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Ladoke A k h l a  U M b  of Tochnolugy, Ogbomoso, Nq& 

-A f a c e e m  system is cgze o f b  m a t  desirable bia~@~ i ~ F a t i o n m c h a s  cornputmid 

i d a r d i ; b r c r a v ~ ~ b e i q g s . ~ i t b t I m m R P i b  R e v l ~ 1 ~ r r b ~ e d w o r I r r r : F a a e s ~ ~ o m p I ~  
o f b o t h ~ ~ d l ~ ~ ~ v m ~ ~ ~ . ~  r n ~ d h m u i ~  m- visual d 
Em&m baiag h d g a t d  hob& 6ngqrhb dwdqhg a oom- model far faca m t i m  is 

st d, 19PQ), s p o h  (Q audHmt, I=), diffiFult (Lawreme, 2000). Wyddcgisb and 
~ ~ ~ , 1 9 P b ) d ~ ~  m " ' have studied issues such as ~~ 
~ K w & M i n g , 2 0 0 3 ) & . h a r l g b ~ ~  o f f i r c e . ~ i f l f a t r $ p g w i v t ~ d ~ g a n i m t i m o f  
b m  ID math& mum- h a ,  tbs 
@ysioIwjEal m d d s  (fspe, DNA and hgcqint) me 
mcre *sf thn than tbkd rue- (signatae 
~ ~ ~ a e d ~ ) .  ThermoaB-baing& mw- 
akaMe nahm (e by iqjuy) of phyawaogial 
f a t m m M b b d m i d m ~ b a v e t h e & a n t a g e  
d b b g n o m - ~ ~ 2 0 0 Q ) . A B a ~ d t h a  
g & ~ ~ s y s & m i s v e x y  rnculttofage 
a i a a a t h s y ~ b i o @ b l ~ t i ~ i m i d d f y .  

F a m ~ i s d i q E d q g a p m m t w i h i n  
a 1 a g e ~ o f ~  a.g.,inapoIice, s c h d  m I i h y  
d a t a b a s a ~ ~ t t 3 u s n y ~ a l i s t o f t b m # t  _ l i k e l y ~ ~ t h e c w m e . .  

memory d 5ces, while eogineariag, scimW 
d 8 s i g r p s d d d s P e l o p e d f a c 8 ~ a l g ~  

1996). 
The aoluiim to th problem of faw mwgdtan 

i n v d v e a ~ o f h c e f r o m d u t t e d ~ ,  
atmdm of f a h w  from faoe iblifimtion d 
niakhiq. Face R@m @lems and can 
h ~ b m 2 ~ : ~ ( v i d e o ) d s s t a e i c  
rnsbbg ( C k U p  et d-, 1995). Dynamic &hg is 
d w h a V i s e q u m m i a  d d a .  Thevidao 
imagestdtobeoflowqw&&,tbbkpdk 
aluttsrsd d o f h ~  is mora thu 1 face prw& in tb 
p h O o ~ ~ h a n d , ~ c ~ h i n g l a r m ~  

C o m & g h C f m x  E.O. Omidiw I h p r b m t o f  Cmop~W Soience a d  &&?S&Y& 

L d d m  Akhtda U m d G  ofTdmdw, Ogbomosa, Nigeria 
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with lypwly m d l y  eonttdted ill- 

c a n b e ~ ~ a ~ i d g o ~  
Simwoitov sf d. (2fKQ main t m h  of 

f a m ~ t i d n ~ 3 ~ ~ m ~ d a ~ e n t w h 1 , ~  
m a a d ~ ~ a t T h e t e r m ~ e m t ~ ~  
,pmm the wrikatiou of a human by compariq Wbr 
a d d  camma hege with a dmmetxtpamOb. A- 
~ ~ t h s r n ~ t i n v ~ a h d - f i e M , ~ p a m t b e  
prtmitofa~tpeds~ndth$oto~dpeopI .ewhho 
mcm~ prmkiom to jointly wed o&wL T ~ M  kt, task 
* ~ b a n t i a ~ t O ~ n a m e a n d o t b a r  
$f abutap&jwtbased~mWkrona 
~~awlphato. 

T h e r n s a h c d ~ b y ~ ~ d P o g g i o ( 1 9 9 3 )  
u u e d a & o f ~ t o ~ t h t + e y e p i t i m i n a  
m i m a g e , b y ~ f h r t h a ~ ~ u t e v a l u e g o f  
t h e w  B f W s o  tmuplat~ at &point 
itt &a M, image. TwnpU makhhg is &o a emmon 
t e ~ ~ w @ ~ * ~ a a b  
c@ io a set of ~ W D .  f k w ,  witb tlw largeart 
ootlelatian r w m h b g  the oherst d Turk and 
~~a d i f f ~ n t ~ q u e t h a l s c a l ~  d 
w r r m a l i ~ t I m f a E i a l E ~ b a s a d o n t b e i r ~ w  
i m ~ . T h s m e t b d m & l ~ ~ ~ i n l a g e *  
a m t d e i g ~ e ~ t a c d m p o n e n t r q e s ~ e ~ ~ ~  
~v~~a~inacolleCtiwoffaceimag~indtpemdPtnt 
o f ~ j u d g e m e n t m f & ~ ~ f e a ~  Witheach 

f ~ ~ o n b l ~ a p d g ~ ~ f ~ .  
Each of these eigmvmtm of the f m ,  are d e d  
~ ~ t h i s ~ ~ b t e r m d t h e e i g e ~  
m h  

A&&(PCA1.FCAisatsehniqus~df&~and 
a ~ y ~ p i ~ a h f a ~ ~ ~ i b ~ ~  

. m& 8 &@ l& 0f WOW f~ W& f~ 
-setdstmdardpi~ Uleyargo.thatsny 
f w i m a g e c r m b e e g p d m d y m m E 3 W b y  
Q i i b i e 4 n t i r s ~ h a ~ t o ~  
 we^. $his i d e a Q f ~ ~ W o 1 1 i s t h w  
b d ~ o f ~ e ~ ~ d h ~  
pmenexmtlely a u c c d .  

~ K W c k ~ p m I ~ e d m d i m p ~ ~  
Egapfaca and Fishdm ~~ in fm rec&th 
*out apakeneS to byduate and m n p e  

~ t s m ~ v ~ w & d i ~ e r r w m k  
CmhandDun#m(Of998)pqcdanewLDA- 

bawd m M  He b e d  it on a -ad 
stabihahn q p a &  for the withincfa9s wtter mairk 
a d  pmkmed cqwnkentu on face mcgaitibn a, 
e ~ h b ~ . R t i t h a t h e r L D A - b w d m e & & .  
The results idcab, &at his method imprwd the LDA 
~clasaifio&im parfomm-m tbe w i ~ ~  am#% 
~ i s & p o p ~ l y m t i m B P B d  

PJ- s t w d  &s have been dam m hue 
mwuq most (Zmt all) hava made wis of --Ma& 
~ i n t h e j r ~ a r ~ m m l h m s o f b l a e k f a r w a .  
A I i u ~ ~ d e v e . I ~ d a n ~ ~ k d g & w d f a E e  
~ s y s t e a n f e a ~ ~ i a g : f f i m ~ b y  
employing PCA. This m d  p e n i s  rep& of 
e q e r h s n ~ l  hmd on bhdc &an f a  (w& md 
wiw m w  lmda) d u g  tb cptimkd F* 
Dis&&mtAnaIY&. 

A n h ~ ~ g e w m b ~ i d a s a v e ~ f ~ ~ l f p i x e ~  w h  
t h e v d u e d e a c h m b y i n f h v e ~ i s h ~ e r a I ~ ~  
(0-255] of tha cmqmnding pixal, For example, au &x8 
i m e p m a y ~ ~ d ~ ~ t e r l ~  8~&Ofl@ 
64 Tha imega is saidte sit inN-dimmshd spm, w b  
N isehtndxofpketS (mdthe lea@haftha~~tw). 
~ v m t m ~ m o f t h u ~ e i s m i m i d k d t o  

r r e v d  &.if"mrb pmbW. lh primary p p a u  of 
t t t b L m ~ ~ A & s i s k m ~ ~ b s d  
di&& grmp ky maximkimg tbk betweem-~lass 
$-,whitaminp*wi-vm&. ~~ LDA d w  not =me  that the p p r ~ a t i m ~ ~  d 
t h e ~ g r ~ m n d y d i s ~ i t ~  
imphitly that the IlW cowlkcuce lldrh3 of each ofas# 
m ~ b a r r ~ e t b e s m e w i ~ b ~ ~ ~ m ~ i s  
wed fm all the ,&& cansidmed (Y* 4 
Wiohma I%%]. - 

The O p t d d  Fbbr D i s c t i m a  
@ k h d ~ ~ e k )  method & esmtkdly a two-sbge 
d S m ~ i c g a l i t ) r ~ ~ ~ .  F b t h h i m s g e s  
f r o m t h s ~ r e c t o r % p a c s a t e p g ~ t o a l w m  
dimmsimal sprrce us& Pikipel hw Anal& 
(POL) flu& a n d ' P d m 4  1991) a d  then Linear 
Discnrmrmant . + ~ i s & D A ) i S ~ ~ t g f i m d ~  
b e s t I i n e a r d i ~ f ~ a n t 3 l a t p C A & ~ .  

T h e ~ ~ ~ A n o S y s i s ~ c a o ~  
statad f o n m  
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J.E@. Applied Sei, 

~ d a t n ~ O n w d l U ~ ~ ~ s m 3 ~  
t b y a m E o m b i n e d ~ a d a t a . ~ , A o f b N x M ,  
~ b e r e P A h ~ m m t h r 0 f ~ ~ e n d ~  
c o b m  is a singte image. 

Compuh the eigendua and e?go~ve&m TIM 
e i g ~ ~ r n r h  d eigmvecton rrre 

. CmptedfarWm*& 

~ ~ : ~ ~ ~ ~ a c o o r d j a g t o  
their -& 6vnt high b low. Keep 
anty the aigew#tw wamiabd wilh mrkm 
e i g d [ l y k  This m&x afeigsnv- is the eig- 
P , ~ k n o w n a $ u r p ~ m a t r b c  

Projed babitlg imngar: Bath of the #mbd bhiq 
i m ~ ~ ~ * e & d h t o t f u r e j g w q m c ~ T o p r o j w t a n  
~ i n b ~ ~ h d o t ~ o f t h s ~  
w i & h e e r e h o f t b o r d e a a d e i g ~ ~ ~ e e t i o l l ~ }  
i s d u b d - B m ~ b & ~ o f t h e i m a g a a n d  
t h e ~ t e i g o m r a p t c a ~ l ~ ~ h t v a h t e  inthe- 
v ~ - ~ r a e f t r w c m d - t h a p m j & e . d ~ w i l i o o n t a i n  
~ ~ ~ a s e ~ v ~  

The m e w  did Bbove cm 1 4  10 mdmnely 
larga arvarimm m t t k s .  Far Q X B ~ ~ I ~  hmqp of aim 
64x64cm&mtoadnadaEamatrkof~iae4CBWM 
( M h t b a n m n t r e r u f ~ ) a n d a ~ ~ ~ o f  
s i p e ~ 4 0 % .  This is apbIem-ca9mhhigtb 
combme mafrix d th d g w i v W & ~ b  at the 
~ i s ~ ~ ~ . I t i s r n ~  
fw a NxM m e  tbe b u m  m b m  of m-zwo 
~+~~ectora tfae mabk carr have is minimum @T-1, M-I) 
(Hm d Johmcq 1985). Since, the m b s ~  of traitJrit38 
hlw hTBldyb thaPthe~berOfp#8~  m), 
b m o s t e i g a w ~ ~ h t a u b f o r m d m  
M-1. 

A ~ f h e o r e r m i n ~ d g s b s ~ t h a t t h e  
aigmratuee of XX Tarrd XCX sFe ?he rime. Fu&€mIm, 
t h e e ~ ~  o f ~ m i h e ~ ~ a s t h e e i g ~ ~  
0 f x ' X ~ ~ I l y t h e ~ X a t m d  Id 
(Homaad 3- 1985,Xdy, 2W; T m o  ad Y d ,  
1998; wcplltv Y a m h *  2000). Using this th- the 
o p h k d m & m h ~ d b a ~ f ~ ~ t e ~ e i g ~ p e w  
hanW&&bhananN~Ncuv~mearhc 
T l l e f o m  &!pa ~ b o p ~ P C A :  

Cerrter data: (Same as atiginal metbod). 
Crde &ha ma- (Same as originalmehd). 
Crme c m w h m  &: l h  data n m k ' s  
&ampwe is d p l i e d  by the data matrjx to crests a 
camimmnlatrbL 

Compute the dgenvalllm and eigenvetbm of P: 
The e i g w a l w  amd -pandi?g eigmyecbm sre 
mnpmd Far P'. 

O'V' - A'V' 

~ & ~ ~ d A A f : M u l t i p l y f h e ~  
matrix by the eigmvectom. Then, divide th 
~ r n v a e ~  by thtirmffm. 

CaIcaIah the w i t h  claw ~ . r n a I r h  The within 
class rrcath xmbk m a m z ~  tb amount d scatter 
betwean items in the same ulm. F a  the i& &s, a 
a c ~ & ( S ) i ! a e a l ~ a s t h t s u m Q f ~  
c o ~ ~ ~ o f t h s ~ ~ e d l m f h B t ~  

~ h a ,  nq is the meau of the hag811 in the ~lass. Th 
within class m a t r i x ( Q i s t h s m m o f d ~  
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~ t h e ~ ~ ~ m a t ~ b t : ~ ~ e e n  
c b ~ r n a t r i x ( S $ r n ~ ~ t h e m ~ o f ~  
betweaa classas. It is as the m t ~  of the 
cwariancematticsdthe-bhbM 
m e a n d t b e m e a n o f d b .  

8dye fhe p w m k d  e€gm&a problem: Solve for the 
~ ~ ~ ( V ) a n d e ~ v d ~ ( n ) d t h e  
* ~ d b e Q w e o n ~ ~ ~ ~ ~ .  

Eeep f k t  C-1 e e m a c h m  SPrt lhe eigcm~ecbra by 
thBi 4 e i g d w s  h high m law and k a q  
tb k t  C 1  BigmwCh. ThW aigmvechs foaa th 
P i s h b & v ~ .  

- 
P~oj& lmm QILkl H!&m basis veefOlg: ProjBCt aU 
&&d (ia,mtcemd) olltothePiibasis 
v m ~ k y c e l c u l a t i o g t b d o t ~ d t h ~ w a b  
~ o f t h e ~ h # i i s Y € m m l l b a U r i g i n a l ~ ~  
p r o j d m b t h p ~ ~ t b s e a r e t b p o i n t s t b a t  
t h l i n e H a s b n e n g s a k d t o ~ ~ b s , m t t h e ~  
imagers. ThieihstandardLDApmedure. 

The O p t b i d  Fish&& Algmibn can b ' 
smnmdbytheflowchartFig 1. 
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REEULTS AND DISCU =ON 

FaceiageuofUbIackMiieanitl$i~~wm 
tdsan&haFi&x mcm di&d camera EachMddual 
ha 10 imagesfmm d i f f ~ e f a c e - s ,  eqmssimrrand 
-tbbBl&giX M f z m h a @ a W i t b ~ t i # l t W  
nor&ionmre d e F a e d p e x m T h  sks o f e a c h  
imagk a m  #Oxb# pixela M a s o f t  Office 
Piclam 3003 was wcl bo crop c& tbs Pam 
hagas a d h y w w e  rnsiasdtohsve &etl&msb&ean 
lmrln endxa4xrm p6rpls*1trot mrtian w tn the 
difPererS &&sr utwhichth imaprweratakm. 

Tbe redzed h a p r w m  tiam wed ids 2 c lww,  
trainitlg el= G- 4 imw par inavidmil and 
~ c l a s p ~ a W  d 5 Q i m ~ r w i W i m a g w  . - p w h d m d d . T b i m a p w e # ~ a d w i n g f h e f a n n a  
A_B,wbrul<Ac 46md1<3<6.1mag8sA_ftoA44 
(A- 1.W.m wdfw-dPL_j @A-6 for 
t b & & f w a d a d a b ~ P ~ T d w ~ r r ~ ~ n n s  d h f m  
i t n ~ s w d i n t h e  exp-ant. 

Tbs cdmmdimager@-dimsn&md$ kith d w  
warn cmmxhd into g a p a l e  images wih valws 
betwem O @l&) a d  253 (wlite). Thb m f m d  images 
w a s  cmmted to grw i m e  be- most d the 
p r e m  face recogprtran d#hsr P A  hdu&m) 
re* 2-&#&waf s m a p i p l w  &*. 

TBs p y w h  hags ware eroppadta k e s  d 5 0 ~ .  
40@l,75x73,90xm, IWlxIWlpT xN)*&ffmafhom&% 
o P t S l a h ~ ~ t b p ~ i n o r d a r t o r e m U m t h 8  
b a a k @ r d  of &a piawes aa8 tu exfraCt feaiures iiiEB 
egetxmtx egrelidsrancltlwupperpshdtheEipowhw 
aagearaaeedorptchgedywwtinlaThe~ 
pind &a indicate vatying manbets d e d d  face 
f t s k * w d w w s w d  Jb&thett6kingdtbsting 
w a P i g 1 r e 3  d m m s m * o f h e c m p p m i ~ &  
images P i p  4 om ff the kibal-m&ed face d 
the mmred cm@g i d  hch&g tba O i g a  
grayscale face iiow 

The code hphm&hg fhe face reeo@cm 
s~r- ~ m b o n a n A m I 3 u o n ~  bwrrdwitb 

-- 
Fig 3: S a n e  ofths ~ e d ~ ~ s i t a ~ s  
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1.16 Otfi ptme& p*ed. Tha faxi reco@tim 
W W  ~ p & & d  W& 8 0f 276 &-% 

d ~ k i e h 1 8 r l i t n a 1 : ~ ~ ~ 8 ~ d i n w m g t b e  
.hb aa8 92 h a @ s  were wed for bdhg !h 
Cmted databm. TI& r e p r d  6 images h b h g  
and 2 tad* Par 45 ht iv id~& , p p d h g  - .. . , 

a clu.6 
Mch if. 4 

A r e c ~ o n , p c b ~ -  of bdK1m 88 and 99%' 
W a b b b d  whsn&~tit3gwitPrhqges the mme. 
constrained e & e r $  ':a. @Rend fdel 
WEp$gmmtha acler pP bekPeenSOx30 d1CD~lW) 
l h l s  '- raspadiwJy. Tb u u i W e d  images . . 

Fig 6: Or+ d time used in traiain@; W d d a b %  ah 
Mesat creppdimqcf o d u t i a n  

wtre f o d m t  & be pwpabcsntrsdfiroay, thedm8 
ths,erappingEadddmnmthe b d + q - t k £ y -  

T a t  1 d F i g 2 . 8  shwsthenco@~~.rat% h e  
t r r t rd  aWca &&&we &ti#ia befm mkqu o d d b  
i d d d  fw differ& levels d craming b Qla . mi@ - 
.hW 

The &s ~ ~ t h e t w c m p ~ a s a r e  a s h n  
inbekaehFi~ 4 d 7 .  

The n d b  &ow the more lhe held Padues 
that are imSu8edzin rhe ta@g a d  kshgha@5 
h beW fhe recogoition perfrxmsxrce. M e q  aE th 
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g+ 'l: Graph of told number o! unidentifd hag- vs. 
Dimensicas d c m p p d  images 

MOO  an b~ a P i a  by slight 
w i u o r i m t a i i o m  andsdtgofthettstices - 
~ t O t h 8 d a r a ~ .  

~ t $ d d & o b n o t s d t h a t t t r e ~ m s y s l e m  
'b, b s m o  oxhk, invariant tO Eacial qnwsions. In one 
g f t $ e b p a ~ * ~ ~ ~ ~ ~ ~ w & B w m & l e t a  
o99Eaetty identify an individual *.and without g'lasuee 
-10 SmdlO_B). 

~ - - i n r s ~ g t l i t i a a e a ~ ~  b b u  
S p p c s ~ ~ m ~ ~ t h e i r n ~ d  

~ ~ e d  &hers .  Corn& w$h tb 
~ s b w  thatitisduetoh f a c e - i m m l y  
W w h t h e t a  can$& pictureofthe bewasnot. 
pcovidad to the reoognith stage. 

' 8 ~ o g n i k  ~ c ~ ~ r a c r  d b&em 8 & * m  baa bssn 
a ~ e v e d a t ~ l w d o f c r o p p i n g .  

The dssign of b m W t i 0 0  System is b e d  
~ p m ' F u w  bar becn m W  inta 3 majn 
rmdb-im#e q u b m n  md P- 
dimeeshndity redudon, bhiq al m h g  fop. 
~ S t a t i e i m ~ ~ e r e a c q u k d b y * ~ b  
of peopb wing a digital w e &  The dlnemidty 
r a m  was ' dol3a by tlre Optimbed F i s h  h e  
A l g h .  

Thw applidm of- races to the task of face 
mo&ition a prfectly stadarched and aligaed 
& t a b w d f ~ f a m ~ i n g a n d I m a g e ~ e s i z h . l g -  
done bdqm the dimmwbality reductirpl were ta 

fbr m ' a l  and dfd& in s k  
~ f t h o i m a g ~ f o r t t w ~ a u d ~ o f b f ~ ~  
beable toreally takeph i a h  f a c e ~ t i o 1 1 s y s ~ .  

As, dverview of the designand dwelojment of a 
@~.t~mefaa nqnitiaa: sptm hsa treeaprgmtd 
ktbis mqamh work Althgh, mme aspots ofthe* 
~ , t a m  arci st i l l  under axprhental developmant 
q m i d y t h s d * * t h e d b a s  
r a h d i n a u o v d  ~ s , b G i n g a b l e  toperfoem ~~ in a ~ ~ o n n r ~ e n t & w g  
U ~ k W , U l a d s r ~ m * * ~ ~ ~ ~ t i o n  
is pedfmed dn skgh s d d  images withcut rota& s 

G l e ,  the p-oblem of r e + i  fa* wider pas 
v d o n s  rmmim Iwgely wolved a thorp& analysis 
d afmm&hs d w-w of feoogdsii black 
facas urih fam ha h e n  slrccessWy 

T h e f b I I o w i n g ~ a ? e r e o m n m e n d e d a s p a r t d  
resmrdswarktobtem~uprmforanorpanded~ 
recognition system to be dwelopd 

Anulyi and imphontation of a PCA-Buekdean 
bdsedfacemPgdicnsystem. 

a& sRdimplemo~dn of s P C A - M c i d  . 
- N e u r a l N ~ m h b a s e d ~ m ~ t i a n s y a t s r n .  

halyahdimphentatioaafanOFDA-Artilicial 
N d N e t w ~ h  bwxl fbsnwgnitions~. 
C o m p a h s  adysia of a l l  the algorithms ciudiq 
~ ~ e n t o a e ) d c y ~ b y u s w i U ~ b e W r r i c d  
out FPia our face databe. 

Al4  SA, I%@. Dw&pmtoEianatxtometie knowldge 
based face m e o n  system for faca having 
A f h n  feams. Unpublished PhD. ThHis, 
univ~ity ofnorio, ~ b i a .  

Bottw, L, C. J. ~ , H D ~ , t G u y c a r ,  
L. lackel, Y. La Om, U. Multer, 13. Sikbger, 
P. Simrrrd and W. va&i 1994. Cornpisun of 
,&&armdmk A abdy intrandwiittandigit 
recc@h" Rwdiugs d tbs hmlatbd 
Confewme onFWmnRec+gnitiw1 BEE Carnpk 
w t y  h . L o s  M t o 8 .  CA 
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R and T. Pcggio, 1993. Fwe bbpitian: 
FtWw v&m TermpWs. Tram. Pattan Aaal 
~~, 13: 1042.1052 

CwIa E Tbnkz asd D& F, Wes, 1998.14 - lmm WI-ed appfuh far 
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