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 This paper studies path generation using manual guidance procedure for industrial robots by considering 
real-time singularity avoidance. Main feature of the proposed approach is singularity avoidance by 
variating impedance control parameters in preset distance from singularity in order to warn operator. 
Robot end-effector is equipped with a force sensor which the operator grasps, thereby producing the 
desired path. The desired end-effector path is generated by operator’s manual guidance for applications 
such as welding and spray painting and is recorded by robot controller. Robot singular configuration is 
possible during the manual guidance. So real-time detection of singularity position and orientation have 
to be considered during path generation because it can lead to unexpected high robot joint velocity. This 
problem is not safe due to physical human-robot interaction. Manipulability ellipsoid method is utilized 
for singularity identification. The method can be utilized on-line due to its simple and low calculation 
process. On the other hand, the end-effector velocity is saturated in a specific value in the approach 
considering safety issues. Two main advantages of the proposed approach are real-time application and 
high safety because of the singularity avoidance. Experiments are applied on a SCARA robot to study 
the effectiveness of the proposed approach. Experimental results show the ability of proposed approach 
in dealing with singularity problem during the manual guidance. 
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Fig. 1 Human robot interaction using impedance control concept 
1  

  
  

Fig. 2 Position based impedance control block-diagram 
2 -   

 
Fig. 3 Block-diagram solution of impedance control equation with saturation condition 
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Fig. 4 Singularities of two degrees of freedom serial planar robot 
located in boundary of its workspace 

4  
  

   .  "7" 
 .) 16(  .

0.1 
0.1250   

)16( = ( ) =
250 × arctan 10 × (0.1 | |)

+ 125 
"8"   

  
Fig. 5 The manipulability ellipsoid variation during a path 
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Fig. 6 Manipulability ellipsoid in singular points 

6     

 
Fig. 7 Virtual stiffness and damping function according to magnitude 
of radius 
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Fig. 8 Stiffness and damping generation method 
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Fig. 9 Equivalent of a spring non-aligned with mass displacement 
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Fig. 10 Impedance control block-diagram with virtual stiffness and damping generation method 
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Fig. 11 The FUM SCARA robot designed and built at the 
Ferdowsi university of Mashhad, FUM Robotics Lab 
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Fig. 12 Hardware configuration of the FUM SCARA robot 
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(d)  

  
(c)  (b)  (a)  

Fig. 13  Four views of the robot during the experiments – (a) to (b) by position controller and (c) to (d) by manual guidance 
13  – )a)  (b)  (c)  (d (   
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Fig. 14 Position of the end-effector in the robot workspace 
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Fig. 15 Force exerted to the force sensor by operator 
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Fig 16 The end-effector position generated by impedance block-
diagram 
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Fig. 17 End-effector saturated velocity generated by impedance block-
diagram 
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Fig. 18 Manipulability ellipsoid radii variation 
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Fig. 19 Actual force in the 2nd experiment 
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Fig. 20 End-effector position in the x direction in the 2nd experiment 
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Fig. 21 End-effector velocity in the x direction in the 2nd experiment 

21 x   

           
Fig. 22 Virtual stiffness and damping in the 2nd experiment 
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Fig. 23 First and second radius of manipulability ellipsoid in the 2nd 
experiment 
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Fig. 24 Actual force in the 3rd experiment 
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Fig. 25 End-effector position in the x direction in the 3rd experiment 

25 x   

  
Fig. 26 End-effector velocity in the x direction in the 3rd experiment 

26 x   

  .

   

       
Fig. 27 Virtual stiffness and damping in the 3rd experiment 
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Fig. 28 First and second radius of manipulability ellipsoid in the 3rd 
experiment 
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Fig. 29 Actual end-effector position in the 2nd experiment and magnified view of the path while impedance is increased 
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Fig. 30 Actual end-effector position in the 3rd experiment and magnified view of the path while impedance is increased 
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