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Tom tat

Bai bdo dé xudt mét hé thong nhdn dang gioi tinh tir anh mat nguoi hoan toan tw dong dwa
trén viée sir dung phwong phdp trich xudt dic trung LPO (Local Phase Quantization). Tir anh
input, phan anh khudn mdt nguoi sé ¢ dugc phat hién ty dong bang céch sir dung cdc dac trung HOG
(Histogram of Oriented Gradients). Tiép dén, cdc anh mdt sé dwoc chudan héa vé cing diéu kién
anh sang bang kj thudt retinal filter. O buéc trich chon ddc trung, phwong phdp LPQ sé duoc s
dung nham trich chon cdc ddc trung cuc bg quan trong nhat ciia khuén mat. Cuéi cing, bo phén
I6p nhi phdn SVM (Support Vector Machine) sé dwoc dp dung dé dwa ra gidi tinh cho birc anh mat
twong ing. Hé thong dwoc thir nghiém trén co so dir liéu mat chudn FERET va cho két qua tot (ti 1é
nhén dang trung binh la 98.3%). Két qud nay chitng t6 hé thong dé xudt c6 khd ning nhdan dang
gioi tinh 16t véi cac anh mat dwoc thu nhan o cac diéu kién trong nha mdc du co sy anh huong ciia
dnh sang, biéu hién khudén mdt, cac thay doi vé thoi gian.

Tir khoa: Ty dong, nhan dang gioi tinh, LPQ SVM.
Abstract

This paper introduces a new automatic gender classification system based on the usage of
LPQ (Local Phase Quantization) for facial feature extraction. From the input image, face regions
are detected automatically by applying HOG (Histogram of Oriented Gradients) features. Next,
detected face images are illumination normalized with retinal filter method. Within the feature
extraction stage, the LPQ method is exploited to extract the most important features from
normalized images. Finally, the binary SVM classifier is used to determine the gender of the given
image. The experiments are carried out upon the FERET database and the obtained results are
very amazing (average recognition rate is 98.3%). This shows that our system can cope quite
efficiently with indoor images under the effects of variations of illumination, facial expressions and
time-lapse.

Keywords: Automatic, gender classification, LPQ SVM.

1. Giéi thiéu

Viéc phan tich va trich xuit cac thong tin c6 thé co tir cac anh mit nguoi di duoc cac nha
khoa hoc nghién ctru tir dau nhirng nam 90 cta thé ky trude. Didu nay 1a do c6 rat nhidu cac thong
tin ¢6 ich c6 thé khai thac tr mot birc anh khudén mat, vi du nhu danh tinh, gidi tinh, cam xtc, ct
chi twong tac, dan tdc, tinh trang strc khoe,... Trong sd cac thong tin co thé suy ra tir anh mat nguoi,
gidi tinh 1a mot thude tinh quan trong vi nd ¢6 kha nhiéu img dung trong thyuc té, vi du nhu trong
tuong tic ngudi may, trong quang céo c6 dinh hudng, trong thong ké dan sd.

Mot hé thdng nhan dang gi6i tinh (gender recognition) tr anh mat nguoi, con duoc goi la
mot hé thong phan 16p gidi tinh (gender classification), vé ban chat 13 mot bai toan phan 16p nhi
phan thudng ¢ nhiéu bude, mdi bude c6 mot chire nang khac nhau va két qua output cua bude nay
s& 1a dit liéu input cta budc ngay sau nd. Cac bude trong mot hé thong nhan dang giéi tinh duoc
minh hoa trong hinh 1. Dau tién, tir birc anh input, mot ky thudt phat hién mat nguoi sé€ duoc ding
dé xac dinh xem c6 ving anh mat ngudi khong, va néu c6 thi ndm & vi tri nao. Tiép den do cac anh
mat thuong c¢6 cac gdc nhin khac nhau, nén dé c6 thé nhan duge két qua nhan dang tdt, mot thuat
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toan cin chinh s& duoc s dung dé dua cac anh mit duoc phat hién vé ciing mot goc nhin thang.
Sau d6, mot thuét toan chuén hoa anh sang s€ dugc ap dung nham muc dich 1am cho cac birc anh &
cung mot diéu kién 4nh sang vi cac thay doi vé diéu kién anh sang ciing anh huéng 16n t6i két qua
nhan dang. O bude trich chon dic trung, mot thudt toan trich chon dac trung cuc bd sé dugc dung
dé trich xut ra cac dic diém co tinh chat phan biét nhét cua khudn mat. Két qua cua thuat toan trich
chon ddc trung la mdi anh mat s& duoc biéu dién bdi mot vector dic trung co s6 chiéu 16n (tur vai
tram tGi vai traim nghin). O budc cubi cung, mot bo phan 16p sé duge sir dung dé xac dinh gidi tinh
ctia anh input ban dau.

Nomalized

Aligned image image

Test image

101...110..001

Face Face . Feature . .
detection [ alignm ent —»| Preprocessing [—»| extraction —-|CIaSS|ﬁcat|on _.Gender=l"u'lale

A general feature-based gender classification framework

Hinh 1. So dé tong quan ciia mét hé thong nhin dang gidi tinh

Hién nay hai phuong phap dugc dung rong rii nhét cho viéc phat hién khuon mit ngudi
trong anh la phuong phéap su dung déc trung Haar [1] va cac ddc trung HOG [2]. So véi déc trung
HOG, cach tlep can sir dung déc trung Haar co téc d6 nhanh hon nhung do chinh xac kém hon. Ca
hai cach tiép can nay hién nay déu di duoc cai dit trong hai thu vién mi ngudn mé 1a OpenCV
(opencv.org) va dlib (dlib.net). Dé chuan hoa anh sdng ciia cic anh mit, cac k¥ thuat nhu can bang
histogram hay retinal filter [3] déu c6 thé ap dung.

Budc quan trong nhat trong mot hé thong nhan dang gi6i tinh 1a phuwong phap trich chon cac
dac diém tir anh mat vi d6 1a cach duy nhét dé c6 thé biéu dién khudn mat thanh céc ciu tric ma ta
¢6 thé so sanh vai nhau (cac vector ddc diém). Trong [4] cac tac gia da st dung phuong phap mau
nhi phan cuc bo LBP (Local Binary Patterns) v6i cac anh ¢ cac khung nhin khac nhau va SVM dé
nhan dang giéi tinh. Ciing str dung LBP nhung vé&i b phan 16p Adaboost 1a cach tiép can dugc
trinh bay trong [5]. Téc gia Luis da két hop cac dic diém LBP ¢ nhiéu ti 1& khac nhau véi cac thong
tin vé& hinh dang va cuong do sang dé nhan dang gi6i tinh trong bai bao [6]. Thir nghiém trén co s&
dir liéu FERET va nhan duogc két qua kha tét véi phuong phap dya trén cac histogram cua cac bién
cua anh da dugc Ardakany va cac cong su dé xuét trong [7]. Mot phuong phap khac két hop céc
dic diém LBP voi cac bién doi cosin DCT ciing nhan dugc két qua rat tot doi véi cac thir nghiém
trén co s¢ dir licu FERET [8]. Trong khi @6, cach két hop LBP véi cac dic trung SIFT va histogram
mau ciing di dugc dé xuat [9]. Co thé thiy LBP 1a mot phuong phap dugc dung kha phé bién trong
céc phuong phap di duogc trich dan & trén. Pidu nay khang dinh cho su hiéu qua cta nd trong bai
toan nhan dang gi6i tinh tir anh mat. Tuy nhién st dung LBP khong phai 1a cach tiép can duy nhat,
trong [10] céc tac gia da két hop cac ddc trung SIFT va cac dic trung dua trén bién doi song nho
Gabor va thu duoc cac két qua tot.

Cac hé théng trén hau hét 1a cac hé théng ban ty dong vdi viée sir dung cac toa do mét cia
anh dé can chinh anh mit hodc cin chinh thu cong. Trong bai bao nay, ching t6i dé xut mot hé
théng nhan dang gi6i tinh hoan toan ty dong sit dung phuwong phép trich chon dic trung cuc bd
LPQ. Cu thé, & bude phat hién khuén mat, cac dac trung HOG s€ dugc ap dung. Sau do k¥ thuat loc
anh retinal filter dwoc ding dé chuan hoa cac didu kién anh sang ctia khuon mat. O bude phan 16p,
ky thuat phén 16p nhi phan SVM s¢& thye hién trén cac vector LPQ nhén dugc ¢ budc trich chon dac
trung dé dua ra gi6i tinh cua bt anh mit cAn nhan dang. Cac két qua thir nghiém trén co so dit lidu
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anh mat FERET, mot trong cac co s dir liéu cong cong dugce st dung rong rai nhét cho nhan dang
mit, cho thiy hé thong dé xuét dat duoc két qua tot ddi v6i cac anh mit thu nhan duoc trong cac
didu kién co6 kiém soat dudi sy anh hudng cua cac yéu td nhu anh sang, cam xtc khuén mit va cac
thay ddi vé thoi gian chup. Diéu nay chimg t6 su hiéu qua cua hé thong dé xuat.

Céc phan tiép theo ctia bai bao dugc t6 chirc nhu sau: cac chi tiét ctia hé théng dé xuét s&
duoc trinh bay chi tiét trong phan 2, trong phan 3 1a mé ta vé cac thir nghiém va phan két qua nhan
dang cung véi cac két luan, dy kién cong viéc trong twong lai.

2. H¢ théng nhin dang mit ty dong sir dung LPQ

Trong phan ndy, tic gia s& di sdu mo ta chi tiét vé cac bude cia hé théng nhan dang gidi
tinh tw dong tir anh mit nguoi. Trude hét 1a so dd mo ta vé cac ky thuat duge dung cho hé théng
dugc mo ta so bd trong hinh $6 2. Cu thé, hé théng s€ gé)m 4 budc chinh: phat hién mat nguoi voi
cac dac trung HOG, chuan hoa anh sang béng k¥ thuét retinal filter, trich chon dac trung véi
phuong phap LPQ va cubi cung 1a st dung bd phan 16p nhi phan SVM & budc phan 16p. Cac phan
tiép theo ctia bai bao s& di vao ting budc cuy thé.

Input*image
| Face detection |----HOG
Aligned image |
llumination | Retinal filter

normalization

Mormalized image l

Feature extraction }---LPQ
Training T Test

wnagesl Feature vector lwnages

SVM trainer b SVM class ifier

Decision plane I

Gender
Hinh 2. Cic buéc ciia hé thong nhin dang gidi tinh tw dpng sir dung LPQ

2.1. Phat hién méat nguwoi sir dung cac dic trung HOG
2.1.1. Phuwong phap trich chon dic trung HOG

Ban dau, phuong phap trich chon dic trung HOG dugc dé xuat cho bai toan phat hién nguoi
di b (pedestrian detection) va dat dugc két qua t6t. Sau do, _phuong phap nay dugc ap dung cho cac
bai toan phat hién d6i twong va ciing cho thay hiéu ning rat tot So v6i phuong phat phat hién (101
tugng pho bién 14 dwa vao cac ddc trung Haar hay LBP, cach tlep can st dung HOG cho két qua t6t
hon khi d6i tuong trong anh bi anh hudng boi cac diéu kién vé& hudng, anh sang hay bi che khuét.
Tuy nhién diém trir cia HOG 1a chdm hon.
V& co ban, mot vector dic trung HOG dugc thanh 1ap tr viéc tinh cac histogram vé céc huong cia
dao ham cua mét anh tai cac vung cuc b goi 1a * ‘té bao” (cell). Co s cho phuong phap nay la
thong tin ciia anh c6 thé dugc biéu dién bang cach sir dung su phan b cua cac gia tri dao ham cua
anh hodc hudng cua cac dao ham cuc b tai cac diém anh. Anh duoc chia thanh nhiéu té bao 1 cac
viing con dé tinh cac histogram ciia cac huéng dao ham. Bicu dién histogram cua cac té bao khi hop
lai s& tao thanh biéu dién HOG cho anh ban dau. Chudi histogram c6 thé duoc chuéan hoa dé tang
hiéu qua nhan dang vi ching c6 tinh bat bién cao hon ddi véi cac thay d6i vé anh sang.
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Dé tinh mot vector HOG tir mot anh input chiing ta can thyc hién qua 4 budc nhu mo ta sau

day.

Budc 1: tinh dao ham cua anh. Budc nay duoc ’thl_I'C hién bé‘mg cach nhan chép anh input V('{i
hai nhéan 1 chiéu twong ting cho viéc lay dao ham theo hai hudéng Ox va Oy, cu the
gia tri cua hai nhan la:

Dx=[-101]vaDy=[10-1]", (1)
Trong d6 T 1a ky hiéu ctia phép toan 1y ma tran chuyén vi.
Vi mot anh input I s€ ¢6 2 dao ham dugce tinh 1a Ix =1 * Gy, Iy =1 * Gy.
Tiép dén hai thanh phan cudng do (magnitude) va hudng (orientation) s& duoc tinh
theo cac cong thuc:
|G| = sqrt(I? + 1y%), 6 = arctan(ly, Ix) 2)

Budc 2: gan hudng. Sau khi tinh xong huéng cua cac dao ham tai cac diém anh, ta s& nhom
cac gia tri huéng khac nhau trong moi vung cua khodng [0°, 360°] thanh mot nhén
duy nhat dai di¢n cho nhom do6. Cu thé s€ c6 9 nhan tur 0 téi 8 tuong Uing voi cac
vung gid tri cua cac hudng tr [0°, 360°9), [360°/9, 2*360°/9),... Sau d6 histogram
ctia cac cell s& duoc tinh dua trén s6 1an xuat hién cta cac nhin duoc gan.

Budce 3: Tinh histogram cua cac khéi. Céc cell nho sé& dugc ghép voi nhau tgo thanh cac
khoi (block) khong tach roi nhau (cac cell s& xuat hién nhiéu hon 1 lan trong cac
khoi). Vector HOG dugc tao thanh tir histogram da dugc chuan hoéa cua cac khoi.

Budc 4: chuan hoa khéi. O bude nay cac vector HOG sé& duoc chuép hoa bﬁmg cach sir dung
cac ham chuan hoa thong dung nhu L1-norm, L2-norm d€ c6 thé dap ung tot hon
trong cac dieu kién anh sang thay doi.

2.1.2. Phat hién mat nguoi sir dung dac trung HOG

Dé phat hién mit nguoi trong anh st dung dic trung HOG ta can tién hanh cic budc nhu

sau:
Budc 1: chudn bi P mau 1a cic anh mat nguoi dang va tinh vector HOG cho cac mau nay.
Bude 2: chudn bi N miu (N 16n hon nhiéu so véi P) khong phai 1 cac anh mit nguoi va
tinh vector HOG cho cac mau nay.
Budc 3: sir dung bo phan 16p SVM tuyén tinh dé hoc voi P+N vector HOG d tinh dé sinh
ra mot mo hinh doan nhan.
Budc 4: voi mdi biic anh trong bd N buc anh khong phai la mat ngudi, di chuyén mot cira
sO truot qua tat ca cac vi tri khong gian cia anh va tinh vector HOG cia ving anh
bao boi ctra s6 tuong Gmg roi dua vao bd phan 16p. Néu bo phan 16p cho két qua
sai, do 1a 4nh mat nguoi, thi ghi lai vector HOG tuong tmg cung vdi xac suat phan
16p.
Budc 5: sip xép cac vector HOG nhén dang sai theo xac sudt phan 16p va dua vao bd phan
16p SVM d¢e hoc lai.
Budc 6: str dung mé hinh két qua ctia budc 5 dé phat hién anh mat nguoi.
Trong bai bdo nay, chiing t6i sir dung thu vién ma Ilgllél’l m¢ dlib (dlib.net) voi thudt todn
phat hién mat nguoi st dung dac trung HOG da dugc cai dat san.
2.2. Ky thuét chuin héa anh sang retinal filter

B0 loc retinal filter 1a k}? thuat dung dé chuén hoa anh sang dua trén viéc mod phong cac
budc xt 1y hinh anh trong hé thong nhan thicc hinh anh ctia con nguoi véi 3 bude chinh nhu mo ta
trong hinh 3.
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Hinh 3. Cac buoc cua ky thudt loc anh retinal filter

Cu thé, & budc dau tién do twong phan cua anh s& dugc cai thién v6i mot ham Naka-
Rushton [11] Tiép dén, hai bo loc thong thap Gaussian s& loai bo cac nhidu khoi anh. Nham ting
cuong d¢ sac nét cua anh, mot bo loc DoG (Difference of Gaussian) s€ dugc ap dung. Cudi cung,
mot thao tic cit bo cac gia tri qua 16n hodc qua bé (nhiéu gy ra do bd loc DoG) s& cho ra anh két
qua. Cac cong thirc cu thé cho cac budc c¢é thé tham khao trong [3].
2.3. Phwong phap trich chon dic trung LPQ

Phuong phap trich chon dic trung LPQ sir dung cac thong tin vé pha (phase information)
trong biéu dién anh nhan duoc tir mot bién dbi Fourier ngén han (Short Term Fourier Transform) dé
phan tich cac 1an can kich thuéc MxM xung quanh mdi diém anh x ky hiéu 1a Nx cua anh f(x) va
duoc xac dinh nhu sau:

F(w,x) = Tyen, f(x = y)e 2™ = w]f, 3)

V&i wy 1a vector co s trong bién doi DFT 2 chiéu tai tan sé u, con fx 1a mot vector chira
MxM mau cua V.

Phuong phap LPQ chi ding 4 hé s6 phirc twong tmg véi 4 gid tri tan sb 1a us = [a, 0]7, uz =
[0,a]", us = [a, a]", us = [a, -a]", trong d6 a la mot gi tri vo hudng dap ung diéu kién bat bién vé do
mo anh.

Gia su: Fx = [F(uy, x), F(uy, x), F(us, x), F(u4,x)] va F, = [Re{F7},Im{Fz}], trong do
Re{.} vaIm{.} la cac ham tuong ung voi phan thyc va 4o trong bleu din ciia mot s6 phirc. Ma tran
bién d6i c6 kich thudc 8xM?sé la:

= [Re{Wulr W2 Wz, Wya b, Im{wy, 1, Wap, wys, Wu4}]T . 4

Pé ting cudong do phan biét ciia cac dic trung LPQ trong cic bai toan nhan dang va phan

tich hinh anh, mgt ham tach sy twong quan ctia cac hé sb Fx s& duoc &p dung nhu sau:

G, = VTF,, (5)
voi V 1a mét ma trén tryc giao nhan dugc béng cach ap dung mét bién ddi SVD tir ma trin D:

D =UzVT, (6)
D la ma tran hiép phuong sai trén cac hé s Fx va duoc tinh nhu theo cong thic:

D = WCWT, (7)
Véi ma tran hiép phuong sai C ctia cac mau thudc V., nhan dugc tinh tir cong thire sau:

1 0-1'2 O’LMZ
C — 0-2‘1 1 aee O-Z,MZ (8)
O_Mz,l O'Mz’z 1

Céc phén tir trong ma tran C dugc tinh theo cong thac o ; = pl*i =%l (]I 12 ham chuén
hoa L2 va p 1a twong quan vé gia tri gitra cac diém anh 1an cén vé6i gia thiét ham anh f(x) 1a két qua
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ctia chudi Markov bac 1 va méi mau c¢6 phuong sai bang 1), va chinh Ia hiép phuong sai cua hai vi
tri xi va x; trong V.

Goi két qua cia nhan duoc tir cong thic (8) trén 1a Gx, mot anh LPQ s& duoc tinh tir viéc
luong tir hoa 8 thanh phan caa nd nhu sau:

LPQimage = Zgzl kak_li (9)
Vi gk 1a toan tir lwgng tr hda nhi phan ap dung vai thanh phan thi k cua Gy:
_(1néu g,=0
U= {0 néu ngwoc lai’ (10)

Anh LPQ thu dugc s& duoc chia thanh cac vung anh con khong giao nhau dé tinh histogram
cuc bo tuong ng cua chung. Cac day histogram cudi cung s€ dugc ghep lai voi nhau va tao thanh
vector LPQ cuia anh ban dau. Qua trinh nay dién ra nhu minh hoa trong hinh 4.

:_ T LPQ vector
X "x Linde LI
t

Input image LPEI image

Hinh 4. Cac budéc ciia tinh vector LPQ ciia mgt dnh mdt nguoi

2.4. B phan lé6p SVM

B phan 16p SVM dugc st dung dé hoc tir dit liéu trong tap tham chiéu (reference set) nham
sinh ra mot siéu phang (hyperplane) hay mé hinh duoc st dung ¢ bude nhén dang. Cu thé, & bude
hoc tir tap dit liéu hoc gdm cac vector LPQ nhan duoc (tir phan 2.3 & trén) dugc gan nhan tuong
mg 1a Nam (1) hay Nit (-1), bd phan 16p SVM sé& sinh mét mo hinh chia 2 tdp mau con tuong tmg
v6i 2 nhin thanh 2 nira cua khong gian da chiéu (s6 chiéu twong tmg voi s thanh phan cua mot
vector LPQ). Sau d6, ¢ budc nhan dang, mo hinh nay s€ duoc dung dé nhan dang xem mot buc anh
s€ tuong ung véi mot ngudi cd gioi tinh Nam hay Nii. Trong bai bao nay chung t61 st dung SVM
vi né chinh 1a phuong phap pho bién duoc ap dung cho céc bai toan phan 16p nhi phan nhu nhan
dang gi6i tinh.

Céc budc tir chudn héa anh sang t6i trich chon dic trung va phan 16p (hinh 2) duoc cai dat
trén thu vién OpenCV (opencv.org) sir dung ngdn ngir C++ va cong cu Visual Studio 2015.
3. Panh gia két qua

Pé danh gia két qua nhan dang cta hé thong dé xudt, tac gia sir dung co so dir liéu anh mit
nguoi FERET [12], mot trong s6 cac co so dir liéu cong cong dugc sir dung rong rai nhét cho cac
bai toan lién quan tdi nhan dang mat ngudi. FERET c6 5 tdp anh mat ky hi¢u 1a Fa, Fb, Fc, Dupl va
Dup2 (xem minh hoa hinh 5). Tap Fa (c6 1196 anh) 14 tap tham chiéu duoc dung cho budc hoc.
Tap Fb (c6 1195), Fc (194), Dupl (722) va Dup2 (234) 1a cac tap dé test (nhan dang). Cac anh
trong tap Fb c6 thay ddi vé biéu hién cam xuc ciia khudn mit con cac anh trong tdp Fc chiu anh
hudng cia cac didu kién sang khac nhau. Cac anh thudc tap Dupl va Dup2 dugc chup sau cac anh
trong tap Fa tir 1 t61 2 nam.
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(c) Fc

(a) Fa (b) Fb

(d) Dupl (e) Dup2

Hinh 5. Mt s6 anh méu trong co sé dit liéu FERET

Két qua nhan dang cta hé thdng dé xuat duoc cho trong bang 1.

Bing 1. Két qua nhgn dang trén co sé div ligu FERET

Tép Test Ti 1€ nhian dang ding | Ghichu
Fb 98.1% (1172/1195)
Fc 97.4% (189/194)
Dupl 98.8% (713/722)
Dup2 99.1% (232/234)
Ti 1€ trung binh 98.3%

C6 thé két luan tir két qua cia bang 1 1a hé thong dé xuat cho ti 1é nhan dang dung kha tot
khi ma hau hét cac tap test déu dugc nhén dang chinh xac vai ti 1¢ hon 98% trur tap Fe. Tur cac 5O
lidu nay ciing c6 thé nhan thiy rang mirc d6 anh huong cua yeu t6 thot gian (2 tap Dupl va Dup2)
trong bai toan nhin dang gi6i tinh chua chic da nghlem trong bang yéu t6 cam xtc khuoén mat (tap
Fc). Nguyén nhén 1a do khi cam xtic khuon mit thay d6i, hinh dang cta cac yéu t6 anh huong t6i
viéc nhan dang dung gioi tinh, vi dy nhu mét, mom va vung 16ng may, bi anh hudéng kha nhiéu. Véi
ti 1¢ nhan dang trung binh trén 98%, co thé di dén két luan 1a hé thong nhan dang gidi tinh ty dong
dua trén LPQ c6 kha nang xu ly tot d6i véi cac anh mat thu nhan duge & diéu kién trong nha, mic
du ¢6 su anh hudng cua cac yéu to nhu anh sang, cam xtc khudn mat va thoi gian.

Trong tuong lai, tac gia mong mudn thir nghiém voi cac bo dir liéu thu nhan duogc tir moi
truong khong co kiém soat dé danh gia chinh xac hon hiéu niang cua hé thong dé xuat. Mot huéng
nita ciing rat thu vi 1a 4p dung cac thuat toan hoc trén cac vector dic trung trudc khi dua vao bd
phan l6p SVM.
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