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Detailed physical model of robots

• Accurate simulation

• Many robot types

• Integration into development toolchains
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Models that are:

Organized Formal

Detailed
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Modelica benefits

• Visual, acausal, multi-domain, hybrid…

• Model inheritance + redeclaration mechanism -> architecture-driven design

redeclare FlexibleGearbox gearbox;replaceable AbstractGearbox gearbox;

Joint Joint

Abstract Gearbox Gearbox Variant
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Hierarchical model …

Robot

Base Axis

Joint Link
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Hierarchical model with abstraction layers

Robot

Base Axis

Joint Link

Abstract

Variant

Configuration

Data
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Hierarchical model with abstraction layers: example

Robot

Base Axis

Joint Link

Abstract

Variant

Configuration

Data

Robot
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Robot - Abstract
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Hierarchical model with abstraction layers: example

Robot

Base Axis

Joint Link

Abstract

Variant

Configuration

Data

Robot

Serial Robot
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7-axis Serial Robot - Variant



Page: 11Model-based robot design in Modelica| Zoltán Rési | 04.02.2021 | zoltan.resi@kuka.com | www.kuka.com

Hierarchical model with abstraction layers: example

Robot

Base Axis

Joint Link

Abstract

Variant

Configuration

Data

Robot

Serial Robot

LBR iiwa
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LBR iiwa - Configuration
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Hierarchical model with abstraction layers: example

Robot

Base Axis

Joint Link

Abstract

Variant

Configuration

Data

Robot

Serial Robot

LBR iiwa

LBR iiwa 14 kg
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LBR iiwa 14 kg - Data



Page: 15Model-based robot design in Modelica| Zoltán Rési | 04.02.2021 | zoltan.resi@kuka.com | www.kuka.com

Hierarchical model with abstraction layers: example

Robot

Base Axis

Joint Link

Abstract

Variant

Configuration

Data

Robot

Serial Robot

LBR iiwa

LBR iiwa 14 kg
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Interfaces – default options

Specific – fully defined

Rotational 1D

Translational 1D

Generic – no constraints

Expandable bus
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Interfaces – more flexibility required

Joint Model: 

- Rotational OR Translational flange

Simple Joint Model
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Interfaces – partially defined option

Specific – fully defined

Rotational 1D

Translational 1D

Partially defined/constrained

Mechanical 1D:

Rotational 1D or

Translational 1D

Generic – no constraints

Expandable bus
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Interfaces – hierarchy of connectors

Rotational Flange

Translational Flange

Mechanical Flange

Rotational Flange

Translational Flange

Modelica Standard Library Interfaces Package

extends

extends

extends

extends



Page: 20Model-based robot design in Modelica| Zoltán Rési | 04.02.2021 | zoltan.resi@kuka.com | www.kuka.com



Page: 21Model-based robot design in Modelica| Zoltán Rési | 04.02.2021 | zoltan.resi@kuka.com | www.kuka.com

Current state of the framework

✓ Independent components

✓ Easy integration of models into the framework

✓ Minimal constraints on modelling

✓ Easy configuration

✓ Transparent data
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Future work

• Integration of multiple robots and more detailed models

• Automated data export/import

• Import model configuration

• FMU generation

• OMOptim
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Thank you for your attention!


