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Shape Discrimination with a Tactile Mouse
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Abstract To provide visually-impaired people access to graphical information, we previously developed a device called a

“tactile mouse.” It consists of a computer mouse and a small tactile display. Tactile information is fed back to the fingers

according to the mouse’s movements, giving the user the feeling of exploring tangible drawings. Because the tactile display

is small, however, users tend to deviate from the tangible graphics when they move the mouse too much. To identify conditions

for reducing this deviation, we conducted two experiments: one on line following and one on shape discrimination. We found

that when the parameter called “hand-movement-to-pin ratio” was too low, the chances of deviation increased, and when it

was too high, discrimination failures occurred more frequently. Consequently, intermediate conditions that led to less deviation

and fewer discrimination failures were found to be adequate for the efficient use of the tactile mouse.
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Correspondance between a line on the CRT display and
a row of raised dots (white circles) of the tactile
display unit. (a) A horizontal line, (b) An oblique
line, (¢) When HMP ratio is 1.27 mm/pin, upward
movement of the tactile mouse by 1.27 mm moves the
cursor upward by 1 dot and the raised line by 1 pin.
When HMP ratio is 0.64 mm/pin, however, the same
movement of the mouse moves the cursor upward by 2
dots and the raised line by 2 pins. White circles on the
tactile display represent raised pins and black circles
lowered ones.
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Two typical mouse trajectories. Pins were elevated

while the mouse cursor stayed in the rectangles painted

in gray. (a) Trial without deviation. The HMP ratio
is 0.44 mm/pin, (b) Trial with deviation. The HMP
ratio is 0.32 mm/pin.
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il 's i 2 3 4
140 i@ Performance Time HMP ratio (mm/pin)
120 —@— Deviation Time (e) H
T 6 PRYERERD, RBIEER, A0 R3S OFMEE RGO
100 BEGHIEEREEZERT. SHERBIoE 2K
C) DOEZER L) '
§ 80 Performance time, devia_tion time and ratings. Two
= 60 charts were drawn for each stimulus form. Error bars
represent the standard deviation. (a) Triangle, (b)
40 Square, (c) Pentagon, (d) Hexagon, (e) Circle.
20
00 =ZAK T HMP R 0.64, 0.95, 1.27, 2.40 mm/pin ®
5 4 %X 0.32 £ 3.81mm/pinFFLVELFME NI,
& | /\*’/‘_—_’ AR TIRHREO 4 DD EE, &bEY 0.32 mm/pin
S 3t
g | FHEI DBV - 7. AAF T 0.95 mm/pin &4
1 . ) 1 130.32 & 1.27 mm/pin &4 & D FMSEr -7z, NAE
0 3 4 . & e
' UMP ratio (mmpin) Ti20.64 &£ 1.27 mm/pin i& 3.81 & D M2 2> 7z
(c) AAK FATRWIThOFETOBEVTFHEZE hho /.
MR X O RizL5ERMEORE (95) 845
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16 40
14 T
- Circle

12 BB Hexagon 130
é 10 F E Pentagon ~
2 e
- Squar
; q [ square 150 :Ej
E [:] Triangle ;
Z 6 )

0.32 0.64 0.95 1.27 2.40 3.81
HMP ratio (mm/pin)

7 ERBINLFITE(E HMP BT 2 RATH
X 40(=5FIBM X 8 ERE) TH 3)

The number of error trials. At each HMP ratio, the

number of total trials was 40 (=5 forms X8 subjects).

® 2 MEZEZBOEREX @BrEh-HErEELINIc, FH2h
7R R & ETIE R L)

Confusion matrix of form recognition. The figures in the

leftmost column are the stimulus forms presented. In the

topmost are the figures recognized as.

Triangle Square Pentagon Hexagon Circle |Sub Total
Triangle — 2 — — 2
Square — 2 — — 2
Pentagon 1 1 1 6 9
Hexagon — — 2 7
Circle — — 2 4 6
Total 26
5. % &=

MRS R B F DB DVME T 4 AT VA KRR Eh
DTF B, BADERAROF (7 R) DB E IR
RREBEOBUTCMZ 2 0825 5. Z ORI (HMP
xeroRrfH) crREENS (M4 28R) . 2 2 TR
RTIX, #iZHO HMP L2 B & ¥ TREOER DR T
PEELL. ZOER, KEAMOMES DR D BIFIC
BWT HMP OB OEZ 2RV R S, 0.44 mm/
pin MTO&MBIZZ 0 & D Ev HMP & & 0 @EET
DEIEHERICEML, &5 ERETIZE W Tk HMP
MBI CRIERFEIR R koo, MET 4 A7V 10
MABDOE vz 4ARTH 555, HMP E#30.32 B &
100.44 mm/pin O & & OB REE ORI 1.27 7210
1.78mm &% 5*. Lld->T, #EREBERZEEFEDOFD
B2 oTrllz s~ X BAREHAICE S

* 0.32X4=1.28, 0.44x4=1.76, 0.95X4=3.80 TH 5. L» L 0.32,
0.44, 0.95 Bk~ 7 A x> a—F DO EHE0.0635 mm/count i& %
N5, 7, 5ELTLEEERESBF 2HCADIBETHS D, &
Z DB 13 0.0635X5X4=1.27, 0.0635X7X4=1.78, 0.0635X
15%4=3.81 OFFEFBREA .

846 (96)

BOnERsT, REELRECTH- TIPS, @
RITOEEH 10%FE 1 iHl & 7z 0.95 mm/pin &HT
R IR RAEE OMEZ 3.8l mm TH D *, RIRFEKDIE
B EE%2 k5 c HMP 2R ET LIE, fE~
v A DERECBI BRHBTOREIBRTEL LWL
% . HMP HZELOZIR IR OB BV T b RIERICE
#Zxh, HMP . 0.32 mm/pin DEHETT, Thi b b
K & HMP &G & D BRICE W5 3 8l E
aniz. MEOBAITIE, KRERUMNCEER, RORK,
MHiloMELEENs2, M2 ZRTMET 4 A7V A0
EUESIe S, Zhs ORERERAEROZR L VIR
%5, Lz oT, KEFE»SDAERBELC I W
HMP kT3, OB THBRBIZELC IS ol bFE X
5h5.

BRSSO EDODFRIX, MET 4 X A
DEVEOMINTSH 5. EEHRLRTT 5 EEHOEM
BERZOT, EVHOBMEE VYEEOHMEWSTH
Fw, EVAHEB LIUE CEEOEIMZMET 4 XA 71 A
DOEWERTICHE S B2, ITETRHEERORRE L
2EHBIC, BEELO/NEOMET + A7V 4 ORFENE
HHNTHNY, S HEORIMC & D BB % H
THHELH/LH TS,

BT DA FER I BTk, HMP LD L OFE L&
BRoFIEZ G T BERCLEN. T42bb HMP
H530.64 £ 0.95mm/pin® & EEEIF & o o /225,
HMP S Zh E D EL R B DN TEENH 2 5T
Bgan. #0FERREZ, YE0Fy MV EERICE YRR
DEWZEMNL--dE2l. ZhED, THEFY b
BTRE*ERRTNIEE Y HMPEETHBERREL T
ELrnIEZNHARCEHEINE, LrL, MEL TR
FHENREHEBRELS KB LV RELDRELSE»T L
BEREL, Thicflo TREBMOETL W, 3512,
0.64 &£ 0.95 mm/pin ®{&EV> HMP iz 8 CTE W EAIR
FEWERERBSER IR TWALUE, v HMP
BEL, ThtGb B THE LOKEDO F vy MzEPT
FHREIBETEZVEVZ .

BT 2 RFETIE, 2 SRR IR R 5 2 %
ZETHBLERRIEOIEEL T3 L5 WKRU B {RFEEE)
LIFENABRRBH SN TE Y, i~ 212k 3O
WA S ZOHRHEITVTWS . fEOREESCEE T
ZERIWL D9 dH B0, 0D bRIBEERIEM & RRE
M R EETH Y, KIHEEHOBEE I LS &
DIEWI EBMEINTVRSE®. LichS> T, K7 4
A7V A DY EEHEOAESME2.4mm & 4.0 mm) X
RF LBk SRk EE LGNS, kT, MERIC
EUHEBOENC L 2 ENREFRA HEE L VRS
7z

MU EDQHREREI LS, FE~ YAV AT ATBW
Tl HMP &% 0.64~1.27 mm/pin TRET S &

B8 A 7« 75 Vol. 54, No.6 (2000)

NI | -El ectronic Library Service



The Institute of Image Information and Tel evi si on Engi neers

T, REL» S OEE PN TE, BLIESR AL
DOFBIBTREL BB I e Bbrotz. Lizd-T, HEE
WEZEDIDDT N, AL L THE <Y 2 DEMEIR

NIEWR B, 72720, SEOERIBIRE» R Tb

nNTEY, ZOFR» BN LMRNHEREEZ L
THERCERNEE D OPRE L TB S LEBH L. X
DHEER% &, AEEEER LRBIRE L OB TMEICL 3
FRFBROBRBABERH 20 E S bz 20nT, LEED
SETELOWERLINTWS, #6DFEIE, i
Y—bhMRIZCBEEHLLY, Py b 7Y vy TREICN
RIATBH L 72D LIRS X FORBRERTH 28, #
REEZELBREOH TCEREN LI LBIREZIALTY
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LubidTidiwss, HERENEHBICIELE2E» L THE
EMET LA TELMLTEY, MEYADOMRHICBNT
bRk, BIRE, HEREEHOZRIZVEEZION
5. kf, TARRZ 2 LI HBRESPREIPFEZELRE L
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R EHRERT NN ADIGHE LTI, FIZITER~AD
REgEsETFon2. 22Tk, AEEY O ESRY:
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372355, %1, B4 VT4 v MBOEREEEE ST
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BHREZHELT VB TESLY, F053b PN 28R
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6. € T U
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D> 6 ORIz EE L CME~ Y R DB 2R L
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HMP LD D 8T A =2 I b RET B L R o i, Bichl
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