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Experimental Investigation of Mechanics in Soft-fingered Grasping and Manipulation

Takaniro Inoue*! and Shinichi Hirai*?

This paper describes dynamics of object manipulation performed by a pair of soft fingertips. Soft fingertips en-

able secure grasping and stable manipulation yet the mechanics of soft-fingered manipulation has not revealed well.

Based on the observations of soft-fingered grasping and manipulation, we found that grasping and posture control

of a rigid object can be performed by a pair of 1-DOF fingers with soft tips, which contradicts to previous theories

on soft-fingered manipulation. In this paper, we propose a parallel distributed model with tangential deformation of

hemispherical soft fingertips to formulate the grasping and posture control by a pair of soft fingertips. The proposed

model reflects the structure of a human finger consisting of a soft fingertip with a hard fingernail on its reverse side.

We then formulate the dynamics of grasping and manipulation performed by a pair of soft fingertips. Experimental

results validate the proposed model and formulated dyanamics.

Key Words: grasping, manipulation, soft fingertips, hand, dynamics
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Fig.3 Pinched object rotation by external force
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Fig.7 Dynamic model of grasping and manipulation by a pair
of soft fingertips
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Fig.10 Simulation of pinched object rotation by external force
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Table 3 The number of DOFs needed

soft fingertips hard fingertips
grasping 1 2
grasping and posture control 2 3
model parallel radial

000000000000000 2000000000000
000000000000 00 40000000000000
00000000000000000000000000 60
OD000DO0OFig 90 Fig 11000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000 a(f1 —6op;)) D000 a(B2+bon;)
0000000000000000000000000000
0000000000000000000000000000

gooooooooooooboobooobooboooOoOobooobobooOooo

ooooooooooooooooboooooooboonooo
goooooooooooboooooooobooobooboo
ooooobooooooooooooobooooooooo
goooooobooooooobooOoobooobobooobOOoOooo
gooooooooooooooooooOooooboooOooo
gbooooooboobooboooooooboOoOooooobooo
gooooooooooooooooooobooboobooooooo
oooooooocoooooooobooooOoOoOooOobbobobo

goooooobooooobooboobobOoboobboooooon

goboboooobooooooboobobooboooooobo
goooooooooooooo

8. O g

gooooooooooooooooboboOoboOoobooo
gooooobooobooooboobobobbOoboboobooooo
gooooooboooooooooooOoooooobobooOoo
goooooboooooooooOoooOoOoobocOoOooooo
gobobooboooooobooboooobobooobooooooo
goooooooOooooooooboooboooboOobooooo
goooboooooboboobobooooooboobooooobooboooo
goboooobooooobobooooooboobobooooooo
goooooooooOoooooooobooooobcobooo
goboboooboobobboboooooobooooobooobobooboo
oooooocoooao

oooooooooooooooboooooooooooo
gooobooooobooboboooooobooboboobooboo
goobcooooooooooOooooooooOoOoboooo
goooooobooobooboooboboobooobbooooooo
goooooooobooooboooooboobobooboooo
gboooooooooOooooooooOooooooOoooo
gbooboooooboboobobobooooobooobooooo

JRSJ Vol. xx No. xx

gooooooooooboooDboOOooOoOo0ooobDooboDboo
goooooobooooooooooboOoOooobooOoooooo
oboooooooooooooooooOooooooOoooo
goooooooooOoOooooooooooobOOooboooo
ooboooooooooOoOoO0OOOOOOOOObOOObCObO
gooooooooooooOooooobooboooooboo
goooooOooOooooooooooooooboobobooooo
obooooooooOooooooooobooobbooOoOoooo
ooooooobOooOo0ooooOoOoOooOooboooOoOoooo
obobooooooooooooooooooOooboOooooooo
oboooooooooooOoOoOooooooOoooboooooo
gooboooooooooooOoooOOooObDoboOooOOobDoDOo
00 000000002100 cOE0OOOOOOOoOono
goboooo0ooooooooobooooooboooo

U

[1] Xydas, N. and Kao, I.: Modeling of Contact Mechanics and
Friction Limit Surfaces for Soft Fingers in Robotics with Ez-
perimental Results, Int. J. of Robotics Research, Vol. 18, No. 8,
pp-941-950, 1999.

Xydas, N., Bhagavat, M., and Kao, 1.: Study of Soft-Finger
Contact Mechanics Using Finite Elements Analysis and Ez-

[2

periments, Proc. IEEE Int. Conf. on Robotics and Automation,
pp.2179-2184, 2000.

[3] Kao, I. and Yang, F.: Stiffness and Contact Mechanics for
Soft Fingers in Grasping and Manipulation, IEEE Trans. on
Robotics and Automation, Vol. 20, No. 1, pp.132-135, 2004.

[4] Johnson, K. L.: Contact Mechanics, Cambridge University
Press, 1985.

[5] Arimoto, S., Tahara, K., Yamaguchi, M, Nguyen, P, and
Han, H. Y.: Principle of Superposition for Controlling Pinch
Motions by means of Robot Fingers with Soft Tips, Robotica,
Vol. 19, pp.21-28, 2001.

[ 6] Nguyen, P. and Arimoto, S: Performance of Pinching Motions
of Two Multi-DOF Robotic Fingers with Soft-Tips, Proc.
IEEE Int. Conf. on Robotics and Automation, pp.2344-2349,
2001.

[ 7] Doulgeri, Z., Fasoulas, J., and Arimoto, S.: Feedback Control
for Object Manipulation by a pair of Soft Tip Fingers, Robot-
ica, Vol. 20, pp.1-11, 2002.

[ 8] Fasoulas, J. and Doulgeri, Z.: FEquilibrium Conditions of a
Rigid Object Grasped by Elastic Rolling Contacts, Proc. IEEE
Int. Conf. on Robotics and Automation, pp.789-794, 2004.

[ 9] Baumgarte, J., Stabilization of Constraints and Integrals of
Motion in Dynamical Systems, Computer Methods in Applied
Mechanics and Engineering, Vol. 1, pp.1-16, 1972.

00 A. D0OO00O0OOoOooOoOOoOoOoOoOoogo
00 pg00O0D00OD0ODO0ODOOO

H T
(6;; ) L =12

xx, 200x



00000000000 000D0O0000O00000O0 9

0000000 GQ1 = —(xobj — O12)Sobj + (Yobj —

O1y)Cobj0GQ2 = —(Tobj — O24)Sobj + (Yobj — O24)Cobj
gooo

11 = —Lcos( — bonj) + da sin(f1 — Oob;),
Y2 = —Lcos(0y + Oop;) + da sin(f2 + Oob;)

goooooboocooboooooo

[ —Cobj [ Cobj ]
—Sobj Sobj
-GQy GQ2
ocy _| acH 70
- ) - 2
dq 1 0q 0
0 1
0 0
o0 o |

000000 ¢onO000O0O0DODOOODOOOO

N T
(6801;' ) L (=12

ogoooooad
oG
by = 80Q1 = —(a:obj - Ou)Cobj — (yobj — Oly)Sobj,
obj
oG
by = Q2 = —(l'obj - OQI)CObj — (yobj — O2y)Sobj,
0o

01 = Lsin(6r — bobj) + dg cos(6r — obj),
0o = Lsin(f + Gobj) + dg cos(fs + eobj)

gogobopoooboobooboo

[ —Sobj ] [ —Sob; W
Cobj Cobj
b1 —a b2 +a
pcN | dita aCy 0
op = 0 R op = d2+a
0 0
0 0
1 0
L 0 I

000000000000 ¢u0 on0O0O0O0ODDOO
0000 Cy000000O00ODOOOOOO

§2CH acH\" .
pTangqua( aql) p+a’Clt,  (i=1,2)

0000000 p = [onjJobj fobj, 1] 0Py =
[£objs fobjs fobj, 62)T 000000 DOO0D0OOOODOD

O000D00000 xxUO xx 0O

r 0 0  Sepy O

pT 0 0 —Cob; 0 p
Y1 Sob; —Cobj —bi =03 v
L O 0 -0 o1
T 0 0 —Su; O

0 0 Coy O
—Sobj Cobj b2 62 P2
0 0 02 0

oo0o0ooo0o0 Cy00000O0O00ooooooo

acN\" .
(aqT) p+BCY, (i=1,2)
goooooooooooooooo
T0 0 —Cop; 0 7
0 0 —Sobi 0
T obj
P obj —Sebj —GQi M Po
0 0 7 -7
T0 0 —Cop; 0 7
0 0 — : 0
T obj
P2 obj —Sobj —GQ2 —72 P
L 0 0 -2 =72

000000dooooooooD Cyg CyODODOODDO

OO0 00 (Takahiro Inoue)

1973 0 20 1400020020 ODOO0OOCOOOO
gOoo0do0d2004 0 ODO00ODODOODOODO O
00o000ooooooooooooooooooo
O00O0OOOOOCOEODDO20060 ODOOOO
COEOOODOO (JspPs)U2007 0 ODOOODOO
0000000000 ooooooooooooo
000020020 ODO0O000O0OOOOO0O20050020060 ICRA
Best Manipulation Paper Award Finalistd 2005 O IEEE 00O
JO0o0o0dooogdoo20070 0O 120000000000000
Jo0000000o0o0o00ooooooooooooooooog
goooooUoopoUOoOooUOoUOoOoDUUUOoOOoOoOoOooO
OO0O0O0O0IEEEDODOOOOOODOOODOOOOOOOOong
oo 0o0ooooooooooo

00 OO (Shinichi Hirai)
19630 30 1900019900 ODDOODOOOOOO
000 D000000000000000000

ooo00O000 0O00000O0O0O0000199 0
gbooboo1996 0 0DODOO0OOO0OO0O0O0 OoOooOD

goooboo020020 D000000O0O0O0OO

0019890 ODOoOOODOOOOOoUooooD oo
OoooDmo 000oooooonoooooDee 00oooooo
000000000000 00O0O0oOo2001 0 TEEE ICRA Best
Automation Paper Award FinalistdJ2005 00 02006 0 IEEE ICRA
Best Manipulation Paper Award Finalistd 2006 0 IEEE ICRA
Best Vision Paper Award Finalist0 2007 0 OO 0O0OO0O0O0O0O
gO000000002006 OO0 IEEE Transactions on Robotics
O Associate Editor00 0 00000000000 0OOOOOODOO
OodooboooooooobooooooDoDooDoDooooooog
0000000 b0o0o0oooooDoooo0 0D oUdUIEEE DD OO
oo ooooooooooooo

200x O xx O



