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Tutorial “Model-Driven Robot Software Engineering:
From ROS-specific coding to framework-agnostic modeling”

Interactive Tool Demo:
Piecing together software components

to robotics pilot applications
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● Introduction

● Modeling systems

● Modeling and implementing components

● The Digital Data Sheet

Outline



RobMoSys Tooling: Realization alternatives

Variant 1:
SmartMDSD Toolchain

Variant 2:
Papyrus4Robotics

represents

SmartMDSD
Toolchain



Where to get the SmartMDSD Toolchain

● SmartMDSD Toolchain easy entry:

– Available as standalone installation

– and pre-installed/ready-to-go virtual machine image!

– https://robmosys.eu/wiki/baseline:environment_tools:smartsoft:start 

● Tutorials

– https://wiki.servicerobotik-ulm.de/tutorials:start 

– https://wiki.servicerobotik-ulm.de/how-tos:start

https://robmosys.eu/wiki/baseline:environment_tools:smartsoft:start
https://wiki.servicerobotik-ulm.de/tutorials:start
https://wiki.servicerobotik-ulm.de/how-tos:start
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SmartMDSD Toolchain

● The SmartMDSD Toolchain is an Integrated 
Development Environment (IDE) for robotics 
software to support system composition 
according to the structures of RobMoSys.

● Strong in building real systems
● Very mature, Used in Products delivered by

SmartMDSD
Toolchain

Enabling access 
to the RobMoSys 
Approach

Composition 
of previously 
developed 
building 
blocks

Industry 4.0 Intralogistics Pilot
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Applications built with the SmartMDSD Toolchain

https://www.youtube.com/user/RoboticsAtHsUlm
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Component
Supplier System Builder

HW &
Deployment

Application
Expert

Task
Expert

...

Ecosystem, Separation of Roles, Composition



10IROS 2019 – RobMoSys Tutorial – November 8th 2019 – Alex Lotz lotz@hs-ulm.de

RobMoSys Modeling Directory

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

Replacement of Components
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Replacement of Components

https://www.youtube.com/watch?v=RHvvb6lTHG4
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Demo:

Piecing together software components
The System Builder View

Example: Simple Navigation Example

Tutorial and screencast to reproduce at home:
https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-system:start 
https://wiki.servicerobotik-ulm.de/tutorials:laser-obstacle-avoid-scenario:start 
https://wiki.servicerobotik-ulm.de/tutorials:flexible-navigation-task:start

https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-system:start


15IROS 2019 – RobMoSys Tutorial – November 8th 2019 – Alex Lotz lotz@hs-ulm.de

Flexible Navigation Stack

Replacement of Components:
Flexible Navigation Stack



Replacement of Components

https://www.youtube.com/watch?v=FCvK9dAZXPo
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Ecosystem Organization
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Demo:

Modeling and implementing 
a Software Component:

The Component Supplier View
Example: Simple Obstacle Avoidance Component

Tutorial and screencast to reproduce at home:
https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-component:start 
https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-domain-model:start 

https://wiki.servicerobotik-ulm.de/tutorials:develop-your-first-component:start
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● Introduction

● Modeling Systems

● Modeling and implementing Components

● The Digital Data Sheet

Outline
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Digital Data Sheet
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Digital Data Sheet
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Digital Data Sheet

RDF, Ontologies, ... Documentation
Documentation

for humans
Tooling

Interoperability

…
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Behaviour Coordination

Skills:
pick up box

go to
drop box

Tasks
Delivery

SmartTCL
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https://www.youtube.com/watch?v=54_skOuHsds

Behaviour Coordination
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Behaviour Coordination

Skills:
pick up box

go to
drop box

Tasks
Delivery

SmartTCL
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Behaviour Coordination

https://www.youtube.com/watch?v=5116bGhXBr8
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● RobMoSys serves the robotics community by collecting and 
consolidating best practices and approaches related to model-
driven, composition-oriented robotics software 
engineering

● The RobMoSys philosophy is to use the right approach for 
the right problem by the right expert, and to support the 
handover of information and artefacts between different 
experts

● RobMoSys provides matured and ready-to-use modeling 
tools with code generation and model checks that offer 
immediate benefit for the design and implementation of real 
robotic software systems

Take away messages
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Tutorial “Model-Driven Robot Software Engineering:
From ROS-specific coding to framework-agnostic modeling”

Interactive Tool Demo:
Stepwise Migration to Model-Driven Development



Recap: RobMoSys Tooling: Realization alternatives

Variant 1:
SmartMDSD Toolchain

Variant 2:
Papyrus4Robotics

represents

SmartMDSD
Toolchain
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● Part I: Mixed Port Components

● Part II: Middleware Agnostic Modeling

Outline
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Mixed-Port Components
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Flexible Navigation Stack

Replacement of Components:
Flexible Navigation Stack
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https://www.youtube.com/watch?v=p466dW-IU4w&t=51s

Mixed-Port Components

Real-World-Example:
by CARVE, see Discourse Forum
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Mixed Port with OPC UA
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Manipulation Stack

Replacement of Components:
Manipulation
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Replacement of Components:
Manipulation with e.DO
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Demo:

Mixed-Port Components – Accessing ROS nodes
Example: ROS Joystick

Tutorial and screencast to reproduce at home:
https://wiki.servicerobotik-ulm.de/tutorials:ros:mixed-port-component-ros 

https://wiki.servicerobotik-ulm.de/tutorials:ros:mixed-port-component-ros


● Part I: Mixed Port Components

● Part II: Middleware Agnostic Modeling

Outline



40IROS 2019 – RobMoSys Tutorial – November 8th 2019 – Alex Lotz lotz@hs-ulm.de

Mixed-Port Components vs. Middleware Abstraction
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RobMoSys User-Story:
Middleware Late Binding / Middleware agnostic modeling
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Middleware agnostic
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Demo:

Middleware agnostic modeling
Example: Navigation Stack
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● Expressive and consistent communication semantics together 
with a middleware abstraction layer and a middleware- 
independent API are important aspects that exist in 
RobMoSys from day one
– Middleware technologies evolve over time, so it must be possible to easily 

adapt to new middleware solutions (or even support multiple 
middlewares) with ideally no modifications of the component code

● RobMoSys does not exclude approaches as ROS, instead, 
it actively supports linking to and gradually migrating from such 
approaches using the Mixed Port Component idea
– RobMoSys goes beyond what is currently possible with approaches like 

ROS, by implementing the consolidated body of knowledge within model-driven 
tools with respect to composition-oriented robotics software system development

Take away messages
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