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THREE-DIMENSIONAL TACTILE DISPLAY
FOR THE BLIND

Masami SHiNOHARA
Industrial Products Research Institute
1-1-4, Higashi, Tsukuba-Shi, Ibaraki 305, Japan

In recent years, personal computers have, to a certain extent, been adapted to the needs of
the blind. However, as computers become more visually complex or graphic, new strategies are
needed to augment the available approaches to provide access. Indeed, few of the pictures
visually accessible on a computer screen are presently within the perceptual reach of blind
persons. This article reviews past alternative display techniques and discuss possible mecha

-nismes---i.e. 3-dimensional tactile display.

I
—
I



Lo

TEESNEELC, ML TRRESEEET 2] L) 7k, EFERCTIRD M,
BUAvbh3 k3T k, 2hid, —BEHCRERZbOEIhTVWEaYEa—2HR, 49
S EEMNE LD E>TLE kS, IV a—R RigE L R EEEERI O SMILES A, 1§
HWLHE L VI BECRRIND LS hEBROROLILE, BAHELDOSD I LRATHELS
Bk &0, RO, —MOALH, BEELMERL DD, EER - B HDEP I HE Y I8
TEHILREEARZ LTHN. DRORAMED TEMERFRTH D LRROORVEZ AT
Bo Bz, avEa—2 A VR 72— ACBHAGUIDO@RGBERRER, ZOHBMLRARED, ¥k,
EHEEHE Y NT— I LB —CAPAREMTON A Kin . AREEbT. BHEFEOHTHE
PV ARZI DB AL THD ., 22 CHRBAEBLME ST 0D, —HA. 25 LERER
CHT B RhOKBERIEE 5 THA 5 b HL CRRICEDA, TEHEYEET 2 (FHIL.
AL HEHABREORREA RSO0, BB OLTIET Wb OBATN, i, MEr
FIALLS ET28E, A—Fo=z7, LOBAERT I F 22— A MEOEBE DS, £k, V7
Y7 OEARDIE, BAEECEREE h 3 RBEEN, BRONCHES Y 2HCECTRY . 8K
REBARVABENMEES LTV LV MBS D, TR by T - 74 AV DL 5 ety
57400 YUBLEENE LT, ~ BRI S L TRACEDIHER] oLER, RE0EE
217584, THCERShREELR,

PEORREEE 2T, BAGMEEELIVMEF I ATV, OHREEFL T3, FECRESR
HhE X HEBAL, BT, PHOERROBRCOVTETMNDC £ LT3, RELBOMRR,
IS CHERES 4 A7 L1 OWREMEL, 2HTERROBIET 0%, SHTCRELTHOTH
HEBRO—BEBENT 5.

1. HERST 4 ATV 1 ORB W
COMITR, ZhE CORRREFROBO MY, MHECHEN P

3, B1RAMOBEDO—DDHMETH BH, ZOHTHEEH B it

WA, ERLVEEORBCAVLIATELLDTH S, B ER

EL. BELERCOCTRBHEERA R, CLAMBEER | — RW%E —— 8%

BB E L AR, SHROBRICIBEN LN, #| EBMR %

HEPRBTINER, TECY T4 BT 00N RTH | PERE HE
BLURBRRBTLZ L2 REAMELELONSC, TV - NEREE

—R A VA7 z—ARBELELOR, BECR>TEAKT
Bbhh3&dchkat, #>T, ETHEONERENTI. BE 1. AMHORE
WL —F—RC L E3Hh S5 ORGHEORESY, FEERL
THEEL &3 LT HRBE. 1967F 0L Kay S#MAH E L THHETHSOMRASRES LT LA,
Ehbir, BEREYYOHAFTARTCERL T, HRETOEH, SROXEEPFAREXTM
& 4t BSonicguide?®’ ik, S.Aitken5® W L AR L > TS h TS, XFHEHOEER B
thb@KM‘wmﬁwﬁﬁﬁfMMKi6WWMM“%ﬁbkLT&%(&%ﬁ‘ww¢KI$®
NRUASER Y AREFH AT BKurzweil Reading Machine (KRM) & MBEFREh T, ZOWMEXKAE
G R 2 o, KM X S BAKE h, BETRERCREOTEHAENY FAX v F—%1{H X,
FPRyYar—AU0ayvAy beFEFEzEEDLHhTHWD,

Il
)
[



Db, BECA YA 72—2T5b0THo kit RE, MECAVE7=2—2AFT200%BAT
%, EEYUFATBEAMELLLOL LT, HROKREEEMEAS VCER L THEEBLCRT
T BMAaH, 1970FDC. C. Colins Sz L HTVSSS kA & L THOMThh TS, LALighis, K
FEFANRLARBEL T, RALEAPOBEHEHERL TODHE—D b DA, Linvill 5 & > TI966F
WRFRENLPTACN, TH D, Thid, 24X6 FOEBREFEACT, MR (EE LTI 1%
YERREAZ VEERL, AZIECEETILOTH S, Thik, FOIRTECHR) OYIMEEL,

EROEHITET E ORER, &

FLORWERO RV, &8 #£1. HRERET1ATVIARINOEYN
7o) —DHREC L>TbE | ( J of Visval Impairment & Biindness October 1989 &)
5Eh3 TA—_OFHEL] MR,
Information Type isplay Te q
k g’ ‘k#ﬁﬁ] D I§ T & 2 f\’_' t E ‘Running Text . l!nllleh(singlc character, 1:40 cell, or full page)

* Speec!
bhb, BiEORRC L->T, K o :aﬁg:f;::;d uactile)
iﬁ@:‘éb'&f AV a—X4 U)%EE Text Attributes With speech...

" A

t l, < U)ﬁﬁgrﬁi}ﬁﬂ: é h\ - ?/j{ . 35{??53;‘21:; (presence, pitch, volume, apparent

« Sound (presence, type, pitch, volume, apparent

N direction,
7 ME, EEREARIShTHS, sh::x‘:;'::ominuous) N
. * Speech attrib bi i i
£ AT, ERDOKRMLOPTACON e (e ety T Lme: teh)
With braille...
i, fThd ﬁ_’.?ﬁ avta—2% l' ‘Se:‘:-‘ilevens listed under “With Speech™
* Frequency of pin vibration
- Sl ise of pi
DEFERR, MET 4 AT V4R . E;:;[;?nse;‘gpn;r bottom of text
: i * Sep tactile or el
RKTLHIZEHRFCERMEH Spatially Related :
. - ’ l:lav;r:layllonu‘ . =0 * Apparent source of speech
T © 5 fﬁ N % hf ‘x‘ E‘EEGJ # 5 : lPi|;;'l‘lc sense (with haptic ablet or joystick)
X * Haptic with tone
7492 {EDENDOT CORKENR * Tactile tablet (full o virtual) (with tones, specch)
® Grids :
= P Y » . Te 1d
BFAATVIREITHSId, . ﬁ:&:;?;‘k?';‘““’""",’wﬂ ”
. 8) —_ * Drivea cursor (puck, mouse,
G.C. Vanderhe;den ix. HEHT " Pick from List . g:uc( rcq:cn) (volce or keyboard)
: L : = Best maich(es]
ﬁ#ﬁ % 1 10 9 'f j‘:%ﬁ lt . g‘ R . Highnow—s;ecd scan
- * Direct control scan {slider with indents or puck with
KT PR REA D =X A Semsehirend 23 boek of ext

L4 T oc

SN TlL E‘ 2 — l./ —-C [N 6 o :{. h% Interruption/Alert . Conct;'ncnl sound (beep, tone, or sound)
M * Speech announcement

¢ Tactile stimul. ib !

ﬁ 1 b:?l}'ﬁ‘?‘ %o HORATE iE. st:f;lmr‘;:r)w ator (vibrator or clectrocutaneous

* Olfactory
i 1® 9% 1 FiZAnimated image Directing * Speech

* Tone and echo location
# & U*3-dinensional image %7 - Plich and repetion rae of becp
. * Virtual source

b T o ‘bbb, BE * Braill

% b & 6 ﬁ mﬁ . 'ﬂ\‘:xlll: direction indication

t ﬁﬂ{'ﬁ 1)) *H#ﬁe‘ﬂ*‘j Fﬁ 1)) E?ﬁ ‘\: M! * Haptic tabie with auditory or tactile cross haic
{absolute position)

* Driven p P
ﬁ*umfi‘;ﬁ@ ‘t +9 Eh‘ mﬁjl\ D ' Icon image * Recognized and announced (by number or name)
SGOEME SEREEND, | Sowmcim oo s sl oupu s sho o

Pictographic image * High-resolution, full tactile tablet .

® Pressure-sensitive full tactile tablet (with tones, specch)

® Virtual ile tablet (with , § 1
2. j{m% @D E }'E '9' i) D . Dri‘vuci:l ';:v‘:k::ip:iis.lzyr :::!flse IZI:I:: Ex)lsing guided or

constrained movement)
BB & 3, Bk o ed ages
. * Image interp
SR ERALYT 2iB12T, RECES
WEEROTERLYD, TOTHD
brERTFLEEETIET 5, &

2T, RERE LR FERE 2

il
w

I




AEHOETERL THBEC A YR 72—ALkELTh, ThABRALETH S &V IRV,

B, 2RTETF4 A7V A LO2RTREY R T, BBER, TR MRl e BMREOME ¢

THBHZED, BIVRETAMBKRAUETHDE ERBRCHZIDOTHS, ZhCHL T, MEDE

A PSS R2RTRBC B D T2 - HHBIUR] ORMY. FHL'D RI3RTUKEFARED

MG RIBC OV TORBRWRIERTO. ThOMERCEM TSI R ROBTEE b, #8

WEoTHHEEAMARERDZ L ORI . 2V ORBASH B2, 2RTERF & BRI 3Kt

RECTIIERL->T, Tk, SRRLGHLFERREOMFEYHENTI2HMEE (LY —78) 28R

TAHIEWLST, 2Lk TR REbIHROMMA (BIRMH MR VAR Bz FIgE

RdBEEL DY THD, 2OBANS, WELD L& BRITENES HAE %R, Sonicguide

DL, RBEFROESNKTEN LG RES LS BANS, BITXRENRERLELES GAIFS

RTT) MET 4 ATV A LOMBERBAL, aVa—alkE LTREBE, 2REEHLEED

EOUBRELERBEIVAY FOBMEERTIFRELLY 55, BENNOBEL LT, TVSSO

LM ESAIH. B, BERECLIERABLLEAVILORD R, HRE. EG. ook,

KCRAOLEIEOR BN RBEAL SRS hiz, BTV TR, MBSV T BTS2

BEOHIBOAPNIEL VL EEATVS, MTRESMEBIEETHIE VI ZETH S,
ZThT, SKTMET 1+ AT VA DT

REFHBAFCOOTERTHEL S,

Oi e MEWC B 5 2 AR E v ESR
HAZE, EROBERBLEOTIES M
FEARTI00E /on? £ EhTWBR, EED
HBIL F 0k 2mBlfkE ChTWE,

QW LHE [ ERCHEDS BILE DM S b2
AR S hhiEn s ¥, i aRE 2%
23E. K HTRRD LI RTBETFRE
BThd, FfECOVTR, BEERNL
EFVLTORT v 7 CHREMEOLERD B,

ORBY) : BECH L > SEMNNLETHD, | (L5

@REHEE : 77 VR b vE—Ya VPR 2=y M 16X 16 BRETELK © 8X8mn
REBE v o LHRILCEMT 2R EAFA FOEEEEE © 10om  BAREE : 30mm
BEETH B, EXBh w # : 0.5mm B AMIE : 0. 35kgf/cm?

OFCRARLLILMBLAHEL T LI UE | 2. MEF+ ATV (1986)
BERBLETH S,

R, M2l 2RIFRORBEIREEEL T3,

8. JVUPIFaz—R - F4ATLARCLBTFHER

FEMC, 25 L BAERIE, BEEAY - a R ORBB YRV TIThh3%TH 3,
LinLigAs, aX bofl#nd, RISERTLILAKRD ) Y7o Fax—8 - B UF1 AT VUL %
SHEIE (VMM 2.0, 2.5, 3.0mm) ®ERIEL. TIFar—3EROLDOKRITEHAL -, REtE
HIKELS 32D hT0d, £, 23 L E3KRATRTHERLUICENTHIHhEhE, HENERD
DOBRFE LY =758y (K4) ¥AVCTHEBREITT 2258, MR Y Y i3 HEY T

I
=N
I



% LE@®Rb3
EB, BLUOK T T T e i e
BbsubiERa
FAATVLEE
i HEHOME R
T > hoRRT
%, ®Oikth

N
_\}
- ’. ﬁ\ P
LHIZHEL TiThh : |
\:
'

7.5

’ P

.8
D)

\
\
N
\
/o7
~
\ 70
]
L/
N\
I \
T
i "L~ /
, .
I
T T 0y T
~Jds ] &‘/
N
s \

AN/
7N

T
N
,
1]
A}
~
]
I ¥
\ \\_'_/ /
T
i
/ l/T\‘ \
\\J-Il
|
~
N \

N

T

53FPETCHD, £
BREHELTITDb
hTwsizn, F L
T, EE T AN
> 3EHOFH| = /N
RERDHER I -
T BT %,
(1)RBRAE
FiHERIZ. © - e
> [if@2mm D E 7
AEFWTITbh
fzo SEERIL 2 BYFE
Zabhhd, —2
i1 A0AE R
ERTC, F4 RS
U A SHE EFE
E RS 6
/EHMBLT ¥
VORBOERE . .
BEEE, 20U | 8. JYPIFaz—2 - EVF4 AT LA ( € VER 2m 0BE)
EWERRARD D
DTHD, Thik, 7/ Far— I REROEMMBFOBERYHETI00TH S, bI—2ik, 2¢
VHEIOKREZORML FWERY, 4AFEEOY VS (1, 2 4, 8 m) BLUSEEOY VMR (
16, 30, 46mm) K2OVWTHERZLOTHD, L YHEOHIEIL. 0.02mOE v FEEFOX 2 B R 57—
UEBOTERHTITDbh, BYOERBE/NEROEOFELFIAL TV, L WEEERRI A
WEEREC & o TR, BREGKBE2 S (A 48FBH, B 6F %) T ERHFRTA<
AV BREELTVS, BER, BYOERTE TZZAHTWS ] AR TEZbHTORY] , 28
HoxBclk IE1. TEH, TR tw3 ki, MhbOETETWS, BEHEEEBEL.
HEOHMLEBL TVRL, FRIZIAMY2ESEL., BB 0M4¢T, 1481 0R1TLLE,
HL, B2ERL AL I, HREMT I RTORESRRER > T3, IAROIEFR. VKBNS
BERENEBITL TS, MACHOKEE, BRFEMNELTSHEL, BERECLD, 15X EOkKE
BHATOAS, T4—F4 5, BAVBG I b ok, ERIRTHRC, RIENEBEERTLS

720

N
(71
P
ffﬁ\
\ T
\~—I
Pt
SNy
A
SNz
f
Ia
b
TN
N

N

7.8

/.

\

So o
7

1

\

\-f
/I\
g

\ \\' /' )
I
/ /—\\—\
’ A
T T
\"l
i ‘
o AT/
BYZSRARE
I/ \
\\ ,1
T~ T
[ANNT AN

T + 1T

\\ " \‘~ -I
T
: K \
7

PN LS N
'/ \‘ Ia \
. }

o
(7
7
2
\\
i
]
-
S
AY
N
5
N
\
N

/5

~
~
~
~
~
~
~
~
~
~
~
~

4.5

$0.9¢20.03

e

A
§%/9&/’ bs

2.5

9..75

-t

I
32}
I



Tw3,
(2) BREBE
vy L&

WEHEA. BELRIBITFOTV,. A2
VT, A 0 0.2, B|/ME :0.15, Fiy
ff : 0.165, HHHEFEE:0.133 ], BE2WT
W, [k : 0.2, B/ME:0.1, Vol
0.135, EHEME% :0.139 1 (BfIikmm) %278
fzo BWOZ DL REFER, BHLRTEERLT
Toh5Z RS <. HERRGE, BENRID
FF—OMYLBTEIREDREN LT
VWARALHEEhTWER, ZOF1 AT VA &m4. 20m EFMCEBL Y —T8R VB
RS Tk, 0.1 »50. 15nnf2E W IXE O ¥R
PEOLERSIOTREVHIEELOND, bhal, EEMNEEFZOEOREER 0.4550.6n

nEloTn3,
EUBEERDL EOE £2. EUBEERNERC B BRITH
BREACOVTIR EARIIB L O FRAIIGS O WREA WEREB
L ¥ WERESL, BzowTid ERASI 0% 15
Lk, 7574t T3RSL>Tik. LARFIOXRA [ FF)_1 2 3 FI| 1 3
Wik, ADY U FABRBO¥EpER>TWS, [ AF_ T 4 1T AE 1T L 1
RIFPER2CRL &SI, RELZREMSLICH 3.80 R
FLTHOLAEHKL THALBESO, BiFOLEH | 4.00 R R
BT A8iEY, LEWEELTRALTY3, LOE| 05 R
HCET RERABNLBAR. TOLERTEME| 10 R 4.00 R
Lk, ¥k, ERFOMMIEE, BT TROONE]| 15 R
L& WENS0.5 ikl 2fEE Lz, 2L, &4 | 20 R
BOORTOUMMER, € UBS1EL0mOBEN| 25 R R 20 R
0.5mm. 4nmDFEH1om, SmmDIBA AL Smnk & 4 5 30 R R 2E R R
Clfit L Tw3, A, BO&RITE, EVi®EY| 3B R R R E R R
VHERORSICE LY, FHEEEFESMEC | 4 E R R 3L E R
v P LEDOARETH D, H{ ETFHEROLAL| 4 E E E 40 E E
T, MEHIBEREM L AR EV OO0, RO | 50 E E L 4 L E
MERFHCH), COEMEHTEHBEELEWE| 5L L. L 50 L L
LR HEORETAME R RO OTRBVALORES| 6 L 55 L L
¥Bf, REL, EYEREROSS, KDEBE| 0 L 65 L
BT OEIRAT & lnd o o At, FIREMAAN T BEESHE T 1k . - 0 L
v BEREOHEAALE LD TRV E FHELTY
%,
ERECHBENTAE R A D = A ACHETHZE | 500 L . 80 L

kD, HEHIEBRCW A S5 T -2 NETI L

Il
(2]
I



AR, ROBETH D,

wWBREA
STANDARD
DEVIATION F- 1mm
0.3 — » pin height
‘ o EEE] 4mm
A _ [ emm
0.2— O -
B
o FA 15mm
interstimulus
0.1~ ® a distance O 30mm
n | O 45mm
A .
e A
0.0 o
AVERAGE

o
o
o
=
o
M)
o
w
o
»
o
o™=

HWEREB
STANDARD
DEVIATION
pin height
0.3
o
0.2—
A 15mm
interstimulus
o O distance 0 30mm
0.1— A VA O 45mm
m © A
0.0 T T - T I I T AVERAGE
0.0 0.1 0.2 0.3 0.4 0.5 0.6

HM5. YURESICEVEEREELEEBE0REERL & WEOLIL

I
-3
i



Bbhiz

REBEEZO DO SKTMET 41 AT VA2V T, REBASEFALLKE CBEABL TRVER
VWERETRH DN, BEFMELHEETORFBEANERL 2, 25 LEABICK, BoX&Eh) A 7H
5%, =2, HLHEPRLEIBROBTVKER (FEH) BHOLZEI->THWDIE0WIZLTH S,
TRERELKECMILTLL, MBEC > THEMNERTE ZREMAEVHE ZHEM] #EEL
TV3DTH P, Thid, AELEVELBRTVE LI, RECBTIEROTHE] BT
PZELRAILTHD. TOZ LRGN, RE»SHIhIFESEND D, £F, TR, 250
o REBMEThE, ZORIEBENTAEECEY, £k, 2V ¥ ParPa—20RBOESM, #
BPOEFAANEHHLELTVS, bI—2R), BEN—FI=PKHXTIVAITHS, ANDO L
S, BRERPBRETILOIOBYAADT7 I Faz—R2RHRELRG, BEE TEENCEEThinhs,
— R RoE, D TIEBRRERTH S, ZhiconTh, SukItic, REA¥%: ofhBEs
HRIhTV3,

UEOBREOHRT, REEMEATS, 2HALLREZOLVY —782MMT 3, LY — 70
BLERERMEAT S, ThoOBEREEMBL. ML L TESE TS, | LV FBRNEERENEE
h3aZ W REBEOFTH D,

Bi%C, FHE2ECCHLY, ARBHE LR LMRH LM HER AN L RE TR
HKERICRCBMEL T,

BEIH

1)L.Kay :A soner and to enhance spatial perception of the blind, Engineering design and
evaluation, The Radio and Electronic Engineer, 44, 11, 605-629, (1974).

2)J.A..Brabyn, H.R.Sirisena & G.R.S.Clark :Instrumentation systems for blind mobility aid
simulation and evaluation, [EEE Trans., Biomedical Engineering, BME-25, 556-562, (1978).
3)S.Aitken & T.G.R.Bower :Intersensory substisution in the blind, Journal of Experimental
Child Psychology, 33, 309-323, (1982).

4)E.E.F.d'Albe :The Optophone :An instrument for the reading by ear, Nature, 105, 295-296,
(1920).

5)G.L.Goodrich, R.R.Bennet, W.R.de L’Aune, H.Llauer & L.Mowinski :Kurzweil reading machine :A
partial evaluation of its optical character recognition error rate, Visual Impairment and
Blindness, Dec., 389-399, (1979). '

6)C.C.Colins :Tactile television-mechanical and electrical image projection, IEEE Trans.,Man
-Machine Systems, MMS-11, 1, 65-71, (1970).

T)J.G. Linvill & J.C.Bliss :A direct translation reading aid for the blind, Proc. |EEE, 54, 40
~50, (1966).

8)G.C. Vanderheiden :Nonvisual Aiternative Display Techniques for Output from Graphic-Based
Computers, Journal of visual Impairment and Blindness, Oct., 383-390, (1989).

9)/NHIFRIA BB OWR, Kem, (1977 .

10) 4EHESRIE © HEME RoLE%, 2XREENSH, (973) .

I
)
Il



