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DUNG PAC TRUNG GABOR KET HQOP ADABOOST VA K-MEANS
TRONG BAI TOAN NHAN DANG MAT NGUOI
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TOM TAT

Trong bai bdo nay, ching téi dé xudt phirong phap nhdn dang mdat nguoi dia trén
ddic trung Gabor két hop AdaBoost v k-means. Ching t0i siz dung Gabor wavelet dé riit
trich cdc ddc trung trén danh tao vecto dic trung. AdaBoost Cdi tién dwoc ding nhi mot
phitong phdp lam giam sé chiéu cia vecto dic trung trong qud trinh nhdn dang. Pong
thoi, dung thudt todn k-means dé phan nhom di liéu thanh cac nhom riéng biér khac nhau
nham giam thoi gian xie |i va tang hiéu qua nhdn dang. Co sé dir liéu anh ORL ciia AT&T
duwoc ding dé thuc nghiém voi 200 dac trung Gabor dé nhdn dang thi t/ [é chinh xdc la
86,07% va thoi gian nhdn dang trung binh 1a 0,06s.

Tar khoa: nhan dang khuon mat, phuong phap Adaboost, dac trung Gabor, k-means.

ABSTRACT
Face recognition using Gabor feature combining with Adaboost and k-mean

In this article, we proposed a new hybrid method for face recognition based on
Gabor feature combining with Adaboost and k-means. We made a Gabor’s fearure vector
from a face image using Gabor wavelet method. Improving Adaboost was used as a
method to reduce the directions of feature vectors during the regconition process. At the
same time, we used k-mean method to divide face database into diffirent groups so as to
decrease the processing time and increase the efficiency of recogition process. ORL
database of AT&T was used for testing with 200 Gabor features and the precision is 86,07
percent and the average amount of time for recognition is 0,06s.

Keywords: face regcotion, adaboost, Gabor feature .

1.  Giéi thi¢u

Nhan dang mat nguoi 1a mot trong
nhitng tmg dung quan trong cua thi giac
may tinh noi riéng cling nhu khoa hoc
may tinh ndi chung. Bai toan nhan dang
khudn mat ngudi vén duogc nghién ciru tix
nhimg nim 1970 va cho dén nay, rét
nhiéu nghién ciu 1an tmg dung cho bai
toan nay da ra doi [9]. Bai todn nhan dang
mit nguoi ¢ thé ap dung rong rdi trong

" Ths, Trwdng Dai hoc Khoa hoc Ty nhién
DPHQG TPHCM
TS, Trwdng Dai hoc Khoa hoc Ty nhién
DPHQG TPHCM

nhiéu linh vuc khac nhau. Céc mg dung
lién quan dén nhan dang mit nguodi co
thé ké nhu: hé théng phat hién t6i pham,
hé théng theo ddi nhan sy trong mot don
vi, hé théng tim kiém thong tin trén anh,
video dya trén noi dung,...

Pé giai quyét bai toan ndy, can xac
dinh hai vin d& chinh. Tht nhat, dung
thong tin nao dé nhan dang, chéng han
nhu mét, miii, miéng, chan may,... hay
két hop tat ca cac thong tin trén. Thir hai,
ding phuong phap nao dé nhan dang
ngudn thong tin d6. Nhidu phuong phap
nhan dang khuén mat nguoi duoc dé xut
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trong khoang 30 nim gan déy, va co rat
nhiéu cong trinh va bai bao d& dugc cong
b rong ri trén thé gidi. Cu thé c6 ba
huéng tiép can [9] cho bai toan nhan
dang khudn mat nguoi: phuong phap so
khép tong thé, phwong phap so khép dwa
trén dac trung va phuong phap lai.

Ching tdi st dung huéng tiép can
dua trén viéc so khop cac dac trung dé
giai quyét bai toan. Véi hudng tiép can
nay, nhiéu tac gia d4 st dung Gabor
wavelet két hop véi AdaBoost dé giai
quyét bai todn nhan dang mat nguoi [2, 4,
8]. Trong bai b&o nay, chdng toi cling su
dung lai hai phuong phap trén dé giai
quyét bai toan, boi vi viéc rat trich dic
trung bang Gabor wavelet thyc hién kha
nhanh, Gabor wavelet khdng nhirng phat
hién duoc nhimg thay d6i ndi bat giira
c4c gia tri diém anh ma han ché tac dong
cia sy thay dbi do sang anh. Tir khi ra
doi, AdaBoost d& dugc tng dung nhiéu
trong linh vuc phan loai mau va nhan
dang mau. AdaBoost 1a thuat toan hoc
manh dua trén nhiéu thanh phan yéu co
nhiéu thuan loi [1, 8]. Tuy nhién, d6i voi
co s¢ dir liéu 1on thi qué trinh nhan dang
tang thoi gian xu 1i nhiéu khi tién hanh so
khép, dong thoi con lam giam ti 1¢ chinh
xac. Bé khic phuc han ché nay, ching toi
st dung thuat toan k-means dé phan
nhom tap dir liéu thanh cac nhém riéng
biét khac nhau nham giam thoi gian xtr Ii
va tang hi€u qua qua trinh nhan dang.
Ngoai ra, ching tdi ciing d& xuat ra mot
sb hiéu chinh cho thuét toan AdaBoost dé
tang tinh hiéu qua.

2.  Vecto dac trung Gabor
2.1. Gabor wavelet
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Céc Gabor wavelet [2, 4, 8]
v ,, dugc xdc dinh nhu cong thuc 1.
Trong d6: z 1a mot diém trong khong gian
hai chiéu. Cac tham s6 u va v lan luot
la hudng va ti 1€ cua nhan Gabor, o 1a 0
léch chuan cua phén phoi Gauss, ||.| la
toan tir chuan.
2

k [ kel
l//#’v(Z)= ;2 p 2 |:ku,v _eﬂ2/2:| O

Mot vecto song k,, duoc xac dinh

nhu cong thie 2. Trong do: k, =k]f‘+ix la

A A 5 r T \ r 5
tan sO cua song, 4, =?” la hudng cua

sONg, VOi Ky 12 tan sb t6i da cua song,
f' 1a hé¢ sb khoang cach giita cic nhan
trong mién tan s6. Chung toi qsﬁ: dung 8
hudng va 5 ti 1€ khac nhau dé tao ra 40
bo loc Gabor, cu thé ue{0,..,7} va
v e{0,...,4}. Céc thong sb khac duoc

chon nhu sau: o=27, K,, = %
f=2[4,7,8]
i¢y
kw =k,e (2)

Goi I(z) 1a gia tri mtrc xam tai diém
anh z, tich chap cua 1(z) véi mot bo loc
Gabor v ,, (z) duoc xac dinh nhu
codng thue 3.

O,.(@)=1(2)*y,,(2) 3)

Gia tri ||0,,(2)| chinh mot dac
trung Gabor tai vi tri z v&i hudng va ti 1¢
la 4 va v. Mot vecto dac trung Gabor
dai dién cho toan bo birc anh I ¢c6 duogc
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bang cach ghép ndi theo dong tat ca cac
gia tri
|0, (@) vzel.vef0,.. 4} uef0,...7}.
Ta goi G(I) 1a vecto dac trung
Gabor cua anh I, cong thuc 4 .

G =] G- +[Our] O[O 4)

Bai toan nhan dang mat nguoi 1a
bai toan nhan dang cho da 16p. Bé dé
dang, chung tdi st dung AdaBoost cho
hai I6p. Chang t6i st dung phuong phap
do Moghaddam, Wahid va Pentland [6]
dé xuat dé chuyén tir khong gian da 16p
thanh hai khéng gian intra-personal va
khong gian extra-personal.
2.2. Khdong gian intra-personal va
khdng gian extra-personal

Khéng gian intra-personal (IS)
chinh la khdng gian chi su khac biét gitta
cac buc anh khéc nhau cia cing mot dbi
tuong. Khong gian extra-personal (ES)
chinh la khdng gian chi su khac biét gitta
c4c birc anh khac nhau cua cac ddi tuong
khac nhau. Dya vao cac vecto dac trung
Gabor, hai khong gian nay dugc xac dinh
nhu cong thire 5 va 6. Trong d6 I, va I la
anh khuon mat cua ddi twong p vaq.

Is={lct)-cu).p=a} ©

ES = {HG(l ) -G p= q} (6)
Cac vecto (Cac mau) trong khong
gian IS duoc gan nhin 1a +1 (miu dwong
tinh) va cac mau trong khong gian ES
duoc gan nhén 1a -1 (MAu 4m tinh).
3. Chon lwa dac trwng va phan lop
bang AdaBoost
Mot tap huén luyén gdm N mau
dugc chon tir khong gian IE =ISUES
duoc biéu din thanh mot bo cac vecto

L1006 Yo O Yo} » % =060 200), Y €143
Trong d6: X; la cac vecto dac trung
Gabor, x, =[G(1,)-G(1,)|, 14 dic trung

Gabor tai thanh phan th k cua vecto x;.

Chung t6i xay dung mét phan loai
AdaBoost dé xac dinh 16p cua vecto dac
trung Gabor c6 duge tir anh dau vao.
Phan loai nay sé dua trén mot bd cac
phan loai yéu, mdi phan loai yéu s& su
dung mot thanh phéan trong vecto dic
trung, biéu thirc 7 va 8. Vi thé viéc chon
céc bo phan loai yéu dé hinh thanh mot
phan loai manh S& tuong tng viéc lya
chon cac dac trung Gabor quan trong
trong vecto dic trung Gabor ban dau,
vecto dic trung ban dau s& ¢6 sb chiéu 1on.
Sb lugng dic trung can ding trong vecto
didc trung chinh 13 s6 luong T phan loai
yéu chiing ta c6 trong phan loai AdaBoost
trong thuat toan huan luyén dit liéu.

ho— +1, f (1) <A,
k_{—l, f ()=,
Véi £, (1)=x, =[6(1,)-G(1,)|, va

(7)

ngudng A, dugc tinh nhu cdng thic 8.

4%&immﬂ%ﬂ@m>@(&

Trong d6 m 12 s6 luong mau trong
khong gian IS va | 1a s6 lwong mau trong
khong gian ES.

Ngoai ra, chung toi ciing dé xuét
mot su thay ddi cho thuét toan AdaBoost.
Trong thuat toan AdaBoost gdc, sau mdi
vong lap, mot bd phan loai yéu twong
ung vi tri cia mot dac trung dugc chon
dira vao sai s6 nho nhét dé giam sé chiéu
cua vecto dac trung Gabor. Tuy nhién,
dwa vao thyuc nghiém ching t6i nhan thay
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réng, mot vai dac trung dugc chon lai  tri cia dac trung d8 dugc chon trong
nhiéu lan. Piéu ndy khong hop i theo  budc lip trude d6, ching toi sé khong
khai niém chon lya dac trung va lam  xem xét lai dac trung d6 trong budce lap
giam hiéu qua ciia hé thong nhan dang.  hién hanh. Do d6, nhimg dic trung chi
Pé khic phuc han ché nay, chung duara  dugc chon duy nhét mot lan qua sy diéu
MOt cai tién trong bude 1dp ctia thut toan  chinh nay.

AdaBoost. Sau mdi budc lap, ddi véi vi

Thuat toan huéin luyén dir liéu bang AdaBoost cai tién

Dir liéu vao

1. Cho mét tap hudn luyén gdm N miu c6 danh dau (xy, Y1), (Xe, Y2), ... (XnoYn) VOi Xi
thudc khéng gian IE va y; thuoe Y={-1, 1}.

2. Sénguyén T —sé lan lap.

Huén luyén

Khéi tao dix liéu ban diu

Khoi tao trong s6 ban dau w,; cho tht ci cic mAu: v6i i=1,..., N theo cong thic 9.
1
2—, Xi elS
m
W = 1
—,% €ES
Xay dung T b phén loai yéu
Duyétt=1,.., T
q C ow— i
1. Chuan hoa lai cac trong s Wi == ,Voii=1, ..., N
W,
r r \I:l r
2. Huan luyén cac b phan loai yéu bang phan phoi wi. Vi moi dac trung j trong moi

vecto dic trung Gabor (xét trén timg mau), ta xdy dung mot bo phan loai yéu h; véi ngudng Z.j va
16i |, sai s6 (16) dugc tinh theo cong thirc 10.
N
&= 2w, |(hy(x)-v,)/2
i

(10)
3. Chon ra h;j vai € nhé nhat, nghia 1a ta chon dwoc dic trung tai vi tri j va cac dic

trung nao da dugc chon thi ta khong chon lai. Khi do, ta duoc h;twong tng véi &, dé co
he X — {-1,1}.
4. Cap nhat lai trong s6 W, ; theo cdng thirc 11.

e_a"ht(xi): Yi v
ea"h:(xi)i Yi

.. 1 [1—5}}
voi a, ==In
2 &

Wi = Wi X

sii=1,..,N (11)
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Dir liéu ra

Mot phan loai manh H(X): si gn (

iatht(x)]

4.  Phan nhém dir liéu

Néu sb lugng anh khudn mit nguoi
nhiéu ciing nhu s lwong ngudi trong b
dir liéu nhan dang cua hé théng nhan
dang nhiéu thi chi phi xir Ii dé biét mot
ngudi can nhan dang 13 ai & ting dang
ké. Dé giai quyét van dé nay chang toi dé
Xuit str dung phuong phéap k-means [3, 5]
v6i mong mudn dé dua tat ca anh cia
mot ngudi thanh mot nhoém va chon phan
tir dai dién cho qud trinh nhan dang. Do
do, gi4 tri cua k duoc chon chinh 1a sb
luong ngudi co khudn mat trong co sé dix
liéu anh véi khoang cach Euclide binh
phuong.
5. Thuwc nghiém

Chung t6i cai dat chuong trinh ing
dung bang Matlab va sir dung co s¢ dit
licu anh mat nguoi ORL cua AT&T,
Truong Pai hoc Cambridge. Ching toi
chon 400 anh khuén mat cua 40 nguoi,
moi ngudi s& c6 10 anh. Trong cac anh
nay, khuén mat nguoi dugc chup chinh
dién, mdi khudén mit déu co diy du cac
thong tin dic trung nhu chin may, mit,
miii, miéng, cam,... Mot s6 khuon mat
hoi nghiéng véi goc quay khong dang ké
va c6 nhiéu biéu cam khéc nhau trén
khudén miat: binh thuong, vui, budn,
cudi,... Mot vai dbi tuong c6 deo kinh
hoac c6 rau. Cac anh duoc chup trong cac
diéu kién anh sang khac nhau. Piéu nay
cho thay tap dir lieu ma chdng tdi chon
kha da dang. Pé huén luyén ciing nhu
kiém tra, ching toi tién hanh chuan hoa
cac anh trong tap dir li¢u thu thap trén.

Qué trinh chuan héa bao gom cac thao
tac sau: chuyén tit ca anh vé thanh anh
xam, loai bo phan du thira, anh chi chira
cac ddc trung quan trong trén khudn mat
nhu: chan may, mét, mii, miéng, gd ma,
cdm va chuén héa cac anh vé kich thudc
32x32 pixel, hinh 1.

Déi voi timg ddi twong, chung toi
chon ra 03 anh dé huén luyén va 07 anh
dé kiém tra. Tap huin luyén cta ching
ti s& co 120 anh va tap kiém tra s& co
280 anh. Mdi vecto dic trung Gabor co
sb chiéu 1a 32.32.40 = 40960 (chiéu). S6
lugng mau trong khong gian IS ma chlng
tdi chon la 40x(gj=120 mau va s
lugng mau trong khong gian ES 1a
(@j - 40x(§j =7020 mau. Chiing toi
chon ngau nhién 1600 mau tir 7020 mau
trong khong gian ES dé huén luyén. Nhu
vay, chung t6i ding 1720 mau, trong d6
c6 120 mau duong tinh va con lai 1600
mau am tinh, huan luyén. S luong dic
trung can chon 1a (T =) 200 thi ¢d két qua

huan luyén nhu bang 1. .
AEICIEFE

Hinh 1. Mot phcfn tap dir liéu thyc nghiém
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Bing 1. Két qud hudn luyén

x S6 dic Mau
Ma}u trun Thoi gian bi phan sai & L 6i
MiulIS | MiuES | huin g L1 glar P P L
luvén dwoc huan luyén MAUIS | Miu ES huan luyén
y¢ chon (T) " "
120 1600 1720 200 10,741 giay 0 115 6,686%

Céc vi tri duoc chon trén anh phan
I6n tap trung & vlng mat, chan may,
Mili,... C4C Vi tri trén déu 1a nhing vi tri
quan trong dé phan biét cac khudn mat véi

nhau, hinh 2.
Gty

=2

L.
Hinh 2. Cac vi t7 trén anh dwoc lwa chon

Viéc sit dung k-means dé phan
nhém tap huan luyén phu thudc vao gia
tri k. Thong thuong gia tri k dugc chon
mot cach ngau nhién hoic dwa vao thuc
nghiém. Trong bai b&o nay, chdng toi
chon Iya gia tri ndy dwa vao tinh chét cua
tap dir liéu str dung va thyc nghiém. Tap
dir liéu ORL ma ching t6i st dung duogc
thu thap tr 40 nguoi. Ching t6i mong
mudn riang khi 4p dung k-means, sb
luong anh caa ciing mot dbi twong duoc
phan vao mot nhom riéng biét. Pidu nay
6 thé tang hiéu qua cia hé thong nhan
dang va giam thoi gian tinh toan déng ké.
Néu chung ta chon gia tri k nho hon sb
luong nguoi co trong tap dir li€u, khi do

nhitng anh cia cac ddi tugng khac nhau
¢ thé duoc gom vao chung mot nhom.
Do d6, diéu ndy s& 1am giam hiéu qua cua
h¢ théng nhan dang. Ngugc lai, néu
ching ta chon gia tri k I6n hon s6 luong
nguoi co trong tap dir licu, cac anh cua
cling mot ddi tugng c6 thé duoc gom vao
cac nhom khac nhau. Piéu nay lam ting
thoi gian tinh toan va giam hiéu qua nhén
dang. Dya vao nhirng li do nay, ching toi
quyét dinh chon gid tri k béng v6i sd
nguoi co trong tap dir liéu thuc nghiém.

Str dung k-means dé phan nhom tap
anh huan luyén gém 120 anh véi k = 40,
két qua 1a c6 11 anh bi gom sai nhom.
Vi 280 anh can nhan dang, h¢ théng cho
241 anh dugc nhan dang chinh xac va 39
anh duogc nhan dang khong chinh xac. Ti
I& nhan dang chinh xac 1a 86,07%. Néu
khong sir dung k-means, v6i 280 anh can
nhan dang thi ¢ 238 anh dugc nhan dang
chinh xac va 42 anh dugc nhan dang
khong chinh xac. Ti 1¢ nhan dang khoang
85%. Tuy nhién, thoi gian xir Ii s& nhidu
hon, bang 2.

Bing 2. Két qua ciia AdaBoost két hop k-means va AdaBoost

S6 anh can | SO anh nhan | S6 anh nhan | Tilé chinh Thoi gian
nhan dang | dang dung dang sai xac (%) trung binh
AdaBoost ket| g, 241 39 86,07 0,06 giay
hop k-means
AdaBoost 280 238 42 85,00 0,9 giay
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6. Kétluan

Qua két qua thyc nghiém thay rang
phwong phéap cai tién cta ching t6i dé
Xuat da cho két qua kha quan hon so vai
phuong phép ban dau véi co s dir liéu
ORL cua AT&T; co so dir liéu da dang.
Viéc rat trich dic trung bang Gabor
wavelet thuc hién kha nhanh, 16i huén
luyén khi két hop AdaBoost va k-means
dat ti 18 thap. Trong truong hop khong sir
dung k-means thi thoi gian xu li trung
binh gap gan 15 1an va ti 18 nhan dang lai
thip hon so vé&i phuong phap chung toi
dé xuét.

Tuy nhién, khi st dung phuong
phap AdaBoost, mot van dé kho khan dat
ra la viéc lya chon sb luong mau dé huan
luyén. Phuong phap AdaBoost doi hoi sb
lwong mau 16n dé huan luyén thi bo phan
loai dat dd chinh xac cao. Véin dé th hai
la viéc mét can d6i vé sé lwong méu
trong hai khong gian IS va ES. Do do, dé
khic phuc han ché nay ching t6i s& chon
cau tric phan tang. Pong thoi, ching toi
cai tién thuat toan AdaBoost cho bai toan
khudn mat nguoi bi nghiéng; day chinh la
van dé lam giam ti 1& chinh x4c cua
nghién ciru nay.
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