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NHAN DANG MAT NGUOI DUNG POLAR COSINE TRANSFORM
VA MANG RADIAL BASIS FUNCTION

V6 Hoang Minh', Tran Binh Long', L& Hoang Théi%, Trin Hanh'

! Truong Pai hoc Lac Hong, Pdng Nai
2 Truong Pai hoc Ty nhién, Pai hoc Quéc gia Thanh phé Hd Chi Minh

Tém tit. Nhan dang mit nguoi tu dong di dugc nghién ciru va tmg dung rong rai trong nhiéu
linh vyc ciia cude sdng: bao mat, ching thuc dwa trén sinh tric hoc, quan 1y truyén thong da
phuong tién, giai tri dién toan. Mic dau nghién clru vé nhan dang mat nguoi ty dong da dugce
thuc hién tir nam 1960, tuy nhién dén nay bai todn nay van 1a mot bai toan kho. Thach thic cua
viéc nhan dang 14 kha nang rat trich thong tin hiéu qua dung dé phan biét khudén mat ciia nhirng
ngudi khac nhau theo sy khac biét dua trén dic tinh hinh hoc va quang tric. Trong bai bdo nay
ching t6i dé xuit mo hinh ding Polar Cosine Transform (PCT) va mang Radial Basis Function
(RBF) dé nhan dang mat ngudi. Anh mit nguoi sau khi duoc xur 1y, tiép theo chung t6i dung
Polar Cosine Transform (PCT), véi vu diém truc giao, bét bién, dé rat trich vector dic trung
cho mang Radial Basis Function (RBF). Két qua thir nghiém dugc tién hanh trén co so dit lidu
anh YALE, gém tap anh mat ctia 15 nguoi khac nhau, mdi ngudi 11 anh, tong sé anh 1a 165,
v6i ti 1é nhan dang dat 96,92% cho thiy tinh kha thi ctia phuong phap dé xuét.

Tiwr khoa: Nhan dang mat nguoi, Polar Cosine Transform, Radial Basis Function.

1. Giéi thi¢u

Anh mat nguoi la dac trung sinh tric hoc dugc su dung rong rai dé nhan dang mot
nguoi vi tinh chat d& thu thap dit liéu cta anh. Ngay nay, ngudi ta dé dang trang bi cac
thiét bi thu nhan anh & bat ki dau: trong co quan, camera ¢ cac diém cong cong, thiét bi
chuyén dung trong diéu tra theo ddi tdi pham, cac thiét bi chup anh va quay phim ca nhan
cling ngdy cang tré nén phd bién. Cho dén nay linh vuc nhan dang mit nguoi di nhan duoc
rat nhidu sy quan tam. Nhiéu phuong phap da dugc dé xuit cho myc dich nay nhu Gabor
wavelet [1], PCA [2], LDA [3], ICA [4], Pseudo-Zernike-RBF [5]. . ., va bai toan nhan
dang mit ngudi nhin thang, trong tu thé nghiém co thé noi 1a da duoc giai quyét triét dé.
Tuy nhién khong phai lic nao ta cling thu dugc nhitng tim anh nhu ¥ mudn do nhitng vén
dé lién quan dén nhidu, che khuéat, cac trang thai va goc do khéc nhau cua khuén mat, ....
Tir d6 phat sinh v6 s6 van dé thach thirc, thu hat nhiéu sy quan tim cta cac nha nghién
ctru. Trong s6 cac van dé lién quan dén nhan dang anh mit ngudi nhin thang hién nay c6 2

van dé 16n hién van chua duoc giai quyét tot: Mot 1a truong hop mat mat théng tin, anh bi
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méat mat thong tin c6 thé do anh bi nhiéu trong qué trinh thu nhan anh, khuén mat ddi
tuong bi che khuat do deo kinh, deo khau trang hodc bi che boi vét thé khac hodc do diéu
kién sang t6i khi chup 1am anh huéng mot ving nao d6 trong anh; Hai 13 trang thai cam
xuc trén khuén mat, anh mat nguoi co thé duoc chup O céc trang thai khac nhau nhu cuoi,
khoc, budn, vui qua muc hodc gian di...

Trén thuc té qué trinh ghi hinh ddi tuong, thuong ta khong céd diéu kién thu dugc mot
tAm anh 1o rang, dﬁy du do bi che khuét hodc bit budc khuon mat ddi tugng O trang thai
nghiém nghi dugc. Do do, mot hé théng nhan dang anh mat nguoi nhin théng trong trang
thai bi mat mat thong tin va xac dinh dugc trang thai cam xtc cia khuon mat (¢ day, chung
toi chi gidi han trong céc trang thai khuon mat sau: gian dir, hanh phtic, ngac nhién, s¢ hai,
budn ba, kinh tém va binh thudng) thuc sy hitu dung va c6 gia tri tng dung thuc tién cao.

Trong pham vi nghién ctru cta dé tai nay, chung toi tim hiéu, thir nghiém va dé xuat
md hinh dung Polar Cosine Transform (PCT) rat trich dac trung khuon mat va mang
Radial Basis Function (RBF) dé nhan dang mat nguoi trong tu thé nhin thang c6 kha ning
giai quyét duogc 2 van d& néu trén. PCT ¢6 wu diém hon cic moment tryc giao khéc: [6]
Legendre moments, Orthogonal Fourier Mellin moment [7], Legendre moments, Zernike
moments [8] and Pseudo-Zernike moments [9] nhd vao su don gian nén tbc do tinh nhanh,
khong tén nhiéu thoi gian, da thire PCT 6n dinh it sai s6. Chung toi hy vong mé hinh nay
c6 thé duge ung dung rong rai trong thuc té va mang lai nhiéu loi ich, gop phén hoan thién
hé théng nhan dang mit ngudi trong tuong lai.

Phan con lai ciia bai bao duoc td chire nhu sau: Hé théng nhén dang mdt nguoi va tién
xtr Iy anh duoc gidi thiéu trong phan 2. Phan 3 trinh bay k¥ thuat rit trich dic trung va
thiét ké bd phan 16p. Phan 4 trinh bay két qua nghién ctru trén co so dir liéu YALE [10] va

phan 5 cac két luan.
2. H¢é thong nhin dang khudn mit

Hé théng nhan dang mit nguoi gdm ba phan. Phan dau 1 budc tién xir 1y, anh tinh mat
ngudi duge xir 1y dé chuan hoa, loai bo nhiéu, . . .phan hai rat trich cic dic trung tir anh
thu duoc & phan mot. Phan ba phan 16p anh mat nguoi dya vao cac dic trung thu duge &
phan 2. Hinh.1
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Trong hé thdng nay chung t6i dung phuong phap bién ddi Wavelet cho tién xir Iy lam

— Tiénxuly Rut trich dac trung PCT Mang RBF |[—»

\4

A\ 4

Hinh 1-H¢ thong nhan dang mit nguoi

giam anh hudng ciia d6 sang va chuan héa mit cho viée rut trich dic trung bang cach thay
d6i k¥ thuat can bang Histogram toan cuc véi can bang histogram thich nghi giéi han
tuong phan.
3. Rit trich dic trung va phan lép

Bang phan tich moment [11], mot hinh anh bat ky c6 thé duoc mo ta lai ddy du, phan
tich moment 13 phuwong phap ndi tiéng va dugc sir dung nhiéu trong xtr 1y anh. Trong bai
bao nay chung t6i sir dung moment bién doi Polar Cosine[12] cho viéc riit trich dac trung.
3.1. Polar Cosine Transform (PCT)

Cho mdt anh 2D f(x,y), ta co thé chuyén doi tir hé toa do dé cac dén hé toa do cuc
f(r,0), trong d6 r va 0 1a ban kinh va goc tuong tmg. Cong thirc chuyén dbi tir hé toa do de

cac sang hé toa d6 cuc: r=4x24+y? 1)
Va 0 = arctan (f—{) 2

Anh duoc dinh nghia trén duong tron don vi voi r < 1, va co thé tai tao vi ham co ban
Hm(l‘,@)

f(rae) = E;::DEE—DC Mannl [:I‘,EI] (3)
trong d6 hé s6

M, =2 [7" [ (r,0)H (r,8)rdrde (4)
Ham co ban duge tinh boi:  H, (r,8) = R, (r)e'® (5)
Vi R_(r) = cos(mnr?) (6)

Va théa man diéu kién truc giao:
Jy Ra(Ry (n)rdr = 28,1 )
Va L7 fT Hoy (n,8)H  y(r,8)rdrd8 = 78, 8y (8)

Trong dé &;1a Kronecker delta. Tur (4)va (5)(6) viét lai nhu sau
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M, = Ef;ﬂ f: f(r, 8) cos(mnr?) [CDS(IEI] — isin[lﬂ])rdrdﬂ 9)
. (1 ifn=20
Vo “= {z ifn=0 (10)

Nho sy don gian va tinh 6n dinh cua PCT, qua thyc nghiém véi n > 16 s€ cho vec to

dic trung t6t hon.
3.2. Mang Radial Basis Function

Mang Radial Basis Function (RBF) [13] ¢6 céu tric nhu hinh 2, gdm 3 16p. Lép nhap
12 mot tap hop gém n nut twong Gng véi n yéu td cua véc to dic trung duoc rat trich tir anh
bang phuong phap PCT. Cac nat nhap nay duoc két ndi ddy da véi r nit an cua 16p an, sb
nat 4n béng voi sb nat nhép. Trong l6p 4n cAc nut 4n nay duoc goi 1a don vi RBF, céc nlt
an nay cung duoc két ndi day du v6i s nlit xuat cua 16p xuat. Moi nat xuat 13 mot khudn

mau dac trung dai di€n cho cac trang thai cia khudn mat.

Lép nhap Lép 4n Lép xuét

Hinh 2 -Mang Radial Basis Function
Ham hoat dong cua cac don vi an duoc thé hién nhu sau:

R()=R,(=2), i=12..r (11)

1
Véi x 1a vector nhap n chiéu, ¢; la vector n chiéu goi 1a tim cuia cidc don vi RBF, o la
do rong cua cua cac don vi RBF va r 1a s6 lugng cac don vi RBF. Ham hoat dong déc trung
cua cac don vi RBF dugc chon theo ham Gaussian vdi véc to trung binh c¢; va véc to bién o;

theo biéu thirc: R, (x) = exp(—2=3l0) (12)

Trong biéu thirc trén o7 dai dién cho cac dudng chéo ciia ma tran hiép phuong sai ctia
ham Gaussian. Nat xuét thi j cua nat nhép x dugce thé hién:
y: (x) = b(j) + Zi=; R (®)w, (i.9) (13)
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Véi wa(i, j) 1a trong s6 két ndi cua don vi RBF thir i v6i niit xudt tht j va b(j) 1a do 1éch

clia nut xuét thir j. Do 1éch nay duoc bo di dé lam giam do phirc tap ciia mang nay,do dé:

y; (%) = Lo Ry () wo (1) (14)

4. Két qua nghién ciru
Pé kiém tra hiéu qua cua hé théng, chung t6i thyc hién nghién ctu trén co s¢ dir
liéu Yale.

4.1 Co sé dir liéu Yale

Co s¢ dir liéu Yale duoc léy tur trung tdm thi gidc may tinh va diéu khién cua Pai hoc
Yale, gdbm cac hinh 4nh ciia 15 ngudi khac nhau, mdi ngudi 11 anh, tong sb 165 anh. Tap
anh thé hién cac hinh dang hoic cam xuc khac nhau ctia mot ngudi: chiéu sang chinh gitra,
chiéu sang bén phai, chiéu sang bén trai, c6 deo kinh, khong deo kinh, vui, budn, budn ngu,

ngac nhién, nhay mat va binh thuong. Hinh 3

=L
AP O E

Hinh 3 -Nhitng anh mat trong co s¢ dir liéu Yale
bé danh gia su hi€u qua cua h¢ théng, chung toi kiém tra trén co s& dix liéu Yale. Anh
dugc chuan héa va giam kich thudce con 80x80 pixels, voi nhitng diéu kién sang khac nhau
va biéu 16 khac nhau.

Hinh 4 -Chuin hoa anh khudn mit
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4.2 Két qua nghién ciru

Dé chuan hoa vi tri va do sang ctia anh chung toi dung wavelet dwa trén ki thuat chuan
hoa do sang. (Hinh 4) Tiép theo, dung PCT dé rat trich tao véc to dic trung cho mang
RBF. Chiing t6i dung 100 anh huin luyén va 65 anh test cho mdi 1an thi, vi co s6 dit lidu
Yale c6 gidi han, chung to6i tién hanh thur nghiém nhiéu 1an dé tinh ti 1& nhan dang trung
binh. Két qua cho thay ti 1é nhan dang trung binh cta phwong phap dé nghi dat 96.92%.

Bang 1.
Bang 1 -Ti 1€ nhan dang cua phuong phap PCT-RBF
Test Sang Sang Sang  Peo  Khéng Vui  Budn Buon Ngac Nhay Binh
gitra phai  tréi kinh  kinh ngt  nhién mat  thuong
1 96.98 96.58 9695 97.01 97.68 96.88 96.45 96.93 96.90 97.27 96.77
96.8 97.88 97.76 96.87 96.64 96.46 96.95 96.78 97.20 96.98 97.02
97.7 96.85 9592 9742 96.84 9745 97.86 9725 96.98 96.85 97.15

Kiém tra két qua nhan dang véi moment n=20 véi ti 1& chap nhan sai (FAR) va tir chdi
sai (FRR) v&i ngudng (thres) 0.2954, bang 2

Ti 1& thanh cong tong cong (TSR) duoc tinh theo cong thirc:

_ _ FAR+FERR
TSR = (1 total number DFEEEESSES} X 100% (15)
Bang 2 -Két qua kiém tra
Moment | thres FAR(%) | FRR(%) | TSR(%)
PCT 0.2954 2.7998 3.1674 96.92

5. Két luin

Trong bai bao nay ching t6i dé xuat phuong phap rut trich ddc trung dung bién doi
Polar Cosine do kha ning bat bién, it bi anh huéng bdi nhiéu ctia né va mang no ron RBF
dé phan 16p thu duoc két qua t6t. O bude tién xur Iy dé 1am rd khudn mit va chuan hoa do
sang (muc xam) chung t6i diung wavelet dua k¥ thuat chuan hoa do sang. Phuong phap cua
chiing tdi da duoc test thanh cong trong co s dit liéu Yale, voi cac loai anh thudng, nhiéu,
thay d6i. Két qua tinh toan cho thay hé théng cua ching toi cho ti 16 nhan dang dat 96,92%.
Hy vong trong tuong lai c¢6 thé tiép tuc cai tién thém va mg dung rong rai trong céc linh

vuc can c6 sy nhan dang véi dd chinh xac cao.
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