
b 

e • 

• 

MKUItAL !rl!'1'VOU.S FOR. PNRtnlATIC TACtlLII PEllClnION 

'.lustoa , A. Rul. , O.Gulnea(*) 

Instituto de Auto-'tlea Induslrial(CSIC) 

Ctra. de Valencia 1tII.22,800 La Poveda 

28500 -Kadrid- Espafta 

pablo@!.¡.'!. ruiz@!a!.e. 00-1nIO@111 .•• 

(*)Lab. de Electrón!ca Dept. de Filiea Univ. d. 11 Laruna 

Tener!fe Rapan. 

Th. neural IIOdd as proposed by 

cap.bUld ... lIe are tnleusted In tu .ppUe.tlon lO 

lbe classlfication proble.. lt un be • general IHlthod 

lor ,hin, .euntlc ••• nln, la rov data uptured frOl! 

sensor •. 

Traditional techniques a. dlsert.1nant and 

cluster analy.!. provld. poverful loob lor this hbol,L( 

bUl lhey be'" lhe flexlblllty and adaptabllUy oUered 

by nlur.l netvork •. 

Va are 100kln, for a u:thodololY thal allo\l 1,1.5 

10 InereaentalIy extraet se •• nlie infor •• t!on froa a 

¡roup of sensora endoved In sn autonoaous syste • . The 

Urst approach 11 an lntent 10 clusurize rov dau 

captured by pressur. sensora !n a pn.uaatic ski n and to 

obtaln h1,her laval inlor .. tion about the 10ca11zation 

and !nU!Rsity o( the sti.ulus. 

In tht. ~per ve present a real systea bll$ed on 

a pneu .. tlc Ikln deah¡-ned 10 cover I robot aanlpulalor 

are. \/e Ihov hov a ault1ee11 surfau eoat can be 

eonfllured in lueh • vay that a fev senson can provlde 

lnfor .. tion 

dhedainue 

surhea. 

enou,h ... for a 

featurel 

elugorhltlon systu 10 

of an I..paet o"er Ihe skin 

Th. Ikin 1I preSll!nt" al a s.eurity deviee lor 

a robot le ar.. It he_poI" of .ultlple pneu .. tie 

celh lntereonn.eted in sueh a vay that a fev allGunt of 

dlfferentlal prelsure sensors al10v us to dlserlainate 

a~nl diferanl eells and I.pact energles. 

'fhe n.ura1 10d.1 ve chose 15 a non linear 

feedforv.rd .u1tllayer netvork vlth baek propa,at10n as 

Ih. learnlnl allorltha. \/e have dev.1oped a softvare 

" 

environ.ent tor the dul,n and tralnn!nl( al these klnd 

al netvor'U. 'fhe syste:. {ndudes an interface for 

eonneetln, the netvork to the sensora and I file sylt .. 

to uore and retdeye eonvenient1y the ex .. plu needed 

durln, the 1eunlR( lI ... e. 

Pinally, l/e hll/e asseabled Ihe eoatin" dlta 

aequidtlon aleetronles and neural nets al,orithas and 

tut" lntensiYe1)' tha s)'stu. The results an I/er)' 

.. thhetory. Tha netvork hable to c:1assUy the 

difhrent loullons al the pneu.a.atie skin and difterent 

Intensltie. of tha la~ct. 111th these Hrat level 

proeesling coneapts ve can define ele .. ntal actlons for 

survl".l purposes. 

I HT1I.OOUCTION 

A ,reat elfort has been .ade in the last years 

on tha thaory ol neural netvoro. As a result al It , 

levaral leehniqua. thal al10v a nev approach to solv!ng 

tr.ditlona1 problau .re nov avallabl. (1 , 2]. 'fhis 

poverful lOOla are sped.ny atraetive for appl)'in¡ to 

10M! area. of .ensor inforaation proc:essin,. One of 

Ih .. e are .. daal. vlth obu!n!ng s_ntlc .. aning froa 

rov data •• n.or. 

AUlonoaou. robots that vorlr. in un structured 

000< sensorbl 

adquhition ol infor .. tion froa tha envirollJlent iJ tha 

fiuI atap that these Iylteu hlve lO acc_pl1sh in 

ordar to ¡nuraet eorrectly v1th th. real vorld. I1lth 

tht. data , tha proca.,in¡ s)'steu ol tha robot aUlt 

daclda vhat to do in non axpected 11Iu.tlon, . Thia usk 

.u.t be carried up b), ••• t al transduc t ors (.ensorl). 

Th. .ensorial li¡nah are eonverte~ to dl,1 tal dau 

ti •• sarhl to be processed b)' a digital coepu ter. 

Th. naxt Itep aUlt transíora rov d.ta into 

ale .. nt.ry st.,bolte eonupu . Thes. eoneepts are the 
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".e to. obtatn .ora l:o.p11c.ted sl,bah through a 

_u1tn.vd htlrarehicsl processing structure. Goal 

orJ.nt~ o:Ia<:1.10n ..kar. can ¡nteraet vith these vorld 

f.ature. represenluton to genera te setlons capabll! of 

been aXlcutt-d by the ,y.u. actuuors. These setions 

can 1M nl.ete<! toyuda " specl He t&sll. sueh as s •• rch, 

vl¡lllanu, .. pp1",. reP'olrin¡, ue:. 

In tllis york, the 'Y'u" SUl(t clas.1 fy the dua 

froa tha senllon in arder to deteralne the tapa.:.t 

loutlon. Thl, taslt ean be scco.pUshed by i.pb~nt1n. 

•• "ud tachniqua.[l]. NoraaUy, st.t!stical a.thods 

1111.. d.lIcrldnant or cluster analysh, binary tree 

claslfic:.t!on, Itc:. need a su of para.eteu extrac:tt'd 

". .ignal ,. .ch1evII! the chsslfication 

trlt.(lua. Thl. c:harac:u!ristic: present$ the probl.a of 

.ahetlnl tlle par ... tars to usO! and thO! "'O!lght that 

autt be asdgned lO each onO! In order to obtaln a high 

degue of accuracy. In addition, the chotce of the 

coruc t diatance lapo.s1!S a greu influence over the 

perror .. nee oí the .sy.ste •. 

FinaUy, .ll tho.e "" .. 
properly trainned feedforvard neural 

net",ork, "'e obvtate aU these probleu sinee data are 

red diuctly froa the sensor (exeepl scaling). As ia 

vldtly explained in [1[ the netvork dO!velops an 

1nl8,nal 8Qdel or the . t ruclurO! o, the 'olor Id It Is 

pereelving, snd general he. to the chnes i.po.ssed by 

<h. teseher. 

this shovs 1 lile s vuy high 

perfor .. nee classifier. 

Along v1th the algorltbas Ilnd st r uctllrO!S that va 

uaa , va pre.ent sn interac t ivO! softvare sy.ste. for tha 

d .. lgn and vsUdatlon of 'lIltilayered neural netvork.s. , 

T8I I'NlUMATIC SI.lH 

Sose .. terials as ela.stoaer foaas have beO!n used 

for axtended eontaet datectlon purposes [6 , 7,8,\1[, but 

they present sevare ll_ltatlons In te.peuture , aglnl, 

snd el .. tic protectlon eapabillties. 

"echanleal protectlon by Inflatable chaabers h 

an old very Ult'rl technlque. The devdop_O!nt of s .. n, 

10'01 cou , Integrlted pre$lure sensors aUo",s slapIe 

contact aenslng devlce. for .. nlpulators by u.ing dr 

jeta ( 5[ or tllltle bll.tara (4). Our d. vas a 

... ndtlve eovadng of a vider exten510n than a robot 

gri par flngertlp vlth considerable iap,ct en.rgy 

abaortlon a nd extended t .. parature unge, to be uled as 

global aanlitiva protectlon for , .oblle r obot. 

" 

e 

The davtloped aUn is bullt by Il fledbh and 

non ehstlc ..,abrane. This eolt 15 dlvlded In _ultlpla 

c.lh vho.a interior pres.ure Is greater than the 

st-aderle one. Protection O.pac:t penoetratlon) and 

sen.1tlblty features are func:tlon of the Inltlal 

inflatlng pressure. The e:onnee:tion a-onl the celh l. 

sueh thlt very fev pruure diferentlal 5ensora e:sn 

,enerate enough infor .. tlon to dl$cd.lnate laponant 

feltures ovar the .kln. The function of the sUn l. to 

provlda ". 
infor .. tlon 

.. nipulator contro11er vlth ai.bolle: 

about locatlon of lapacts, O!nerlY ol 

FJ¡ure 1 Four cells pnO!uaatic arrsy. 

FI¡ure 1 shovs the a11ocstlon of four e:eU, In s 

pneu .. tic array. The c_pIete syste. ia shovn in Plrure 

2. 1t pre.enta a block dlalraa ol a11 the aodules thlt 

fora 11 and lu Interconnection5. 

Figure 2. Block d lag r .. ol the c_pIe t O! syste •. 

Tila real vorld ts perulvO!d by the pnO!u.atie: 

sUn. As ve hava shoved before sn lapact on a ull 

produe.. a pressura ranlO! that is aeasurable by the 

differantlal pra$lure sensor. This sensor lenO!rat .. an 

ahctrie .Ignal tnat ts properly ae:condl tloned In order 

to t:ntar tha AtO convertO!r. Plnally thO! tillO! aerl.s 

ue adquirad alld .. tored by the .{croc_puter. Tlle 

c.ltegorhatlon t ... k 11 accoapllshed by the netvork. 

for tllis purposO! vo! havO! dO!veloped an ln1eract{ve 

softvuO! envlronaent. TUs environaent nas a ao<Iular 

dut,n. Thia vill aHov to Incorpora te nO!", procelSlng 

.ubsyue .. lIke OSP boards, analo, nO!tvou or d.lta fr_ 

, 

. 



.Utee! befon. differenl signah 

eorrespandln¡ (9 the.aae uH can be quila diffuanl 

dapendina on Iht loeallon. Ihe lapaet energy or Ihe 

eonlael .udae. ar.a. Thenfon. l/e nee<! a leaming 

.ystea capable ol extraetln¡ the .. In features oí a 

.pedf1e loeatlon In th •• Itln under • I/Ide varlety of 

lap.ets . 

Th. neural nell/ork .a<lah presented to U5 as 

.ped.lly l/e11 .uiud lor thls tasL A tlrst appro.eh 

tO then aoda1l shol/s u,. elear taxonoay: netl/orks 

that lesrn I/lth .nd I/lIhout teseher. In these .peelfie 

knol/. • priod, the een that 

eorresponds 10 each .lgn.1 oblained by the sensor. 

Adltlon.lly. -, havt had 'OH txperienu. I/lIh 

.u1tUayered netvork •• nd the aackpropagatlon trainlna 

.1gorllh. [1) l/orUng on the traditlon.l ex¡o,aples 

propasad by Ihe literatura .nd .bo on sose dlffennl 

ones foeused on Ihe trestHnt of ti" sades. Stsrling 

out froa Ihis, our aoll 1/1.1 to iaplesent one of these 

natl/orks (Iescher guldeel) and .djusl lis l/elghU to 

dl.crlalnate th. 10Ullon of an lapaet IUIOng the 

dlffarenl el!lh ol tha .kln Inct It. ener¡y. In the next 

.. ellon .... axphln .sora In duaU, s~ of th. 

(eature, • f oh • along ... Ith the 

experl"ntal rasulu obl.lned aeluatln¡ dlreetly over 

the skin. 

I!.lPER.IIU'.tfrAL OBSIGN AHD U SULTS 

Ve dtvl!lop.d a thr.t llytr netl/ork In ... hlch Ihe 

nu.ber ol elllh of the fint and lasl layer 11 

deterained by Ihe dlstnslons of Ihe input .nd OUlput 

IP.Ces. The input 'plce ti for •• d by 30-dlaenslonal 

vector.. The eo.ponenu of these veetors are the 30 

!lnl values obt.ln" froa the AD eonverter at a 2KHz 

supla nta .nd convenle.ntly nsealed. Ve set 30 

baeau.e. ol .. sory rastrlellons bUI It is true aho 

t hst _.1 oí the Infor .. tlon eontained In Ihe signal Is 

l oeatld at Ihe be,lnnln, oí 11. 

Th. output space Is a thne dlaensional veelor 

Ihat eodlfles in blnary seven ski n ee.lls. The.se seven 

repre.entulon. of tht cells eO:lslitute. a pri .. ry 

e.ltgorhatlon 

elasiflcsllon 

soph!stle.te<! 

cO"'nd •. 

levd. 

1, 

V1th oh, nsul t of Ihls 

po.slble to eon.truet son .. , aenerate .peelflc control 

Tht next step l/a, 10 ntrieve a represen l u!ve 

se t of ua.ph., This ... as done by dropping different 

' I zed lead ball, froa dlííerenl helghts over the eells . 
'h, 

.i,nal. obl.lned l/ere saved In files and preserved 

3l 

for Ih. tralnnln, of Ihe netl/ork. 

B, 
interaetlve envlron .. nt in IIh1ch lIe eould try dlfterent 

eonflguratlons o( n.tllor ..... dlftere:nt Ilgor1thas and 

... hat 11 sore laportant. keep a detalled traeklng on the 

eonvergenea proea •• oí the natllork. l..stel1, lIe eould 

d.o aodJfy certaln para"ten of the "stea on line, 

that la, paUte th. proee .. , aodHy It ¡o,nd resetivate 

h. 

FI¡ura 3 .holo' •• dllgr .. of the aodules that eoapose 

Ihis .0ft"'lre envIronaent. 

/ 

Figure 3, ltoc1ula Oiaar .. o l the 50ftllllre Envi ronaen t. 

Da. t l Adqula lt lOl1 Unit ( Dl.U) 

The OAU eonlroh dI the sen.orill infor .. tlon 

fIol/. It captures the ti ... tdes froa the AD convertl!I 

.nd PI"" Ihea to tha Exaaph 8ase !!an.ger or to the 

~ .. l Ti .. EK.cutlon Unlt. Vhen needed. the DAU s.1selS 

and rlSeale. th. t1ae ser ies values . For exaapIe, 

"leeting Ih, Hut 30 .i¡nlfleant values froa the 

dlgitdhed lignd and rllealina: the:. fora Its o r l,ln.l 

ran¡e (0 .. 4095) to a range su!table of belng used by 

the n.tvork (-2 .. 2). 

bulple-1laH Kanqer ( RBII ) 

!he B8!! $lores and retde:ves a set of exaaples 

(ol1ollln, I plrt1cular pedago¡y as requested by the 

u .. r. Th .. e salecte<! exaapl .. vlU leed the Learnla: 

UnI t and eventuany tha R1'EU for vdidatlon purpose •. 

Lumin¡ UnJt (W) 

Th. Lalrnlng Unit Incorpora tes tha trainning 

al¡odthas .nd intaracts lIith the User Interface Unit 

in order tO sodi íy on lIne the eonvergenee procass. Tha 

Slruelure oí the netllork Includlng the dt.ension of the 

Input and 

b deflned 

output 'paee and the nuaber of hidden eells 

dIreetly by the usar .nd aaJntained In thb 

unlt. Th. u .. r can Slore different nelllorks ...... ith its 

adlPlad lIaIgllU and raldeve thea as needed. 

• 

• 
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The Real Zilllt becuttOll Unlt (RTBtJ) 

The RTEU actlie" •• dlrec::t utezorlzatlon of lhe 

rO\l 5.nlOU data. for thl, purpos. i t h assi¡ned sn 

adapto netvodt (rOll Ihe LU. It la c::onn"'c::ted to the DAU 

"hich provUe, 1t v1th red vorld "u.pIes. Th. RTEU 

actlvate' the netvorll and obtdn. en "haent ol th. 

output apace. Thes •• 1e-ent, are presented ¡esphle.tl)' 

to lh. usar throu¡h the uru. 

Tb. U.u Intedace Unit (UIU) 

The UJU l •• presentatlon laeH!ty U$l!d by the 

other unit •• " dlova Ui!rer deslin 

netvocluJ , retrlevl! aIread)' existlng netllork.s, s"lecl a 

trainnlng .lgad tha, ,elect lhe group of ex •• pIe. to ~ 

harned, valldate n.tvorka Qver a nev sel of ex •• pIes, 

• ave sdept,d n_tvorll., lite. The _In pUlpoS. of this 

unit 1, to provld. the user vlth a poverful tool tor 

inauctin¡ \/1th the nSl of the ayates. 

Yorkln¡- vlth thl. envlron.ent ve tded &everd 

leunlng peda¡ogie.. One of the be.t resulu VAS 

aehleved vlth a prevlou. Inltia11zation of the netvork. 

ro, thls purpo.e ve .eleeted the -ast representatlve 

exuple of eaeh een, In an average sense, and .looved 

the. to tha netvork .evenl thes untU eonvergenee vas 

aeeo.plhhed. Then ve ahoved an the exa.pIes of a11 

ela.nes and valtee! untn eonvergence. So_ti .. , ve had 

to add a nev hUden cell or deue.ent the learning 

pan .. tar. al tha algorith. but In general, eonvergence 

vaa achlaved In lesa than lOO Iteratlons. 

\/e trled aho sevenl urangetents of the sU ol' 

exa.ple., for Instanee ve shoved one exs.ple ol eaeh 

untll a11 the set VIS sho ... n. 

Alternatlvely , ve ahoved all the exaeples of eaeh clas. 

together and one elass after the other. The flut 

ttntegy ,pro ... ldes beUer eonvergenee resulu and In 

a_ co.pl1ealed ea .. a the seeond one does not flnd a 

lIolut10n. In bolh eaae. lhe resulta are not dfected by 

the llpeel He arran¡-e .. nt al the dane, In the set. 

Along vlth 

obtdnln¡- a preche idea about ho ... lhe dlfferent 

eo.ponentes of a netvork of thls kind tntenet. l/e 

redhed thlt the gradient of the ,!g-.oidal function, 

vhen kept the ... e In a11 the neurons, defines I ts 

-.eulblll ty·. I/hen the gndient Is .. de steeper the 

netvork converge. fa. ter but falls easily In a local 

.Inl.un. In the other hand, as ve .. de It l.,s steep 

the netvork VIS abIe to flnd a sIover but .ore secure, 

v.y to eonvergenee. In .ddltlon to th15, ve 

experl.anted vi lh the p.r'ftters al the algod th.: 

I/(t) Alfa • Derl v(Error , 1/( t») 

Seta . De r lv(Error,l/(t_l» 

e 

Alfa .ets as an a.pllUer ol the eorreet!ng tera 

and therafore can produce convergenee deere.se effeets 

and ._tl_1I e.n produce osdllatlons or place the 

netvork In a local ,Inltu •. Thts o<:eurs ... hen lhe error 

fra. an exa.pIe Is alnl,hed so qulckly th.t the error 

fro. another one cannot be decrea5ed. 

Tha par,..ter Beta, controls lhe a.plltude ol 

<h, ... hlch Inereaa .. 

algnlftcantly lhe converganee rateo If "'e sel beta vlth 

• hlgh v.lue, thls terl produces gre.t oselllation. In 

the eonvergenee process thU un result .ho on a local 

.lnhuI. There Is 't111 another paraleter thlt has • 

blg Influence In lhe learnlng proeess. It 15 lhe nutber 

of eaU, In lhe hldden l.yer . 

If ve can aehieve desired learnlni vlth the 

.Inl.un nu.ber ol cen., ve are geUing a hl,her degree 

ol genarallzatlon. In the other hand, if ve Sel a hlgh 

n .... .,.r ol hidden cells, lhe net ... ork vill do just rote 

laarnln¡- 1121. Experlftntally, a net ... ork vlth very fev 

ceU. pee.enu • fa. ter Inl tlal nte ol converlenc. but 

th. fln.l preclslon r ... ln$ lov. If ve .~nt lhe 

nuaber of celb, the rate Is sIover but the final 

error ¡eu doser to zero. 

I/Ith .U thls ¡ntu!tlve Itno ... ledge "'e deler.lned 

an tnhlal nct"ork. Thls had 30 neurons In the flrsl 

layer .nd 12 In the seeond one. thls net ... ork ... as 

tralnned vlth the real ex •• pIes obtalned froa the 

IInsor. Each exa.pIe belonls to one ol 21 clanes thlt 

tepresenl seven ceU. (1oc.tlon) and l energy Ieveh. 

Th.refon, our el.ues could he labeled "ull lo ... 

energy· , "cell :; hlgh energy", and 50 on. 

Figures 4 to 10 Ihov so .. of the siln.ls lhat "'ere 

In the t~alnnlnl. AU the. "'ere obtalned vlth lov 

..... 
-4. 4~E+1I8U1. 

Fllure 4. hpact on eell 1. 
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_3 . 181111111a1U •• E+8881 

Pi,ure 6. 1.!HIet on eell ). 

PlJUre 7. l.~c:t on ten 4. 

2.288888IIIIIIa8E+8881 

~ 
.-

-3.3188881IgaaaaaE+U882 

Ft,ure 8. l_p*et 00 cell S. 

" 

PI¡ure 9. I.pact on eell 6 . 

/ 
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'¡¡ure 10. r . pact on cell 7. 

roc high eneriY t.pac:ts, lhe signals are 

.. pllfled but tnetr ,nepe re.alns rather 51.llar. Thl, 

proxidty _ku • bardar probl •• to ¡eneralizcf! over the 

21 chl •••. 

Fllur. 11 .holl a conver¡ence result. In the 

upper cl¡ht corner of the {¡,ure lhe values of soee of 

lhe par.-tllr, oí the procen Ire represellted: - . lfa" 

and Mbeta" an th. coefic:lents oí t he .lladtna, Mbox" 

1s the quotlent In the txponentia l tera of the 

,{,aoidal functton, "iter" h the actua l nuaber of 

¡terulons, "d •• " 1. the Retual "out devtatloR and h 

pr.ud.d by the nuaber oí the ex.aple "hl eh holds lt, 

"% vd" l. tlle lncre.ent of tllat devlation in 

percent , "T" 11 tlle sua of tlle ovenll error and "vt" 1s 

lu increaent in percent. 

. ueee.. pere en t 

------

total e rro r 

dh : L. 
~tlo : , ,~ 
N. : 1 .• 
ji,,: U4 

X: S.U 
S .IH: 1.911 
IfiI: l.lm 

t : "'. 
X .I : l!.n ~ 

-----

Flgun 11. Learnlng COIIplete. All exaaples vere 

presented iterat Ive ly. Tlle vllole proce99 toolr. 224 

• 

• 
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Th .... n .. tvork dassHit. the 96 .• % of .he 

ex •• ple. pe ••• ntee! "Ith 15 enough 10 .ssure 11 correel 

,_n.,ral11:atlon oí the envlron.ent. The conver¡erce 

curve pruenu un)' osdUations dUII! to the proxlalty 

or Ihe dassn thU are &lIIslgned lo the eltaIple., vhen 

one ex •• pIe 1s leernt, other one 1$ lorgotten. 

wor at deviation 

",. lo':: 
l •• • 'In 
"1 
"1 

1:1 
IV 

-I,UD ••• -). " X 

YI¡1JU l2. . Learnln¡- only the location of the lapacts. 

Jt 15 en ••• itr probol •• and conver¡ence h 

obtdned, v1th 6 neuron. In the seeond layout In hu 

than 100 Iteratlon •. 

Once Ihe net'lort has leernt, [he s)'stea can be 

•• t 10 nor .. l yorlrJn, lIOde. In this &(Ide, eny ¡.p.e,t 

on th •• ldn la recognhed and procesaed. Tlle pressure 

slgnal 1s dl¡italhed and cuul!!d, then 1s presentl!d 

10 th. netvork vlch, in nal ti_, selecta one of the 

.even celh and • leve! of energy. 

The net"ork ,,111 ehsslfy eorreetly al.osl a11 

th. I.paen eaused by che $aH klnd of balIs chat "ere 

used In th. trainning (erblttary helght). Different 

I.paet lurf~eell thac the ones use<! for learnlng produce 

rathlt different pressure ,lgnaIs and so they IIre less 

nltable of beln, eorreetly elasslfled. Hovever, ve 

have obs.rv.d th.t even .. 1111. nev i.paet surfaees, the 

loeatlon oí lt e.n be .eeur.tely estl .. ted lí the 

I.p.et l •• harp and qulek. 

So far, ve hav •• hove<! that the _tho4 h very 

flexible and ofhrs • ,00<1 ¡arfonaanee In thls klnd of 
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the l'pl._ntatlon of the above .entlone<! eontrol 
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other .en.orial lnfor .. tlon. 
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preuun IIlgnah obtalned fro •• pneuaatle ski n are 
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eaagorlled into Ioeatlon and energy elasses. 

Thla h aeeOtlplished by a aultllayer neural 

netvork trslned vi th the baek propagation algorl th •. 

ror this purpose ve have deve10ped an interaetlve 

Ve have I.ple .. ted and tuned .ultlpl •• ult!layer 

net"ork. eonflguratlons. The eo.plete syste.: pneu .. tle 

llkin, lIen.ou, slgn.l proeesllng and neural netvork 

h .. b •• " ass_bl" "d tesud obtalnlng very 

satlllfaetory resulu. Ve thlnk that this .ethod offeu 

Uexibllity .nd good perlor .. nee "hen applJed to 

pereeptlon t.sk • . 

0" eurrent rese.rch Une Is eentered in 

developln, • general sehe .. ror obtalnlng coneept. vi th 

a hlgher level of abstractlon. ror thls purpose ve ere 

devdoplng a .oftvare envlron.ent that a11ov. the 

proee .. lng of ¡arception data through applie.tlon of 

tooIs sueh us di serl.! n.nt 

analYllh, cluster .nalysis, ID3, co.petitive le.rnlng • 
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