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A m A m  
Thii paper prepllsrrs a new method lor automated 

claasircation of sheep leather images aomrding 
&I t M r  taxtunm, h d  on the dmuta- 
au-va @AR) mods1 and multi-lryer BP 
neural nstwork. 7% mathod h r l b e d  which 
mnsists of t h m  e t e p :  (I) SAR modelling and 
purnmetm Qtimation: (2) Faatun mtraction and 
laatnrng thmugh aamplam; and (3) T h r e  layar l3P 
rwt hRsed clamific~tion, can effectively mplow 
the 'taathur texturea charactarid with hsavy 
Irra~ulrrltp af M u m  slmnanh, 'la 
mpntrhil~tp af cl-rs which is ditlidtrlt Cor 
mncventiona! -hods to cops with. 

I.btrodudtm 
In  ieathar clothing nnd&ry, ths ramgnition 

and cladfiatiun of Imthar r d l y  handled 
mlsly hy the erym of technici~m with long turm 
apsriarwms,wh~ch r an exallatiry work. In 
oder to rid n l  euch hurden and impmve 
efrclsncy and accuracy, It vaa uugsstsd thnt 
machins viaton tschniqw wuld ha applied and ths 
autamatd clmmifieation mywtarn for natural 
Isathmr ba armtmctd . 

In -t ysam.the ta*tural lmalfs modslling. 
a n a i m  and m t t i r m  teEhniquea ham bwn 
npplid in many industrial f i d a 1 n  the v i m  of  
uignnl #w. thc imngm axturn brig 
technlquse muld b clasalfld aa two fatsgdss: 
spatla1 and F q d a l  techniqm. whils in ths 
view of p a w n  m i t i o n ,  it mdd be grouped 
into two prtlm tm: iatatintical cluataring and 
grammar infefince,in which the atstistical method 
ie with shnqg adaptability. 

In t h  automation w h i m  C o t  lsrthar aaxture 
analyera. the sristing difficultlm, which haw 
bssn f a d  by th reserachem, muld lm aadicated 
a* ths follrrarirtg Four rPspecte: 
(1) Ths tartal [texture element) OF the om 
lmthar in rather irmguEar. 
(2) Ths traditiml shtistical t s c h n l q m  such 
as Fourier tramformation nrs not mfficimt a d  
axact in the cam. 
(3) Fur i* raquimwnt of mrhinty, traditional 
mathrrmstid d e l  w u l d  mt raprsesnt tb 
lrather tmtum pattsm. 
(4)The clamical ctamifimtlrm opsratbm dspsnd 
mainly on humsn experie- and b obtain the 
-ry knowledge n t d m  b p a w  for many 
vsam. 

With ths hypathaala that tha difficdtim could 
be m n q d  by the daptitive random field 
modding and tha m r a l  network mechnnh, the 
M u r e  clawificatlon msthal d i d  in thh 
pleper, extracts; the efficient statistid taxSuM 
leaturn that satbfid certain within claw 
inrrariam and Intar-clam ~eparatlon by ths 
prnmeter d m a t i o n  of BdR random Field 
mdelling. The @ml c ld f i lmt im h 
implmnenhi 'by three la@ RP r&wmk in 
hyeeian rmning,which ie a mural  chmifiar 
with mlf-lmming function. and mutd bs d 
to d o r m  the mlf adnptiw c k f i c a t i o n  and 
ths urncertaintp k m t e d g a  Imrning m u m ,  
mormver,tb chi l icat ion &hod Is m f u l  in 
dsscrihing tha random tuxturn plrttsrn ratmalFy 
and scquirinn uncerhin expsrienasd knanldgs 
thaefors clluld ba w a r d d  M a practical 
natural textural image annlflie method. 

Matari lo  llwd in the experiments am nntuml 
uhmp l m t h  materialn pmvidd by f a e i m  in 
laathm clwkhing induntry. Tha mpdment 
-lm n b  that the mmtW d d  l e d  to an 
efficient and practical techniqua of natural 
tarturn analpia app l imt io~  with the neb( ml 
network prmciyle and the machine hion tmb. 

KI.HUmm*ts of tha m t b m  
Relonging to the sst of etatsticnl t a d  

claadficatian. tho algorithm is mmpoeed of tha 
fdFolFowiag ataps: (1) SAR mods1liw and parametm 
emtimation; (2) Fenturn m d i o a  and samplar 
laarning; [3) Neural network basad cbmificstion 
p d u m  (ghovn in Figura 1) . Owing tm ths 
p e l l e l  m c t u m  of both ths AP natwork find t b  
algorithm of SAR parametar &mation, the method 
i. alm with such a advsntaga h a n a b  
mavinimt for haing implemented m mmputQ. The 
canbination of thm patarn depiction exhibiting 
tha statisHd feturas of d e l e  and artilicial 
mumt nat.rork mtitlm the alprithm arvaral 
un-In-. (1) More I d b i l t y . I t  tha 
potrmt of analpirig some ts*turee with much 
i-ty and Bimilarjty in general patem that 
are difficult T o r  mnvsntiona1 way. (2) With ib 
adaptivity 4 mlf lsaming .the infaranas of 
the algorithm cnn simulatt the a r n b a n t  

of human hng.espacialty fllsg infemnce 
and d a t i v e  msmory ,thererum it may aariat 
to mlm =)I p h l e r m  that -8 heal 
dduchon b w i t b l e  to d m d b  and im mi(- .  



(3 )Thsqdamanoht . in  and utme k m l d g s  
e r ~ d  biddsnb th-h ths t d n f ~  af 
wskhta and sramplar Zaarning m that i t  u n  b 
a p p l t d  C ndnpt~ve cl-nng n d  remgnitim.[4) 
The pml3aI dimidhuted utructum of the m m  
ap- tha princlpla of intullsgental 
organmtion of i n f o m t ~ o n  ptmxmirig to arms 
artant. 

a. BAR a d  p r r !  m t l o a  
In the papar, a lo dld mmutanmm 

n u t O r ? * s  ( BAR) model which h two 
dimsnalonnl a d  mnm-l b a m  aiming at  
%x-ing tlm mlatiw mperty d spatial 
QItum.lhFfsring Tmm mma pmviow msthalr [I. 
21. we tmk at.&tcal valum aa texturn 
featurn which la mmpuatively stmngger In 
M f i o l t i o n  a d  ham lbwn i d  In the 
mnsaqwnt prowas. 

1 s t  {~[r,y);x.yO,l,.. ., M- 1) mp-nt an 
or M - M gray lalw pl- If the I- 

mtirlim the mndition d BAR mods1 M i d  i n  M 
. M arrays. than 

%Inmy)-%- S Oli,iJ!g(xC~i,~;,.-%I 
1,s t N 

t L i i G 4 ~ , y E  
whom k -mplar a- d ptxml vatma: U Em 
wighbour mt stflned on aptid domain srctuding 
p n t  (0.0); o(i. $ dnmh ror the d a l  
pra- ohawing tha r s l a t i d i p  b e e n  a 
pixel an$ iC nslghboura: in mymatry ~pec t t ,  wa 
h a ~ e  {o[i,il,o(-i.-j) . N],o(i,Da( i. 9 : + 

mcteim to make tha arm madula M ; w(x. g) a am 
idepndmt. idantically distrlbutsd Garnian 
mndom vadsblm with mm nrsan aml unity 
vutiancs ,which show ths randDm property of t b  
patarn: R. u ths -1 vnrinnaa of lwlm 
msrrruritrg tha * h a i c  property of ts*turw. 

With the mmximum l i k l i h d  Patiination of tha 
SAR madsl.r mt of parametam muld ba a*tmctd, 

chow 4Cc r . , , r r o ,  ~, . . t  t . 1 , ~  r c  I,-uJ to 
m k s  the ~ h a t l l & r  v&m. 

4 . M u l t l - I 8 p  BP wt w chr l fh t l rm 
Among tha mural net l m d  clnmification 

nlgorithm . th4 multi-laysr gmptmn(J3P &)ia 
mwt outsbanding b u s e  of  ~ t s  ability of 
adaptiva optimum clmmiTicatian. Aftsr  learning 
through a frntte mk st amraplaramthe aysiam can 
altcr ths mnactivr weightw within it 

aubmatieally, In addltirm with m l a t i v s  
msmory. h a  mnrrttaid b the t y p  of 
texture and cod i t ions  an gtapplng th I-, 

multi layer RP net can achtve dnmificatiun of 
many tsrture patemu. Umq the rout dimedonal 
vector d i e d  a'bom ae ths ~nput af tha 
n-k. tha utatistiml clwsibicntion and 
m i t i a n  in Raymian maaning can lm put inte 
practioe. 

lnt h i a m  
laym & 1 Fir& hiddan layer 

input d m  ... 

4.1 TIm merwkum d tlm m u w d  m 
Ilw alorithm pmpPssd takm a RP nst with 3 

layera, aa &own In f i r s  2. 
lnput d m :  the plltarn psQr h d rmr 

dimamian.ui(1-1,2,3.4). 
Output t d m :  yl(M. &....hi; in which M Im 

tha I d a  of  reaturn cEam). 
Hidden &: The nshrork hm two hid& 

Layern. Tha numhr of blddsn & Ir mlatad 
tc the mmplsxity of t h  cladfitstion a d  tha 
vsighta mnnecting the d m  involving ths 
inrormatim of  corrstraint a d  hiddsn k m l e .  

4.2 ckdflmtlm a4farttbm 
While the weigh& elrssdj ndaptd by tminlng, 

the natwork takm ths tollowing optation: 
In the limt hidden layer. upl(l+W,.,u,). 
l r j%,Hl  @I a t h  number of in tba 

Ilmt layer); 
In the d hiddm l a p ,  
uka-f (xW'Lhu'l), 
Ia,ksH2 (I42 ia th numbst d hi& d a  In 

t k  & !=<:); 
In output layer, yl-f(SW'*h.,u"h). 

Irk<.M.  
The c l d f i c a t l o n  rmdt thrm im co-mht 
to ths sdlvs  output nod4 yl(l<-I<-M), that b 

,ths Input is ta b mw&d tD elam 1. In ths 
n b  p- Tla)-l/l1 IR-').in which W,., im an 
elmaant of ths wuight matrix rbetwmn ths Input 
layar and tha first hiden lapar r h i h  W',., and 
W",-+m mimllarly nnmtam of matrix h t w w n  tkn 
two hidden l a y m  or h R m n  ths output layer and 
ths m n d  hidden laper m i v e l y .  

4 . 9 ~ p r o o s d t r r h r i n l r P d  
hwmkdm noq- 

Barm tralmed the mnnactive aalghtll of tha 
neural nshEDrk wem mt b mimr r a h  *.I- 

,then the mrn wum fcrl with c ~ d u l l y  s s l d  
arnmplam .rd tho nst WM altard a d i n g  to 
the differance of ths output and the 
W r a d  om, in nnthnr wvrd , ths waithta 
wem -tadly c h q d  .in ths way of -ing 
gradisnb until1 the N r n  canwsrgm In the 
axparimant of mhmp lather iw clnmiricatlon. 



tha uise d training m+ is is which han k n  
pmvsd by the m p e t i m t  to bs aufflclmt. 

The laarning systsm of RP net is erlnctiva in 
that during mupsrvid drilling pwxdure, it a n  
achim @ ~ n g  k m l d g e  automntjcally,torthai?mw 
tha knowldga storage or the network will be 
imprwal w ~ t h  the axpsmtion of semantics OF 
examphr &. I n  m h  pamllsl dietrihutad 
p-ng and &taring system of information, 
tha W h t a  arter the proarsa of network 
laatninp: imm typical ~ m p l a m .  pramnt both the 
identity of  a i m i l ~ r  mmplam within the emuracy 
permittsd by the system and the dirfersm 
M w m  diffemnt m p l a m . 8 u c h  structure in not 
only mnvinent Tor krmwldga expmmion but alm 
for itn accquirenwnt. In wnvant ion~l  technfqm 
of sxprt nyskm. the way of kriuwledga 
sxpremlon w h  an -tic net, gsnerating mlm 
urn tm much h i m i t d  hy ~nferance with cenhin ty  
.thm can nat k n b a  ptern reaturn uf leathet 
tsrtrus afactivaly. wharaw tho Tiold C madly 
where nourml natwlrrk featud bp uncertainty 
i n f e r n .  m i a t i v e  memory snd intellcqpnt 
simulation. shown its advantage mmt. 

6. Eqhwhmnt rwuIt 
The algtrrkthm hae tmen dmulated an BUN- 80386 

micm mrnputer with TZTRF#I C. Alt M u r e  image 
&ta a m  n k p  lathar tmture picturn. which 
Iubeld with zl. z2. dl, . . . , 11. of which 
mrrsclrpondent m u m  raaturaa and 
c l d f i c a t i o n  =Its are s h n  in chart 1. Fmm 
the rssulta, it can he mlW that the 
cl&bic~tion mmpletd by wmputer and that hy 
mprianced wurket lead to the earn -Its, that 
meam the nlgnrithm haa the a~tiafying 
adaptivlty. 

Th4 mural net based Isat'hcr cladrimtion 
system is mm& of tha Following five ptrb as: 
picturu grabber. iraq(~e input aubeyskm, imaga 
prcpmraseim and faaturn extraction block,nsural 
net ctasification s u m  and m I t a  diaplay 
equipment. 

Chnrt 1. Texture featurn and 
clamifimtion m n l t  

The algorithm of neural nstwork W 
claaritication of leather texture pmpoaed in 
the paper lollowing chaxactsriatics:(l) 
It can amign an input of ta~rhrm to tha mmt  
suithle cllceter under Baymian maaning: (2) The 
distribution of weinhta exprera quita wall t h e  
proparty of bath the whola Btructure and aach 
clam. The algorithm cen c l d f y  abeep laather 
effectirelp awing to t h e  important mle taken by 
neural nstwork'r highly dnptivity. alF 
otgantration,mlf learning and m i n t &  mamory 
. Conmquent work will lay Bt- on ths 
srpadttion of RP net'e mvergmnca .exp~ im o f  
knawldge mntainment and the development of 
pre l l s l  hardware ~ystsm. A# we am getting more 
cepetiant, thtl p-ng slltant and adnptivity 
of the nm ~ u m  to i m p e  rurtlwr. 
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