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Abstract :

In this paper, we have proposed a realization method of tactile sense of virtual objects using

multi-layer Neural Networks{NN). Inputs of the NN are position data of non-rigid objects and outputs of the
NN are forces at that time and point. First, the position and force data are measured from non-rigid objects (a
sponge and a balloon) using two PHANToMs, one as a master and the other as a slave manipulator, then the
data are used to train a multi-layer Neural Networks whose inputs and outputs are designed to represent
tactile information. The trained Neural Networks is used to regenerate the tactile sense on the virtual objects
graphically made by a computer, and one can feel a quite similar sense of touch by using the system while

touching the virtual objects.
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Fig. 1. Pen end point position difference of two manipulators.
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Fig. 2. Example of pen positions pressing objects and
force vectors at those points.
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Fig. 3. Example of simplified pen positions and force
vectors.
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Fig. 4. Direction of tactile sense data acquisition.
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Fig. 5. Force measurements on the sponge. (a) y'-axis
force vs. depth. (b) y'-axis force vs. time.
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Fig. 6. Force measurements on the balloon. (a) y'-axis

force vs. depth. (b) y'-axis force vs. time.
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Fig. 8. Balloon data simulation. {a) ¥’ direction force,

(b) r direction force.
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Fig. 10. Force measurements on the virtual sponge.
(a) y'-axis force vs. depth. (b) y'-axis force

vs, time.
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Fig. 11. Force measurements on the virtual balloon.
(a) y'-axis force vs. depth. (b) y'-axis force

vs, time,

Ax 2N Y 4 AddHdE gAz B2
4Y 23g d¢ 5 A} PHANToMY 71333
A B4 F® Y& shEA ¥ 0N ~15N)2 &
< 399 ¥ 3402 AEIAT.

28 10% 119 (a8 4% 29 PEEAE vRe
Hol & W e AF ofe ol AT HelAe
A& ¥ & sied, ol PHANToMS 13 @4
HEd doleg 2 W 47 F de Y 277
AgHe] AFY2y A & Y9 Hojgst &
o 47 g¥ezx 2AdY, o 4§ HolHE ¥
A8 4¥e ¥ Wug ggd HolHE ol8e 4%
Al Aztste ¥e Hd 37E F o FA Aol
e g8 &4
44 A74E AAHLE #F87] dsME a%
W e 37E A E dolHz Wagd, 3

FolAME HLHY Holge HE5o gaFET
EY g4 #He ol¥H R F3A] g 23
AR Fx deuz 39 AdA EAE EX $EF
Fgn. gedA 23X 02749 23E, FHAL
01 ¥} 433 2& FEexE UG ¢ MY
BN sgd dF3EE HEHAE AfodE 29X
Rore 49 Fzo] A o sisidd

fo s

v. 3 g

£ =EAAE AREF9 AHEA7 PHANToM
& A3 EME A 39 PHANToMY A&
d¥ez = WANEFL ojidd AAnoz §
& Ao A e Z¥GE drndFe
ANaRR d5d E49 7S 3D A% EAA F
48 B4

AR egg Eded dodd F o a4Yd
olel 5 % H4WHe Heaw o §& AHE
€ & legdd sldEd. 44 dold H54x9
Aol dohd, A4 wue ob2d v Arle
& nesA dgde gold. vhep HEe wiad
AAE ARFHNZT HEA 9% & Add BA R
AN 274E ¥ o AdHes =72 ¢ gledgd
71 &+ gith

o At 2 5

3323
[1] Edward Angel, "Interactive Computer Graphics,
A top-down approach with OpenGL", First Ed,
Addison-Wesley, 1997

_ [2] John j. Craig "Introduction to Robotics”, Second

Ad., Addison-Wesley, 1989

(3] oj vl “H R -2 Alo] Al="”, WAL, 1999

[4] ©19%, “FSRE o4 2x4 Haptic UEH 2
Aol 7E 2 A% a9y ol &3 A4EA A
7 gg", Zddgn g, 2001

[5] “http://www . haptics-e.org/”

[6] “nttp://www.sensable.com/”

- 266 -



