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RobMoSys

RobMoSys - Composahle 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-LGsungen
www.seronet-projekt.de
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LogiRob - Multi-Robot-Transportsystem im mit Menschen geteilten Arbeitsraum
http://www.softwaresysteme.pt-dirde/media/content/Infoblatt LogiRob.pdf
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ZAFH Intralogistik - Kollaborative Systeme zur Flexibilisierung der Intralogistik
http://zafh-intralogistik.de/
01.03.2017-28.02.2020, Land Baden-Wirttemberg und EU EFRE
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service robotik

https://robmosys.eu/
https://robmosys.eu/wiki/
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RobMoSys Wiki

Home / RobMoSys Wiki

Open RobMoSys Wiki in 8 new window

“You are here: RobMo Sys Wiki

RobMoSys Wiki

RobMoSys enables the composition of robotics applications with managed, assured, and maintained system-level properfies via model-driven techniques. It

establishes structures that enable the management of the inferfaces between different robotics-related domains, different roles in the ecosysfem, and
different levels of abstractions. Documents that provide an overview and infroduction:

= “Section 1/ Excellence™ excerpt of RobMaSys Grant Agreement, Annex 1 (part B) ‘
= Presentation of the RobMoSys project at European Robotfics Forum 2017, Edinburgh ‘

= Presentation “Modeling Principles and Modeling Foundations™ at the RobMoSys Brokerage Day, July S5th 2017, Leuven '

The RobMoSys Wiki provides technical details on the RobMoSys approach including examples realizing the RobMoSys structures. The main philosophy
behind the RobMoSys Wiki is fo favour early access, openness, and transparency over completeness. This is to support communication of RobMoSys being
a community endeavour. For general information about the RobMoSys project or its open calls, please refer to the % project website.

Fiease nofe: The RobMoSys consortium is continuously updating this wiki to provide early insights. See the changelog. If you came here through s
RobMoSys document, please see the jumppage o find referred pages. This is a live and evolving wiki, stable snapshots are avallable.

Glossary and FAQ

The glossary contains descriptions of used terms. The fechnical FAQ provides answers to frequently asked quesfions.
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Robotics and Digitization

,»Build multi-purpose robots“
* One of the big fat lies in robotics is that robots are flexible. We
adapt the process to the robot, not the robot to the process
* Improved software and better modular robotics solutions, where
robots could be arranged and re-arranged and tailored to the
process each day, would dramatically improve customization

,»Build robots that can be simply deployed“

* |t takes time to deploy robots. Sometimes you can spend four to five
times the cost of the robot, just integrating it into your system. For
maybe 80% of those applications, deployment should be something
as simple as downloading an app on your smartphone.

* We need to be able to make it so you can effectively plug and play
and deploy that robot very quickly. Not only do we want to be able
to deploy quickly, we want to make it easy to re-deploy.

Prof. Howie Choset, CMU, 04.09.2017,, https://www.ri.cmu.edu/5-ways-to-advance-robotics-in-manufacturing/
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Composition in Robotics

Freedom of Choice Freedom from Choice * Structures enable collaboration:
» Not a universal positive * Not a universal negative ﬁ,’gﬁg'zﬁggﬁ ab)é:]g::t(,:'ture rather
» High price to pay since there is » Structures that . Structalre and t% olina ab
no guidance with respect to ensure composability restrict haridin.Kand 99
ensuring composability and freedom of choice to achieve - Tooling enables access to
system level conformance system level conformance sticireE 16, Beneti-rom thsm

Which patterns and
structures form the
Sweet Spot between
Freedom of Choice and
Freedom from Choice?

Guidance for separation of concerns by
superordinate objectives like the need
for separation of roles and the need for
composition

Support as much freedom as possible while still ensuring composability despite separation of roles

computation

communication achieve separation of roles
coordination support composition
configuration

Hochschule Ulm
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Com POS ition in Robotics

MISSION Deliberative Layer
. i TASK
& Level 6: Conceptual Interoperability | ROBOTIC R ol
53‘0 BEHAVIOR i
«° | Level 5: Dynamic Interoperability | COORDINATION | : SKILL
o _ :
- 3 SERVICE
| Level 4: Pragmatic Interoperability | g5
36\\.\“ § 2, COMPONENT FUNCTION
Qe‘ | Level 3: Semantic Interoperability | L
\‘\‘e‘o S0 EXECUTION CONTAINER Skill Layer
| Level 2: Syntactic Interoperability | e
= 0S / MIDDLEWARE
ey . . T o=
@‘0\\\ | Level 1: Technical Interoperability | 5 F HARDWARS
N2 =
W« | Level 0: No Interoperability |

= All can be blocks with hierarch P - flean .. . . . g . .
(containment, collection). y * building blocks with data sheets * composability is the ability to combine and recombine as-is building blocks into different

i outer view on block
+  Blocks define structure where ports ( )

e et (g G S e « different stakehalders in different systems for different purposes. It requires that properties of sub-systems are invariant
outer view on the hlock. ks ) ) (,remain satisfied”) under composition.
+«  Pons are linked via connectors. + composition instead of integration . . . ) “ A . .
+ Blocks come with data sheets » splittability is the ,inverse” relationship of composability.
* compositionality requires that the behavior of a system is predictable from its sub-systems

* Composition is about the

management of the interfaces and that of the composition ,glue”.
between different roles (participants » system composition (activity): the activity of putting together a set of existing building
inan ecosystem) in an efficient and . i L
systematic way. blocks to match system needs with a focus on flexible (re-)combination.

> e b2 slenit i) s + system integration (activity): the activity that requires effort to combine components,
roles via superordinate
composition-structures. requiring modifications or additional actions to make them work with others.

* Composition is about explicating and

managing properties.
* Composition is about the right levels
of abstraction and views for roles.

Hochschule Ulm
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Composition in Robotics

RobMoSys - Composable Models
and Software for Robotics Systems

the PC Analogy

e.0. Semiconductor standards
architecture. USE. PCle. mode
ethernet. et

.0 laptop PC. desktop PC. inc
ATA T Mini-ITX. VGA. HDM
CPU socket. GPU socket USE
storage. etc

0. graphics card. CPU. TP
Memaory. power supply. USB
S50 Hard disc. USE stick. efc

RobMoSys Ecosystem Tiers
and groups of roles

©

RobMoSys

Tier 2 ,

Domain
Experts

-———

Tier Elements

Composition
Structure

conform
to

Domain-
Models

Tier 3

=W e

= &

conform
to

Content for
Exchange
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SeRoNet
Vermittlungs-
Plattform und
Marktplatz

Beschreibender Teil: Technischer Teil:
] o] i Basiert auf Generiert aus
= ! | manuellen Modellen
! | Erganzungen
H
ot Seronet ort Minacorer) (atirier ca 4 1 Aufindbarkeit Zusammensetzbarkeit
H

Mixed Port Component
(“Gateway")

In terms of modeling )&g'

meta-meta-model

meta-model

model

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

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

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

WS Roboterkontrollarchitekturen Schloss Dagstuhl

(strukturiert, 8. 1
Companion Spec.) &

OPC UA World =
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Standard
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L]
OPC UA
Companion Specifications

A

OPC UA
Building Blocks and Systems
(Clients/Servers)

Z DLR Prjektriger

=PAICE

“#OPC UA

e.g. information
models, variables,
methods

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

e.g. SPS, coffee
machine, sensors,
robots

Hochschule Ulm
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Block-Port-Connector (BPC) Model ®
RobMoSys Tier 1 in Detail - Black, port, connector l\

- Has-a .
- Contains

- Connection
- Collection

Hypergraph

conforms to

Ecore

Block-Port-Connector

conforms to

conforms-to

conforms to

RobMoSys 3
composition-structure T - Rﬁn:i:::lzn

(Meta-Models) , [l €=-==cgBaccacagencamaasaseaiomanaatancnss

RobMoSys Profile

Variant 2:
Papyrus4Robotics

Variant 1:
SmartMDSD Toolchain

Domain-specific
to robotics,

Composition Structures Role-Specific Views Realization in RobMoSys Ta
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Companant Duwsloprrant Vi
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See RobMoSys for further details on Meta-Meta-Models, Meta-Models, Models,

Tooling, Components, Systems etc.
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Horizontal and Vertical Interaction in Organizations

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 mobile service robots
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traditional transitional
leader leader

04
ui‘lfn

Command Command of Teams
A traditional top-down structure Small teams operate

indepedently but shill within a

more rigid superstructure

design-centric

hutps:/forganizationalphysics.com/

leader
0 A, Team of Teams
S Relationship among teams resembles
the closeness among individuals on
those teams
service orchestration service choreography
Recerve
Service A | mepl Service B Service A Service B
1 e
imvoke = Composite
Service
Service D Service C Service D Service C

— > Hochschule Ulm
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Horizontal and Vertical Interaction in 14.0

Corporate Management Level

Operational Management Level

Real time KPI's on Customer specific
Trocess Management Level enterprise level configuration of products

O |
Control Level Q

Field Level

Smart Distribution

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

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

Intelligent Factory

. . https://www.unity.at/fileadmin/Insights/OPPORTUNITY/OPPORTUNITY_Seize_OPPORTUNITY_Industrie_4.0.pdf Hochschule Ulm
Service Robotics Ulm
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Horizontal and Vertical Interaction in 14.0

v 2N 24 NN S

Suppliers Customers
Machines, Things, People, and Organizations

Business
Machines, Things, People, and OrganizationN
Production
Management
Domain

e uee w e

Design Support

G LD ~ ' \
", } %) }‘ Life-Cycle Domain

Machines, Things, People, and Organizations

Shop Floor

Core
Cloud
<//
// ;
Fog and Edge
LB 381
<<system>>
' Gatekeeper
e 1
| <<system>> L | <<system>>
’ Gatekeeper Gatekeeper
Local
Clouds
Local

Locations

J. Delsing, "Local Cloud Internet of Things Automation: Technology and Business Model Features of Distributed Internet of Things Automation Solutions," in IEEE Industrial Electronics Magazine, vol. 11, no. 4, pp. 8-21, Dec. 2017.
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Horizontal and Vertical Interaction in 14.0

ISA-95 .\;
‘o\\‘ \"f\'b\?’
Layers \\\e;w\\ecb
ERP wo®
Business
p Functional
T P
MES ransition Path } Arrowhead Framework
Information ) Local Cloud Hosting a Systemwide
AR s SCADA Systern with
s Interaction to Production Control
ntegration
Control/PLC Asset
Sensors/Actuators
Process

Hierarchical System Implementation
Process and Power Workplaces

Authorization

System
Control Room

Control I
System Process Control
Server

Plant Network

Controller /.

Arrowhead Framework
Control Controller

| Local Cloud at the District Heating
Profibus/Profinet | IEC 61850 o

Substation in Each House in a
| | District Heating System
— LV Switchgear T
hvl '] ‘. Drives I‘D " {9
- | | Motor Starters | |
Instruments
Process @ @ h X a'
Motor Motor *otor “
Process Process Substation Automation

Instrumentation Electrification

J. Delsing, "Local Cloud Internet of Things Automation: Technology and Business Model Features of Distributed Internet of Things Automation Solutions," in IEEE Industrial Electronics Magazine, vol. 11, no. 4, pp. 8-21, Dec. 2017.

e . . Hochschule Ulm
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Horizontal and Vertical Interaction in Robotics

consistent assignment request / negotiate
of resource shares resource shares (a) Consistent because of either vertical o Eorizgntal SmTTTeS
(forward constraints) (accept constraints) coordination by E or horizontal il N -~ N
coordination F asking G Z‘i
@ @ (b) Consistent because of either vertical £
coordination above EFG and RSVW or >
get resource shares get resource shares just horizontal coordination E asking S
(get constraints) (propose constraints) (c) Consistent because of either vertical
coordination by RV for SW or S asking
resource mgmt resource shares W
(constraint solving) under mgmt (d)
of this entity
assign resource shares assign resource shares
(forward constraints) (accept constraints) Abstraction Levels Coordination Layers
S (¢ \ L . SR
V V V H L 4 Distributed and linked Models: MISSION Deliberative Layer
. ) * Model of factory <
consistent assignment request / negotiate * Model of production cell ZSSEJ.'SR Sequencing Layer
of resource shares resource shares * Model of robot resources and COORDINATION SKILL
(constraint forwarding) (propose constraints) skills in the robot knowledge base SERVICE
* Model of object in object
Dynamically changing control hierarchy but with always a recognition skill i EURCTON
consistent and clear responsibility for resource shares ° .. EXECUTION CONTAINER Skill Layer
* best effort, contract based with guarantees,
orthogonal assignment, ... i
* design time, deployment time, run time, ... HARDWARE
Hochschule Ulm
Service Robotics Ulm R
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Horizontal and Vertical Composition

Horizontal: "difficult"

L :

I‘ , adding more constraints
r (e.g. derived from and
' com‘lgured from a
resource budgets, resource shares
local sync, global async
nesﬂ'ng vs. flattening

Globally asynchronous

computanon model)

Vertical: "simple"

-@

\

% INDUSTRIE 4.0

O ¢

functional
blacks

-
Computation models:

. LET, SDF, Kahm, etc.
functional

hlncks

G
@

autonomous mobile service robots
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Examples of System Composition

ﬂ Service Robotics
I ‘ autonomous mobile service robots

obotik
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Examples of System Composition: Task Coordination

Abstraction Levels

Coordination Layers

MISSION Deliberative Layer Coordinator @
i -
SO ATION i Event Handler

o
COMPONENT FUNCTION e

EXECUTION CONTAINER Skill Layer
0S / MIDDLEWARE
HARDWARE

Conrdinating Componert L5equencer] - Co

Moclel Interpreter [ Exscution

‘Connection

Activation
cyclic, acyclic

i

Results (Event)

Information QUEE‘
_-—

Coordinated & |

Activity

Functionality

Parameter

Param X
Param ¥

=Coordnations
Eehavior-Coordnation-interface-
Master

e

=ConfigrationCoordination,
Behauior-Cootditetion- ntertace.-

Maratery Sanvicas

Mandstery-Sanices

~Canligurstions

=Coordinations

-
Joraseeur_—~ constraints:
S 3 X ) robot not moving
; configuration coordination
S result:

N cup in gripper

‘ ===mrT '
= J | recognize || move mani- |
= . :
= K / objects ! | pulator toloc. !
o deliver | LEEEEEE 1
= ‘ ="
E coffee | | e
& . e
& 5 -
£ i —— -
o L ="
= Lo S— Task TAsK

; rasp cu
g Kitchen grasp cup make coffee
g J Y
=
< ] [ :
£ drive to " recognize “Fhove mani- |1 5‘“:35 obiect
= location cup pulator standby |} grasp oy Manipulation Planner
W
2 ! 7 : COMPONENT
£ : : 1 configuration
g
parallel

«Coordirations I

Lifecycle
Lfecycle -

Litecycle

| «Coordinetions

composition of different tasks and skills

aCoordinations
Athation

=Coordrations
Activation

sl

=Coordnations
Adtiviy States

Trigger (Sngk) O Trigger |5
=Coordination = ~Coordration
AunTime-cennaetion T run-Time-Cannection-
Mansgement b Margement:

wices Opticral Sarvicas

[T
r

...oam.n

EvertHander

D

=Coordinations
Data-Ouery

I
=Cocrdinations
Diia-Gusry

aComrdrations
Rzt Event

= Computation=
Ativity

I
<o
Feemult-Bvert
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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 L o 1
» Distributionslogistik, stlickgenau, Pharmaartikel in Schachteln g Coordination a5 a Service $_|‘
* kombiniert Ware-zu-Kommissioniergasse und Person/Roboter- i - — -
zu-Ware in Kommissioniergasse Hochschule Uim 3. - ERr i coordimation asa service ]
KA z_..-i o]

* Fokus: Pickaufgaben 95 _j ) |
moglichstin T L7 - : —_—
el |l]- mme P e AL b
SReSEE St L e il
FESTO V- J_-. .

T
i
A\ .| Koordination Anfrage an
' von engen Coordination as a Service:
* | Passagen (Turen)

Durchfahrt enge Passage?

12 TRANSPHARM

competence.connection courage Nutzen von
definierten
Freirdumen

Kommissionierung Person-zu-Ware

* Distributionslogistik, sehr groRRe Vielfalt einschlielich loser Artikel

* Roboter/Person-zu-Ware, Zone-Picking

* Fokus: gemischte Roboterflotte, mit Menschen geteilter
Arbeitsraum, kollaborative Pick- und Transportaufgaben

Hochschule Ulm

Service Robotics Ulm A
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Examples of System Composition: Robot Fleet

System A
Composition:

* Components to Robot System
e Skills to Robot Tasks and Fleet Tasks
* Robots to Fleet

e Con 3o
o

P Y R T Y
1 < batiorentseHO Mhcetneds ]
gt 1

B T U

S

SmutCaS e Gt oser

[ —
aRlSandiiat: <ndifineds (1]

3 S GO SeAMPRIGIa- |
L] « petrmisngatoncosicrest: rdetinedh 1] = e

bR TSR <UndeTeot 1) amancompemisacsmeter
] « goweventsenwe: <uncetineds (1]

“kbQuenyClent cxdervets 1]
+iocaizationuntcert <Undeéneds 1] [ ]

Building-Block Repository

1] + basestatectens <undetineds 1]

0]
“pe Eveerve vl |
wcmitComgonekDaAReCens

aEriarme «Underneds (1
pra— <unetiece

*basesoitionTmedcinnt: cndefrnds (]
[ ———
[T —— .

ndstneds 3]
naCompoaenisaramusts

matConpsemiimes

SmartURServer SmartRMPBaseServer

et (1]
“NagessquestQuery. <undsfind (1]

“NavigtionFasantsarves sUnsenreds 1]

SmartOpenRave » siavgfuseRosehqiest s Cient undetness
SmartCdlServer P

= = o8
manicengonentparamates

= System
SmartKinectV1Server Com pos ition

SmartKinectv2Server

SmartPioneerBaseServer

SmartLaserPersonTracker

System B

SmaSpRemConngraton.

T
[FLaserMEserver STAL], huarpushsnestserser 1]

=T

ssmartComponentPara,

[+ ergePersonTacker Smartierges]

+laser_tracker_goal cent 1]
+laser_person_lost event_chant [1]

+ MergeTrackerParameseraster [1)

+resanse tracker goal_cent 1]

+ressense person.lest_event_cliend(1]

erver
Vatre
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] . Video Order Picking by Robot (https://youtu.be/cggCY-cvdJ8) Hochschule Ulm
Service Robotics R
I ‘ autonomous mobile service robots 2
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] . Video Person Following for Order Picking (https://youtu.be/rAmgPgyYISQ) Hochschule Ulm
Service Robotics N
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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

Teilprozessen im industriellen Umfeld sukzessive automatisieren und S gl?‘o‘i\lf t
wandlungsféhiger gestalten.
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& robotik

* Composition

Roboterkontrollarchitekturen: Horizontale und vertikale Komposition

configuration) such that composability and separation of roles can be achieved

Tasks, skills, components, execution container, functional library,

Use the structural elements block, port, connector to bundle the four concerns (communication, coordination, computation,

Go for allocation based mechanisms for resources and express their links and dependencies via constraints
Resource shares

conformance — either at design time, at deployment time, at run-time, ...
Introduce , digital data sheets” for building blocks

Blocks with explicated variation points where constraint solving is used to exploit the offered variability for system level

Devices, Software Components, Capabilities, Task Plots, ...
Address non-functional properties within a composition-based approach
* know about propertiies of system compositions

inject properties via configuration of variation points

keep assured properties when modifying (adding, replacing,

o)
know about adequateness => what you get with what resources
* Generate trust into systems

By validation and verification, by simulation, by ...

»hot 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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