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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, dynamic modeling, optimal path planning and control scheme on a redundant parallel
Received 02 February 2017 cable robot is presented. Path planning in parallel robots necessitates the consideration of robot’s
Accepted 25 February 2017 kinematics to discern the singularities in the workspace. Also, dynamics analysis is required to consider

Available Online 03 April 2017 actuation constraints. To this end, kinematics and dynamics of cable driven redundant parallel robot is

derived. In this modeling, cables are assumed to be rigid with negligible mass and hence, tension and

Keywords: . . . . .
Cable robot sagging along the cable are neglected. Next, a sampling-based algorithm upon rapidly-exploring random
Modeling tree is developed to increase the convergence rate. In this scheme, distance, epochs and safety are
Path planning considered as optimization constraints. To evaluate the performance of the proposed algorithm in
203"0(! collision avoidance, a number of obstacles have been considered too. Tracking of the planned path has
edundancy been handled using a feed-forward controller in the presence of obstacles. Regarding the redundancy
feature of robot, a redundancy resolution scheme is considered for optimal force distribution. Path
planning and control algorithms are implemented on the RoboCab (ARAS Lab.) and experimental

results reveal the efficiency of the proposed schemes.
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¢ path planning
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2 Visibility Graph

'3 Rapidly-exploring random tree
* Multiple query

' Probabilistic roadmap method
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Fig. 1 6 DoF cable driven parallel robot, RoboCab
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Fig. 2 Mechanical and electrical instruments installed on RoboCab,
load cell circuit (a), camera (b), actuator, pulley and load cell (c),
IMU installed on moving platform (d)

SH-Glse Dby gy 2 oendieal (Seig iUl g (Sl Sl 2 S
{C) giwgys 5 Slyss Syme (D) (rygo (B) @iyl oopmyl olKiule;]
(d) ‘Sll.e,ng)m » (R SREws IMU

Fig. 3 Kinematic modeling of RoboCab
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! Asymptotic optimality
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Fig. 4 Cable force optimization algorithm
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1. TR « InitializeTree();

2. Initiate(ziniy);

3. TR « InsertNode(zjnit. TR);

4. For i=1toKdo

5. Zrand < Sample(W);

6. Xnearest <— Nearest(TR. Zrang);

7. If ObstacleFree(z.ang) &
FeasibleWorkspace(z;ang) & Safe(z;ang) then

8. Xnew <= Join(TR. Zygng);

9. If Straight2Goal(X,ew) then

10. TR « ReConnect(Xnew-Xgoal- TR);

11. break;

12. End

13. End

14. End

15. OptPath < CostEval(TR)
16. Return OptPath

Fig. 5 Pseudocode for path planning
e > S as 5 S
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Fig. 6 Control system for maneuvering
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Fig. 7 Planned path in presence of obstacles
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! Trajectory
2 Linear Parabolic Blends
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Fig. 9 Experimental results on desired trajectory
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Fig. 10 Cable forces during the maneuver
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