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Abstract. Tactile diagrams requireonsiderng specific features like resolutiogize, density and even fonts to
be percered propery. Mahemaica, as a powrful tool, provides ntegrated envionment for techncal
computing, and has introducednew generationof mathematical and algebraic capabilities. By the way, by
default it does not respect the features necessary for gtagtesdrawnto be fully tactile perceivable. In this
paper, we have studiedifferent aspects of graphing with the page and have investigated a criterion
regarding the density feature for the drawn graphbe judged how far are tactile perceivable.

1 INTRODUCTION

Images and athematical expressionare irdispersable in sciertific studies. Viswally impaired pegple use to
access irages through tactile representationshilét different tools to print tactildmages are available (e.qg.
graphic enbossers ad swell paper printers), sone problens are netin tactile image gereration. Primarily, not
thatvarious accessible tools are avaitatd enable blind persons, especialiydents, to produce tactile graphics
withoutsightedassstance. Therefore aol which conbines boh symbolic, nuneric manipulation and grapluial
features is needed.

Access to graphics through tactile and auditive pé¢imeps a research issueanly studied in huran
conmputer interacion and m the desjn of asstive tedcnologies for bind peopk. Graphial descrptions are
related to a large variety of representations, suchaggatis, flowchars, drawings, and so on.dgardkssof the
specificgraphical representation, twopgss are important: how © enabé blind personsa explore graphis and
how to desgn ols b produce graples trough non-vgualtechngues. Athough here exst various non-vsual
represerdtions of graphcs (e.g. irough audd descrptions or brough hagt tools), his work is focused on
tactile graphs and shows how blindopke can construct technical drawingg using asynbolic languageand
obtain a tactile repesenation sutable tobe perceived by touch.

At present, there are twoan groupsof techniquesto enable blind people to produce tactile drawings,
techniques based on tactile feedbackl techniques exploiting language to describe &ges. However, this
paper § based on aahguage @ descrbe images. A spefiic languageis usedto dechre he pars of he image,
suchasshapes, captions, labels, etc. Thage is genated by a synbolic manipulaton softvare. The restihg
image file can be ebvssed through a tactile bosser dkr a process that akes it suitable to be perceived
tactually. There is n@ontextualfeedback durig the preparabn of he image except for the syolic one.
Whether the conmands to generag the image are carefly grouped, sybolic feedback ray be hepful to
recognkze andsearchpars of the image beig drawn. Inte stidy conduced, Mathematica [8] was employed for
symbalic manipulation ard Tiger Gragical Enbosser was sedto print tactile images.

2 TACTILEIMAGES

In order b conpensag for the loss of sght, the pars of a drawig are raded on papera a different height
than the background so that they carpbeceived by touch. Tactile graphican be rade in nany forms which
mainly differ in the constuction techngues andn the materials used [1] [2]. Valuablke discussins and
techngues are mntioned n [9].

To obtain a good tactile representation, the threeviiig constructiondgchniques are the ast frequently
used. Theyhow spedic pros and drawbacks:
-Thermobrm Graphts A sheebf plastc is heaed and vacuued on dp of amodelwhich represergthe shape
to be perceived byouch. That alows the production of high quality tactidrawings, but it is necessary to
mould a btally new nodelwhen a new drawig has be produced.
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-Swell-Paper Graphts Paper with a special coating of heat reactincrocapsules enablegecial pinters to
shape raised areas. Variable height raised lines andcared® olatined, butt is a veryexpensie process.
-Embossed Grapbs Sone Braille enbossers are able to produeetile images by punching dots into paper in
such a way as to formraphics. This ishe bestcost-effecive chngue. Nondteless ony few enbossers (e.g.
Tiger enbaossers) are ab to produce hHgh quality-varialde height tactile dawings [5].

Whatewer techique is wsed tactile repesemations of drawings have in common a variety of pros ard
drawbacks.

Pros:

-Qualitative and quantitative infomtion abouthe relations anong the comonents of a tactile drawing can be
detectedpreciselyard quickly by moving all the fingertips over the tactile repesemation. For exanple, tactile
exploration of a square conveysdamation synchronously bbtabout the spatial position and theasure of
the sides.

-After constructing a sinplified mertal image d a tactiledrawing, namely aftera first oserall exploration, it is
possible to access directly byuch specific parts in der to retrieve details.

-Qualitative d-awings (e.g qualitative dagams d functions, figures fran Euclidean geametry, etc.) can be
undersbod eady and quekly withoutlooking for dedil s.

-Rather conplex drawings, whch do notmix a greatanount of textual and graptdal information (e.g. sora
paricular graphsfrom graph heory, cerin conplex aubmata from aubmata theory, et.) can be undemsbd
quickly by touch.

Drawbacks:

-Color, gradaibn, shadig and dter smilar visual effecs can behardly represerdd. At presentthe best
effecive wayis through Tger enbbossers byiewplus echnobgies.

-Complex drawings can be explored slowly and mary difficulties arise if tikey are ot repesered on large
surfaces, but unfortunately represeiotas over too large surfaces cantaadly exploredy touch;

-Textual lakels aml cagions are dten intertwined with lines awl shapes (e.g in cognitive graphs, flowcharts,
UML diagans, etc.). It is ekenely dfficult or sanetimes inpasside to combine properly texual Braille
descrigions ard tactile slapes.

Techiques to overcane sone d these dawbacks rely o1 the possiklity to simplify images fa tactile
understanding by filtering details in orde obtain semntically equivalent tactile desiptions [6], [7].

3 EXPLORATION

In orderto conprehendthe reasons wbh conplicae te undersinding of graphis n a non-vsual mode,
firstof all let us analze how vsualundersanding works and whih advanages cora from a visualexplraion
of graphcal represergtions. Lierature abouthow sighted peopd expbre and underatd graphis, suggest
sone bast featires whth shoutl be reproduced bywhatver tool for the exploraion of non-visual
represerdtions of graptds. A rebvantcontibutionis given byLarkin and Smon [3], who conpared he mental
computation requied n solving probens expoundedy diagranms and probéns represertl as seas of extual
elemenss (e.g. charaetrs, words, seances, et). Theyfound hat the mental workload nvolved in the soltion
by diagrans is lower than te one spento solve the problem presengd throughtext. Two featuresof diagram
undersanding were regarded aset main reasons ofhe diferent mental workload: easnhess ¢ search and
immediacy to recognke. Locaizaion of rebted pars in diagranmatic represergtions reduceshe need for
searcing, and consequertly it facilitates canputation, since synibalic descrigions need not be gereratedor
matched. Itmeans hat information represert over atwo-dimensional planecan be rre efficienly grouped
and searched for @aningful itens than text along a line. As for recoguwiti, diagranmatic representations allow
oneto immediately undersand meanngful shapes, nadly relevantpars can be edsiisolated and conneetl

related diagramconponens. For exarle, gven he paraboa with equaion y = X% +1, itis straidntforwardto

recognke by sight which is the partin the first andsecondquadrantwhenit is displayed, whereast takesa
longer ime b getit from a extual descrption (e.g. hrough sore points in a &ble).

Further contibution is provided bya modelwhich accourd for how vsualimages are perogid [4]. This
modelshows hat the visualimage & anayzed herarchcaly, from the overal stucturedownto the fundanental
featuresor elenents. It is observethat the clustering of elemnts or ggregations of basic elamts occurs
sekcively, maximizing the nunber of connedbns béween unis which have imporiant relationshps. The
importance of each relationship is ckly defined through a coparison withthe othermossiblerelationships
(e.g. according to closeness as askad by Palrar[4]). What is natural in theexploration bysight, often
becones difficult in the exploration tlough tactile devices. It isamly dueto the possibilityof exploringonly
small areas at any one tay touch.Nonethelesst may be supposed that a tool which has tpriave usability
of non-visual descriptionsf graphics, should allow users to explihe same cognitive processes previously
analyzed for vsual undersénding of graphis. Thereforethe following expbraion featires were aen nto
account in working with tactile iages:
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-The possibility to easily recognize basmrponents or clusters in the diagrée.g. Braille labels and figures).
-The possibility to identify relationshifgsetween basic cgmonents or clusters.

-The possibility to easily search for cponents, either clusters or the basic ones.

-Techniques to hierarchically expé the graphical representation.

4 OBSERVATIONSAND RESULTS

Mathematica provdes a rth setof functions and options b draw graphs. Howeverhd¢ graphs, d be
completely perceivalde while being printed on Braille enbossers lile Tiger Max that we sed must ke treated
specally to becone appropréte for further processig. Gnsider te following commands.

s1=Plot[Sin[x], {x, 0, 2P} ,PlotLabe}>"Sin - 1"]

s2=Plot[ Sin[x],{X,0,2P#%, ImageSte—»{500,500}, PbtLabel>"Sin - 2"]

s3=Plot[Sin[x], {x, 0, 2P}, ImageSte—»{500,500}, PbtPoints—5000, PbtLabel>"Sin - 3"]
Expor{"sinl.bmp",s1]

Expor{"sin2.bmp",s2]

Expor{"sin3.bmp",s3]

Theslis plotted with automatic settirgs whilst in s2the graph is erlarged and the image quality is erhanced
in s3 by increasing the sapling rate. \\e have exported thgraphics to bm files where the size of resulting
images are 288*177 , 500*500 and 500*500, respelgt Of couse,we canexportany plot to many different
formats. Anong our tests, we got tie point that jpg and kpnare béer choices however, according the
naure of he jpg, som noises woull be addedatthe exporéd files.

Respecing the Plot[ optionsthat enabé contolling fontof the text appearig in a graph, we useBrailleITA8
font to set all texs ina gaph to be apearedin Braille.

s4=Plot[ Sin[x], {X, 0, 2P}, PlotPoints—»5000, ImageZe— {500,500} ,PbtLabel> "Sin - 4",
TextStylex>{FontFamily— "BraillelTA8", FontSze—»12}]

Controlling the size of resuing graph $ also posdile via ImageSte option of the Export functon.
Increasing the resolution of the exportedaga, would ledo better quality of the imge.Be noticed that if for
exanple, we expors2 with the resolution 300, the amge quality Wl be enhanced noticeable but the ¢irof
exporting and the size of resultingdage would béncreased considerably, e.g. 18.517 sec,2084*2083.

4.1 Investigating Braille Font

While s4 is exported to a .lmfile with default options, theharacters in the text, vdh are in Braille are
somehow distated This distartion is not that importart for sighted pegple but while being printed on Braille
enbossers will cause confusion. To reduce this distortincreasing the resolutiaf the exported irmgeis a
goodremedy. But asthe requestd imagesize and finage resaltion increase, lte processakes nore ime and
the correspondig file would be bgger and lgger. For examle, exporing s4 with the resolution 300 will result
in an inage of thesize 2084*2083 stored in a 4,240KB filBut the shape of the datsat each Braille character
is conposed of som has éss dstortion and ashie resalition increasesthis distortion reduces.

Here there are contradictions. ©ne hand according to the part 2.10df9Mathenatica help browser, a
reasonald resaolition for prnting purposessi300 or abovebut on he oher hand expoitig imagesto files with
resolutions 300 or ore takes longer timand space. Moreovéhe imagewould be too large to be fitted in a
14-inch Braille erhosser. So we hawe processandproduce inages with reasonablspeed and in reasonable
space.

4.2 mage Enhancement

We mentionedthat, to get animage with a tderalde quality, we’'d better ircrease th image resdution while
exporting, but this increase will cause image size to be increased tamehence cause the future processing
very time consuning. We got to this resut that it's beter to exportimages as jpg , wh image resaltion equal
to 150. Then proceshe producedmage and fialy exportthe resui as .brp file.

To fulfill th e aim firstly, we deviseda function to redice a pg image toa twogray-level image. To do so,
we devseduaveragefunction, which takes ina list aml calcuate the aerage o all numberswithin the list. Then
the functon uimportjpg2graylevelvas devedped hat takes o argunent, inputfile nane, and a lireshodl in
percentage that deteimes the darkness ratio of each pixel.

Clear[uaverage, uimportjpg2graylevel]

uaverageinp_J:=
Apply[Plus, Fhtten[inp]] / Lengh[Flatten[inp]] /; ListQ[inp] && Lengh[Flatten[inp]]>0

uimportjpg2graylevefilename_, threshold:F
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(*inputa jpg File¥)
(*threshob: color percenage*)
Module[{s,li,lj,i,j, tthresh},
s=Import[filename];
li=Length[s[[ 1,1]1];
lj=Length[s[[ 1,1,1]]};
thresh=threshoti*256;
For[i=1 ,i<=li,i=i+1 ,For[j=1 j<=lj,j=j+1 ,t:=s[[1,1,i,]]];
Iffuaveragef] <thresh,s[1,1, i,j]] =0,s[[1,1,i,j]] =255 1] ];
s[[1,4]]1=ColorFunction->Automaic;
S

]

We cevisedseveral filters anl comparedtheir output on several gaphs —further dscussian would be find in
[9]. The enpirical resuts obtained showedhat the bestone & the ufilter which renoves nases, espeally those
that were relatedo the nature o the font ard alsoincreases th thickness @ lines amnl curves. Inthis function,
we can daermine the width of the window and he threshotl — which nust be nentioned n percent by which
we are to deterine the blackness.

Clear[ufilter]
ufilter[gs_, window_, threshold .} Modulefwhiteness, halfwin, , theh, sm, gs2,li, lj, i, j, K},
whiteness=vindowwindow256;
thresh=N[Floor[ whiteness*threshold}
Print[thresh;
halfwin=Fl oor[window?2];
li=Length[gs[[1,1]]];
lj=Length[gs([1,1,1]];
gs2=gs;
For[i=h alfwin+1,i<li-h alfwin,i++,For[j=h alfwin+1,j<lj-h alfwin, j++ ,
sm=Apply[ Plus,Flatten] Take gs[[ 1,1]], {i-halfwin,i+hafwin} {j-hafwin,j+halfwin}]]];
gs2[[ 1,1,i,j1]= If[ (whitenesssm)>thresh,0,259]];
gs2[1,4]]=ColorFunction->Autbmaic;
gs2

At last we deggneduprintplot which plots the requestd functon in the desired range and tithe requestd
options; renove the roises ad saws it in the file ramed asits first argumert. Moreover it increaseshe
thickness d lines anl reforms dots in Brille fonts tobe easily @rceivable, Anexanple is slown in Fig. 1.
Cleauprintplot]
uprintplot[fn_, f, {x_, mh_,max_}, opt _|:=

Module[{s, s1},
Expor{"Temp.pg",Plot[f, {X, mn, max}, opft, ImageResation—150];
s=uimportjpg2graylevel[Temp.jpg", .33]
sl=ufilter[s,3,.25];
Export[fn, s1]
]

§C .C ::

R 1 - L]
wel b f we $

L
-t :

(@) (b)
Figure 1. (a) Thelot output (b) Theuprintplot output
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4.3 Image estimation

An important problenabout inages to be printed on tiBzaille enbosser is how crowd the plot is. If the plot
is crowd, when printed, the shapes apt easily perceivable and even detelet. For exaiple in the Fig. 2, the
head of the arrows areixed together andauseshe graph nobe propes percevable.

<<Di screteMath’combhatorica’;
gr=MakeGraphRangeB],(Mod[#1,#2] 0)&];
ShowvGraph(gr];

')

Figure 2. A crowd graph

We have drived a criterioto judge when an image is crowd i.e. is ndine to be printed on the Braille
embosser. To do so, we condetttsone statistics on he images. V¢ devised a funéon o determine, whatwe
calledit the densty. Thefunction udensiypercenage,was devadped b cakulat the overal densty (darkness
percentge), mage sarples darkness perceage, séndard dewvation betveen he sanples and dewtions
betwveen samles and overdldarkness percesje. By conparing the outones, he factthat densiy is the best
factor to base judgrants on was revead.

We conduced enpirical tests on dfferentgraphs —som aredeprtedin the following- and we goto this fact
that if densty is around 3 (rainly less han 3.5) he image woull be conglerednot too crowd andwould be
expecedto be sensed and pereed conpletely. Existing mechansm to overcone crowd graphssito enlarge
them Enlarging graphs will couse the dersity to be rediced howewer, it may cawse the graphs to be tao large to
be fitted in a 14-inche page. Hence it ézassary to find an equilibrium between.

Clear[udensiypercenage];
udenstypercenageffn_]:= Module[{s,win,li,lj,tot,Den,|s, sampés, X, y, av, smpav,dtv, mydv, i},
s=Import[fn];
s11=s[1,1]];
fsl1=Flatten[s11];
sm=Cun{fs11,0}
tot=Lengh[fsl11];
Den=100*mjtot //N;
li=Length[s[[ 1,1]]];
lj=Length[s[[ 1,1,1]]];
Win=7;
Is={};
sampes=Floor[.3* (Ii* [j) /(win"2)] ;
For[i=1,i<=samples,it+,
x=Randominteger {1,l-win}];
y=Randominteger,{1,]-win}];
av=(win*win-Apply[ Plus,Flatten] Takds[[ 1,1]], {x,x+win-1} {y,y+win-1}]]1) /(win*win)//N;
Is=Appendk,av]];
smpav=App}[Plus,k]/Lengh[Is]//N;
stddv=SandardDevation[Is];
mydi=Apply[Plus,(s-Den)2]/Lengh[ls];
Print["Den:",Den, " STDDV:",stddv," SMPAVshmpav," MYDIV:", mydiv," LOOP:", loop]
]
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Test Case 1: As a sinple case werted the folowing Pbt function and okdined he resuis shown n Tabke 1. It
is clearly shown hatthe crierion consides wth the bind peopé judgnens.

Plot[ {Sin[x],Cos[x] *Sin[x], Tan[x]}, {X, 0, 2P},PlotLabet>"Sin , Sh*Cos, Tan", Texdle—>{FontSze—»20},
AxeslLabeb{X, Y},ImageSie—»{600,600}]

Experiments Judgnent
Automatic :Den: 5.73799 STDDV: 0.119015SMPAV0.0672423 MBIV: 32.1715 Bad
300*300 :Den: 3.56222 STDDV: 0.0866038$MPAV: 00363347 MDIV: 12.4394 Bad
400*400 :Den: 2.39438 STDDV: 0.0715643MPAV: 0.0246816 NMDiV: 5.62056 Good
500*500 :Den:1.7716 STDDV: 0.0619138MPAV: 0.0190876 MDfV: 3.07513 Good
600*600 :Den: 1.39917 STDDV: 0.0534633MPAV: 0.0152783 MYDIV: 1.918 Good

Table 1:The Results of TestCase 1

Test Case 2: Camplete hnary trees were stlied A camplete binarytree woutl be generatl as folows:

<<Di screteMath’combhatorica’;

numberohodes=23-1;
compktebinarytreel=CompkteBinaryTreehumberofiodes]
ShowGraph[compktebinarytreel];

Sevenconmplete binary trees were ebossed vaiiyg te nunber of nodes2/2-1, 273-1, 2"4-1, 2°5-1, B*1,

277-1 and 28-1. The sith and seveht conplete binarytreeswere not perceivable erly by touch. Therefore
can be sited hat without changing oher parareters for graphtal represergtion, a conplete binary tree with

deph at mostequalto 5 can be perceed propent by touch on a sigle page. Fuhternore, t can be stted hata

complete or notconplete binary tree can be ebossed propeylon a single page ol wheter is dept is at

most 5. This constaint is not so redtictive for many educaibnal purposes. Tabl2 showslte resus.

Experiments Judgnent

Depth 2 Den: 0.700473 STDDV: 0.0344665MPAV: 0.00599767 MYDIV: 0.483481 Good

Depth 3 Den: 1.114 STDDV: 0.0430436 SMPAV: 0.0114318 MYDIV: 1.21752 Good

Depth 4 Den: 1.8627 STDDV: 0.0830124 SMPAV: 0.0259228 MYDIV: 3.38064 Good

Depth 5 Den: 3.20337 STDDV: 0.096527 5MPAV: 0.0387634 MYDIV: 10.024 Good

Depth 6 Den: 5.57846  STDDV:D10166 SMPAV: 0.05096 MYDIV: 30.5654 NotBad-NotGood
Depth 7 Den: 8.93374  STDDV: 0.166073 SMPAV: (10853359 MBDIV: 78.3218 Bad

Depth 8 Den: 12.8701 STDDV: 0.218218 SMPAV: 0.129493 MYDIV: 162.371 Bad

Table 2: The Results of TestCase 2

Test Case 3: We also tied the exanple shown i Figure 2. Agai the resulls coinsides wth the observaibn-
Table 3 showshe detils.

Experinents Judgnents
Mode =1, Ran 8: Den: 4.00873 STDDV108325 SMPAV: 0.045244IMYDIV: 15.7209 Bad
Mode =1, Ran 7: Den: 3.79292 STDDV1iD5868 SMPAV: 0.0394075MYDIV: 14.1023 Bad
Mode =1, Ran 6: Den: 2.88749 STDDW0960015 SMPAV: 0.0361873VIYDIV: 8.13913 Good
Mode =1, Ran 5: Den: 2.43056 STDDWD9858 SMPAV: 0.0249567 BIN/: 5.79327 Good
Mode =2, Ran 5: Den: 1.51066 STDDW0670414 SMPAV: 0.019281MYDIV: 2.22869 Good
Mode =2, Ran 6: Den: 2.07972 STDDV0604801 SMPAV: 0.016664MYDIV: 4.25983 Good
Mode =2, Ran 7: Den: 2.57161 STDDW0691792 SMPAV: 0.0225818YDIV: 6.50234 Good
Mode =2, Ran 8: Den: 3.25641 STDDWO®27486 SMPAV:0.036469  BIN: 10.3766 Good
Mode =2, Ran 9: Den: 3.81101STDDV: 0.0906073 SRAV: 0.0361068 MYDIV: 14.2581 NotBad-NotGood
Mode =2, Ran 10 :Den: 4.65254 STDDV: 0.115183MPAV: 0505172 MDIV: 21.1918 Bad

Table 3:The Results of TestCase 3
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Test Case 4: A clique is generatedas fdlows:

<<Di screteMat’combhatorica’;
numberofodes=3;
cliqgue=CompkteGraphjhumberofodes]
ShowGraph[clique];

It was observedhat a crcular enbeddng wasusedby default to repesen complete gaphs. It mears that the
nodes are distributed equallyased along a circuference. It is a vergffective way to represent cliques also
for tactilereadng. A certainnumber o cliques were efmossedard it was dosened that a cliqgie made wp of 10
nodes —showmiFig. 3 - B the largestone whch can be pperly perceved bytouch. Itis sorrehow in conrast
with the above cterion and e reasons due b the waythe nodes are arranged.

Figure 3:10-Aique

Expeliments Judgnents
5-Clique: Den:2.48119 STDDV@672311 SMPAV:0.0230648 MK/:6.0469 Good
6-Clique: Den:3.58796 STDDV@689447 SMPAV:0.0352212 MW/:12.6267 Good
7-Clique: Den:4.62722 STDDV@(55377 SMPAV:0.0460089 M/:20.9932 Good
8-Clique: Den:5.6942 STDDV.(IB52956 SMPAV:0.0628346 MN/:31.7196 Good
9-Clique: Den:7.38812STDDV:0.107824 SMPAV:0.08352481YDIV:53.3687 Good
10-Clique: Den:9.06154 $IDV:0.102836 SMPAV:0.093829MYDIV:80.4303 Good
11-Clique: Den:10.659 $IDV:0.124066 SMPAV:0.109608MYDIV:111.305 Good
12-Clique: Den:12.3831 $IDV:0.123657 SMPAV:0.130137 MYDIV:150.149 Good
13-Clique: Den:14.4375 $DV:0.160951 SMPAV:0.151673V1YDIV:204.109 Bad
14-Clique: Den:16.5582 $IDV:0.158455 SMPAV:0.167814MYDIV:268.668 Bad
15-Clique: Den:18.527 $IDV:0.165952 SMPAV:0.202955MYDIV:335.797 Bad

Table 4:The Results of TestCase 4

Test Case 5: It was stidied how diecied graphs wih [abels on verices and on edges can be producegdmBans
of Graph funcion is possble o speciy further optons {ertexLdePosition, EdgeLabelPosition) in order b
put labelks in specfic postions wth respectto the node ord the edge.This allows to beter contol how the
image is generated and then it allows to obtain tagté@hs without overlappinigbels. Details are shown in
Fig. 4 and Tald 5.

<<Di screteMah’combhatorica’;
v={{{20,5},VertexLabel>"A"},{{10,10},VertexLabel>"B"},{{30,15},VertexLabel>"C"},{{25,10},VertexLabel
—'D"Y;

e={{{1,2},EdgeLabel»"AB"},{{1,4},EdgeLabel>"AD"},{{2,3},EdgeLabel>"BC"}};
directedgr=Graphle,v,EdgeDiection—True, Text$yle->{FontFamily->"BrailleITA8" ,FontSze->20}] ;
sg=ShovGraph[directedgr,VerexLabel>True];

5 CONCLUSION

Scientific literature usually contairgraphs and diagrasithat are somtimes nmain keys to understand related
conceps. Comparing sone factors ike bandwiith, resoltion and adaption bewveen vsual and tacual
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percepion reveat the imporent fact that images to be perceivadctuallymust be dealt specifically, respecting
the rature o tactile sese, adherwise tte important information in the image would be missedand consequertly
the related concept will not be understood as it should.

This work aimedto integate pocedures toproduce tactile gaphics withsynmbalic manipulation featuesalread
presen in Mathematica. This is ae nore steptowards a ful work ervironmert for blind studerts in sciertific
studies. V& showed how it is possiblto obtain high quality technicahdtile images through Mathestica.
Encouragng resuls are ob&ined as for funébn, dagrans and graphs (e.ghtse usedn graphtheory). Further
developmert will focus an a package cantaining procedures to auomatically gererate setsof imagesin a
specfic knowkdge donain (e.g. fundbn diagrans, aubmata, et.).

Figure 4 Test case 5Image is rot erhancedby the afaemertioned filter)
Expetiment Judgnent
Den:1.64569 STDDV:0.0623519SMPAV0.0158999  MBIV:2.66009 Good

Table 5:The Results of TestCase 5
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