
Cable Routing Optimization 
of  a Cable-Driven Robot

Introduction and Objectives

Conclusion

T
Design rules:

◘ ti,i = 5
◘ ti,i+1 = 0 or 10

6 optimization 

variables

Γ

Constraints:

◘ ti,j ≠ ti,k

◘ ti,j ≠ ti,k+10
◘ cable intersections
with i<j<n, j≠k

Outer Optimization

Optimization parameters: 

◘Algorithm: MOGA II
◘Number of generation: 20
◘ Initial population: 60

Fig. 3 Results of the 1
st

 example, the size of the marker is proportional to

Fig. 4 Results of the 2
nd

 example, the red line represents the Pareto front

Table 1 Summary of the optimization results
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Fig. 5  Distribution of the elements of the cable routing matrix T for the two examples

With respect to a user-de�ned cable routing matrix, the two di�erent optimization examples reduce:
◘Max cable forces: Fc1, Fc2 and Fc3 respectively by 44%, 26% and 2%

◘Max actuator RoM: L3max, L4max and L5max respectively by 3%, 27% and 31%

The percentage frequency of the components of matrix T are reported in Fig. 5. 
The results show a tendency of the algorithm to concentrate the components in certain ports.
In particular:
◘ t1,3 is mainly concentrated in port 4
◘ t1,5 is mainly concentrated in port 6
◘ t2,4 is mostly distributed in ports 4 and 6
◘ ti, i + 2k with k = 1, ..., n-2-i as close as possible to the port aligned with the anchor point of the ith-joint
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Inner Optimization

Max Actuator RoM

Max Cable Forces

1st Example

Minimization of the maximum 
cable forces.

2nd Example

Minimization of the maximum 
cable forces and the required 
actuator range of motion

Methodology Results

Fig. 2  Example of the cable routing on 
the 1st-joint of the robot 

Fig. 1  Cable-driven fully-actuated robot with 5 DoFs  


