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Object grasping by robot fingers with purely rolling constraints is one of the most interesting issues 
under consideration by many researchers. In earlier studies, the main goal was the manipulation of 
object under purely rolling constraints to reach the final stable configuration. In this paper, in addition to 
deriving kinematic and dynamic equations of the system dual fingers robot and grasping semicircular 
object on the horizontal plane with rigid hemi spherical fingertips under pure rolling constrained, we 
investigate object manipulation on desired path maintaining dynamics stability. Modified multiple 
impedance control is used for object manipulation and robot fingers by considering the required reforms 
in this control law. In this method multiple impedance control is performed by applying the desired 
behavior of the entire system, including fingers and object, and dynamics stability condition is satisfied. 
In this way power adjustment and that these forces arrive in the right place largely effective in 
minimizing slip is the fingers on the surface object. The results of simulations show the eligible object 
manipulation and dynamics stability by robot fingers under pure rolling grasp. 
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Fig. 1  The system dual finger and object 
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Fig.2 Object and finger tip 
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Fig 4. Translation of contact force  
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Fig 5. Numerical Simulation 
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Table 1 Initial values 

    
q11(0) 146.5335  [degree] 
q12(0) -60.5216   [degree] 
q13(0) -70            [degree] 
q21(0) 41.67        [degree] 
q22(0) 54             [degree] 
q23(0) 70             [degree] 

(0) 0               [degree] 
y(0) 5.5                  [cm] 
x(0) 1.752              [cm] 
s1(0) 0                     [cm] 
s2(0) 0.68                [cm] 

2   
Table 2 Physical Parameters OF the Fingers and Object 

    
L11=L21 4            [cm] 
L12=L22 3            [cm] 
L13=L23 2            [cm] 
m11=m21 45            [gr] 
m12=m22 30            [gr] 
m13=m23 15            [gr] 
r1=r2=r 1             [cm] 

d 2             [cm] 
M 80            [gr] 
J 0.6    [gr.cm2] 

IG11=IG21 60     [gr.cm2] 
IG12=IG22 22.50[gr.cm2] 
IG13=IG23 5       [gr.cm2] 

3   
Table 3 Parameters of Control 

    
M des 80               [gr] 
K p 20          [n m s] 
K d 100         [s2/kg] 
1,des 180      [degree]   
b 100 
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Fig6. Joint angular velocities 
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Fig7. Object translational and angular velocities 
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Fig 8. Trajectory of arc length parameter s1 
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Fig9. Grasping force response 
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Fig10. Error object velocities 
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Fig11. System in Initial pose 
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Fig12. After 40 Seconds 
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Fig13. End pose 
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Fig 14. Trajectory of system 

14   

6 -   

 .
 .  

   
 

    . 
 

  
      

  

7 -   
[1] H. Maekawa, K. Tanie, K. Komoriya, Tactile sensor based 

manipulation of an unknown object by a multifingered hand with 
rolling contact, Robotics and Automation, IEEE International 
Conference on, pp. 743-750, 1995. 

[2] C.-C. Cheah, H.-Y. Han, S. Kawamura, S. Arimoto, Grasping and 
position control for multi-fingered robot hands with uncertain 
Jacobian matrices, Robotics and Automation, IEEE International 
Conference on, pp. 2403-2408, 1998. 

[3] J. Chen, M. Zribi, Control of multifingered robot hands with 
rolling and sliding contacts, The International Journal of Advanced 
Manufacturing Technology,Vol. 16, No. 1, pp. 71-77, 2000. 

[4] Z. Doulgeri, J. Fasoulas, S. Arimoto, Feedback control for object 
manipulation by a pair of soft tip fingers, Robotica, Vol. 20, pp. 1-
11, 2002. 

[5] R. Ozawa, S. Arimoto, S. Nakamura, J.-H. Bae, Control of an 
object with parallel surfaces by a pair of finger robots without 
object sensing, Robotics, IEEE Transactions on, Vol. 21, No. 5, pp. 
965-976, 2005. 

[6] R. Ozawa, S. Arimoto, P. T. A. Nguyen, M. Yoshida, and J.-H. 
Bae, Manipulation of a circular object without object information, 
Intelligent Robots and Systems, 2005.(IROS 2005). 2005 IEEE/RSJ 
International Conference on, pp. 1832-1838,2005. 

[7] R. Ozawa, J.-H. Bae, S. Arimoto, Multi-fingered dynamic blind 
grasping with tactile feedback in a horizontal plane, Robotics and 
Automation, 2006. ICRA 2006. Proceedings 2006 IEEE 
International, pp. 1006-1011, 2006.  

[8] S. Arimoto, A differential-geometric approach for 2D and 3D 
object grasping and manipulation, Annual Reviews in Control, Vol. 
31, No. 2, pp. 189-209, 2007. 

[9] S. Arimoto, Control Theory of Multi-fingered Hands: A Modelling 
and Analytical–Mechanics Approach for Dexterity and 
Intelligence: Springer Science & Business Media, 2008. 

[10]  M.  Yoshida,  S.  Arimoto,  K.  Tahara,  Pinching  2D  object  with  
arbitrary shape by two robot fingers under rolling constraints, 
Intelligent Robots and Systems, 2009. IROS 2009. IEEE/RSJ 
International Conference on, pp. 1805-1810, 2009. 

[11] S. Arimoto, M. Yoshida, Modeling and control of three-
dimensional grasping by a pair of robot fingers, SICE Journal of 
Control, Measurement, and System Integration, Vol. 1, No. 1, pp. 
2-11, 2011. 

[12] J. Ueda, M. Kondo, T. Ogasawara, The multifingered NAIST hand 
system for robot in-hand manipulation, Mechanism and Machine 
Theory, Vol. 45, No. 2, pp. 224-238, 2010. 

[13] S. K. Song, J. B. Park, Y. H. Choi, Stable grasping control method 
of dual-fingered robot hands for force angle optimization and 
position regulation, American Control Conference (ACC), 2011, 
pp. 563-569, 2011. 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

     

  

162  13951611  

[14] N. Daoud, J. P. Gazeau, S. Zeghloul, M. Arsicault, A real-time 
strategy for dexterous manipulation: Fingertips motion planning, 
force sensing and grasp stability, Robotics and Autonomous 
Systems, Vol. 60, No. 3, pp. 377-386, 2012. 

[15] M. Grammatikopoulou, E. Psomopoulou, L. Droukas,Z. Doulgeri, 
A controller for stable grasping and desired finger shaping without 
contact sensing, Robotics and Automation (ICRA), 2014 IEEE 
International Conference on, pp. 3662-3668, 2014. 

[16] S.-Q. Wen, T.-J. Wu, Computation for Maximum Stable Grasping 
in Dynamic Force Distribution, Journal of Intelligent & Robotic 
Systems, Vol. 68, No. 3, pp. 225-243, 2012. 

[17] J. Seo, M. Yim, V. Kumar, Restraining Objects with Curved 
Effectors and Its Application to Whole-Arm Grasping, in for 

International Symposium of Robotics Research (ISRR), Singapore, 
2013. 

[18] Habib Ahmadi, Hanieh Esmaeeli, M. M. Fateh, Slip compensation 
of grasped objects in robot gripper, Modares Mechanical 
Engineering, Vol. 15, No. 1, pp. 151-162, 2014.(in Persian ) 

[19] Ali Ghaffari, Alireza Khodayari, Designing a control algorithm 
based on semi-active suspension system for formation control of 
mobile robots transporting an bject, Modares Mechanical 
Engineering, Vol. 15, No. 11, pp. 33-42, 2015.(in Persian ) 

[20] S. A. A. Moosavian, E. Papadopoulos, Multiple impedance control 
for object manipulation, in Intelligent Robots and Systems, 1998. 
Proceedings., 1998 IEEE/RSJ International Conference on, pp. 
461-466, 1998. 

www.SID.ir

www.sid.ir

