
MIRAD project summary

1 Project title

An Integrated Methodology to Bring Intelligent Robotic Assistive Devices to the User (MIRAD).

2 Basic project information

The MIRAD project is submitted and accepted as an IWT SBO project (strategisch basison-
derzoek) with an economic finality. The scientific disciplines involved in the project are:

• Mechanical engineering
• Control systems engineering and robotics
• Biomechanical modelling and multibody simulation
• Rehabilitation sciences
• Rehabilitation psychology

The following table describes the involved partners:

partner acronym promotors/projectleaders

1 Departement of Mechanical Engineering,
Katholieke Universiteit Leuven

KULeuven-Mech Prof. dr. ir. Joris De Schutter, dr. ir. Er-
win Aertbeliën, dr. ir. Friedl De Groote

2 FABER(Faculteit bewegings- en revali-
datie wetenschappen), Katholieke Univer-
siteit Leuven

KULeuven-Kine Prof. dr. Ilse Jonkers

3 University Hospital Leuven, Laboratory
for clinical motion analysis (Pellenberg),
Katholieke Universiteit Leuven

UZLeuven Prof. dr. Kaat Desloovere

4 Departement of Mechanical Engineering,
Vrije Universiteit Brussel

VUB-Mech Prof. dr. ir. Dirk Lefeber, Prof. dr. ir.
Bram Vanderborght, Jacques Langhen-
dries

5 Computational modeling lab, Departe-
ment Computer Sciences, Vrije Univer-
siteit Brussel

VUB-Como Prof. dr. Ann Nowé

6 Revalidatiewetenschappen en Kinesithera-
pie, Vrije Universiteit Brussel

VUB-Kine Prof. dr. Eric Kerckhofs

7 Katholieke Hogeschool Kempen KHK Prof. dr. Louis Peeraer

8 Nationaal Multiple Sclerose Centrum NMSC Stephan Ilsbroukx

9 Revalidatieziekenhuis RevArte RevArte Prof. dr. Christophe Lafosse

10 Sirris, Collectief Centrum van de Belgische
Technologische Industrie

Sirris ing. Lic. Filiep Vincent, MBA

11 Space Applications Services SpaceApps ir. Michel Ilzkovitz

The project leader is KULeuven-Mech.
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3 Summary

3.1 Valorisation objectives and valorisation approach

There is a growing need for mechatronic devices that dynamically interact with humans, such
as orthoses, prostheses, rehabilitation or training equipment, and teleoperation and assistive
devices for industry. User satisfaction of existing devices is currently limited, because many
knowledge domains are involved: mechatronics, biomechanical knowledge on human motion
models, rehabilitation knowledge, and psychological aspects. Therefore the MIRAD project
brings together a unique consortium of experts from different fields to develop a universal in-
tegrated methodology to bring intelligent robotic assistive devices to the users. To test our
methodology, we additionally focus on a challenging application in the health care sector: a
bilateral intelligent active lower-limb exoskeleton to assist persons suffering from functional
weakness. The purpose of the project is not to develop a product that can be used in clinical
practice by the end of the project. Follow-up R&D projects will be needed for that purpose.
Apart from health care, the project targets valorization of the developed methodologies and
technologies in various industrial sectors and market segments, for example sports, space, nu-
clear, entertainment and defense.

The valorisation potential of the MIRAD project includes:
1. an adaptable compliant actuation with safe human interaction using a lightweight motor

controller
2. a high-level control that adapts to human motion, recognizes intent and provides assistance-

as-needed
3. a physiologically relevant simulation technology for interaction between humans and de-

vices
4. a methodology for functional evaluation of assistive devices in a clinical context
5. a methodology for improving the psychological acceptance of assistive devices
6. a real-time Virtual Reality training environment for humans interacting with robotic de-

vices
7. a technology for robotic assistive devices

The overall valorisation objective of the project is the creation of a new technology sector in
Flanders related to robotic assistive devices. First, the consortium aims at enabling existing
companies to bring robotic assistive devices or products based on the underlying technology to
the market. Three companies already committed to develop an innovative product based on
the valorisation potential listed above. The consortium aims at developing more business cases
with existing companies during the project. Second, the consortium also aims at creating new
companies that can act as integrators to bring complex robotic assistive devices to the market.
The valorisation approach includes following steps:

1. installation of a “ROBO8 leadership board” with key persons from the social field, industry
and academia.

2. elaboration of a long term strategic robotic assistive technology plan for Flanders
3. knowledge transfer and dissemination to specific target groups (e.g. website, articles,

presentations and events, PR)
4. organization of a “ROBO8 Inspiration Day” for each target group to identify and develop

new business opportunities
5. development of valorization R&D projects
6. creation of the Flemish Innovation ROBO8 Partnership (VIS= Vlaams Innovatie Samen-

werkingsverband)

2



3.2 Scientific objectives and research approach

This projects brings together a unique consortium of experts from different fields (robotics and
mechatronics, machine learning, virtual reality, human movement and rehabilitation science,
physical therapy, clinical psychology, rehabilitation and orthopaedic technology) to develop an
integrated approach for the design, implementation, use and evaluation of exoskeletons. The
aim of the project is to generate generic scientific and technological knowledge that is applica-
ble to the wider area of robotic devices that dynamically interact with humans. To test this
methodology, we additionally focus on one challenging application: a bilateral intelligent active
lower-limb orthosis to assist persons suffering functional weakness. Four target user groups are
selected: elderly, stroke patients, patients suffering from multiple sclerosis (MS), and children
with cerebral palsy (CP). The first target group is selected because of the large market poten-
tial. Elderly are a homogeneous group in which the dominant problem is functional weakness.
Based on the knowledge gained with elderly, the consortium will address the other, smaller
and less homogeneous, target groups which pose extra challenges due to the presence of neural
dysfunctions.

The research work is organized in six work packages (WP):

0. Valorization and knowledge transfer: the overall objective of this WP is the creation of a
new technology sector in Flanders related to robotic assistive devices.

1. Specification and evaluation: this WP aims at defining the mechatronic design and control
requirements and the evaluation criteria for the exoskeleton.

2. Mechatronic design: in this WP a seven degrees of freedom exoskeleton is designed, built
and tested, based on the design criteria of WP1. Focus is on the mechatronic design and
the low-level control. Several prototypes will be built with increasing complexity to allow
early testing and user feedback.

3. Simulation environment: in this WP a multi-domain design and simulation environment is
developed including multi-body dynamic modeling of an actuated device, musculoskeletal
modeling and controller simulation. This environment will be used to evaluate the effect
of design choices made in WP2 and of control algorithms and parameters selected in WP4.

4. Intelligent control: this WP focuses on the development of a high-level control approach
for intelligent interaction between medical devices and humans. The desired intelligent
interaction is specified as objective functions and constraints in an optimal control frame-
work, based on the requirements specified in WP1, and is implemented on the prototypes
developed in WP2.

5. Clinical tests and psychological acceptance: in this WP the prototypes are tested, first on
healthy persons to verify functionality and improve comfort and safety, then on the dif-
ferent target groups. The performance of the prototypes is evaluated using the evaluation
criteria and procedures specified in WP1. In addition WP5 establishes the requirements
for psychological acceptance of orthoses in general, and develops an evaluation procedure
for use within MIRAD.
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