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Three-dimensional Grasping and Manipulation
via Soft-fingered Hand

*Shinichi Hirai (Dept. Robotics, Ritsumeikan Univ.) and
Takaniro Inoue (Dept. Systems Engineering for Sports, Okayama Pref. Univ.)

Abstract— This paper focuses on three-dimensional grasping and manipulation by robotic fingers with
soft tips. The difficulty in three-dimensional grasping and manipulation lies in non-holonomic nature of
the contact between a fingertip and an object surface. We will formulate geometric constraints between a
hemispherical soft fingertip and an object planar surface; one normal constraint, which is holonomic, and
two tangential constraints, both of which are nonholonomic Pfaffian. We will then formulate the elastic
potential energy stored in a soft fingertip due to the contact with the planar surface. Finally, we will sketch
the Lagrangean of the system consisting of a rigid prism grasped by three fingers with soft fingertips.
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Fig.1 Grasping by three 1-DOF fingers with soft fin-
gertips.
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Fig.2 Contact between fingertip and planar surface
in 3D space.
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Fig.3 Three 1-DOF fingers grasping a rigid hexago-

nal prism.

5. Ugboboooboo

go0o0oooooooobooboooooooaon
godoo0o0ooooooooooooobooooa
go0ooooooooooooOo3oooooooa
gooooooooo 100000 oooooonoo
odoooooooooboooboboooooooooo
Oo000o0o0O0ooo w=50mmO0O00O00O0O00OO03
O mop; = 300g0 Iop; = 417kgmm?* 0000000
goobodd mg, = 100g0O Iﬁn:582kg-mm2|:|
go00oo0oboooboooooooooooooon
000000000 0000000000 pIDOOO
00000000000 k00000 7 0O

= —Kp(0), — 07) — Kpby
t
e / (0u(7) — 07} dr (18)
0

00000000 KeOKpOK;OOOOOOOOOO
oo0oooboooo0ooooooooooooooa
O0Kp =300NmOKp = 1Nm-sOK; = 0.2Nm/s O
oOooo

0400 60000 O0OO0OO0OOOOOOOOOO
Oo00o00o0bo0oo0o0oooooooooo4000
00000006 =0°06; =5°06; =5°00000
4(a)0()00000000000 025000000
godo0oO0oo0obO00odgoOo ¢bobooooogo

000 [2(qigs — qoq2), 2(q2q3 + qoq1), 2(q5 +¢3) —1]"



RSJ2008AC1E2-05

1

(a) 61 (c) 05 (a) 61 (b) 6, (c) Os
%0 oz 08 Wds 08 1 T 02 0t 6 08 1 0995 02 9 edf 0% L Ly 0 wd® 0 1 2 02 W3S 08 1 099% 0z o4 05 08 1
(d) incl. (e) dir. (f) qo (d) incl. (e) dir. (f) qo
(8) @ (h) ¢ (i) g3 (8) @ (h) g2 (i) gs
. Fig.6 Simulation result of three-fingered grasping
‘ (67 =5° 65 =505 =0°).
T g o st 0t e g ¢ 00000000000000000O 4-H0 (oo
(G) ob; (k) Yobj (1) Zob; 000 4-(H)O0()ooOooOoooOoooooUoooo
. ) ) ) uoooboooboobooooooonoooobog sd
Flg.El as*lguéz:tlg*n iezliltggfihggc)s—ﬁngered grasping 0000000006 =5°065 =0°06; =5°0000
R 0400000000006 =5°0605 =5°065 =0°
00000 4-(d)0s5-(d)06-(d) 00000 oooon
000000000000 O000000000000
E is goboooogobuoobboooboooooo
$: —, gobodoboobooobooboboboooboooo
To oz od 36 08 1 0z og o8 o8 1 T oz 0f wl® 08 1 6. |:| |:|
(a) 6, (b) 6, (c) 03 gobobobooooooboboobooobooooo
\ : oooogoooobbooooboobboooogoo
K 2% o ooooooboooboobooooooooogoooo
N P 000000000000000000D000000
n T 0ss ggoboooooooooooobboboboooa
e e e 1 o w ooos e 1o o o weas e 1 JOO000000000000000C0OOCOOOOO
. . oooogoou 10U «OUsiqe DOOOO00OO
d l. d . f norma. angen side
(d) inc (¢) dir ® 000000000000000000000000
- - - ggoooobboooobooouoouooooo
Fo ‘o o ggod
- - - [1] Takahiro Inoue and Shinichi Hirai, Elastic Model of
© 0 Gl 0 © S Pt © S 0 Deformable Fingertip for Soft-fingered Manipulation,
&) ¢ (h) go (i) g3 IEEE Trans. on Robotics, Vol. 22, No. 6, pp.1273—

Fig.5 Simulation result of three-fingered grasping
(67 =5° 05 =0, 05 = 5°).
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