
T A CTICS: A T A CTILE IMA GE CREA TION SYSTEM

Thomas W a y and Kenneth Barner

Applied Science and Engineering Lab oratories

Univ ersit y of Dela w are / duP on t Hospital for Children

ABSTRA CT

Visual information is increasingly imp or-

tan t y et metho ds for its access b y blind

p ersons are inadequate. This pap er de-

scrib es and ev aluates T A CTICS, a system

for the automatic visual to tactile transla-

tion of digitized images. The results of ex-

p erimen ts testing p erception of T A CTICS-

generated tactile images are pro vided.

BA CK GR OUND

Access to visual information can widen

the a v en ues of professional and so cial in-

teractions for blind p ersons. Y et, while

the v olume of suc h graphical information

increases, as with the ubiquitous In ternet,

metho ds for meaningfully exploring this in-

formation are not k eeping pace.

Computer text is accessed using sp eec h

syn thesizers and braille displa ys and prin t-

ers. Graphical information, ho w ev er, is vir-

tually inaccessible, a signi�can t barrier for

the blind computer user.

The con v ersion of visual information to

static tactile form can b e time consuming,

in v olving the assistance of a trained sigh ted

p erson [1]. Researc h in the areas of dy-

namic tactile displa ys and m ultimo dal feed-

bac k systems is activ e [2, 5], although tec h-

nological adv ancemen t has b een slo w.

In v estigation in the area of tactual p er-

c eption [3 ] iden ti�es imp ortan t factors that

can guide the translation of visual infor-

mation in to a meaningful tactile form [6].

These factors include the disparit y of reso-

lution b et w een the ey e and �ngertip, opti-

mal size for a tactile graphic, and ho w the

mind classi�es and uses visual information.

This pap er describ es a unique system for

the automatic translation of visual images

in to tactile graphics, or tactics . The T A C-

Tile Image Creation System (T A CTICS)

com bines lessons learned from the areas of

h uman p erception and tactile graphic pro-

duction with image pro cessing tec hniques.

The results of four exp erimen ts designed to

test this system are rep orted and discussed.

RESEAR CH QUESTION

Can visual images b e automatically

translated in to tactile images suc h that a

blind p erson can mak e meaningful use of

the result?

METHOD

The pro cess of con v erting a visual image

in to a tactile one using T A CTICS requires

three steps: (1) ac quisition , where the orig-

inal image to b e view ed is obtained, in this

case from image databases on the In ter-

net and elsewhere, (2) simpli�c ation using

a n um b er of image pro cessing tec hniques [4]

to reduce the lev el of detail and complexit y

of the original (Figure 1), and (3) r endering

in tactile form, during whic h the simpli�ed

image is output on micro capsule pap er.

F our exp erimen ts w ere p erformed to

(a) None (b) Sob el (c) K-means (d) Aggregate

Figure 1 : T A CTICS image pro cessing. Aggre-

gate pro cess is blurring, edge detection, segmen-

tation and median �ltering.
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Same Di�eren t

Figure 2 : Discrimination exp erimen t examples.

Figure 3 : Iden ti�cation exp erimen t example.

Whic h b est describ es this image?

(a) sh uttle (b) shark (c) bus (d) Florida

measure ho w T A CTICS pro cessing af-

fects four t yp es of tactile image p ercep-

tion. Simple- and timed-discrimination

tasks tested the e�ect of four forms of pro-

cessing on the abilit y of a sub ject to dis-

criminate b et w een randomly matc hed pairs

of tactile images, with and without a time

deadline, determining whether eac h pair

w as the same or di�eren t (Figure 2).

An iden ti�cation exp erimen t measured

the e�ects of the same pro cessing on a sub-

ject's abilit y to iden tify the con ten t of a se-

ries of tactile images, categorizing eac h in to

one of four p ossibilities (Figure 3).

Comprehension w as measured using a se-

ries of tactile images, eac h with a brief tex-

tual description and questions testing the

abilit y of sub jects to explore them, then un-

derstand features, lo cate features, and rea-

son ab out image con ten t (Figure 4).

T en sub jects w ere used, ranging in age

from 22 to 60 and with little or no previ-

ous exp erience with tactile images. Sev en

sub jects w ere male and three w ere female.

Three w ere blind and sev en w ere sigh ted

and blindfolded. F ort y trials of the simple-

and timed-discrimination and iden ti�cation

exp erimen ts, and ten of the comprehension

exp erimen t w ere p erformed for eac h sub-

Figure 4 : Comprehension exp erimen t example.

Description : This is a p ersonal computer.

Understanding : This is a:

(a) desktop computer (b) noteb o ok computer

L o c ation : Lo cate the k eyb oard.

(a) (successful) (b) (unsuccessful)

R e asoning : Is the computer on or o� ?

(a) computer is on (b) computer is o�

ject. Empirical and observ ational data w as

collected during the exp erimen ts.

RESUL TS

T ables 1, 2, and 3 con tain the results of

the simple- and timed-discrimination, iden-

ti�cation, and comprehension exp erimen ts.

These results are rep orted in exhaustiv e de-

tail in [6].

DISCUSSION

Sub jects p erformed w ell on all tasks, in-

dicating that the image pro cessing tec h-

niques used in T A CTICS are b ene�cial to

discrimination, iden ti�cation and compre-

hension of tactile images.

Discrimination for all sub ject groupings

impro v ed with use of the more in v olv ed ag-

gregate pro cessing compared with the other

forms tested, indicating that simpli�cation

impro v es discrimination. While o v erall p er-

formance degraded sligh tly with the added

pressure of the timed-discrimination task,

blind sub jects tended to p erform somewhat

b etter, p erhaps a result of a greater inher-

en t reliance up on the sense of touc h for p er-

ception in general.

The iden ti�cation exp erimen t pro v ed the

most di�cult for sub jects, with the b est

results again for the aggregate pro cess.

Sigh ted sub jects p erformed 15% b etter
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T able 1 : Correct resp onse rates: simple- and timed-discrimination exp er-

imen ts. (Chance rate is 50%.)

Simple Timed

Pr o c essing Blind Sighte d Over al l p Blind Sighte d Over al l p

None 53% 53% 53% 2.9e-1 43% 60% 55% 6.5e-1

K-Means 83% 82% 82% 6.0e-1 87% 73% 77% 4.9e-1

Sob el 63% 84% 78% 6.4e-2 73% 73% 73% 1.9e-1

Aggregate 90% 96% 94% 7.5e-1 93% 84% 87% 7.5e-1

T able 2 : Correct resp onse rates: iden ti�-

cation exp erimen t. (Chance rate is 25%.)

T able 3 : Correct resp onse rates: com-

prehension exp erimen t. (Chance rate is

50%.)

Pr o c essing Blind Sighte d Over al l p Pr o c essing Blind Sighte d Over al l p

None 10% 6% 7% 4.8e-1 Understanding 90% 80% 83% 6.5e-8

K-Means 57% 54% 55% 7.9e-1 Lo cation 69% 89% 83% 3.5e-9

Sob el 43% 47% 46% 7.2e-1 Reasoning 79% 79% 79% 4.5e-14

Aggregate 77% 89% 85% 1.1e-1 Ov erall 80% 83% 82% 1.4e-15

than blind sub jects, p ossibly due to the vi-

sual nature of the image con ten t.

Sub jects p erformed quite w ell on the

comprehension exp erimen t, suggesting that

ev en brief textual descriptions are b ene�-

cial. Blind sub jects p erformed b etter with

con ten t understanding tasks, p erhaps due

to a more practiced reliance on the sense of

touc h.

Observ ations made during the exp eri-

men ts include that b oth blind and sigh ted

sub jects (1) dev elop ed iden tical strategies

for tactile image exploration, (2) pro vided

unsolicited and accurate remarks ab out im-

ages indicating deep er comprehension than

w as measured, and (3) had corresp onding

ease or di�cult y with man y of the same tac-

tile images.

The signi�cance of these results is that

they demonstrate that reasonable and com-

prehensible access to visual information c an

b e pro vided to blind p ersons, and b e done

so without the in terv en tion of a sigh ted

facilitator. Th us, a blind computer user

migh t one da y \surf the w eb," bro wse a CD-

R OM collection of computerized images, or

na vigate a GUI, unaided and with a b etter

degree of comprehension than is curren tly

p ossible.

W e plan to in v estigate T A CTICS as a vi-

sual pre-pro cessing fron t-end for dynamic

tactile displa ys, and to extend its dev elop-

men t to a stand-alone user application.
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