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Attitude Control of the Grasped Object based on the Real-Time Object Information

*Akihiro KAWAMURA (Kyushu Univ.), Kenji TAHARA (Kyushu Univ.),
Ryo KURAZUME (Kyushu Univ.), Tsutomu HASEGAWA (Kyushu Univ.)

Abstract— This paper proposes a novel object manipulation method which regulates the attitude of an
arbitrary polyhedral object with fulfilling stable grasping by a multi-fingered hand-arm system. Assume that
the grasped object is of an arbitrary polyhedral shape, and the attitude of it is available in real-time. A
sensory-feedback control signal to regulate the attitude of the object safely is designed based on the acquired
information. In addition, the stability of the overall system is proven through analysis of the closed-loop
dynamics. First, the overall dynamics which considers contact conditions between each fingertip and the
object surface is given. Second, a control signal to regulate the grasped object is designed on the basis of the
acquired object attitude information. Next, the overall closed-loop dynamics is given and the convergence
of the system is proven briefly. Finally, the effectiveness of our proposed controller is illustrated through a

numerical simulation result.

Key Words:

1. OO0

obobooooooooboooooboobobobon
oobooooooooobooobobobobobooooon
gboboooooooooboobobobooooon
obobooooooooooboooboobobooooon
bobooobooobooboooboobooboon
obooooocoooboobooboboobooooon
ooboboooooooooobobobobooooon
gbooooobooooboobobobooooooon
O00o0o0ooooooooooooooooo (1,2
oooooooooooboobobobooooooon
gbooooooooooboobobooooooon
0O Boooo0ooooooooooooooooo
gboooooobooboobobobobooooon
obooooooooooboboboooooon
000000000 40oo0o0ooouooooo
gbooboboooboobooobooboobooobo
obobooboboobobobobooooooon
obooboooboooooboobobobooooooo
oboooooboooooooon

00000000000 4o00ooooooo
oboooooooooobobobobooooon
obooboooboooooobobobooboooooon
gbobooooooobooboboboboooooon
oboboooboooooboobobobobooooon
gbooooooooboobobobooboooooon
obooooobooboooooobooon

2. J0obOboooobbbooooboon

gboobuoogobboboooobon

ooooooooooooobobooooooo1100
gobooboobooboobooooobooooboo

2 28E] HAOMRY MERPMEEESR (2010898228 ~24R)

Multi-fingered Hand-arm System, Attitude Control, Soft Finger, Dynamic Stability

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

T link length | lax  L1.300[m] | l;z __ 0.300[m]
2nd Jink length | g2 1.000[m] | l;2 0.200[m]
3'd link length | la3 0.175[m] | I;3 0.140[m]
1% mass center | lga1  0.650[m] | lg1  0.150[m]
274 mass center | lga2 0.500[m] | lgs2 0.100[m]
3'd mass center | lgqs  0.0875[m] | lg:3 0.070[m]
15% mass mg1  1.300[kg] | ms;1  0.250(kg]
24 mass mg2  1.000[kg] | m;2  0.150[kg]
34 mass mg3  0.400[kg] | m;3  0.100kg]

15% Inertia I41
ond Tpertia I,o
3rd Tnertia I,3
15% Inertia I;;

diag(7.453,7.453,0.260)x 10~ ! [kg-m?]
diag(3.397, 3.397,0.128)x10~ ! [kg-m?]
diag(0.291, 0.291,0.500)x10~ ! [kg-m?]
diag(7.725,7.725,0.450)x 10~ 3 [kg-m?]
[ ]
[ ]

2d Tnertia I;o diag(2.060, 2.060,0.120)x10~3 [kg-m?
3'd Inertia I;3 diag(0.538, 0.538,0.031)x1073 [kg-m?
Radius of fingertip r; 0.070[m]

Stiffness coefficient k; 1.000x 10°[N/m?]
Damping function &; 1.000x (r? — Ar?) m[Ns/m?]

Object
Mass m 0.037[kg]
Inertia I  diag (1.273,0.193,1.148) x 10~ [kg - m?]
Y1 0.092[m] | 6s1 1.833[rad]
Ya 0.048[m] | 62 1.833[rad]
Y3 0.048[m] | 643 2.618[rad]

Table 2 Desired grasping force and gains

fa 10.0[N]
C., diag(1.673,1.085,1.225,0.463,0.295)x10~ I [Ns-m/rad]
C; diag(1.010,1.095,1.310, 0.535,0.165)x10~2[Ns-m/rad]

Cs diag(0.780, 1.300, 0.530, 0.165)x 10~ 2[Ns-m /rad]
Cs3 diag(1.065, 1.300, 0.530, 0.165)x10~2[Ns-m/rad]
Ko 0.24
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Fig.3 Transient responses of the object frame R =
(ra, Ty, T2)
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