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A Tactile Display Using Elastic Waves
Takaaki Nara*!, Yasuyuki Yanagida*!, Taro Maeda*!, and, Susumu Tachi*?
Abstract - As a basis for tactile display, it is important to understand the mechanism of tactile sen-

sation. So, we analyze elastic waves inside a finger in tactile exploration with a two-layered, half-infinite
elastic finger model, and derive a mapping from objects shapes to mechanoreceptors displacements. It
is shown that this mapping is a one-to-one mapping. Therefore, it is necessary to create the same fin-
ger surface displacement as in actual exploration for tactile virtual reality(VR). However, the mapping
from objects shapes to finger surface displacements is shown to be a many-to-one mapping because of
the mechanical property of skin. So, we use the envelope of the amplitude-modulated Lamb wave on
an elastic plate as an alternative shape to the real object, because its shape is easily controlled. The
generation of the wave is confirmed with an experimental device of silicon rubber vibrated by voice

coils.
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5 det G, % 2 DEIME LTHRT. (24),(25) £ 1,

detG, = g1-94—92-93

252
<— X7+ k_2YW)

+% cosh(r; + s1)z - [(1

1 181 982 :
+§ cosh(ry — sy)z - [(1 + 2 ) (Xz - ?W2>

1
+§ sinh(ry + s1)z -

1 . T s oF:
+3 sinh(r; — 51)z (f - i) (1 + Ilc 1)(XY ZW).
YEGD.

FH——t % 57.000LETD&GE, detG, 0
ERBIETHE. IhE,

i) detG,=o >0,
i) detG idzHFEMEMBHK

DFMETRY.
1)2 1)2 k41
l)detho—(l— 1-— /1 2)7’2—>0
2 2
( v < O’i)ﬂl)

ii) d—dz det G,

1 .
= 5(1“1 + s1)sinh(r; + s1)2

1
+§(7’1 — s1)sinh(ry — 51)z

{02 (o) + (50 (- 52

1 ,
+§(7'1 + s1)cosh(r; + s1)z - (;2- + s_2> (1 - rlsl)(X} — ZW)
1

S1 k2
1
+=(r1 — sy)cosh(r; — s1)z - (r—z — S—2> (1 + rlsl)(XY ZW).
2 L8y
(34)

\__\__T (23} >,61>'U (‘_’_l/"){ﬁﬂ-:f)\

Tl——Sl—]C< 'U_% \/ ﬁ)>0;

Mo, b L (34) KB B 4 DORBAETH UL,
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k2 af ﬂf

a, © by,
J.——(1~2)(1—2)
a1+ by

2

2 2\ — % 2\ — %
1— =1-(1-% 1- 2
181 O‘% ,61

! + by
2

12

THEILEHANVT
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ay + by } T9Sq 9 T28
= 22 [QZ—T;WH—M~—?;Yﬂ
_ et 2y T2S2 00 2
- (2 - 27) 2w -v?)]

\Y%

(X Z2H-(W?-Y?
(X4+Z2) (X ~2) = (W+Y)W -Y)
WX +Z4+W+Y)
=208>0

I}

!

(B_HOREPEL 2B L)

S X2 %WZ >0 (Cpu<l=|X|>|W)
.72 LZSZ_Z}’Z >0 (Cp<l=|Z|>|Y)
L NG
(B=, WHOREAPEL LB L)
n_m
L] 8y

~ ag ajp bz b,l
~ (1= )0+ 5) - =)0+ )

= (1- ;}2-') : ?z—é—bi >0
(Cp<l= 0By < P =>by>bh)

- XY —-ZW

(Z+b)(W4b)—2ZW

= b (Z + W)+ b?

=02>0

I

TG BLEL) ValixtL,
d%det G, >0

EBA, INT, detG, 13, 2 = 0BV TIEETH D,
z>013 L, BMEAWATHL I LARENL. - T,

(CCu<l=|W|>1Y|)

(CX—=Z=Y W= puby)
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EEDO 2 IZHL, det G, BETHY, 0ICRBILd%
V. (REBE#ED)

53 B. p>1DEEFHNBRN—LEDZEDH

A CTRALIN, det FORRXE, p— 142 5E%
Eh, TOUE I p =1 2BIIET A LTSN
b, KB FF—xd—L b0t 5&Min<l T
HY,u>10LE FHPEF—L 2 5HEFHFLTO L
IWHERTES.

LT, H = 1mm]®2BEEEKIIBNT,
det G, T p OB E LTHWA R EHSICRT. 7
2L, #EHIE ay = 15[m/s], B2 = 1.0[m/s], vo =
0.9[m/s] & L,

kz =1 (35)
BEELTVADDET A,

det G,

10

-10

-20

8 det G,
(1 = no(>1), @a=1.5[m/s], f2=1.0[m/s],
vg = 0.9[m/s], kz =1.)

77 7bbrbsE p< 1 TitdetG, > 0T
HED, p=THT(ZOEE pg EBL) TdetG, =0
b, Thbb, /L(:ﬁz:,uo)>1'(‘“§>%> L%, 82
BB & ) BRI B TR, detG.
FELEDS B,

&, WHEAMEOESERE (AROEM BV T’
BWS AR OES + 2=Z, KEET . (35) L1
LT K,:—Zl— HIRE D, T OWEE bO AT
RaME520L, 227, TdetG, BEL 5. AL
Ko VAL, det Gy oop 0 & 5 2406 Gt HAFAEL T
(29) D FoRRXEGE®R LT L L, det F=0&%5%. IR
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GMDTERT B
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