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Face Recognition

Miss, Kritsana Yawichai [D.45010023
Ass.Prof.Dr. Yuttana Kidjaidure (Adviser)

Education Year 2005

Abstract

This project, “Face Recognition”;¢an recognize human.faces and identify each person in
the database. The objective is-for.authentication, to allow each personraccessing into the system.
It provides security. The  procedure is-creating a program-that-ecan communicate between
computer and video camera.to receive human’s face image for processing. Then, the image is

passed to the process of recognition by Eigenface technique via MATLAB program.
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R=RGB(:,:,1);
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B=RGB(:,:,3);
imshow(R)

figure,imshow(G)
figure,imshow(B)
figure,imshow(RGB)
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HsunsudSuanuaan
function[ X =brightness(1}%s%l
must be gray
Saclose all;
faceeq=double(1);
i=0;
1=0;
means={;
fm n]=size(D),
for i=1:m
forj=lmn
means=I{i,))*means,
end
end

means=means/{m*n);
ditfmean=50-means;
fori=1:m
for j=imn
1G,)=KiH+diffmean:
if (1,255
I{i,1)=255:
end
it 101,j)<0
{1 =t
end
end
end
X=uint8(I);

]
Tﬂillﬂi!lﬂ?ﬂrﬂﬁrﬂﬂﬂﬂ HAM

function[xmean,ymean=center(bw

)3
bw = imfill(bw 'holes');
area=bwarea(bw);
[m n}=size(bw);
bw=double(bw),
xmean=0,ymean=l);
for i=1:m,
for j=1m,
xmean=xmean+)¥hw(ij);
ymean=ymeanti*bw(i %
end;
end:
Xmean=xmean/urea;
yimean=ymean/area:

xmean=round({xmean);
yvmean=round(ymean};

Talsensannlaaf RGB-VCrch

function{cb.cr]=chromadisi{filena
me)

im=imread(filename),
imyce=rzb2ycber{im):
lpf=1/9*ones(3);
ch=imvce(:,;,2);
cb=filter2{!pi.ch);
ch=reshape(ch, ! prod{size(ch D).
cr=imyecds,,3);
cr=filter2{Ipf.cr):

cr=reshape(cr, 1 prod(size(cr)));

-

Tbsunsuyerasd 3 3@
function plot =colordistplot(cb,cr)
chroma =zeros(256);
ch=round{cb);

cr=round(cr);

for i=1:lengthich)

chroma(cb(i}er(i)=chromafch(i).cr
[+
end

surf{chroma)

Tusensuasaadulunidy

functien out=
detectface(filename,smallpic)
close all
ichi,cri=chromadist('vaskn jpg').
ichy eri-chramadist( fonziskin jpg')

ichr.ersi=chromadist('oniskin.jpg').
lchs crsi-chromadist{‘joyskin.jpg').
Ichs,crsi=chremadist{'acrskin. jpg').
1cbs cra=chromadisi{'fonz:skin jpg’)

jchr.cri=chromadisi{toonskin jpg');
icbs crsi=chromadist{'kotskin Jpg'};
Jcby.cro-chromadist{'twiskin jpg'x
lchin,ero-chromadist(aorskin jpe'),
[gbir criy=ehramadist(aorskin jpg';
jeb1z,crivj=chromadist(’kawskin jpg’
I8
ichi3ieris=chromadist(cuteskin.jpg’
)
fetrwensi=chromadist{'ooskm jpg');
fchi: ensi=chromadist(‘mintskin jpg’
i

iebia,cnni=chromadispretskingpg'}
ichiz.enri-chromadisti'nanskin.jpg’)

ch=[cbi eba ¢ha cbs chs cbs b7 chs
chs ebiv; % chir chiz cbiz ebia cbis
chig chial
cr={ert €12 Cfy Crers I8 Cra oy o
crua,% Cri Cri2 ©ri ¢ Cns ¢ris
Criig,
w.ch=[cbi;
SCI=FEr:
sifigurefiscolordisiplotich.cr):
bmean=mean(ch);
rmean=mean(cr);
breov=covich,cr).
colorchan=zeros(2se),
for be=n:2ss
for r=ness

x={(h-bmean){r-rmean)];

colorchart(b+1,r--1-exp{-
s *inv(breov)*x);

end

end
«figtre(z,surf{colorchart ),
SSkiny(filename bmean.rmean.brc
ov),
finnor{filename.'skinseg jpg');

Tafannsudnseulunin
functionffinalpic|={inalimeriginal,
imsegmented,.smallpic)
imsource=imread(imoriginal};
skincoter=imread(imscgmented};
BW=imzbw(skincolor);
|L,numobj[=bwiabel(BW s
map=|n su,jet{numobj)}:
figure(s,imshow{L+1.map."notruesi
7'}
for i=rnumebi,
1x.¥]=find(bwlabel(BW==i);
bwseament=bwselect(BW.y X7

iL.numbojs]=bwlabel(bwsegment.s)

numfeatures=bweuler(bwsegment.4
5
numheles=1-numfeatures:
it (numholes==:;
arca(iy=bwarea(bwsegment);
end
end
Iy 1]=max{arca),
1.y =find(bwlabel(BW =13
bwiace=bwsclect(BW,v.x x
im nl=size{bwiace),
il,r,ud]=recsize(bwface ).
wx=(r-t+1y;
Ty=(d-u+ny;
hwratio=ly/wx
if (hwratio=>1n
Iy=tloor( Liwx}:

ILr,u.dj=reesize(bwiace):
for (=(u+lyym,

forj=sn.
hwface(i,j}j=
end
end

hwratio=ly/wx

end:
if (hwratio<is
wx=lv.

Lred]Frecsizebwiace),
for J=(wxn,
for [=i:m.
bwlace(1,j)=u
end
end
hwratio=ly/wx
end:

|cx cv]=center{bwiace):
il.r.u.d]=1ecsize( bwiace):

x1-¢x-l;
X2=1-CX;
N=MHA(X X2,
I=cx-x:
I=CX+X,

Y1=CV-U;
yi=d-cy:

y=min(yi, vz

rectcoor = [l u (-1} (d-u});
figure(s, imshew({imsource).
hd=rectangle('Position’,rectcoor,'L1
neWidth' »;

set(hd,'edgecolor,'r');

wl = imread('circuit.tif);

I2 - imerop{imsource.[| u (-1 (d-
ulk

imwrite(l2 smallpzc,’jpe');

figure(s; .imshow{[2



stigure(s),imshow(bwface}
wlex,cy |=center{bwlace);

Tsunimnlaai RCB-Gray
function out = rgbtogray(x)
=x(,. 1

g=x{:.;,2%;

b=x{.,..3),

out=(r+g-b)/3

Tusunsmnlasd RGB-HSI

function hsi = rgh2hsi(rgh)

rgb = im2double(rgb);
r=rgh{:,;, i)

g=rgh(:,:.2);

b=rgb{:.:,3);

nuim = 0. 3¥{{r-2}+{r-b)):

den = sqrt{(r-g)."2-(r-b).*(g-b):
theta = acos(num./(denteps)).

H = theta;

H{b>gr=2*pr-H(b>g).
H=180*H/pi %% %% %% Y %% %
%% %% %M%M %% N U s
Ya%% %% Y% s oY Yo% Y % % %Y
%% %% {2 ¥pl)
num=pun{mir,g} bl
den=r+g+b;

den({den==0)=¢ps;

S$=1-3 *num./den;

H{§==0)=0;

I=(r+g+h)3;

hsi=cat(3.H.8.1}

Tl sungniin

function [finalpic] =
SegmentSkiny{filename; bmean,
rmean, breov)

% Assume the skinmaodel.miis run
% Produce two images,
skinlikelihood greyscaleimage,
skinl

% and skin segment binary image.
skin2

close all

im = imread(fitename),
imycher = rgh2yeber(imy);

dim = sizefim);
skinl = zeros{dim(1), dim(2));
for 1= l:dim(l}
for j = 1:dim(2)
cb = douhle(imycber(i,].2 ).
¢r = double{imycber(2,),3)):
x = [{ch-bmean}; {cr-rmean)];
skinl{ig) = exp(-0.5*
x"*inv(brcov)* x);
end
end

Ipf= 1/%*ones(3);
skinl = filter2{Ipf.skinl);
skinl = skinl./max(max(skinl}),

% Adaptive Thresholding
previousSkin2 = zeros(i,j).
changelist = [|;
for threshold = 0.35:-0.1:0.05
skin2 = zeros(i,j);
skin2{find{skin1>threshold})) = 1;
change = sum(sum{skin2 -
previousSkin2 )}
changelist = {changelist change];

previousSkin2 = skinl;
end

% Finding the optimal threshold
[C. 1] = min(changelist);
optimalThreshold = (7-1)*0.1
skin2 = zeros(ii);
skin2(tind{skin>optimalThreshold
n=1L
imwrite(skin2.'skinseg.jpg.ipg").
figure(1)

imshow(skinl, [0 17);

figure(2)

imshow(skinZ, [( 1]}

Tsunsnszusnnna

function out =whoru{filename);
close all

detectface(filename?;

sset nocof people in database
M=,

pr-imread(clitkot:rjpg X

[r = rebtogravipy,

pi1 = imresize([1:[2s6 1951, bicubic")
Xa=brightness(pin;
pici-histeq(Xn:
picti=double{pici:

o

pz-imread{‘clitnimizipg'y;

[2 - rgbtogray{ Pz

piz = imresize 1z, [256 1981 bicubict)
Xz=brightness(pizy
pica=histeq{Xz:
pictz=doubte{picn:
pi=imread{'clitfonss pg'):

2= rubtogray (pax
pir=imresize(l, [2s0 198, bicubic!)
X:=brightngss(piz;
pic=histeq{Xsn
picti-double(picy;

a;

pe=imread(‘clitpum jpg’y;

e~ tablogray{pan

pls = imresizels,[256 1921, bioubic')
Xi=brightness{piar;
pics=histeq(Xa;
picti-doeblefpics;

psimread('clitaomijpg )

[s = rgbtograv{psy

pis - imresize( s, [256 1951, bicubic')
Xs=brightness(pisy;,
pics-histeg(Xsy
picts-double(picsy,

pe-imread{'clitnanzsjpg');

[+ - rgbtograv{po

pic = imyesize(Is,{256 1981, 'bicubic')
Xe-brightness(pie:
pice=histeq{Xe):
picts-double(picsn,

Wit

pr=imread{'clitouis jpg’);

1= = rebtogray(pm

pis = 1mresize( 17, [2s6 1981, bicybic)

Xe=hrightness(pin;
pice-histeq(X=).
pict=-double(picn,
pe=imread('clityayees jpg’);

[s = rgbtogray(px.

pis = imresize(Ts.[256 1951,/ bicubic’)
Xz-brightness(pis;
pics=histeq{Xx;
pict-double(pics):

po=imread{'clittomzi Jpg')

[s - rgbtogray{pe;,

pis = imresize(ls, 256 1951, bicubich
Xo=brightness(pio;
pics=histeq{ X,
picti-double(pics:

'l

pre=imread{'clitaorss jpg'):
[in=rebtogray(po:
pin - imresize( 1o, [z36 1921, bicubic')
Xin-brightness(piim,
picin-histeq{ Xun:
pictwm=double{picu.
ptest=imread(‘imagetest jpg’ ). %%*
**********picturelest"‘":
I'=rgbtopray(plest).
pitest =imresize(],[256 1ost'bicubic”)
K=brightness{pitest}:
pictest=histeq{X);
picttest=double(pictest);
sscompuie the
average% %% %% % %00,
Ifacel facej]=size{p1;
for =1 facei

for j=1.facey

Yalp=(pictui,ji+pictii,j y=pictiil)

Fpictsd, )+ pictsi,j FpictslJrpict=d

J)Fpicta jypicted))+pictng, )M,
end

end

Y=uint« Y2y

figurefarimshaw(Y).

s ompute the Different face%%

fori=1.facel
for j=i.face)
DIFFpui j=pictsd j-Yai i)
DIFFpad,jy=pictauj - Yz
DIFEpd jy=picti - Yai ),
DIFFpacijy=pictad - Y ),
DIFFpsiijypiclsiy - Yaig)
DIFFpsi ji=pictsi Y xi).
DIFFpig =pictsiad - Y.
DIFFpsif Fpietsing =Y ).
IMFFpad j y=pictod - Yai )
DIFFpiui Jy=pictio J)-Y2ij)
DIFFptest(i,j)=picttesi{i.j)-
Yaigy
end
cnd

seCompute the Diff Vector%%



wxCompute Different face
Lranspose
DIFFTm-DIFFpi:
DIFFTp2-DIFFp2;
DIFFTp3=DIFFps";
DIFFTp+DIFFp+,
DIFFTps=DIFFps';
DIFFTps-DIFFps’;
DIFFTp=DIFFp-:
DIFFTps-DIFFps".
DIFF1pe=DIFFpy';
DIFFTp:-DIFEFpw'”,

DIFF Tptest=DIFFptest’;

wsnGet the Diff Vector%%
DIFFVpi-DIFFTpic,
DIFEVp2=DIFE Tpzes,
DIFFVps-DIFFTpacy,
DIFFYps-DIFFTpay,
DIFFVps=DIFF Tpsea,
DIFFVYpe-DIFFTpac;
DIFFVp:-DIFFTp::
DIFFVps=DIFF Fpucs;
DIFEVps=DIFF Tpacs;
DIFFVpu-DIFF Tpuucy,

DIFFVptest=DIFF Tptesi(:);

wewClear somthing stupid

clear DIFFTpiclear DIFFTpz:clear
DIFFTpiclear DIFF Tpasclear

DIFFTps;clear DIFFTps.

clear DIFFTp=glear DIFF Tpyiclear

DIFFTpo:clear DIFFTpu;

wnfind ATA from X%%

X=[DIFEVpLDIFFVp2,DIFFVps, T}
[FEVpa, DIFFVps, DIFE Vs MEFV
pr.DIFFEVps, DIFFVps, DIFFV pios:

ATA=X""X:

wiCompite Eigen value and Eigen

Vector of ATA%%
iV.Dj=eig(ATA);
sekeep the eigenvalue®e
eigenvatue=D{,n;
eigenvalue2-D{22);
eigenvalues=D{3.;
cigenvalues-D{aay
eigenvalues=D{s.s
eigenvalues-Diss);
eigenvalue=Dizm;
eigenvalue-=D(x.x;;
eigenvaluee=Dioy):
eigenvalueie-D{10,01;

wukeep the eigenvector%%

for i=1:M
Vi, i=V(1a)
Vb=Vt
Vi, n=V (1,3
Vad, -Vt
Wi, =V (Ls);

sl R A

Vet =V{1.61

Vil -V

Vel 1=V (i1

Vil =V (i o

Vo n=V{im;
end

wumodify eigenvector V%%

smodify Vi,
min=abs(V:i.ay;
imin=i;
for i=2:M
ifabs( Vi, m<min
min=abs( V1,1
imin=i;
else
imin=imin;
end
end
Vmu=rabs( V iiminage Vi

smodify Ve
min=abs{Vzi,1%

if abs{Vati.sp<min
min=abs( Va1,
inn=i.
else
M=,
end
end
Ymzsiabs{Vaamin e Va;

smodify Vs
min=abs( Vi 5
imin=
for =M
if abs{ Vi in<min
min=absi Vi,
imin=1:
clse
imin=imin;
end
end
Vinz=rabs(Vuimin. eV

smodify Vas
min=ahs{ V.,
min=i.
for i=2M
if abs(Vail, py<min
min=abs{ Vi,
imin=i;
clse
imin=imin;
cnd
end
Vma=vabs(Vadmin, 1)-V4;

smodify Vew
min=abs{ Vs
imin=y;
for i=xM
ifabs{Vs(,m<min
min=abs( Vs,
imin=1;
else

imin=intin;
end
end
Vms-pabs(Vsimin,neVs,

smodify Ve
min=abs{ Ve,
imin=1,
tfor i=2M
it abs{Veii,n<min
min=abs{Veri, i,
inmin=1;
else
imin=imin;
end
end
Vme-1abs{ Veiimin.i Ve,

smodify Ve
min=abs( V1,1,
IMin=t:
fori=zM
it abs(V+d<min
min=abs( ¥,
Imin=i
else
imin=imin;
end
sod
Vmr=rabs(Vaamin.nye Ve

smodify Vi
min=ahs( Vs
imin=:;
for i=2M
if absi Ve, ur<min
min=abs{ Vs, 0y
imin=i:
clse
imin=imin;
end
end
Vo vabs{ Vsimin, Vs

samr0dify. Vs
min=abs( Va1
min=;
fori=2M
1f abs( Vo, v<min
min=abs{ Vo,
imin=t,
else
imin=imin;
end
crd
Vmu=rabs(Vudmin, Ve,

smadify Vi
min=abs{ Vo1,
imin=t;
for i=2M
it abs(Vied, i<min
min=abs( Vo,
Hmin=t;
clse
HTN=nmnim;
end
end



Vmin=r1abs{ Viagmin, eV

suget new V%%

YVi=Vmn Ve=Vme V=V Va-Vms,
Va=Vms, Ve-Vmes, Va=Vmz, Va=Vmu
Vo=V, Vie=Vmin,

= Compute Uk%%

= Compute Eigenvector of AAT
Ui=X*Viseigenvaluer ™y,

Uz=X*Vueigenvaluea™ 120,
L X*Vueigenvalues™ 12
Ua=X*Vaseigenvalues™12n;
Us-X*Vsigigenvalues {12y
Us=X*Vereigenvalues™( 12y,
U==X*Vineigenvalues™{ i
Us=X*Vazeigenvalues™( 1y
Ue-X*Vareigenvaluey™ 12
U=X*Vieigenvaluew™ (12,

wuReconstruct Uk%%
suConstruct Tmage from LUises,
n=1;k=1.j=1;
nn=((facej*(facei-npn
while n<an
for i=n:(n+{facej-1n
cigenfaceidk,j)=Uhsy;
=
end
k=k+i;
J=
n=n+facej;
end;
swConstruct Image from Uszay
n=1k=1j=1
while n<nn
for i=n:(n+(face-1n
cigenfacezk. j Uz,
=
end
k=k+1;
=
n=n~iacej.
end;
wwConstruct Image from Usses
n=1k=1j=1;
while n<nn
for é=n:(n+{facej-mn
cigentacesck,j)=Uaiy;
=i+
end
k=k+i;
=L
n=n+facej,
end:
ssnConstruct Image from Usvios
n=rk=y;j=1,
while n<nn
for i=n:{n+{facej-m
etgenfacesk, i y=Uaid, iy
it
end
k=k-+1;
=
n=n-+facej;
end;
weConstruct [mage from Useas
n=pk=15i71

while n<nn
for i=n:(n~(facej-in
eigenfacesik,;=Usi.1;
g
end
k=k+1.
=
n=n+face);
end.
wesConstruct Image from Ugss
n=uk=1;j=1;
while n<nn
for i=n:{n+{facej-1n
eigenlacesk. j1=Usd, 1
i+
end
k=k-+1;
i
n=n+tacej;
ends
wnConstruet Image from Uzses
n=pk=1;=0
while n<nn
lbr i=n:tn+(facej-1n
cigenfacerdk,)=Usi.
G
end
k=k+1;
T
n=n+facej.

sl onstruct Image from Usei
o= k==
while n<nn
for i=n;{n+{facej-1n
eigenfacesd )= Usd
=it
end
k=k+1;
=
n=n+tacej;
end:
«wrnConstruct Image from Love
n=1k=g)=
while n<nn
fori=n{n+({acej-1n
eigenfacesk 3=Usim
it
end
E-kto
=
a=n+facej:
end,

veConstruct Tmage from Lhess,

n=1k=13=1,
while n<nn
for i=n:(n+{facej-1n
eigenfaceink j)=Utai.;
=t
end
k=k+1;
=u
n=n+facej;
end;

swRecognition Part%%
eigenface=io;
pstant=1;

fromp=pstart;
V=[eigenvaluei.eigenvalue: eigenv
alugs.gigenvalues eigenvalues.eigen
values gigenvaluer,eigenvalues eige
nvalues,eigenvalueiny;
for k=1.eigenface
GV K=V, fromp).
fromp=tromp+1;

wesest put

i 4,
ki A

image%:%%%%% %% %% %% %%
Y% %%

i il

snfind ATA from Xisw

X1=aDIFFVptest. DIFFVpz DIFFVp
3, DEEFVp+ DIFFVps. DIFEVpe DIF
F¥pr, DIEF Vips, DIFFVpe DIFEVpio
1
Ar=Xa"* X0
sssCompite Eigertvalue and Eigen
Vectorof ATA 150
1V.D}=ceig(An:
senkeep thesigenvalueoo
Aseigenvalue=D{1 10
Aseigenvalues=D(2 2
Aaecigenvalues=D(1.;
AteigenvalucsE=Dasy
Areigenvalues-D(s.s:;
Aseigenvalues=Dis s
Arcigenvalper=D(z5;
Ascigenvalues=Dixs;;
Avgigenvalues-Disvn
Aneigenvalugm=D{ w0
«eikeep the elgenvector¥e®o
for.i=1-M
AVl n=V{ing;
As Vol -V
AV n=Viisg
AV D=V (i
AVsi =V
AlVaid,1)-V
AtVagn=V{in
AV, n=V{m,
AV =V,
ArVin-Viioam
end
weamodify eigenvector A1Vk%%
wmodity A1V
min=abs{ A1V

imin=i;
for1==M
ifabs(A1V i, 1<min
min=abs( A1V id, 0%
imin=i;
elsg
Imin=tnnn;
end
end
ArVmi-rabs{A WV rimin, n=A1 VL

smodify AV



min=abs( A1V,
imin=t;
for i=z:M
if abs{ A1 Vi r<min
min=ahs(A1 Vi1
imin=i;
clse
imin=imin;
end
end
ArVmz-tabs( A Vaimin AV,

wmedify A1V,
min=abs( A1V
imin=t;
for 1=:M
if abs{Ar Vsl ip<min
min=abs{ A Vs,
Imin=i;
else
imin=imin;
e
end
ArVms-vabs(ArVaamin. AV

smodify AtVax
min=abs{AiVar i
min=1;
for i==M
1Fabs{A1Vaim<min
mm=abs( A1VaL 1
imin=i;
else
imin=imin;
end
end
ArVma=abs{ A Vaimin,nr AV

wmodify ArVsy
min=abs(A1Vs1n;
imin=i;
for i=:M
if abs(A1Vsa 1p<min
min=ahs{ A1Vsii.1 )
imin=t;
else
imin=tmin:
end
end
AuVms=rabs{ AsVsdminant A Vs,

smodity ArVas
min=ahs{ A1V,
imin=i;
for i=2:M
if abs{ ArVed,1y<min
min=abs{ A1V,
imin=i;
else
Imin=imin,
cnid
end
AVms=uabs{ A1 Vadmin, A1 Ve

smodify A1V
min=abs(A Vi,
imin=1:

for i=2M

if abs{ A1 Vaian<min
min=abs{ A1V,
imin=i;
else
imin=imin;
end
end
ArVme-vabs(Au Y rmin AV

wmodify ArVis
min=abs(A: VL1,
imin=i;
for i=2M
il abs{ A1 Vxiian<min
min=abs{ A1V,
min=i;
¢else
imin=imin;
end
end
AVms=pabs{ATVaimin, hrA Vs,

wmadity AV
min=abs{A1 Vi,
min=1;
for i=aM
ifabs{ArVad. <min
min=abs{ A1¥ i 1%
umin=i;
¢lse
itnin=imin,
end
end
ArVma=iabs( A Vedming ALV,

smodify AV ios
mn=abs( A Vieg,n
imin=;
tor i=1.M
1f abs{A Vil p<min
min=abs{ AV e,
imin=i
else
Imin=imin;
cnd
end

ArVmun-rabs{ ArVisaminasA Vo,

snsel new YK %%
AsVi-ATVIME ANV A Vmz, A Vs-

ArVma ArVa=Ai1Vma AVs-A1Vms
AVe=ATVms AnVa=AVimaAn Vs
ArvVms; A Ve=Ar Vs AtV AV

14

fromp=pstart.

VidAzcigenvaluer Areigenvalues A
reigenvalues. Aicigenvalucs. Arcige
nvalues. Atcigenvalues. Areigenvalu
erAreigenvalues Areigenvaluge Al

eigenvaluciof;

fer k=1.eigenface
GV ky=Via fromp):
fromp=fromp+1;

end

image % %% % %% %% %% % % %%
%% %

Y

M e YA Y M T A N R A B Y

sfind ATA: from Xawe
X2=DIFFVp1 DIFF Vptest, DIFFVp
3, DIFFVpa DIFFVps DIFF Ve, DIF
FVpr. DIFF Vs DIFFVpe DIFFVp:
Ia
A2-X0'* X,
veCompute Eigen value and Eigen
Vector of ATA
V. D=zig{ Az
skeep the elgenvalue%%
Aczeigenvalues=D(11;
Areigenvalue-Di22;
Areigenvaluer=D(zay;
Accigenvalue=D(43;
Arelgenvalues-Diss:
Aveigenvalues=Die.s,
Azeigenvalues=D(z7;
Azgigenvalues=Dixsi;
Azzigenvalues-D(vgn
Azeigenvalue-D{inm;
wwkeepithe eigenvector?o%
fori=i:M

Az o=V,

AzVzd =V (12

AV, -V

AxVad.n-¥{ian

AV ai V(i

AoVeai n=V{is,

AV p=V(ion

AcViea n=Viia

AV, V(i

AzVae 5=V
end
wamodity eigenvector AzVEk%%
wmoadify A2Viw
min=abs{ AaV11.1);

1mR=1:
for =M
1 abs( AzViasm<min
min=abs{ A2V 1 15
{min=r;
else
imin=imin;
end
end
AzVmi-rabs(AzViimin, iprAzVi

smodily AxVan
min=abs{ AV

imin=1-
for i=z:M
if abs{ A2Vad 1n<min
min=abs{ AV, 1y
min=i;
else
imip=imin;
end
end

ArVmz-riabs{ A2V ximin AV,



=modify AsVan
min=abs(A1V1.1);,
min=i;
for i=2M
if abs{ AsVad,1ip<min
min=abs(AsVad, 1y
imin=i;
clse
imin=imin;
end
end

AsVmerabs(AsVaimin nrAiVa,

swmodify AzVsy
min=abs(A1Vsiy,
imin=i;
for i=2M
if abs{ Aa Vs m<min
min=abs{ A1V s,
imin=i
else
imin=imin;
end
end

AVms=rabs(AaVsamin. A Vs,

smodify AsVes
min=abhs{ AsVso,im;
imin=:;
for i=2M
it abs{AsVeti,ong€min
min=abs( Az Va1
imin=i,
clse
imin=imin,
end
end

AaVme=12bs{ AsYedmin, A sVe:

smedify AsVo,
min=abs{ AsV-1am;
imin=i;
for i=2M
if abs(AsVai,m<min
min=abs{AsVxi.i
Imin=i;
else
1ImMin=i1min;
end
end

AsVmr=pabs{AzVaiminanAaVs

smodify ArVaes
min=abs{A: Va1
nin=1;
for i=a:M
if abs{ AV, 1n<min
min=abs{ A1V,
imin=i;
clse
imin=imin;
end
end

AxVni=1abs(AsVsiminapAaVy;

snodity AV o

min=abs( A1V,

imin=i,
for i=2M
if abs( A Ve, nr<min
min=abs(AzVoi, 1,
imin=i;
clse
imin=imin;
end
end

AxVme-rabs(AsVeamin,irAsVy;

smodify ATV
min=abs(A1Viu,1m;
imin=1;
for i=2:M
if abs( Az Vi, <min
min=abs({AzViod.mm;
ImIn=i,
clse
imin=imin;
end
end
AzVimesiabs(AsViodmin AV o)

wmset new VK% %

I=AaVm As VAV mz AsVs-
AsVmz AsVaAs Vs ArVse AsVms
AaVe-AsVme AsV =AYV AsVx:
AsVme AsVe-AsVme A Vie-AtVm

L,

fromp=pstart:

Va=tAsgigenvalue  Aseigenvalue: A
seigenvalues AseigenvaluesAscize

nvalues, Aseizenvalues Azeigenvalu
ev.Areigenyalues, Aseigenvalues,As

eigenvaluewl;

for k=r:eigenface
GV kEVsu, fromp),
fromp=fromp+;

end

vioafind ATA4 from Xase
Xa=DIFFVp1, DIFFV p2, DHFF Vs, D
[FF¥ptest, DIFFVps DIFEVps,DIF
FVp: DIFFVps. DIFFVpo. DIFFVpio
I

Ad-X4% X4,

wiCompute Eigen value and Ligen
Vector of AT A4

1V, D]=eig( A

va:keep the eigenvalue%%
Aseigenvalue=D{1;
Ascigenvaluez-Dizm;
Asgigenvalues- D 3
Aseigenvalues=Dia4
Aacigenvalues=D¥s .

Ascigenvalues=D{ss),
Aaeigenvalue=Di{z»;
Aseigenvalues=D{ss:
Aaseigenvalues=D{s.m.
Aagigenvaluelo=D{taiuy
seskeep the eigenvector¥a%
for i=1:M
AsV n=VIL, 0,
AaVad n-V(i,
AgVa =V
AsV i =V,
AaVsid -V,
AsVai=V(ie
AsV 0 0=V(i,7,
AsVst =V (1,81
AsVuti=V(i,m
AaV i, =V (i oy
end
smmodify eigenvector AaVKSe%
smodify AsVis
min=abs{AsV i1
imin=;
for i=2M
ifabs{AsV i, m<min
min=abs{ AsVid, nx
Imin=r,
¢lse
imin=imie;
end
end
AdVmi=ahs( AV iimin ALV

simodify AsVax
min=abs{AsVarun
imin=1;
for i=2M
1f abs{ AaV i, 1< min
min=zbs(AsV i
imin=i;
else
imin=imin;
end
end
AVme=vabs{AaVaimin,meAaVa;

wmadify AaVas
min=ahs(A4Va
imin=1;
for i=2M
if abs(AaVan,in<min
min=ahs{ A4V i 1,
min=t;
clse
Imin=imin;
end
end
AsVma-rabs{ AV uimin, p=A4Vs;

smodify AsVas
min=abs{AsVac.nx
min=1;
for i=2M
if abs{ AaVa m<min
min=abs{AaVai,ny;
imin=i,
else
Imin=imin:



wmodify A2V
min=abs{ A2V,
imin=i
for i=:M
{fabs{Az Vi, m<min
min=abs{ A2V, 1
imin=i;
else
imin=imin;
end
end

ArVma=pabs{AzVidmin, A2V

wmodify AxVan
min=abs( A2V
Imin=t.
for i=2.M
if abs{ A2V ui,sn<min
min=abs(AzVai,
imin=i;
¢clse
imin=inin;
end
end

AxVima=iabs(AxVsaming Az V.

wmedify AzVsw
min=abs(A2Vsi1.1;
imin=1;
for =2 M
if abs(A2Vsd ap<min
min=abs(AzV=i,
Imin=i;
else
imin=imin;
end
end

AVms=rabs(AxY samin e AzVs,

smodify AzVes
min=abs( A2V, 0y
imin=1,
for i=2M
if abs{ Aa Ve, m<min
min=abs{AzVaL1)).
imin=i;
else
jmin=imin;
end
end

AsVme-abs(AxVeamin Az Ve,

wanodily AzVis
min=abs{A2¥=1 1
min=1,
for i=2:M
if abs{ A2Vl <min
min=abs{ A2V,
imin=i,
clse
imin=imin,
end
end

AVmr-rabs(AzVamin, urA2 Vs,

wmodify AxVse,
min=abs(AzVeo.,

imin=i;
for i=2M
i abs( Az Vs, 1<min
min=ahs(A2Vsi,im,
min=t;
else
imin=imin;
end
end
AaVme=1:abs{AoVaimin, o A2V,

wmadify AzVos
min=ubs{ A2V, 0y,
imin=1;
for i=2:M
it abs{ A2V, im<min
min=abs( Az Vi,
imin=i,
else
imin=imia;
end
end
AxVms=iabs{ Az Voimin A2 Ve,

smodify-As Vi
min=abs(AsV o000
TMIn=1;
for i=aM
if abs(A2 Vi 1y<mm
min=abs{AzVium:
TMIN=1;
else
min=imir,
end
end
ArVmis=tiabs{ Az Vadmin, A1V

=gt new VK%

ArVi- AoV A VA Vime Az V-
ArVmsiAe VA Vmy AnVa=ArVms
sAnVe=ArVms A VeAsVimn Az
Arvms AzVe-ArVme AV in=Ax:Vm

14,

fromp=pstart;
Vo= Acergenvaluel, Azeigenvalues, A
seigenvaluer Aseigenvalues Areige
nvalues, Azeigenvalues Azeigenvalu
e7, Acelgenvalues, Azeigenvaluce Az
eigenvalueiol,
tor k=reigenface
GV kiEVao, fromp),
fromp=fromp~+1;
end

L PR

test put
image% %% %% % %% % %% %
Y% %

YW BAke b Y

sefind ATA3 from Xsmes

X3-IDIFFVpL.DIFFVpe, DIFFVptes
t.DIFE V4, DIFFVps DIFFVpa DIF

FVp . DIFFVpe. DIFFVpy, DIFEVpu

N

As=Xa X
wwCompute Eigen value and Eigen
Vector of ATAzuu
V. Dl=eig(Ax;
«keep the eigenvalue%
Aseigenvaluer-D{1iy
Axwigenvalug:=Di223;
Aseigenvalue-Diizn
Azcigenvaluea-Diaa;
Azeigenvlues=D(s.s);
Azeigenvalues-Dis.s1
Aseigenvalues=D(=7:
Ascigenvalues=Dix»;
Azeigenvaluge-Di{va
Aseigenvaluen=D(zo.1m);
wwkeep the elgenvector¥e%
for i=1 M
AV n-Viim
AxVai n=V{in
AV, n=V{ian
AsVaa =V {iax
AV n=V{isr
AxVarl,n-Viien
AV =V
AV n=V(isx
AVt n=V(ie;
ArViad,u=Vii
end
viamod ity eigenveetor AsVk%%
smodify AzViz
min=abs(A3V 1.1
imin=i;
for i=2.M
it abs(A Vi <min
min=abs{ AV 1 my
imin=i,
clse
imin=imin:
cod

end
AsVmn-vabs( AsY iiimin, i AsV;

wmodify AxVa
min=ahs(AzY
Imin=t
for i=2M
itabs(ATVzi, m<min
min=ahs{ AsVr,
imin=i;
else
imin=imin;
end
end
AsVmz-vabs(AzVximin, e AV,

smodify AiVsy
min=abs{ A3V,
imin=1;
for i=:M
if abs{ A3V, 1i<min
min=abs{ A3V i,
min=r,
else
imin=imin:
end
end
AsvVmzzuabs(AsVaiminurAs Yal



end
end
AsVima-tiabs(AdVaimin i AdVa;

smodify AdVsy
min=abs(A+Vs1,0)
imin=1:
for i=:M
if abs(AaVsi, ty=<min
min=abs{AsVsii.m.
imin=i;
else
imin=imin;
end
end
AdVms=tahs{ A4V scimin, 1rAaVs;

wmodify AaVen
min=abs(AsVa
imin=i;
for i=2M
if abs{ AsVsil,im<min
min=abs(AsVeiim
imin=i,
else
imin=imin;
end
end
AsVme-vabs(AsVedmm, *AdVe:

smodify AdVm
min=ahs{ AsVs11,
min=;
for i=2M
ifabs( A4V =i, in<min
min=abs( A4 Vi ng
imin=i;
clse
imin=imin;
end
end
AsVmr=vabs{ AsVaimin, 1p#Aa Vs

wmodify A4V
min=abs( A4V,
imin=1:
for i=zM
if abs{AsVuim<min
min=abs/AsVain
imin=i,
¢lse
ITMIN=1T,
emd
end
AsVms=rabs(AsVyimin, A4V,

smoedify AsVe
min=abs{AaVoir 1y
imin=g;
for i=2M
if abs( A4Wwi,nr<min
min=abs{ A4V i, 1.
imin=t;
else
imin=imin:
end
end
AsVmo=1abs(AsVedmin, mrAdVy,

wmodify AdV i
min=abs(A+Viui iy
imin=1;
for i=xM
1f abs{ AsV 11, y<min
min=ahs(AaV i, 1
imin=i;
else
imin=imin:
end
end
AaVimio-rabs{ AsVioimin, A4V,

wset new VK%%

AdVisAaVmL AsVa-AsVma AaVa-
AaVIms AdVa=AdVma AsVi=A4Vms
LAV =AYV Me AV =AaVim Ad V-
AdVmssAsVoe-AsVme,AdVio=-AsVm

I

fromp=pstart;
Vi-rAseigenvaluer Aseigenvaluca A
seigenvalues,A«cigenvalues Adeige

nvalues, AseigenvaluesAseigenvalu

e Asigenvalues Aacigenvalues,Aq

eigenvalue

for k=reigenface
GVagk)=Veu.fromp);
fromp=fromp-+1;

end

image%’etn% %% % %% %% %%
Y%

veafind ATAs from Xsws

Xs=DIFEVpL DIFEEVR: DIFFVD D

[FFVp4.DIFFY ptest. DIFFVpe, DIF

FNpr. DIFEVps. DIFFVYpa DIFEVp

1.

As=Xs"FXar

suCompute Eigen value and Eigen

Vectorof ATAswu

£V D=zl Az

suheeprthe eigenvalue®o%s
seigenvalue-Den:

Aseigenvalue=D(z;

Ascigenvalues=D(13;

Ascigenvahea=-D(a.4,

Aseigenvalues=D(s 5y,

Aseigenvalues-Dis.s,

Aseigenvalue=D(z.m;

Aseigenvalue=D(sxn:

Aseigenvalues=Divsr;,

Aseigenvaluen=D(1a;

cep the eigenvector¥%

for i=tM

AsVii, =V,

AsVai n=V(i,m

AsVa, =YLy,

AsVain -Vl

AsVsil-V(isn
AsVel,n-Y(i,en
AsVt =V
AsViea,n=V(Ls,
AsVaoi,p=V{i,9;
AsViin=V(i.g;
end
sumodify eigenvector AsVk%%
wmodity AsVis
min=abs(AsVi
LMin=4;
for 1=>M
if abs( AsVui,m<min
min=abs{ AsVid. i
min=t;
else
imin=imin.
end
end
AsVmi=rabs{ AsViiminn=AsVi;

smodify AsVou
min=abs(As Vau
min=1;
ter i=2M
if abs{AsVuin<min
min=abs{AsVzi,
imin=i;
else
imin=imin:
end
end
AsVn-vabs(AsVaamin, nrAsVe,

smodity AsVae
min=abs{AsVui i
Imin=:
for =M
if abs(AsVaiim<min
min=ahs(AsVau
imin=i;
clse
imin=imin;
end
end
AsVma-rabs{ AsV uitnin.rAsVi

swmodify AsVaxy
min=abs({AsVio.nx
imin=1;
tor =2 M
if abs{ AsVarl,1p<min
min=abs{AsVainy;
imin=i;
else
imin=inin,
end
ead
AsVms-rabs(AsVadmin in=AsVa;

sumodily AsVse
min=ahs{ AsVsi1:
imin=;.
for i=2M
if abs( AsVai, 1y<min
min=ahs{AsVsii. i
imin=i;



else
imin=imin;
end
end

AsVms=tabg{ AsVsamin, i AsYs:

wmodify AsVex
min=abs{ AV 1n;
imin=t;
for i=2:M
it abs{AsVad,im<min
min=abs(AsVai, 15
imin=t;
clse
imin=imin;
end
end

AsVme=tabs( AsVeiimin,iyAsVa

smadify AsVou
min=ahs{ AV,
imin=i;
for i=2M
if abs( AsVad, m<min
min=abs(AsV 1,
min=i;
else
imin=imin;
end
end

AsVme-uabs(AsVramin,rAs Vo

wmodify AsVws
min=abs(As V1o
imin=1:
for i=1.M
if abs{ AsVai,m<min
min=abs{ As Vi,
imin=i;
else
imin=imin:
end
end

AsVms=1abs{ Az Vwimin. iy As Ve,

wmodify AsVyx
min=abs{AsVe,
imin=1,
for =2M
if abs(AsVagi,1p<min
min=abs(AsVui, 1,
imin=i;
else
imin=imin;
end
end

AsVmo=tabs(AsVeimin,uy AsVe,

samodify AsViox
min=abs(AsVixeny
imin=1;
for i=2:M
if abs{ AsVind, y<min
min=abs( AsVioi.m,
IMIn=i;
else
Imin=imin;
end

end

AsVimio=vabs(AsVindmin,peAs Vi,

wriset new VK %%

AsViI2ASsVIMEAs V=AYV As V-

AsVmz AsV - AsVma AsVs=-AsVms
JAsVe=AsVmes AsVo=AsVmr AsVs-
AsVms AsVe-AsVme AsVin-AsVm

10

fromp=pstart;

VsAseigenvaluer, Aseigenvaluez, A
seigenvalues Aseigenvalucs, Aseige
nvalues Aseigenvalues,Aseigenvalu
er. Aseigenvalues, Aseigenvalues, As

eigenvaluery;

lor k=t-cigenface
GVsi k= Vsa. fromp);
fromp=fiomp+1.

end

e s e, AN

Yo%

sefing ATAs from Xews

XeDIFFVp1 DIFEVp2 DIFFYp:. D
IFFVpa, DIFFVps DIFFVptest, DIF
EvprDIEFYps, DIFFVpo,DIFFVpio

I
A=K ¥ X!

wrCompute Eigen value and Eigen

Vector of ATAw%
V. D]=eig(As),
wedeep the eigenvalueo%
Aseigenvalugr=-D(1.1y;
Ascigenvaluer-D(22x
Aseigenvaluer-Di(azy
Azcigenvalues- D4
Arcigenvalues=D{s55
Aseigenvalues=D(s.65.
Ascigenvaluer=D(7n;
Ancigenvalues=D(g s
Asgigenvalogs-D(p s
Aseigenvaluer=D(1020:
xrkeep the eigenvector¥%s
for i=1-M
AV n=V(i,m
AaVa V(i
AV, 1=V (1,30,
AsVaLn=V(i,9;
AsVsil,n=V (i,
AsValn=V(i,6
AV, n=-V(1,7),
AaVri, =Y (1,5,
AsVarl, 0=V (1,9,
AVl 0=V (i 1y
end
wemadify eigenvector AcVk%%
wimedify AsVis
min=abs{ AsV10.11¥.

W et 1est put
imagea %% ey e Mt Y% %

imin=1;
for 1= M
if abs(AsVui,iv<mm
min=abs{AsV .1
imin=t
else
IMIN=1UMIn;
end
cnd
AsVimi-rabs{AsViiminn=AsVi;

smodify AsVax
min=abs({AeV a1,
imin=1;
lor i=2:M
if abs{ AV, p<min
min=abs{ AsVz1, b0
imin=i,
else
imin=imin:
end
end
AsVmzapabs(AsVaamin=As V2,

smodify AaVin
min=abs{AsVa 1
imin=;;
for =M
if abaf AsVai=min
min=ahs{ AsV3ili,
ILN=1;
else
imin=imin:
crd
end
AsVmaspabs{AsVaiminnsAdVe,

wmodify AsVas
min=zbs( AsYdu.10
imin=1;
for 1=1:M
if abs(AsVadap<min
min=abs(/Ae Vi1
imin=t;
¢lse
Imin=imin,
end
end
Ag¥ma=rabs{ AV simin, neAsV;

wmodily AsVse
min=abs{ AeVsL:
min=i,
[or i=2:M
if abs{ AcVsd,p<min
min=abs{AsVsii, 0y,
imin=i;
else
imin=imin:
end
end
AsVms=1:abs{ AsVsamin,n-AaVs,

wmodify AsVes
min=abs(AsVsi1,i
min=t;
for 1=2M

if abs( AV, 1m=mimn



min=abs{ AsVai, 1),
min=i;
else
imin=imin;
end
cnd
AsVme=1:abs{ AsVsimin, 1y*As Ve,

wmodify AsVy
min=abs{As¥Yz=0,1)
min=:,
for i=2:M
if abs{AsV=i.on<min
min=abs(AsV1,11n
imin=i,
else
LMIN=1Tmn,
cad
end
AsVme=rabs(AsVrimin, i AcV7;

wmedify AsVi:
min=ahs{ AsVvi1.10;
imin=1;
for i==M
ifabs(AsVsid,r<min
min=abs(AsVai, 0y
imin=i:
clse
imin=imin;
end
end
AsVms-rabs{AsVerimin. n=AsY s,

wnodify AeVos
min=abs(As Vo
imin=t;
for i=2M
if abs{As Vi <min
min=abs{ AsVoil, i
imin=i
else
imin=imin;
end
end
AsVmo-rabs(AsVaimin, im*AcYy;

sanodify AsVins
min=abs{AaV¥ 1ot 171,
jmin=t;
tfor 1i=2:M
if abs{AsV o0, 1<min
min=abs{AsV 11,17
min=i;
else
imin=imn;
end
end

AsVmi=1abs{ AV imin,intAsVio,

wnset new VK%%
AeVi=AdVMmi AsVi=AsVm2, AsVs3=

AsVma AsVaAsVMme AsVi-AcVms
(AsVe=AcVms AsVi-AsVms AsVs=
AsVmz AsVo-AsVma; AsVie-AcVm

1y

fromp=pstart;

Va-Aseigenvaluer, Aseigenvaluez, A
seigenvalues, Aseigenvalues, Aseige

nvalues, Aseigenvalues, Aseigenvalu
¢v, Ascigenvalues, Aseigenvalues, Ac
eigenvaluerol,
for k=t-eigenface
GVa k=Vai fromp):;
fromp=fromp+;

image%% % %% %% %% %% %%

w.find ATA7 from Xoue

X==IDIEEVPLDIFT Vpo DIFFVp:,D
IFEVps, DIFFVps. DIFF Vps DIFFYV
ptest, DIFFVpa. DIFFVpo, DIEF Vi

ArXTEX
ompute Eigen value and Eigen
Vector of AT A
V. Dj=e1gi Az
wskeep the eigenvalue¥eto
Azejgenvalue <D{1 1,
Argigenvalue=D{2.25
Aseigenvalue=D{.;
Areigenvalucs=D{a4;
A-elgenvalues-Dis.s;
A-cigenvalues=-Diesay,
Asgigenvaluer=D(77,
Arelgenvalues=D(xsi
Asgigenvalues-Digw:
Acergenvalugro=Ditom;
wnkecp the eigenvector%¥o
fon i=1:M
AV V(i
AV, =V, 2
AV =V 500
AV ain-V(i s
ATVt n=V{ise
ATV, 1=V{i.6%
ATV, o=V,
ATV YL
AV Vi
AV iod =V i
end
seamodify eigenvecior ArVEk$oY
swmodiy AV
min=abs(As Vi
imin=i;
for i==M
1 abs{ A=V ip<min
min=abs(AVui,ng
min=i;
else
imin={min;
end

end
AVimi=tabs( A7V idmin, AV

wmaodify ArVax
min=abs{ A7Vl

imin=1;
for i=2:M
if abs(AsVai,m<min
min=abs( AV 2,15
imin=t;
else
Hmin=imin:
end
end
ArVma-rabs{A7Vadmin A7 Va

zmodify AsVa
min=gbs(A~Y30 1)
imin=1;
for i=2:M
if abs( A7V, 1m<min
min=uhs{ AVl
imin=t
else
imin=imin,
cng
cnd
ArVms-rabs(A-ViaominyrAsVs,

amadity ArVae.
min=abs{ArVaaan,
imin=1;
tor i=2M
if abs( A7V v iL<min
min=abs(A-Vad,
min=1;
clse
imin=imin:
end
end
A7V ma=abs{ A7Vadmin A Ve,

wnodify A7V s
min=zbs( ATVsin )
imin=1;
for i=2:M
ifabs( Az Vsdan<min
min=ubs(AV i
imin=t,
glse
imin=imin,
end
end
AsVms=tabs{ AV siminpeA7Vs:

cmodify A7Ven
min=abs{A-Ve.i1;
imin=1,
for i=2:M
1 abs{ ArVsd,in<min
min=abs{ArVei.
imin=i
else
imin=imin;
end
end
ArVme=1abs(AVaimin, e ArVs,

smodify A<Va
min=abs( AV
imin=i;
for i=2M

il abs( A7V 7, <min



min=abs{A7V i1
imin=r;
clse
imin=imin;
end
end
ANV mr=1abs{ A7V amin, ATV

wmnodify A7V s
min=abs{ ArVs
imin=i,
for i=2:M
if abs{AzVsa,1<min
min=abs(AVxi,n);
imin=i,
else
imin=imin,
end
end
ArVme=vabs(AzVsamin, AV

umodify A7Vey
min=abs(AsVui.1)y
imm=y;
for i=: M
if abs( A=Vl 1m<min
min=ahs{A7Vol,ny
imin=i;
else
ERIn=intin;
end
end
A7Vmo-iabs{ AsVeimin. n=AzVo,

wrnodify ArVis
min=ahs{ A7V
imin=t,
for i=2:M
if abs{ A7V i <min
nmin=abs{ A7V 1,1
imin=i.
else
imin=imin:
end
end
ArVmso=rabs{ AsVinimin.n=Az Vi

wasset new VK%%
AViIATVMLATVI=A VM ATV
AV AsVa=AsVma A Vs=AoVms
ATVeEAVmME AT V=AM AV
ArVma ArVe-ArVims AsVie=ArVm

W

fromp=pstart;

Vi-[Areigenvaluel Areigenvaluez, A
-eigenvaluer, Areigenvalues, Aige

nvalues, Areigenvaiues, Areigenvalu

¢7,Azeigenvalues, Areigenvalueos A-
eigenvaluenny;
for k=1eigenface
GV k=Y fromp),
tfromp=~fromp+1.
end

60 b B4,

A wnwlest pot
image% %% % %% %% %% %% %%
Y% %o

wanfind ATAs from Xewac

Xs-IDIFFVp1, DIEFVp2, DIFFVps,D
[FFVp4. DIFFVps, DIFFVps DIFIFY
pr.DIFFVptest DIFFVps DIFFVpuog

A=K Xz,
wwCompufe Eigen valve and Eigen
Vector of ATAsmw
IV.D]=eig( A
xukeep the eigenvalue%%
Asecigenvalue1=D{1 1y,
Axgigenvalug:=D(az:
Aseigenvalues-D{s.»:
Asergenvalugs=[d{4.4y,
Ascigenvalues=D{s 5
Azeigrenvalues-Dissn
Asergenvalue=E(z:
Asgicenvaluas-B{sy;
Aseigenvalues-Diap).
Aseigenvaluen=D{mw
suskeep the eigenvector%%
fori=tM
AxV i, =V
AsVad =V (i,
AV, =V,
AsVain=V(i,a,
AV san=V{isn
AxVaii,=V{1.4),
AsVL =V,
AVl =V a;
AV, 1=V{i;
AV n=Vin
end
sumodify eigenvector AsVk%%
vmodily AsViw
min=abs( AV 1,15
ImMin=i;
for =2 M
if abs{ As Vi <min
min=abs{AsV i1 nx
imin=i;
else
ITmn=imin:
cnd
end
AzVmizeabs(AsViamin AV,

smadify AsVax
min=abs{AsVan.uy;
imin=y;
for i=2:M
if abs{As Vi, y<min
min=abs{ AsVai,
min=i;
else
imin=imin;
end
end
AxVmz=rabs{ AxVaimin, 1AV,

smodify AsVan
min=abs( ArV(,10.

imin=r;
for i=2M
it abs(AxVad,m<min
min=abs{ Az Vs,
imin=1;
else
Imin=imin;
cnd
end
AsVma=rabs{ AsVaimin,yrAs Vs

smodify AsVas
min=abs(AsVao.m
imin=1;
far i=2M
if abs{ AsVal,p<min
min=abs{ AsV i
imin=i,
else
imin=imin;
engd
cnd
AsVma=rabs{AsVatimin, e AsVa,

amoadify AsVsy
min=abs!{ AV,
min=t;
for i=2M
if abs( AsV«i,m<min
min=abs(A«Vsi, 0y
nmin=i;
clse
Imin=lmin;
end
end
AsVms=vabs(AsVaimin n=As Vs

smodify AxVex
min=abs{ AsVe 11
imin=1;
for i=:M
i abs{ AsVechur<min
min=abs{As Va1
imin=t;
else
in=imin;
cnd
end
Ax¥Vms=rabs{AsVaimin,rr AsVs;

modify Az¥
min=abs( AV
imin=i;
for i=2M
if abs( AV, y<min
min=abs( A= V=i, 0y
min=i;
clse
imin=imin;
end
end
AsVmr=rabs( AV simin i AV,

vmodify AsVax
min=abs{AzVan
min=i;

for i=2M



if abs( AV, 1n<min
min=abs{AxVsi
imin=i,
else
imin=imin;
end
end
AsVms=pabs{ AsVsimin, orAsVs,

vmodity AsVox
min=abs{ AsVo;
imin=1;
for i=2M
iIf abs{ AsVud, <min
min=abs(AxVoi iy,
min=i,
else
imin=imin;
end
end
AxVmo-rabs{AsVaimin, nrAs Ve,

smodify AxViis
min=abs(As Vo010,
imin=1;
for i=2:.M
if abs{ Ax Vi, vy<min
mnin=abs{AsViagd,
Imin=ti;
clse
imin=imin;
end
end

AsVmio=rabs{ AsV ioamin, A sV

neiset new VK% %

AsV ARV AsVo=AsNVmezAs Vs-

AsVmz AsVa=AsVma AsV-As¥ms
(AgVe-AsVime AV -AsVim 7 As Ves
AsVmz AsVo=AsVmo AsVin-AsVm

1y,

fromp=pstart;

Vi=iAgigenvaluer, Asclgenvalues, A
scigenvalues Aveigenyaluss Aveige
nvalues Aseigenvalues Asgigenvaly
ez, Ascigenvalues. Axseigenvaluco.Ax

eigenvaluen];

for k=1.eigenface
GVeo kF=Vz,fromp);
fromp=fiomp+1;

end

image%%%%%" 0%% %% %% %%
Ya%e%u%e

siesfind AT As from Xess

Xy DIFE V1 DIFFVpz DIFF V3D
IFFVpa, DIFFVps DIFFVps DIFFV
P DIFFVps, DIFFVptest, DIFFVpio

An=Xg'*Xy;

1est put

wxCompute Eigen value and Eigen

Vector of AT Avws,
IV D]=eip( As;
sekeep the eigenvalue%%
Aceigenvaluer-[H1y;
Aveigenvalue=D(z 2,
Aveigenvalugs=Dian:
Aveigenvalues-D{aa;
Ascigenvalues-D(s 5
Aveigenvalues-Dis 6,
AveigenvaluesD(z.7;
Aseigenvalues-Diso;
Aseigenvaluea-Dyvay;
Aveigenvalueio-Diuwim,
wnkeep the eigenveclor¥%Y
for i=1:M
AsVin=Viin
AoVain=Y (i,
As¥Vai,=Y(i,1,
AoV, n-V(1,41;
AoV, 0=V (1,0
AoViaun=V(ize:
AnVad -V,
AoV n-V(ia;
AoV n=V{ion
AoViet -V iom;
end
sumodify etgenvector AsVk%%
amodify AvVis
min=abs{As Vi1,

imin=i:
for =M
1f abs( As Vi, y<min
min=abs{ AsVig 1]
ntin=i;
else
imin=tmin:
end
end
AsVmi-uabs{AsV iomman=Av Vi,

samodify AvVa,
min=abs{As V1.1
imin=i;
for =2M
if ahs{ AvVad, im=min
min=abs(AsVai, iy,
imin=i;
else
UTim=imit;
end
end
AvVmz-rabs( AoV aimin,nrAdVe:

wmodily AsVisg
min=abs(AsVsom
imin=r,
tor i=1:M
if abs(AsVui, 1y<min
min=abs{ AsVai,
min=i;
clse
imin=imin;
end
end
AsVms=1abs] AV aimin,nrAvVs,

vmodify AvViu
min=abs(AsVs,0x
min=p;
for i=2M
i abs{ AoV, 1<min
min=abs{ AyVai,1;
imnin=i,
else
imin=imin,
eng
end
AgVmarabs{AsVaiminnrAuVa,

smodity AyVs%
min=abs(AsVsi1
imin=1:
for =20
i abs( AoVt ri<min
min=abs{As Vi, 1),
imin=i;
clsg
Imin=imin;
end
end
AaVissrabs{AeVadmin, ()  AsVs;

wamodify AsVes
min=abs{ AvVor 1
Lmin=;
for i=2.M
i abs{ AvVad, yr<min
min=abs{ AsVeri
imin=i;
clse
imin=imin:
end
end
Av¥ms-rabs{AsVaimin 1=A9Vs,

smodify AsVas

imin=.
for i=2:M
if abs( AVl im<min
min=abs( AsV ai.;
imin=i;
clse
umin=mmn.
end
engd
AoVmr-rabs(AvVaamin e AsVs,

smodify AvVes
min=ahs{ AsVai1n;
imin=1:
for i=2:M
1 abst AoV ud, 1<min
min=zbs({ AsVsii 1
imin=i;
clse
imin=imin;
end
end
AsVme=1abs{ AsVsimin, AV,

wmodify AvVou
min=abs( AsV o1 115



imin=i;
for 1=2:M
ifabs(AsVai,in<min
min=abs{AsVui_iy;
imin=j;
else
imim=mmin;
end
end
AsVmo=tabs{ AsVaimin,niAsVs,

wmedify AsVim.
min=abs{ AoV i1,
itnin=i;
for i=2M
i abs{AsV1nd.19<min
min=abs{AsY o, 1.
imin=i;
else
{min=imin;
end
end
AoVmio-rabs(AsViadmin, AV

waset new V%%

AV iAoV my AsVe=AuVmz,AvVi-
AoVmi AsVa-AsVma AsVs=AsVms
JAsVecAsVmes AsVi=AcVmr AdVs=
AV me AoVe=AeVmy AsV i AoVm
0,

fromp=pstart,
V- Aveigenvaluer, Aseigenvalues, A
seigenvalue: Aveigenvalues Aseige
nvalues, Aseigenvalucs, Aveigenvalu
ev. Aveigenvalues, Aveigenvaluce Ao
eigenvalucioy;
for k=1-eigenface
GV ki=VaLfromp);
fromp=fromp+i;
end

i 94, B A
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sfind ATA from X
K= DIFFVp:, DIFFVp2, DIFF Vs,
DIFFVpa.DIFFVps DIFFVps DIFF
Vpr.DIFEVps DIFFVpe DIFFVples
t;

Are=Xi0* X0,

wwCompute Eigen value and Eigen
Vector of AT A

V. Dj=ciglAum

wnkeep the gigenvaluea¥s
Aneigenvaiue=Diay;
Aueigenvalue=D(z2)
Aneigenvalues=D(33x
Arveigenvaiues-D(4n;
Ameigenvalues-D(s.s);
Angeigenvalues-D{s.6
Apeigenvaluer-Dis;
Anrigenvalues=D(s;

Aneigenvalnes-Disuy
Arveigenvaluew-=D(ior,
wwkeep the eigenvector%e%
for i=t:M
AwV i =V{in:
AwVaia=V{i.n:
AnVitio=Viiz,
AnVa, =V
AV, 1=V(i,5
AnVarl - V(e
AwVaf,n=Viim;
AV =V(i,2y,
AneVai 1-V(1,9);
AV =Viig:
end
sumodify eigenvector AoVik%%
smodify AroVus
min=abs(AwVi )
min=i;
for i=2:M
if abs( A Vit p<min
min=abs{AwV i,
min=i;
clse
imin=imin;
end
end
AreVimi=iabs{AwViamin Ay

winadify AoV
min=abs{ AoV,
{min=:,
tor =M
it abs{ AV, m<min
min=abs(AmVap, hi
min=i,
else
imin=imin:
end
engd
Ar¥Ymz=uabs(AmVaiminprArgVa;

smodify AwVss
min=abs{ A Y30,
min=i;
for =1M
if abs(A1eV3,13<min
min=abs( AV, im;
Imin=r
else
imin=imiz;
end
end
AwVma-yabs(AleVaimin A 1Vs,

wmodity AwVas
min=abs{ A1aVa11n;
imin=1;
for =2M
if abs(Aw Vi, ip<min
min=abs{AwVad.m:
imin=i;
clse
imin=imin;
end
end
AroVmy=iabs{ AVaidmin, 1AV,

smodity AnVssy
min=abs{A1aVs, 1
imin=i;
for i=2:M
if abs{ AV s, n<min
min=abs{ AVl
imin=i:
else
HTIM=1mz:n:
end
end
AteVms-rabs{ AV sdmin e A Vs

swmodify AVes
min=abs(A Ve i
imin=i;
for 1=2M
if abs{AwVsd,m<min
min=abs{ A Ve,
min=i,
else
im=imin;
end
end
AV me=abs( AwVeaimin, A 1nVs;

wmadify AV,
min=uhs{ AV i,
inin=1;
for i=2.M
i abs( AN s vremin
mn=ahs( AV i
inn=r;
else
IMiN=imin;
end
end
ApVnr=rabs(AVadmin,m-AwVs

smodify AnVssy
min=abs( AV
imin=i,
fori=»M
If abs(A Vs <min
min=abs{A1aVsd,
min=i:
else
HTUR=Irmin;
end
end
AmVms-rabs{ Ao Vsamin, AoV

wmodify AV
min=abs( AV i
imin=;
tor 1=2.M
if abs{AVui, m<min
min=gbs{AwVea 1
imin=i;
else
imin=imin;
end
cnid
AwVme=iabs( AwVaimin nAe Ve

samndify AtV
min=abs( AV



imin=r;
f()l’ i=l:M
if abs{AViud, <min
min=abs( A1V,
HMIn=T1;
clse
imin=imin;
end
end
AwVmio=rabs(AeVadmin, A
Vi

siaset new VK%%
AnVi=AnVYmeAnVa=AmVmz A
WVi-AwVms AnYi-AwVms AeVa-
AnVms AnVe-AwVmeAlnVo=Aw
VmrAwVi-AnVmeAnVe=AuwVm
o, AV =AY mu,

fromp=pstart;
Vi1 A eeigenvaluer, Aeigenvaluc:
Areigenvalues Aneigenvalues, Ao

cigenvalues, Aeigenvalues Alseize

nvaluer, Arceigenvalues, Awgigenval

ues, Ameigenvalueiol

for k=r.eigenface
GVieo, kK =V, fromp),
fromp=fromp-+1;

end

i
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wcempule ot for
identification%% %% % %% % %%
Y%%%
=close all
error-abs{GV-GViy,
crrorz=abs{GV-GVay
errori=abs{GV-GVii,
error+-ahs{Gv-GVa,
errors=abs{GV-GVq;
errore-abs(GV-GVay,
error=abs(GY-GVn:
errors=abs(GV-GVsn
errors-abs(GV-GVo:
errorio-abs{GV-GV 1,
wacompute Ermer in
RMS%%
for j=1cigenface
errorpat j)={error i )y
errorp.l E{erroryi )y
errorps,y=(errora 3™
errorpau,ji=(errors Jiyt;
grrorpsilj)=(errorsi,j))y
errorpsil,j)=(errore,j1)":
crrorpstjy=(errarso J))
errorpsit.j)=(errors j))te:
errorpac,j)={erroras j 0"
errarpioo,] J=(erroriei J 3

B,

end

STTOIP =0, EITOTP2=0; CITOTR3=0, ST
=10 BIFOrPs=0;, EITOrPé=10; BIO P 7=0, CITOr
Ps=0l SITOIPY=1,eITOrpia=t,

for j=1.eigentace
SITOTPI=EITOTPI~ErToric,j))
CITOTPI=CITOTP2—~EITOr2i1,j));
CTTOTPI=RITOTPI-(EITOrs,] ),
SITOTPA-SITOrPA-(EITOT41 ]},
CITOTPS=EIT0TPS+HEITOTsG j)Y;
CETOTPS=EITOTP6HCITOrA(1,]));
SITOIPF=EITOIPF~EITOr,j)):
SITOTPE=ETTOrPs-+Errors,J)):

CITCTPO-ETIOMPa+Errorsy,j));
CITQIP H=ETIOTPIM (RTTOC 001} )
end

oaameempute 1 RMS %%
Errorp=ermorpi™(1)
errarpe=@Errorpy™(12;
errorpi=errorpay (e

CITOrPa=EITarpa)™(iay;
eTTOrpPs=CITorps 12y
EITOrPs=(Errarps (1),
errorpr=ierrarph iy
errurps-@eirorps™ 12y,
erIoIpe=eroTpa (1),
errarpe=errorp 12y,

;‘###5$5$S$$5$$$~$$$$$
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Sl bbb & LR &EENYY % Y%
Y%

=« |dentification par%%%%

«find min error
MINError=¢rrerpi;
you_dre='person:’

Qutpul=pL;

if errorp2<mincrror

minerr()Fermrpz;
YOU_are='person:’;
output=pz2.

end

if errorpa<mingrror
minerror=errorps
you_are='persons’.
output=ps;

end

if errorps<minerror
MINSTOr=errorps;
you_are=persond’;
output=ps.

end

if errorps<minerror
MINSrTCr=errorps;
you_are='persons'’
ouiput=ps;

cnd

if crrorpa<myinerror
M{NEITor=erroma:
vou_are='persons';
output=ps;

end

it errorpr<mingrror
minerror=errerps.
you_are='person?’;
output=p.

end

if ctrorpe<minerror
MNCITOr=ErIorps;
YOU_are='persons’.
output=ps,

end

if errorpe=<minerror
MiNesror=errorns.
YOU_ATe="persony’;
output=ps:

end

if errorpie<minerror
minerrar=errorpio;
yOu_are=personii'’;
putpul=pi

end

figure(n.imshow(ptest),

figure(s, imshow{output);

slevel = grDIREpui,j)=pictui,)-

Yab i haythresh(pin:

wBW = imzbw(pii level},

waligure(y,imshow(BW);

sfaceeq=histeq{ BW),

=higure(s, imshow(faceeg);

xym n]=sizeixd);

ufor i(=12ss

u. for j=

gravpic(iz)=({o 299-xd{ig, =586
A1 - naxdlig. s

sy end

mend

siiigure{ snimshow(graypich
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