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HE THONG NHAN DANG ANH MAT NGUOlI DUNG M ANG NEURAL
VA BI EN POI GABOR WAVELET

Bui Ngoc Tuan - Phiing Trung Ngh -D& Huy Khéi (Khoa Céng nghthdng tin-PHTN)

1. Giéi thiéu chung

Nhan dang mit nguoi 1a mot Iinh vrc nghién ¢u hip din duoc nhiéu ngroi quan tam
trong vai im gin day. N6i chung c6 hai plong phapdé nhan dang mit nguoi, pheong phap
dua vao niu (template based) va ping phap da vao caadic trung hinh k¢ (geometric
features based). Trong ying phap ¢a vao nu, cac plrong phap thng kéduoc ar dung dé
biéu dién toan 1 anh. Plrong phap da vao niu dién hinhdau tién |a plrong phap “eigenface”
[1], va duoc phét trén thanh plrong phéap “fisherface” [2]. Trong khid, phrong phap nhn
dang theadic treng mo & khudn nit theo y trong dbi tuong anh co tié duoc biéu dién nhr mot
tap hop cacdic trung trru twong. Mot s5 dic trung don gian nhr cacduong bién,duong thing,
doan thing, diém. Cacdic treng phirc tap hon ¢6 thé duoc xay drng tr cacdic trung don gian
nay. CAc ptong phap nin dang dra vao niu hién dai duoc biét dén nhr phrong phap & dung mé
hinh HMM [3], phwong phéap phan tich céic trung aic b LFA [4]. Trong Hiu hét cac phrong
phap néin dang theodic treng, st lya chon caodic treng va mdd chiing 1a 4t quan tong.

Wavelet 1a cAc ham toam chia dr liéu thanh cac thanh ph tin $ khac nhau va xem
xét trng thanh phn v6i d6 phan gii thich hyp. Wavelet c6 at nhiéu uu diém so i bién doi
Fourier trugn thing dé phat hén sr giandoan va thayddi dot bién aia tin héu. Phrong phéap
nhan dang dung bén d6i Gabor 1a not phuong phép nbn dang dra tréndic trung. Bén doi
Gabor btu dién anh md plong theo & théng th giac @a con ngoi HVS (Human Visual
System), cadic treng Gabor géaanh c6 tié duoc sr dung hiéu qua trong céarng ding thi giac
may tinh (Computer Vision), robotic.

Nén ting chungdé biéu dién anh khodng giard day dra tréndd thi co thr tu, cacdiém dic
trung khéng giarduoc dinh Wi dé biéu dién mu tronganh. O mdi dic trung, mdt bang loc da phan
giai tng Wi cac ham Gabor wavelét hréng duoc st dung. C6 ht nhiéu cach bdu dién anh dung
bién d6i Gabor waveletAnh c6 tf& biéu dén bing cach tinh Gabor wavelet chéindiém anh. Nhr
vay, thong throng mbi diém anh € sir dung 60 Gabor wavelet (618, 10 hréng). Néu kich & caa
anh 1a 100x100, &chiéu aia vectordic trung khi dé s 1a 600.000, vectodic treng nhéu chiéu
nhu vay S8 dan i chi phi tinh toan vaul trix rat I6n. Mot giai phap khac 1a xadinh mot do thi cho
khudn ndt trongdo cac nodeuadf) thi la cacddc treng khong gian trén khudnatnhu mat, tai,
mii, miéng. Phrong phap nay yéuaa phii dinh i chinh xac cadiém dic treng khong gian. Trong
bai bao nay, pkong phap § dung la phrong phap Et hop hai phrong phap trénisdung cacdiém
dic treng trong ndt mang waveletrng Wi hinh chir nhat 16n nhit xacdinh trén khuén rt.

Hai cang ung ding chinh éa nHin dang mit nguoi 1a tim ra ngoi trong &p Mau cho
truéc c6 chiraanh aia ngroi can nhan dang (identification) va xac trc xem ngoi tronganh ¢
trong &ip mau hay khong (verification). Trong bai bao nay chddgtip trung xay d¢ng he
théng nhin dang anh mit nguoi (Vi gia thiét nguoi can nhin dang da cdanh trong dp mau).
Céc Kt qua thuc nghém da ching © rang phrong phapdé xuit cho Kt qua tét hon cac plrong
phap trugn thdng ¢ vé s hiéu qua vado chinh xac.

2. Phrong phap va thuit toan

Hé thdng duoc chia thanh 3 modul: thu @il va phan tichinh, trichdic treng, huin
luyén va nlin dang anh
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2.1. Khi thu nhin va phan tickinh

Pau vao @a khdi nhan dang anh laanh aia ngroi can nhan dang. Anh saudé duoc thrc
hién tién xir ly d@é triét nhidu va nang cao dh luong anh réu cn thiét. Anh sau én xi ly chi
duoc nang cao di luong (chr khéng thayddi tu thé va béu cam trén khudn rit) vadua sang
khéi trich dic treng. Trong nghiénteu nay ching téi tic nghém véi cacanh sich khdng nhu
nén khong apwhg khoi tién xu 1y nhiéu. Budc tiép theo tréc khi trichdic treng anh 12 phii
xacdinh not vang théng tin quan dng tronganh. Trong nghiéntiu nay, chang téi xaywhg
vung thdng tin quandng nay la nit ludi hinh chir nhat dat bén trong vung hindnh khudn nit.
Dva vao i chit nhat nay, mang wavelettugc xacdinh cho ching ta ot tip hop cacdiém dic
trung. Tang 9 luong diém dic trung € biéu dién anh chinh xac én nhrng ding ting chi phi
tinh to&n va ngoc lai. Do vay, xacdinh $ lugng dic treng dung hoaugce hai yu t6 d6 chinh
Xac va plic tap tinh toan latiéu rit quan tong.

2.2. Khi trich dac trung

Khoi nay la kidi rat quan tong aia hé thong nhin dang. Trong nghiénieu nay, ching
téi 4p ding phrong phap trichiic trung dung bdn d6i Gabor wavelet trong [5]. Thedd, anh
khudn ndit duoc xir ly bang bén d6i Gabor waveletié trich ra cactic treng. Mot tap cac in &
va hréng aia cacdiém dic trung xacdinh byi mang wavelet & 1a thong tindic trung dé biéu
dién anh. Chung ta afn hai in s chan trén va chin duéi dwa vao pb ciaanh f, va f,,. Mot
tap P &in & f; dugc ar dung cho ndi diém dac treng bit dau tir fig va nhan lién &p véi 2 cho
toi fus. Vo mdi tan $ mot tap Q hréng 0] dugc chon tix - 77 dén 77. Cacdiém dac trung co the
la tit ca cacdiém anh nhrng ding c6 tié chi chon mdt s6 diém anh “quan trong” trén khuodn
mat duoc xacdinh king (G, G) trén tuc toa dd Pé cac. Nhr vay, mot tap P in & va Q hrong
xac dinh mbi diém dic trung $ luong cacdiém dic tung 1a R, lugng wavelet 8 1a N =
P*Q*R. Vi I(x,y) biéu dién mot diém anh, 0<x<h, O<y<w ¥i h, w 1a chéu cao vaio rong adia
anh. Mot ho cac ham N Gabor wavelgt ={ ¢, ,,.., ¥ » o ¢ duwoc xacdinh nhr sau:

2
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k(%) :Z exp{-0.5f*[(x-c, )*-(y-g, )’ I}*sin{2 7f [(x-c, )cosd, -(y-g, )sirg 1}(1)
Trongdé fi 1a tin s, 6, 1a heéng vac, ,c, chira v tri c&adiém dac trung.
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Hinh 1. Bén doi Gabor wavelet ¢a mgt anh mit ngeoi mau
a, Phin thuc cia wavelet; bpg Ion wavelet
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Ham wavelety la mjt ham plicc va toanit ||.|| la toanit xacdinh do 16n ham pltc.

Tap trong & &} ., oy, tNg Wi wavelety, .40, , véi 2<us<N.

w=1*, 3)
@, =gy, * &, (4)
Ly, =1 (X, Y) (5)
L, =l s (6)

Trongdo 1, biéu dién ar sai khac diaanh ghc vaanh tai ko tng wi cac wavelet,l |
la anh tai to tr tng Wi wavelet u
I, =w,*d, (7)
Anh tai o cbi cung
N-1

I=>1, ®)

c

Anh gic 1, mang wavelet vanh tai to | duoc trinh bay trén hinh 1.
T

@) (b) ()

Hinh 2.4nh gic (a), nung wavelet (b) vanh tai o (c) wi N=100

2.3Khéi hudn luyén va nkin dzng dnh dung mng neural

Loai mang neuraktiién hinhduoc dung trong & ly anh 1a mang neural perception réi lop
MLP (multi-layer perception). B neural trong rat 16p két ndi truc tiép voi cac neurad 16p dudi.

Mang neural 8 dung ong raidé huin luyén, hoc mau 1a mang lan trugn ngroc (back
propagation)O day, gia ti dau raduoc so sanh & két qua dingdé tinh gia ti cia ham sai &
xacdinh trée. Gid ti ham sai § nay sauté duoc truyén ngroc lai mang diéu chinh trong
cua mbi két ndi dé cuc tiéu hoa bi. Sau khi fip lai qué trinh nay i s6 1an huin luyén du 16n $
hoi tu dén céc tang thai it Bi nhat. Bé diéu chinh tlong $ mot cach chinh xac, plong phap i
uu phi tuyn goi 1a ky thuat giam gradientduoc ap ding. Theodo, dao ham éa ham sai&twong
g Wi cac tong $ cia mang duoc tinh va tong $ 5 thaydoi dé giam gia ti ham sai é.

Trong nghién éu nay, chung t6its dung #ip dac trung Gabor waveleti@ anh mat
ngudi dugc xacdinh nhr trong [5]. Tuy nhién ching t6iék hop véi huan luyén va nfan dang
bang mang neural nkéu I6p truyen thang MLP sr dung thi tuc huan luyén lan trugn ngroc.
Mang neural c6 thduoc ciu hinhé ché do huan luyén haic nhin dang. Bandau mang duoc
khai tao ¢ ché do huan luyén va fit ca cacanh co trongdp mau £ dugc huan luyén. Cac théng
sb nhr sd lwgng neurakin, momentum,itlé hoc, € 1an lip vadau ra mang dugc bién di trong
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qua trinh hén luyén dé t6i wu qua trinh hén luyén. Trong cké do nhan dang, dau ra ¢ia mang
neural la mu tim thy phu kyp nhit. Cac tham & thuc nghém cia mang wavelet va neural
duoc caidat cu thé trong [¢ thong ntin dang thr nghiém trinh bay chi it trong plin sau.
3. Xay deng h¢ théng nhan dang anh mit nguoi thir nghiém

Chung toi an‘m lieu énh’ thr nghém aia 8 nqrdi khac nhautt thu vién anh aia Yale va
Olivetti, anh dugc cit ve kich @& thong nfat 1a 92x112, rai nguoi chon 4anh khac nhau, dnh dung
cho huan luyén va 3anh dé kiem tra ket qui nhan dang. Anh dé huan luyen cton laanh c6d sang
dong nfat, khuon nat binh throng khong kdu cam, tr thé dau thing ngay ndn. Cacanh clon dé nhan
dang kiém nghém c6 cac du cam khéc nhau trén khubnamdo sang tréranh khéngiong ntit.

Hinh 3.4nh huin luyén Hinh 4. Caénh dungdé nhin dazng thi nghiém i d6 sang, béu cim trén
khudn ngt, tir thé khuoén @t khac nhau

Trong thrc nghém ching téi xadinh mang wavelet da trén hinh ci nhit noi tiép lon
nhat tronganh, d6 c6 tt¢ coi Ia hinh cir nhat vai bon diém géc [a bn diém bién séat &i 2 mat
va 2 goc quai ham trén khudritmMang wavelet sad6 dugc chia ra thanh 8x8iém xacdinh
64 diém dic trung trén khudn it (R=64).

O mdi diém dac trung, 6 fin & (P=6) va 10 héng (Q=10)duoc chon. S5 chitu cia
vectordic treng khi do € bing P*Q*R = 64x6x10 =3840 la éb con $ kha bn, ching ta &
chon 50 gia tt dac trang I6n nhit trong $ 3840 gida tr nay lamdau vao cho mng neural. Cac
tham $ cia mang neural trong qué trinh & luyén duoc dat nhe sau: é lwong neurakn bing
20% Hng $ neural vao, & sb hoc va momentumiéu dugc dit 1a 0.5. Chang téi dung hai
pheong an thir nghiém. O pheong &n thir nghiém dau tién, mirc ngrdng 16i dugc dat 1a 0.0001,
sb budc lap 1a 250001, mc 16i duoc kiém tra sau rbi 10000 kréc lip. Phrong an thir nghiém
th 2, mrc ngrdng 1Bi duoc dit 1& 0.001, & budc lip 1a 25001, mc 15i dugc kiém tra sau i
1000 hréc 1ip. Qué trinh hin luyén < dirng lai khi muac 16i dat t6i ngudng haic thrc hién hét
sb lan lap cho ra Kt qua dau ra @ia mang. Twong tr, qué trinh nAn dang $ thuc hién chodén
khi cho ra Kt qua dau ra dia mang neural la ru tim thiy phi lop nhit.

Hé thong nhin dang thr nghiém dugc xay drng trén MATLAB 7.01dé tin dung kha
nang h tro cac ham i Iy Neural va Waveletim MATLAB trong hai toolbox Neural Network
va Wavelet. K théng duoc két hop xay dmg ¢ ché 46 GUI dé dé dang cho ngoi sir dung.

4.Péanh gia chrong trinh thir nghiém

~May tinh sr dung dé danh gia & thong 1a PC Intel Pentium M 1.6 GHz, 512 RAM, card
tang ¢ do hoa NVIDIA GeForce 4 MX 4000 128 MB. B gian nkin dang thr nghiem voi tap
mau anh aia 8 ngroi véi phuong an nét 1a xap xi 40 gidy, plrong &n 2 1a &p xi 5 giay.

Céc Kt qua thir nghiém cho thy hé thong dac biét hiéu qua khi nhin dang cacanh mang
kinh, mang cac ku toc khac nhauptthe khudn nat thaydoi chut it (nheng khdng thayioi goc
chup cia camera). ¥i so6 lugng ngroi trong ip huan luyén nhd hon 5, 1 1€ nhin dang dlng
trong @& hai phrong an thir nghiém la 100%.
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Khi sb lugng ngroi trong &p mau I6n hon 5, héu qua nhan dang anh khi thaydol tu thé
khudn nit va béu cam giam xudng. Voi phuong an nét, ty 16 nhan dang dang 1a »ip xi 90%
Vi tap mau 10 ngroi, két qua ti 16 nhan dang dang @a ke théng wi 8 ngroi trong ip mau 1a
Xap xi 92%. Wi phuong &n hai,  1&é nhan dang ddng 1a »ip xi 88% \6i tap mau 10 ngroi, két
qué ti 16 nhan dangding aia ke thong wi 8 ngrdi trong Bip mau & Xap xi 90%

So séanh &i cac nghién €u gin day trong [1], [2], [3] va [5], Au st dung phrong &n
mét, ti 16 nhan dang c6 cao bn, nhing xét \é thoi gian thrc thi thi ki kém hiu qui. Trong
phuong an hai,itlé nhan dang dang la cao bin [1], [2], [3] va trong duong [5]. Nhr vay thong
qua céac kt qua thuc nghém co the két luan: phrong phap & dung trong nghiénieu hieu qua
hon céac plrong phap gn day, dic biét 1a khi i uu dugc cac tham&caa mang neural.

Céc han ch can phii khic phuc caa b thong 1a K théng khong tht sy hiéu qua véi cac
khudn mit thaydoi biéu cam rd @t, tr thé ddu quay i goc quay &n, khdng & dung duoc dé
nhan dang cacanh Wi goc chup camera it khac nhau. Téi gian nhin dang |a thich bp Vi
nhan dang anh offline nhrng chra du thich kyp cho caarng ding nkin dang online.

5. Két luan

Trong bai béo nay, ching ta trinh bay & hé thing ntin dang anh mit nguoi ding
bién doi Gabor wavelet va amg neural nkiu I6p MLP. Hg thong da © ra hiu qua hon céac
phuong phap nén dang mit nguoi truyen thong @ vé& d6 chinh xac vas hiéu qua. Két qua
nghién &u nay co th dugc Sr dung dé phat trén cactng ding lién quandén nhin dang anh
mit ngudi dic biét 1a cacing ding trong an ninh nhtim kiém, xac thrc i pham quaanh £

Tom tit

Nhan dang mit nguoi véi s thaydoi tu thé, do sang, bdu cam aia khudn it dang 1a
mot thach thirc. Hién cé nhéu phrong phap nbn dang mit ngudi, mdi phuong phap caru diém
va han ché nhit dinh. Bai bao nay trinh baydnhpheong phap nn dang mit nguoi ding mang
Neural va bin dbi Gabor wavelet. Cacék qua thuc nghém ching © pheong phapdé xuat hiéu
qua va chinh xac én cac plrong phéap trugn thing.

Summary

Face recognition with variant pose, illuminationdaexpression is a challenging
problem. Today there exist many well-known techegtor face recognition, each with its own
inherent limitations. In this paper, we presenbaeah approach to face recognition using Neural
network and Gabor wavelets. Experimental resultsvsthat the proposed method performs
better than traditional approaches in terms of lefficiency and accuracy.
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