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TOm tit: Trong bai bao nay, ching i da dé& xuit mot phuong phap tidp can mai dé nhan dang khudn mit dua
trén h¢ thong cua mang neural tich chap (Convolutional Neural Network - CNN). Véi anh mat ngudi, chiing toi
&p dung mo hinh CNN trén ting thanh phan ciia khudn mat, d6 1a thong tin yéu. Théng tin yéu 14 thong tin duoc
trich xuat boi cac ving cua cac thanh phan cia khudn mit, chiang han nhu thanh phan mat trai, mét phai, miéng
va toan mat. Két qua cua hé thdng CNN la cac bo, cac phan tir caa mdi thanh phin ma cé xac suit I6n nhét.
Chung t6i da 1ay két qua cudi cing bang phuong phap két hop tré va phuong phap bo phiéu. Ching toi da thir
nghiém trén 02 co s& dit liéu la ORL, CyberSoft. Thuc nghiém trén ORL va CyberSoft, ching tdi phat hién ra
trong s toan cuc cia phuong phap bo phiéu. Sir dung trong s6 nay, ching t6i ¢6 do chinh xac cao nhat trén 02
co so dir liéu, nhu 99,375%, 99,5% trén co s& dir liéu ORL, CyberSoft.

Keywords: Nhan dang khuén mat, cac thanh phan khudn mat, mang neural tich chap, phuong
phap bo phiéu .
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Abstract: In this paper, we proposed a new approach for face recognition based on Convolutional Neural
Network’s system. A given face image, we applied Convolutional Neural Network (CNN) to each facial
component region, which is weak information. The weak information are information were extracted by regions
of face components, such as left eye region, right eye region, mouth region and the frontal face region. The
results of CNN’s system are sets, the elements of each set were the most probabilities of each classifier. We got
the final result by late fusion with voting method. We experimented on 02 databases which are ORL, CyberSoft.
Working on ORL and CyberSoft, | found out the global weights of voting method. Using this weights, we get the
highest accuracy of 02 databases, which are 99.375%, 99.5% on ORL database, CyberSoft database.

Keywords: face recognition - facial components - multi-CNNs - late fusion - voting method.

1. Giéi thiéu

Trong cudc cach mang cong nghiép 4.0, tri tué
nhén tao dugc &ng dung trong rat nhiéu linh vuc khoa
hoc va doi song xa hoi. Xay dung thanh phd théng
minh thi van dé an ninh, phong chong toi pham, nhan
dang tinh trang 14i xe,.. dugc danh gia quan trong.

Pé thyc hién duoc van dé trén thi nhan dang
khudn mat mot bai toan doi hoi c6 dd chinh xac cao.
Bai toan nhan dang khudn mat vén dugc nghién ciu
tir nhimg ndm 1970 va cho dén nay, rat nhiéu nghién
ctu 1an g dung cho bai toan nay di ra doi. Nhiéu
phuong phap thuc hién véi do chinh xac cao nhu
PCA, LDA, Gabor va LBP, nhung gap kho khan lon
khi anh mat nguoi bi tic dong tir méi tredng xung
quanh, vi du nhu géc chup, mic do sang, ti khi lay
anh. Chit lugng anh doi khi khong dwoc sic nét do
anh huong boi nhiéu, phoi sang. Ngoai ra, mot nguoi

theo thoi gian thi khudn mit s& bién d6i, do d6 phan
nao anh huong dén thong tin trén mat nhu ria mép,
rau, cling nhu mot s6 anh mat ngudi cd deo thém phu
kién nhu mét kinh, doi khi vi tri cua mét kinh van
khac nhau, nhu léch xudng khong ding vi tri. Bén
canh d6 trang thai cua khudn mat cting anh huéng lon
dén van @ nhan dang nhu vui, budn, cudi, ha miéng,
ngam mdi, nheo mit hay mg mit to,...

Trong bai b&o nay, chling t6i dé xuat phuong phap
nhan dang khuén mit nguoi bang méy hoc chuyén sau
cho tirng thanh phan khuén mat (nhu thanh phan mat
tréi, thanh phan mat phai, miéng va toan mat), roi xay
dung bo nhan dang két hop tir cdc CNN thanh phan.

Va&i CNN, khi nhan dang véi dir liéu trich dac
trung tu dong 1a anh toan mat, thi c6 thé nhiéu thong
tin khong "nhin thdy", nhung néu tach riéng thi c6 thé
cac didc trung nay s& dwoc "nhin thiy". Vi thé ching
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t6i quyét dinh xay dung bd nhan dang két hop tir cac
CNN thanh phan.

2. Phwong phap thuc hién
T6m tit thuat toan nhu Hinh 2.1, tir cic anh ban
dau trong bo dir liéu va anh kiém tra, céc dir liéu nay
da duogc xir ly dé tach dix liéu cho thanh phan cé trén
khudn mit nhu thanh phan mat tréi, thanh phan mat
phai, thanh phan miéng, va hinh anh toan mat.

Anh trong b dit liéu huén
luyén gém mat trai, mat
phai, miéng va toan mat

M&i thanh phén, huén
luyén bing CNN

Anh kiém tra gém mat

trai, mt phai, mi¢ng va —)l M3i thanh phin, tinh 46 chinh xéc
todn mit

Két lugn doi
tuong ciaanh
kiém tra

Hinh 2.1. Tém tdt thugt todn téng quét ciia dé tai

Trong bai bao nay, ching tdi tién hanh xay dung
mo hinh CNN cho cac thanh phan nhu : Thanh phan
dir liéu anh mét trai, mit phai, miéng va toan mat. Tir
d6, chang toi s& hién thyc dé tinh d6 chinh xac nhan
dang trén nhitng thanh phan nhu:
Do chinh xac trén mdi thanh phan dir ligu: thanh
phan mat trai, thanh phan mat phai, thanh phan
miéng va thanh phan toan mat

- Do chinh xac khi két hop ca 3 thanh phan: thanh
phan mat trai, thanh phan mat phai, thanh phan
miéng

- Do chinh xac khi két hop ca 4 thanh phan: thanh
phan mit tréi, thanh phan mét phai, thanh phan
miéng va toan mat.

2.1 M0 hinh téng quat

Trong bai béo nay, ching toi dé xuit md hinh
nhan dang khudn mat nguoi, Hinh 2.2. M& hinh nay
duoc tich hop tir 4 mé hinh CNN tuong ng cho tirng
thanh phan: thanh phan mit tréi, thanh phan mat phai,
thanh phan miéng va toan mat.

Sau khi huan luyén md hinh CNN cho ting md
hinh CNN thanh phan, véi mai md hinh CNN; (véi i
=[1..4]), chang t6i sir dung m; ( vei j= [1..5]) phan tir
nhan dang cho kha niang cao nhat CNN; goi la tap céc
phan tir 0; = {Pi,m]-}m]

Sau d6 ap dung hé thong phan loai tich hop tir
nhiéu phan loai khac nhau dé tinh ra d6 chinh xac dé
nhan dang mot déi tueong

| CNNyiasi | | CNNaizng

| O1=Puyie erai | | O:=Puicng | | O3=Panmit |

I ! L
|

| O4=Puicphii |

Hinh 2.2. Mé hinh téng quat

2.2 Kién tricc CNN téng quat

Trong bai b&o nay, ching toi lya kién tric CNN
cho tirng phan, Hinh 2.3. Véi tha ty trong ting tang di
tir giai doan tich chap (CONV), rdi sir dung ham kich
hoat ReLU, va cudi cing 1a Pooling. Sau do 13p lai dé
¢6 thong tin ddc trung nhan dang su & muc phu hop.

Bilcting

Bi lyc g Bilhetingn

Hinh 2.3. M hinh téng quét

Trong bai bao nay, qué trinh thuc nghiém ching
t6i s dung m6 hinh CNN, Hinh 2.3. Gdm 3 tang,
trong tirng tang toi s dung day du 3 giai doan: giai
doan mot 12 tinh tich chap (CONV), giai doan 2 thuc
hién ham kich hoat(RELU) va giai doan cudi trong
tang 1a thuc hién Pooling, giai doan pooling duoc st
dung ¢ day la max pooling.

Cudi cung, 16p Fully-Connected (FC) cho ra
vector dic trung cuia anh, dung dé tinh diém cac doi
tugng.



2.3 Xay dung hé théng phan loai tich hep tir
nhiéu phan loai khac nhau

Vi ly do thdng tin & c4c thanh phan it va cé thé c6
thanh phan khong cé thdng tin nén ching tdi xay dung
bo phan loai két hop tré tir n két qua cia n bo phan
loai trudc dé(cy thé trong bai bao nay toi cd 4 thanh
phan 12 mét trai, mat phai, miéng va toan mat) dya vao
trong s6 Xac suit cua tirng bo phan loai. Mdi két qua
ctiia mot bo phan loai xem nhu 13 mot bién ngau nhién.

Cho anh kiém tra, gia st ching toi chia mat ra
thanh n thanh phan gom thanh phan mat trai, mét
phai, miéng va thanh phan toan mat, khi d6 voi mdi
thanh phan i, ching toi chon k dbi twong c6 thanh
phan i trén mat co xac suat gidng voi thanh phan i
trén anh kiém tra nhét, sau d6 chung toi tinh diém k
dbi twong day. Sau n thanh phan, dbi twong nao co
diém cao nhat, ching ti két luan d6 chinh 1a dbi
tuong thudc anh kiém tra.

Xét dbi twong a, ham tinh xé&c suit a c6 kha niang
phan loai dang 1a Pgygicung Cha di tugng a la

n

Pcysicung = argmax Z a; X P;(Objecty,)

i=1 (1)
n
L. k€B
VoiB = UOi
1

Trong do:
a;: Hé sb cua thanh phan i.
P;(Object): Xac suit thanh phan i caa ddi
tuong k gidng véi thanh phan i trong anh kiém tra.
n: S thanh phan st dung dé nhan dang.
Chung t6i xac dinh hé sé thanh phan bang céach
sau khi huan luyén ting thanh phan i trén anh huin
luyén, chiing t6i dwa thanh phan i trong anh kiém tra
vao dé xac dinh d6 chinh xé&c B;, sau dé, chiing t6i tinh
tong do chinh xac. Khi d6, hé s6 a; bang B; chia cho
tong do6 chinh xac. Chung toi thu dugc gia tri
P;(Object,) trong qué trinh huan luyén trén ting
thanh phan.

_ B
- ;'l=oﬁj (2)

a;

Sau khi kiém tra trén n thanh phan, d6i twong nao
¢6 diém cao nhét thi ching toi két luan anh kiém tra
chinh 1a ciia d6i twong d6. Dit ligu trén thyc nghiém s&
xéc dinh dugc cu thé hé sé a; .

2.4 Xay dung hé sb quan trong a dai dién cho
nhidu b di lidu

Sau khi tinh dugc hé sé quan trong cho tirng bo dir

liéu, chiing t6i dé xuat cong thirc tinh hé s6 quan trong

a chung dai dién cho cac bo dit liéu theo cong thic

3).
k
1
Xchung = EZ a; (3)

i=1
Trong do:
k 1256 bo dit liéu.
a; € RM,i=1..nlacéc bd trong s6 cua mot bo
dix liéu.

3. Thue nghiém
Ching tdi thuc nghiém trén may st dung hé diéu
hanh Windows 10 Pro ban 64 bit véi RAM 8GB,
Intel(R) Core(TM) i7-3632QM CPU @ 2.20GHz.
Trong qua trinh huin luyén, chang toi st dung Python
két hop vé6i thu vién ma ngudn mo TensorFlow do
Google phét trién, chay trén nén Jupyter Notebook.

Trong bai bao nay, ching toéi thuc nghiém trén 2
bo dit ligu ORL va CyberSoft. Trong tirng bo dit liéu,
t6i chia ra 1am 4 thanh phan, thanh phan mit trai, mat
phai, miéng va toan mat. Vi tirng bo dit liéu thanh
phan, t6i ldy 80% hinh anh dé huan luyén, sau khi
huan luyén, bo dir liéu kiém tra gom 20% cua bo dix
liéu chua duoc huan luyén va 25% cuaa 80% bo dir liu
da duoc huan luyén cho ting thanh phan riéng.

3.1 B dir liéu ORL

Bo dir lieu ORL duogc thu thap tuo thang 4 nam
1992 dén thang 4 nam 1994, ctia Pai hoc Cambridge.

Trong bo dit liéu ORL, gdm c6 1600 anh, bao gdm
4 thanh phan nhu thanh phan mat trai, thanh phan mat
phai, miéng va toan mat. Trong mdi thanh phan gom
400 anh, cho 40 d6i twong khac nhau, mdi ddi tugng
¢6 10 anh. Véi 256 murc d6 xam cua mot diém anh.

Hinh 3. 1 M4t s6 hinh trén bé da ligu ORL



Bang 1. Kich thuedc méi thanh phan trén bg dit lidu ORL

Thanh phin Kich thuéc  Hinh dai dién

Thanh phin mét

trai a

32 x 32

Thﬁnh phan mat 32 x 32 ﬂ
phai

Thanh phin miéng 40 x 24 -
Toan mat 112 x 92

3.2 B0 dit liéu Cybersoft

Bo dir liéu nay duoc thu thap boi cdng ty Global
CyberSoft. Véi bo dir liéu nay, gom 3200 anh cho 4
thanh phan. M3i thanh phan c¢6 800 anh cho 40 ddi
tugng khac nhau. M&i dbi twong c6 20 anh.

Hinh 3. 2 Mgt s6 hinh trén bg da liéu CyberSoft

Bang 2. Kich thudc ciia méi thanh phan trén b div liéu

3.3 Tinh da dang cia 2 b dir lidu

Vi 2 bo dir lisu ORL va CYBERSOFT la céc
hinh anh dugc chup truc dién, theo phuong thing
dung, voi nhiéu géc do chup khac nhau, véi nhiéu
trang thai khac nhau, & nhing thoi diém st dung céc
phu kién trén khudn mat khac nhau. Ca hai b dit liéu
nay da dang, cu thé:

Anh khudn mit nguoi ¢6 tinh da dang, vi du nhu
c6 luc deo kinh, c6 luc khong deo kinh, xoay sang
phai hay sang trai mot goc khong dang ké, dam bao
khong mat thong tin trén khuén mat nhu mét trai, mét
phai va miéng.

Ca hai bo dir liéu, cac anh duoc chup khuén mat
chinh dién,c6 mot sb anh nghiéng mot goc khong
dang ké dé dam bao khong mat cac thanh phan trén
khuon mat. Bdng thoi anh cua bo dit liéu dugc chup &
nhiéu trang thai khéc nhau nhu cudi khong cuoi.Llc
thi cuoi véi moi ngam, lac cudi véi 2 ¢ trang thai ho
rang,....

Céac g6c nhin cua d6i twong khac nhau, nhu nhin
Ién, nhin xudng, nhin sang trai, sang phai, c6 thé két
hop nhiéu hinh thai nhu via cuoi vira nheo mat, hay
mé mat to, hay nheo mit lai. Chiu tac dong boi ngoai
canh, anh bi mo.

Thiét bi Iéy anh khac nhau, nhu Samsung, Iphone,
Canon,... nén d6 phan giai khac nhau, chat luong mau
sic, do sang khac nhau.

3.4 Chon h¢ s6 cho hé thong CNN

Ching tdi st dung kién trdc CNN 3 tang. Trong
moi tang c6 day du 3 giai doan nhu CONV, RELU va
POOL. Bang 4.3, s& chi ra cc hé s ¢ giai doan nhan
tich chap (CONV) trén ting tang, ciing nhu kich
thudc bo loc, s6 bo loc, budc nhay cua b loc trén cua
) truot.

Bang 3. Kich thuéc ciia bg loc CONV ciia cdc ting

CyberSoft Tang Kich S6 bo loc Budc
Thanh phén Kich thuéc  Hinh dai dién thudc nhay
\ . CONV 5x5 16 1
Thanh phdn mét tréi 32 x 32 . !
CONV, 4 X4 32 1
Thanh phan mat
anh phin mé 32 % 32 . CONV; 3x3 48 2
phai
Thanh phin miéng 40 X 26 - 3.5 Xay dung bd hé sé quan trong ciia hé thong
tich hop
Vé6i bo dit lieu ORL: Chang tdi huan luyén va
kiém tra trén 4 thanh phan gdm mét trai, mat phai,
Toan mat 80 x 80 miéng va toan mit, thu dugc d6 chinh xac trén ting

phan ciing nhu 1a x4c sudt xay dung b hé sé quan
trong cho tirng thanh phan, Bang 4.



Bang 4. D¢ chinh xdc trén bo dir lieu ORL

Bdng 8. Trong sé trén 3 thanh cia bg diF liéu CyberSoft

Thanh phan Do chinh xac  Tén trong sb Thanh phan Tén Trong sb
Thanh phan mit trai 87.500% ORL Thanh phan mit trai aics 198/584
Thanh phan mat phai ~ 83.125% ORL Thanh phin mat phai ales  197/584
Thanh phan miéng 88.125% R Thanh phin miéng @3 s 189/584
Toan mat 98.125% BORL

Vi dir ligu trén Bang 4, ta chi liy thong tin 3
thanh phan gém mit trai, mat phai va thanh phan
miéng. Ap dung cong thic (1), chdng t6i tinh dugc hé
sd quan trong a5 cho 3 thanh phan trén, Bang 5.

Véi dir liéu trén Bang 7, ta lay thdng tin 4 thanh
phan gom mat trai, mat phai,miéng va toan mat. Ap
dung cong thuc (1), ching téi tinh dugc hé s quan
trong a,, cho 4 thanh phan trén, Bang 9.

Bing 9. Trong s6 trén 4 thanh phdn cia bg di liéu

Bdng 5. Trong sé trén 3 thanh cia bg di liéu ORL CyberSoft

Thanh phin Tén Trong s6 Thanh phan Tén Trong s6

Thanh phan mat trai a3 oL 140/414 Thanh phan mat i~ af g 198/782

Thanh phan mit phai a3 gp, 133/414 Thanh phin matphai  af s 197/782

Thanh phan miéng a3 ors 141/414 Thanh phan miéng aics 189/782
Toan mit atcs 198/782

Vi dir liéu trén Bang 4, ching toi ldy thong tin
trén tit ca 4 phan: mat trdi, mat phai, miéng va toan
mat. Ap dung cong thirc (1), ching t6i tinh dwoc hé s6
quan trong a4, cho 4 thanh phan trén, Bang 6.

Bdng 6. Trong sé trén 4 thanh phan cua b dir liéu ORL

Thanh phan Tén Trong s6

Thanh phdn mit trdi ~ afop, 140/571
Thanh phan mit phai  af op,, 133/571
Thanh phin miéng ai oL 141/571
Toan mit a5 orL 157/571

V6i bo dir lisu CyberSoft: Ching tdi ciing huan
luyén va kiém tra trén 4 thanh phan gdm mit tréai, mat
phai, miéng va toan mat, thu dugc d6 chinh x&c trén
ting phan ciing nhu 1a xac suit xay dung bo hé sé
quan trong cho tirng thanh phan, Bang 7.

Bang 7. D¢ chinh xdc trén bé dir liéu CyberSoft

T dit liéu hé sb quan trong a;5 cho 3 thanh phan
trén bo dir liéu ORL, Bang 5 va hé s quan trong a,;
cho 3 thanh phan trén b dir lisu CYBERSOFT, Bang
8. Ap dung cong thirc (3), ching t6i tinh hé s6 quan
trong chung véi 3 thanh phan trén 2 bo dir liéu, Bang
10.

Bang 10. Hé s6 quan trong a3 chung cho 3 thanh phan

Thanh phan Tén Trong s6

Thanh phin mat trdi ~ @3gepa  3386/10000
Thanh phan mit phai @5 gopa 3293/10000
Thanh phan miéng a3 gobar 3321/10000

Thanh phan Do chinh xac  Tén trong s6

Thanh phan mat trai 99.0% CS
Thanh phan mét phai 98.5% s
Thanh phin miéng 94.5% S
Toan mat 99.0% CS

Vi dir ligu trén Bang 7, ta chi liy thong tin 3
thanh phan gébm mét trai, mat phai va thanh phan
miéng. Ap dung cong thic (1), chang t6i tinh duoc hé
sd quan trong a,; cho 3 thanh phan trén, Bang 8.

Tur dir liéu hé sé quan trong a;, cho 4 thanh phan
trén bo dir lisu ORL, Bang 6 va hé sb quan trong a,,
cho 4 thanh phan trén b dir lisu CYBERSOFT, Bang
9. Ap dung cdng thuc (3), ching toi tinh hé sé quan
trong chung véi 4 thanh phan trén 2 bo dir liéu, Bang
11.

Bang 11. Hé s6 quan trong a4 chung cho 4 thanh phan

Thanh phan Tén Trong sb

Thanh phin mat trdi @4 g 2492/10000
Thanh phan mit phai ~ @f gy~ 2424/10000
Thanh phan miéng a3 ot 2443/10000
Toan mit @ goba 2641/10000




3.6 Két qua thuc nghiém
Ching t6i tién hanh thuc nghiém trén ting hé sé
riéng, va hé sb chung, lan luot thu duoc két qua vé do
chinh xac trén tirng b6 dit liéu nhu sau:
Do chinh xac vai hé sé riéng trong Bang 12.
Bang 12. D¢ chinh xdc khi thuc hién trén bo dir liéu ORL,
CyberSoft, sir dung hé so riéng

B6 dir liéu 3 thanh phan 4 thanh phan
ORL 95.000% 99.375%
CyberSoft 99.500% 99.500%

Do chinh xéc khi sir dung hé s chung cua 2 bo di
liéu ORL va CyberSoft

Bang 13. D¢ chinh xdc khi thuc hién trén b¢ dir liéu ORL,
CyberSoft, sit dung hé s6 chung

3 thanh phan 4 thanh phan
ORL 94.375% 99.375%
CyberSoft  99.500% 99.500%

So sanh két qua dat dugc trong bai bao nay so véi
cac phuong phap da lam trude day, Bang 14

Bang 14. So sanh voi két qua ciia cdce bai da lam trwde ddy

Thuét toan ORL CyberSoft
[1] 86.070% -

[6] 99.250% 90.0%
[7] 94.170% -

[8] 97.500% -

[9] 91.000% -
Chung tdi (3 o 0
thanh phin) 94.375% 99.5%
Ching toi (4 o 0
thanh phin) 99.375% 99.5%

4. Kétluin

Trong bai bao niy, ching t6i da dé xuit mot
phuong phap nhan dang khuén mit dya trén viéc két
hop giita cac thanh phan yéu dé dat duoc phan loai
manh va sir dung phuong phap két hop mudn dé ting
hiéu suat nhan dang. V6i mét dir liu khudn mat, toi
chia hinh anh trong mdi d6i tugng thanh 4 thanh phan:
thanh phan mét tri, méat phai, miéng va toan mat. Toi
khéng sir dung thanh phan mii, vi ddi véi céc hinh c6
géc chup hoi nghiéng trai hay nghiéng phai, ci dau
hay ngudc 1én s& lam mét théng tin ciia miii. Chang
t6i da s dung md hinh CNN dya trén kién tric
LeNet-5 d& huan luyén va kiém tra trén ting thanh
phan. Cudi cing két hop cac thanh phan nay lai dé
tang hiéu suat nhan dang. Ching t6i da thir nghiém
trén co sé dit lieu ORL, CyberSoft, Georgia Tech. Két

gua chtng t6i dat dugc 99.375% trén bo di lieu ORL,
99.5% trén CyberSoft khi sir dung tit ca 4 thanh phan:
Mt trai, mat phai, miéng va toan mat.
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