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Dynamic Grasping and Manipulation Method for Various Shaped Objects using
Relative Attitude Constraints between Fingers
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This paper proposes a novel dynamic object grasping and manipulation method for a various
shaped object using relative attitude constraints between fingers. The relative attitude constraints
play a role of generating reaction forces against rolling constraint forces arising between each
fingertip and object surface. Eventually, the reaction forces prevent the overall system getting out
of a force/torque equilibrium condition in a final state. Firstly, the Lagrange’s equation of motion
for the overall system is derived. Next, a control signal which accomplishes stable grasping and
manipulation of the object with a new additional term to constraint the attitude of each fingertip
is designed. After that, the stability of the overall system is verified through the analysis of the
closed-loop dynamics. Finally, it is demonstrated through numerical simulations that the proposed
method enables to grasp arbitrary shaped objects and regulate the position and attitude of the object
simultaneously.

Key Words  Multi-fingered Hand-arm System, Manipulation
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Fig. 1 Multi-fingered hand-arm system
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Fig. 2 Contact model at the center of the contact area
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Table 1 Physical parameters
Triple-fingered hand-arm system

" 1linklength | Ty 1.300[m] | iy  0.300[m]
2 jink length | la 1.000[m] | li,  0.200[m]
34jink length | I3 0.175[m] | liz  0.140[m]
1'mass center| lgm  0.650[m] | Igix  0.150[m]
2"9mass center| lgz  0.500[m] | lgz  0.100[m]
39 mass center| lg3  0.0875[m] | lgz  0.070[m]
1" mass my 1.300kg] | my1  0.250[kg]
24 mass mg  1.000[kg] | my  0.150[kg]
39 mass mga  0.400[kg] | ms  0.100[kg]
1t Inertial 5 diag7.453 7.453 0.260)x10~ L [kgn?]
2" |nertial 5 diag3.397,3.397,0.128)x10 1 [kgn?]
39 Inertial o3 diag0.291,0.291,0.500)x10~ 1 [kgn]
1t Inertialiy diag7.725,7.725 0.450)x10~3[kgn?]
2" Inertial i, diag2.060,2.060,0.120)x10~3[kgn]
39 Inertial 3 diag0.538 0.538,0.031)x10~3[kgn]
Radius of fingertig; 0.070[m]

Stiffness coefficienk; 1.000x 10°[N/n?]
Damping functioré; 1.000x (rZ — Ar?) mNs/n¥]
Object
Massm 0.061[kg]
Length of each side 0.42[m]
Inertial diag(4.589,2.592 4.589) x 10 [kg- m?]

Table 2 Desired grasping force and gains

fq 10.0[N]
Kp 3333
Ko 0.119
Kt 4286

Ca  diag1.0030.6510.7350.278 0.177)<10 L[Ns-m/rad]
C: diag0.606,0.687,0.786,0.642 0.198)x10 2[Ns-m/rad]

C diag(0.468 0.780,0.318,0.099)x102[Ns-m/rad]
Cs diag0.648 0.780,0.318,0.099)x10 ?[Ns-m/rad]
Xd (0.000,0.450,0.900)" [m]

0.82 021054
Ra ~0.22097 005

053 008 084
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Table 3 Initial condition
q Ofrad/s]
0, (—0.176-1.700,1.9031.360,0.519)" [rad]
0o (0.0140.042 —0.997,1.590,0.306)" [rad]

Toz (0.011,-0.921,1.218 1.010)" [rad]
oz (—0.056,—0.806,1.074,1.075)" [rad]
X 0[m/s]
X (—0.120,0.529,0.775)" [m]
w 0[rad/s]
0.77 007 —0.67
R —0.04 100 005

0.67 —0.01 074
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Fig. 4 Transient responses of the centroid position of
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8 Simulation for position and attitude control of
the grasped object
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