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Conception et Commande d’un Robot à Câbles pour la manipulation dextre de 
pièces sur des chaînes de production
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• Robotic systems 4-D tasks (Dirty, Dull, Dumb and Dangerous).

• Robotics Key driver of competitiveness and flexibility in large scale
manufacturing industries.

• Making things easier for manufacturers  Precision machining and
assembling to material handling.

• Robots Simpler to program, integrate and install.

• Collaborative work environments Future requirement.

Introduction
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Motivation

WMSDs

7% of the 
overall 

productivity 
loss per year

Rise of 
health costs 
and physical 

risks
High costs to 

the 
individual 
companies

Repetitive 
work 

Handling 
of heavy 

parts for a 
long time 

To develop a solution to reduce Work-related Musculoskeletal
Disorders (WMSDs) in workers using a Cable-Driven Parallel Robot
(CDPR) which allows interaction of the worker and robot in a safe way.
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Objectives

Cable-
Driven 
Robot 

Four 
cables

Motors on 
the moving 
platform

User friendly 
interface

Simple 
anchors in 

the 
environment

• Underactuated system !
• Choice of outputs to be controlled

• Platform is a rigid body 
with 6 Degrees of Freedom 
(DoF)
• Consider its inertia 

• Interface using C++
• Possibility of integrating 
with haptic device ? 

Modular

Reconfigurable
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• Parallel Wire Robots (PWRs)- also known as Cable Driven Parallel Robots (CDPRs)

• Cable-driven parallel robots - special class of parallel mechanisms in which the end-effector is actuated by cables,
instead of rigid-linked actuators.

Fig. 1: An example of a CDPR – IPANEMA robot with its various parts

State of art: Cable robots
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Large 
Workspace

Low 
Inertia

High 
payload 

to weight 
ratio

Simple 
structure

Reconfigurable Easy to 
manufacture

Advantages

Depends  on 
configuration

Complex 
Workspace

Only 
positive 

cable 
tensions

Complex 
kinematics 

and 
dynamics

To find 
optimal 
tension 

distribution

Interference 
between 
cables 

Stiffness of 
the cables

Challenges

State of art: Advantages and Challenges

Depends  on 
actuator location

Less moving parts

Location of 
attachment points
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 CDPR with four cables and motors on the moving platform – Not yet
implemented for industrial applications.
A CDPR with motors on the Moving Platform (MP) and simple anchor

points.
Benefits easy to install in a manufacturing line.
Inertia of the platform significant role in the stability of the platform.

 Underactuated system - exciting control challenges
Internal DynamicsMP oscillations, abnormal value of cable forces.
Control lawMaintain the stability of the platform.
Feedback linearization – common approach.
Implement classical control law Input-Output Feedback Linearization.

Research gap
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CDPR: Dynamic model

× ×

×

×

×

g = the gravity acceleration vector

m = mass of the end-effector

𝜔 = [𝜔 , 𝜔 , 𝜔 ] , the velocity vector of the orientation

𝑝 = [𝑝 , 𝑝 , 𝑝 ]  , the position vector

𝜃 = [𝛼, 𝛽, 𝛾] , vector of a set of Euler angles

IP = the inertia tensor of the end-effector about point P in the base frame

Used for control

𝑁(𝑋, 𝑋)̇ = 𝐶(𝑋, 𝑋)̇�̇� + 𝐺 𝑋

Assumption 1: Cable mass is negligible
Assumption 2: Cable is assumed to be taut between points 

(1)

(2)

(3)
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Fig. 2: The CDPR configuration

Moving Platform: Control

g, gravity (virtual 5th

cable)

Four cables + gravity (virtual 
cable)  4 DoF can be 
controlled
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• Number of Degrees of Freedom (DoF) 6

α

β 𝛾

Fig. 3: The six DoFs of a rigid body

Number of actuators  4

• DoFs to be controlled 4: x, y, z and γ (rotation about z-axis)

• DoFs that have to be stable for the control to be implemented 2
• α (rotation about x-axis)
• β (rotation about y-axis)

Underactuated by 
a degree of 2!! 

Moving Platform: Control
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Experiments: Test preparation

Fig. 4: Test setup for performing the experiments

Ground position
center of the room

Home position

Power on

Pretension

Move
x= 2.685, y=1.995, z=0

x= 2.685, y=1.995, z=0.214

Perform the desired point-to-point 
motion using different modes

Return for next test

Done to ensure the cables are tensed.
Applying a minimal current

By giving the 
corresponding motor 

positions
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Experiments: Test preparation

Fig. 5: Block diagram for implementation of control to perform the experiments
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Experimental validation: Test setup

Fig. 6: CDPR prototype

Fig. 7: Simple attachment points fixed in room (left) and arrangement for 
cable guiding in MP (right) 

Fig. 8: CDPR in the working environment
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Fig.9: CDPR in home position

Experimental validation: Test setup

Room dimension (m) 5.37 * 3.99 * 2.97

Platform dimension (m) 0.45 * 0.45 * 0.2
Mass (kg) 23.4 approx.

Inertia (kgm^2) Ixx = 0.631
Iyy =0.631 
Izz = 1.036

Fig. 10: CDPR top view

Table  1: Parameters for testing

Cable exit to exit points are 
different than the MP 
dimension
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• Three different velocities for the MP: 
• 0.05 m/s
• 0.1 m/s
• 0.2 m/s

• Translation along z-axis:
• Upward motion, 0.5 m (↑)
• Upward motion, 1 m [0.5 m (↑) + 0.5 m (↑)]
• Up-Down motion, 0.5 m (↑) + 0.5 m (↓) 

Experimental validation: Test cases (WP5)

Fig. 11: Upward motion (0.5 m)

For translation along z-axis, at 
the center of the room:

α = 0⁰
β = 0⁰

Feedback can be done using motor 
position, velocity. No need for additional 
sensors
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Experimental validation: Test modes

Cable 
forces CDPR 

dynamics
ODE 
solver

Position and 
Orientation

Motor 
positions

To 
motors

Motor 
velocities

To 
motors

To 
motors

Only motor 
positions for control

POSITION 
MODE

Only motor 
velocities for control

VELOCITY 
MODE

Motor positions and 
velocities for control

INTERPOLATED 
POSITION MODE 

(IPM)

Cable forces calculated 
using the control law 

and feedback

Runge-Kutta
solver (ode45)
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Fig. 13: Comparison between estimated and measured cable forces for the test

Fig. 12: Comparison between desired, rebuilt and measured platform 
position in z 

Platform is able to reach 
desired height in desired 
time and maintain its 
position

Oscillations are seen in cable forces
during the motion, but, measured
forces are closer to the estimated
forces

Position mode @ vdes = 0.05 m/s 

kd= 7.5, kp= 1

Final zdes = 0.714 m,
Final rebuilt z =0.71398 m
Final measured z= 0.700 m
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Fig. 14: Comparison between desired, rebuilt and measured 

platform position in z 

Velocity mode @ vdes = 0.1 m/s 

Fig. 15: Comparison between estimated and measured cable forces for the test

Total time for test is 10 s 
where, 5 s for the point-to-
point motion and 5 s rest 
time

Velocity mode  amplitude of
oscillations are reduced.

kd= 5, kp= 1

Final zdes = 0.714 m,
Final rebuilt z =0.6998 m

Final measured z= 0.7204 m
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IPM mode @ vdes = 0.2 m/s 

Fig. 16: Comparison between desired, rebuilt and measured platform 
position in z 

Fig. 17: Comparison between estimated and measured cable forces for the test

kd= 4.95, kp= 1

Slower response time 

Final zdes = 0.714 m,
Final rebuilt z =0.716035 m
Final measured z= 0.7152 m

All the three modes successfully
validate the control law for the desired
point-to-point motion
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Comparison: Different modes @ vdes = 0.05 m/s

Convergence time for velocity 
mode is better than position 

and IPM mode. 

Fig. 18: Comparison between desired z, and rebuilt z using different modes for vdes = 0.05m/s

Velocity mode: 10 s, Position mode: 12 s, IPM mode: 15 s

tdes = 10 s
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Fig. 20: Comparison between desired, rebuilt and measured platform position in z to go up and down 

Up and down motion

Experimental validation: Results of other motions
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• MP able to achieve the desired motion with acceptable error.

• Three values of the desired velocities (0.05 m/s, 0.1 m/s, 0.2 m/s) three different profiles for the
cable forces, but are able to satisfy the necessary behavior for the MP.

• The starting values of cable forces Not always the same for each tests.
• Due to pretension, coiling of the cable in the winch
• Position errors due to measurement

• High oscillations in each cable during the start of the trajectory.
• Due to the oscillations already present in the cables when they reach the home position

Observations:

Fig. 21: Cable force after reaching home position from ground



23

Introduction

State of art

Methodology

Results

Conclusion

• European Agency for Safety and Health at Work, ed. OSH in figures: work-related musculoskeletal disorders in the EU - Facts and figures. en. 
European risk observatory report. OCLC: 838180059. Luxembourg: Office for Official Publ. of the Europ. Communities, 2010. 

• Nurhayati Mohd Nur, Siti Zawiah Dawal, and Mahidzal Dahari. The Prevalence of Work Related Musculoskeletal Disorders Among Workers
Performing Industrial Repetitive Tasks in the Automotive Manufacturing Companies.

• Industrial robot. https://www.kuka.com/en-de/products/robot-systems/industrial-robots.

• IRB 360 - Industrial Robots (Robotics) - Industrial Robots From ABB Robotics. https : / / new . abb . com / products / robotics/ industrial-
robots/irb-360.

• Samuel Ernest Landsberger. A New Design for Parallel Link Manipulators. In: Proc. of the IEEE International Conference on Systems.1985, 
pp. 812-814.

• Andreas Pott. Cable-driven parallel robots: theory and application. Vol. 120. Springer, 2018.

• James Albus, Roger Bostelman, and Nicholas Dagalakis. The NIST Robocrane. In: Journal of robotic systems 10.5 (1993), pp. 709-724.

• Johann Lamaury and Marc Gouttefarde. Control of a large redundantly actuated cable-suspended parallel robot. In:  IEEE International 
Conference on Robotics and Automation. IEEE. 2013, pp. 4659-4664.

• Thomas Heyden and Christoph Woernle. Dynamics and flatness based control of a kinematically undetermined cable suspension manipulator. 
In: Multibody System Dynamics 16.2 (2006), p. 155.

• Daniel Cunningham and H Harry Asada. The winch-bot: A cable suspended, under-actuated robot utilizing parametric self-excitation. In: IEEE 
International Conference on Robotics and Automation. IEEE. 2009, pp. 1844-1850.

• A Capua, A Shapiro, and S Shoval. SpiderBot: a cable-suspended walking robot. In: Mechanism and Machine Theory 82 (2014), pp. 56-70.

• Jonqlan Lin and Guan-Ting Liao. A modularized cable-suspended robot: Implementation and oscillation suppression control. In: Proceedings of 
the Institution of Mechanical Engineers, Part I: Journal of Systems and Control Engineering 230.9 (2016), pp. 1030-1043.

• Alberto Isidori. Nonlinear control systems. Springer Science & Business Media, 2013.

References



24

Introduction

State of art

Methodology

Results

Conclusion

Thank you!


