

Service Robotics Ulm
I ‘ autonomous maobile service robots

Pull requests Issues Marketplace Explore

L Servicerobotics-Ulm / DomainModelsRepositories @ Waic

Hochschule Ulm
A
A
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SmartMDSD Toolchain Walkthrough
Support for RobMoSys Tier 3

RobMoSys

The SmartMDSD Toolchain
supports in developing
components and in
composing previously
developed components to
systems.

Example: TiaGO Navigation

Experts

Ecosystem
Users

Service Robotics Ulm

l‘ autonomous maobile service robots
13.07.2018

RobMoSys Structures:
e.g. Component Definition
and System Component Architecture

[® Componentinstance ?_J Senvicelnstance
eone [0..*] ports 2

' name : EString T [name : EString

s Component : - PoTE:

* ComponentDefinition L ' ComponentService

[0..1] truct

“l ParameterStruct E{_} RequiredService E Provide
< /name : EString [

~» Parameter :

G aramecer

[0.1] !onne{ﬂol] l+ko

[ +2 Connection ]

Role-Specific View:

(Qusa

|8 smartpioneertaseserver E

Q

@" B teePoun
it

B Mo an D S o
mﬂ.f“‘“‘”“ a ez mtre [__q;
B bt FRE BB
Ll oo E
B - -
e :»—ée-— :
Sl | T
[ =

Available content: previously developed/modeled building blocks:
See https://robmosys.eu/wiki/baseline:components:smartsoft
’ - o

- IT‘- ==

Brezntalk FORTISS - Christian Schlegel
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PAL

ROBOTICS cES

) Domain 7~ "7%
_____ Experts r5-6-

‘ Ecosystem = ‘
l Users lr‘_"]
1

= Composition of
Enabling access to previously

Xle ?oC;bCMhOS developed
pp building blocks

Hochschule Ulm
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Composition in Robotics

e PC Analogy

€.0. Semiconductor standards
architecture. USB. PCle. mode
ethernet. etc

e.0. laptop PC. deskiop PC. inc
AT T, Mini-I TX. VGA. HDM
CPU socket. GPU socket. USB
storage. eic

e.g. graphics card. CPU. TPM
Memory. power supply. USE
53S0 Hard disc. USE stick. efc

RobMoSys - Composable Models
and Software for Robotics Systems

&

RobMoSvs

RobMoSys Ecosystem Tiers
and groups of roles

Tier 1

Ecosystem
Drivers

r-———

Domain
Experts

SeRoNet
Vermittlungs-
Plattform und
Marktplatz

'
:
. Beschreibender Teil: Technischer Teil: !
g £ Basiert auf Generiert aus !
] ] &l ! | manuellen Modellen '
¢ | Erganzungen E
H
SeRoNet Port Plain OPC UA Port [} - . . :
Port (unstrukturiert) (strukturiert, zB. | Aufiindbarkeit Zusammensetzbarkeit |
F '
:
H

h
'
'
'
'
'
'
'
'
'
'
H
'
'
' SmartSoft
'
'
'
'
'
'
'
'
'
'
'
'
'

Tier Elements In terms of modeling

Composition

Frarrao e meta-meta-model
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Mixed Port Component
{"Gateway")

i

RobMoSys
e.g. service-oriented software
component model, robotics
task models, communication
patterns

e.g. vision, flexible navigation
stack, motion-perception-world
maodel stack, manipulation.

e.g. vision, flexible navigation
stack, metion-perception-world
maodel stack, manipulation,

1
1

:

;
Plain OPC UA Port 1
Companion Spec) |
1

)

1

? DLR Frojectriger

=PAICE

OPC UA World ;‘m “A

OPC UA
Standard

A

L]
OPC UA
Companion Specifications

A

OPC UA
Building Blocks and Systems
(Clients/Servers)
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e.g. information
models, variables,
methods

e.g. vision, robotics,
devices, kitchen
equipment

e.g. SPS, coffee
machine, sensors,
robots
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Examples of System Composition
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Examples of System Composition: Task Coordination

Abstraction Levels Coordination Layers

MiSSIoN Deliberative Layer Coordinator 5 | Coordinated 5 | grasp cup i, =
. constraints:
TASK Connection ' robot not moving
R ul . n .
Rosomct Seaquencing Layer e  |[ contiguration | [ coorcination |
RDINAT! SKILL onfiguration
COORDINATION Event Handler \*—‘_“_‘_‘ N I><] result:
; up in gripper
== , o
COMPONENT FUNCTION e Hﬂﬁ“ﬁff{ﬂ‘_* = B | recognize | i move mani- |
Farameter < TASK / objects | i pulatortoloc, !
EXECUTION CONTAINER Skill Layer Results (Event) Param X - deliver | |kesoomqpeoeeedt beoool —
Param ¥ 2 e p L T
0S / MIDDLEWARE © cottee | . UL LAt
Information QUEz - ‘ =TT
HARDWARE - 2 “ .7",‘—"
5 i R
.E Tkigppma(h [TAsK TASK
] A rasp cu make coffee
g Kitchen LIS
o
5 J
= Y .
Conrdinating Companent. | Sequencer] - Comporent Coordinaled Comporent ; Companert. = r '
n SKILL ) ., TAS] 1
£ _ r‘| - g driveto | 1{™*recognize fhove mani- [ [ L
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Sy bt e R Do foerdmatreinieroce- = location | 1 cup pulator standby |} grasp obj Manipulation Planner
m‘:ﬂ_ s § ! H Ji i COMPONENT
: E , ) )
“arvatery Servican Mandsiony-Saniees £ : ! i configuration
e wCanligrations g H ipul
Mol Interpreter | Exeriton . i - o), \ H manipulator xyz
s 1l
parallel

=Coordinations
ot | Cordnas

Litegycle Ufecydle

| «Coordinstions

compesition of different tasks and skills

aCoordinations
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~Coordrations
Activation

State [Contirunus)

Trigger Isingle}

=Coordnations
Adtivity Statis

©
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Management e Managemert

| Optiand S
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=Coordinations

sward-Handl ot Data-Ousry Data-Guery
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FResit-Event
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Management of resource shares, execution context constraints,
configuration constraints in horizontal and vertical task interactions
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Examples of System Composition: Robot Fleet

Kommissionierung Servicerobotik Fachbodenregal

Distributionslogistik, stiickgenau, Pharmaartikel in Schachteln Log]'
kombiniert Ware-zu-Kommissioniergasse und Person/Roboter-
zu-Ware in Kommissioniergasse

* Fokus: Pickaufgaben

Coordination as a Service &5 | ‘

Hochschule Ulm
Iy

E. PP
Yy -7 T .
maglichstin -~ @ 7 [ Ty —
el |l T .
J’ / . o
: / K
¥
\
Y

Coordination as a Service = |

rechts fahren
Robotics Equipment
Corparation

FESTO .
£ 1 TRANSPHARM 3P

competence connection courage Nutzen von L
definierten
Freiraumen

Koordination
von engen
* | Passagen (Turen)

Anfrage an
Coordination as a Service:
Durchfahrt enge Passage?

Kommissionierung Person-zu-Ware

* Distributionslogistik, sehr groBe Vielfalt einschlieRlich loser Artikel
Roboter/Person-zu-Ware, Zone-Picking

Fokus: gemischte Roboterflotte, mit Menschen geteilter

Arbeitsraum, kollaborative Pick- und Transportaufgaben

" Service Robotics Ulm

Hochschule Ulm
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Examples of System Composition: Robot Fleet

Management-Components Transportroboter-Komponenten Pickroboter-Komponenten
(zentral)

D @ - 2

FestoMES Webinterface Robotino

Sequencer[:} KnowledgeBase[:}, Robot 1

Task Net Library e

: Sequencer[z'r-, KnowledgeBase[:} Larry
\

|

|

|
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|
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(Commissioning Robot)
e
E— 1
SmartTCL
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| (@ggi D il

¥ Y o
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WebinterfaceCom InterfaceCom

Master [:} + JobDispatcher [:}

KnowledgeBase

SmartTCL (¢ ,-r:}
o PathNavigation E},
;g ? Client
U 1
' |
|

| |

s1upuodwod Jaylo
sjuauodwod Jayo

M2M Communication
Dynamic Wiring

job + result
(commissioning order) |

Sequencer[ﬁ}: KnowledgeBase[:} Robot N

Task Net Library <

SmartTCL

JobBridge [::}

Symbolic E:} PathNavigation [j:}

Planner

Server

| PathNavigation E:;;}

Client

Fleet Coordination Components

sjusucdwod JaY1o

S
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service robotik

Examples of System Composition: Robot Fleet

Composition:

* Components to Robot System

»  Skills to Robot Tasks and Fleet Tasks
* Robots to Fleet

Building-Block Repository

SmartRMPBaseServer

SmartURServer

SmartCdIServer Smartopentiave

SmartKinectvi1Server

SmartKinectV2Server

SmartPioneerBaseServer

SmartLaserPersonTracker

Service Robotics Ulm
“ autonomous mobile service robots

System
Composition

13.07.2018

System A
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] kbouenient <uedefioed> 1]
+locakemiontvenicher: cundefneds 1] [
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«mesge tracker gos seomrTl] +merge tracker persan lost event
BchotnoRseServer SAAbaE0Ba

Brezntalk FORTISS - Christian Schlegel

24

Hochschule Ulm
Lz
Iy



(T H —e

. . Video Order Picking by Robot (https://youtu.be/cggCY-cvd)8) Hochschule Ulm
Service Robotics RN
I ‘ autonomous mobile service robots >/ .$
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Video Person Following for Order Picking (https://youtu.be/rAmgPgyYISQ) Hochschule Ulm
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https://youtu.be/r4mgPgyYISQ

Examples of System Composition: Produktionslogistik
Pilot 3: Montage in der Produktion

klassische manuelle Montage mit unterschiedlich komplexen S %N -
Teilprozessen im industriellen Umfeld sukzessive automatisieren und J

wandlungsfdhiger gestalten.

. Hochschule Ulm sutgrund o hlases _ .
’. Daimler TSS s =PAICE

Enabling Excellence - N
)N

Hachschule Ulm
- e MY

il G IEES
e
: : :
W Hochschule Uim ¥ _gp === == , —_—
w5y $% 7, AN (@) - > (O
= - I s ’
/7 N\

Hochschule Ulm 7 Hachschule Ulm

WM [ e Y & Daimler TSS BOTICS e PR 1Y
= e T - & =5 =
Hochschule Ulm

N r—é’ \
A

-
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Horizontal and Vertical Composition

Determinism in compositions with respect to adequacy (costs, quality, etc.
via resource share allocations and dependencies via constraints):

robotics capabilities with explicated quality / resource relationships,
i.e. know about adequateness: what do you get with what resources

predictability and knowing about properties of system compositions
explicitly address non-functional properties within a composition oriented approach

keep assured properties like data processing order and thus data consistency, data quality,
data accurarcy, data aging, response times etc. when adding, removing, replacing components
or when moving them from one platform to another

ensure consistent system mode transitions

Blocks, Ports, Connectors as structural elements
* bundle the four concerns (communication, coordination, computation, configuration) such that composability and separation of roles can be achieved

* be able to inject configurations into compositions of as-is building blocks via variation points

machine

cyber cyper smart
analytis  smart  Product

cloud cyber-physical systems
sma rt internet of things '

data cbloud production manufacturinggaeq &

factory smart machine Production

teChnOlOgg digitalization  connection

communication cyber industrial revolution 4,

=V INDUSTRY 4.0%

product i Hita
data competng < oy Qutomation _ factory lnlternet of things
» S communication
robotics O_E  clouddata smart
roboticscloud, SE " production - digitalzation
automatmn o % machinedata ¢port
manufacturing O analytics gng lyt ics

robotics product factory smart

customization
data cyber Cloud

" robotics
factory
product

» digital data sheets for blocks with ports (task plots, capabilities, components, devices, etc.) which explicate variation points
* use constraint solving to exploit the offered variability for conformance to system level properties
(either at design time, at deployment time, at run time, ...)
Generate trust into systems
* by validation & verification, by simulation, by testing, by maturity levels along TRLs, ...
» ,not all possible combinations of activities are checked for safety but check that you can always reach a safe state”

Service Robotics

I ‘ autonomous mobile service robots
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