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Abstract

According to WHO statistics in 2017, there are approximately 253 million
people suffering visually impaired in the world, including 36 million
totally blind individuals, 90% of which living in developing countries.
Studies by educational researchers suggest that approximately 83% of
human learning occurs visually, and the remaining 17 % through the other
senses —11% through hearing, 3.5% through smell, 1% through taste,
and 1. 5% through touch. Thus, visual information is extremely important in
daily life, communication and learning. It is well known that the blind can
learn and understand texts through Braille, such as Braille books, or make
use of voice-assisted software such as screen reader to communicate online
by voice, but there is very limited tool to help the blinds learn and
understand graphical information. This book aims to study haptic perception
and interaction experience for the visually impaired, and design a tool for
assisting blind people to learn and understand graphical information through
touch, namely, a graphical tactile display for the blind.

In this book, from the theoretical point of view, the related research of
haptics is summarized, including the physical. emotional and psychological
characteristics of touch, deducing the usability and significance of haptics of
information interaction. And then focuses on the blind users theoretically
and realistically by exploring the characteristics of the blind haptic
perceptions and the key factors by user research and experimental analysis.
Multiple haptic cognition factors: image format size, ways of touch, multi-
sensory cognition and guided cognition are studied by quantitative experiments,
as the basis of design and guidance of design theory. Then, the characteristics,
essence and key factors of haptic experience and blind haptic experience are

studied. Based on the above analysis, this paper attempts to establish a
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theoretical framework from the design point of view to explore the design
theory of blind touch and cognition experience, with the design principle
of meeting the blind user’s embodied cognition, rational use of metaphor,
united of dynamic affordance and dynamic constraints, and reasonable
costs; the design destination of “ universal accessibility”; the design
elements of information time and space, product functions and digital
contents, information structure and the interaction logic, and product
modeling and user interface; the design methodology of blind user
centered design, natural interaction patterns, content meaning first, and
information transfer originating, completing the methodology framework
of haptic interactions and experiences of the visually impaired.

[Last but not least, based on methodology above, a novel graphical
tactile display i1s designed and implemented. The innovative structural
design achieves good haptic perception experience and the relative cost
balance. It can render rich graphical tactile images as well as Braille., which can
be widely used as educational resources in schools, public places and blind

families.

Key words: visually impaired; haptic cognition; haptic experience;

graphical tactile display
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TLan Waterman

19 ZIAFE, —FFERMAERGEKRWAFE T lan Waterman S DL T
P 4 0 fih i R X6 g AR 4[] 62 B 9 BB . Tan A1 403 K A9 M 2 ik A R B
REZE R BT, TR —Fopr i XKW A O . Mg RFTae R WL e % 5
e . i AT ZEIRBRE A 2R 58 i1 S AE X Tan 2 Ui AR & A JF AUIR
WA K I L 2 N ik — R AVF8 S WA AT. — 55 B AR QA (8 R
e, AR BB ARG KA 2D i 8 5 (H Jan X T N REH E R ER 1.
lan XA IZ S S 3T Pride and a Daily Marathon® —45, L) X 42
S5 The Man Who Lost His Body®© 1.,

fi o F N B A e i B A R B — UK fih w9 fE R ANt 3 AR LS 22
B I Lan BRI T ATE IG5 ik o B B e (9 b b — e X LA AR 2 1
[F) R0 RIME . ot Je s AT 2 2 AT ik o 420 B AR RO BR AY A 5T, R R T
ik o 19 52 BT T PRI SCHE AIE I

mes 1 5 Rk AE y—Fh 5 A0 eE W ad 55 5T 51 /Y BCE d I8 il e 7 B
AL B A WE 58 BAT FoR B e AW (e . PRI, 7R 5 1 & SCHRZR ik
Y HE A b, S B S A T Ao 19 A B L RORL G B = A O [ Y 0 s A8 IR iR
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@ Jonathan Cole. Ian Waterman. Pride and a Daily Marathon[ M ]. Cambridge: the MIT
Press. 1995.

@ Producer: Emma Crichton. Director; Chris Rawlence. The Man Who Lost His Body.

1997.
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BV VE DB AR R - TOHIER VR VR VA O SR VR VESE BK
RG220 . N Z B LREA n e 35 5 a9 fik ud B, & i N B AR TR PR 2R E
1y AR BRAT 5 70 R M e A B i AR N fih ue Y0 JEES 6 AT R R 22 AL

7E BAC ik we BRI B L it Chaptic sensing) B A1 75 52 Bk #% 20 J8¢ 52 2] {4y
F- R PR e (tactile/ cutaneous) » W FRVE K E o 78 61 55 K2 Bk 9 19 L A [ A 7
P 5L A1 77 8K B g A A T A0 4 mCHH il SF TR AR T AR B9 S8 (kinesthetic/
proprioception) » X WY JILIA iz 3l Hl 55 2 A RSBt . 1 28 BAE 9T Lk 7 2 R
J:’lg.’r ﬁm J'"i. 2 7t (haptics) 5} 7[7 ﬁm J'Ti @ J'"i. (haptic sensing ) A ﬁm J;‘.': ilfﬂ ﬁf
(manipulation) . B[V il o i o 09 50 A Fn i o & 2.1 filo R G000 9028 .

il A 4%
haptics
M
f Al
ikt fi ot PR AR
haptic sensing manipulation
A,
i A
SRR B AILPA/AR I b
tactile/cutaneous kinesthetic/proprioception

B 2.1 Akl &5
2.1.1 KO FRTRTSE

MAEBEM) & A AR Rk i B KT HALRE . R R B
MR FHBAR, E 2.2 Fros A8 B RR TP aL & 1 DU Rp filoe 252 4 ST il
WA . A B 4 /MK (Meissner’s corpuscles) . 42 7 /K £ (Merkel cells) | &
HE JE 2K (Ruffini endings) F1 ¥ JZ /MA (pacinian corpuscles) . H. H 47 1 4
MR TN 58 IR BEAE A/ e e SR 2 SR FE R XN B A AR TEH LN )2
IIMETE R AN O

@ Bruce Goldstein. Sensation and Perception| M |. Belmont: Wadsworth Publishing, 2002,
5-11.
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X 20 DX 3 P PR G e 1 A B it HL Wi 2 A8 % AT Gk 20, 40 Hz;

© LKA

"1 Knibestol 1 Vallbo T 1970 ZE & # ., ¥ Bk~ SAl(slow

adapting

1) B 2 S 8 51 9 1 0 25 0 Mk 9 I 0%, LA

DU Fp IR 52 2 o L Y e B 2 R B e e s
e INE/INMAEH Vallbo Al Johansson T 1984 4% # . ¥ ¥R & FA2 (fast

adapting

[ Y5 PC (pacinian corpuscles), X 5 ¥ JZ /MK 1 57 XF 45

RSO R DX Tl 1y PR ke Wi A B e W W R AT GA 250Hz LL L
PR I B 2 /N AR 752 B0 TR s i RS

o BAEJE A AR M Johnon T 2001 4 &8, X PR A SA2(slow adapting
1), B o8 E Je 28 RS2 i 07 07 F0RR DXt 174 152 e e 285 M i iz 1t

U o fih i J

Z o B RFPEXT AN 2.3 Frs o AR AR &R R Y Pr AR SN )

T NAR R B BRI DL RS AL AL, o AR A b 118 R 90 28 3R 7 iz finh i JR 52 e 1Y S

Tot . AT DL DY

i e AR P PR /i o I = A B /IO BE A1 2R Y

@  Bruce Goldst
5-11.

ein. Sensation and Perception] M |. Belmont: Wadsworth Publishing. 2002
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XA BN E SO WA R E . FA2 K&K, Haef Xu [
m%nﬁo%ukwﬂﬁjﬁfﬂmﬁﬂ%LEMﬁm i P [R] T AE /9
L

B 2.4 PURPIERAZ 25X A0 3R B SCHY fith e 15 5 Wi i, @

il U 7 Gt 1Y JEK

g bR T AL S S TR AL AL RS 7 A 0 ik v 1 i A

@® Lynette A. Jones, Susan J. Lederman. Human Hand Function| M ]. Oxford: Oxford
University Press. 2006,
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firr ﬁ[ﬂm?ﬁuﬁﬁﬂﬁklﬁﬁﬁi%ﬂim% R 1 3 W s A Ll N 1
5. 43°C X [B] (1) I BE A, HE X F3IR R 25°C i R AGEE E 2R E
BVE . M Z R PURSZ 88 01 5t 28, 47°C X 8] A TR ARG, @ ¥ | $URK
Zav IR EE SR WK 2.5,

IR SZ d
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K /D
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L (C)

Bl 2.5 ¥ BAJERAEZ 85 0 Tl 1 X ) ©

Kl 2.5 Fros . 9 FRESZ 4 70 A N A9 3 BRIE R X (8] PN 42 A IR B RO
Tt o AR I RS DX TE] A1, Rk ¥4 Bl aek P ET  JHLRE T 0 A | ¥8 T3 A7 % U 2 fih & 9%
R . BRI & IR T 10°CH, UK Z 28 S T 84 s . IR E &
T 50°C I, ¥R B A7 A 2 TR R 4 BT

2.1.3 RAwRTHE

2 B AR A & BT b B & 0 e B Az ww , R 1] 0 B X Ul e Y R 5

JE ] 0 Bt H S A0 Fi e 0 3 L ATL AR 5 A S ] RN 1 ¥ B B g )

?%f{ rﬂfﬁ%ﬂ)\ﬁiﬂﬁ—*ﬁﬁ})ﬁ*ﬂ%ﬂ*&@E}\%;?ﬁ’i‘ﬂ:fﬁll?ﬂijg 7 fih ot 22
Higits, — AR A HEACH

2.1.4 WLAEEXHRTE
B T AR K2 69 b v B A7, N B9 firk o 2R 45 308 60 & LA 1 30 60 B34S K

@ Lynette A. Jones. Susan J. Lederman. Human Hand Function| M ]. Oxford: Oxford
University Press. 2006.

@ Bruce Goldstein. Sensation and Perception| M |. Belmont: Wadsworth Publishing, 2002;
5-11.
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JRE T UL PR R O 71 #2820 1Y J3% 52 A 7K HH o AN R 8w B ] e B . LA
WA 32 BRI R B PR AZ 2% L A T UL A & R AR A g AR 4E AL R . LA
TE 12 B, FfaCs DX Tl g 57 it o =35 2R IR 2 J A7 e 2 B Sz ) DO A0S il
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MNAK B T 12 31 25 1 W) L F°) i i e 1

WL B T A2 a3 [l B IR 2 3 R 48 W IR A5 S Mz sh /7 5 5 A K
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2.1.5 AKRE RGBT E K

o R Ge A ARBI R B . NRER B RA Z iR A, RETRFE
W5 2 S Y 25 SRR B L R Stevenson A3 S(m?) =0. 61 X H(m) +0. 0128 X
Wikg)—0.1529 kiTHKRE 6 & DL b A0 % m A B Ew v, IF15 3
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JBAZ A 70 T80 B K 89 70 A G — € IR . T35 R 0 i 5 B ALY SAT I
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e 55 N ) S OCIBE %5 DI Ll o ik e 38 T 2R Y S A mlh (R Bt
N AR AT B O VR D S BV 917 JRGR K . BB — 28 b, T X6 fiph 5 7R 280 119
A A FH P e H At G BE AL 3K il e Y 1 2 AT ) HE
2.2.1 FkOT A9 R R

AN DA i B 0 A Y B T R | O S A L 0 A AR A A 5

O EFrow. B ME PEAMEREFGTREL ] ARBEFE B, 2011,1: 39-
40,
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£2F MEXEITNEREMAARER 31

TR EMAAE AR A EZ0G A X, A 35 7 3R E R 7 b X
AT = W AT 745 38 B 1 6 Bk 2 2R G S0 fe 4 T8 L R B A S5 A R
RIE S TERRKE HliEE,

(3) HH

e Ja PRy HE G s e 5 P B0 RS . R OR U L BCER 1 TR S Ok
S RE S (EHE KA TR B L, & ik N 52 16 N s B HE 1Y 0 A ) 2 R
v JE LTRGBS A . FnTE H w0 A2 s B 0 O T AL
wit., AWFHILE 130~150g 47 . P 2B (i F 5 i R pe, i A 1)
PLE 7 200g VA b —# AP S A a2 XD H i HE R 52 JE 5 1)K
oMW 51 g —a8 o P REAR . PR T AL Y 25 55 6 N A [R] R R R
0PN

2.2.2 fERWIE R S REAER

fih i 7 SR AN S 2o Sk o 2 Ak, R P Y A T 2 56 R e B R i
b n LIl o 2 BCE B 7 A0 A P ALk le s W @ iE . S A
8 3t R A B BT Y SN 32 SR B TR S A0 DL R R LB (6 P
PR A5 o BIVT A2 338 — 0 3 2% S A R AR AL K A filk v R L e dn B scrb Rl 2.6
2.7 18 2.8 it AT 065 B 0 B o WL BV AT e 400 AR 2 X S (A Y i i
T IR, S B T8 R 1Y I AR Ik . T 22 M 7R X A L3 24 T Ui R AR S
A= B BT AE al /E 4 8830 2E 47 00 B

15 H A A 1 = e 19 S 0 2R Ge P Do Uil S 0T ke £ 1 2 9% Bk 39 (54 o
SNEE L RE AR BT AR T BUR BB 1 A S8 R I e . W A
T2 T M A 5L L 0 e SR A2 B B L SR RN Y R RE . ST URRE A AT R 2R AR FE 1Y
fih i R AR B BT A S AL 5 S B Ok SE B T L A Y
18R AL IR — PR Y S AR PRI AN L Y ik b I R 5% A T

XF T AR AR A 3 R Y 1 e BE B i3 R B BT Um R 1 LR A 2R
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@ Norman DA. Emotional Design: Why We Love (or Hate) Everyday Things[ M]. New
York: Basic Books, 2004,
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@ Fechner GT. Elemente der Psychophysik I [ M]. Leipzig: Breitkopf & Hartel, 1860.
@ WK « A, DY RNECH ML ZFEaL i dbat: P E AR KRS R
2015,
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@ Fechner GT. Elemente der Psychophysik I [M]. Leipzig: Breitkopf & Hartel, 1860.
@ Fechner GT. Revision der Hauptpunkte der Psychophysik[ M ]. Leipzig: Breitkopf &
Hartel. 1882 262.
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Modality for Blind Computer Users: Principle and Practice of Detecting Information Generated by

Touch Action[ M ]//Lecture Notes in Computer Science. Heidelberg: Springer, 2004, 3116 753-760,
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