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Modeling of a Soft Fingertip with Tactile Sensors for Object Manipulations

*Kwi-Ho Park , Byoung-Ho Kim, and Shinichi Hirai

Dept. of Robotics, Ritsumeikan Univ.,
1-1-1 Noji-Higashi, Kusatsu, Shiga 525-0058, Japan

Abstract— In this paper, a simple modeling of a soft fingertip based on geometrical analysis is proposed.
First, we introduce a virtual spring system of the soft fingertip with a hemisphere shape. And then, we
describe the force distribution formed on the contact plane between the object and the soft fingertip. Finally,
the total force relationship according to the displacement of the fingertip is verified by experiment, where a

tactile sensor is used to measure the contact force.
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Fig.1 Three dimensional contact
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Fig.2 Virtual spring
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Fig.3 One dimensional contact
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Fig.4 Spring definition
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Fig.5 Infinitesimal area on the contact plane

dS =rdrd¢p
r=(a—dp)tané
1
dr= (a—do)—Qedﬁ

dS:(a—d0)2 sm9

5d6ds (6)

00 QROOO L(F) O Fig30 (3) 0000

L(8) = \/a? — (a—dp)? tan® (7)



000000000000000dS00000000
00 dk(9) O (5)(6)(7)00000000000000O0

dS Lg
So L(B)
Loko ds
0 a2—(a—doy)?tan>6

32 000000000

Fig6(a) 000 DOO00 PQOOODOOOOD
0000000000000000000000
D000O00000 4S 0000000 dF =
[dF.(0) dF,(f) dF.(/)]T 00DDDO00O0DO PQO
0DJFO0D0000D00O0 KOOOOOOOOO0OO
oooo

dk(8) =

(8)

dF =KPQ (9)

ooboboooobobobolgbooooboooboon
0000 Fig6(a) 0ODODOOdSOOODDOOODOO K
oOo0o00ooOoooodropooOoOoDOo drF OO
0000000000000 0004d

0 0 0
K=]0 0 0 ,
0 0 dk(9)
dr.(9)=Z0Fo (4 _ a—do ds
So Va2 —(a—dp)? tan? @

(10)
000 (10)00¢90000000000000000

Lo(a—d0)2k0

dF.(0)=

(6) =22
sm30 (a—d0)51n9 d0d6(11)
cos3 6 cog3 \/a2 a do 2 tan2 6

O00OFig6(b)D00000O0O0O0O0OOOOO
O000ooO0o0oooOooooooo@yooooo
oooedeOO0OOOOOOOOOOOOOODOOO
oood

Cl
dS Object

T

Deformed fingertip

seR .

(a) (b)

Fig.6 Elastic force : (a) Force on the infinitesimal
area, (b) Total force on the contact area
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Fig.7 Experimental setup : (a) A two-fingered hand
with tactile sensors, (b) Soft fingertip and height-

gage
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Fig.8 Obtained displacement and total force
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Fig.9 Measured pressure distribution : (a) Theoret-
ical pressure, (b) Expriment pressure
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