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• 12 Partners 

– 3 End users 

– 3 Component providers 

– 2 System Integrators 

– 4 Research organizations 

The ReApp Project 

     

• Reusable Robot Applications for Flexible 
Robot Systems based on ROS-Industrial 

 

• Program: Autonomic for Industrie 4.0 

 

• Duration: 01.2014 – 12.2016 
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The ReApp Perspective 

Product individuality 
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Highly configurable and 
efficient production 

Large Enterprise 

SME 

Common goal: 
Create individualized products 
efficiently to improve market 

opportunities 
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• On the shoulder of giants 

– AutomationML (AML) 

– Semantic Web 

– Robot Operating System (ROS) 

 

 

 

 

 

 

 

• Role separation 

– Component developer 

– Application developer 

– System developer 

 

 

The Model-driven Approach 
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The Model-driven Approach 

Semantic Models Semantic Models 
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Reuse of AutomationML Models 

AML Models AML Models 

Semantic Models 

AML Models 

AML Models AML Models 
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How do we generate Models for the  

software engineering  

of 

 industrial robotics? 
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AutomationML as Modeling Framework 
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• Component Development 

– Physical: dimension, weight, 
payload, ... 

– Geometry, kinematics 

– Interfaces 

– Functionalities 

 

Software Engineering of Robotics 

• System Development 

– Actuators 

– Sensors 

– Transports 

– Connections 

– Behaviour 
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ReApp Libraries 

ReApp
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Component Modeling 

Devide the component into functional parts  InternalElements 

• Technical specification 
• Reusable 
• Configurable 
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Application Modeling 

Component 
Instances 

Required 
connections 

It is only a functional modeling: concrete connection 
points not known yet 
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System Configuration 

During deployment: connect the endpoints 
via InternalLinks 

Robot Link 

Solder Link 
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The Engineering Pipeline 

Semantic Models Semantic Models 
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Reuse of AutomationML Models 

AML Models AML Models 

Semantic Models 

AML Models 
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Model to Model 
 
Transformation 

Model-driven Software Engineering 

Abstraction Code 
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• Benefits of applying formal semantics in MDSE: 

– Externalize knowledge into ontologies 

– Sharable, extendable, adoptable 

– Extend existing descriptions by reasoning techniques 

– Formal verification and validation 

 

Formal Semantics in MDSE 

ReApp

Domain 
Knowledge 

Application 
Knowledge 
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Automated Reasoning 

UR10 ⊑  ∃hasROSTopic.JointState 

UR10 ⊑  ∃hasROSAction.FollowJointTrajectory 

UR10 ⊑  ∃hasROSTopic.IOStates 

UR10 ⊑  ∃hasROSService.SetIO 

Component to ROS propagation via complex role inclusion axioms: 
 
 
 

∃hasFunctionalPart ∘ hasROSTopic   ⊑ hasROSTopic 

∃hasFunctionalPart ∘ hasROSAction ⊑ hasROSAction 

∃hasFunctionalPart ∘ hasROSService ⊑ hasROSService 
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Component Compatibility  

SignalInterface “In“ 

SignalInterface “Out“ 

IOConnection ⊑ 

( ∃!hasEndPoint.(SignalInterface ⊓ !hasValue.“In“)) ⊓ 

( ∃!hasEndPoint.(SignalInterface ⊓ !hasValue.“Out“)) 
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– Java engine to convert RDF Graph to Ecore 

– Eclipse based model-to-text transformation 

Code Generation 

</AutomationML> RDF Graph Ecore 
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Some Code Examples 

Part of the code for robot control 

Part of the code for system 
configuration 
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The Engineering Pipeline 

Semantic Models Semantic Models 
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Reuse of AutomationML Models 
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Demonstrator 

 Small lot size 
 Stable quality 
 human resource costs 
 Flexible reconfiguration 
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The AutomationML Model 
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ReApp at Hannover Messe 2016 
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 Modeling of robot components and systems using AML 

 

 Semantic uplifting of AML models  

 

 Utilizing formal semantics and automated reasoning in MDSE 

 

 Generate ROS code to ease implementation 

 

 Extend AML modeling with software components 

 

 Incorporate PLCopenXML to generate process logic 

 

 Improve generating geometric and kinematic configurations from 
COLLADA 

 

 

 

 

 

Summary 
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Thank you for the attention! 

 

Any Questions? 


