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Experimental Analysis of Role of Visua Information in Hardness Cognition
Disgplayed by aForceDisplay System and Effect of Altered Visual Information

Hiroshi Sasaki'! and Kinya Fujita

Abstract - The cognitive rate of four levels of hardness was experimentally examined in ten normal volunteers with
actual object aswell asvirtud object displayed by aglove-shaped force display, in order to discusstherole of visua, tactile
and proprioceptive sensation in cognition of the hardness of an object. The experiment was carried out under five condi-
tionsasfollows, 1) actual object; 2) actual object without tactile information about the object deformation; 3) actual object
without proprioceptive information; 4) virtual object using aforce display and 5) virtua object with visua information.
The cognitive rates were 94, 82.8, 92.6, 83.6, 90.4%, respectively. The role of visual information was greater than
proprioceptiveinformation, however lessthan tactile information. A method to enhance the hardness display performance
by aternating the visua information was proposed and its effectiveness was shown experimentally as the increase of the
hardness cognition rate from 90.4 to 93.0%.

Keywords : forcedisplay, artificia redity, visua sensation, tactile sensation, proprioceptive sensation, hardness

[2.3]

[4]

[1]

[5]

"1:

2:

"1:Faculty of Engineering, lwate University [6]
*2:Faculty of Engineering, Tokyo University of Agriculture and Technology



Vol.5, No.1, 2000

71 ER  [8]
1
[10]
Richard
[11]
[12]
[13]
WEOE (R
EANEOZIL (R
ETAE
A BOEL (EAEE)
e 20 oz | ERMEEOLIL () )
B S (EEEE) e
AT (T
BT )




HVD
Srinivasan

[14]

50%

[41
4

[5]

8%

13% DC

0.3N

[13]



21 37

P+T

P+T
@

P
)

1

T
©

P

P+V

)]
©

@ 1 M 2 ©

4 (€ 5V P T

3 @)

Vol.5, No.1, 2000

2)

0.6

0.4

&7 (ke

0.2

D
3
10
[ Bs (E2) D
F A : 0.015 Kegf/mm
B : 0.028 Kgf/mm
G : 0.042 Kgf/mm C
D : 0.060 Kgf/mm
B
A

EHE (mm)



[15]
0.07
82.8% 83.6%
1.4%
11%
1%
1.4%
1.4%
6.8% 1%
* ¥ V:RE
| | | |P: ERBE
100 =5 — T RS
8.0 1 92.8 90. 4
~ 80 i 82.8 83.6
e 60
& |
# 40
“1} <z
1 20 * : BREIYTHE
0T P T | P Py
(FRE1) (E=E2) (RE3) (B&E4) (E&e&E5)
=Wk HERRSO—7
(AT = RE—L) T
10
VR
P:FEHRRE
# 3 I T
e 291 I 2.84 — [2.78]
w2 5[ 259 2.62
O 1.5p
EY]
< 1f
0
B 0.5f
0P P T P PV
(RE1)  (BsE2) (FRE3) (FRef4) (FR&ES)
=k AERRIO—T

(K T=RR—)L)

0.16

6.8%

Thurstone

0.32

11%



Vol.5, No.1, 2000

TESA TF=B TE=C TE=D
0.015kef/mm  0.028kgf/mm  0.042kef/mm 0.060kef/mm
\ \ l l STl
-1.823 -1552  -1376 —1.221
[ | | |
le 02711 > <0176 >le0.155>]
I
Vv N\
ESADABIEERIEL log KB &log KC 0 hfiE(~1.464) £ 55
LT, Mife%2{&icT 5 ELT, Mifg%2{&IcT 5
-1.823 -1.281 -0.929 -0.619 -2.182 -1.640 -1.298 -0.978
[ | | | [ | | |
'e 0542 >le 0352 >le 0310 > 'e 0542  >le 0352 >le 0310 >
EHBIZREL., AHEAD
ESZROD
TESA TF=B’ TEEA” F=B”
0.015kef/mm 0.052kgf/mm 0.007kgf/mm 0.023kgf/mm
e} BED mxc” FF=D”
0.118kgf/mm 0.24kgf/mm 0.052kgf/mm 0.105kef/mm
FEREO ERE7
2
M 2
A R=-1.823
1 B C R=-1.464
A B Imm
C 2
21
X(mm)
M
K,(kg/rm) o A B C D
X, (mm) 2.6%
K, X 3%
Xa = R M(log Ka R = G’ (1)
*
| =
1 0 —— | Eally s
E%E6 E§E7 - 80 | 940 904 93.0 HHE
1 X (BESA/TESAT) 1 x (ESA/FESAT) o]
BSA | D omm = 2.28mm & 60
U
g
gap | |XUESB/ESR) | Ix(HEB/HER) ¥
= 0.53mm = 1.22mm | * RIEEINCHR
20 * * fEIRENCHE
@ac | 1 X(ESC/HEEC) | 1x(ESCHWaC’’) 0
= 0.36mm = 0.82mm ind) v ;’agé E’Q’&ﬁ
: - ) (s3%85) 0 5 iR o
1 X (FESD/FESD) 1X (FESD/FESD’ )
@D 7 z
= 0.25mm = 0.57mm




1%

3%

1%

[4]
A
B C D
WARE hREE FDEE 4ZEFRET
(RAEmg) | 125mm | 143mm | 143mm | 285mm
(%’51'3%))(%"%%% 1204 | 0784 | 0724 1455
WK E 2 1.3 1.2 2

{RRE (L0 2KFENNEE D 1iE

A
1.3 D
1.2
(&Y
1.823 M=2
R=-1.464 M=1.3 D
R=-1.221 M=1.2
0.2Kgf
A D
A
D
93 94%
100 [ ——
94.0 93.6 93.0
£ 80 |
f,; 60 |
10
o0 |
20 |
AR LES = DA%



[5]

[16]

[1]H.Z.Tan, N.l.Durlach, G.L.Beauregard, and
M_A.Srinivasan,"Manual discrimination of compli-
ance using active pinch grasp:The roles of force

Vol.5, No.1, 2000

and work cues", Perception & Phychophysics,
vol .57, no.4, pp495-510(1995)

[2]

, Pp55-58(1991)

[31 "
, , vol.10, no.7,
pp898-902(1992)
41

", vol.J81-D- , no.10,
pp2394-2400(1997)
[51 .

", N&R, vol13,

no.2, ppl39-142(1998)
[6]A-M.Murray, R.L.Klatzky and K.B.Shimoga,'Touch
Feedback Using Binary Tactor Displays:Unexpected
Results and Insights", Proceedings of ASME Dynamic
Syetems and Control Division, vol.61, pp3-9(1997)

71

vol.3, no.3, ppl41-147(1998)
€]

N&R, vol.13, no.2,
pp143-150(1998)

9]
vol.3, no.3, pp89-97(1998)

[10] "

,vol .J80-D- , no.5, ppl202-1208(1997)

[11]P.Richard, G.Birebent, P.Coiffet, G.Burdea,
D.Gomez, N.Langrana,"Effect of Frame Rate and
Force Feedback on Virtual Object Manipulation™,
Presence Teleoperators and Virtual Environments,
vol.5, no.1, pp95-108(1996)

[12] o

, vol.3, no.3, ppl07-110(1998)

[13]M.A.Srinivasan, G.L.Beauregard and D.L.Brock, The
impact of visual information on the haptic percep-
tion of stiffness in virtual environments", Proc.
ASME Dynamic Syetems and Control Div., vol.58,
pp555-559(1996)

[14IM_A.Srinivasan, and R.H.Lamotte,"Tactual Dis-
crimination of Softness",Jounal of Neurophysiol-
ogy, vol.73, no.1l, pp88-101(1995)

[15] "

pp4l-
67(1994)
[16]
pp768-801(1994)

(1999 3 11 )



