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Towards an EU Digital Industrial Platform for Robotics

* The world is entering an era in which ideas and insights come from everywhere, and crowds, clouds, collaborators, competitions, and
co-creators can fundamentally help define our shared future. The business environment is being permanently altered as a result.

* Ecosystems are dynamic and co-evolving communities of diverse actors who create and capture new value through both collaboration
and competition.
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Suppliers

Manufacturers

For the most part, supply chain functions of large businesses weren’t set up to
deal with a world of thousands of partners. Now they must adjust.

Distributors
=Si= L B

Consumers A distinctive characteristic of many ecosystems is that they form to achieve

8 8 8 8 8 something together that lies beyond the effective scope and capabilities of any

individual actor (or even group of broadly similar actors).

Business ecosystems come of age, Deloitte University Press, 2015
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Towards an EU Digital Industrial Platform for Robotics
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* Can we think of complex robotic systems before we build them?

* Can we answer ,what if" questions and can we find adequate solutions?

* Can we put systems together out of configurable ,,as is" building blocks? %‘

* Can we keep the behavior when we e.g. exchange the middleware? L
« Can we bring effort & costs in relation to similarity of an application? % Q

* Can we build adequate solutions with adequate effort?
* Can we explain why the system does what?
* Can we generate enough trust into the systems —and how and by what means?
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Servicerobotics Research Group / Technische Hochschule Ulm

{AVER
https://www.youtube.com/user/RoboticsAtHsUIm : https://www.fendt.com/de/xaver
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Towards an EU Digital Industrial Platform for Robotics
Projects EU H2020 RobMoSys and BMWi PAICE SeRoNet
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RobMoSys

RobMoSys is more than just another project...

Definition of the RobMoSys Ecosystem:

ey SmartMDSD Toolchain
o
5% == fslobMosvs The collection of assets (tools, models, https://robmosys.eu/wiki/baseline:start ‘
i ugins
- g § —— Rg y software components, application pilots,
L = eRoNet . 1le /3
-3 N2, Plugins guidance documents) and services (e.q. for https://robmosys.eu/wiki/jumppage
ae . . .
3 ===2  OPCUA h RobM 0
2° | rugns ado_p tion, coaching) 'Ssue_d by_ DO https://robmosys.eu/wiki/open-call-2
o which are developed, maintained and evolved
3 Middleware g
E : S5 Pinin, by the RobMoSys Community.
L c
[T
elTUS n s @ Plugins
Ecosystem Tiers Tier Elements
Safety Vievl\; fo!’ o @t 9 LY Sirius and groups of roles
Papyrus4Robotics N Composition
Structure
RoQME Mood2Be Mood2Be Ecosystem conforms
Plugins for the BehaviorTree.CPP: Groot, an IDE to Drivers to
SmartMDSD Execution engine for create, modify and
Toolchain behavior trees monitor BehaviorTrees Domain Dormain-
Experts Models
CARVE Plug & Bench EG-IPC conforms
YARP Mixed Port Benchmark Engineering ] Lo
Component with Tool for Skill Level, Meta-Models Ecosystem ‘ Content for
SmartMDSD links with SmartMDSD Models Sl Exchange
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The SmartMDSD Tooling: Conformant to RobMoSys and SeRoNet
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EU H2020
Composable Models and
Software for Robotics Systems
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Ecosystem
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technology-agnostic
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enabling composition
allow separation of roles
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SmartMDSD Tooling

RobMoSys Plugins
SeRoNet Plugins
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Middleware Plugins
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separation of roles

building blocks
with data sheets:
* selection

* composition

* configuration
* implementing
* modification

import / export of

* service-definitions
* S/W-components
* robot systems

* applications
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Process: Sustainability

RobMoSys provides a concept & structure & mechanism
* todeal with different coexisting levels of maturity, acceptance, innovation, ...

£

RobMoSys

* toachieve evolvement, be inclusive, to achieve trust, to go beyond project life-times, ...

ﬁeuRobotics accepts role of host and of stewardship for robotics body-of-knowledge
support for topic groups that these can fill the host and stewardship role in their respective domains

. Meta-Meta-Models, Meta-Models, Models
« Conceptual Models, Domain Models
« Block-Port-Connector

Topic Group Software Engineering,
System Integration, System Engineering
Consolidated Concepts

Other Topic Groups
<name>
Consolidated Concepts

N

2

€U ROBOTICS

Tier 1: Stewardship
(industry & academia)

)

@ / Eclipse Working Group Robotics = eclipse other bodies... DIHs Tier 2:
) — — — —— Horizontal
K Q’( \ a séRONet ) f7 Structured
g s:ROSInd ]
@ RobMoSys D ia Iog
@ :c;bMoSys Concepts :egRoNet Concepts z:SIN Concepts - - (industry &
Composition Mixed Port Code Scanning, :':: i academia)
Structures, Component, Testing Methods '§ '%
@ Component Model, Digital Data Sheet § §
Digital Data Sheet ﬁ £ £
S &g
S i)
D\ 3 3 -
—J —J —J —J

SmartMDSD

SmartSoft

Tier 3: Individual

SeRoNet

e ACE SeRoNet FELEE Brokerage VOMA activities with their

SeRoNet Plugins DDS RobMoSys ROS 2 ROS | Platform Companion

OPC UA DG Plugins Operation Specifications partners and platforms

: : 7= TH
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What is the approach? What is the way of thinking?

Blocks, Ports, Connectors

Separation of Concerns

Technology Agnostic

Separation of Roles
Component Based

_ _ Model-Driven
Service Oriented

Composition
Composability
Compositionality

=

;" Service Robotics Ulm
_l‘ autonomous mobile service robots

13.11.2019

Quality of Service

Resource Awareness
] model elements (squares) AdequateneSS
‘?—model dependencies (n-ary connector)
Run-time
exteral tool Variability for
external (e.9. SymTA/S)
domain Adequateness,
t

o) Composition J meta. Robustness, ...

Structures model

another
domain
performance language

metamodel

Digital Data Sheets

another
tool

Hooks for formal methods

Business Ecosystem

RoboSoft - Royal Academy of Engineering, London - Christian Schlegel 13 \_/j)



service robotik

Composition, Blocks, Ports, Connectors, Data Sheets, Models

Separation Composition,
of % Composability, ROBOTIC
Concerns Compositionality BEHAVIOR
. ‘ 3 ’ Ty . COORDINATION
* computation * computation
* communication 3 ' ’ * communication
* coordination ' * coordination
* configuration * configuration COMPONENT
splitting apart... ..putting together
Separation of Roles!
Which patterns and structures form the sweet spot
between freedom of choice and freedom from choice?
| function g T constraints_— ! § ;oo task plots 1
. D________D ) :
I development . function | | | system o s | | behavior :
| . I | architect I 1 developer o :
: library | | o—Cg | | { \ !
| function ' | = | | { a } > > |
| ! I Ij_ e constraints I : o . 8,
- - . ___ ! : constraints : 1 :
=TT T T ET s s E s EEEEEEEEEEEEEE o e e e e e e e e e e e e e e e e e e e = e -
I component component communication : | |-~ 1
: p E coordination | I D-/'D\D == B
| Suppier O a:I configuration : | safety O X F' 1 amm
[ O computation 1 : T I T I
' O a:’ : | €ngineer constraints EI_ - _ [
! , | constraints |
e | b e e e e m e m— e ———————————— 1
Service Robotics Ulm
l‘ autonomous mobile service robots 13.11.2019 RoboSoft - Royal Academy of Engineering, London - Christian Schlegel

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

Abstraction Levels

Coordination Layers

MISSION

Deliberative Layer

TASK
P ——

<< —
SKILL

P
<——————
SERVICE

P ——
SN~
FUNCTION

P ——
A
EXECUTION CONTAINER
P ——

—————
0S / MIDDLEWARE

HARDWARE

Sequencing Layer

Skill Layer
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service robotik

Composition,

[J model elements (squares)
\,—model dependencies (n-ary connector)

Blocks, Ports, Connectors, Data Sheets, Models

domain-specific

Implementation:
components and systems

Tier 2

i Domain [~ "1 Domain-
+) . l Experts r-—- Models
""" A conform

to

Tier 3

‘\ . Ecosystem
|"E--|—| l Users

=]

s

to
‘ Content for
Exchange

Toolings

Tier 2 content:
Domain Models & Stacks

Tier 3 content:
Components & Systems

ROBOTIC
component h BEHAVIOR
. o COORDINATION
 Architectural Pattern for Communication \ metamodel (extegnal;z});)
Architectural Pattern for Component Coordination external > €.g.oym
Architectural Pattern for Software Components domain RobMoSys
Architectural Pattern for Managing Transition of System States language Composition niﬁ:m COMPONENT
Architectural Pattern for Task-Plot Coordination (Robotic Behaviors) (.0 AADL) Structures model _
Architectural Pattern for Service Definitions another
Architectural Pattern for Stepwise Management of Extra-Functional Properties L domain
Architectural Pattern for Coordinate-Frame Transformation pri':to;mg;‘;f language
Architectural Pattern for Reservation Based Resource Management another
tool
Ecosystem Tiers Tier Elements . Methodolo
Meta-Model: and groups of roles Tier 1 content: Meta Modegllsy
domain-independent Tier 1 Composition Modeling Foundations & Models
Structure "
Vodel l“mw Composition Structures Implementation
odel:

Technologies
Toolings

Building Blocks
Pilot Applications
Repositories
Processes

Service Robotics Ulm
I ‘ autonomous mobile service robots

13.11.2019
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Composition, Blocks, Ports, Connectors, Data Sheets, Models

Abstraction Levels

Tier 1 provides the general structures for composition.

NPC4, Constraints,
Relations, etc.

1 MISSION Three levels can be distinguished:
ROBOTIC TASK mrchitectural Pattern for Communication \
BEHAVIOR ; it
COORDINATION SKILL Archl.tectural Pattern for Component Coordination
Architectural Pattern for Software Components
SERVICE Architectural Pattern for Managing Transition of System States
COMPONENT —_—_— Arch/:tectural Pattern for Task.-Plot C pqrdination (Robotic Behaviors)
Architectural Pattern for Service Definitions
EXECUTION CONTAINER Architectural Pattern for Stepwise Management of Extra-Functional Properties
e Architectural Pattern for Coordinate-Frame Transformation
1 / MIDDLEWARE Architectural Pattern for Reservation Based Resource Management
HARDWARE K )
Ecosystem Tiers e
and groups of rolg#
Not just another level of indirection, but Tier 1
levels of abstraction with a real benefit Ecosystem Scientific
f f X ‘” DICCI: grounding:
"o 2 A Domain Hypergraphs conforms-to
— i
Rttt Block-Port-Connector,
software Component Ecosystem [ &\
Users T

/=R

Lifecycle

|
component |
|
[

<<further user

User Space

S conforms-to

& robotik

(FatalError ) Conss t
_________S__t_ii‘_tf’_ ______ - defined modes can FatalError “ Supplier RobMoSys composition
T be added in here>> structure: o
———————————————————————— L Blocks: Relations: Views: =
A
dynamic wirin Service - Service - Middleware - Component ; =
Y_ """""""""" ;g'-' Shutdown OL - Component Binding Developer V. form,ahze ~
_______________________ - 1 - Activity - Wish - Performance V. Architectural
parameter 3~[ Run-Time Configuration | L atliment BRI ; Patterns
_______________________ r _ ' s sy - .
_______________________ - functional | e conforms-to
monitoring _H[ Monitoring ]ﬁ ——) library ' A .
____________________ r ] &.\0{ / \
: r= r= = : flexible navigation stack Human translates best practices and lessons
lemcccccece! ceceecec=! lcecceccecccee] lcccccaca= manipulation stack !e?rr}ed asldeszrilbed in art%hit:c;ﬁalspatéfrni
execution container (tasks, ... ) o into formal models using the RobMoSys Block-
¥()i object recognition stack Port-Connector meta-models to result in the
middleware and operating system 'RobMoSys composition-structure.

Service Robotics Ulm
I ‘ autonomous mobile service robots

S/W component with communication (service-oriented
ports), configuration (resources, parameters), coordination
(modes, lifecycle), computation

»boSoft - Royal Academy of Engineering, London - Christian Schlegel
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Composition,

Hypergraphs

Black-Port-Cannector,
MPC4, Constraints,
Relations, etc.

RobMoSys composition

structure;
Biacks: Aelations: Wiews:
- Garvice - Middlewars - Dompanenk
- Component Einding Developear V.
- Activity - Wish - Performance ¥
- Service V.

- Task Fulfillment

conforms-to

canfarms-ta

Blocks, Ports, Connectors, Data Sheets, Models

conformsto

Hypergraph
A

conforms to

Block-Port-Connector
i

conforms to

RobMoSys
compaosition-structurs {_
(Meta-Models | 1;-‘ .....

[
!

repre

ri

i"'\-E'le'l

Domain-specific
to robotics.

confarmsto

Ecore

M
conforms to

RobMoSys Ecore
Meta-Models

Variant 1:
SmartMDSD Toolchain

represents

confermsto

MOF
M

conforms to

UML/Sy sML

T;.*-ct ends

RobMoSys Profile

Variant 2:
Papyrus4Robotics

s
e

Compoaosition Structures
u s I ——
| . [ e O Et“::' Fepri
,',’«,«"’r'
. PR
]
1 e
S UL S

Role-Specific Views

T TTEFEt T K ST TRl Cae P

b e

& SmartPioneerBaseSener

* Ly v

The SmartMDSD Toolchain

eclipse

LT Sirius
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The Concept of a Digital Data Sheet

* Data sheets are models

* Adata sheet describes an outside view of an asset, including its variation points

* Adata sheet includes internals only as far as you need to know them for using the asset
and for predicting its fit (behavior, structure) for your context

* Data sheets are, by purpose, not rich enough for synthesis of the artefact

" Serwce Robotlcs Ulm \K(_(ﬁ':\\THU
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Composition, Blocks, Ports, Connectors, Data Sheets, Models

PICTURE QUALITY SMART
« FullHD 1080p ¢ SmartTV
« Motion Rate 60 « Full Web Browser

= Wide Color Enhancer
CONNECTIONS

« 2 HDMI® Connections
« 2USB Connections

« 802.11n Wi-Fi Built In ’

+ 1 Componentin

« 1 Composite In (Shared with AV Component input)

0100 ,
00
|
s,
,’Synthesis

' 4

Composing different models for a full-fledged model for synthe#® as

the last step in the workflow so far only works in selected

of 3D-printing. P 4
P 4
V4
from models to models from models tq #odels
enrich,combine, analyze,predict, ... enrfch,comw . analyze,predict, ...

Q) D [Q AN ¢ —>
=

?71

l(:j_
\
IS

Modeling wﬁﬁ:t means to make models
actis ngﬂ solution in robotics as robots

fin need to act.

=
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g ['l 0 “I Data Sheets
| "O are Models

- [,l Describes outside view, including internals only as far
gO as you need to know them for using the asset and for
——% predicting its fit (behavior, structure) for your context

-

Data sheets (models of artefacs that act) represent components, sub-
systems, task-plots etc. Suitability, traceability, simulation, etc. of system
properties all via composed data sheets. When all is fine, then compose
(put together and accordingly configure) the real artefacts to get the real
system with properties as expected.




Composition, Blocks, Ports, Connectors, Data Sheets, Models

=

* Brokerage Platform
*  Online marketplace

* Component selection
* Component composition
» Component configuration

* Runtime adaptation
* Context awareness
* Robustness and self-X

Digital Data Sheet as Submodel of
Industry 4.0 Asset Administration Shell

—_——— e e e ——— 1 oG
® r Software Building Block (e.g. Component) I N e
| | Tachnal fumcticnaliy B
igi |
l‘\ I Software represents Digital | e,
— I Artefact Data Sheet I
RobMoSys I E
_____________________________ JAN
conformant to compatible to industry 4.0
RobMoSys asset administration shell
A A e,—————_——,— e e e e
r Software Building Block (e.g. Component) I Software Building Block (e.g. Component) |
I 3 il u r_‘p ese : I . . .
| SERQNst E y ‘ﬁik :::ROS I Descriptive Part: Technical Part:
| Ly :
| Manual annotations Generated from Models
[ o ] £ [ . . . .
I RobMoSys RobMoSys RobMoSys RobMosSys RobMoSys | Semantic modeling, focus on Technical modeling, focus
I I S RS Ports GEs | searching and selection: on composition:
| SrartSof Ports Plaim OPC UA Ports  Plain OPC UA orts i |1 - Application domain - Component Model,
| I e e | - Performance attributes - Communication Patterns
L - - Common speech in domain - Variation Points
| - Restrictions - Resource Constraints

service robotik
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ws - CommBasicObjects/datasheet-gen/CommBasicObjects.ttl - Eclipse | ‘ < ‘
- Jm(l
R 5 AGY RO~ S FEEN H-O-A~iB A i H G el
Quick Access B H »
£ Model Explorer £ = B8 = . : = o i j—‘j ] Emmm“m
|= CommBasicObjects.domainModelsDatasheet 2 |5 CommBasicObjects.types ‘ i
= & - = 3 ComponentLaserLms1x
S 1 DomainModelsDatasheet CommBasicObjects { (= LMs?:
) 2 baseURI : "http://www.servicerobotik-ulm.de" [ commstot T \ e iju
type filter text a 3 shortDescrition : "The generic domain models shared by many other domains” ;@- :
= . . . 4 license : spdx ( "LGPL-3.0-or-later"
~[z5 > CommBasicObjects [DomainM; 5 } \ [ commMobiesserscan
(= THU
&, § :"e(l;‘ms;hle
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Data Sheets, Handover, Coverage and Conformance

RobMoSys provides a concept & structure & mechanism
* todeal with different coexisting levels of maturity, acceptance, innovation, ...
* toachieve evolvement, be inclusive, to achieve trust, to go beyond project life-times, ...

Leed o know N A

) Wiki ,Incubator" => Wiki ,Stable Body-of-Knowledge"
ZE Service Robotics Ulm Y
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The Concept of Dependency Graphs

* Horizontal/ vertical composition and the challenge of managing resources
* Separation of control flow and data flow
* Composability:
* Resource shares, reservation based mechanisms, constraints are composable

* Priorities are not composable

: t D_EQ"_SM—U : [

| System constraints | system ! | 1= 1

| architect ! I builder \ ! D-’/D\D == B

| o— 4 | | | I safety ] L0 I

== ' . - -

! o B e I | D/E\EI ! engineer ; q_ ) '

I . g constraints I [ e— | I constraints ) 1

| con;t-raints I : constraints | | constraints ]

D e e e = o 1 e e e e e e e e e e e e e e e == — I}
£ . . =
ﬁ" Service Robotics Ulm \g(.('ﬁ THU
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Horizontal / Vertical Composition: Separation of Control / Data Flow, Resource Management

h A A 4 A

coordination F asking G

___Component____
oo 00 ey cE
""" - " —-"~—-"~">"”""”"»"=""—"""”"7""”""”"—"”—”— | o0 .- g LT A Ok AH component
component i Pl oo o000 et VA I [ L oL LA
| 5 | B o O-p HI e I om
o0 oo OF-pT N | | o1k L]
| gb-{ K7 ap ! oo R s o5
e asud | G L
| ] | it——
| _ _ , \
| consistent assignment request / negotiate | | |
: of resource shares resource shares | : Horizontal: ,difficult® :
I (forward constraints) (accept constraints) : | - - I
I A .
: @ : | B horizontal _-———"~-_ : :
N -7 \\\ M Ve \\ |
: get resource shares get resource shares I : %_ // AN // AN ! |
. . \ \
(get constraints) (propose constraints) | | E / E \ / VAR ! |
I | 7 / \ / R N | |
| | | S (b) | NI
| resource shares | o ,’ I I \l, | o | |
| resource mgmt 4 by thi I I o | E G| | \ > |
: . manage is S I \ I
(constraint solving) ) g y | | t \ I S W| | : |
| entity I o \ / \ / . I
| | > . / \ / | |
| | \ // AN // |
: assign resource shares assign resource shares | | A \\\ (a) L \\\IC) /// i :
| | (forward constraints) (accept constraints) /;Q : | S~ </ v |
: [ ] [ ] [ ] / I : (a) Consistent because of either vertical coordination by E or horizontal :
I
I | . . . . |
|  consistent assignment request / negotiate : | (b) Consistent because of either vertical coordination above EFG and RSYW or |
| of resource shares resource shares | | just horizontal coordination E asking S |
L (constraint forwarding) (propose constraints) _I : (c) Consistent because of either vertical coordination by RV for SW or S asking W J|
Z" Service Robotics Uim @@m
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Horizontal / Vertical Composition: Dependency Graphs

Dependency graphs

* to model needs for data consistency, data sync, data quality, data aging, cause-effect-chains, etc.
* to configure computation model

Globally asynchronous

LI

— —
% E[

i

Cause-Effect Chain
e

_

L

m)

Configuration Scheduling
R

2 ]
=~

L

rabatik

@

r

g

s

=
\
3
>,

Cormputation models:
LET, SDF, kKahn, etc.

functional
hlocks

[F] _[F]

Service Robotics Ulm
autonomous mobile service robots

functional
blocks

The software component model supports

configuration of the following settings at system
composition time (as represented in the data

sheets) without recompilation:

* register / trigger semantic for communication
* port trigger / timed trigger for computation

* scheduling constraints
* sanity checks and run-time monitors

13.11.2019 RoboSoft - Royal Academy of Engineering, London - Christian Schlegel
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Behavior Coordination: Skill- / Task-Level
Semantic Communication

* notonly ,what to do" (the task), but also ,how to do it" (quality of service, adequateness)
* Data sheets for skills: reuse of task models with robots coming with different capabilities

3" Serwce Robotlcs Ulm \K(_(ﬁ':\\THU
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Coordinator @

Connection

| Agenda

Configuration

| Event Handler

|

|
[Interpreter | Activation
I I cyclic, acyclic

\
-
\

Results (Event)

ROBOTIC
BEHAVIOR
COORDINATION

COMPOMNENT <

Behavior Coordination: Data Sheets for Skills

Abstraction Levels

MISSION

pick up box
go to
drop box

SERVICE

FUNCTION

EXECUTION CONTAINER

{H}

o Information Que
6%0 =<

service robotik

" Service Robotics Ulm

l‘ autonomous mobile service robots

=]

] 05 / MIDDLEWARE
Coordinated @ J ' s 1
HARDWARE . |
Activity r%}tmmnuwmmt I
I8 H

Functionality —i"m I
[ commMmobileLaserscan I

Parameter I ] 03 ComponentLaserLMS1x0c

— ] commMobileLagerscan ‘ComponentLaserLMS1xx
Param X 7 L I
Param Y I [&) commMabileLaserscan . oy BeeStatESenicen T‘JL_ I
l [2) commmabileLsserscan r I
-----------------I
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Gazebo

BehaviorTree

O BO8 7| | & &

Property Value

| Action

PlugToChargeStation

’,l"..’ . ‘ Action ' Action
y i MoveBaseToGoal MoveBaseToGoal
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i king
l hecking
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https://robmosys.eu/wiki/community:behavior-tree-demo:start

>

skOuHsds

Service Robotics Ulm
autonomous mobile service robots
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https://www.youtube.com/watch?v=54_skOuHsds
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N Integration of “Variability in
Sequencer (SmartTCL: Task Coordination Language) E:} (a) SmartTCL handles a "
‘ contingency by exchanging Task Sequencing” and
Agenda | Knowledge a sub-tree Var|e§b|!,|ty in Task Execution
: Base QUEI'Ity

(b) SmartTCL uses a symbolic
planner to refine a sub-tree

\Task Net Library

Task-Net
O

(c) SmartTCL triggers a

constraint solver which
executes the VML models SmartTCL

(d) VML binds left open

|
. [Rules |
I

|

i [Event Handler

i [Environment Model]
I

i [Component Model |

variation point “max velocity”
as a continuous service

task-net interpreter

[ S (R S g, W . P [, | |
Interface: online reconfiguration (state par;meter, dynamic wiring); &vent/query management

b) \/

| |
| |
| |
| | O P
I Symbolic [:}) Constraint I:::l:’ Simulation I::} ! .
: Planner Solver :
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Navigation

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

horizontal
\ * e.g. resource share reservation in knowledge base
3 vertical
* e.g. expand task node under constraints and forward constraints
__________________________________________________________________________________________ L e e e e e e e
" Service Robotics Ulm é@THU
[ 2vtonomous mobile service robots 13112019 RoboSoft - Royal Academy of Engineering, London - Christian Schlegel 29 \’d)) i "



Robotino

Factor . : .

| i y Transportation Robot 1 Manipulatiol

'''''' et St | I-——>-__'—'——'--_—"-"'—_"_"'"'-—"I =24 d a0 N2 A kK 2 M0 oA L f LSl g
RS K 0 3 ) s |
Lo ' ! | sequencer [‘;‘} Knowledgesase[:}, : : Sequencerm KnowledgeBase[ T,
Robotino [ 1 M2M Communication | |
] = Ly = I Dynamic Wirlng X E———————1.
o . ' coordination of i )
' Ervennment Model o : action plot @ ‘:r Ervironment Model ]

|
' 1| SmartTCL || sSmartTeL le ¢
! ! 1

P I
! URS
| 50 mpeanony 2
O

o

'

' —

0 o PathNavigation
b % }% Client

' ' ¢

s1sauodo? oy

)
=
=
>
=
S
(o)
O| B
N L
N
= e,
(D) ' job spulce::rd results :
: -Q- ' '::::::::::.'.'.'.'.'.'::::::.‘:.’::.‘::_‘:.‘:I il
- 4 : i
45‘ ‘ PathNavigationE:}, : E Sequencer[:} Knowledgesase[‘:}_, Robot N: B e e e i
g | Server E : [T wet ooy | €3 2 '
? ? E E SmartTCL Fi—— . .-f} ;';' -
B N - N, - /A A 05 v
< ieet Coordination Components ; 4| Z :
SeRoNet / RobMoSys conformant S/W building blocks
Behavior Coordination Navigation 1on Robot - La rry
Sequencer (SmartTCL) SmartCdIServer
SmartSimpleKB Logi SmartNavigationPlanner vior Coordination i Navigation .
~— SmartSeq2SeqCom I SmartPlannerBreadthFirstSes 3uencer (SmartTCL) K SmarMappsrCridbiap
g martSimpleKB SmartNavigationPlanner
SmartMapperGridMap 3martSeq2SeqCom SmartCdIServer
an Hardware Abstraction SmartPathNavigationClient
l‘ SmartLaserLMS1xxServer SmartPurePursuitNavigat Object Recognition Hardware Abstraction
Logi SmartRobotinoBaseServer SmartBoxDetection 2"‘3”?“3@’;’
: SmartRackDetection martKinectV2Server
m I
S artRobot!nolmageServer : Localization + SLAM it R TIPBASES S0kt
SmartRobotinolRServer Bona iR | _ o SmartLaserLMS1xxServer
SmartRobotinoLaserServer : {B Mchile Maniputation SmartURServer
SmartGMapping SmartOpenRave SmartVacuumGripper

SmartRobotinoConveyerBeltServer

B DAalatiwves R Arraarms s d | R PDAalhadt Cland My :n Localization + SLAM I—-Oql Robot Fleet Communication
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)— Coordination as a Service {I
>—{ Coorg Robotino® Factory
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The concept of early binding of semantics
but late binding of technology

Middleware Late Binding / Middleware Agnostic Modeling



Middleware Late Binding / Middleware Agnostic Modeling

'+ Mixture of different middlewares within a single system i
' Middleware can be decided per connection |
i * Late binding of middleware at deployment without recompilation of components i

P S S S S |

Abstraction Levels Coordination Layers
MISSION Deliberative Layer
T
io2ipmdlys = Sequencing Layer
BEHAVIOR :
COORDINATION | : SKILL
=
SERVICE
COMPONENT < FUNCTION D/D_\é
@ EXECUTION CONTAINER Skill Layer \\/
e
AR AR
OS / MIDDLEWARE
HARDWARE
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service robotik

[—3 v ) A z% : ,% @ v ) ;t‘!g - 0 v q v = Q v vil w & w Ko G ow o ~ Quick Access E LD ;"ﬂ
& Model Explorer £ = 4% ¥ = B | & CcomponentJoystickServer | & SystemOpcUaJoystickTestComponentArchitecture 52 | = g |
type filter text aljje~8~ & Bevw~ 2@ @~ & & [100% v o Palette b
N e : he&aao-#-
» =3 > CommBasicObjects [DomainModelsRepo: B , .
» &5 CommLocalizationObjects [DomainModels| &3 System Tools 2
» 25 CommNavigationObjects [DomainModelsR &, ImportComponents
» 25 CommRobotinoObjects [DomainModelsRe % Componentinstance
» =5 CommTrackingObjects [DomainModelsRep *7 Connection
™M - ree . -
beComponentJoystlckServer JoystickServer: [z JoystickNavigation: ifi RequiredsService(s)
I;,; > ComponentLaserObstacl'eAVOId [Compon ComponentJoystickServer SmartJoystickNavigation [ providedservice(s)
» 27> ComponentPlayerStageSimulator [Compo
M : [&] CommJoystick tlt ParametersStructinstance
» iz > SmartAmcl [ComponentRepository featur O OpcUaloystickDeviceCliel . ’ :
M : : &
> IEE >SmartCdlServer [Compon?ntRepoytory fe JoptiRBerviceOut . © seRoNet Tools 5
» 3 > SmartGazeboBaseServer [ComponentRep PR <& Plain OPC UA DeviceClient
» 24> SmartGMapping [ComponentRepository f Backend Instance
» 24 > SmartJoystickNavigation [ComponentReg

» 29> SmartJoystickServer [ComponentReposit:

» ) OPCUA SeRoNet Backend

l<

5= outline &3 o 5B - =8
T Properties 2 (2! Problems 1l system Parameter Editor {lf Component Parameter Edi @ ErrorLog & Console % Search = B
4 ~
O ey kSacvee O e thevpation . =
5 - 7 System Component Architecture SystemOpcUajoystickTest
[Damtmimiiamaas —r~ (] ‘
===~ ] Main ~ Properties
VSemantlc Name: @ SystemOpcUaJoystickTest
Behaviors ’
Documentation | ActivityArch: @  <novalue> o ®
-
. . 7=
Service Robotics Ulm \((.(f’%\
autonomous mobile service robots 13.11.2019 RoboSoft - Royal Academy of Engineering, London - Christian Schlegel 35 \\'-f/J))

THU

Technische
Hochschule
Ulm



robatik

1<

Middleware Late Binding / Middleware Agnostic Modeling

Early binding of semantics and
late binding of technology

Early binding to a technology
with an individual semantics...

ffffffff

/]

nothing fits together
no composability
no interoperability

Service Robotics Ulm
autonomous mobile service robots

13.11.2019

skipping RobMoSys composition patterns and making mapping shortcuts
= ignoring semantics produces semantic gap
= This destroys composition

instead, align with the RobMoSys structures
= early (not late) binding of semantics, late (not early) binding of technology

Early binding of semantics
with late binding of technology

*  generic block, port, connector
. generic request / response
generic publish / subscribe

*  generictask etc.

ffffffffff

RobMoSys composition patterns . RobMoSys request / response
RobMoSys publish [ subscribe

RobMoSys task etc.

it

Tier 1

Ecosy
Drivel

S A S

all behave in the same way

Doma
Exper

(structural / semantic binding
for composition) I
late binding of technology a F a F a F
all behave in the same way
(ACE. OPCUA  'DDS .. = ROS2-

a mixed port a mixed port
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Mixed Port Component as Migration Path

,’ Supported Middlewares
L) ) +  ACE (SmartSoft)
E’ / * DDS (SmartSoft )

RobMoSys RobMoSys \\\ +  OPC UA (SeRoNet) RO b M OsyS

Port % SN
Plain YARP Port by RobMoSys ITP Carve

RobMoSys

Plain ROS Port s(Rnet DY PAICE SeRoNet https://wiki.servicerobotik-ulm.de/tutorials:start
Plain OPC UA Port

for structured (Companion Specs)
(unstructured séRBINet and unstructured OPC UA by PAICE SeRoNet

OPC UA)

RobMoSys
System
Builder role
Composing
RobMoSys-
conformant
components

G g |

RobMoSys

RobMoSys RobMoSys

Ports

RobMoSys . RobMoSys o RobMoSys . RobMoSys o
RObMOSyS conformant Component \Q‘ E Component \Q‘ E’ Component KQ’ E Component \Q‘ EI
com ponents for RobMoSys RobMoSys RobMoSys RobMoSys
composition. \

Encapsulated [
building blocks of the
specific frameworks.

RobMoSys <
Component
Supplier role

-
I
|
|
|
|
|
|

1 YARP
\ 1Component

10OPC UA (Structured/
1Companion Spec.)
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https://wiki.servicerobotik-ulm.de/tutorials:start

=

Ta

5" Service Robotics Ulm

autonomous mobile service robots

| wantto use it ...
| want to contribute ...
| want to ...
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Methodology
* Meta Models
* Models

* Implementation

RobMoSys Open Access Repositories

Technologies
* Toolings
* Building Blocks
 Pilot Applications
* Repositories
Processes

Tier 3 Systems

Name

& SystemTiagoNavigation

Description

A pilot skeleton that covers | Navigation

the navigation aspect of
the Intralogistics Industry
4.0 Robot Fleet Pilot and
Assistive Mobile
Manipulation Pilot. This
system covers the TIAGo

RobMoSys Wiki

hitp:/fwww.robmosys.eu

“.
RobMoSys

You are here: RobMoSys Wiki » RobMoSys Model Directory

RobMoSys Model Directory

A list of domain models. software components and systems for use with RobMoSys Tooling. Please see end of
page for a legend.

Tier 2 Domain Models

Name Description Purpose

@ CommBasicObjects A collection of very basic service definitions and Universal
communication objects for use in almost every
robotics system.

% CommNavigationObjects A collection of domain models for wheeled robot Navigation
navigation.

% CommRobotinoObjects A collection of domain models for use with the FESTO  Mobile-Base
Robotino robot.

% CommLocalizationObjects A collection of domain models for localization. Localization

% CommManipulationPlannerObjects | A collection of domain models for (mobile) IMobile

manipulation. IManipulation

% CommManipulatorObjects A collection of domain models for manipulators. IManipulation

Purpose

Vendor  Tooling Status Figure

HSU SmartMDSD | Ready

Toolchain v3

https://robmosys.eu/wiki/model-directory:start

RobMoSys

RoboSoft - Royal Academy of Engineering, London - Christian Schlegel

Robotin
lation/Gazebo.
Search
Recent Changes Media Manager Sitemap Mainpage Imprint O Skeleton that covers | Mavigation | HSU SmartMDSD | Ready
avigation aspect of Toolchain v3
tralonictice Indyciny .
Tier 3 Component Models
Table of C
oo Name Description Purpose Vendor Tooling Statu:
Igig\, f SmantCdlServer Implements the Curvature Distance Mavigation HSU SmartMDSD | Ready
Bxplanaiy Lookup (CDL) algorithm for fast local Toolchain v3
obstacle avoidance. It considers the
Vendor = Toolir| dynamics and kinematics of the robot,
HSU | Smar as well as its polygonal shape.
ToolcH
fw ComponentLaserObstacleAvoid The SmartLaserObstacleAwvoid MNavigation HSU SmantMDSD | Ready
HSU | Smar component implements a simple Toolchain v3
Tooke reactive obstacle avoidance.
HSU Smart]
Tooke fw ComponentPlayerStageSimulator The SmartPlayerStageSimulator Simulation HSU SmartMDSD | Ready
e e simulates a robot in a 2D bitmapped Toolchain v3
HsU | sman environment using Player/Stage. It
ToolcH offers several services for controlling
HSU | Smar the robot, such as sending navigation
Toolcl .
commands, providing access to the
robot's odometry and laser scans.
13.11.2019 39
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' SmartMDSD Toolchain| §
[0 RobMoSys '
. s)g Plugins '
' s SeRoNet
' S}ﬂ Plugins :
===y OPCUA
' g’i Plugins '
! I
Middl
1R
| o I
=
: Plugins '
@ sirius | |
\ /
ﬁomposing a Robotics Application in a Day — A low code approach i#Y service Robotics Uim \
:L‘ autonomous mobile service robots

We make Robotics Software Systems Engineering easier! s _
https://wiki.servicerobotik-ulm.de/start

https://wiki.servicerobotik-ulm.de/smartmdsd-toolchain:start

one-click download of the full Open-Source Eclipse-based development environment

start development with zero installation effort

comes with Gazebo-Simulator and all kinds of components, stacks, pilot applications, tutorials, etc.

skill-based engineering, task-level coordination, robot fleet coordination, graphical tools for end-users

fully middleware-agnostic: ACE, DDS, OPC UA, etc.

mixed-port component as migration path: link to ROS, 4.0 OPC UA, etc. /

https://robmosys.eu/wiki/baseline:start
https://robmosys.eu/wiki/jumppage
https://robmosys.eu/wiki/open-call-2

A
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https://robmosys.eu/wiki/baseline:start
https://robmosys.eu/wiki/jumppage
https://robmosys.eu/wiki/open-call-2
https://wiki.servicerobotik-ulm.de/smartmdsd-toolchain:start
https://wiki.servicerobotik-ulm.de/start

Towards an EU Digital Industrial Platform for Robotics

Models always have a purpose: overall purpose is consistency

* organize consistent abstraction for e.g. prediction

* better understanding in early phases avoids costs at later stages

* organize interfaces and ensure fits while decoupling roles, responsibiilities, scopes, etc.
* ensure traceability of properties, conformance by design and not just by discipline, etc.

A model-driven approach allows to
..secure your design and solution efforts
...decouple different paces of evolution
...be technology-agnostic (semantics: early binding / technology: late binding)
..predict what you get before you build it
..exploit the power of combinatorics
..explicate otherwise hidden magic numbers
..benefit from low effort in modifications towards lot size 1
..achieve robust job fulfillment by context-aware run-time decisions

Current Steps towards adequateness everywhere via data sheets:

=—/FE » extensions of horizontal / vertical rresource and quality management
e T * resource share reservations and contracting
= e (&2 * from the task net level down to the OS [ middleware, from design-time to run-time

* success stories for management of system level properties
» safety, resource < quality, free of interference, ...

‘é" Service Robotics Ulm é{% U
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