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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper presents implementation of position control for planar cable-driven parallel robots using
Received 30 August 2015 Visual servoing. The main contribution of this paper contains three objectives. First, a method is used
Accepted 07 September 2015 toward kinematic modeling of the robot using four-bar linkage kinematic concept, which could be used

Available Online 11 November 2015 in online control approaches for real-time purposes due to decreasing of the unknown parameters and

computation time. Second, in order to track the position of End-Effector, an online image processing

EZ’Q?Z?Q?fv'en parallel Robots procedure is developed and implemented. Finally, as the third contribution, two different controllers in
Kinematic classic and modern approaches are applied in order to validate the model with plant and obtain the most
Visual servoing promising controller. As classic controller, pole placement approach is suggested and results
Control demonstrate weaknesses in modeling the uncertainties although they represent acceptable performance.

Due to the latter incapability, sliding mode controller is utilized and experimental tests represent
effectiveness of this method. Result of the latter procedure is an inimitable operation on the desired task,
however, it suffers from chattering effect. Moreover, results of these controllers confirm
accommodation between the model and robot. The whole procedure imposed could be applied for any
kind of cable-driven parallel robot.
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(c) Analog camera used in robot

(d) Connection between camera and computer
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1- Sag phenomena
2- online
3- Perturbation
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4- Pole placement
5- Uncertainty
6- Sliding Mode Control (SMC)
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(e) The winch model used in robot

>

() Dynamixel AX-12 motor used in robot
Fig. 1 The planar Cable-driven Parallel Robot developed in
University of Tehran
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Table 1 Characteristics of the equipment used in the cable-
driven parallel robot.
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Require (CDPR design properties,t,P.,n ©,1,P.)
A=Define CDPR

B=Jac(A)

While (t > 0)

P.(n)=FeedPos(camera)

0(n)=CalKin(P.(n),B)

Err = P.(n)-P.(n)

CC=Control(Err,B,0(n))

: Command(CC)

10. t,(n) = elapsed time

11. t=t—-t.(n)

12.  EndWhile

Algorithm 2 Procedure of creating model, taking camera
feedback and controlling Cable-driven Parallel Robot.
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Model = Controller—= CDPR

Fig. 5 Block diagram for communication between the CDPR,
camera and controller
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1. Require: Red Object Defining Threshold, Device properties,
Scxr Scyr Ox, Oy, N

2 Output: x,y, ¢

3 vidDevice = imaq.VideoDevice

4, Fori=1ton

5. rgbFrame = (step(vidDevice))

6 diffFrame = imsubtract(rgbFrame, rgb2gray(rgbFrame))

7 diffFrame = medfilt (diffFrame)

8 binFrame = im2bw(diffFrame, Threshold)

9. C=step(hblob, binFrame)

10. Ifsize(C)=[0,2]

1. &y, 9)(m) = (x,y,¢)(n—1)

12. Else

13.  obtain (x,y,¢)(n)
14. EndIf

15. EndFor

Algorithm 1 Vision procedure for tracking position using red
marker on end effector.
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7- Feedback linearization
8- Root Mean Square Error (RMSE)
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Fig. 10 Sliding mode controller block diagram.
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6- Steady state error

7- Rise time

8- Settling time

9- Maximum over shoot
10- Barbalat’s lemma
11- Step response
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¢=¢,— NeSAN(se) + 6y (49)
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1- Energy function
2- Cauchy-Schwarz
3- Positive definite
4- Negative definite
5- Lyapunov theorem
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