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TOM TAT

Nhdn dang khudn mdt da hdp ddn céac nha nghién cizu vi kha nang dp dung trong an ninh

va thi truong. Nhgn dang khuQn mat ba chieu la nhiém vu quan trong va nén dwoc nghién cuu

Vi N0 tranh dwroc nhirng khuyét diém cua nhan dgng khuon mat hai chiéu la khong nhégn dang

diung khi dg sang thay doi, hay khudn mqt c6 cac treng thai bieu cam khac nhau, hay khuon

mat trang diem, hay khudn mdt quay theo cdc hwéng khac nhau. Bien the hiéu qua cua thuqt

toan Idp diem gan nhat ding dé so khop hai tdp hop diem ba chieu da duoc ap dung vao dac

trung vung miii dé nhan dang khu()n mat ba chieu. Ket qua thu nghiém dya trén tap dir liéu

khudn mgat ba chiéu Gavab3D gom 427 khudn mat cua 61 nguoi cho két qud tot voi do chinh
xac la 92%.

Tir khéa: Nhan dang khudn mgt ba chiéu; Igp diém gan nhat; so khép hai tap hop diém ba
chieu; ving miii; Gavab3D.

ABSTRACT

Facial recognition has attracted much research interest recently for its applicability in
various domains such as security and marketing. Three-dimensional face recognition
approaches have been proved more robust than two-dimensional ones in dealing with changes
in illumination condition, head orientations, facial expressions and make up. In this paper, we
apply an efficient variant of the iterative closest point algorithm to align two
three-dimensional point sets using nose region features for three-dimensional face recognition.
The author demonstrates the proposed method with numerical experiment on Gavab3D data
set including 427 facial images of 61 people. The experimental result shows that the proposed
method performs well with accuracy of 92%.

Keywords: Three-dimensional face recognition; iterative closest

three-dimensional point sets; nose region; Gavab3D.

point; align two

(three-dimension - 3D) tir cudi thé ky 20 va

1. GIOI THIE : .
GlO 2 kéo dai cho dén nay. Nhan dang khudn mat

Nhan dang khuén mat la mot trong
nhiing k¥ thuat sinh tric hoc sir dung trong
cac hé diéu khién truy xuat, hé giam sat va
hé tra tién bang thé tin dung. Nhan dang
khudén mat hai chiéu (two-dimension - 2D)
da duoc nghién ciu ky ludng, tuy nhién dé
dat duoc dd chinh xac cao hon, cac nha
nghién ctru di bat dau phat trién cac ky thuat
nhan dang khudbn mat ba  chiéu

3D la phuong phap nhan dang khudn mat
hién dai str dung dic tinh hinh hoc ba chiéu
bat bién cua khudn mat, diéu nay tranh duoc
nhitng khuyét diém vén c6 cia phuong phap
nhan dang khudn mat 2D la khéng nhan
dang dung khi do sang thay d6i, hay khuén
mit c6 cac trang thai biéu cam khac nhau,
hay khudn mat trang diém, hay khudén mat
quay theo cac hudong khac nhau. Vi vay nhan
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dang khuén mat 3D la nhiém vu quan trong
va nén dugc nghién cau.

Nam 1992, P. J. Besl et al trong [1] da dé
xuat thuat toan Iap diém gan nhat (lterative
Closet Point - ICP) dé dang ky cac dang 3D
khac nhau la: tap d1em tap doan thang, tap
duong cong tham sé, tap du:ong cong an, tap
tam giéc, tap bé mat tham sé va tap bé mit an.
Nam 2006, K. I. Chang et al trong [2] da
ding ba ving chira miii va thuét toan ICP dé
nhan dang khuon mat 3D.Do phai ding dén
ba viing chira mii va thuat toan ICP c6 dién
nén kém chinh xac va cham. Nam 2013, H.
Drira et al trong [3] da dung d6 cong ban
kinh suy ra tir chop mii va phéan tich hinh
dang co dan dé nhan dang khuoén mat 3D, tuy
két qua c6 d6 chinh x4c cao nhung lai qué
phicc tap. Céac nghién ctu vé nhan dang
khuén mat 3D ding thuat toan ICP ¢ thé tim
thiy trong [4], [5], [6], [7], [8], [9], [10] va
[11]. Céc nghién ctru day du hon duoc khao
sat trong [12].

2. CAC PHUONG PHAP PANG KY
HAI TAP HQP DPIEM 3D DUNG
THUAT TOAN LAP PIEM GAN
NHAT ICP

2.1 Thuat toan ICP

Nam 1992, P. J. Besl et al trong [1] da
nghién ctru phuong phap lap diém gan nhat
ICP dé dang ky cac dudng cong hay bé mat tyr
do. Pay 13 phuong phéap hiéu qua dé tai tao dit
li¢u 3D va nhan dang khudén mat 3D. Sau khi
cho trude ma tran tinh tién t va ma tran quay
R, hai tap hop diém s& dugc diéu chinh sau
nhiéu phép lap. ICP 1a thuat toan lap s€ hoi tu
don diéu t6i gia tri cuc tiéu cuc bd gan nhat
dua trén do do khoang cach binh phuong
trung binh.

Cho P = {p;} la tap diém dir liéu can
Chuyen dong dé khop vei tap diém mo hinh
= {x;}, trong do s6 diém cua tap P la N,
bang Véi s6 diém trong tap X 1a N, va moi
diém p; tuong ung v6i mbi diém x; c6 cuing

chi sé.

Quaternion don vi cia phép quay la vecto
bon phan tir qg = [q0q:19.q3]° trong d6
o =0 Vva g5 +qi +q%2+q5=1. Ma tran

quay 3 x 3 sinh ra tur quaternion quay la R
va duoc trinh bay & cudi trang nay.
Goi qr = [q4 g5qs]° 1a vecto tinh tién.
K)'l hiéu vecto trang thai ding ky day du Ia
= [q RIqT] Ham muc tiéu binh phuong
trung binh can cuc tiéu hoa la:

T(q)——Z Wl = qarll? (2)

Khéi tam p, cia tap P va khéi tam p,
cuatap X la:

R(qr)P: —

1

N . 1 N
Wp = N—pZi;’l pi va py = N—XZi;’l Xj (3)

Ma tran hi¢p phuong sai chéo X, cua
tap P vatap X la:

1 N.
x = N—pzifl[(m - Mi)T] (4)

Thanh phan chu trinh cua ma tran phan
doi xingd;; = (Z,x — z{,x)ij dugc dung dé
tao ra vecto cot A = [A,345,4,,]7. DUng
vecto nay dé tao ramatran 4 x 4Q(Z,,)
Q(sz) =

tr(Zpy) AT

A Zox + E0 — tr(Z,0)15

trong do I; la ma tran don vi 3 X 3. Vecto
riéng don vi qg = [qoq19293]® twong Gng
voi tri riéng 16n nhat cia ma tran Q(Z,,)
dugc chon lam phép quay toi wu, khi d6 vecto
tinh tién toi vu 1a:
qr = Uy — R(qR)”p (6)

Phép todn quaternion binh phuong bé
nhat c6 do phuc tap la O(N,) va duoc ky
hiéu la:
(ql dms) = Q(P' X) (7)
trong do dy,s la sai s6 binh phuong bé nhét,
q(P) dung dé ky hiéu tap P sau khi bién doi
dung vecto dang ky q.

— ) (x;

()

Thuat toan sé ngung sau mot s6 phép lap
sao cho hiéu d,,s cua lan truéc va 1an sau nho
hon sai s6 € cho trudc.

2.2 Thuét toan ICP mét phan

Tré ngai cua thuat toan ICP 6 ché né chi
dung dugc cho truong hgp bé mat thir nhat 1a
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mét phan cua bé mat thir hai hay hai tap hop
diém phu 1ap hoan toan. Nam 1994 Z. Zhang

d3 dé xuét thuat toan ICP mot phan trong
[13].

q5 + 97 — 95 — 45
2(9192 + 9093)
2(q193 — 9092)

R =

Khac nhau giita ICP va ICP mot phan la
ICP mét phan xir Iy dugc hai tap hop diém phu
lap mot phan 1én nhau, nén né xir Iy tét cac doi
tuong du ra, dut gay, xuat hién hay bién mat.

Ham muc tiéu caa ICP mot phan la:

F(R,t) = z”+v >¥ v, d*(Rx; + t,P)  (8)

i=1"1

trong d6 x; 1a diém tht i trong tap md hinh
X, N, 1a sb luong diém trong tap md hinh X
va P la tap dit liéu can chuyén dong dé khép
véi tap mo hinh X.R la ma tran quay 3 x 3
va t 12 ma tran tinh tién 3 x 1 giira tap mo
hinh va tap dix liéu, d?(Rx; + t,P) la binh
phuong khoang cach Euclid tir diém x; toi
tap P, v; la trong sé quyét dinh cap diém co
phai 1a twong wng hay khéng, v; cothé bang 0
hay bang 1. Néu x; khop véi mot diém trong
P thi v; bang 1, nguoc lai v; bang 0.

Ta xem xét truong hop v; = 1, khi d6
ham muc tiéu sé la

F(R,6) = - L7 IRx; + t =y ©)

trong d6 y; la diém tha i trong tap dix liéu P
tuong tng véi diém x;, N, 1a s diém twong
ung.

Tha tuc ICP mét phan gdm ba budc diéu
chinh: (i) tim cip diém tuwong ung, (ii) loai bo
cip diém khong hop Ié va (iii) tinh toan ma
tran quay, ma tran tinh tién va so khép. Hai tap
hop diém s& duoc khop lai véi nhau sau mot
vai phép Iap cua ba budc nay.

_ Sau day la cac budc cua tha tuc ICP mot
phan.

2.2.1 Tim cip diém twong rng gan nhat
Khoang céch giita diém x; trong tap md
hinh X vai tap dix liéu P la

d(x; P) = miny,ep d(x; y;) (10)

2(9192 — 9093)
a5 + 45 —qai — 45
2(q293 + 9091)

2(q193 + 9092)
2(9293 — 9091) (1)
a5 + a5 —qi — a3

trong d6 y; la diém trong tap dir liéu
P.d(x; y;) 1a khoang cach Euclid gitra diém
X va Yi , X = (xl,xz,xg) va
¥i = (Y1, Y2, y3)la toa do cua diém x; va y;,
khi do:

d(xi,yi) =
\/(xl —y1)2+ (= y2)* + (x3 —y3)? =
l|x; — il (11)

Chi phi tim ra mot diém gan nhat trong
tap di liéu la O(N,) véi N, 1a sb diém trong
tap dir liéu. Toan bo chi phi cho tung diém
trong tap dit lidu 12 O(N,N,) véi Ny 13 s6
diém trong tap mo hinh. Chi phi 16n nhu vay
s& ton kém thoi gian va tai nguyén khi tinh
toan diém gan nhat giira tap mé hinh va tap dir
licu. P& giam bot chi phi, ta ding cay nhi
phan tim kiém k-chiéu, cay k-D, k-D tree, viét
tat cua k-dimensional binary search tree. O
day cay 3-D dung dé to chuc cac diém 3D. Chi
phi tim kiém trung binh khi ding cay k-D
giam bat chi con O(logN,).

2.2.2 Loai bé cip diém khong hop I¢

Diém chinh caa ICP mét phan 1a tim ra
cap diém twong ing giira hai tap diém 3D va
loai bo cap diém khong hop & dé xir ly
truong hop du ra va bién mat. Cap diém
twong Gmng duoc xac dinh bang cach ding
ngudng khoang cach D,,,,.Khi khoang cach
ciia mot cap diém 16n hon ngudng D,q, thi
no sé bi xda, luc nay v; = 0 trong ham muc
tiéu & cong thuc (8), cac cap diém con lai la
cac cip diém tuong tng va v; = 1. Sau mot
vai phép lip hai tap hop diém s& duoc khép
véi nhau.

2.2.3 Tinh toan ma tran quay, ma tran tinh
tien va khép lai

Luc nay ta da co cac cip diém tuong ng
trong tap diém gan nhat la x; cuatap mé hinh
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X va y; cuatap di liu P. Ham muc tiéu khi
do sé la:

FR,t) = —Z LillRx; + t — yil? (12)

v6i N 14 s6 cip diém tuong tng. Dé t6i thiéu
hoa ham muc ti€u binh phuong trung binh va
tim ra ma tran quay R va ma tran tinh tién ¢,
ta c6 thé ding mét trong cac phuong phap:
phén tich gia tri ky di, ma tran truc chuan
quaternion don vi va quaternion ddi ngau.

2.3 ICPty I¢

Ta d3 biét ICP la thuat toan hiéu qua ding
dé dang ky hai tap hop diém, tuy nhién gitra
hai tap hop diém cd ton tai hé s6 ty 1¢. Nam
2010,S. Du et al trong [14] d& dé xuat ICP ty
1é dé giai quyét bai toan so khop hai di tuong
¢ kich thudc khac nhau.

Thém ma tran ty 1€ Svao ham muc tiéu
cua cap diém can so khop & cong thic (12), ta
duoc

F(R,S,t) = —Z mIIRSx; + € — yill* (13)

trong d6 y; la diém tha i trong tap dix liéu P
tuong ng Vai diém x;cua tap md hinh X,N,,
la s6 diém tuong ung.

Ta can cyc ticu hoa ham muc tiéu méi ¢
trén. Néu cong thic (13) dat giatri cuc tiéu thi

no s€ thoa phuong trinh (t) =0.

OF () _ Z

S = w L (RSx; + ¢ - (14)

yi)=0
Giai ra, ta duogc:
Zl 1yl - _Z Rsxl

Thay t vao ham muc tiéu, ta dugc:
23 |Rs (i - 5 2 ) -
( — 3 y) F e

Ma tran quay R theo quaternion doi
ngdu la  R=(q}—q"q)I+2qq" +
2q,K(q), day la ma tran truc giao, nén
RTR = I, voi I 1a ma tran don vi.

bat:

(15)

F(R,S) = 5= 2"

1
u; =x; — EZE Xi (17)

Vi=Yi— Zl 1Yi (18)
Khi do,
F(R,S) = Z ™||RSw; — v;||? =
—(sz TSZu —2Y N yIRSy; +
Y vly,) (19)

Cong thic (19) Ia parabol theo R va S,
dé tim gia tri cuc tiéu cua parabol nay, ta dung
phuong trinh vi phan riéng:
dF(R,S)

=0 (20)
dF(RS) _
T2 =0 (21)

Dé suy ra ma tran ty 1¢ tir cong thie (19),
ta cho:

69—"(RS)
zsz ulSEju; — 23" vIRE;v; = 0 (22)
¢ d6 E;=diag(0,..,0,10,..,0) VGi

j =1,2,3 lama tran dudng chéo, thanh phan
thr j bang 1, cac thanh phan khac bang 0, j
la con so6 dé chi so chieu, ¢ day j = 1,2,3 Ia
de chi tap di liéu 3D.

Tinh hé so ty 1¢ S; theo cong thic (22)
S — ZNm v{RE iU

J NmT
LT u

(23)

Eju;

Sau khi da c6 ma tran ty I€ S, ta tinh ma
tran quay R bang cich dung matran 3 X 3H
va phan tich gia tri ky di cua no.

H——Z ' Su;v] (24)

H=UAvV (25)
Néu dinh thic caa VUT = 1, thi VUTIa
phép quay:
R=vUT
Néu dinh thuc coa VUT =

hop nay it khi xay ra, khi do
Xa, ta xét hai truong hop:

(26)

—1, truong
VUTIa phép phan

o Néu mot trong céc gia tri ky di cua H
bang 0, thi phép quay R dugc tinh

nhu sau:
° ot 27)

R=V[I"6‘1 =
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e Néu khong c6 gié tri ky di nao bang 0,
phuong phap tbi thiéu hoéa binh
phuong bé nhat 1a khdng phu hop, ta
phai dung thuat toan khéc, chang han
nhu RANSAC dé xir ly bai toan nay.

Lap lai cac bude trén cho dén khi hoi tu hay
dat t6i 6 1an lap cho trudc ta s& duoc S va R.

Cuébi cung, ta suy ra t
1 «Np
t= Ezi=1 Z RSx,

2.4 Bién thé hl(;u qua caa thuit toan ICP

Nam 2001, S. Rusinkiewicz et al trong
[15] da khao sat cac bién thé khac nhau anh
huong dén mot trong sau giai doan cua thuat
toan ICP la:

(i) Chon céc tap diém ¢ mot hay hai anh.

(28)

(i) Doi sanh nhirng diém trong anh nay
véi nhitng diém trong anh kia.

Panh trong s6 nhitng cip diém tuong
ung mot cach thich hop.

(iii)

(iv) Loai bo nhitng cap diém khong hop I&.

(v) Gén mot do do sai sb dya trén cac
cap diem.

(vi) Tbi thiéu hoa do do sai sb.

Dya trén viéc khao sat cac bién the nay, S
Rusinkiewicz et al da chonra biéﬂn the hiéu qua
va de xuat dugc mot thuét toén on dinh va tap
trung bao gom: chon cac diém sao cho phéan
phoi chuan cua no lon nhat, loai bo cé}c cap
diém du ra mét cach thich nghi va toi thiéu hoa
khoang cach diém-mat phang doi xang.

3. APDUNG PE XUAT

Chung ti nhan thay khi khudn mat biéu
16 cam xtic nhu cudi thi phan miéng va mét
bi bién dang nhiéu nhat, con phan miii gan
nhu khong thay d6i nén ching tdi da trich
chon phan mili bang thu céng dé nhan dang
nhu trén Hinh 1.

Hinh 1. Phan miii dwoc chon

Khéc véi K. I. Chang et al trong [2]
dung ba vung chira mii, ching t6i chi dung
mot vung chira miii nén thoi gian nhan dang
s€ nhanh hon. Qua nghién ctu cac phuong
phap ding ky hai tap hop diém 3D & phan 2,
ching t6i chon bién thé hiéu qua cua thuat
toan ICP cua S. Rusinkiewicz et al trong [15]
dé nhan dang khudn mit 3D.

4. KET QUA THU NGHIEM

Bai bao da su dung co so dir liéu khuén
mit 3D Gavab DB nim 2004 cua [16] dé thir
nghiém va danh gia két qua. Gavab DB gém
549 anh khuon mat 3D cua 61 nguoi (45 nam
va 16 nir), mdi ngudi chup 9 kiéu anh khac
nhau: abajo: hoi cti xudng, arriba: hoi nguéc
Ién, izquierda: quay tradi, derecha: quay
phai,frontall: nhin thing kiéu mot, frontal2:
nhin thang kiéu hai, gesto: cudi kiéu mét,
risa: cudi kiéu hai, sonrisa: cuoi kiéu ba va
duoc trinh bay ¢ Hinh 2.

- & ;;\
W TEXuREK

Hinh 2. Chin kiéu dnh cua mét nguoi

Ching toi da loai bo hai kiéu anh quay
trai va quay phdi vi goc quay qua lén chi
nhin thdy mot bén mat. Anh nhin thang kiéu
mot dugc dung lam anh trung bay, sau anh
con lai dugc dung lam anh do.

Bdng 1. So sénh két qua nhdn dang véi mét

So phwong phap khac

Ph. Phap | P. Guan | H.Drira | Ching

Kiém tra | etal [17] | etal [3] toi
Abajo 84% 100% 95%
Arriba 82% | 98.36% 93%
Frontal2 93% 100% 98%
Gesto 84% | 94.54% 80%
Risa 86% | 95.90% 85%
Sonrisa 85% | 95.90% 98%
Trung binh 86% 97% 92%

Ta thay cac kiéu anh nhin thang, hoi cui
Xuong, hoi ngudc 1én déu co do chinh xac
cao vi vung mii cua cac kiéu anh nay khong
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bi bién dang. Trong khi d6 cac kiéu anh cudi
kiéu mot, hai va ba c6 do chinh xac thip hon
vi viing miii bi bién dang.

So sanh véi P. Guan et al trong [17] thi
két qua cua ching toi tot hon. So sanh vai H.
Drira et al trong [3] thi chdng t6i c6 kém hon
do ho da dung phuong phap kha phuc tap la
d6 cong ban kinh suy ra tir chop miii va phan
tich hinh dang co din dé nhan dang khuén
mat 3D, con phuong phap cua chdng toi thi
don gian hon.

5. KET LUAN

Bai bao nay gioi thi¢u phuong phap méi
ding dé nhan dang khuén mit 3D. Y tuong
co ban 1a chi dung mét ving chira miii dé
nhan dang vi mii it bi bién dang nhat khi
khuon mat biéu 16 cam xdc va bién thé hiéu
qua cua thuat toan ICP. Két qua nhan dang c6
do6 chinh xac 92% cho thiay huéng nghién
cau nay la phu hop.
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