
• 

• 

• 

A STEREO AUDITORY ... 
IMAGE .. PERCEPTION AID 

FOR THE BLIND 

Patrick Tantribeau 

Department of Electrieal Engineering 
MeGill University 

Montreal, Quebee, Canada 

November 1992 

A lhesis submitted ta the F'aeulty of Graduate Studies and Research 
in partial fulfillment of the requirements for the degree of 

Master of Engineering 

© Patnck Tantnbeau, 1992 



• 

• 

• 

i 

ABSTRACT 

ThIS thesis presents the research to develop a technical aid for the 

blind to percelve images such as a face or a scenery. The image is scanned 

and explored interactlVely by touch through a probe mounled on lhe index 

Hnger of each hand. The pixel intensllies of lhe image are displayed ta the 

user as stereo amhtory sIgnaIs. 

For the study, the aid was implemented partIy by using a personal 

computer, a computer graphies tablet. a digitaJ-signal-processing board, and 

audio equlpment ln addItion, a 11me-Multiplexer clrcuil was built to 

support mputs from two fmger-probes wtllch are made by using two styluses 

of the graphies tablet. The system softwares were program:ned ta present the 

imnp;es as stereo audltory dlsplay. The aid was eva)uated on SIX blmd-from­

birlh subJ{'cts ane! ten bhnclfolded slghted subJe~ts to determine how fast 

and arcurately they could perceive different muIll-gray Ievel Images, and 

how thelr performance change wlth mcreased experience. The results 

showecl that. wlth mcreaSUt expenence, the same image presented in the 

second tn,l) ('an be percclved in a shorter tlme than in the first trial. The 

subjects pt'rceivecl the bmary and the multi-gray level shapes within 2 

minutes in average . 
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RÉSUMÉ 

Cette thèse présente ia recherche qui a pour but cie clé'velopper ml(' 

aide technique pour aider les aveugles à percevoir de~ illlag('~ telles qu'ullt' 

face hummne ou une scène. L'lInage est explort'e IIlII'racllvl'IlWIII en 

touchant avec un capteur monté sur l'mdex dt" chaque' maill La IUlllin()~ltt' 

du pixel de l'Image sont présentées à l'u~a,gt'r salis fonne' cie ~igllallx auditifs 

en stéréo. 

Dqns cette étude. l'aide technique est implantée en utilisant Ull 

ordinateur. une tablette de graphiques informa Usées. une carte du 

traitement de signal numérique. et un équipement de son En plus. un 

circuit de Mulliplexeur-Temps est implanté pour permettre d'avoir It'~ 

entrées de deux capteurs qui sont faits a partH' de d{'uX stylo~ de la tahlette 

graphiq~,e Les loglcieb du système sont prograIllIll('~ pour pr(~~{'llter les 

images sous forme de signaux auditifs en 5téréo L'aide il d{' {'valuee 51lf ~fx 

aveugles et sur diX personnes voyante~ av{'c le5 yellx lJalld{'~ pOlIr 

détermlller la rapidité et la preCISIOn avec 1e5qllt'IlC5 Ils POllVél)('llt 1)('f('(,VOlf 

les Images :i. nIveaux de gns multiples, et le changement dt· kllr PCr/Oflllilll(,(' 

avec l'accrOIssement de leur expénences Le5 résllltats ont lllo11lr{' qllC', <1V('(' 

l'accroissement d'expénence, la méme image pr('sent('e pOUf la 5('COIHle foi'-. 

peut être perçue dans un temps inféneur fi celui n(~ce~~flire pour la prcllll(~n~ 

fois, Les sUjets percevaient les figures en blflalre ou a I1IVeaUX de gn5 

multiples en un temps mféneur a 2 minule~ en moyellne. 
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Chapter 1 

INTRODUCTION 

;1.1 Background 

Many technical aids have been developed ta help the bllnd pen, Ins la 

perceive the surrounding environmenL These devices and systems havt been 

designed to provide visual information ta the blind by uslng an allefllallve 

sens ory modality. Most of them use the sen:.e of touch and/or hearilJg bill 

recently, there are experimental studles whlch sllmul<Jte directly the vl~lInl 

cortex wit.h electrodes. Most of the technical aids for the blind focus on some 

small aspect of the visual world. There are alds for readlng prlnted 

materials, for mobillty, for vocat/onal use, and others. 
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This thesis is concerned with the development and ev::ùuation of a 

techllical ald for Ule blind people to perceive images such as a human face 

or a scene. Aids for the blind can be c1assified into categories according to 

their purposes and sensory presentation. Among the tactile and auditory 

types. readin~ aids and image perception systems are the most relevant to 

this research. 

1.1.1 Reading Aids 

The oldest and most popular tactile reading aid for the blind is Braille 

(11. This aid is used by the visually lmpaired to read wntten text. It consists 

of symbols that are embossed on paper. Each symbol is formed into a braille 

cell. WhlCh IS a 6-dot matrix. Thus. it is possible to present 63 symbols plus 

one blank space in each cell by selecUng which dots of the matrix to be 

embossed. 

Before printed materials can be read by the blind. they must be 

converted to braIlle. Some computer-based systems have been developed to 

translate text ;n standard ASCII code to contracted braille 121. One of these 

systems. calIee! Duxbury. is a software system that can be run on a number 

of dlfferent computer platforms. The computer output is sent to a braille 

embosser that forms the raised dot code on single sheets or fanfold braille 

paper. Thus. any typlst can transcribe printed materials to braille . 
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Another recent development 1s reverse translation of bral11e. The 

Australian Braille'n'funt (31 attaches to a standard embosser calleel Perklns 

Brailler, and produces parallel-output ASCII text sultable for printlng on an 

1nexpenslve computer prin ter. This allows the PerklIls Brailler to prlnt and 

produce braille stmultaneously. Consequently, the bltnd and the slghted 

persons can communicate with each other through wrlling 

Swedish and Japanese manufacturers have introduced an hmovative 

paper, which is impregnated with heat-sensitive plastic bubbles that expand 

upon heating to rai se the page surface enough to deteet through tOll('l1 131. 

The black printed dots absorb more heat than 1he surrouncling whlt(· paper, 

accordingly they are raised above the surface, and form a readable brallle 

As a resull, this technique can also be applied to produce Laclile graphies as 

weIl. 

To avoid the need to use paper, a system, called porla/Jle IJrmlle 

reader (PBR). that uses refreshable braille cells Ill. was reeently develop('cl. 

The refreshable braille cell is a malrix of holes III the forlll of t>tandard Imulle 

cell through which small pins pro1rude to fOrIll a braille charach'r. Thl~ 

character can then be read by the blind III the same way a~ a ptlp('r braille 

One example of PBR is the Versabraille /1 J Il e()n~l~t~ of a 20-('('11 

refreshable braille cell array controlled by a comp\lter. The Olltput 

information is in blocks of completed words 1hat fit wllhin the 20-cell 

display . 
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Other tactile reading aids. known as the Optacon and the IBM Braille 

Mo use. have been developed for the blind persan ta scan written material 

and ta read from a computer screen. The Opta con (OPUcal ta TActile 

CONversion) is a direct-translation readmg instrument widely used by the 

blind to convert btandard print into a vibratmg tactile form. The Optacon 

conslstb of a small solid-state portable camera and a 6x24 tactile array 

sUmulator 14,51 One hand moves the camera acrass a !ine of print to 

optically detect the printed characters. The index fin~er on the other hand 

detects the pracessed opUcal si~nal from the tactile array. Camera s~anning 

of an alphabet simultaneously repraduces the same alphabet on the tactile 

array. Images on the tacl1le array are produced by miniature vibrating rads. 

ln this manner. the user feels through his Enger a moving image of whatever 

the camera senses. Thus. alphabets or other symbols of printed material can 

be percelved usmg these moving tactile images. However. the low reading 

rates and the chffIculty in learmng ta use the device are generally the 

limitations of Optacon 161 Initial readmg rates with lOto 60 hours of 

trammg are about 6 words per mmute. Furthermore. great motivatIOn and 

practice are required to obtain good readmg speed and comprehension. 

A braille mouse was developed by IBM Laboratories. A refreshable 

braille cell was bUllt as part of the mouse 171. Thus. by rnoving the mouse. a 

bhnd pprson can scan dtfferent characters displayed on the computer 

screen. Whlle a character is scanned. its braille representation bec ornes 

available on the refreshable braille display . 
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Besides the tactile reading aids. there are auditory readlng alds. The 

most common aids use either recorded natuml speech or syntllPstzed 

speech. The simplest way is to record books and documents onio audio 

cassettes for listening by the blind persan. A more automated way 18 to 

uUlize a Character Recogrution device 181. which outputs spoken characters 

wWle a Dage of printed text is scanned More recently. the Kurzwdll Ueculmg 

Machine was developed 19). ta output whole words Instpad 01 characters lrolll 

the scanned text. The users can adJust bath the speed and the teme of the 

speech from the machine. 

Recently. the SKERF-Pad was developed to enable the blind user ta 

read the contents of a computer screen 110.11.12). The screen t5 represPI1ted 

by a law-cast touch-pad. As the user presses Oll the touch-parI. a speech 

synthesizer enunciates the contents of the screen. There are three additlonal 

modes: lettersjwords. tones and coordinates. In the lettersjwords mode. 

letters or whole words can be output by the speech synthpsiJ:er III the tOile 

mode. a dlfferent tone 15 designed ta each chamcter type. slIch as upper alld 

lower cases. punctuations. numbers. or spaces In~t('ad of f('adillg a 

character. the user can read the locations of colunms and rows in ('oorclirwte 

mode. For thls design. an overlay IS used on the touch-pari III onlt'r to gUide 

the user's fm~ers along iaJsed honzontal lines C'orrt'~po/ldlllg to IlI)(''> of Ilw 

text on the screen. More attnuutes have been added 10 lIw pad sllch as the 

voice quahty (pItch. loudne5s. etc.) to indlcate underlmed or bltIlkill~ 5creen 

characters 113). 
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Another screen reader, called the Screen Reader/PM, was developed 

and commercialized by IBM 1141. With it, blind persons can get access to the 

PS/2 and a Graphtcal User Interface (GUO, as weIl as to a host of programs 

running under OS/2. The Screen Reader/PM works with other voice 

synlhesizers connected through a seriaI communication port. A small 

keyboard about the size of a numeric keypad plugs into the mouse port on 

any PS/2 computer and lets the user control aIl aspects of the Screcn 

Reader (SRD) such as reading lines, characters, and words, as weB as 

comr,lands for reading entire windows. As the arrow keys are moved, the 

synthesizer verbalizes each highhghted menu selection. 

1.1.2 Image Perception Deviees 

Early research using tactile stimulation to allow a blind person to 

perce ive an image was performed at the Smith Kettlewell Institute of Visual 

Sciences 115.16.171. A prototype aid. called Tactile Vision Substitution 

System (lVSS). conslsts of an image sensor. a digital scanning circuit. and a 

matrix of four hundred mechamcal stimulators. The image sensor was a 

camera tube. The sllIllulators were placed in the backrest of a dental chair. 

When the camera was focussed on an object. the camera would press a 

silhouette of the object 111to the back of the subject. 

By combining the results of various perceptual p..xperiments with 

tactile stlIllulatlOn (18.51 and the 1VSS. Bach-y-Rita proposed an improved 

lVSS. which breaks an image into sm aller sections [191. Each sectIon is 
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presented to the user through a tactile array. The information is ~atht'red by 

scanning the object, and receivin~ a relatively small portion of Ult' imagt' at 

any moment through a low resollltion tactile stimulator matrlx Sud\ an ald 

was later deslgned and tested (20) A 1 26x64 illlage from a digital camera is 

divided into 6x24 blacks usmg an IBM personal comput(>r. The computer 

then sequentially sends these blocks to a vibrotactile devlcc which. In this 

case, is a 6x24 vibratory fingertip stimulation matrix 0/1 an Opta COll reactlng 

device. A new block can be presented every 4.35 ms. The user can control 

certain factors su ch as horizontal and vertical black overlap. or delay 

constants between blocks. 

Friken-Gibson et al 121) have developed a similar system, whlrh 

allows the user to control the part of the image tü be presenled lhrough the 

tactile array. When the computer mouse is moved Oll an image, the 8x8 

portion of the image centered at the mouse stimula tes Hw bub.lect The 

stimulatIOn matnx consists of 64 solenoid slmlUlalors. They art" lIIollllted 011 

5 mm centers and form a ralsed two-dimensIOnal c\if>play Wlth the aid of ail 

IBM PC, a vIsllal image can be translated into a contour IIJap of rabct! pins 

similar to refreshable br3ille descnbed earlier. There are four po~!->ihle 

heights of the pins representing the discrete levels of image intensity. 

The American Foundation for the Blind has reportee! an 

electromechanical device that allows the blind U5er to perceive a graphie 

display (221. It was built with a tactile array of 16000 tactile pins By ralslng 

or lowering pms, a 2 dimensJOnal display sllch as graphs or flgurcfo, can be 

formed. The researchers of The Amenean Velcranf> AdrnlTlI!->tration have 
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developed a similar system. which allows the blind user access to a 

computer screen (23). This lalter system provides both written and graphic 

information. In the system. the tacUle display 1s presented by an array of 

plastic pins. In addition, it provides the incorporation of speech output. 

magnifications of a parUcular region of interest. and a refreshing mechanism 

ta quickly update the tactile page. 

N. Ohnishi et aL 124) have designed a device tha1 allows the blind to 

have access to images using both tacUle and auditory displays. This device 

has been tested with electronic circuit diagrams. It provides coarse 

informatIOn about the circuit layout through a tacUle array and names the 

circuit components such as a resistor by using a speech synthesizer. 

Preliminary tesUng wIth nine subJects and an 8x8 tactile array was carried 

out and deemed successful. Recently. Ohnishi et al (25) have designed a 

map database system that allows the blind to perceive their environment in 

order to rnove indepenclently usmg tactile and verbal information. As the 

user scans th(' tactlle display (matrix 8x8 pins), he or she will conceptually 

obtain global information su ch as road connections. 

Recently. S. K. Guha and S. Anand (261 have worked on an 

inexpensive system to allow a teacher ta communicate line diagrams and 

texl directly to the blind students in a classroom through a computer 

display. A single computer placed on the teacher's desk is connected to the 

monitors on the students' desks. The information sent by the teacher is 

displayf'd un ti"\e students' monitors. and il can be obtained by using an 

opUral senso!" controlled by an electronic circuit. and vibrotactile output. 
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There are two versions of the sensor. One type of sensor allows the blind 

student to trace a line diagram on the monitor and obtain a hard copy 

output on a plastic sheet. If the student only traces the diagram wHhout 

hard copying, the overall diagram can be enhaneed and percclveel by 

sticking small pieces of modeling clayon the monitor wherc the illullIlnated 

points are sensed. The second type of sensor allows Lhe blind sLlldent Lo 

read, from the monitor. the braille code whlch is convertect frol11 text entered 

on a computer keyboard. 

Lately, H.C. Lee and S. Goodfellow (271 have proposed an Interactive 

and economical system basf>d on auditory display of the Images This 

technical aid i8 intended to help blind persons perceive images sll('h as a 

scene, a human face. or any other 2-dimensional information The lllla~p of 

an object to be perceived is digitized anel stored in computer memory, and 

then the pixels of the processed image are mapped one-to-one onto Ul(' 

"cells" of a computer graphies tablet. When the hlind user srans a "('ell" 011 

the tablet by touehmg It. the intensity of the eorrespondmg pIXel 15 (hsplayed 

as auditory signaIs. By interactIvely exploring the pixels throllgl! touell on 

the computer graphies tablet. the blind user ran vislIalize the image by 

associating the sound heard with the pixel intenslties for the area explored 

The aid was tested on two blindfolded slghted subjects \J~ing ~iIllple 

geometrical binary (Le .. 2 gray levels) images. The evaluatloll reslllt~ have 

indicated that the subJeets correctly perceived the Images in les!:. Umn 2 

minutes. 
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1.1.3 Cortical Stimulation 

Researchers in the field of neurophysiology, such as Brtndley (28,291. 

have shown that when parts of the visual cortex are electrically stimulated, 

subjects perceive spots of light called poosphenes. By simultaneously 

stimuJating different points on the cortex, ..;ubjects are able to perceive 

simple shapes. 

The design of cortical stimulation devices is reviewed by P.E.K 

Donaldson [30). A typical device consists of two parts: extracranial and 

intracranial. The extracranial part is expanded between the scalp and the 

skull. It contains the radio receivers that receive signaIs from outside the 

body. The intracramal part 1s expanded over the brain surface. It con tains 

the stimuJating elecLfodes in a molded silicone cap. These two parts are 

connected by a cable through the skull. Thus, when a receiver detects a 

transmitter's signal. the corresponding stimulator electrically stimula tes a 

point on the brain. and ehcits a phosphene in the visual field. The 

implantatIOn of su ch a devlce with a resolution of IOxI8 is reported in (31). 

'1.2 The Motivations of The Research 

Most of the technical aids for the blind to perceive images, as 

discussed prevIOusly, are sti11 too expensive or bulky to be provided for each 

blind indlvidual. Some aids do not provlde interaction and flexibility to the 

user. Therefore. an alternative aid is necessary. Such an aid must be 
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economicaI. portable. interactive and flexible. Il would allow Ule blind to 

perceive diagrams in printed materials. photo~raphs. or ima~t"s. 

As described earlier. H.C. Lee et al. (271 proposed an interactive. 

economical system based on auditory display of the Imagf's Tlle tedmkal 

aid was designed to help blmd persons perceive images such as a scene. il 

human face. or any other 2-dimensional information. ThIs aitl was tl'sll'd 011 

two blindfolded subjects wlth binary images. The rebults see1l1 ellcollraglllg 

and promising because the bhndfolded subjects can pereeive the blnary 

images in less than 2 minutes on an average. The limitlng factors ln tl1is ale! 

are the constraint of using a sin~le finger probe which slowed clown 

significantly the perception speed. and binary images WlllCh 11l1l1t the 

representation of the contents within an image. In additIOn. testlllg Oll oIlly 

two blindfolded sighted subjects limits the accuracy of the re~lllt~. Thll~. 

tmprovements are necessary for U.:s aid and ils evaluation methmb 

1 .. 3 The Objectives 

The objectives of this research are to improve the image percept 1011 

aid described above and to perform a thorough study of the cffectivellt·~~ of 

this improved aid. The Image Perception aid can be improvecj III two nrea~ 

First. two finger probes are to be implemented ln arder ta sp('ecj IIp tl J(' 

image perceptIOn rate. Second. multi-gray level images are ta be tJ~(·cI to 

determine the effectiveness of thls aid. AddltlOnally. more f>ubje( t~ (botll 

sighted and the blind-from-blrth subjects) are to be used ta eVéllllat(' the 
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effeeUveness of thls Improved technleaJ aid. The eva]uatlon will foeus on the 

speed and the aeeuracy of a subject to perceive different Images and the 

change ln the Ume requlred for perception due to increased experlence. 

~r' , 
fi.4 Thesis Overview 
~ ..... ~ ~ .. .. ~ ...... .. .. .. .. .. 

In this thesls. a stereo auditory image-perception aid for the bllnd 

that provides an auditory display is described. When the bllnd user scans an 

in.age with finger probes on both left and right hand. the tones representlng 

the gray levels of the points ln the Image (where the probes are located) can 

be heard. By carefully scanning the image and listening for four different 

corresponding tones in stereo. subjects can identlfy the multl-gray level 

image conténts. 

ln ChapLer 2. an overview of the conceptual design of the Image-

perception aid Is presented. A brief description of how an Image can be 

perceived through tOllch and auditory display is provided. Then. the 

proposed design of the stereo audltory image-perception aid Is described. 

III Chapter 3. the data acquisition process. and the design and 

Implementati011 of a TIme-Multiplexer circuit board are presented. Sorne 

technical and design considerations su ch as choice of components and data 

transmiSSIOn rate are described . 
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Chapters 4 and 5 describe essenUally the desl~n and Implementation 

of system softwares to present the Images as stereo audttory dlsplay. In 

Chapter 4. we propose an algorlthm to read the data from th(' computer 

graphies tablet. map them onto an Image cell. and send a data word ta 

digital-signal-processor (DSP) board for outputting sound. ln Chapler 5. we 

propose another algorithm for the DSP board to generate and output tOI1('S 

simultaneously to two digital-to-analog converters. 

In Chapters 6. our proposed image-perception aid is evalualed and 

discussed. For testing the system. a computer program was wrilten in order 

to create and store multi-gray level Images composed of simple geometric 

shapps such as triangles. squares. and circles. The aid was tested on six 

volunteer blind-from-birth subjects and len volunteer blindfolded slghtC'd 

subjects. The blindfolded slghted volunteers were needed lo evaluale the ald. 

since the blind volunteers were not always available. The tests were carried 

out for a period of approximately 5 to 6 hours per bhnd-from-blrth subject. 

and approximately 7 to 8 hours per blindfolded sighted slIbject The results 

were utllized to address the following questions: 

How fast and accurately could the subjects perceive different images. and 

how does their perfomlance change Wlth increased experience? 

Finally. Chapter 7 reviews the main results of the the&ls and 

considers possible future onentations of the project. This chapler is followed 

by a set of five appendices. where detailed information of thi~ re~earch i~ 

gathered for convenienl reference. The appendices are rnainly concerned 

with the designed circuit schema tics. and the evaluation data of each 
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subJect. To avold Jnrluding too much detailed information in fuis thesis, 

items such as program listings are given in the User's Manual (1.e., Image­

perception AJd User's Manual (36]) of the stereo auditory image-perception 

ald . 
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SYSTEM OVERVIEW 

This chapter presents an overview of the image-perception aid. Il gives 

the reader a notion of how the aid works. In the proposed design. essenlial 

aspects about the aid are provided in order to ~ive an overvlew of the system 

impIementation in our studies. 
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Fig. 2-1 shows the three main operations in the image-perception aid: 

image acquisition. image mapping and scanning. and audttory presentation. 

Image Image Auditory 
Acquisition Mapplng Presentation - & r----

Scanning 

Fig. 2-1 The three main operations of the image-perception aid . 

2.1.1 Image Acquisition 

The main goal of the aid is to allow the blind pers on ta perceive 

pictorial information such as a hum::m face or scenery. The face or the 

scenery can be acquired through a video camera as an image. This image is 

dlgitlzed and then stored in the computer memory. In our studies. the 

proposed aid is not nmning in real-lime. Thus. the image is stored in the 

computer memory for the convenience of later use. 

After dlgitizing. the acquired image i8 converted into a gray-Ievel 

image. Four gray levels are used in our studies in order to make the 

identification of the gray levels easier du ring the image perception. so that 

the evaluation of the aid ean be focused mainly on the shape recognition . 
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2.1.2 Image Mapping and Scanning 

The X-Y eoordmates of the ima~e fn computer memory are mapped la 

the eoordinates of a computer graphies tablet. The tablet requtred for this 

study needs lower resolution than most of the avatlable tablets. Thus, the 

coordinate pair output by the tablet has to be dlvided by a scalt.' factor, 

whieh lowers the original resolution. In this manner, the ptxels of the 

processed image can be mapped one-to-one onto the cell .. of the computer 

graphies tablet. When a cell on the tablet is activated by a touch of the user 

with a probe, the gray level of the eorrespondtng ptxel WIll be presented as 

audItory output signal. 

The stored image can be seanned by using two fjnger probes 011 the 

computer graphies tablet. The two finger probes are mounted under the 

index finger of eaeh hand. The tablet senses the location of the two prob('~ 

as they pass over the tablet surface, and it outputs the X-y coordlnate pair 

and the flag signaIs (Identlfymg the probes) ta the compllter. TheM' 

coordinates indicate the area of the image scanned by the user. 

The use of scannmg has been reported lo be beneflcial jn other aicJ~. 

Morieca and Sloeum 132) have shown that reading rale~ with the Opta COli 

inerease when the data 1s seanned from top to bottom, and Icft lo righl. 

White 133) has reported more aceurate resulls when subject~ were able lo 

scan a scene with a camera during the expenments wlth the Tuctlle VlSIOTI 
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Substitution System (1VSS). These results have led to the design of a tactile 

system with sequential scanning (201. Frisken-Gibson et aL (211 have 

fmplemented a system similar in ~ùme respects to the cne proposed in this 

thesis ln their system. when a subject scans an image with a computer 

mouse, tactile stimulation was felt on the hand. One improved feature of our 

system proposed in this research is the use of two finger probes that allow 

more precise movement than a computer mouse. 

The use of scanning also has a perceptual basis. Blind subjects are 

generally well trained in exploring objects and determining shapes or other 

features with their hands. Hence, allowing blind subjects ta scan an image 

WiUl finger probes can take advantage of this ability . 

2.1 .. 3 Auditory Presentation 

The gray levels of the image can be represented by characteristic 

sounds. For our study tones are generated using different frequencies 

according to the gray levels. The different frequencies have been selected to 

represent the different gray levels instead of different loudness of a 

oartlcular frequency ThIS IS due ta the faet that loudness can not 

differentwte the sIgnais from the two channels. When the probes 

simultaneollsly touch 2 cells, the gray levels of these ceUs are represented as 

one loudness which IS the sum of the two gray levels. In this case, the 

subject could not distmglllsh the audio stimuli from either channel. On the 

other hand. wIth dlfferent frequencles representmg different gray levels, the 
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two auditory signaIs are distinguishable. If the gray Ievels of Ule 2 cells are 

the same, the signaIs will have the sa me frequency, but ilie combined 

loudness will be greater. 

The Ieft speaker outputs the tones represenUng lhe pixels scanned by 

the left probe while ilie right speaker outputs the ones represenUng Ule 

pixels scanned by the right probe. 

;2.2 System Implementation 

The image-perception aid was implemented as shown in Fig. 2-2. Il 

consists of a computer graphies tablet wilh two speelally deslgned probes, a 

control circuit for simultaneously aequiring signaIs from lhe probes. a 

personal computer, and an auditory signal generator board incorporatlng 

two Digital-to-Analog (0/ A) mterfaces, stereo audio amphfier and loud 

speakers. Fig. 2-3 shows a photograph of the system. 

2.2.1 Computer Graphies Tablet 

The computer graphies tablel availabJe in our laboratory is callecl the 

Bit Pad One (BPO) manufactured by Summagraphic~ Inc It was u~ecl ln the 

work of H.C. Lee and S. Goodfellow (271. This tablet can be connected lo a 

control circuit (described laler). which allows lhe user to scan wlth two 

specially designed finger probes in order le speed up image scannlng and 
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perception. The llrobe was bum by using the magnetic coiI from a Bit Pad 

One stylus. It was cemented with epoxy to a curved piece of metal that fits 

comfortably under a subject's index finger as shown in Fig. 2-4. 

.. ~ 2 probes on 
._... the SPO 

USER 
~ -, 

~ 

-
;--

Tones 
- Stereo 

Loud 
Amplifier 

Speakers 

RPO 

S1 S2 

4-rv 
To F1 

Computer 
Graphies 

Tablet 

-. ~~~~) 

1 

-J 
~, { X1,Y1,f1ag1 

r--'-'---' ~2,~~~~ 
, 

1 
Channel a 

286 mlcroproc TMS320C25 CC## 
1 DSP board (Host) 

Channel l' -
(Chimera) 

1 

1 

IBM PC-AT Computer 

Fig. 2-2 The system Implementation of the image-perception rud for our studies . 
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• 

Fig. 2-3 The eqUipment used ln the expl"rImental study 

• 

Fig. 2-4 The speclally designed fInger probes used In the expeflmental study 

• 
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Fig. 2-5 The BIt Pad One with square grids for spatial orientation 

Electric tape (0.5 cm wide) was put on top of the tablet surface to 

create a square grid as shown in Fig. 2-5. The parallellines were 7 cm apart. 

The tablet surface measured 28 cm square, 50 there were 4x4 square Hnes. 

The grid was used to help subjects navigate with the probes along the 

horizontal and the vertical directions, measure the length of edges being 

followed, and get the spatial orientation of the image. 

The BPO senses simuItaneously the location of two fingers probes as 

they pass over the tablet, and outputs X-y coordinates and the f1ag signaIs 

Udentlfying the two probes), The BPa transmits the coordinates in the range 

0-2200 wlth the origin located at the bottom left hand corner of the tablet. 
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2.2.2 Time-Multlplezer Circuit Board 

The control circuit (TIme-Multiplexer Circuit) for simultaneously 

acquiring signais from the probes was designed and built for this research. 

It 18 mounted on a printed circuit board and shielded in a metal box. The 

detailed implementaUon of this circuit ts described in Chapter 3. The 

synchronizaUon of this circuit with the BPO Is controlled by a signal coming 

from the BPO electronics circuit. called RPO. It serves as a control signal of 

the Time-Multiplexer circuit that reads altemately the signais l'rom the two 

probes. The outputs of this circuit are the signaIs from the two probes and 

the f1ag signaIs. These signais are then sent to the BPO for formlng the X-Y 

coordinates of each probe and its f1ag . 

2.2.3 Personal Computer PC-AT (80286) 

A perc;;onal computer PC-AT is used to receive the coordlnate pairs 

and the f1ag from the BPO through the asynchronous RS232 seriaI port. 

After the image to be visualized 1s recalled from the computer memory. the 

pixels of the recalled image are mapped one-ta-one onto Ul{' relis or the 

computer graphies tablet by dividmg the coordinate pairs by a srale ractor 

The factor is used to lower the resolution of the t.ablet or the Imagt> Whl'rl 

the blind user acltvates a cell on the tablel by louchulg it wIth raller probe. 

the gray level of the correspond mg pixel WIll be converled 10 a parUcular 

frequency parameter denoled by ##. In addition. the flag signais used to 

identify the two probes are converted to a channel number denotcd by CC. 
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From the channel number CC and the frequency parameter ##, the PC-AT 

forms a data word CC##, whlch ls later transmltted to the dlgital-signal­

proœssin~ board (TMS320C25 DSP Chimera board) for the generaUon and 

the outputting of the auditory stimuli. The detailed software Implementation 

of this procedure 15 explalned later in Chapter 4. 

2.2.4 TMS320C25 DSP Chimera Board 

The auditory stimuli were generated by uslng a computer add-on 

board, called the TMS320C25 DSP Chimera board. Incorporating two Digital­

to-Anaiog (0/ A) interfaces which provide the stereo outputs in our study. 

This board 15 installed within the PC-AT. It receives the stream of data CC## 

sent from the 80286 microprocessor of the PC-AT, and accordingly generates 

and sends the tones to the appropriate Ioud speaker. The software 

Implementation of the auditory signaIs 15 described Iater in Chapter 5 . 
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Chapter 3 

Data Acquisition 

The Bit Pad One (BPO) has only one input channel. Henre. in order tn 

use ft with 2 finger probes. a Tlme-Multiplexer is neecled. In tbis ehaptpr. Ihe 

design. implernentation and typical results of lhls Time-MlIltlpl('xer anA 

explained. 

3.1 Design Considerations 

3.1.1 Data Transmission 

Later. in Chapter 5. sorne details concerning the crlUcal cluratioll of 

an auditory stImulus will be fully dlscussed. However. accordillg ln pa.,! 
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studies done by J.M. Doughty and W.R. Garner (34]. a minimum duration of 

approximately 30 mtIliseconds ts needed for a Itstener ta be able ta 

accurately idenUfy a tone. In our case, the auditory sUmulus varies from 166 

to 500 Hz. Hence. its duraUon is set at 30.8 mtlliseconds so that a baud rate 

of 4800 bps can be used for seriaI transmission of data from the BPa to the 

PC-AT computer. In seriaI binary transmission, the maximum sampling rate 

1351 at 4800 bps i5 65 Hz (or a period of 15.4 ms). This tmpItes that a new 

sample is taken every 15.4 ms. However, because of the alternaUon between 

the left and the right probes, each probe only reads a new value every 30.8 

ms as shown in Fig 3-1. 

Left probe 
, transmission' 

J:154ms.i .. 154m~ 
---~, Left speaker outputs' 

_ __ -!J:=, 30~ms =:j 
, ~,-----------

1 
Righi probe 1 

______ .,.-____ ..J transmission ~ ________ _ 

, Rlght spe~ker outputs --------.----!c: 308: ms ~1-___ _ 

Fig. 3-1 The c;ampling bme of the left and the light probes. 

In present research, we use a transmission format of 7 data bits, 2 

stop bits, and "even" parity. The stop bits and the parity are imposed by the 

manufacturer. AC-language program is WIitten for the PC-AT ta receive the 

blnary data through the asynchronous RS232 seriaI port. Ils Implementation 

Is explained in Chapter 4. 
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In order to send out one l'nUre stream of data at a Ume from the SPO. 

one condition must be saUsfied. Fig. 3~2 shows the three waveforms of the 

SPO. The first pulse of MSk occurs at the same lime as the X trigger signal. 

and the second pulse occurs at the same Ume as the Y trigger signal. When 

X and Y trigger pulses occur. the BPa generates the X-Y coordinate. Hence. 

U is important that the control signal RFO. described in Chapter 2. be 

synchronized and triggered at the beginning of the X-y trigger pulses. 

The interval between each X-Y trigger pulse depends upon the 

sampling rate of the SPO. In other words. ft depends on the Baud rate 

selected by the user. If this condition is not respected. the coordinates in the 

stream data will not be synchronized. Il can give the receiver the X 

coordinate of one particular lime- and the Y coordinate at sorne other Ume . 

This phenomenon becomes one of the criteria in the design and 

implementaUon of a Time-Multiplexer Circuit Board for two inputs. This 

circuit is fully described in this chapter. 

1~frn ~ 
1 1 1 1 1 1 1 

, " 

Jl :: n ;: 
, , 
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SaF'lllllng Period 01 Bit Pad: 

(Swltch selectable) 

. 

MSR 

X Tngger 

y Tngger 

Fig. 3-2 The tImmg dlagram of thr control signaIs of the SIL Pad One . 
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Fig. 3-3 The system implementation of the image-perception aid for our studies 

As shown in the shaded area of Fig. 3-3. the Time-Multiplexer circuit 

is used as the interface between the two finger probes and the BPO. Il has to 

transmit the signais and their associated identifier from the probes to the 

BPO. The si~nal from each probe is identified by a flag: A binary flag. "68" 

(see Appendix Al is associated to the RIGHT probe. and "76" 15 associated to 

the LEFT probe . 
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To read data alternately from two probes, a square wave signal i8 

used to control two swilches. One switch ls closer:! when the control signal is 

HIGH and another one is closed when the signal is WW. Thus, when the 

control signal is HIGH, the switch transmits signal from the LEFT probe to 

the SPO. When the control signal ls WW, the switch transmits signal from 

the RIGHT probe. However, in sorne parttcular circumstances. the user may 

scan the image with only one probe. Hence, the BPO receives the data from 

only one probe. 

Sy associating a flag to each incoming signal at each probe reading 

cycle, the source can be detennined by the receiver. The flags must be 

configured according to the following cases: 

• When the two probes are on the BPO surface. the flags for the signaIs 

must be dlfferent. Thus, the output of the BPO sent to the PC-AT must be 

in the format: 

Xl, YI, flagl 

X2' Y2,flag2 

where the subscript "1" specifies the probe on the right hand, and the 

subscript "2" specifies the probe on the left hand. 

• If only one probe Is down on the BPO surface. the flag assoclated to that 

probe must be present constantly (for 100% dut Y cycle). Thus, the output 

of the BPO sent to the personal computer PC-AT must be in the format: 

Or 

Xl, YI, flag 1 (for the rlght probe down only) 

X2' Y2' flag2 (for the le ft probe down only) 
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However, ft is expected that the use of two probes simultaneously allows the 

user to perceive the image in a shorter Ume. Thus, there are two circuits te 

be implemented. One is to control the switching between the two probes, and 

the other one i5 to identify the incoming data from each probe. 

~~ ~ .. u.-.. .J l'.. .. .... 

~.~ The Circuit Implementation 

The tasks of the Time-Multiplexer circuit are to output two signaIs: 

one control signal for the switches to read the signaIs of the probes 

al lernately , and one flag signal for the BPO to recognize the source of the 

input data. The hardware implementations of these signaIs are described 

separately in the followmg subsections. 

3.3.1 Time-Multiplexer Process Implementation 

To obtain a 50% dut y cycle signal from the BPO, one can think about 

modifying ils EPROM program. Unfortunately, no documentation was 

available for the modification Thus, one way to obtain such a signal is to 

1110dify anolher signal which IS stable, periodic, and related to the timing of 

Ule X-y tnMering signaIs. A stable signal is essenlIal because most of the 

signaIs 111 the BPO circuitry are unstable. They change their frequencies 

when a probe is down on the tablet surface . 
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Before reaching the hardware Implementation itself, one can Ulink 

about using a clock (a sqtlare wave) as ilie control signal for the switches. 

The external clock and the BPO internaI c10ck can not be ulilized as the 

control signal for ilie switches because they are not synchronized w1th the 

triggering signaIs generated by the 8035 fmcroprocessor in the BPO for 

sampling the X-Y coordinate. The result of this desy!1chronization is thal 

wrong information can be sent ta the PC-AT. The wrong information might 

he. for instance. that the BPO pro cesses and sends out the X coordinales of 

one probe and the Y coordinates of another as a data stream such as "X 1. 

Y2. flagl" and "X2. YI. flag2". 

By understanding the way in which the 8035 ITIlCroprocessor of the 

BPO receives the data and generates the X-y coordinales. the sigllal RPO 

(gale #15) is extracted from the Multiplexer 74LS138 (IC #Z16). (See the BPO 

electronic schema tic provlded in the Techmcal Reference of the Bit Pad Olle 

135)). The RPO signal has been chasen ta be the synchronlzatlOIl signal of the 

circuit because il is related ta the X-y tnggenng signal. and is stable. and 

periodic as shown In Fig. 3-4. 

Depending upon the status of the two probes. Rro can assullle lwo 

differenl waveforms. When two probes are on Ule SPO tabld !'.urfact'. HPO 

contains a paIr of pulses (Le.. X-Y tri,ggenng 5lgnabl. f>epara ted by 2 

milliseconds and appeanng regularly every 22 5 milliseconcl a~ ~IIOWII ln Fig 

3-4(a). Hawever. when anly one probe is on lhe tablet ~urfa('e. RPO ('orltalIl~ 

a set of three pulses (a pair of X-y triggermg ~igllal<, plu,> Olle iJlcleperHlt'lIt 

pulse) appeanng regularly every 27 2 mlllIsecond a5 5}JOWIl If} Fig :1-4(h). By 
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uslng the form and the timing of these narrow pulses, the circuit shown in 

Fig. 3-5 Is implemented to derive the signal to control the switches. 

(a) 

I} ,,,~,~I Il Il 
(b) 

1 [ 1.11 Il III 
272 millisec 

Fig. 3-4 The wavefonns of RPO signal. (a) RPO when 2 probes are on the tablet. 
(b) RPO wben only one probe 15 un the tablet. 

According to the signal RPO shown in Fig. 3-4, the X-Y triggertng 

signal pairs are penodIc and separated by 22.5 ms for the case of two 

probes down. and 27.2 ms for the case of only one probe down. Each signal 

pair allows the BPO to read the X-Y coordinates from a probe. Hence, a 

cirCUIt. allowing the BPO to read the X-Y coordinates from one probe then 

another. and so on. is needed. The schemabc detail of this circuit Is 

provided in Appendix B. However, the design of this circuit is explained in 

the format of block diagram shown in Fig. 3-5. 

Sinet' the RPa contains a pair of pulses. a monostable (74123) has 

been used ta combll1e two pulses Into one by adjusting the patentiometer 

connectee! to pin 15 of the monostable. The waveform mono4. the inverted 

output of the monostable. is further improved by feeding it as a dock to a 

togglee! 0 Fhp-flop. The output sIgnaI of D flip flop, dJ[. is triggered with the 
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trailing edge of the mon04 to generate the desired square waveforms. Hence. 

dIf can be used to control the switches. Its waveform is later inverted to lurn 

Sit Pad One 
(SPO) 

SWltch 1 

SWltch 2 
ToBPO 

Fig. 3-5 The Time-MultIplexer circuit for two fln~er-probes 

off the firsl switch le whlle the second one 15 lurned on by the non-inverted 

waveform. In this manner. the Tlme-Multiplexer circuit reads alternately lhe 

data from the RIGHT probe and from the LEFT probe in a synchronized 

manner. 

The signais from the probes are very sm ail relative to lhe observed 

noise level. Thus. they must be transmitted lhrouglt a low noise Tlmc-

Multiplexer CIrcUIt. ln lh\5 case. low impedance sWItche5 are u5cd. The 

switches have input Impedances whlch are lower thnn 50 Ohm5 Jn each 

integrated circuit DG200. there are two switches controlled by lwo djfferent 

control signal gales. However. for improving the reliabllity. the two switches 
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in each D0200 are connected together in parallel as shown in the Appendix 

Band used as one switch. 

3.3.2 The Flag Implementation 

As previously discussed. the signal RPO changes its waveform ta three 

pulses instead of two when only one probe is on the BPO tablet. Thus. it 

changes the 50% d11ty cycle of the signal dl! (the outputs of D 11ip 11op). In 

order ta obtam a square signal of 50% dut Y cycle while only one probe 1s on 

the SPO tablet surface. a PAL (Programmable Array Logic) circuit 1s used to 

delecl the X-Y tnggering signaIs and to output a proper square wave with 

50% dut Y cycle. 

The electronic schema tic of the BPO shows the circuitry of the stylus 

connector 1351. This connector con tains seven gates: one for the inpu t data 

from the stylus. one for the common ground. one for the margin and Vcc. 

and four for the stylus 11ags. FO (Connector gate #3) is originally connected 

to Vec. It ronstanlly activates a "1" in the Flag byte (byte 0) of the Binary 

Format Data Stream (see Appendix A). Hence. from this point of view. an 

additIOllal n,lg. sueh as FI (connector gate # 1). can be generated in order to 

mark the input data of the second source. Once activated by the HIOH 

signal. FI will generate "1" withm the Flag byte (byte 0). 

By associating the additional 11ag FI to the lwo input data sources 

(the right and the Ieft probes). the BPO can identify the data with its source. 
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When FI 15 not activated and FO 15 (always) activated (Le., b1nary fla~ "68"), 

the com1ng X-y coordinate is considered to be from the RlGHT probe When 

FO and FI are activated (Le., binary flag "76"). the comlng coordlnate i5 

considered to be from the LEFT probe. The block diagram of the fla~ 

tmplementation is shown in Fig. 3-6. The funcllons of the circuit in Fig. 3-6 

are: (a) ta output a flag control signal "ctrl" as a square wave (50% dut y 

cycle) when two probes are down on the BPO surface, (b) to output flag 

control signal "ctrl" as a constant HIGH signal (ta deactlvate FI) when only 

the RIGHT probe is down, or (c) a constant LOW when only the LEFT probe 

is down (ta acUvate the FI). 

rasai 

PAL < 07-00 
8-bit 

counter 

dff dtn + 
Invarler 1 

T 

Ctrl 1 MHz oscillator f--t-o Dlvlda by 128 

Fig. 3-6 The black dmgram of CIrCUIt that Implement~ !lag 1 and .I1ag2 

In order ta generate the signaIs respectlng the above criteria, the 

output of the D Flip-flop, dff. has been Laken 1nto consideration. Therwe are 

three different cases for the waveforms in the signal dfras shown ln Fig. 3-7. 
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1. When two probes are on the BPO, dIf 1s HIGH only for 22.5 mill1seconds. 

Il Is WW for the next 22.5 milliseconds. 

2. When only the RIGHT probe Is on, dIf Is HIGH for 6.8 milliseconds. It 1s 

WW for the remalnlng 20.6 milliseconds. 

3. When only the LEFT probe Is on, dIf Is HIGH for 20.6 milliseconds. It 1s 

WW for the remalnlng 6.8 milliseconds. 

225 ms 

(1) ..J 
68ms 

.... 4-

(2) ~4-20 6 ms:dl .... ___ -.Jn .... __ _ 

(3) IJ 
... <4-
68 ms 

u u 
.- .... 

206 ms 

Fig. 3-7 The wavefonns of signal dtt in three casl's. (1) When 2 probes are on the 
BPO. (2) when only the RIGHT probe !S on, (3) when only the LEFT 
probe Is on. 

With the above information, a PAL (PAL16RP6) Is implemented to 

generate three desired flag signaIs for the three cases described above by 

detecting the rising and the falling edges of d1f. For Case 1. the PAL output, 

ctrl signal. IS a square wave signal (50% dut Y cycle) identical to the input dIf. 

The ctrl 5ignal Is a constant HIGH signal for Case 2. and a constant LOW 

signal fOl- Case 3. 

The PAL can generate these signaIs by using an 8-bit counler. This 

counler delermines essentially the pulse width of the signal dIf by counting 
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the number of dock periods of an external dock of 7812.5 Hz (one period ts 

0.128 millisecond). The extemal dock 1s oùtained from a 1 MHz osctllator 

divided by 128 as shown in Fig. 3-6. Thus. the 8-bit counter needs 32.7 

milltseconds to count from 0 to 255 (Le .. 256 numbers). The PAL samples 

the dIf signal at each dock period to detect the rising and the falltng edgt."s. 

When the PAL finds the edges. ft reads the numbers from the counter and 

then resets i t. 

For Case 1. shown in Figs. 3-8 and 3-9. the dIf signal is a square 

wave with a 50% dut y cycle of 22.5 milliseconds. This means that the 

counter will count to 176 in thlS duration. There are 2 possible conditions: 

(a) If the previously sampled state of dIf (called dfnJ was HIGH and the 

present dIfis LOW. it implies that a falIing edge occurred. At this time. if the 

count is greater than 175. then the PAL outputs a LOW signal and resets the 

counter. (b) In the case of a rising edge. the dfn ts LOW and dIfls HIGH. so If 

the count is greater than 175. then the PAL outputs a HIGH signal. 

dtt 

Data c.ount 

Resel 

CI r / 

Fig. 3-8 The timing dIagram of the slgnals generated by the PAL for Case 1 
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For Case 2, shown in Fig. 3-10, dIf signal ls a rectangular wave (with 

33% HIGH and 67% LOW dut y cycle). The 33% HIGH of each duty cycle with 

6.8 ms duration needs 55 counts, whereas the remaining 67% LaW with 

20.6 ms of the dut Y cycle needs 160 counts. With ~he same principle 

described above. there are also two possible conditions: (a) At the rising edge 

(dJn is LOW, dif is HIGH), and the count 1s greater than 160, the PAL 

outputs a HIGH signal. (b) If the dJn ls HIGH, the difis LOW, and the count 

1s smaller than 55, then the PAL outputs a HIGH signal. 

For case 3, shown in Fig. 3-11, dff signal 1s Just the reverse stale of 

the one ln case 2. Hence, the conditions in case 3 are Just the reverse of 

those in case 2. The PAL outputs the LOW signal and the counter is reseL 

According to the three cases described above, there are six possible 

conditions. However. these conditions can be combined to form three 

distinct conditions summarized in Tablt:' 3-1. The three distinct conditions 

are those that make the PAL generate a HIGH signal to activate the f1ag FO. 

Table 3-1 Summary of the three dIstinct conditIons 

Conditions 

2 

4fn 

Law 

Law 

High 

High 

Counts 

> 175 

> I6n 

PAL Outputs 

High 

High 
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3 High Law < 55 High 

From three conditions listed in the Table 3-1, only two of them are 

used to program the PAL because Condition 1 can be mcorporated Into 

Condition 2. These two conditions are translated as the control SIgnaI "ctrZ" 

in the PAL program listing with the PLD extension. The PAL program is later 

compiled by the ORCAD Programmable Logic Design (PLD) software package 

to generate the files with extension LST provided in Appendix C. 

'Y" ~ 

~.4 Results 

The goals of the circuit described above is to generate the control 

signal for the switches and the flag signal for the BPO. Figs 3-9, 3-] 0 anel 3-

Il show the resulting timing diagram of the X-y coordmates related ~jgnal 

"rpO", the output of the monos table mono4, the control SIgnaI of t1w ~witdl('S 

dff, and the flag control signal ctrl in three cases They repre~ent tlle case~ 

where two probes are on the BPO. only the RIGHT probe is OIl, ami only tlle 

LEFT probe is on the BPO surface. respectIvely. Ali the tImIng (hagrallls were 

measured with the digital Logic Analyzer PHILIPS PM3585 (200 Mllz) 

From Fig. 3-9, the lime intervals are measured. For instance, S-X = 

22.5 milliseconds. AlI the dlsplayed signaIs are 5 Volts in amphlude. The cljJ 

signaIs deslgned ta control the switches and ctrl to ldentify the sources of 
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data are fdentical. Thus. the output of the BPO 18 repetitively in the following 

format: 

Xl' YI. flagl 
X2. Y2. flag2 

Il 
U 

1 

Il 
u 

(for the right probe) 
(for the left probe) 

1 • 

- 1 

,~ 5 
1 

i 
1 
1 

Fig. 3-9 The timing diagram wh en two probes are on the BPO surface 
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l " 1 Il l '!II 1 Il 
! 

'---'L'LJ1jl 
jJl ___ n ____ , __ ~ 

1- 1 __ -----il 

Fig. 3-10 The timing diagram when on]y the RIOHT probe Is on the BPO 

Fig. 3-10 shows the main output signaIs of the circuit when only the 

RIGHT probe is on the BPO surface. In this case, the dif and ctTl signaIs are 

not the same. The dif signal is a rectangular wave with 33% dut y cycle (33% 

HIGH and 67% LOW). whereas ciTl is a!ways HIGH. Thus, the output of the 

BPO, is repetitively in the following format: 

(for the rlgbt probe down only) 
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'il'f.t -._, ~r , 
1 

j 
, 

l , III Il 
J 

-:LJ u 
, 

J. Itu u l 
-----------"-1-\'-----------

Fig. 3-11 The timing diagram when only the LEFT probe 1s on the BPO 

Fig. 3-11 shows the main output signaIs when only the LEFT probe ls 

on the BPO surface. In this case, the dJf and ctrl signaIs are not the same. 

The dJf signal is a rectangular wave with 67% duty cycle (67% HIGH and 

33% LOWl, whereas ctrl is always LaW. The Jutput of the BPO, ls 

repeUtlvely in the following format: 

(for the le ft probe down only) 

S.5 Technical Remarks 

The Time-Multiplexer is designed and implemented on a two-Iayered 

printed circuit board (PCB) using the ORCAD PCB Software package. The 

components are mounted on only one side of the board. Such a Time-
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Multiplexer needs a synchronization signal from the BPO electronic circuit. 

called RPO. described previousIy. This signal is sensitive to external noise. In 

order to reduce noise. the Time-Multiplexer 1s shielded in a metal box. 

The power supply of each 1ntegrated drcutt (lC) is connected to a 

bypass capacitor of 0.068 IlF. The bypass capacitor plays an Important role 

in th~ stability of the entire circuit. By connecting a bypass eapacttor to each 

le and to the on-board power supply (Le .. betwe~n Vee and grouncl). the 

noise caused by the high frequency eomponents mounted on the sa me board 

can be reduced. 

In summary. the outputs of the BPO. are sent to the PC-AT ln the 

binary format through the asynchronous RS-232 seriaI communication port. 

At the PC-AT computer side. the outputs are read as stream data of X-y 

coordinates with a binary flag "6S" for the RIGHT probe or "76" for the LEFT 

probe (corresponding to "flagl" or "flag2" respeetively). Hence. the PC-AT has 

to be programmed in order to reeognize the stream data and to use them ta 

map onto an image cell within 30.8 ms. The deSIgn and the tmplementatloll 

of such program for PC-AT (80286 microprocessor) are deseribed in Chapter 

4. 
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DESIGN AND IMPLEMENTATION 
OF SYSTEM SOFTWARE 

ln this chapter, the design and the implementation of software in C­

programming language are described. The philosophy of the softwrre design 

seems to be a little bit complicated. However, the main goal of the design 1s 

to build a very userjriendlv software. The software allows the PC-AT 80286 

mieroproeessor to read the binary X-y coordinates sent from the Bit Pad One 

(SPO), map il onto an image ce Il , read the gray level of that particular cell, 

and send out a data word to the TMS320C25 DSP Chimera board for 

outputUng atone to a specifie channel, as indicated in the shaded area of 

Fig. 4-1 . 
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RPO 

S1 S2 

Tlme-Muillplexer 4- f\ . 
Circuit soar~~==:!==i~~~_·J!.. V __ ~ 

• 

~S2 SL.JL 
.. -v..:: To F1 

l <- /' 

" Compulei' 
1 Graphies 

Tablel 
(SPO) 

X1,Y1,f1ag1 
X2,Y2,f1ag2 'L. L.; 2 probes on 

'1, .:.~:~: the SPO r-.----"T-
USER , 

1 
Channel a 

~ , 
t4-----r-i TMS320C25 CC## 286 mlcroproc 

Loud 
Speakers 

Tones 

Stereo 
Amplifier 

Channel l' 
DSP board (Host) 
(Chlmera) 

ha pIe r 41 

ISM PC-AT Computer 

Fig.4-1 The system implementation of the image-perceptIOn ald for our studles 

;~ .. l The Software Design 

As described in the previous chapters. the Time-Multlplexer circuit 

allows the BPO ta read the inputs [rom bath the RIGHT and the LEFT 

probes. accompamed by its source identification. The IdentifIcation is done 

by using flags: "68" is assigned for the RIGHT probe anCl "7G" for the LEFT 

probe. Hence. every 308 ms, a data stream of X-y coordinates and a flag is 

received. in binary format. at the aSjnchronolls 1':>enal commUll1C'atlOrJ port of 

the PC-AT. The asynchronous communicatIOn transmiS5lon I~ nece~~)ary ln 

our case since the clocks. llsed by the PC-AT and the BPO, are Ilot the ~nme . 
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Our programs are written in the C-programming language with 

different functions and subroutines. They are compiled and I1nked by the 

Quick C compiler (version 2.0). In the fo])owing sections. only the essential 

subrouUnes are dlscussed. The explanations of the less important 

subrouUnes. such as menu selection. are provided in the program listings 

enclosed ln the Image-Perception Aid User's Manual [36]. 

Inlbahzatlon , 
Read 

X-Y coordlnate 
and flag of a probe 

trom the SPO 

+ 
Match X-Y coordlnate 

Wlth the Image cell 

r 
Read 

the gray level of 
the Image cell 

+ 
form a data word CC## Send CC## 

L-- (CC depends upon the flag 
to TMS320C25 DSP 

& ## depends upon the gray level) Chlmera board for 
outpulling sounds 

• Output sounds 10 
the appropnale 

DIA channel 

Fig.4-2 Structure of the main function 10 VAS.C 



• 

• 

• 

Chapter 4: Design and Implementation of System Software 47 

4.1.1 System Software Overview 

The operation of the personal computer PC-AT ts performed 

essentially by a mmn function located in the pro~ram VAS.C. The structure 

of this main function is shown in Fig 4-2. Aner inltialtzation, the main 

function first reads the X-y coordlnates and the fla~ of a probe. Then H maps 

the coordwates onto the ima~e cell of the BPO. and reads the gray level of 

that particular ceH. The main function combmes the gray lev('1 alld Oag illlo 

one data word "CC##" where CC is the channel number derived from the flag 

of the probe. and the ## is the gray level read from the image cell. The slllgle 

data ward CC## is then transmitted to the TMS320C25 DSP Chimera board 

for generating and outputting an auditory signal to the digital-to-analog 

(DIA) converters connected to each side of the loud speaker system. 

4.1.2 Software Descriptions 

The system software consists of the programs VAS.C, BPO.C and 

ASYLIB.C. Their hierarchy is shown in Fig. 4-3 The functlon of earh 

program is descnbed in the foHowwg paragraphs. 

The program VAS.C contains essentIally the functton T1ll!i1l amI Hw 

complementary subroutines such as Load_lmage( }, INITC25( }, CLRUUF( }, 

and SEND( ). The main functlOn can be consldered as the operatIon control 

of the PC-AT It is wntten to automatlcally download the TMS320C25 

program into the Chimera board, download lhe input IIIlage of u~er'~ cllOlce 
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into memory, read the X-Y coordInates from the seriai communication port, 

map them onto the Image cell, read the gray level of that image cell, and then 

send a data word to the Chimera board To perform these tasks, the main 

function call~ the su brout mes wfltten in VAS.C, BPO.C and ASYLIB.C. The 

four suhroutine~ located In VAS. C, called Load_Image( ), SEND( ), INITC25( 

), and CLRBUF( ), are written to perform a specifIe task for the function main. 

Except for Load_Image( ), the suhroutines are programmed in low-level style 

(i.e., program reads or writes directly ta a specifie Register) because SEND( ), 

INITC25( ) and CLRBUF( ) are used 10 communlcate between the hast 80286 

micr()proce!-t~()r and the TMS320C25 DSP processor located on the Chimera 

board. To avoid exceeding the numher of pages allowed to an M.Eng. thesis, 

the V AS. C program 1 i~ting i~ provlded in the Image-Perception Aid User's 

Manual (361. 

The program BPO C, whose listing is provided in User's Manual [361. 

contains two suhroutines LlreCoordBPO( ), and DemarreBPO( ) that are related 

to the BPO. LIft~CoordBPO( ) read~ the coordinates and the flag~ from the 

~erial port. DemarreBPO( ) Inltializes the senal communieation port of the PC­

AT 

The program ASYLIB.C, whose listing is provided in the User's Manual 

(36), contains five suhroutines of level 1 (i. e., c10sest to the 80286 

microprocessor instruction sets). Among them, two subroutines participate 

directly in the seriai 1/0 proce~!-t. They are called ASYlNIT( J and ASYINCH( J. 

ASYINIT( ) initializes the a!-tynchronous seriai communh:ation port. 
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High level 
programming style 

DemarreBPO( ) 

( ASYINIT( ») 

Closes! 10 80286 
instruction set 

Main( ) 

1 

LireCoordBPO( ) Load_lmage( ) 

1 1 

ASYINCH() I~NITC25() CLRBUF() C SEND( ) 

c::J ASYLIB C c:J SPO C c=JVAS.C 

Fig. 4-3 The hterarchy of the subroutines 

The remaining tasks are to implement these three progrums. 

Obviously. the subroutines described above are not sufftcient to make the 

system work. Other programming strategIes have ta be adclccI for Hllprovm~ 

performance of the system and for making the system more l1serjnellClly. 

These details are to be explained in the next section. 

The Software ImplemeDtation~ , . 

In this section. the implementation of the three programs descrlbed III 

the previous sectIOn are explained along with the corre~pondlng flowcharls. 
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The tmplementations of the function main in VAS.C and its subroutines in 

the programs BPO.C and ASYLIB.C are discussed. 

4.2.1 Main Operation Control Program 

As described above, the funcUon main of the program VAS.C is 

writlen lo control the operation of the PC-AT. It also serves as the interface 

between the user and the system. In brief, after the desired image is 

specified by the user, the gray levels of the input image at a probe location 

are evaluateo. By combining the evaluated gray levels and the value of 

p,esent f1a~ (I.e., DIA output channel number), the funcUon main sends a 

data ward to the TMS320C25 DSP Chimera board. It caBs the subroutines 

written in the program BPO.C to accomplish these tasks. The flowchart in 

Fig. 4-4 describes the algorithm to implement the above procedures of 

function main. 

4.2.1.1 Initialization of The Chimera Board Environment 

The subroutme INITC25( ) is called at the beginning of the function 

main to set the DI A channel samphng rate at 20 KHz on the AD16 Daughter 

board which is on the DSP Chimera board. This task has to be done in the 

host computer before sendmg data to the TMS320C25 processor. The 

algorithm of this subroutme Is explained in the flowchart shown in Fig. 4-5 . 
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Dlsplay ERROR 
message & EXIT 

Shut off the sound of 
the present channel 

y 

N 

Dlsplay the total bme 
spent ln operation 

& 
stop the TMS320C25 operabon 

y 

Imbahze the Chlmera 
board Wlth 20KHz 

samphng rate 

Download and 
run tsp1 tag ln 

TMS32Oc25 DSP 

Clear the Flag of 
Data Transfer Reglster 

& Imbahze the SPO 
10 PC senal ports 

Load Ihe Image 
10 be scanned 

Press a key 10 slart 
the system operation 

& the tlmer 

Read 
the Channel numbar 
& X-Y coordlnates 

Scaled X=XJscale factor 
Scaled Y=Y/scale factor 

Match the gray level 
of the Image at 

scaled X-Y coord 

Output the sound of 
the found gray level 

to the present channel 

Fig. 4-4 The flowchart of the functlOn mam in VAS C 
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Display ERROR 
message 
& Retum 

N 

Acbvate the 
EnVironment Reglster 

Inillahze 
Counters 0 & 1 Wllh 

the Input samphng freq 

Acbvate the Daia 
reglsters 

Test Enwonment & Data 
Reglsters 

y 

Fig. 4-5 The flowchart of subroutine INlTC25( } 

For a better understanding about the setting of the parameters and 

the sampling frequency used in our study, please refer to the section 

Programming tlle Daughter Board in Chapter 5. 

4.2.1.2 Executing The Program in Chimera Board 

The compiled TMS320C25 DSP processor assembly instructions file, 

called tspl.tag, is downloaded into the TMS320C25 processor internaI RAM 

after the inillahzallOI1, and is immediately slarted by the host system. If the 

downloading proress fails. an error message is displayed to the user and the 

progrnm is terminated. Otherwise, the flag for the Data Transfer Register, set 

by the Chllllera Motherboard after loading tsp 1. tag file, is cleared by 

subroutine CLRBUF( J. 
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4.2.1.3 Initialization of The SeriaI Communication Port 

The subroutine ASYINIT( ) Is used to inltialize the seriai 

communication port of the PC-AT and the channel status after being ca lied 

by DemarreBPO( ) subroutine. It allows the user to set the appropria te 

communication parameters such as the communication port Ilumber. the 

baud rate. the parity. the stop bits and the data bits The parameters used 

in our case ar~ rommunicatlon port 1. 4800 baud rate (correspondlllg to the 

criteria discussed in Chapter 3). EVEN parUy. 2 stop bits. and 7 data bits. 

The Fig. 4-6 describes the detail of the iniUalization procedure. 

4.2.1.4 Loading The Digitized Image 

For evaluation of the system. the ima~es used were stored as files ln a 

hard disk of the PC-AT computer. The function mmn calls the subroutlne 

Load_Image( ) to load a diglUzecl image into the PC-AT mernory. The 

algorithm ofthis subroutine is described by the Oowchart shown in FI~. 4-7. 

It firsl reads the name of the di~ltized image input by the USf'r. If the tillage 

cannot be found. an error message IS displayed lo the user and the program 

is terminated. Otherwise. the image file IS read into the PC-AT mcmory and 

the image resolutlOn h.e .. pixel size) IS checked. If the resolutIon of the i/lput 

image does Ilot correspond to the resolution used by the loaded Il1Ifl~{' in 

memory. the subroutine exils and ail error message is c11splaycd. Otherwisc. 

the subroutine closes the image file and returns to the calling functlOll main. 
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,-------- "' 
Raad Communlcabon 

port 

Set Daia bits 
7 or 8 

Set Stop bIts 
1,2 or None 

Set Partty bIt 
Odd, Even or None 

Set Baud Rate 
110, 150, 300,600 
1200,2400,4800 

or 9600 

Inllialtze 
the asynchonous port 1----'< 

wlth above parameters 

Retum 
ERROR =-1 

y 

Return Status 

Fig. 4-6 The 1lowchart of subroutine ASYlNI7T J 
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Dlsplay ERROR 
message & 

EXIT 

y 

Clear screen 
& Inpullmage file 

Open & read the 
Inpulfile 

Check the pixel slze 
of the Image 

Close the file 
& Retum 

Fig. 4-7 The flowchart of subroutine Load_'mage( J 

4.2.2 Main Tasks 

When the ab ove Imtlalization is complete, the dlgiUzed image is ready 

ta be mapped ta the graphies tablet, and the Chlmera Motherboard ls rendy 

ta receive the data word from the hast for outputtiJlg the audio signaI lo a 

specifie DI A converter channel. A message is dlsplayed that tell~ the user 10 

press any key ta sta.rt the system operatIOn. When a key 15 pres5ed. the 

system also starts the timer ta evaluate the elap5cd tirne of the operation. 
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UnUl a key is pressed again to end the operation, the system performs the 

tasks described as below. 

4.2.2.1 Reading The Coordinates From The SeriaI Port 

The subrouUne LireCoordBPO( ) in the program BPO.e Is used to 

read, control and assemble the input characters to form X-y coordinates and 

a channel flag LireCoordBPO() reads the data from the senal port by calling 

ASYINCH( ) in ASYLIB.e. Because of the possible delays in the system, a 

number of read attempts are made to increase the possibility of success in 

data acquisition. 

When the LireCoordBPO( ) ts frrst called, ft reads the present channel 

status as shawn 111 Fig. 4-8. This status has been initialized by the 

DemarreBPO( ) ta zero. The system defines the correct flag as "68" (called 

masque in the program) that represents the RIGHT probe. Il also defines the 

output Digital-to-Analog (DIA) channel as channelO. After the flag and the 

output channel are denned. the value of present channel stalus IS updated 

by invertll1g the bIt. In Hus manner. the system will read the other channel 

thr next Ume the subroutine IS called. The counter for number of trials Is 

thel1 set to be zero. The subroutine reads the flag byte from the 

COI11TI1UllIc;ltlOn port for Ct number of trIals by calling ASYINCH( ) contained 

111 ASYLIB.C . 
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masque = 76 
channells 1 

(LE FT) 

N 

Read present 
channel status 

Channel status = 
other channel 

Triai = 0 

Try to read 
the 1Ia9 byte trom 

comm port 

Read the next 4 
coordlnate characters 

Retum 0 

y 
masque = S8 
Channells 0 

(RIGHT) 

y 

Retum 
ERROR =-1 

Fig. 4-8 The flowchart of subroutme LireCoordBPO( J 
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The subrouUne ASYINCH( ) is used to read one transmitted character 

at a Ume from the selected asynchronous RS232 seriaI communication port. 

This subrouUne is called by the programs VAS.C and BPO.C. 

As shawn by the Oowchart in fig. 4-9, the subroutine tries, for a 

selected number of Urnes, to read the seriaI port ta determine whether or not 

the character is in the buffer. If the character is not there, the subrouUne 

tries to read again and the counter of trials is incremented. Five hundred 

trials are selected for our study. The number of trials can be increased or 

decreased de pend mg upon how fast the user wants the subroutine to 

respond if there 1s an error signal. At the end of 500 trials, if the character 1s 

sUll not ready ta be read, an error sIgnal is returned. Otherwise, the 

character 15 reacI. and a zero is returned to the calling program to indicate 

the sueces~fllI reading of a character. 

If the flag eharacter cannot be read from the seriaI port, then in tum 

LireCaordBPO( ) returns this error signal to the cali mg function main ta 

indicate Ulat the eoordmates cannot be received at the present Ume. If the 

Oag eharaeter ean be read Dut It is not equal ta "masque", LlreCoordBPO( ) 

tries to read aTlottler input character agam because the character being read 

coulel only be useful for the X-Y coordinates. However, after 10 trials, If the 

Oag character 1S stIll not equal ta "ma5que", then an error sIgnaI is output to 

indlcate that reac!Jng from the present probe has failed. This case happens 

wh en one probe IS Ilot on the BPO surface. Otherwise, the flag charaeter is 

equal to masque and the next four characters can be collecteè to form the 
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Try 500 tlmes to read 
the communication port 

1 =0 

Get the statU5 of the 
commUnication port 

Put Character ln 
buffer 

Get the character 
!hat 15 ready Into 

AH 

N 

-- -----~ 

N 

y 

Return 
ERROR =-1 

Fig. 4-9 The flowchart of subroutme ASYINCH( ) 

X-Y coordmates. In the same way as previously descIibecl, these four 

characters are read and checked by the ASYINCH() Tht' readin~ procedurc 

of the characters to form X-y coordmates is explained in Appcmlix A Wh en 

aIl the deslred characters are collected, a zero is returncd to the call1Il~ 

program, and LlreCoordBPO( ) 1s ready to read data froIll the ncxt probe. 

In the follovnng LIme, the present dtc.wT/cl status i~ "J ". The sy~tern 

defines the correct flag as "68" WhlCh represents the RIGHT probe. The 

output Digltal-to-Analog (DIA) channel i~ defmed to be channel O. The 
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present channel status ts then changed from "1" ta become "0". In this way, 

the system will read the other probe next Ume, and sa on. 

4.2.2.2 Mapping The Coordinates Into Image Cells 

When the reading of the characters from the seriaI port Is successfuI, 

the actual X and Y coordmates are divided by a scale factor ta reduce the 

image rc&olution. The actual resolution of the '9PO IS 2200x2200 on a 28x28 

cm2 surface. This resolutlOn is tao high for rescarch purpases. As a result, 

the 2200x2200 resolulion is reduced ta 40x40. Hence, one image cclI 

correspond& to 78x78 coordinates on the BPO. In this way, an average gray 

level of each image cell can be evaluated. 

In this study, 4-gray-Ievel images are used. The gray levels of the 

image are defined as follaws: 

"0"; the background of the image corresponds ta no sound. 

"1"; the abject m the Image has the "black" col or which corresponds ta 

the hlghest tone (i.e., frequency = 500 Hz). 

"2"; the abject in the image has the "dark grey" color whlch corresponds 

ta the miclclle tone h e., frequency = 250 Hz). 

"3'" the obJect in the lI1w.ge has the "hght grey" color which corresponds 

to the lowest of the three tones (1 e., frequency = 166 Hz) . 

4.2.2.3 Assembling The Data Ward 
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The system combines the gray level read from the image and the flag 

value sent from the BPù to become a data ward (i e., CC## described later) 

and sends it ta the Chimera board by the subroutlne SEND( J. 

4.2.2.4 Sending Data To TMS320C25 DSP Chimera Board 

SEND( ) is called by the function main every Umt' the system wallts to 

control the auditory stimuli output. This subroutine take_~ the gray levels of 

the image cells and multiplies them by 5 in Hw, study to get the Ievel of 

frequenc!) dwt5or. ThiS frequency dlvisor ts latcr transferred to the lower byte 

of the Data TransJer Register, whose contents can be re.ul by the 

TMS320C25 pracessor. If the gray level (Le., "1 ", "2", or "3") is IIlultiplied by 

5. the resulUng frequency divisor. annotated ##. has the possible valll(,~ of 

5. 10 or 15, respecl1vely. These resulllflg frequency dlvl~or~ ('orn'~polld ln 

500. 250 and 166 Hz output tones resppctively for the Chll1lcra hoard The 

smaller value far the frequency dlVlsor resuIts 111 a hlgher output tOIll' III 

addition. the gray level "0" corresponds tn frequency "0" Ci e , 110 soulld). The 

strategIes are explainect later 111 Chapter S. If the liser wallt~ 10 11lcre;}<,t' IIH' 

frequency of tile output tones. the gray level~ shollld be IIlllltlphed by a 

smaller scaling factor su ch as "4" or "3" instelld of "5" llsecl ln UliS system 

The present channel number is the number of the DI A channel to be 

used to autput the frequency divlsor mentlOnecl abovt' The chanllel 1lI1lllbcr 

is stored in the hj her byte of Hw Data Twn.5Jer H,egl':>tcr III Hm, way, the 

data ward ta be ser t to the Clmnera board b CC##, w!H'rc CC, reprt'!'.(·ntlng 

the DIA channel number, can be eJther "00" or "0]", and ## is two chgll 

numbers representmg any frequency dlvlsor value from 00 tn un Thl!'. dnta 
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word ls sent to the TMS320C25 DSP Board using the Host Data TransJer 

Bluter Regl&ter. This Reglster ln the Chlmera processor 1/0 space 1s the 

counterpart to the read/wrlte operation performed by the host computer a\ 

the lower and hlgher byte of the Data Transfer Register ..... Bence, the SEND( ) 

subroutme sends out two 8-bits bytes from the host to the Chimera board. 

The fir&t (IowerJ byte is the frequency divlsor value ##, and the second 

(hlgherJ byte is the DI A channel number cc. 

4.2.3 End of Operation 

As long as a key is not pressed by the user. the system reads the data 

one aller another from the senal port. The data is essentially the characters 

representing the X-Y coordmates and the flag of the RIGHT and LEFT 

probes Howevpr, when a second key is pressed. the elapsed Ume of the 

program operatIOn is computed and dl&played to the user. The sounds of 

bath speakers are shllt off and the T .... 320C25 DSP rrocessor is halted. 

In bnef. at thls pomt. the host recelves the rharacters from the seriaI 

port. farms thr X-Y coardmates, and assembles the channel number CC with 

the frequency divisor ## into a data ward "CC##". This data ward is later 

sent ta tlle TMS320C25 OSP. After decodmg the channel number and the 

frequrIlcy (I1vi&or, atone is output at a speclfIc channel speclfIed by the 

channel l1ulI1bcr. AlI these procedures are fully explamed in the next 

chapter . 
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GENERATION OF AUDIO STIMULI 

Sensory substitution ts a way of compensation for a malfuncUoning 

sensory system. In the case of the visual system. the auditory system ('an be 

a substitute if the visual information is -epresented as an audltory sigllal. III 

the past. many systems have attempted Lo uLllize allclilory ~tllllllli to 

represent visllal mformation One can reeall the Sorlle GlLIde amI the 

Kurzweill Readmg Mac1une as examples The Sallie Guide [3711s a s(>('OIldary 

mobihty md (used in cOI1Junction with long cane or sighted guide) thal 

provides envlronmenl informallOn sllch a~ car amI lree ln tlle street by 

outputtin~ audio stImult 111 olfferent ways (e g . mtcflslty. pllcll amI timbre). 

whereas the Kurzweill Reading Machine 181 transforms wntten text lnto 

speech . 
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The stereo image perception aid described in fuis thesis provides 

auditory stimuli a~ a subject scans an image with two finger probes. In this 

experimental study, the images used contain 2 (I.e., binary), 3 or 4 gray 

levels. Thus, a parttcular stimulus 1s heard wh en the probe 1s located on a 

pixel with gray level "} ", "2", or "3". No stimulus 1s heard if the probe i5 

located on a pixel wIlh gray level "0". In images with several gray levels, the 

stimulus assoctated with each pixel must be dIstinct and easily recognizable. 

ln this case, the duratlOn of the audltory stimulus is a crilical feature. 

Accurately identifylng a note requires sorne minimal time. Experiments in 

psychoacoustirs 1341 have shawn that after the onset of a tonal stimulus, at 

least 31 milliseconds must elapse before a 125 Hz signal is identifiable. 

Similar resuJts have been reported by Turnbull (38). A minimum duration of 

37 milliseconds is nef'cled for a 128 Hz signal. A shorter duration is needed 

for a 1024 Hz sIgnaI. and an even shorter duration for a 2048 Hz signal. 

ln addItion ta these constraints on the minimum duration, there is 

also a bound on the maximum duration of the stimulus. If the stimulus 

eorresponclmg to a prxeJ 111 the image persists too long as Ule image is being 

seannec1. lhen the SlUllUlus makes the pixel sound hke a streak. This 

phenoillenoll IS due to the faet that the excessively long stImulus 

rorrespondmg to tlIf' pIxel will contmue even after the user has moved the 

probe away from that partIcular pixel. The user will then associate aIl pixels 

that are passecl over tlI1t11 the stImulus ends as havmg the same gray level. 

To III f'f' 1 these reqUlreIlH:'I1ts chsrussed above. a stimulus of 30 milhsecond 

dllratlon IS cOIlsldered as adequate to allow the sllbJect to recognize and to 

respond wlllle an image IS bemg scanned. 
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ln order to respect the requirement of stimuli duraUon. a baud rate of 

4800 bps 1s selected to transfer data from the BPO to the host computer in 

binary format. This baud rate Implies that the maxhnulli snmpling rate is 65 

Hz. Thus. each probe is rend every 30.8 millisecond. This implies that the 

reading probe outputs an auditory stimulus for a 30.8 millisecond cluralion. 

This duration 1s considered as adequately recognizable by the subJcct whlle 

an image is scanned since 500. 250 and 166 Hz are lIsed hl our stucly to 

represent the gray levels "1". "2". and "3". respecUvely. as described in 

Chapter 4. 

RPO 

S1 S2 

Time~Multiplexer f\ f\. 
CirCUit Boardr-===::::5!==r.;J-""\T~~_·~ V~ .... 

S1 

~4LS2 

{. J, 
USER • r---, 

--

2 probes on 
the SPO 

f+-

Tones 
- Stereo 

Laud 
Speakers 

Amplifier 

To Fl 

CIJapler 5 

Channel 0 .. TMS320C25 
DSP board 

Channel 1 
(Chlmera) 

Computer 
Graphies 

Tablet 
(BPO) 

- --

S,C## 286 microproc - (Host) 

IBM PC-AT Computer 

Fig. 5-1 The system implementatlon of the image~perception aid for our sludirs 
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In Chapter 4, we have described the computer programs used by the 

host microprocessor (80286) to receive the coordinates from the BPO, map 

them onto the image celI, and transmit a data word to the digital signal 

processor (DSP) board. The output of the host microprocessor is the data 

words CC## sent to the TMS320C25 DSP Chimera board, as shown in the 

shaded area of Fig. 5-1. Now, the manner in which the OSP board 1s 

programmed to receive and generate the auditory stimuli is discussed here. 

In our work, the important tasks of the DSP board are to generate and 

output the audio stimuli in real Ume. Thus, ft allows the host 

microprocessor to obtain other coordinates from the BPO. The data word 

sent by the host has to be received, decoded, and output within a limited 

Ume Wlth a fast DS?, such as the TMS320C25 by Texas Instrument Inc., 

the audio stimuli can easily be generated in real time. The OSP Board 

available in our laboratory, called the Chimera, has a TMS320C25 signal 

processor. Wlth the Chnnera board, many features can be added in future 

researrh ft has not only sufficient computing power to output tones. but 

aiso to synthesize words. Furthermore. with its control register. two different 

tones ran be slfllultaneously output to each digital-to-analog (DI A) channel. 

ln our work, the ChlInera board is programmed ta generate three different 

tones plus sIlence for representing four gray levels of the test images. and ta 

output tones to the DI A rhannels. 

The board has ail the processor control features. In arder ta provide 

the Analog-to-Digltai (A/D) or Digltal-to-Analog (0/ A) conversion. a Daughter 



• 

• 

• 

Chapter 5: Generation of Audio Stimuli 67 

Board AD16 has to be added to the Chimera Motherboard. The information 

regarding these boards ls glven ln the User's Manual 139,40). 

A TMS320C25 microprocessor assembly language program, calleel 

tspl.asm, has been wrttten to control the input and output of the Dsr 

board. This program reads and decodes the data words sent by the hast 

microprocessor, then generates and output tOIles to thE' specifie dlgltal-to­

analog converter. The programming of each funetlOIl used in thls program 

will be fully discussed but sorne essential features on the Chlmera 

Motherboard and AD 16 Daughter board used in this researeh must Orst oe 

described so that the design and organization of the program can be 

understood. 

5.1 Essential Features of The Chimera and 
ADl6 Boards 

As indicated in Fig. 5-2. the essenlial elements Oll tlle Chlmera board 

such as the TMS320C25 processor. the mernory (RAM), the AD)() 

Daughterboard. and the Data Interchange Regl~ter, l'Ilahle UH' 

commuIlleation of the Chlm~ra board wlth the host micropro('e~~or alld the 

externaI devices. A bnef descnption of eaeh element i~ helpflll tn ul1d(~r~taJl(1 

the programmmg of the Chimera board. 
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Chimera Motherboard 

TMS320C25 
Processor 

l--,----:><~ 

Data Interchange 
Reglsters 

kAM 

Bus Interface 

Personal Computer 
(Host Processor) 

AD16 1 ND 1 
Daughter 

board DIA 
J2 
J3 

Control Bus 

Data Bus 

Fig. 5-2 The commUOIcatlon of the Chlmera Motherbaard wilh the hast computer 
and the extemal devlces 

5.1.1 The TMS320C25 Processor 

The TMS320C25 is the processor of the Chimera Motherboard (39). ft 

contains a 32-tJlt ALU. Harvard-type archItecture (separate program and 

data buses). and specIal chgItal SIgnal processmg mstructlOn sets operaUng 

at 40 MH:t dock specd TIlt' TMS320C25 15 capable of executing 10 Million 

Instructions Per Second (MIPS) 
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5.1.2 The Memory (RAM) 

The TMS320C25 processor has an internaI memory of 544 16-blt 

words on-ehlp data RAM. The processor ean adclress a total of 64K worcls of 

data memory. Thus. 63K of external mernory. Iocated from 0400h to 

OFFFFh, are added to the board for more storage capablhty. 

The on-board memory is configured for bath progralll amI clata 

memory simulta.neously. The memory on the Chlmera Motherboanl 15 

accessible by the host through a 16K-byte winoow in the host computer's 

memory. The segment address of the winclow is 0000 for the CllIlIH'ra board 

Henee. only 16K of memory on the Chimera board can be acc('ssrd at orl(' 

Ume. 

5.1.3 The AD16 Analog Daughter Eoard 

The AD 16 daughter board i" a dual-channel analog IIlt('rfal'c board 

for the Chimera Motherboard The two digital-to-;:u Ialog (D / A) chllllIwl~ 01 

the Daughter board allow the proposed ald ta outpllt tlle alldio ~tlIlltlll to Ilw 

stereo audIO ampltfler and loud sp('aker~ Fig :)-3 ~llOw~ ar j OVPI'VWW of tIH' 

commUIlIcatlOn of Daughter board wlth the h()~t alld tlw TMS:~20C25 

processor. 
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Fig. 5-3 The commUniCatIOn of the AD16 Daughter board wlth the host and 
TMS320C25 processor 

As shown In Fig. 5-3. the hast can access to the Daughter Board 

through two 1/0 registers: Counter 0 and Counter l in arder to set the 

smnphng freqllency of the DI A converters. Programmmg the counter for 

each channel cons1sts of wntmg a control ward to the control reglster 

fo\lowecl by wntlllg the count required ta the appropriate counter. 

5.1.4 Data Interchange Registers 

A pair of IG-hit Data Interchange registers are used ta pass data 

between the ChIIl1f'1Ll Motherboani and the host under programmed 1/0 

cOlltrol. Tins rcglstcr It. used ta transmIt the data ward CC## from the hast 

proressor tn the TMS320C25 processor. 
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• 
5.2 Host .. Chimera Board Communication 
" 

The host processor (80286) cun send data to the C'hlIllcra board by 

using the Data Interchange Register "C". Register C is the counterpart to the 

read/write operatIOn perfonned by the host at 1/0 rrgbtl'rs 0 and 1 When 

writing to the host. the Clwnera to Host 1J1![(cr Juil (TIIIW) Ibg wIll hl' sel 

When readmg from reglster C, the Host 10 CIll1lll!ra lJq{{cr .11111 (IITBF) n.tg will 

be cleared. In othcr- \vords, when data 1s sent by the ho~t. a l>l!{{cr Jllll Oag Is 

automatically set. In this manner, the TMS320C2f'> pro('eb~or can Just deted 

the status of the flag, and know when new data ha~ aITlvec\ After reacllng 

• the new data, the TMS320C25 processor autolll(}tlcally c!cars the flag 

The Chlmera processor Lises IN and OUT InstructIOns to 1/0 reglster 

C while the host uses IN and OUT Instructions to the host 1/0 regi!->t('rs 0 

and 1. Both the ho st and the Chimera procE'ssar can operatt' III ellller po])ed 

or interrupt made. 

5.S Programming The Daughter Board 

ln order to use the D/ A converlers, tlleir sam'llln,g frequency mu~t 

first be set from the hasl proce~sar. Howevf.'r, the host proce~~()r may 1101 

have enough Ume la dlreclly trunsfer aucha stJmuli della ln t1lf' D/ A 

• 
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converters in real time. Hence, the stimulI data must be generated and sent 

through the TMS320C25 processor as shown in Fig. 5-4. 

Samphng frequency 
Host (80286) DIA ~ 

Processor 
~ 

Channel 0 

--
CC## 

o ata word 
, r TMS320C25 ~ DIA ~ 

Processor --.. Channel 1 

Fig. 5-4 Audlo stlmuh data transfer 

The control word required for the Counter 0 is 36H, and for the 

Counter 1 15 7611 The count reqUlfed can be computed by dlvidmg the 1 ° 
MHz source clork by the sarnpling frequellcy The count is wntten to the 8-

bit device as the least slglliflcant byte first followed by the most slgnif dnt 

byte. The counters C'an only be set by the host For instance. if Il is required 

to set the samphng frequency to 10KHz for Channel 0 and usmg Counter 0, 

the host program must mcJude the followmg lines: As 10 MHz / 10KHz = 

03e8H, 

OUT 22Bh, 36h 
OUT 228h, e8h 
OUT 228h, 03h where 228h is the address of Counter O . 
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;5.4 The Software Design and Organization 

Wlth the informatIOn on comml1111C'atlOI1 betweell the 110st and the 

TMS320C25. described in the pl eVlOtls sectIOns. a TMS320C25 asst.'lIIbly 

language program callecl tspl.asm has beeIl c1esigIlcct Ttlf' 1i~IlIlg of the 

program IS provldecl in the Image-PerceptIon Alti Uber's Mallual 130) Thb 

program is downloaded lllto the external IlICIllOly of tilt' Clllll1t'ra l)(l.lnl ,liaI 

runs in parallc1 with the hObl plUcessor 80286 Il allow~ the TMS:t20C25 

processor ta control the data Dow belW('('Il the l1ost. the Motherboanl alld 

the daughter board in order to output Lones. dependlllg upon the 

informa tion received. through the two DIA C'onverters. 

5.4.1 Audio Stimuli Outputting Method 

The audio stulluh can be generated as complcx signaIs sucll il~ 

musical notes. However, for simphclty in this expcnnH'1l1al study, il COll!-Jtallt 

magnitude sine wave 15 used ta generate 10ne<;. Thu,>, 40 valtws of a pellod 

of a sine wave are slored in a look-up table III rt'ill tUile, tilt' data vilhl('~ an' 

output one-by-one to a speCifIe DI A convertl'r The iIlkrva:, AT. Iwtw('(,lI lwo 

output values detenl1lnes the frequcIlC'y of the olltpul tO/le,> by tlH' l'<jl/atio/J 

f = 1 / (~T x 4()) By changmg the t.T, the ()Illpllt fn'qlwlH y of tlH' lorH'!-J l'ail 

be controlled FIg 5-5 show~ an examplc of :2 tOIl(,S wlth 40 pOl/II!-J of dala. 

By varying the [\T to a greater or srnaller value. a tOile of 25') Hz or 500 Hz f!-> 

output. In the design. each tone can !1e IlIochliecl ollly after outpllllillg l'very 
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sel of 40 values in arder la aVOld the "click" caused by the sud den change 

from a nOll-zero value lo zero, and afler every 30.8 ms (Le., the audIO stimuli 

output dllratlOn). 

(a) 
lime 

(b) 

Fig. 5-5 The two output signaIs wlth 40 points of data. (a) Smaller .1T glVes. for 
lIlslance. tone frequency = 500 Hz. (b) 2 x .1T glves tone frequency :: 250 
Hz. 

5.4.2 Stereo Output 

III the rase thal two Lones are desIgnated ta be output. depending 

upon the dwnnf'l Ilumber CC## speCifIed in the data ward recelved from the 

hast. two talles can be generatf'cI ane! slIl1ultanecùsly output ta the specifie 

DI A converlt'I s. On the basis of the audio sllll1uh outputting method 

clesnibed abo\'t'. the TMS320C25 processor outputs a sine wave data to two 

DI A rhallllels llsing 2 separa te c011trol vanables of ll.T. For earh channel. ils 

.1T l'an be Il10dihecl based Oll the frequeI1C'y divIsar ## . 
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The output of the tones has ta be ln real Ume. Each tant' must he 

output cornpletely before another data ward arrives from the hast processor 

The program tsp l.a5m is deslgned to write data to DI A COllverter of 

channel 0 or 1 of the AD 16 daughter board The audio signal Interval .'\1' Is 

output under the control of the TIMER 011 the TMS320C25 proressol'. Thl' 

tirnmg constant 15 chosen ta be "100" in order lü geller,lte 1 11It('rrupt l'very 

10 J,ls. The interval .1T is deflIled as .1T = ## x 10 ilS where ## ts the 

frequency dlVisor. 

Each tlme, the program waits la get two sets of data (i.e., one for 

channel 0 and one for channel 1) before decodmg the Input data. Thus. the 

TMS320C25 proc f"5sor has ta process the rurrent data and output the 

desired tones at the correct channel before the TMS320C25 rc('elves the next 

pair of data l'rom the hast. 

5.4.3 The program Structure 

The program tsp l.asm 18 composed of three JIIalll parts or\(' 1l1fllIi 

program. and two subroutmes The two subrouline!'J are called lnit (for 

IniUalizalion) and Output (for outputting 8oundf». The IUf]CUOIlf> 01 cac}} part 

are descnhed below. 
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5.4.3.1 The Sound Operation Control 

The flowchart of the main prograrn is shawn in Fig. 5-6. It first caUs 

the subrolltme [mt to 11lItWIJZ(> the proressor and the variables used in the 

progralll Arter InltJahzatlOl1, the mte,fIIpt is ~nabled in arder ta receive the 

in pu t data from the host Theil tlw program waits for the .first data input, 

wlJlch IS ready 10 be recclverl wlwll the 1/0 flag is down lI1 the Status Bit. So. 

the praWam reads the Ors( lIlj>llt data word 111 Uw format CC## sent from 

the host through the Data E-'.cllUllge [-\eglsier ane! writt's It to a memory 

locatJOIl lIamecl 'TempO" Tilt' prograrn then WéU(S for the second mput data 

ward tu bc rcatl and wnttC'I1 lOto 'Templ" in the sarne way After receiving 

two mput data words, the program starts dE'C'orimg the mput data. 

In tht' deSIgn, thc c1ecodlI1g of the mput data words (CC##) yields the 

output chanllE'1 !lulllber cc amI tlie frequeIlcy dlvlsar ## For II1stance, if the 

Input daLl ward IS 00##, when 00 represent", the chanIlel number 0 and ## 

reprt'Sl'Ilh tilt' !Jequt'ncy dlvl~or of ,Illy from 0 to 99. ttIen the channE'l 00 IS 

sekctecl to outpllt tlle audIO <'lgllal frequeney of 1/(## x 40 x l 0 ~s). 

The stmtegy ta program the deeodmg of input dala words is ta mask 

the data ane! then t'xtrclct the channel number CC and the frequency divisar 

## The ~(,COlHI lIIpllt data wonl IS clccodecl fIl'sl If tht' oecocled channel 

Humber CC I~ 0, tht' frequcIlcy ch\'Jsor ## IS stOl erl mto variable SCALEO. It 

implies that the IIrst IIlpllt (\,1(,1 wonl ~tort'cI \Il 'TempO" belongs ta channel 

1. By masklllg the fIrst mput data. the frequency divisor ## of channel 1 can 

be dt'codecl. and stored 111 variable SCALEI . 
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SCALEO = TempO 
Save Ireq dlvlsor ## 

of Channel a 

TempO must be 
Format OOXX 

SCALEI = Ace 
Save Ireq dlVlsor ## 

01 Channel! 

Ace = Templ 1\ OOOFFh 
Get Ireq dlvlsor 1111 

2nd data IS 

Channel 1 

Test 
Statuh Bit 

data 1 

y 

N 

y 

SCAlEI = Ace 
Save Ireq dlvlsor ## 01 

Channel 1 

Ace = TempO 1\ OOOFFh 
Get Ireq dtvlsor 11# 

t 
SCALEO ~ Ternp1 --J Save fleq dlvl",or 1111 of 

ChannolO 

2nrl data" 
Channel 0 

Fig. 5-6 '['he Oowchart of the Mam program ln tspl.asm 

In the sa me way. if channel number CC is l, ft implles thal Ill(' fjr~l 

input belongs to channel O. Thus, by rnasking this data word. Ule freqlwncy 

divisor ## of channel 0 can be decoded. 
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The t~p] .asm program runs in the TMS320C25 processor !.lntil a key 

press by the u~er causes the host to generate a "Halt" command which stops 

the operation of Chimera board as described in the VAS.C program in 

Chapter 4 

5.4.3.2 lnitialization of The Mother and Daughter Boards 

The subroutine lrul initiahzes the processor and the program as 

follows' 

• Set the requ!red data memory locations to zero. 

• Specify the address for the D/ A c:'annel ports. 

• Speclfy the Daughter Board cOIltrol register for D/ A conversion. 

• Sct the TIMER to 10U ta sene! one mterrupt every 10 ilS 

(As the TMS'320C25 processor executes 100-ns per instructIOn. by 

settiIlg the TIMER to 100. one inlerrupt is generated every 10 ilS 

since 100 • 100 ns/instruction = 10 /1s) 

The /lowclIart of UliS Imtmhzation subroutine is shown in Fig. 5-7. It shows 

ail the procedures to set up the conditions before the TMS320C25 processor 

executes any task. 

The variables NUMO and NUM 1 are set to 39 since 40 auditory signal 

value:, are lI~ecl to output tones. The variables ADDRO and ADDRI are used 

as a table pointer to the look-up table of the audiO Signal values for each 

channel The \'anables called SCALEO and SCALE 1 are set ta 5 and 6. 

respectlvely Thest:' vanables are uSt:'d to test the Clllmera board output by 

hearing 1l11Il1ediately two dlfferent tones after the tsp 1 asm program was 
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downloaded into the TMS320C25 processor, The strategy for this is 

described in the next section where the subroutine OUTPUT ts explaint"d, 

Imtlallze Control Reglstprs 
of Daughterboard 

NUMO = 39 
NUM1 = 39 

ADORO = Tone1 
ADOR1 = rone1 

SCALEO = 5 
SCALE1 = 6 

Temporarv 
Output lesting soundb 

la bolh channels 

Fig. 5-7 The Oowchari 01 the initmhzation subroutlnt' Init 

5.4.3.3 Outputting Sounds 

The subroutll1e OlLtput take~ the 40 value~ of d sillll~rJl(lal ~igll,t1 

stored in the table 'Tonel" and converts them through the DI A ('tJalllleis. 

The rate of the conver~lOn clcpends on tiie fWqll('IICY dlvl!-'or ## a~..,jgll(>d 10 

each channel and 15 controllpcl by the TIMi',H illtr'rrupt TIlt' ('(junl of 

interrupts is storecl in vanables COUNTO (Ille! COlINTJ for clJ;III1H'1 0 ami 

channel 1 respectively To Olltput COJ1tlllU()II:~ly tilt' allClIo !-,tllllll li , af(cr il 

cycle of 40 values is output to DIA cll(lfllH'l. tlIe table p(JJlIlr'r ADIHW or 

ADDRl goe~ bc1ck to the bE'~lllrllllg of the look-up LIlJlr', alld starls 

outputtmg I~exl cycle For mstallce. If the lIlput frequcJl(:y (!JVl~)or ## Is OH. 
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every 8 interrupt occurrences, one value of the stored signal is output. By 

changing the frequency dlvi~()r ##, the ~tored signal can be output at various 

frequencie!' without ~toring data for ail the frequencies tn memory Here, the 

frequency divisor ## can be modified every 30.8 ms. 

The flowchart of thj~ suhroutine, shawn in Fig. 5-8, explains the 

procedure for .. outputttng the stimulus. The stimulus is generated by 

tran!.ferrmg ail the value~ from the memory tahle "Tonel" at different rates ta 

the channel ... tor conversion by u~ing TIMER interrupts Every time an 

interrupt ()ccur~, COUNTO I~ Jecrernented. When COUNTO is 0, a signal value 

ot tahle "Tone)" I~ output to the DIA channel 0 Atter outputting 40 values, 

the pOinter ADDRO I~ ~et to the heglnnmg ot the table "Tone 1". In the same 

rnanner, a ~Ignal value of tahle "Tone 1" 15 output to DI A channel l at a 

conver~lOn rate specified ln varianle COUNT 1. 

In brief, the manner of outputting one value at a time to each DIA 

channel allow~ the system ta output two signais of different frequencies 

simultaneou~ly l'rom only one signal table Tone). The output frequency at each 

DI A channel IS. 

freqi = 1 / (## x 40 x IOIlS) = 1 / (COUNTi x 400Ils), = 0,1 
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'--------r------' Every lime Inlerrupl occurs 

Tone1= AGDRO 
Read 1 dala of Tone1 ta BUFFO 

Qutput BUFFO ta DAO 

ADORa = ADORa + 1 
NUMa = NUMa-1 

Tonel = AODR1 
Read 1 dala of TonE'1 to BUFF1 

Qulrut BUFF1 10 DA1 

ADDR1 = ADDRI + 1 1 
NUM1 = NUM1 -~ 

NEXT2 

STACKA -> Ace 

y 

RETURN (hkfo! POP) 

Enable Interru!>1 
Relurn 

----J NUMI 0 1!J 

Tun:~ADDH~ 

Fig. 5-8 The nowchart of the OlltplltlUl~ subrouUIlt" Oulpul 
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Evaluation and Discussion 

The method of evaluation to determine the effcctiveness of a tcchnlcal 

aid depends upon the type of aid. Generally. the method focu~e~ UpOIl Ils 

specifie abIlities and performance. 

The aids based on cortical stimulatlOn were evaluated by focll~ing 

upon what type of electrical stimulation was neecled ta evoke phosplJel)('~ 

and how points III the cortex were mapped to the visual field [41.42.4~11. 

P.E.K. Donaldson reported [30J on what type of pattcrn~ coulcl he pf('~el1l!'d 

to the bhnd using cortical stimulatIOn. 

The reading mds. such as the Opta con or the Kurz" 'cill Reading 

Machine. were evaluated by focusing upon the legihlhty reqllirenJ('flt~ of the 
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alds. and upon the reading rates subjects cou Id achieve with them 

144.6.8.91. 

The mobility aids. such as the Nottingham Obstacle Detector (45,461 

and the Sonlc Guide 147.371. were evaluated to determine whether subJects 

can succebsfully navi~ate with them. 

The procedures used to evaluate tactile stimulation devices that allow 

Ill1a~e perceptions were varied. In additIOn to the physiological studies that 

attempted to determine the best methods of stimulation 117,48,49.50.51). 

there have been studles on how effectIve these aids were in allowing mobility 

152.531. and the perception of black letters and object shapes 116.33.541 . 

One tactile stimulation aid was evaluated on ils ability to help congenitally 

blind sludents conceptualize spatial relations 155). 

In design mg the method of evaluatlOn for the present image 

p~rception aid. several types of images were considered for presentation ta 

the subjects. Il was decIded nat ta use block letters. because images of this 

typC:' are marC:' meanmgful for reading aids. It was decided not ta use real 

images. hcc(1use they would be too complex for subjects to perceive in this 

prelllllll1ary slucly. Finally. it was decided ta use geometrical shapes to 

evaluate thl' perceplual ability of subJects using this aid. The use of 

geometrical shapes. stlch as triangles or squares. would allow the subjects 

ta be illltIally presentecl with simple shapes ta perceive. As their abil!ty 

Improved after a few trials. they could be presented with more difficult 
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shapes. After sufficient training. the subjects l'ould presumably C011111)(.'I1Ce 

using the aid with complex shapes found in lhe real world. 

In thiS project. a study was undertaken la (ktermine how fast amI 

accurately subjects can perceive dlfferent images. and 110W lhe Ume requlrcd 

for perception changes with increased experlence. 

~.1 Methods 

The evaluation consisted of two parts. The first part was consideree! 

as a training period in which the subjects were explained how ta Ube the aid. 

Six sets of 4 binary images were presented to the subJects for famlliarlzatlon 

in sessions 1 to 6. In Iater tesling sessions. four images of three and four 

gray levels per session were presented. 

The choice of using four images in each session was du!:' 10 IImc amI 

fatigue consideratIOns. For some subjects. a thlI-ty-minute experlllll'Iltal 

session led ta poor results near the end of the session due la fatigue Helice. 

in arder to avoid the effecls of fatIgue. the subJcct was allowecI to take a 

break of five la ten minutes at the end of each four-image SCbblon 

The second part of the eva)uation was consicJercd as a testlng periocl 

Il consists of nine sessIOns (i.e .. sessions 7 to 15) of three- and th(,11 four­

gray-level Images. Dunng each session. four imagu, of mu)tH~ray Jeve) 

superimposed shapes were presented for perception. The re~u)l~ frorn thi~ 
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part of the evaluation were used to determine how accurate the subjects 

were at perception. and how the Ume needed for the perception changed 

wlth lncreased expenence. 

Sixteen subJects parUcipated in the evaluaUon. Ten of them are 

sighted volunteers three undergraduate students. two economists. three 

engineers. one computer scientisl. and one CanadJan Armed Forces officer. 

aged from 20 to 35. The remaining 6 subJects are bhnd-from-birth. aged 

from 22 to 52. Tl'e preparations for these two groups of subjects were 

completely dlfferent. The sighted subjects required more trainmg concerning 

how the tactIle method can provide them with visual information. whereas 

the blind subjects needed more training cop.ceming the geometrical shapes . 

To train the bhnd-frnm-blrth subjects. ten geometrical shapes differing in 

size and type (Le. outlined or fllled) were eut from cardboard and stacked on 

a large piece of board to serve as samples. Thus. the blind-from-birth 

subJpcts could e)<,periment wah how the geometrical shapes appear. For the 

sighted subjccts. they cou Id learn how a tactile method could provide the 

vlsual informatIOn. When usmg the aid. the sighted subjects were 

bli:1dfolded. 

When a subject scans an outlined shape. the audio stimulus is 

provided when the fmger probe is on the -,mOine only. On the other hand, 

when scannlIl,g a fJ\led shape. stimulus is provided if the finger probe is on 

any filled part of the Ima~e . 
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Before the start of a session, the sllbject was sL!lled ln froll l of the 81t 

Pad tableL The seating position of the sllbject Is Important. Flrst. the suoject 

was seated with his/her waist at the level of thr tablet to avaltl havlllg 

fatigue after one or two sessions. Second, the subJect should not be too close 

to the tablet 111 order to provlde frel'dom of hand movcmcllt while SC<1Il1l1llg 

on the tableL Many subjects preferred a posItion where thelr anIlS wt'I'(' 

partially stretched ta reach the tablet 'IWo probes were attached 1Illdt'r ('<Iell 

index finger of the subJecls by using lhe electrlc lape. Bdme COlllll1l'lll'lllg 

each training session. tht> subJect would adjust the Intenslty of the alldltory 

stimulus to a comfortable listening level. 

During a session, the subject was presented with the Images to be 

perceived He or she would take as much Ume as needed ta ac('urate\y 

determine what was in each image. After scannlng and perceivlng an Image, 

the subject told tile system operator to stop the limer. Then, the blindfolded 

sighted subJect was asked ta sketch the image, de~('ribe the shape~ 

percelved, and Identify the gray level of each shape Till' blind-frnm-hirtll 

subjects described verbally what they percelvecl The tllIle rcquired to 

determme the content of the Image, as indicated by the computer, was aJ~o 

recorded. 

After the subject had drawn (or described) wha t hac! been pCfcelvec!, 

the subject was told the actual shapes and gray leveb III the I-~lage, and IIJ(' 

time that he or she spent. If the subJect felt Ured in any cirCllm~taIl('e, lie or 

she could ask the system operator ta stop the cxpcriment and take a break. 
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Durjn~ the trainm~ peri0d. subJects were allowed to re-scan images. in case 

of error. to become famIlIar wlth the syst~m. 

Throu~hout the experiment. subjects were encouraged to use several 

techniques that aided to acquire informatIOn in scanning. There are 

essentially three method5 that can help perceive an Image rapidly: 

1. At the be~inI1lng of each Image presentatIOn. the subject was 

encouraged to qmckly scan \VIth both probes. one on each 

hand. across the tablet [rom the top to the bottom. and from 

the left to the right of the tablet to hear the output sounds. 

These sounds can provide informatIOn about the contents of 

the Image. surh as the number of dlfferent gray levels (dlfferent 

souIldsl, and the type of the shapes (Le .. filled or outhned). 

2. The subJect w~s encoura~ed to follow a hne or an edge by 

quickly movmg the two finger probes back and forth over the 

line or edge. as opposed to trying to track il by keepmg the 

finger probe above it. 

3. By makmg USé' of the square gnd lmes on the tablet surface. 

the subJect can feel with the fmger probes (and other fingers) 

the vertIcal and the honzontal edges. The gnd HIles also served 

to determme the dlsta.nees and the orientation of the scanning. 

Most of the subJects used these three su~ested methùds together 

during their tra1l1ing and testmg sessIOns to percenre images. The re"mlts. to 

be presented in the Inter seellons. showed that the subJects can perceive 
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• mu ch [aster by usmg all three rather !.han only one or two of the sllgg~slecl 

methods described above 

" 

6.2 Computer Generation of Test Images 

A menu-driven computer program naf11~d Gl'1\J)lC.C wa~ wrltlt'Il ln 

the C programming language to generate l11ultl-gray Ievel tt'~t Illlagt'~ The 

listing of Gen_Pic.C is provlded 10 the Image-Perceptioll Aicl lIst'r's Mallual 

(361. Each Image was stored m an array of 40x40 pixels Each e!elllellt ln the 

image array was 1Il1tlally set ta 0 When lt Is cle~lrrcl to store a poillt at a 

partlcular location, the correspond mg elt'ment Is set to tilt' gray lcve\ 

• representation specifiee! by the user. 

The program offers the user two methocls of ge/lC'rating hIlages. Thl' 

first methoe! allows sImple c10secl shapes such as polygo/ls or clrdes to !Je 

generated If a polygon is desirecl, the liser must mpul Ille (x. y) (\Jordillale,<, 

of each vertex 10 the poJygOI1. Each coorclmale II111~t fall 1Il tll(' rallge 0-40 

To create the deslrecl shape. earl! vertex III the Illlage 15 ('o/lll('c!ed 10 tlle 

precedmg one by stonng the gray level repre~(,I1tiltro/l alollg a JIlW betW('('ll 

the two vertlcc5 The Jlfle 15 computed u~lIlg the Ur(,~(,Ilhalll 11Il(' drawlllg 

algorithm !561. The saIlle procedure 15 u,<,ecl to (onne('\ Url ICI,>I V('r1('X 10 the 

first. resultmg in a c10sed polygon Tile progr ,11/1 ;1)<.,0 allow!'> the ger wratioll of 

clrcles. In thls case, the user must mput the desln'c1 locatIOn of the cenler of 

the clrcle. and the desirecl radiUS The program tlIcn calculates il set of x 

• 
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and y coordinates. and stores the desired gray level representation in image 

locatIOns correspondmg to the circumference of the circle. 

The second melhod of creatin,g images allows the user ta create more 

complex images by using the computer graphies tablet. the Bit Pad One. As 

a fingcr probe (user! as a pen) is passed over the tablet surface. (x. y) 

coordIIlate pairs are generated and transmItted ta the computer. These 

coordlllate!', are in the range 0-2200 By scalmg wIth a factor of 55. the 

transmittecl coordmates can be mapped to the 40x40 Image array. As the 

probe passes over a pOInt on the tablet. the corresponding pomt in the image 

array is set to the desired gray level representation. This process continues 

untIl the user presses a key on the computer keyboard . 

The computer program also allows a user to load and store preViously 

created images. and to ereate fillee! shapes. 

6.3 Initial Training 

6.3.1 Image~ Used 

Tilt' 11111lges thllt \Vere presented during the first six sessions of the 

inItiaI trailllI1g penocl are shown in Fig. 6-1. Each row in the fIgure shows 

the images presented III a particular session. The images used during the 

trnlIling Me oIlly bmary (i.e .. 2 gray levels). They consist of triangles and 

squares of dlfferent Slzes. fOfln and locatIOn on the Bit Pad One (BPO). In 
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arder ta facilitate image reference, a numoer Is assigncd to each image III the 

fIgure instead of lts name Thus, the images are I1l 1111 bel ed from 1 to 24 

Furthermore, whel1 ordenng the Illlages for presenta LlO 11 , we do Ilot presellt 

the same tillage tWlce in the same session, and altern,ltt' bd wecll fllled ,me! 

autlined figures. 

6.3.2 Results 

The details af the results from the initiaI trall1illg (lre provlcIed ln 

Appendix D. When a subjeet mcorrectly reproduccd an image, the recordecI 

Ume 1s noted with an astensk (.) in lhe table. TallIt' 6-1 shaw5 the lowe~t. 

the hlghest and the average tlIlle neeclecI. mea~llred III s('('OIHb. lor tlle 

bhnd10lded slghted subJects ta percelve the sevclI dlfferellt image~ III Fig. (j-l 

far the first and the second tnal Table 6-2 provicles the sanw IIIformation 

from the results of the blmel-from-birth subJects. 

Fig. 6-2 shows the ~raph of the tlme reqll1red for the blinclfolded 

sighted subjects to perceive a parlicular bmary image III the first and ~(,(,olld 

trial. FIg 6-3 shows the graph of the lune required for tlle hhlld-frol/l-blrtll 

subjects ta perceive the same m](lges 111 the f1r~t <1J1d ~e(,()lId trial TIH' fllllt' 

used by the subJeet~ for a speCIfIe image for thr fjr~t tnal 1<, n'pr(>~('lIt('d by il 

thick bar. for the second tlléll, the lime 18 repre~ellted by il HlIll bar. The top 

and the battolll of the Ime repre~ent the maXllllUlll ancl tlle 1Il1llillllllli lime 

required to pereelve a partlcular image. rec,pcclIvely TlIe 1lI1l1U~ ~igrJ "-" 

attached ta the Ime represents the average tnne. Bath graph~ f>how tllat Il)(' 
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• Session 1 

Session 3 

• 
13 14 

Session 5 

21 22 23 24 

Fig.6-1 The binary Images used for the traming peIiod . 

• 
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subjects took a shorter lime to perceive an image that has alrrady bren 

presented in a prevlOus session ThIs coulel imply that the subJecls have 

become famihar with the devlce and have learneel to scan images in a more 

effective fashion. 

Table 6-1 Time (m seconds) reqwred for the len blindfolded sighted sllhJect~ 10 
percelve seven dllTerent Ima~es durin~ training 

hnage 1st 2nd 
Number Trial Trial 

Lowe st Highest Average Lowe st Hlghest Average 

1 39 92 70.3 39 78 56 R 
2 48 113· 76.6 37 81 53 R 
3 30 90 67.8 29 70 5f} 1 
4 30 103 632 27 86 58 fi 
5 52 137 79.4 32 74 494 
6 33 122 693 20 77 51 0 
8 30 109 75.9 38 92 61.9 

(*) denotes that the subJect dld Ilot perceive the image correclly 
Lowest. Hlghest and Average mdlcate respectlVcly the nllrllllllllll, the nlaximulll, and 
the avera~e Ume reqlJlred to percelVc Images. 

In addItion, the average t1lnes reqlllred by the blind-from-blrlll 

subjects ta perceive an image for the second tnal are approxlIlI:ltf'ly 20 

seconds shorter than the tIllle reqUlred by the bhlldfolrl"d <,Ighted sllhj(·rl~. 

These data are graphed and shawn lT1 Fig G-4. Tlus III <1 Y be dlle to Ihe 

developed tactIle ablhty of the blmd-from-blrth sllbjcct!'> a(trr year~ of u!>lng 

braille compared to the si~hted subjects' long standing dependen('e UpOIl 

thelr eyes. 
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Table 6-2 Time (in seronds) reqUIred for the six bUnd-from-blrth subjects ta 
perceive seven dl/Terent images durJng training. 

Image 15t 2nd 
Nwnber Trial Trial 

Lowe st Higbest Average Lowe st Higbest Average 

1 21 65 48.0 16 65 33.8 
2 23 52 36.2 13 40 31.8 
3 37 80 500 17 44 32.5 
4 17 65 38.0 17 58 35.0 
5 18 45 35.7 18 40 29.0 
6 30 65 47.7 Il 45 31.0 
8 25 54 41.3 13 59 38.0 

Lowest, Highest and Average indicate respectIVely the minimum, the maximum. and 
the average lime reqUlred ta perceive lm ages. 
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Fig. 6-2 The bme reql11red by the blinclfolded sighted subjects to percelve a 
particular binary lmage in the flrst trial (tbick bar) and the second trial 
(thin bar). H shows thr average Ume . 
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The lime required by the blindfrom-birth subjed<; tü perl'f'lve a 
particular binary imap;e ln the first tnaJ (thick bar) and the second 
trial (thin bar), H shows the average tune, 
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Fig. 6-4 The average tlme reqlllred by the group of blmdfolded ,>JghlC'd <'lIb)!'( 1<, 
compared wlth the average tIme requlrt'd by the group of bIIrld-frorll­
blrth subjects tü perce Ive the bmnry Image,> al the second pn'<'!'/Ilallflll 
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The goal of the initial training was lo introduce the subjects to the use 

of the aid. but not lo collect data for an in-depth analysis. Since this goal 

has been reached. a more elaborate tesUng paradigm was introduced and 

described in the following section. 

~.4 Testing of Subjeçts 
.. l' .. /.. 1" UN 

, .. .., ...... ./ l',,U'' .... ........... .. 

6.4.1 Test Images 

Thirty-six images that were used for testing are shown in the Fig. 6-5 

and Fig. 6-6. The first group. from session 7 to session Il shown in Fig. 6-5 . 

contains the images with 3-gray-levels and superimposed simple geometrical 

shapes. Each shape has a different gray level except for image number 25 of 

session 7. which has a small outlined square inside a large outlined triangle. 

Both shapes are binaI}'. This image IS designed especially for the beginning 

of session 7 to allow the subjects to have an experience with superimposed 

shapes before dlfferent gray levels. The subjects were accustomed to only 

one tone while scannmg the binary images. However. the concept of different 

gray levels is not dlffIcuIt to introduce since the gray levels are represented 

by dlfferent tones. The last group. from session 12 to session 15 shown in 

Fig. 6-6. contains the images with 4-gray-levels. 

The images are arranged with the more difficult shapes occurring 

during thr later sessions because it was desired to have the subjects as 

fnmihar as possible \VIth the use of the device before having them perceive 
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these trregular shapes. The imap;es are also alternated between ouUlned and 

filled. then between simple and irregular shapes to avoid grouping. sllch as 

shown in sessions 14 and 15 of Fig. 6-6. 

6.4.2 Test Results 

The details of the test results are provided in Appendix E. Table 6-3 

displays the lowest. the hlghest and the average Ume. in seconds. needed for 

the blindfolded sighted subjects to perce Ive the images presented for the Orsl 

and the second trial. Table 6-4 displays the resu1ts for the blind-from-birth 

subjects un der the sa me conditions . 

The data in Tables 6-3 and 6-4. are graphed in Figs. 6-7 lo 6-10. Fig. 

6-7 and Fig. 6-8 show the lowest. the highest and the average Ume. In 

seconds. required for the blindfolded sighled and the blind-from-blrth 

subjects to perceive each 3-gray-level image. The Ume usecl by thr buhject~ 

for a speciflc image is repre~enled by a thick bar. The top and the hotto/Tl of 

the line represent the maximum and the minimum Ume reqUlred to pcrceive 

a particular image. respectively. The minus sign "_" atlachcd to tllt:' lille 

represents the average lime. The same manner of presentation is used in 

Fig. 6-9 and Fig. 6-10 to graph the lime required for the two groups of 

subjects ta percelve each 4-gray-Ievel iméJt1.e . 
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Fig. 6-5 The 3-gray-leveJ images used for the testing 
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Fig. 6-6 The 4-gray-level images used for the te sUng 
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Table 6-3 Time (in seconds) required for the ten bUndJolded sighted subjects to 
percelVe the 3- and 4-gray-level images. 

Image lst 2nd 
Number Trial Trial 

Lowest Hlghest Average Lowest Highest Average 

25 72 157 100.1 58 99 81.7 
26 46 116 80.7 55 87 73.8 
27 50 91 68.3 42 81 55.8 
28 62 III 86.5 60 83 69.8 
29 53 110 75.4 50 82 63.6 
90 70 146 98.2 27 87 68.2 
91 60 96 67.9 31 64 50.0 
33 53 108 80.6 24 95 66.0 
95 70 94 83.2 60 100 79.2 
39 60 96 74.6 33 76 57.7 

45 46 102 76.2 32 80 53.4 
46 87 141 111.1 58 98 76.4 
48 69 145 87.4 21 76 55.5 
50 66 115 92.6 44 90 64.7 
53 56 136 87.3 72 112 82.8 
56 87 156 116.6 39 112 79.8 

Lowest. Highest and Average indlcate respectively the minimum, the maximum, and 
the avera~e hme reqUlred to perceIVe Images . 
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Table 6-4 Time (in seconds) required for the six blindfrom·birth subjects to 
perceive the 3- and 4-gray-level ima~es. 

Image 15t 2nd 
Number Trial Trial 

Lowest Hlghest Average Lowe st Highest Average 

25 52 89 62.5 45 80 54.8 
26 45 76 57.0 43 GG 52.8 
27 38 80 56.5 37 58 48.0 
28 45 100 63.3 41 68 61.0 
29 62 110 85.5 52 86 74.0 
30 53 93 74.5 53 90 700 
31 30 73 56.3 25 70 47.3 
33 41 109 84.2 35 93 69.5 
35 70 95 79.3 41 78 63.0 
39 34 81 64.8 28 74 560 

45 113 150 132.2 44 135 8G 5 
46 84 99 87.0 74 90 81.2 
48 67 107 92.6 60 92 753 
50 81 122 102.5 69 96 797 
53 82 106 94.0 77 93 870 
56 158 230 193.5 130 194 IG80 

Lowest. Highest and Average mdlcate respectlvely the nlmlmum, the max 111\1 Il Il , and 
the average lime reqUlred ta perce Ive images. 

The graphs in Fig. 6-7 la FIg. 6-} 0 show that lhe subJcctfo. always 

perceived the images [aster at the second presentation than at the first 

presentation. This is due tü lhe expenence oblainecl and the Irnproved 

scanning abilily wIth this technical md. 
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Fig. 6-7 The hme required by the bUnclfolded sighted subjects to perceive a 
partIcular 3-gray-Ievel image in the first trial (thick bar) and the second 
tIiaJ (lhm bar). (-) shows the average tJme . 
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Fig. 6-8 The Ume reqmred by the blind:from·birth subjects to perceive a 
parllcuJar 3-~ray-Jevel image in the fIrst tnaJ (thlck bar) and the 
second tnul (thm bar). H shows the average Ume . 
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Fig. 6-9 The lIme reqUlred by the blimlfolded sighted subJects to percelve a 
particular 4-gray-Ievel image in the first trial (thlck bar) and the second 
trial (thin bar). (-) shows the average bme. 
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The time required by the blind-from-birth subjecls la percelvc a 
partlcular 4-gray-Ievel lmage ln the flrst tnal (thick bar) and the 
second tnal (thm bar) H shows the average tmle. 
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For the 3-gray-Ievel imagps, the average Urnes of the blind-from-birth 

and blindfolded si~hted subJects at the second presentation are graphed in 

Fig. 6-11 in order to compare the performance of these two groups of 

subJecl5. The graph lends to show that the blind-from-birth subJects in 

general have Laken a shorter Ume to perceive the images than the 

blindfolded sighted subjects. In the case of the three images numbered 29, 

30 and 33. the blmd-from-blrth subjects have taken slightly more time than 

the blindfolded sighted subjects. This is due to the superimposed shapes of 

square and Clrcle. Ta avoid potentIal errors, most of the blind-from-birth 

subjects have scanned the image more than once to verify the differences 

between bath shapes . 
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] 70 
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~ 60 -------.Y" ." 
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~ 30 ca ... 
CD 20 
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Fig. 6-11 The average lime requlred for the bhnd-from-birth and the blindfolded 
sighted sub1ects ta percelve the 3-gray-Ievel images presented in the 
second tnal. 
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In the case of 4-gray-Ievels, the average limes requlred for the blind­

from-birth and the blindfolded sighted subjects ta perceive a particular 

image are also graphed in FIg. 6-12 to compare the performance between 

these two groups of subjects. 
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Fig. 6-12 The average Ume reqUlred for the bhnd-from-blrth and the blindfolded 
sighted subJects ta perceive the 4-gray-level ima~es presenled al lhe 
second tnal. 

The graph of Fig 6-12 shows the reverse trend The nveragt' tlllH'S 

required by the blind-from-birth subJects ta percelve an image for the !':>econd 

trial are shghtly longer than the average tIlne required by the blilldfolclec! 

subjects. This may be due ta the unusual images cOlltalllcd in t!\(' laler 

sessions. The blmd-from-birth subjects tend ta try lo ullden,talld the 

scanned images before telling the system operator la slop lhe lllner bccall!-'e 

they are afrmd of not being able ta descnbe the scanr}('r! Illlagc lo the 

operatar. Thus, somel1mes they scannee! lhe snfllc IIllage lwlc(' or evclI three 

times. For the case of image number 56, lt is a purtially mIed cube. The 

blind-from-blrth subjec..ts took almost lwice lhe lime nec(lt-rI by the 
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blindfolded slghted subjects. Since they are ail blind-from-blrth. they did not 

undersL:lnd how a 3-dimenslOnal cube was represented in a 2-dimensional 

plan. However, only after thelr correct descriptions of the perceived image. a 

real partially flIled cube object (i.e .. box) was presented to them for touching. 

Then. they were very happy to be able to visualize. for the first time in their 

life. a cube ln the 2-dimensional plan. 

At the later sessions of 4-gray-Ievel images. both blmd-from-birth and 

blindfolded sighted subjects R(e considered to be familiarized with the 

technlcal aid. Four complex images were presented only once in the later 

sessions in order to evaluate the perceptual abllity of subjects in each group. 

Table 6-5 shows the results of the lowest. the highest and the average time 

required for the bhnd-from-blrth and blindfolded slghted subjects to perceive 

the 4-gray-level complex images presented only once dunng the testing 

periocl These times are graphed JI1 Fig. 6-13. 

Table 6-5 Tmle (10 seconds) reqUlred for the bhnd-from-blrth and blindfolded 
slghted subJecls 10 percelve the 4-gray-Ievel images presented only 
once. 

Image 
Number 

47 
49 
51 
59 

Blind 

-----------------------
Lowe st Hlghest Average 

74 
81 
75 
103 

91 
112 
96 
145 

80.0 
88.5 
86.0 
126.3 

Sighted 

Lowe st Hlghest Average 

73 
81 
91 
94 

101 
103 
150 
169 

81.8 
94.3 
108.0 
135.8 

LoWl'st. Highest. and Average mdlcale respectJvely the mmlmum. the maximum. 
and the average tune reqU1red to percelve Images . 
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The graph in Fig. 6-13 shows that the blind-from-blrth subJects took 

a slightly shorter Ume ta perceive the eomplex 4-gray-level images than the 

blindfolded sighted subjects. The lime used by the blindfolded stghtecl 

subjects for a specifie image 1s represented by a thlck bar. and the lime llscd 

by the blind-from-birth subjeets 1s represemed by a thln bar The top and 

the bottom of the line represent the maximum and the l111nlHllllll Ume 

reqUlred to perceive a partlcular irnag;e. respectlVely This graph also states 

that citer understanding the representation of a eube (i.e. the 3-dimpnslOllal 

object) In a 2-dlmensional plan. the bhnd-from-birth sllbjects have taken 

shorter LIme ta perceive another 3-dimensional abject (i.e .. tlH' pyramlcll than 

the blindfolded sighted subJects did. The pyramid. Image Ilumbcr 59. is 

presented only once m the last seSSlOn in arder to rnake sure that lhe blilld-

from-birth subjects understand how a 3-dimensiollal abject C(1n be 

visualized in 2-dimensional plan. 
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Fig. 6-13 The lIme reql1lred by the blind-from-blrth (thm bar) and blmdlolded 
sighted (thick bar) subJecls to percelve a partJcular compJcx 4-~ray­
level image presented only once. H shows the average Ume. 
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~.5 Discussion , ' 

The number of subjects who successfully perceived the images, the 

Ume reqllired ta perceive each partlcular image, and the decrease in Ume 

reqllired as experience increases. are the indications of how successful the 

aid Is. 

ln this stlldy, 60 images in total were presented to two groups of 

subJects' Ten blindfolded sighted subjects and six blind-from-birth subJects. 

Of the 24 bmary images containing squares or triangles that were presented 

in the training and learning period. only one subject did not perceive one of 

the shapes corrertly In the first tnal. Of the 36 images containing more 

difficult shapes. every subJect perceived the images correctly. Thus. there 

was a hi~h Sllccess rate of perception by the blind-from-birth and the 

blindfolded sighted subjects. 

Table 6-1 and Table 6-2 provide an indication of how long the blind­

from-birth and blindfolded sighted subJects require ta perceive simple binary 

images. Note that dunng the trammg. the blind-from-blrth subJects required. 

on avera~e. less lime (approximately 20 see.:-nds less) than the blindfolded 

sighted subJects. ThiS result ean be seen from the graphs shown in Fig. 6-4. 

The reasons for the blind-from-blrth subjects perceiving binary images faster 

than the bhndfoldecl slghted subjects dllring the training period may be 

explalllccI by clrawing a comparison with thelr daily activilies. After years of 

using braille and aclapting ta their enVironments. the blind-from-birth 
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subjects may have developed better focus or attenlion on their tactile and 

auditoI)' abilities whereas Ule sighted subjects are lwavily dept'Ilot'Ilt lIpOIl 

theif eyes for receivmg visual inforrr • .1t1on. ln brier. tht' two grolJp~ of 

subjects perceived the bmary images in a reasollablt? tlmt' frallle The blilld­

from-birth subjects needed from 51 ta 62 seconds ta corrt'ctly idt'Iltl(y the 

images in the second trial The bhndfolded sightecl subjects needed l'rom 63 

to 79 seconds to perform the sa me task. 

The improvement of subjects' skill as their expenel1ee wlth OH> aid 

increased can also be stuoled. In Fig. 6-2 and Fig ô-3. Il b St>l'II that wlwlI 

subjects percelved images the second tnal. the lime reqUlrt'd WdS alway~ ll'S~ 

than the Ume reqUlred for the flrst trial dunng the training penod 'l'tH' data 

from the test section show similar trends in Fig. 6-7 to Fig G-lO Il I~ eviclellt 

that later presentations generally ,eqUlre lower percept Ion tu Ill''' 

A study to determme whether subjccts Œil easily perce!vp tht' 

superimposed outlined and flllecl shapes in mllili-gray lcvcb [i.e. ~­

dimensional abject presented 10 2-chmensianal plan) wa~ abo llllrl{>rtakl'Il 

Refernng ta FIgures 6-7 to 6-12. It IS seen that bolh grollP" of ~lIh)t·t t~ hflV(' 

taken on average from 50 ta 87 &ccoll(b ln cOIredly Idt'/ltlfy il p;lrtH u1M:3 or 

4-gray-level image Thus. they were able 10 pelTf'ive tIw IJlllltl gr dy It'v('1 

images wlthout dlfhculty. Among these imagc&. ail bhml-frolll-bir lil '>lllJjt·( I~ 

could describe the image of a cllbe (i e. imagE' #58) from tlle "('tlII/IUlg 

process wlthout knowing that it is a "cube" repre~ellted III 2-dull/'ll<"IOll;t1 

plan. They had never learned how a 3-dlrnell~I0l1a) cutw cali tw pr('~('ll(('d III 

2-dimenslOnal plan However. when a second 3-dullen"lollal O\JJI'( t. !tlt' 
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pyramid, was presented for the first Ume at the end of the last session, the 

blind-from-birth subjects ('an perceive the image without difficulty. Il is very 

encouraging to see the technical aid enabling blind-from-birth subjects to 

perceive a 3-dimensional object in 2-dimensional plan for the first Ume in 

thelr lives . 
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Conclusion 

~.1, Summary 

There exist many different types of technical aids for blind persons. 

These aids can be classified according to their purpose such as for readln~. 

mobility. image perception. and others. Almost ail previous)y reported 

technical aids for image perception use tacUle stimulation. In this report. the 

design. implementation. and evaluation of a newly proposed imnge­

perception aid are presented. This aid allows interactive acceSb of the Image 

pixel by touch. and presents the pixel gray level as a characterlstlc soulld. 

The aid was tmplemented by using software and hardware. A 

computer graphics tablet (Bit Pad One) allows the user to scan an Image. A 
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speclally deslgned and Implemented Time-MulUplexer Circuit Board allows 

the ald to read data simultaneously from the left and the rtght finger probes 

when both probes are on the BPa surface. Audttory stimulus 1s generated by 

an assembly program and slmultaneously presented to the user through an 

audio stereo system. The C programs run in the personal computer PC AT 

are used to recelve the coordlnates from the BPO, to map them onto the 

Image cells. and to send a data word to a TMS320C25 processor to output 

the auditory signaIs. 

The proposed technical aid was evaluated with two groups of 

subjects: Ten blindfolded sighted subjects. and six blind-from-birth 

subjects. A study was made to determine how accurately subjects could use 

the aid. and how the Ume they required to perce ive binary. 3-, and 4-gray­

level ima~es with geometrical shapes changed with increased experience. 

It has been found that blind-from-birth and ::'lindfolded sighted 

subjects can perceive geometrical shapes by using the aid. The results also 

showed that with successive presentations of images. the average time 

required for perception decreases. At the end of the tesUng, both groups of 

subjects \Vere able to percelve binary, 3- or 4-gray-Ievel images in less than 

100 seconds. and bath cauld perceive the complex 4-gray-Ievel image (Le .. 3-

dimensional abject presented in 2-dimensional plan) in less than 2 minutes, 

on average. 

Furthermore, for the first time in their lives. the blind-from-birth 

subjects could correctly perceive. with the proposed technical aid, the 3-
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dimensional representaUon such as a cube or a pyramid in a 2-dimensional 

plan without difficulty. The results were encouraging and promising. Hence. 

the future research in this area should continue. 

~,.'1~ N '" 

'.2 Directions for Future Research 

According to the comments obtaineè from the blincl subjects, several 

ideas for improving the research in this field are presented } "'rf> The 

essential improvements focus upon the image analysis and the sound 

outputs. 

Up to the preser.~ research level. the subjects can obLain the visual 

information by scanning ail parts of the image wilh two probes at tached tü a 

finger of each hand. An improved mechanism should allow the user to 

perceive the image contents faster by using automatic computer hnage 

recognition. For instance. instead of scanning the enlirc Huc of il trlallgle, 

the user Just needs to scan through the line with a probe and a won) will be 

heard saying that the line is the "left edgc" of the trIallgle. The present 

technical aid works with the TMS320C25 DSP Board. whlch outputf" the 

stereo tones. These tones can be replaced by word~ or phra~e~ ln the 

improved aid. 
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Appendb:A 

The Binary Data Format 

The binary data format transmits less than half the number of 

characters used in ASCII format. Our system adopts thls blnarj format ln 

arder to speed up the transmission rate. The coordmates are transmllted in 

a binary coded format of five bytes as shown in Tabi/? A- 1 . 

Table A-l The Bmary Data Fonnal Representation orThe Bit Pad One 

BYTE BIT 7 BIT 6 BITS BIT 4 BIT3 BIT2 BIT 1 BITO 

a p 1 F3 F2 FI FO 0 0 

l P 0 X5 X4 X3 X2 XI XO 

2 P a XII XlO X9 X8 X7 Xv 

3 P 0 Y5 Y4 Y3 Y2 YI YO 

4 P 0 YII YIO Y9 YB Y7 YÜ 

Two elements should be ernphaslzed First. FO I~ con~tal\tly IIIGH, 

which is built-in by the manufacturer. Bit 6 of ail the coordinate data hyte~ 

(Le .. bytes 1, 2, 3, and 4) are "0" except for the Oag byte (j e , byte 0), whkh 

has a "1" in that positIOn. Thus, durin~ the program eXeClJtloll, when a byte 

value greater than or equal to 68 he., 100 1000) Is encountered, the present 



• 

• 

Appendix A: The Binary Data Format 119 

byte ls a flag byte. Then, the next four bytes are going to be, in case of error­

free transmission, the coordinate bytes. 

The second element should be noUced that only the last 6 bits of each 

byte carry the coordinate data. There are 12 bit . ., per coordinate, which are 

requlred to represent numbers up to 2200 (Le., The selected range). In order 

to put together the bits to form the string XII XIO X9 ...... XO for the x 

coordlnates and slmilarly for the y coordinate, the followtng conversion 

formulae are used: 

(x-coordtnate) = byte 1 + byte2(shtfted to the left by 6 bits) 

(y-coordtnate) = byte3 + byte4(shtfted to the left by 6 bits) 
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Appendix C 

The Programming of the PAL16RP6 

The PAL program in extension .PLO shown in Table C-l 1s compilee! 

by the ORCAD Programmable Logic Design (PLD) software package to 

generate the files with extension LST and JEO. The LST extension flle 

1ndtcates the pin numbers and other compiling information of the PAL for 

hardware or debugging use. The JED extension flle contains the compllccl 

codes ready to be download into the PAL 1ntegrated circuit for operation . 

Accord1ng to the program listing of the PAL16RP6 in .PLD extension 

file, the clear counter cie signal 1s output when an edge of the signal (or the 

maximum count) is reached. Thus, the Ctrl signal is output only when Ils 

conditions are met. The PAL detects the present state of control signaI clrl. 

the edge of the dJ[. the reset signal, and the previous state of the signal clJr 

When the conditions of these detected signaIs described above are met, clrJ 

outputs a desired flag signal for the BPO . 
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Table C-l The listing of PAL 16RP6 codes in . PLD extension file 

IPAL 16RP6 in (d{7-3J, dff, invin, reset), 

io (edge, invout), 

out'(dfn, cie. ctrl) , 

clock clk 

1 title: "signal controller" 

1 actlve-Iow' cie 

1 dfn = dff 

1 Invout = invm' 

1 edge = (dfn & dff) # (dfn' & dff) 

1 cie = edge 

1 ctrl = (ctrl & edge' & reset') # (edge & reset' & dfn' & d7) 

# (edge & reset' & dfn' & dG) 

# (edge & reset' & dfn & dl' & d6') 

After compiling the .PLD program, the .LST list ls generated as shown 

below: 

SIGNAL ASSIGNMENT 
Rows 

Pin Signal name Column ... _------_ ... Activity 
Beg Avail Used 

1. clk High (Clock) 
2. d7 0 High 
3. d6 4 High 
4. d5 8 High 
5 d4 12 High 
6. d3 16 High 
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7. dff 20 High 
8. invin 24 High 
9. reset 28 High 

12. invout 30 56 8 2 High (Tri-state) 
13. 26 48 8 0 (Registered) 
14. 22 40 8 0 (Registered) 
15. 18 32 8 0 (Registered) 
16. etrl 14 24 8 4 High (Registered) 
17. cIe 11 16 8 1 Low (Registered) 
18. dfn 6 8 8 1 High (Reglstered) 
19. edge 2 0 8 3 High (Tn-state) 

64 11 (17%) 

W320 Signal d3 is not used ln the final equations. 
W320 Signal d4 is not used in the final equations W320 Signal d5 is not used in 
the final equations. 

1200 No fatal errors found ln source code 
1201 Three warnings. 
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Appendb: D 

The Evaluation Data of 
Binary Images 

The evaluation data of the binaI)' images were obtained from two 

groups of subJects. Table D-I, con tains the Ume (In seconds) that each 

blindfolded sighted subjects took to perceive a particular image during 

sessions 1 to 6. In the same manner, Table D-2 shows the data of each 

blind-from-birth subjects. The images are identified by using the figure 

numbers provided in Fig. 6-1 of chapter 6 . 

Table D-l The Ume used by the blindfolded sighted subjects to perceive a binruy 
Image ln sessIOns 1 to 6. 

session subject 
#1 #2 #3 #4 #5 #6 #8 '18 

1 1 91 100 90 57 
2 92 113- 87 71 
3 74 53 30 42 
4 39 91 76 53 
5 59 48 38 30 
6 86 91 83 82 
7 50 60 85 103 
B 86 70 55 63 
9 62 68 89 91 

10 64 72 45 40 
Ave 70.3 76.6 67.8 63.2 

(continued on next page ... ) 
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• session subject 

'1 12 13 t4 15 16 18 '18 
2 1 60 64 38 90 

2 68 85 33 72 
3 57 137 40 30 
4 67 81 53 56 
5 40 52 90 64 
6 53 61 122 109 
7 69 78 90 92 
8 62 84 42 73 
9 74 80 100 100 
10 38 72 85 73 

Ave 58.8 79.4 69.3 75.9 

3 1 65 37 55 47 
2 48 81 64 50 
3 54 40 50 35 
4 39 43 58 41 
5 56 45 29 27 
6 48 50 50 47 
7 63 54 61 84 

8 78 62 50 58 
9 60 66 70 86 
10 57 60 64 35 

Ave 56.8 53.8 55.1 51 • 4 1 n 41 68 58 
2 42 57 30 64 
3 85 51 51 63 
4 29 44 20 38 
5 35 40 75 92 
6 34 38 34 62 
7 59 32 51 52 
8 44 74 40 66 
9 62 56 64 59 
10 33 61 77 65 

Ave 50 49.4 51 61.9 

5 1 33 36 58 27 
2 28 50 66 34 
3 46 104 30 87 
4 40 35 45 40 
5 55 65 66 48 
6 22 69 35 27 
7 23 48 28 55 
8 73 53 43 58 
9 49 55 58 60 
10 47 52 60 53 

Ave 41.6 56.7 48.9 48.9 • 
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session subject 

'1 ##2 ta 14 15 tG 18 '18 

6 1 46 29 36 22 
2 43 40 52 26 
3 92 100 32 93 
4 37 22 13 22 
5 80 48 55 75 
6 71 43 20 28 
7 38 27 27 40 
8 61 37 65 34 
9 56 55 52 56 

10 60 30 54 60 
Ave 58.4 43.1 40.6 45.6 

Table D-2 The Ume used by the bllnd-from-birth subjects to perceive a btnary 
image ln sesSIOns 1 to 6. 

session subject 
.1 M2 t3 14 t5 tG 18 

1 1 21 23 50 20 
2 60 41 39 62 
3 54 52 43 65 
4 65 36 80 37 
5 48 40 51 26 
6 40 25 37 17 

Ave 48 36.2 50 38 

2 1 35 35 53 29 
2 26 45 60 54 
3 58 45 65 50 
4 40 36 30 48 

5 34 35 48 42 
6 17 18 30 25 

Ave 35 35.7 47.7 41.3 

3 1 31 39 30 46 
2 30 32 31 24 
3 65 40 44 41 
4 27 35 40 17 
5 34 32 33 30 

6 16 13 17 14 
Ave 33.8 31.8 32.5 28.6 

{continued on next page ... } 
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• session subject 
.1 «l Il t4 t5 16 18 

4 1 37 40 30 40 
2 33 24 45 52 
3 24 29 27 26 
4 26 34 41 59 
5 28 30 32 40 
6 14 18 11 13 

Ave 27 29 31 38 

5 1 37 35 28 25 
2 20 29 28 24 
3 25 35 31 32 
4 20 30 26 18 
5 24 30 27 24 
6 14 15 15 13 

Ave 23.3 29 25.8 22.6 
6 1 27 50 28 25 

2 30 15 40 42 
3 20 20 23 21 
4 21 21 40 50 
5 23 27 29 33 
6 14 24 10 18 

Ave 22.5 26.1 28.3 31.5 • 

• 
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Append.b: E 

The Evaluation Data of 
3- and 4-Gray-Levellmages 

The evaluation data of the 3- and 4-gray-level images are obtained 

from two ~roups of subjects. Table E-l contains the tim~ (in seconds) that 

each blinclfolclecl slghted subjects took to perceive a particular 3-gray-Ievel 

image during sessions 7 to Il. In the same manner, Table E-2 shows the 

data of each bhnd-from-birth subjects. Table E-3 contains the Ume (in 

seconds) that each blindfolded sighted subjects took to perceive a particular 

4-gray-Ievei image during sessions 12 to 15. In the same manner, Table E-4 

shows the data of each blind-from-birth subjects. The images are tdenUf1ed 

by using the figure numbers provtded in Fig. 6-5 iand Fig. 6-6 in chapter 6. 

(continued on next page ... ) 
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Table E-l The Ume (m second) used by the ten bUndfolded slghted subjects to 
percelve a 3-gray-Ievel image in sessions 7 ta 1 1. 

Session Subject 
125 t26 127 128 129 .30 '31 '33 .35 '39 

7 1 105 59 50 75 
2 92 102 54 89 
3 157 68 88 100 
4 120 57 50 111 
5 75 92 82 110 
6 72 46 91 75 
7 95 102 57 62 
8 91 72 63 88 
9 110 116 68 68 
10 84 93 80 87 

Ave 100.1 80.7 68.3 86.5 
8 1 99 75 70 60 

2 92 98 103 65 
3 58 81 146 96 
4 64 61 123 73 
5 70 110 89 61 
6 98 55 68 66 
7 87 53 87 61 
8 81 86 120 68 
9 92 60 94 66 

10 76 75 82 63 
Ave 81.7 75.4 98.2 67.9 

9 1 55 70 78 75 
2 87 79 101 93 
3 73 67 53 70 
4 80 83 65 85 
5 87 65 78 82 
6 55 75 108 94 
7 70 60 80 82 
8 62 62 78 87 
9 82 65 84 79 

10 87 72 81 85 
Ave 73.8 69.8 80.6 83.2 

(continued on next page ... ) 
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Session Subject 
125 l''.l6 127 ne 129 .30 .31 .33 .35 .39 

10 1 55 68 72 80 
2 48 84 85 76 
3 55 82 60 96 
4 43 27 100 75 
5 42 50 90 96 
6 81 68 82 53 
7 53 70 75 61 
8 47 72 78 81 
9 62 87 79 68 
10 72 74 71 60 

Ave 55.8 68.2 79.2 74.6 
11 1 n 57 70 76 

2 72 42 81 73 
3 61 55 54 55 
4 48 31 24 47 
5 82 31 95 50 
6 65 1 51 48 33 
7 50 56 75 55 
8 67 56 62 66 
9 54 64 78 68 
10 60 57 73 54 

Ave 63.6 50 66 57.7 

Table E-2 The hme (m second) used by the six bUnd-from-birth subjects to 
percelve a 3-gray-IeveI-image in sessIOns 7 to Il. 

Session Subject 
125 126 #27 #28 #29 '30 '31 '33 '35 '39 

7 1 52 39 40 45 
2 54 76 65 50 
3 60 52 60 65 
4 89 73 80 100 
5 64 58 56 65 
6 56 45 38 55 

Ave 62.5 57 56.5 63.3 

(continued on next page ... ) 
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• Session Subject 
125 126 127 128 t29 '30 .31 133 '35 '39 

8 1 45 76 55 50 
2 48 86 84 68 
3 50 110 93 62 
4 80 92 86 73 
5 56 87 76 55 
6 50 62 53 30 

Ave 54.8 85.5 74.5 56.3 
9 1 45 41 96 82 

2 65 65 90 70 
3 44 68 109 74 
4 66 91 87 95 
5 54 60 82 80 
6 43 41 41 75 

Ave 52.8 61 84.2 79.3 
10 1 40 53 78 81 

2 56 80 68 60 
3 58 90 70 73 
4 50 78 60 75 
5 47 69 61 66 
6 37 50 41 34 

Ave 48 70 63 64.8 • 11 1 70 48 93 74 
2 84 70 81 60 
3 86 47 72 51 
4 80 46 65 68 
5 72 48 71 55 
6 52 25 35 28 

Ave 74 47.3 69.5 56 

(coutmued on nexl page ... ) 
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Table E-3 The Ume (in second) used by the bllndfolded slghted subjects to 
perceive a 4-gray-Ievel image in sessions 12 to 15. 

session subJect 
.45 '46 '47 .48 '49 .50 '51 .53 '56 .59 

12 1 4f1 102 95 79 
2 52 106 84 145 
3 46 141 60 74 
4 102 109 84 67 
5 95 87 101 120 
6 88 140 85 69 
7 BO 100 75 BQ 

8 79 122 73 n 
9 90 110 78 79 
10 82 94 83 B4 

Ave 76.2 111.1 81.8 87.4 
13 1 37 103 96 103 

2 32 81 B4 145 
3 51 87 66 91 
4 45 87 105 106 
5 52 96 115 105 
6 55 94 106 150 
7 60 96 91 97 
8 54 102 74 93 
9 80 98 99 98 
10 68 99 90 95 

Ave 53.4 94.3 92.6 108.3 

14 1 58 90 94 92 
2 23 45 106 102 . 

3 59 64 136 125 
4 21 48 63 156 
5 72 56 BO B7 
6 46 44 56 101 
7 67 71 88 135 

8 58 68 82 105 
9 76 82 88 140 
10 75 79 80 123 

Ave 55.5 64.7 87.3 116.6 

(continued on next page ... ) 
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Appendix E: Evaluation Data of 3- and 4-GrCllJ-Level Images 136 

session subject 
145 .46 147 148 149 ISO '51 153 156 159 

15 1 68 91 a7 112 
2 61 93 81 94 
3 80 79 39 168 
4 62 60 60 146 
5 81 92 88 169 
6 58 112 50 139 
7 87 75 83 140 
8 82 72 88 115 
9 98 80 110 136 

10 87 74 112 139 
Ave 76.4 82.8 79.8 135.8 

Table E-4 The Ume (m second) used by the six bUnd-from-birth subJects to 
percelve a 4-gray-Ievel image m sessions 12 to 15. 

session subject 
'45 146 '47 148 149 'SO '51 '53 '56 '59 

12 1 142 99 91 107 
2 121 78 82 93 
3 150 91 75 90 
4 113 84 74 67 
5 127 86 81 94 
6 140 84 n 105 

Ave 132.2 87 80 92.6 
13 1 135 112 122 96 

2 83 80 108 75 
3 82 92 81 90 
4 44 84 94 81 
5 85 82 100 83 
6 90 81 110 91 

Ave 86.5 88.5 102.5 86 

14 1 92 ~s 106 208 
2 82 87 96 191 
3 60 78 102 186 
4 65 72 85 230 
5 n 76 92 188 
6 76 69 82 158 

Ave 75.3 79.7 94 193.5 

(conlinued on nexl page ... ) 



Appendix E: Evaluation Data of 3- and 4-Gray-Leuellmages J37 

• session lubject 
145 Mi .47 ,. '49 '50 '51 '53 '56 159 

15 1 87 93 164 145 
2 90 92 182 143 
3 82 93 170 122 
4 75 82 194 103 
5 79 85 169 128 
6 74 n 130 117 

Ave 81.2 87 168 126.3 

• 

• 




