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Abstract 

WC consider in t,his thesis the represcnta,tion of gra~)lljcal d&a and images to the touch scnsc. 
This encompasses the conception and implement8atiou of a touch screen, a mecha~ni~:al device able 
I,O product a, relief representation fitting the touch chara.cteristics, and the development, of t)l~ 
software to cstract the relevant informat,ion from graphical data or ima,ges, in order t,o construct 
horn t,hcm a, touch adaytd r~.pr~setl~at,iorr. 
We discuss the potential of t,onch for the recognition of graphical representations. Wb consider 
the different, modes of dat,a, acquisition which touch can adopt. and point out the advantage of 
parallel over sequential acquisition. 
These observations, aa well as t-ests of different cnndidatcs for a t,ouch rcpresentlation, 14 us to 
look for reliefs permitting a full ..llantl grasp”. These siio~~~i the best performances, allowing a 
rccognit,ion by touch of relal,ivrly complex figures. 
Aft,er ha-ving cortsitlcrcd different possible implement at ions, we adopt, the Orientable Edge Touch 
Screen (OETS), which provides a,n cf6cient reprcscntat ion of images a,nd graphics to the l-o11c% 
sense, while allowing to amoid the technical problems imposed by the other cantlida,tes. 
WC preserit, for this screen our hardware, electronics and software solution for its irr~plenlcrli;a,tiotl 
and cont.rol. 
The next tl~me is the computer processing of itna,g~s or graphics, allowing t,hc extraction and 
projection of the relevant information 011 the t,ouc,li screen. 
In a dlilapt,Cr, we treat relatively simple intagc5. grahhetl from a cartoon. b-bich ;~llows us t,o 

determine t,he level of image understanc-ling a computer system has to reach, in order t,o produce 
atlcquate touch represc~ntntiorls. A clenn extraction of the main objects silhouettes seems necessary. 
This kind of task is an unsolrcd problem of comput,er vision, for a unrestricted set of ima.ges. 
We present a method ha,sed on h Maximum Entropy, allowing the fusion of several cues for image 
segmentation and the extrartion of the main contours. This method allows to get relatively good 
resuhs. but they arc si ill not sufficirnt, for projec?ion on ow tx~rch scr(:cn. 
We consider also the more synthetic problem of reprcscut,ing geomc%rical constructions, lKXmt1 to 
diffi‘rciit euclidcan gcornPt:ry 1 IlcVXrrns. We define an mw functional measuring the discrepancy 
bei~cen the idea,1 construction and it,s instantiation on the OE’T‘S. WC use the degrees of freedom a 
gcomet,rical construct,ion provides, in order t,o reath lower error costs. This implies an information 
compression with loss. whcrr t,he relevant information is prcscrved. We consider also the problem 
of dctcrrrrining these degrees of hecdorn antomn~tic‘nlly. giypn a single fin&e precision figure. This 
problem corresponds to the infercuce of the geometrical constzuction class from which the given 
instance was generat c>d. This can he interpretrd as an 9xtra,ction of relevant Ceatures or as an 
0l)jcct class rccognil-ion. 
Our solution is elficit~nt. making a good MC of ihc rcsolrlt-ion at which the base figure is ir;ircn. 
It allows also to dcfinc the most, important, non-generic configurations; which have to hc avoided 
when preseiiting a t,ypic:;il iusbnce of a construction class to a student. 
‘Tllis approach is derived from an inference method called Minimal Minimum Description Length 
(Mi\IDL), based on algorithtnic complcsity 1-heor’i;, Tvhich we ltnv~ de~loped and which wc present3 
in appendix. We show there also its relationship \vith the XIinimuru Description Length principle 
(MN;) and prove SOmfl c0IlWIpIlW properties as w-cl1 i-IS a link with t,hc‘ Masimum )Sntropy 
principle. 



Nolls considkons rlans cctk;e thkse la rcpr&serltatior~ de donr&es graphiques et d”images pour 
le l~oucher. Cela comprend la conception et l’inlpli‘mentation d’un &ran tactile: tm appareil 
m6chaniqtte pourant g6rGrer tine rcp&entation en relief convcnan~ aux casact~rist,iclttes du tJouclIcr, 
ct le d~vcloppement du logiciel capa.ble d’tst8rairc> l’iuformation c~sscntielle de tlonn~~s graphiqtlcs 
ou d’images, de nia,tiikr-e B en construir‘c tttie rc‘I)ri‘sc\nt,a,tiott tactile ada,pt;ke. 
Kous discul;ons dti potentiel du toucher pour la. rtconttnissance de reprCscnta.tions grapliiques. 
Nous consid6rons les diffkrents modes d’acquisition que lc toucher pent acloptcr et, soulignons 
l’avantage de l’a,cqttisit.ion paralklr par rapport :I l‘approchct st~quentielle. Ces observations. airssi 
bicn que dcs tcsi;s sur diff6rettts c;tndidat,s tic rrpt+setitat ions. nous ant, amcni5 A reclicrchcr dcs 
reliefs pcrmettant, tine prisc compli%e de la main. Cctix-ci ottt, montri: lcs meilleures pcrfornianfcs~ 
pertiict,t,a,nt, la recotmaissancc t,act,ile de figures rt?lilt ivc>nicnC complcxcs. 
Aprks avoir consid&ri! difkerites implf5mentat-ions possibles. nous adopt;ons ttn l&ran Taclile 2 
Cont,ours OrientAles, qtti p&en& unc reprPsentat ion cKicace d’imagcs et de graphiques, t,out, en 
pcrmcttant. d’&vitcr lcs problkmes techniques intposk par lel; nukes candidats. 
Nous prPscttt,ons pour cet &ran notre solution hilrtl\T~ltX~, 6lectroniqtte et software, pour son 
irnpli,mrtit~at~oi~ et; son contr6le. 
Le sri,jet, suivant est, le tzaitement par ordinal.eur tl’imngcs ou tit 1 graphiques, permettant I’ext,ra?t ion 
et Ii1 projection dc l’information essentielle sttr l’i;crarl tactile. 
Darts un cha,pitre, nous t,ra,itons des images relati\-rrt~ertt sitnlJcs, tirkes d’un dcssin a,nim4; cc qtti 
nous permct de d&termittcr lc niveau de compr~l~cttsion d’image quc doit attteindrc tm orclinatcttr, 
pour gi?rti,rer des rel”,~st~ttt,;tl-iolls ta,ctiks ad&yatrs. I”ne c~straction clairc des silholtettcs ties ob- 
jets principattx semblr ndtessaire. Cc genre t$cllc cst, uil probkme non r6soltt de la vision par 
ordinatcur (“computer vision” ), pour tm ensemble: tl’images uon rest,reiut. 
Nous pt+sent;ons une mkthotle ha&e sur le principc d’Entropie Slaximale, pcrmettant la combina- 
tion de diff&ents typts d’ittfot~ni;ttion, pour la scgtncntIat,ion de l‘imagc et l’ext,raction des cnntotirs 
principaux. Cetk tn6ihode permct, d’obtenir de relativcmcnt bans r6sultats, mais ils restent. in- 
sufisants pour tint project,ion s~tr not.re t,ypc d’hcran. 
Nous consitl6rons 6galentcnt lc probkntc plus synth&iquc tic la reprksentation sur &xa~t t,actile 
de construct~ions gPorti6triqltes, Ii&s ,?. difF&cnts I-llbi~ri~rrlc~s tie lit, g6omktrie euclirlietut~. NI)llS 

&borons tme fonct,ionc~lle d&tissant tm codt, pour la, di\rrgcnce enko la construction idciale et, sa 
r&~lisal;ioti stir l’&rnn Tactile A Contours Orient~ables. Nous mettons en jeux lcs degrPs de libcrtIb 
inhkrents attx constructions gktmPtriqttcs~ de manike St. att,eindrc des coDts de divergence plus 1~s. 
Ccci impliquc ttne compression d’inforrnation ilV(-\C ~)t’rte, oil l’informa.tion esscntielle est pr6scrvbe. 
Nous consitibrons ~galerttt~nt le problCxnc de d&crminer ws dcgrPs de libcrtk de tnaniere automa- 
tique, 51tr la base d’it~w si~tk figure. Minic a~(: tine prkision fink. Ce problimt: correspond 5 
infkcr la classe de consi rttct-ions g~om4t,riqurs de laquclle la figure prkentke a 6ti: tirke. Ceci peut, 
&rc irkcrpretk conitiic une extract,ion dcs caract 6ristiqiies cssentielles 011 me reconnaissa~tcc‘ de 

classe d’objct. 
Notre solution est efticacc: t~irnnt uii bon parti (1~ la r&3Atttion a,vec l;iqt~~4le la, figure (II? base est, 
propoke. Elle permet 6galcment de d3inir les rorrfigurations non gkrt6riqttes les plus imporkmt~rs, 
qui doivent 2trc kit&s lorsquc l’on veut pr4sfMcr tin C-xeiriplc c:tr;tct&istique d’une classe dc 
figures ?I un 6lk~e. 
Get te approclie cst dPrivPe d’urit~ ri&hotlv tl’inf&Tnce il,p~>C?l& “hlinimal Minimttm ~Dcscripl-ion 
Length principle” (i\lh IDL), bask sur in tft&kr de la romplexit6 algorithmique, que ttotts a,vons 
dt~velopptx~ et, que noits pr6sentons cn nppendic*<~. Sons y montrons Ggalement sa parent+ avcc le 
principe de longttcttr de description minimale (IfDL) et; d~rnontrons quclques propri&& tie con- 
vergence ainsi qu’un lien avc(‘ lc priticil)tb d‘EntIrnpie Slasimnle (ME). 


