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NANG CAQ CHAT LVONG ANH MAU MAT NGUO
BO'I SVD CUA DCT TRONG MIEN LOGARIT UNG DUNG
TRONG HE THONG NHAN DANG MAT NGUO!

COLOR FACE IMAGE ENHANCEMENT BASED ON SVD OF DCT COEFFICIENTS IN LOGARITHM DOMAIN

TOM TAT

Trong bai béo nay, chiing toi dira ra mot phrong phap can bang anh séng
hiru higu dé& néng cao chét lrgng anh mat nguoi trong khong gian mau RGB (ing
dung trong nhan dang mét ngudi. Truge tién, anh mat ngudi trong khong gian
mau RGB dugc phan tach thanh ba kénh mau va tham chiéu Gaussian durgc bién
d6i sang mién logarit. Sau d6 sir dung hién ddi Cosin rdi rac dé xac dinh céc thanh
phan tan s6 thdp mang thong tin d0 sang cla anh mét nguoi. Cac hé s6 bui sang
twong (ing v6i ba kénh mau RGB s& duwoc tinh toan mot cach ty dong thong qua ti
I& cAc gid tri riéng In nhat clia cAc ma trén hé s6 bién ddi Cosin roi rac, tan s
thap cta ba kénh mau va tham chiéu Gaussian. Két qua thi nghiém trén hai bg
c0 0 di? liéu mau ndi tiéng CMU-PIE va FERET cho thay, anh khudn mét ngudi thu
duac khong chi rd hon, Idy lai dwge mau da nguoi ty nhién, (tng dung réat nhiéu
trong linh vy thi giac may tinh, ma con nang cao duoc hiéu sudt clia hé thong
nhan dang mat nguai, tt hon cac phurong phap hién nay nhw ASVD va TSVD.

Tlr khoa: Bién ddi cosin roi rac (DCT), phan ra gid tri riéng (SVD), nhén dang
anh mat ngudi.

ABSTRACT

In this paper, we provided an effective illumination compensation method to
improve the quality of human face images in RGB color space for face recognition.
First, three color channels of color face image and Gaussian reference are converted
to the logarithm domain by logarithm transform (LT), then using the discrete cosine
transform (DCT) to determine their low-frequency components. The compensated
factors corresponding to the three RGB color channels will be calculated
automatically through the ratio of the largest singular values of the low-frequency
DCT coefficient matrices of the three color channels and the Gaussian reference.
Experimental results on two databases, namely CMU-PIE and Color FERET show that
our method can improve the performance of the face recognition system, better
than relevant studies such as ASVD and TSVD.

Tur khoa: Discrete cosine transform (DCT), Singular Value Decomposition
(SVD), face recognition.
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Nguyén Nam Phuic*”,
Nguyén Qudc Trung? Ha Hiru Huy®

1.GIOI THIEU

Trong nhitng ndm gan day, nhan dang khuén mat
nguoi da tré thanh mot linh vuc nghién clru quan trong
trong cac linh viec nhr nhan dang mau, thi giac may tinh,
hoc may, hinh si, camera giam sat. Tuy nhién, van con rat
nhiéu yéu td tac dong khong nhé t¢i do chinh xac cla cac
hé théng nhan dang mat ngudi nhr dé sang, bi€u hién clia
khudn mat, tv thé clia khuébn mat, trong do tac dong cla
dd sang duoc coi la mot trong nhitng nhan td quan trong
nhat. Dugi diéu kién do sang khac nhau, &nh khuén mat
ngudi cé thé bi qua sang, qué toi, tham chi ¢ thé bi che
khudt toan bd hodc mét phan khuén mat. Do vay, viéc tang
cuong chat lugng &nh mat nguoi c6 y nghia vo cling quan
trong tai budc tién xt ly, qua d6 nang cao dé chinh xac cla
cac hé thdng nhan dang mat nguoi. Nhiéu nha nghién ctu
da duva ra nhiéu phuong phap nang cao chat lugng anh
khac nhau, chtl yéu tap trung vao hai loai chinh: bt d6 sang
clia &nh mat nguoi, qua do6 lam cho anh ré nét hon hoac
loai bé su tac dong cla do sang, qua dé thu duoc anh chi
chira dac treng cau tric ctia khuén mat nguoi.

Nhom thir nhat bao gdm cac phuong phap can bang
anh sang anh mat ngudi. Can bang luvoc dd xam (HE) [1] 1a
phrong phéap co ban nhat nham can bang do tuong phan
cla anh. Tuy nhién, HE la cong nghé x{r ly toan cuc nén voi
nhi*ng anh cé dd sang bién thién cao, két qua anh sau khi
xr ly khéng dwgc nhy mong doi. Pizer va cong su [2] gii
thiéu phuong phap mang tén can bang lvoc dd xam twong
thich (AHE) bang viéc tinh toan mot s6 lvoc dd xam, moi
lrge d6 xam tuong (rng v&i mot phan riéng biét clia anh va
sl dung chiing dé phan phai lai cac gia tri dd sang ctia anh.
Tuy nhién, AHE cé xu huwéng khuéch dai qua muic. Shan va
cong sv [3] dua ra phuong phap HE tirng vung va hiéu
chinh cuong dé gamma dé diéu chinh do sang téng thé
cta hinh anh khuén mat thanh hinh anh khudén mat "chinh
tac" dugc xac dinh trudc, ddng thoi cho rang, déi vai nhitng
anh mat nguoi bi che khudt can thi can phai chia thanh
nhiéu anh con dé x ly. Choi va Jeong [4] dwa ra phurong
phap dé bl vao phan khudén mat bi che khuét trong anh
mé&t ngudi bang céach st dung bién déi Fourier dé bién doi
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anh mat nguoi tr mién khdng gian sang mién Fourier, sau
dé c6 dinh phé pha va thay thé phé bién dé ctia anh mat
ngudi bang phd bién dd trung binh duoc tinh toan bang
céch |8y trung binh clia phé bién do ctia &nh mat nguoi va
phd bién dé trung binh cla tat ca cac &nh mat nguoi khac
trong co s& dir liéu. Tuy nhién, khuén mat nhan duoc tréng
khong ty nhién do viéc thay déi cac gia tri clia phd bién do
la kndéng tuyén tinh, dan dén cdu trac anh nhan duoc
khong dung véi anh thuc té.

Nhom tht hai tim cach loai bé cuwong dd sang ma chi
gitr lai cac ddc treng mang tinh cau trdc cla khudn mat.
Zhang va cong sv [5] dinh nghta d6 do mic nhay clia do
sang bang ty 1& gradient theo huéng ngang va huéng doc
va thu duoc anh cdu trdc khuén mat nguoi goi la gradient
face khong con tac dong cla do sang bang cach tinh
arctangent cula ty I& nay. Wang va cong sv [6], Wu cung
cong sv [7] thu dwgc danh mat ngudi khéng con tac dong
clia do6 sang dua trén luat Weber, 4nh thu dwoc goi la
weberface. Tuy nhién, cac phuong phap nay st dung rat
nhiéu tham s6 dé xac dinh cac ngudng trong mo hinh va
viéc thiét l1ap cac gia tri ngwdng nay la rat mo ho. Savvides
va Kumar [8] str dung bién d6i logarit (LT) bién d6i anh sang
mién logarit, sau dé st dung bo loc chuan dya trén bién doi
contourlet dé thu dwgc anh bat bién véi dé sang. Chen
cung cong s [9] cling st dung LT dé bién doi anh sang
mién logarit, sau dé sir dung bién dbi cosin roi rac (DCT) dé
xac dinh tan s6 thdp va tan s6 cao clia &nh mat nguoi. Dua
trén tinh chét cac thdng tin vé dd sang thwdng nam tai
bang tan tan s6 thap va théng tin dd phan xa nam tai bang
tan tan s6 cao, gan nhitng gia tri bang tan tan sé thap bang
0, chi slr dung céc gia tri bang tan tan sd cao dé tai tao lai
anh mat nguoi bat bién véi do sang.

Céac phuong phép trén tap trung giai quyét van dé bién
d6i do sang trén anh khubén mat da mic xam. Gan day,
nhiéu phuong phap dugc xi ly trén anh khudn mat mau.
Torres va cdng su [10] chi ra rang, théng tin mau thé hién
trong mot sé khong gian mau nhat dinh c6 tac dung Ién
trong nhan dang khudn mat nguoi. D€ giam hiéu ng
chiéu sang lén anh mau, Demirel va Anbarjafari [11] da st
dung phan ré gia tri riéng (SVD) dé bl sang anh khudn mét
mau dua trén mot hé sé bu sang duogc tinh toan dua trén ty
I& cua gid tri riéng 16N nhat ctia tham chiéu Gaussian va gia
tri riéng 16n nhét cda kénh mau. Tuy nhién, phuvong phap
nay chi st¢ dung mét hé sé bu sang cho toan bd ba kénh
mau RGB, dan dén mét thong tin mau trong hinh anh
khuén méit. D€ khac phuc nhitng thi€u sét nay, Wang va
cdng sv [12] dwa ra phuvong phap phén ra gia tri riéng
twong thich (ASVD) bang cach st dung thém céac gia tri
trung binh ctia 03 kénh mau RGB, két hop v6i ty 1€ gilta gia
tri riéng Ién nhéat cda tham chiéu Gaussian v6i gia tri riéng
I&n nhat ctia cac kénh mau dé tinh toan cac hé s6 bu sang
tuong (’ng. Tuong ty, Wang va cong sy [13] dé xuét
phuong phép goi la TSVD, trude tién phan tach anh mau
thanh hai phan, mot phan chiva théng tin cac diém anh toi
va mot phan mang thong tin cac diém anh sang, sau dé ap
dung ASVD thich hop trén hai phan nay. Tuy nhién, hinh

anh ASVD va TSVD khoéng cai tién dugc nhiéu dnh mat
nguoi cé do bién thién cao.

Trong bai bao nay, ching t6i dua ra mét phuvong phap
hi*u hiéu dé bu sang cho anh mat nguoi trong khong gian
mau RGB, dic biét 1a cac anh bi che khuét bang céch tinh
toan cac hé s6 bu qua viéc tham chiéu dén mdt anh mau cé
phan b6 chuin Gaussian (tham chiéu Gaussian) cé cung kich
thuéce. Trwde tién, anh mat ngudi trong khéng gian mau RGB
va tham chiéu Gaussian dwoc bién d6i sang mién logarit bai
bién déi Logarit (LT), sau d6 st dung bién déi DCT dé xac
dinh cac thanh phan tan s6 thadp mang thong tin dé sang
clia anh mat nguoi. Cac hé s bl sang twong (ng véi ba kénh
mau RGB sé dugc tinh toan mot cach tu dong théng qua ti 1é
cac gid tri riéng 16n nhét clia c&c ma tran hé s6 DCT cla 3
kénh mau va tham chiéu Gaussian. K&t qua thir nghiém trén
hai b6 co s di liéu mau néi tiEng CMU-PIE va FERET cho
thay, anh khuén mat nguoi thu duoc khdng chi rd hon, 1ay lai
dwoc mau da nguoi tv nhién, (tng dung rat nhiéu trong inh
vuc thi gidc may tinh, ma con nang cao dwoc hiéu suét cla
hé thdng nhan dang mat nguoi.

B6 cuc cla bai bado duoc b6 tri nhw sau: Phan 1 gigi
thiéu tong quan vé cac phuong phap nang cao chat lvgng
anh mat nguoi. Phan 2 gidi thiéu vé (ing dung ctia LT, DCT
va SVD trén anh mat nguoi. Phan 3 trinh bay vé phuong
phép nang cao chét lvong anh mat nguoi trong khéng gian
mau RGB va két luan dwoc trinh bay trong phan 4.

2. BIEN BOI LOGARIT, BIEN BOI COSIN ROI RAC, PHAN
RA GIA TRI RIENG CUA ANH
2.1. Bién d6i Logarit

Bién doi Logarit dwoc str dung dé€ md réng rai trong linh
vuc X ly anh, dac biét trong cac bai todn nang cao chat
lvgng anh [14]. Do tinh chéat clia ham logarit véi do thi cla
duoc biéu dién trong hinh 1, LT anh xa mét khoang hep clia
cac gia tri cdp xam thap trong anh dau vao thanh mot
khoang rong hon cla anh dau ra va nguoc lai bién mot
khoang réng cac gia tri cdp xam cao trong anh dau vao
thanh moét khoang hep cac gia tri cdp xdm clia anh dau ra.
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Hinh 1. D6 thi clla ham y = log(x) voi x chay tir 0 dén 255

Trong bai bao nay, ching t6i st dung LT dé€ mé& réng cac
gia tri clia cac diém anh tdi trong mot anh mau trong khi
nén cac gia tri mau cao lai, qua dé nang cao chéat lvgng anh
mat nguoi, dac biét voi cac &nh mau mat nguoi trong
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trwong hop bi che khuét, do d6 nang cao chat lugng anh
mau khuén mat ngudi. Hinh 2 biéu dién mot s6 anh mau
mat nguoi trong co s& dir lieu CMU-PIE va FERET (a) va cac
anh thu sau khi duwoc sau khi s dung LT (b). Két qua cho
thay, phan bi che khuét trong anh da dwgc khuéch dai lam
cho rd hon. Tuy nhién, cac phan khdng bi che khuét cling bi
khuéch dai lam cho anh bi qua sang, anh hwéng Ién do
chinh xac ctia hé théng nhan dang khuén mat.

=
(@)
GE

Hinh 2. Anh mau mét nguoi trong co's6 dit liéu CMU-PIE va FERET () va anh
thu dwoe sau khi st dung LT (b)
2.2. Bién d6i cosin roi rac

Bi€n doi cosin roi rac bién doéi anh tir mién khong gian
sang mién tan so, tap trung nang lugng vao mot hé so,
dugc ap dung réng réi trong nén anh s6 chuan JPEG va
MPEG [15]. Cac dang DCT duwoc chia thanh 4 loai, ky hiéu la
DCT-I, DCT-Il, DCT-Ill va DCT-IV. DCT-Il dwgc str dung rong
rdi trong méa hoda tin hiéu sd bdi gan twong duong bién doi
Karhunen-Loeve trong md hinh tin hiéu Markov-I véi hé s6
twong quan gan bang 1 [16]. Trong x& Iy &nh, DCT-II dwoc
str dung rdng rai nhat va thudng duoc goi van tét 1a DCT.

Cho anh xam c6 kich thuéc m x n, bién d6i hai chiéu
DCT (2D-DCT) dugc dinh nghia nhv sau:

C(uv) =
a(a(v) XE5 295 f(x, y)cos
trong do, C(u, v) duoc goi la hé sb cosin roi rac.
Va bién déi DCT nguoc (iDCT) dwgce dinh nghia bai
fixy) =

_ (2x+1) (2y+1)
ml {,‘z(l,a(u)a(v)C(u,v)cos{1T 2’; u] cos [ﬁ zyn V] 2)

[H(2X+1)u] oS [n(2y+1)v] (1)
2m

2n

voi

—, u=0
aw={7" 3)
Ny u=12,...m-1
va
1
—, v=20
a(v) = ‘/zﬁ 4

Nl v=12,..,n—1

Trong chuén nén anh JPEG, anh gdc duoc chia thanh
nhi*ng khdi nhd khéng chong khit Ién nhau c¢6 kich thuwéc 8
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x 8 va ap dung DCT cho tirng khdi nay mot cach riéng ré.
Trong khuon kho nghién cttu nay, chiing tdi &p dung DCT
trén toan bo anh thé thu duwoc tit ca cac thanh phan tan so
clia anh mat nguoi. Hon thé nita, trong anh khuén mat
nguoi, dé sang thuwong thay doéi cham hon khi so sanh voi
dd phan xa, ngoai trir phan khuén mat bi che khuét. Khi
bién d6i sang mién tan s, thong tin chira d6 sang thurong
nam & bang tan tan s6 thap va théng tin chita do phan xa
thwdng ndm & tan s6 cao. Néu mudn tac dong vao do sang,
ching ta tac dong vao cac gia tri bang tan thap va loai bd
cac gia tri bang tan cao, nguoc lai, néu ta mudn st dung do
phan xa dé biéu dién anh khuén méit nguoi, ching ta tac
ddng vao bang tan cao va loai bo cac gia tri bang tan thap.
K&t qua cta DCT la si chuyén déi anh gbc sang mién tan
s0. Gid tri trén cung bén tréi lvu trir "bién do" tan s va tan
s0 "co s¢" tang ca doc theo truc ngang va doc. Két qua clia
DCT thuong la mot tap hop céc bién dd & tan s thap hon
binh thuwong (géc phan tw trén cung bén tréi) va cac muc
nho hon & tan sd cao hon. Do théng tin dd sang nam chu
yéu tai bang tan thap, ching ta cé thé tai tao lai anh khuén
méat bang viéc chi s dung cac hé sd bang tan thap, con
gan nhitng hé s6 bang tan cao bang 0. Hinh 3 cho thay su
ding dan ctia khéng dinh nay. Hang thi nhét biéu dién anh
mat nguoi va ma tran hé s6 DCT twong (ng; hang 2 la anh
mat nguoi droc xay dung lai khi chi gitr lai mot s6 thanh
phan tan s thap (géc phan mudi su trén cliing bén trai)
con céac hé sd khac duoc gan bang 0; hang 3 1a anh mit
nguoi dugc xay dung lai khi chi git lai mot s6 thanh phan
tan s6 thap (g6c phan tv trén cliing bén trdi) con cac hé so
khac dwoc gan bang 0; hang 4 1a anh mat ngudi duoc xay
dung lai khi gan cac thanh phan tan s6 thdp bang 0 (géc
phan tam trén cung bén trai) con cac hé s6 khac dugc gilt
nguyén. K&t qua cho thay, anh méat ngudi van dwoc duy tri
khi ta gitr lai cac thanh phan tan s6 thap va nguoc lai ta sé
thu dugc cau trdc ctia &nh néu loai bé tan s6 thap va git lai
tan so cao.

Hinh 3. Tl trdi qua phai la &nh mat nguoi, ma tran hé s6 DCT va lugc do
histogram ctia dnh mat nguoi
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Trong nghién ctru nay, chdng tdi thic hién viéc bu sang
trén anh mau mat nguoi, do d6 loai bé cac tan sb cao, chi
gilt lai cac gia tri tan s6 thap (g6c phan tuw trén cung bén
trai) va dua ra mot thuat toan rat hiru hiéu dé bl sang cho
anh mau mat ngudi, lam cho dnh khudn mat ngudi khdng
chird hon, ma con tdi tao lai lan da tw nhién ctia khuén mat
nguoi, qua doé nang cao hiéu xudt clia hé thdng nhan dang
khudn mat nguoi. Viéc lam nay cling gibng nhu viéc st
dung bd loc bang tan thap trong mién DCT.
2.3.Phanragiatririéng

Phan ra gia tri riéng dwgc st dung rong réi trong xt ly
anh do cau trdc anh s6 giéng nhu mdt ma tran. Khdng lam
mat tinh téng quat, gia s f 1a anh mat nguoi co kich thuwdc
M x N, (M >N). SVD cla anh f duoc tinh nhu sau:

f=UxZxVT; (5)
trong dé, U = [uy, uy, ..., uy] vaV = [vy, vy, ..., vy] la cadc ma
tran tryc giao chira cac vécto riéng; £ = [D, 0] gobm céc gia
tri rieng dugc sip xép theo chiéu gidm dan, véi D= diag (A,
Aae.., A la céc gid tri riéng va k la hang cua f. Khi anh duoc
phan ra béi SVD, cac gia tri riéng sé chira thdng tin do sang
cla anh s6, con vécto riéng chita thong tin vé do phan xa.
Hinh 4 biéu dién 02 &nh trong co s& di liéu CMU-PIE va anh
cla chdng thu dwgc sau khi gan cac gia tri riéng ctia anh
bang 1. Tr cong thikc (5) cho thdy, khi gan ma tran X bdi ma
tran don vi, anh thu duoc sé khéng con tac dong clia ma tran
. Sau khi loai b6 sy tdc ddng cla céac gia tri riéng, ta thu
dwoc anh cau trac cda khudn mat khéng con tac déng cla
do sang. Bidu nay khéng dinh, cc gia tri riéng mang théng
tin do sang trong anh. Khdng nhitng vay, gia tri riéng Ién
nhét ctia &nh con chita 99,72% nang lugng clia anh [18].

>

clia nd khi gan tat ca cac gia tri riéng

o o«

Hinh 4. Anh mét nguoi va &nh tai ta
bang 1
3. NANG CAO CHAT LUONG ANH MAT NGUOI TRONG
KHONG GIAN MAU RGB

Trong phan nay, ching t6i gié¢i thiéu phwong phap hitu
hiéu dé nang cao chat lwvgng d&nh méat ngudi trong khéng
gian mau RGB, qua d6 nang cao dd chinh xac ctia hé théng
nhan dang khuén mat ngutdi. Mot anh co6 chat lvgng tot
thuong c6 do phan phéi gan phan phdi chudn tac, con
dugc goi la phan b6 Gaussian, 1a phan phoi chuan véi gia tri
trung binh u bang 0 va do léch chuin o bang 1. Do vay,
trong phuong phép cla ching t6i sé tham chiéu dén mot
anh cé phan phéi Gaussian dé tinh toan hé s bu sang cho
cac kénh mau ctia anh mau mat ngudi, qua dé ty dong diéu
chinh cac kénh mau c6 dé phan bé gan véi phan bé chuan
tac, va do vy nang cao chét lvgng anh. Do gia tri cac diém
anh nam trong khoang gia tri tir 0 dén 255 nén anh c6 phan
ph6i chuén tc c6 gia tri trung binh p bang 32 va do léch

chuén o bang 128. Ta ky hiéu anh c6 phan phéi chuén tic 1a
Ga, nhu biéu dién trong hinh 5.

Trudc tién, phan tach &nh mat nguoi trong khdng gian
mau RGB thanh cac kénh mau R, G, B riéng biét. Ky hiéu anh
mat la f, ta co:
f={R G,B}; (6)

Hinh 5. Anh phan phéi chuan tc Gaussian va liroc d xam cliand
Tiép theo, st dung LT dé bién ddi cac kénh mau sang
mién logarit. Nhw da thao luan trong phan 2.1, LT ¢6 vai tro
rat Ién trong viéc nang cao chat lvgng cac anh bi che khuét.
Ky hiéu f, = LT(f)vaGayr = LT(Ga) tacé:
fir = log(f) = log({R, G,B}) = {Ry1, Grr, Bt} (@)
Gapr = log(Ga); (8)
Dé xac dinh cac thanh phan tan s6 thdp mang théng tin
cla dd sang, ching t6i st dung DCT dé bién doi cac kénh
mau trong mién logarit sang mién DCT. Nhu tho luan
trong phan 2.2 cac tan s6 thap trong mién DCT chita théng
tin do sang, cho nén chung toi chi gil lai cac thanh phan
tan s6 thap (géc phan tu bén trai) cda cac kénh mau, ky
hiéu 1a DCT_Ry,DCT_Gy7,DCT_B,y, ¢6 kich thuwdc béng
1/4 anh géc (dong 3 clia hinh 3) twong tng véi 3 kénh mau
R, G, B va tac dong vao cac hé s6 nay dé thu duogc anh co
chat lugng tét hon. Ta co6:
{DCT_R1,DCT_Gy1, DCT_B.1} = DCT(Ry1, GL1, BLr) (9)
DCT_Ga;r = DCT(Gap) (10)
Nhu thdo luan trong phan 2.3, gia tri riéng cia anh chiia
thong tin dé sang va gia tri riéng I6n nhat chia 99,72%
nang lvong cda anh, do dé tinh toan SVD cla DCT R;
DCT_Gy7, DCT_B;; va DCT_Ga, r:
DCT Ryp = Uy * % * VT; (
DCT_Gyr = Ug * Zg * VJ; (
DCT B, = Ug * 5 * Vi; (13)
DCT_Gayr = Ug, * Zg, * (
Ky hiéu cac gia tri riéng Ién nhat clia g, Z¢, g Va Zg,
twong tng la A, Ag, Ag vVa Ag, . Khi d6, hé s6 bu sang cho cac
kénh mau dwoc tinh nhu sau:

AGa

Hr = }L_C; (15)
AGa

He = i (16)
AGa

Hg = i a7)

()
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Hinh 6. Anh mau mét nguoi va lroc do histogram clia n6 (a); anh ALDS clia
anh gbc & hang trén va lwge do histogram ctia ALDS (b)

Thoéng qua cac hé s6 bu sang nay, cach hé sé DCT duoc
tinh toan lai bang cach nhan voi hé sd b sang nhu sau:

DCT Rpy = Ug * (1kZr) * WR; (18)
DCT_By, = Ug * (2p) * Vi; (20)

Str dung bién d6i DCT ngugc clia cac hé s6 DCT bu sang,
ta dugc cac kénh mau sau khi bu sang:

Ry, = iDCT(DCT_R,,); (21)
Gpy = IDCT(DCT_Gyy); (22)
By, = iDCT(DCT_Byy); (23)

Cudi cuing, tron lan ba kénh mau va chuén héa dir liéu,
ta thu dwgc &nh mau mat nguoi, ky hiéu la ALDS, khéng chi
rd nét hon rat nhiéu so véi anh gbc, ma con tai tao lai duoc
mau da nguoi, ¢é thé rat hiru hiéu trong linh vuc thj giac
may tinh va phat hién mau da, nhu chi trong hinh 6. Do bé
mat nguwoi khdng phai la bé mat khuéch tan hoan hao (bé
mat lambertian) nén trong mot so truong hop, cé nhitng
dac treng clia khudén méit khéng ndm & bang tan thap. Hon
nira, nhitng phan bi che khuét cting ndm trén cung bing
tan voi cac dac trng quan trong clia khudn mat, do d6 co
lic @6 sang sé khong duoc bu ding béi bo di cac tan s6
cao. Do vy, trong nghién cru nay, ching t6i khéng dung
bién doi logarit nguoc. Hinh 6 cho ta thay, anh mau mat
ngudi ALDS rd nét hon, mau da ddng voi ty nhién hon va
¢ phan bé gia tri dd sang gan véi phan bo chuan chinh
tic. Do vay, nang cao dwoc hiéu sudt cha hé théng nhan
dang khuén mét ngudi.

4. KET QUA THUC NGHIEM

Pé lam r& su hiéu qua cla phuong phap ALDS, ching
t6i tién hanh thwc nghiém trén hai co s& dit liéu &nh mau
nGi tiéng la CMU-PIE [19] va FERET [20]. Chling tdi cling so
sdnh két qua cla ALDS voi cac phuong phap trewdc nhu
ASVD, TSVD va anh mau méit nguoi thu dugc bang viéc chi
st dung LT, ky hiéu la CFLT, nhu thao luéan trong phan 2.1.
Pé tién hanh so sanh, ching t6i st dung cac phwong phap
trich xuat dac treng khudn mat dé tién hanh nhan dang
khéac nhau nhuv Eigenface [21] va LBP [22].

4.1. Thuc nghiém trén co sé dir liéu CMU-PIE

Co s& dit liéu mat nguwoi CMU-PIE bao gom 41.368 biic
anh mau cla 68 ngudi. M6i nguoi duoc chup dudi 13 tu
thé, 43 cudng do sang, 4 sac thai khudn mat khac nhau. Dé
thuc nghiém két qua, mdi ngudi 18y 45 anh chup truc dién,
moi anh c6 dd sang khac nhau dwoc chup bdi may anh
trung tam (c27), bao gdbm hai diéu kién "tat den" va "bat

24 | Tap chi KHOAHOC & CONG NGHE @ S6 54.2019

den". Loai "tit dén" bao gdm 21 do sang tir f02 dén f22,
trong khi loai "bat den" bao gom 24 do sang tlr fO0 dén 23
nhu trong hinh 7(a). Khudn mat nguoi dwgc trich xudt va
chuén héa duwagi cing mot kich thwdc 96x132. Téng cong
chiing t6i c6 3600 anh. Chang t6i st dung lan lugt ting
phuong phap ASVD, TSVD, CFLT va ALDS dé thu dugc céc
anh tr anh mau mat nguoi géc dé tién hanh nhan dang.
Hinh 7 biéu dién cac anh gdc va két qua cla cla cac
phuong phap. Hinh 7(a) biéu dién 45 anh dudi 45 do sang
khac nhau, trong ca diéu kién “tit dén” va “bat den” cla
mot nguoi trong co s& dir liéu CMU-PIE. Hinh 7(b) biéu dién
két qua thu duogc sau khi &p dung phuong phap ASVD va
két qua ctia phrong phap TSVD droc biéu dién trong hinh
7(b). Két qua cho thdy, anh sau khi dwoc nang cao khong
qué khéc biét so v6i anh g6c vi cac phuong phap nay xt ly
anh trong mién khong gian. Hinh 7(c) biéu dién anh thu
dugc khi ap dung phuong phap CFLT nhu thao luén trong
muc 2.1. Két qué cho thay, &nh da r nét hon nhung chdng
ta van thdy dugc tac dong clia dieu kién “tat den” va “bat
den”. Két clia phuong phap ALDS clia chlng t6i duoc biéu
dién trong hinh 7(d). Két qua cho thdy, tét ca cac anh da ro
nét hon, dac biét la cac anh bi che khuat va tai tao duoc lan
da gbc clia ngudi, trong rat ty nhién. Tat ca cac &nh c6 mau
sac giéng nhau nhu dugc chup ciing mét thoi diém trong
diéu kién “bat den”.
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Hinh 7. (a) 45 &nh g6c clia mdt nguai trong co so dit liéu CMU-PIE; (b) ASVD
clia (a); (c) TSVD clia (a); (d) CFLT clia (a); (€) ALDS clia (a)

Bang 1. K&t qua nhan dang mét ngudi trén co sb dir liéu CMU-PIE bang
phuong phap eigenface

S6 Ti lé nhan dang

thanhphan | Znhggc | ASVD | TSVD | CFLT |  ALDS
10 58,77 6382 | 6039 | 6333 | 7412
2 75,54 7873 | 7814 | 8054 | 87,60

30 81,13 83,24 | 8314 | 8515 91,57
40 83,38 8534 | 8525 | 8711 93,73
50 84,85 86,91 | 8657 | 88,33 94,80
60 86,13 87,75 | 87,84 | 89,22 95,20
70 87,06 88,48 | 88,58 | 89,80 95,64
80 87,30 89,07 | 88,82 | 90,00 95,98
90 87,79 8941 | 89,22 | 90,20 96,37
100 88,19 89,66 | 8951 | 90,25 96,52
110 88,63 90,00 | 90,05 | 90,44 96,72
120 88,82 90,15 | 90,34 | 90,69 96,81
Tétca 90,05 91,22 | 9143 | 9242 98,14
100 , N e
| A ROENCR I ORI
90 ! )Ia |____:| e 1 ! . ,!\ Lo =55
" / == == ol Lol
€ 80 -/ HF SIS
g | N
e 70 "'// R T % """ S * etp=Anh géc -
e WG RN | =B=ASVD
FoY 1l = TSVD
50 , = CFLT
| ~H=ALDS
40

10 20 30 40 50 60 70 80 90 100 110 120 all

S8 lwong cac thanh phan dung dé hudn luyén va kiém tra

Hinh 8. Ti I& nhan dang bang phrong phap eigenface trén co s dif lidu
CMU-PIE

Pau tién, chang téi str dung phrong phap eigenface dé
danh gid hiéu suat cta nhan dang khuén mat. Phurong
phép eigenface dua trén viéc anh xa tuyén tinh anh mat
ngudi vao khdng gian dac trung c6 s6 chiéu thdp hon bang
cach str dung phuong phap phan tich thanh phan chinh
(PCA). N6 str dung céc thanh phan chinh la cac véc-to riéng
tuong (ng véi cac gia tri riéng Ién nhat lam dac treng va
sau d6 dung gidi thuat hang x6m lan can nhéat gitta anh
hudn luyén va anh kiém tra. D€ tién hanh nhan dang, voi
moi nguoi trong co s& dif liéu, ching tdi chon 15 anh dé
hudn luyén va 30 anh con lai dé kiém tra. Két qua nhan
dang duoc biéu dién trong bang 1 va hinh 8. Két qua cho
thay, phuong phap ALDS dd nang cao dang ké ti 1é nhan
dang mat ngudi, cao hon anh goc, ASVD, TSVD, CFLT lan
lwot 14 8,09%, 6,42%, 6,71% va 5,72%.

Tiép theo, chiing t6i ti€p tuc so sanh ti Ié nhan dang cla
phuvong phap ALDS véi cac phuong phap ASVD, TSVD,
CFLT bang phuong phap trich xudt dic trung khac nhw
phuong phap méu nhi phan cuc bd (LBP). Khéng giéng nhu
phuong phap eigenface bi &nh huéng rat 16n béi sy thay
déi clia do sang. Phuong phap LBP loai ba dwgc thong tin
chira dd sang va thu dwgc cdu tric cda &nh khudn mat
nguoi. Hinh 9(a) biéu dién cac &nh mat nguoi géc va anh
LBP clia chting va hinh 9(b) biéu dién cac &nh ALDS va anh
LBP cla chung cho thdy, hinh &nh LBP clia ALDS rd rang
hon. K&t qua nhan dang bang LBP trong bang 2 cho théy,
sau khi sir dung ALDS, ti I&é nhan dang tang 2,92%, 2,18%,
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1,98% va 1,9% khi so sanh véi anh géc, ASVD, TSVD va
CFLT. Biéu nay chirng td, ALDS khdng nhitng tang cudng
mau sic cla anh mat nguoi, ma con ting cuong duoc ca
cdu trdc cdia &nh mat nguoi.

Bang 2. Két qua nhan dang mat ngudi trén co sb dif liéu FERET béng phuong
phép LBP

. Ti Ié nhan dang
Cosoditlieu [~
Anhgdc | ASVD TSVD CFLT ALDS
CMU-PIE 95,08 95,82 96,02 96,10 9
FERET 90,55 90,85 90,85 91,20 945

Hinh 9. Anh thu duroc khi &p dung phuong phép LBP. (a) Anh gdc va LBP clia
anh gdc; (b) Anh ALDS va LBP clia chiing
4.2. Thyc nghiém trén co s& div liéu FERET

Dé kiém tra thém kha nang nhan dang khuén mat cla
ALDS, ching tbi cling da st dung cac phwong phap
eigenface va LBP dé danh gia hiéu sudt nhan dang khuén
mat trén bd co s& dir liéu FERET. Co s& dir liéu FERET duwoc
dua ra bai Vién Tiéu chuin va Céng nghé Qudc gia My
(NIST), gbm 11.338 anh duogc thu thap tlr 994 nguoi voi
nhiéu séc thai khudn mét va nhiéu do sang khac nhau. Dé
tién hanh thuc nghiém, chiing t6i chon 810 ngudi trong co
s dir liéu, mbi ngudi gdbm 02 anh trong tap fa va fb nhu
biéu dién trong hinh 10, trong d6 fa dugc dung dé huén
luyén con fb diing dé kiém tra.

@ (b)

Hinh 10. Vi du vé anh fa va fh clia mdt ngudi trong co s6 d{F liéu FERET

26 | Tap chi KHOAHOC & CONG NGHE @ S6 54.2019

Hinh 10 biéu dién céc hinh anh géc trong co s& dir liéu
FERET va hinh anh ASVD, TSVD, CFLT va ALDS. Ciing giong
nhv trong co s& di liéu CMU-PIE, hinh anh ASVD & hang 1
va TSVD & hang 2 khong c¢6 quéa nhiéu si khac biét so véi
anh géc. Tuy nhién, &nh CFLT & hang 3 va dac biét anh
ALDS & hang cudi cung cho thdy, tat ca cac anh déu cling
mot do sang, qua dé lam khudn mat ngudi rd nét hon. Két
qua nhan dang bang eigenface trén co s& dir liéu FERET
duoc biéu dién trong bang 3 va hinh 12. Két qua cho théy,
sau khi sir dung ALDS, ti Ié nhan dang tang 29,5%, 23,5%,
10,5% va 1% khi so sanh véi anh goc, ASVD, TSVD va CFLT.

Hinh 11. Hang 1 gdm 05 &nh trong FERET; hang 2 gdm ASVD clia hang 1;
hang 3 gom TSVD clia hang 1; hang 4 gom CFLT clia hang 1; hang 5 gom ALDS
cliahang 1

Bang 3. K&t qua nhan dang mét ngudi trén co st i liéu FERET béng phuong
phap eigenface

S0 Ti lé nhan dang
thanhphan [ Znngsc | AsvD | TsvD | cRLT | ALDS
10 50,0 490 | 690 | 705 | 720
2 60,0 600 | 765 | 790 | 825
30 615 655 | 800 | 800 | 865
40 65,0 695 | 810 | 840 | 900
50 65,5 705 | 825 | 850 | 925
60 65,5 710 | 835 | 845 | 935
70 66,0 715 | 835 | 840 | 940
80 66,0 715 | 845 | 850 %
) 66,0 715 | 850 | 855 | 965
100 675 730 | 845 | 870 | 960
110 675 730 | 850 | 875 | 960
120 675 730 | 855 | 875 | 965
Tétca 68,5 745 | 875 | 880 | 980
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$8 lwong céc thanh phan dung dé huan luyén va kiém tra

Hinh 12. Ti Ié nhan dang béng phuong phép eigenface trén co so di lidu
FERET

K&t qua nhan dang bang LBP trén tap di¥ lieu FERET
trong bang 2 cho thay, sau khi st dung ALDS, ti Ié nhan
dang tang 3,95%, 3,65%, 3,65% va 3,3% khi so sanh v¢i &nh
gbc, ASVD, TSVD va CFLT.
5. KET LUAN

Trong bai bao nay, moét phuong phap tién xt ly hinh
anh mai co tén ALDS dwgc dé xudt dé nhan dang khuén
mat mau du6i nhiéu dd sang khac nhau. Phuvong phéap nay
c6 thé lam cho hinh anh khudén mét mau ré hon, tw nhién
hon va min hon, ngay ca khi hinh anh khuén mat bj che
khudt. Cac két qué thlr nghiém dua trén hai co s¢ dir ligu
mau mat phé bién hién nay la CMU-PIE va FERET cho théy,
phwong phap duoc dé xudt la cuc ky hiéu qua trong cac
(rng dung thuc t€. Phrong phap nay cho thay hiéu suat cao
cho tac vu khdp khudbn mat va chic chan ciing hitu ich
trong Iinh vuc thi gidc may tinh, phat hién khuén mat va
phét hién mau da.
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