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A novel real-time singularity avoidance approach for manual guidance of
industrial robots
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, online manual guidance of industrial robots using impedance control with singularity
Received 24 June 2016 avoidance is studied. In this method, operator enters the robot workspace, physically holds the end-
Accepted 27 August 2016 effector equipped with force sensor and manually guides the robot. In doing so, the operator generates

Available Online 25 September 2016 the desired trajectory for applications like welding or painting. Robot singular configuration is possible

during the process which makes it unsafe due to unexpected high velocity robot joints and the physical

Keywords: I . . . o i N L . .

Manual Guidance human-robot interaction. Therefore, real-time identification of singularity position and orientation must
Industrial Robots be evaluated during trajectory generation. The use of manipulability ellipsoid is suggested as a simple
Trajectory Generation method for the singularity identification. By combining the manipulability ellipsoid and impedance
Impedance Control control, a simple and new approach is proposed to warn operator before reaching singularity. Based on

Manipulability Ellipsoid the proposed approach, effect of opposite force is exerted on the human hand in the predefined distance

to singularity. Real-time implementation is the main advantage of the proposed approach because it
keeps robot away from reaching singularity. Real-time experiments are performed using a SCARA
robot. In the first experiment, the operator stops the trajectory generation process when an opposite
force is produced. In the second experiment, the operator insists on entering the singular points.
Experimental results show the effectiveness of the proposed approach in dealing with singularity
problem during the trajectory generation by an operator for industrial robots.
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® Singular Value Decomposition (SVD)
" SCARA

® Manual guidance of the robot

° Walk-through programmed robot

1% Amplifier

' MATLAB

2 RTWT (Real-Time Windows Target)
3 Simulink
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2 ! ! ! Mass
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E Motor Driver X | ' | “
5] (Position Controller)  Force Motor ! 1 !
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Fig. 1 Part (a) Robot components communication, Part (b) Operator and his interaction with robot equivalent system
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Fig. 2 The block-diagram solution of impedance control equation with
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Fig. 3 The FUM SCARA robot designed and built at the Ferdowsi
University of Mashhad, FUM Robotics Lab
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2 Jacobian

* Workspace-boundary singularities
* Workspace-interior singularities

406



0301) )u51Ld yule 9 s 30X Sgmwge e

R0 Sl G leddly 53 S bl I ak py sl SN 9 3a3a 53,59)

0.5
E o
N
-0.5
= — ‘Manipulability Ellipsoid
-1
-1 -0.5 0 0.5 1
x(m)
(@
1
0.5
—_
E
~
-0.5
= = Manipulability Ellipsoid
-1
-1 -0.5 0 0.5 1
x(m)
(b)
1
0.5
£
- 0
~
-0.5
-1
-1 1
1
05
1
1
1
£ i
E 0 ¢
> 1
1
— Workspace :
-0.5 =-=-Path “ '
--------- Radius V!
—e—Robot i
= = Manipulability Ellipsoid
-1
-1 -05 0 05 1
x(m)
(d)

Fig. 5 The manipulability ellipsoid variation in four steps of the robot
movement
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