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Résumé  
Avec la progression scientifique des systèmes automatisés, les robots parallèles à câbles présentent des 

excellentes performances grâce à leur faible coût et de leur capacité à effectuer plusieurs tâches 

nécessitant un grand espace de travail. Malgré un espace de travail étendu en translation, la conception 

des robots parallèles suspendus à quatre câbles ne permet qu’un mouvement de rotation incontrôlé ou 

limité. Outre le sous-actionnement, ces problèmes peuvent être causés par les caractéristiques des 

câbles ou/et les positions des points qui maintiennent la plateforme mobile. De plus, cette contrainte 

peut affecter l'équilibre statique de l'organe terminal lors de son déplacement. Afin d'assurer le contrôle 

de la position et de l'orientation de ce dernier, un robot parallèle reconfigurable à quatre câbles avec 

une structure compacte est développé. Par conséquent, cet article propose un algorithme d'optimisation 

qui se base sur le gradient (méthodes sans-dérivés) pour sélectionner la configuration optimale associée 

à chaque point de la trajectoire souhaitée. Cette solution optimale peut être déterminée à travers 

plusieurs critères tels que l'équilibre statique de l'organe terminal du robot et l'orientation souhaitée. 

La simulation numérique est réalisée et analysée pour assurer 6-ddl avec ce robot parallèle 

reconfigurable à quatre câbles. 

Abstract:  
The design of manipulators has progressed within few last decades. Recently, Cable-Suspended/Driven 

Parallel Robots are progressively used in industrial applications due to their large payload capacity, 

low cost, and good ability to perform several tasks requiring a large workspace. For these applications, 

the main objective is to pursue imposed trajectories.  

However, despite the advantage of the considerable workspace, the design of the suspended four-cables 

parallel robots provides an uncontrolled or limited rotational motion.  

In order to ensure control over the end effector’s position and orientation, a self-reconfigurable four-

Cable parallel robot with a compact structure is developed. For this purpose, the typical fixed anchor 

points will be translated on an inclined guide rail. 

Accordingly, this proposed work aims to select the appropriate anchor points which will be associated 

with each position of the desired trajectory. This suitable solution can be performed by an optimization 

approach by considering several criteria such as the robot equilibrium, cables tension, and the desired 

orientation.  

Eventually, the numerical simulation of a reconfigurable robot is performed and analyzed. The results 

verify the feasibility of a 6-DoF for the parallel reconfigurable robot with four suspended cables.  

Keywords : Reconfigurable Cable Parallel robot, Modulization, Optimization, Derivative-free 

method, 
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1    Introduction  

Cable-Driven Parallel Robots (CDPR) are parallel robots where the mobile platform is suspended by 

flexible cables instead of rigid elements [1]. This feature gives CDPR excellent performance in terms of 

large payload capacity, expanded workspace, accelerations, and speeds compared to conventional 

parallel robots [2].  

Recently, several CDPRs have been proposed and developed by the robotics community. These robots 

have been used in many engineering fields such as for urban construction tasks [3], video recording 

applications [4], and for radio telescopes [5]. Similarly, cable robots have demonstrated their adaptation 

for medical tasks such as haptic applications, mini-invasive surgery [6], and physical rehabilitation 

exercises [7], and for industrial tasks such as motion simulators [8], and manipulating parts in the 

manufacturing process [9]. However, most of these applications need single operation tasks which lead 

to the use of several CPRs with different configurations. Therefore, in the last few years, some research 

dealt with CDPRs which are modular and reconfigurable [10], [11] to be used in various situations.  

In this context, several works have dealt with manual reconfigurable robots such as reconfigurable cable-

driven parallel robots (RCDPRs) ReelAx [11] and the NIST Robocrane [12]. Other research deals with 

self-RCDPRs like SEGESTA prototype [13], and the CoGiRo prototype [14]. 

Nevertheless, all previous works, investigate RCDPRs by moving the attachment points associated to 

the fixed base’s pulley. Therefore, to improve the mobility of this kind of CDPR without the need for 

more cables or multiple actuators, the self-reconfiguring task will be dependent on the anchor points 

attached to the moving platform. 

In this work, we are interested in modeling the static behavior of the RCDPRs, then searching for a 

suitable position for the anchor point to have a secure motion during the   process. 

The rest of the paper is structured as follows: Following this introduction, the description of the RCDPR 

is presented. The kinematic and static models of this type of parallel robot are formulated in section 3. 

Section 4 is dedicated to formulating and discussing the optimization results of the robot. Finally, the 

conclusion is presented in section five. 

2    Structure Design  

The proposed suspended CDPR is composed of a moving platform connected to a fixed base by four 

cables of variable lengths, used to control the pose of the end-effector.  

The cables are attached to the fixed structure of the robot at points 𝑨𝒊  which represents the center of the 

attachment points, and connected to the moving platform at the anchor points 𝑩𝒊.  

Referring to Fig.1.a, 𝓡𝟎(𝑶, 𝑿𝟎, 𝒀𝟎, 𝒁𝟎) and 𝓡𝐩(𝑷, 𝑿𝐩, 𝒀𝐩, 𝒁𝐩) are the fixed frame attached to the robot 

base and the local frame attached to the moving platform, respectively. Fig.1.b represents part of the 

moving platform where 𝑪𝒊 is the platform’s corners, and 𝑩𝒊 is the moving anchor points. 

The position and orientation of the platform are defined by the vector 𝝌 =  [𝑷    𝜽]𝑇  with respect to the 

fixed frame 𝓡𝟎 where 𝑷 = [𝒙 𝒚 𝒛]𝑻 is the position vector and 𝜽 = 𝒇(𝛼, 𝛽, 𝛾) represents the orientation 

angle  where 𝛼 around 𝑋, 𝛽 around 𝑌 and 𝛾 around 𝑍. 
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Fig. 1:a. Geometric Parameters of the Ludic design b. Geometric Parameters of the platform  

 

3    Kinematic and static Model 

3.1    Inverse Kinematic Model  

The Inverse Kinematics model of the RCDPR determines the lengths of the cables, for a given pose 

𝝌 and a given configuration of the moving platform. 

The expression for calculating the cable length (li) which are considered as a straight-line segment is 

given by:  

𝒍𝒊 = ‖𝑨𝒊𝑩𝒊‖ = 𝜌𝑖  𝒅𝒊 = ‖𝒑 − 𝒓𝒊 − 𝒂𝒊‖                                      (1) 

Where  

𝐫𝐢 = 𝑟𝑖𝐁𝐢𝐂𝐢 is the displacement vector of the anchor points. 

3.2    Static Model  

During the motion, external forces 𝑾𝒑 = [0 0 −𝑚𝑝 𝑔    0 0 0]𝑇 are exerted on the platform due 

to its weight with payload and forces produced on task execution.  

Moreover, each cable produces forces on the platform proportional to its tension 𝑻 =

[𝑻𝟏 𝑻𝟐 𝑻𝟑     𝑻𝟒]𝑇 (cable weight is neglected). 

According to Newton-Euler formulation, the static equilibrium is denoted by: 

𝕎 𝑻 + 𝑾𝒑 = 𝟎                                                                 (2) 

Where 𝕎 = [𝑾𝟏 𝑾𝟐 𝑾𝟑     𝑾𝟒] 

𝑾𝒊 = [
𝒅𝒊

(𝑩𝒊/𝑹𝟎
− 𝑷) × 𝒅𝒊

] 

4    Reconfiguration Method  

4.1    Planning Method  

To reach the desired position, a new configuration is realized by translating two or more cables from 

their first anchor points to new locations. Accordingly, a scheme (Fig.2) of a RCDPR control is given, 

to determine the optimal reconfiguration. 
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Fig. 2: Scheme of the optimal reconfiguration planning method 

4.2    Optimization  

 

Fig. 3: Flow chart of the proposed optimization method 

An optimization approach for mechanism reconfiguration is proposed in Fig.3. It aims to expand the 

Derivative Free Method allowing the search for the suitable configuration in each position. 

Starting from searching initial population 𝑰𝟎, the individuals are evaluated and then operators are 

applied to interpolate and evaluate the new population. 

4.2.1. Design variables I 

The design vector of the proposed approach is composed of three parts, cables tensions 𝑻, to avoid 

slacking during the displacement process, anchor points’ displacement 𝑟𝑖, to select appropriate 

configuration, and orientation of the moving platform 𝜽 to improve pose control. 

Therefore, the design vector is written as:  

Moving the end-effector 

to the suitable pose  

Problem definition  

Testing  
 

Reconfiguration Desired position  

Orientation uncontroled   Contraints  

Optimization to draw near 

the desired orientation 

Suitable pose 

Search for an initial population I0 

Evaluation of the initial population  

   

END 

Evaluation  

Constraints are satisfied  

  

Interpolation of old nodes layout 

Yes 

No 

New population  
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𝑰 = [𝑇1, 𝑇2, 𝑇3, 𝑇4, 𝑟1, 𝑟2, 𝛼, 𝛽, 𝛾] 

Where  𝑟3 = 𝑑𝑚𝑥 − 𝑟1  and 𝑟4 = 𝑑𝑚𝑥 − 𝑟2 and     

(𝑟𝑚𝑖𝑛 = 0) ≤ 𝑟𝑖 ≤ (𝑟𝑚𝑎𝑥 = 𝑑𝑚𝑥) 

And, the constraint imposed to guarantee better performance of the robot is to have always positive 

cables tension to avoid sagging cables. 

0 < 𝑇𝑚𝑖𝑛 ≤ 𝐓(𝑖) ≤ 𝑇𝑚𝑎𝑥 

Then, to examine if the desired orientation has occurred, the function to minimize error is used as follows 

𝑓 = min
𝑖

√
1

3
( (𝛼𝑖 − 𝛼𝑟𝑒𝑞)

2
+ (𝛽

𝑖
− 𝛽

𝑟𝑒𝑞
)

2

+ (𝛾
𝑖

− 𝛾
𝑟𝑒𝑞

)
2

)                         (3) 

4.2.2.  Objective function 

The criterion used in this approach aims to enhance the static equilibrium of the robot during its motion 

over the entire workspace. This criterion is mathematically formulated by the expression presented in 

section 3.2: 

𝐹1(𝐼) = 𝕎 𝑻 + 𝑾𝒑                                                               (4) 

5    Results  

The feasible robot reconfigurations have been identified by mapping all the workspace. For each 

position, a configuration is selected, aiming to minimize the error between the calculated orientation of 

the platform and the required one. 

  

a b 

Fig. 4 : Anchor points positions a. on the plan (𝑿, 𝒀) b.  on the plan (𝑿, 𝒁) 

 

These optimal solutions are determined using MATLAB software. The algorithm was implemented with 

a function having a tolerance of 1e-16, and a maximum number of iterations equal to 10000. 

Fig. 4 shows the suitable position of the anchor points 𝑩𝒊. This figure presents a mapping value going 

from 𝑟𝑚𝑖𝑛  to 𝑟𝑚𝑎𝑥 along the plane (𝑿, 𝒀) for z = 0.5m, and (𝑿, 𝒁) for y=0.5m.  

It should be noted that the anchor point position is near the center of mass of the platform, if the cable 

is the shortest length, inversely, the anchor point position is close to the border if the cable is of the 

maximum length. 
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Fig. 5 : Platform Orientation on the plan (𝑿, 𝒀)  

Fig. 5 illustrates that the orientation of the platform is almost equal to the required orientation in the 

center of the workspace and the error of 0.2° on the boundary near the base’s pulley. 

 
 

a b 

Fig. 6 : cable tension a. on the plan (𝑿, 𝒀) b.  on the plan (𝑿, 𝒁) 

 The motion of the robot is demonstrated by positive cable tension which is represented in Fig. 6 where 

the maximum tension can achieve 50N near the attachment point for that cable. 

 
Fig. 7: Desired trajectory 

 

In order to validate this optimization, a comparison between CDPR and RCDPR is executed in quasi-

static mode. This comparison is made for the same rectangular trajectory, which is given in Fig.7, that 

starts from the center of the robot (𝑥 = 0.5, 𝑦 = 0.5, 𝑧 = 0.5) with a null desired orientation. 
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a b 

Fig. 8: comparison between trajectory with a. CDPR and b. RCDPR 

 

Fig. 8 presents the orientation of the moving platform in the three directions, whereas the first figure 

Fig. 8.a introduces the orientation of the CDPR without reconfiguration, thus, this orientation affects 

the inclination of the moving platform which can reach 22° while considering the RCDPR this 

orientation doesn’t exceed 1.8° in Fig. 8.b. 

 

6    Conclusion  

The first part of this work focuses on the fundamental characteristics related to the kinematic and static 

modeling of the new RCDPR. Then, an optimization approach specific to the position of the anchor 

points of the RCDPR is proposed in order to ensure stability and the maximum accuracy of the end-

effector. This has allowed identifying the desired optimal solution.  

Results demonstrate that the new reconfigurable robot is most effective in terms of minimizing the 

inclusion of the end-effector during the displacement process with positive cable tensions and user 

safety. 
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