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Nhan dién khuén mat vé&i OPENCV va thuat toan LBPH
Face recognition with OPENCV and LBPH algorithm

Lé Hai Thanh', Poan Van Chi’,
Nguyén Hiru Phat!, Nguyén Trong Cac?

*Tac gia lién hé: ntcac@saodo.edu.vn

'Pai hoc Bach khoa Ha Noéi

2Trwong Dai hoc Sao Bé

Ngay nhan bai: 08/11/2023

Ngay nhan bai stra sau phan bién: 25/3/2024
Ngay ch&p nhan dang: 29/3/2024

Tém tat

Bai toan nhan dang khuén mét luén cé vai trd quan trong trong nhiéu linh vwc ctia d&i sdng hang ngay nhu: Cac
hé théng giam sat, quan ly vao/ra, tim kiém théng tin ngudi ndi tiéng, d&c biét 1a an ninh, bdo mat; ngoai ra day
cling la van dé rat quan trong trong qua trinh giao tiép gitra ngudi véi ngudi, théng qua giao tiép chung ta co thé
xac dinh dwoc gidi tinh, tudi tac, ching tdc, trang thai cdm xuc,... Nhan dang khuén mat khéng phai la bai toan
m&i nhung van la mot thach thire rat Ién va thu hat sw quan tdm ctia cac nha khoa hoc hién nay. Trong bai bao
nay dé& xuat qua trinh thwe hién nhan dang khuén mat s& dung thw vién ngudn mé may tinh (OpenCV) va thuat
toan biéu d& mau nhj phan cuc bd (LBPH). Qua trinh kiém thtr dwoc thwe hién véi div liéu khuén mat dua ra
két qua twong dbi chinh xac trong diéu kién anh sang phu hop, géc nhin dén camera truc dién va géc nghiéng,
ngwdi dung dé mét trong dang phan géc vudng dé chup hinh va nhan dién, d6 chinh 1a 80,08%. Céc két qua thi
nghiém da chirng minh dwoc wu diém cla giai phap dé xuét.

Twr khéa: Thu vién nguén mé méy tinh; biéu db mau nhj phan cuc bd; nhan dang khuén mét; xt ly anh; méa héa.

Abstract

The problem of facial recognition always plays an important role in many areas of daily life such as: Surveillance
systems, entry/exit management, searching celebrity information, especially security and protection. bile;
In addition, this is also a very important issue in the process of communication between people, through
communication we can determine gender, age, race, emotional state,... Identification Face is not a new problem
but is still a huge challenge and attracts the attention of scientists today. In this paper, we propose a process to
perform face recognition using an open source computer library (OpenCV) and the local binary pattern histogram
(LBPH) algorithm. The testing process was performed with facial data, giving relatively accurate results in suitable
lighting conditions, frontal camera viewing angle and side angle, with the user placing his face in the correct right
angle to take the photo. and recognition, accuracy is 80.08%. The experimental results have demonstrated the
advantages of the proposed solution.

Keywords: OpenCV; LBPH; Face Recognition; image processing; encoding.

1. DAT VAN BE gidi quyét cac bai toan nhan dang chi viét, nhan dang
d4u van tay, nhan dang khuén mat,... Bbi twong cho
viéc nghién ctvu nhan dang ciing rat phong phu va da

dang. Trong bai b&o nay chung téi chon dbi twong la

Véi sy phat trién khéng ngirng ctia khoa hoc va coéng
nghé, dac biét la véi nhivng chiéc dién thoai théng minh
(smartphone) ngay cang hién dai va dwoc st dung phd

bién trong d&i séng con ngudi da 1am cho lwgng théng
tin thu dwoc bang hinh anh ngay cang ting. Theo do,
linh ve xt ly anh cling dwo'c chu trong phat trién, (rng
dung rong rai trong doi sdng xa hoi hién dai. Khéng chi
dirng lai & viéc chinh sira, tdng chét lwong hinh anh
ma véi cdng nghé x& ly anh hién nay chung ta cé thé

Nguw&i phan bién: 1. GS.TSKH. Than Ngoc Hoan
2. TS. b6 Van binh

khudén mat.

Mét trong nhirng bai toan dwoc nhiéu ngudi quan tam
nhét cta Iinh ve xt ly anh hién nay do 1a nhan dang
khuén mat (Face Recognition). Nhw chung ta da biét,
khuén mat déng vai trd quan trong trong qua trinh
giao tiép gitra ngwdi v&i ngwdi, nd mang mét lwong
théng tin giau cé, chadng han nhw tlr khuén mat ching
ta c6 thé xac dinh gidi tinh, tudi tac, ching toc, trang
thai cdm xuc, dac biét la xac dinh mdi quan hé véi dbi
twong (c6 quen biét hay khéng). Do d6, bai toan nhan

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, 56 1 (84) 2024 | 11
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dang khuén mat déng vai trd quan trong trong nhiéu
linh vwe doi sébng hdng ngay cla con ngwdi nhw cac
hé théng giam sat, quan ly vao/ra, tim kiém thong tin
mot ngwdi ndi tiéng, ddc biét Ia an ninh, bdo mat,... Co
rat nhiéu phwong phap nhan dang khuén mét dé nang
cao hiéu suét, tuy nhién du it hay nhiéu nhirtng phwong
phap nay dang vap phai nhirng thir thach vé d6 sang,
hwéng nghiéng, kich thwéc anh, hay dnh hwéng cla
tham s6 méi trwdng.

Bai toan nhan dién khuén mé&t bao gdm nhiéu bai
toan khac nhau nhuw: Phat hién mat nguwoi (face
detection), danh dau (facial landmarking), trich chon
(rat) dac trwng (feature extration), gan nhan, phan Iép
(classification). Trong thwc t&, nhan dang khuén mat
ngudi 1a moét hwéng nghién ciru dwoc nhiéu nha khoa
hoc, cong ty hang dau quan tam vi du nhw: Microsoft,
Apple, Google, Facebook déu cé cac trung tam vé sinh
trdc hoc (Biometrics Center) va nghién cru vé& nhan
dang khuén mat ngwoi va né da tré thanh mét trong
nhirng Iinh virc nghién ciru chinh cho dén ngay nay.

F(x) = Tongvungden(pixel) -Tongvungtrang(pixel) (1)

Tai Viét Nam, c6 mot s6 cbng trinh nghién cru lién
quan dén nhan dang khuén mat nhw Nhan dang khuén
mat s dung Bag-of-Words. Nhém tac gid nay dé xuét
mot thuat toan khéi Bag of Word dé nhan dang khuén
mat bang cach chia khuén mat thanh nhiéu khéi dac
trweng SIFT, tr do tinh toan va lwong t& hoa vector
thanh cac codeword khac nhau. Cubdi cung, & mbi khéi
codeword, sau dé ndi dai cac ti tAn sb tir cac khoi dé
biéu di&n khudn mét. Bén canh do 1a cong trinh nghién
ctvu Nhan dang khuén mat bang Eigenface. Tac gia
nay da trinh bay vié xay dwng moét hé théng nhan dang
bao gdm viéc phat hién ra khuén mat, theo vét khudn
mat, trich rut cac dac trwng va nhén dang khudén mat
str dung Eigenface.

Dé tiép nbi cac cong trinh nghién ciru, em xay dung
mot phwong phap khac dé nhan dién khuoén mat. Trong
bai bao nay dé& xuét trinh thyc hién chwong trinh nhan
dién khuén méat st dung thw vién ngudn mé may tinh
(Open source computer vision library - OpenCV) va
thuat toan biéu dd mau nhj phan cuc bd (Local Binary
Patterns Histograms - LBPH).

2.CO SO LY THUYET
2.1. M6t s6 dinh nghia trong xtr ly anh

Gbc clha anh (anh tw nhién) la anh lién tuc vé khong
gian va do sang. Pé x&r ly dwoc bang may tinh, anh
can phai dwoc s hoa. S6 héa anh la sy bién dbi gan
daung mot anh lién tuc thanh mot tap diém phu hop voi
anh that vé vi tri (khdng gian) va dd sang (muc xam).
Khoang cach gilra cac diém &nh dé duoc thiét 1ap sao
cho mét nguwoi khdng phan biét dwoc ranh gisi gitra
ching. M&i mét diém nhw vay goi la diém anh (Picture

Element - PEL) hay goi tat Ia Pixel. Trong khuén khé
&nh hai chiéu, mdi pixel rng v&i cap toa dd (x, y) [1].

Do phan giai (Resolution) cGia anh la mat do diém anh
dwoc An dinh trén mot anh sé dwoc hién thi.

- M&rc xd4m clia diém anh: La cwéong d6 sang dugc gan
bang gia tri s6 tai diém do.

Trong khuén khd ly thuyét 3 mau (Red, Blue, Green) dé
tao nén thé gi¢i mau, nguoi ta thuwong dung 3 byte dé
mo t& mrc mau, khi d6 cac gia tri mau la:

28 = 2% _ 16,7 triéu mau.

Anh sé |4 tap hop cac diém anh véi mire xam phu hop
dung d& moé ta anh gan véi anh that.

2.2. Phwong phap phat hién khuén mat Haar-like-
Adaboost

T4t ca khudn mat ngudi déu c6 chung nhirng dac diém
sau khi da chuyé&n qua anh xam.

Mbi dac trwng Haar-like la mot mién hinh chi nhat
dwoc chia thanh 2 hoac 3 hodc 4 hinh chi* nhat nhd
phan biét quy wéc bang mau trang va den [2].

ic trung canh [ [ 0 0

Pic trung dudng mma E &&%%
DBdc trung tam E] @

Hinh 1. Céac loai ddc truirng co ban Haar-like

Gia tri cia mét dac trwng Haar-like (Hinh 1) la sw khac
biét gitra tdng cac gia tri xd&m cla céac pixel trong viing
“den” vé&i tbng cac gia tri xam cua cac pixel trong ving
“tréng". Vay khi dwoc dat Ién moét vung anh, dac trwng
Haar-like sé tinh toan va dwa ra gia tri dac trung h(x)
clia vung anh do.

Dé phat hién khuén mat, hé théng s& cho moét ctra sb
con (sub-window) c6 kich thwéc cd dinh quét 1én toan
bo anh diu vao. Cac dic trwng Haar-like sé dwoc dat
lén cac clra s6 con nay dé tir dé tinh ra gia tri cla dac
tring. Sau doé cac gia tri nay dwoc b phan loai xac nhan
xem khung hinh d6 c6 phai khudén mat hay khéng. Vi du:
Khung mau xanh la ctra sb con, mét dac trung Haar-like
v&i kich thwde va vi tri dat nhw trong Hinh 2.

Hinh 2. M{t dac trung Haar-like véi kich thwde va vi tri

12 Tap chi Nghién ctru khoa hoc, Truoing Dai hoc Sao D, S6 1 (84) 2024
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Viéc xac dinh mot clra s con c6 phai la mat hay khong
phai st dung rat nhiéu dic trwng Haar-like [2]. Ung
véi méi mot kich thudc, kiéu dac trung va vi tri dat
trong clra sb con cho ta mot dac treng ng v&i mét bd
phan 16p yéu. V&i mot clra sé con & kich thuéc co ban
24x24 pixel s lwong day du cac dac trwng Haar-like
la hon 160000. Nhw vay, thdi gian dé dép tng céc tinh
toan rat lau nén ta can tich hop anh.

Anh tich hop dwoc dinh nghia nhu sau:

ii(x; y) =i(x% y°) (2)
Gia trj ctia &nh tich hop tai vi tri (x,y) la téng cac diém
anh thuéc hinh chir nhat xac dinh b&i goc trai trén la
(0,0) va goc phai duwoi (x,y).

Dé tinh gia tri dic trwng Haar-like, ta phai tinh dwoc

tbng gia tri diém anh trong mét vung hinh chir nhat trén
anh. Vi du nhw vung D trong Hinh 3.

) E
Pf o

Py Py

Hinh 3. Viang hinh chir nhéat trén anh

Vé&i AB,C,D la téng gia tri cac diém anh trong tirng
vung; P1, P2, P3, P4 |a gia tri cGa anh tich hop tai 4
dinh cta D.

Néu nhw 1a anh xam binh thwéng thi dé tinh D ta phai
tinh tbng tat ca cac gia tri diém anh trong D, mién D
cang lén thi s6 phép cong cang nhiéu. Nhwng véi anh
tich hgp du mién D c¢6 kich thwédc nhw thé nao thi D
cling chi can tinh théng qua 4 gié tri tai 4 dinh.

Ta cé:
P1=AP2=A+B,P3=A+C,P4=A+B+C+D.
Suy ra:
P1+P4-P2-P3=A+(A+B+C+D)-(A+B)-(A+C)=D.
Do d6 taco: D =P1+ P4 -P2-P3.

Nhw vay, viéc sir dung &nh tich hop sé tiét kiém rét
nhiéu th&i gian tinh toan.

2.3. Thuat toan nhan dang khuén mat LBPH
2.3.1. Ly thuyét chung

Sau khi ap dung tinh nang phat hién khuén mat trén
mot khung hinh (hinh anh) nhét dinh, thuat toan nhan
dang khuén mét sé cd gang tim mot sé diém trung
khép cha khudén méat dwoc trich xuit dé véi khuodn
mat trong co s& di liéu (mau/hinh anh duwoc dao tao)
[3]=[3].

Chuwong trinh Nhan dang khuén mat clia ching téi dwa
trén thuat toan LBPH, la mét phwong phap rat trich dac
trwng trong x& ly &nh. D&c trwng dwoc rit trich sé tiép
tuc dworc tién hanh chon loc (feature selection) thu gon
thanh vector dac trwng. Vector dac trwng nay sau do
c6 thé duing dé dwa vao mé hinh hoc may dé hoc hoéc
phan loai. Cac d&c diém chinh cta LBP la:

1: Chi phi tinh toan thap.

2: Kha nang chéng lai sy dao déng clia cac gia tri thang
mau xam hinh anh.

Cac buwéce thwe hién LBPH.

Buwdc 1: Chuyén hinh anh thanh khéng gian thang do
xam nhuw Hinh 4.

-
L~
P
o
/.
L~
L~

NN X AN

output

\

Hinh 4. Chuyén hinh &nh thanh khéng gian thang do xém

Budc 2: D6i vei mbi pixel (gp) trong hinh &nh, hay chon
P vlng lan can bao quanh pixel trung tam, toa dé cla
g, dwoc cho béi.

Buéc 3: LAy pixel trung tam (9.) va dat n6 lam nguéng
cho P lan can cta né.

Budc 4: Dat thanh 1 néu gia tri cta pixel lién ké 16n
hon hodc béng gia tri cta pixel trung tam, ngwoc lai
la 0.

Buwéc 5: Tinh toan gia tri LBP tuan tw nguoc chiéu kim
ddng ho, viét mot sb nhi phan bao gdm céc chir sé lién
ké v&i pixel trung tam. S6 nhij phan nay (hoac sé twong
dwong thap phan clia no) dwoc goi la ma pixel trung
tam LBP va xa hon nira, dwoc st dung nhuv mot két
cau cuc bd duoc chon déc trung.

P

LBPP,R(gpx’gpy)zzs(gP_gf)*zp (3)

p=1
Phwong trinh (2.3) la phwong trinh LBP tdng quat.
Trong do:

g,: Cuwong d6 clia pixel 1an can voi chi sb p.

g.: Gia tri cwong dé cla pixel trung tam.

P: S6 diém |y mau trén dwdng tron ban kinh R (1an can
hinh tron); kiém soat lwong tir hda ciia phwong phap.
R: Xac dinh d6 phan giai khéng gian cta phwong thirc
hoac toan tur.
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Cac buwdc tién hanh trich xuat dic trung theo phuwong
phap LBP:

Buéc 1: Duyét 1an lwot tirng pixel trén anh (theo cot —
theo hang), v&i pixel dang xét, ta ap dung buédc 2 — 4.
Buwdc 2: Xét lan lwot 8 pixel lan can (hang xém -
neighbor) cua pixel dang duyét (trung tam - center).
M®i pixel hang xém sé (rng v&i mét bit trong mot chudi
8-bit. Chudi 8-bit nay ban diu sé& bang: 00000000.
Chubi 8-bit nay sé dwoc cap nhat theo mé ta & bwéc 3.
Budc 3: Néu mirc sang tai pixel hang xém = mrc sang
tai pixel trung tam: Vote bit & vi tri twong ng Ién 1
trong chudi 8-bit d& cap & budc 2.

Budc 4: Sau khi hoan tat budc 2 va 3, ta s& c6 moi
chudi 8-bit — dbi gia tri nhi phan nay sang thap phan
dé lwu trie.

Budc 5. Lap hét toan anh (tr buwéc 1 dén budc 4), ta
sé& c6 két qua dau ra bang kich thwédc véi anh dau vao.
M&i gia tri trén anh dau ra la dac trwng LBP.

Tbng quéat héa phwong phap tiép can LBP trén, ta sé
c6 cac tham sb sau:

- P: Sé pixel lan can pixel trung tam (vi du: P = 8).

- R: Ban kinh cua pixel l1an can ma ta sé xét cach pixel
trung tdm bao nhiéu pixel (vi du: R = 1 nghia |4 lién ké).
- Th& tw cac pixel 1an can ma héa vao chubi 8-bit sé&
theo chiéu kim déng hd hay ngwoc chiéu kim déng ho.
- Interpolation: Do |4y pixel lan can theo hinh tron, do
do toa do clia cac pixel lan can khi tinh toan ra sé la
sb thuc. Interpolation nay twong tw nhw khi thwc hién
resize anh trong OpenCV (Hinh 5).

_________ el ] (& [ Tw]
........ ‘ .“ 4 4 ‘ 4 i i l'
c.'%. ool I I
t.', & @ & ] o [
ml o P 2 O O

o T e
[ -

Hinh 5. Cac pixel lan can cua pixel dang xét

Su khac biét gitta LBP va LBPH |a LBP dé cap dén
ma nhi phan cu thé nhan dwoc tir viéc str dung toan
tlr LBP trén mot pixel nhat dinh trong hinh anh thang
dd xam, trong khi LBPH Ia biéu dd biéu thj sé 14n xuét
hién cho méi ma nhi phan cho mét ban va hinh anh
nhét dinh. Toan t& LBP co ban hoat dong nhw sau: Déi
véi mot pixel p nhat dinh ctia mét ban va hinh &nh nhj
phan, hay kiém tra n pixel trong ban kinh r xung quanh
p theo chiéu kim ddng hé hodc nguoc chiéu kim déng
hd. Néu mét pixel xung quanh p cé cwéng dé cao hon
p thi pixel d6 dwoc ky hiéu 1a 1, néu khong phai 1a 0.
Déi voi pixel p véin =8 var =1, didu nay dan dén ma
nhi phan 8 bit (LBP). M& nay sau dé dwoc dich sang
gia tri thap phan. Diéu nay sau dé dwoc thwe hién cho
toan bd ban va hinh anh va sy xuét hién ctia méi gia tri

thap phan dwoc tinh. S6 1an xuét hién dan dén LBPH
duoc thé hién nhw Hinh 6.

For example:

Thinking of aie image after apphying the LBEP we can get the foflowing pixeis

Hinh 6. Sé I1an xuét hién dan dén LBPH
2.3.2. Trich xuét dic truwng

Viéc trich xuat dac trwng dwoc thye hién nhw sau:

- Chia hinh anh khuén mat thanh R (vi du R = 8x8 = 64
viing) cac vung cuc bd dé trich xuét biéu dd LBP nhw
Hinh 7.

Hinh 7. Chia hinh énh

- Biéu d6 LBPH dwoc trich xuét tir mbi vung con st
dung dé tinh toan va két hop thanh moét biéu dd duy
nh&t v&i cac tinh ndng nang cao vé khéng gian dwoc
dinh nghia nhw Hinh 8.

T o s

I
[
i}
L

Hinh 8. Biéu db cho tirng ving phu

B6 phan loai lan can gan nhét dwoc st dung dé déi
sanh hinh anh méi véi mau duoc dao tao, dwoc tinh
bang cong thirc sau:

Histogram intersection:

D(S; M) = ¥ min(Si; Mi) 4)
Log likelihood statistic:

L(S; M) = -3 Silog(Mi) (5)
Trong do:

S va M la hai biéu d6 LBPH.
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3. ’'NG DUNG VA THUC NGHIEM
3.1. So d6 khéi cuia hé théng

So db khéi ctia hé thédng nhw Hinh 9 gdm 3 khéi chinh:
Khéi hién thi, khéi xt ly trung tam, khéi thu nhan anh.
Dau vao cla hé thdng la khdi thu nhan anh, cé chirc
nang lay cac mau anh tr camera may tinh. Sau dé,
chuyén dén cho khdi xr ly trung tam, tai day anh sé
trdi qua qua trinh bién déi (sang anh xam, anh nhi
phan,...) va tién hanh trich xuat cac di¥ liéu d&c trung
clia gwong mét ra. Cubi cung, két qua thu dwoc & dau
ra la nhitng anh gdbm mat nguoi da dwoc nhan dién,
dan nhan cho tén.

Khéi hién thi

(Man hinh may tinh)

I

Khéi xur ly trung tdm B6 phén thu nhan
(May tinh laptop) /L\l: anh(camera may
tinh)

Hinh 9. So db khéi ctia hé théng
3.2. Téng quan cac bwéc thwe hién
Buwdc 1: Chuan bi co s& dir liéu, st dung Sqlite.
Bw&c 2: Thye hién chup anh cho ngudi mai.
- Tao CSDL sqllite tai thw muc hién tai.

- Yéu ciu nguwdi dung nhap va ID va Name, sau dé luu
vao DB.

- Yéu ciu nguoi dung dwa mat vao camera, chup
khodng 400 anh cla ngwoi dung va tién hanh luu
trir tai thw muc dataSet v&i ciu tric User.<ma nhan
vién>.<sb thir tw>.jpg.

Kiém ra xem di nhin

chura :

Thure hién train model

dién khudn mit duge P ATE R
iy, e khuon mil di chup

Tao thr muc database
o sirdir iéu

Chup dnh , lr thong tin
vio database

=)

Hinh 10. So’ dé nhan dién

Bwéc 3: Thuc hién train model dé hoc dwoc cac khuén
mat da chup:

- Doc théng tin trong CSDL vé danh sach nhirng nguoi
da chup anh hién tai.

- Doc d¥ liéu anh tr thw muc dataset.

- Train model dé& nhan dang khuén mét va gan vao
nhirng ngwdi dung.

Budc 4: Kiém thir hé thdng:

- Load di liéu nguwoi dung tir CSDL.

- Load model phat hién khuén mat va nhan dién khuén
mat da th&r & buwdce 3.

-Doc anh tlr camera va hién thj tén nguwdi c6 mat trong
camera.

3.3. Chwong trinh nhan dién khuén mat bang
Python, sir dung OpenCV, thuat toan LBPH

Phwong phap nhan dién khuén mat dwya vao dac trwng
Haar-like két hop Adaboost dwoc cai sdn trong bd
thw vién Opencv. D& sir dung phwong phap nay trong
Opencyv ta st dung ham detectMultiScale.

Phat hién khuén mat trong mét birc anh, cach thirc
thwe hién nhw sau: Chwong trinh sé tao moét khung ctra
sb c6 kich thwéc xac dinh chira mdt phan ctia birc anh,
khung ctra s6 nay chinh la “anh dau vao” ma phuong
phap Haar-like dung dé tinh toan. Khi quét khung clra
s6 nay trén toan bd blrc anh ta sé& nhan dwoc vo sb
“anh diu vao”, véi méi anh dau vao chwong trinh sé
xac nhan xem do cé phai la mat ngudi hay khong.

Tham sb cascade chinh bd phan 1&p, bd phan I&p nay
dwoc lwu vao céc file.xml dwoc xay dwng sén trén cac
bod co s& di liéu chuén.

Khi can phat hién cac dbi twong khac nhau ta sé st
dung cac bd phan I&p khac nhau, tc la load cac file.
xml twong &ng vao chwong trinh. Opencv ciing hé tro
tw xay dwng mét bd phan 16p riéng cho cac ddi twong
khac bang ham cvCreateHidHaar-ClassifierCascade,
ching ta cé thé xay dwng cac bo phan loai dé phat
hién cac déi twong khac nhu: Ot6, ché, méo.

Dong véi ham detectMultiScale sau khi tim kiém xong
sé trd v& bo gia tri gdm toa d6 gbc clia khung chira
khuén mat x, y; chiéu dai, rong cta khung w, h. Céac
gia tri nay nam trong mang faces. Céu trac for... in sé
duyét qua toan bd cac bo gia tri nay, véi mbi bd gia tri
ta dung ham rectangle dé v& moét hinh chi¥ nhat 1&én anh
ban dau img v&i toa do 2 diém trai trén va phai dwdi:
(x,y), (x+w, y + h); con gia tri (255,0,0) la mau sé vé
hinh chir nhat.

Hinh anh khudén mat, chup anh va lwu trir d liéu vao
co s& di¥ liéu co trong anh dwoc thé hién nhw Hinh 11,
Hinh 12, Hinh 13.
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Hinh 11. Anh khuén mét duoc déng khung sau khi
haar cascade

Hinh 12. Chwong trinh nhan dién khuén mat sau
trainning

Hinh 13. Nhan dién khuén mat

Hinh 13 1a két qua nhan dién khudn mat tac gia bai bao
Poan Van Chi.

4. THUC NGHIEM VA DANH GIA KET QUA

Qua trinh kiém thtr dwoc thwe hién véi div liéu khuodn
mat dwa ra két qua twong ddi chinh xac trong diéu kién
anh sang phu hop, géc nhin dén camera truc dién va
géc nghiéng, ngudi dung d& mat trong dung phan géc
vudng dé chup hinh va nhan dién. Trong mét vai trwéng
hop géc nghiéng van nhan dién chwa tét do géc khuét
anh sang khong di va chat lwong camera kém dan
dén giam do chinh xac dwoc yéu cau, chwong trinh
tra vé két qua 6n dinh hon. Céac két qua dwoc thé hién
trong Hinh 14 va Hinh 15.

Hinh 14. Nhan dién khudén maét trure dién

Hinh 15. Nhén dién khudén mat géc nghiéng

Hinh 14 va Hinh 15 nhan dién dwoc khuén mat véi ca
trwc dién va goc nghiéng. Sé lwong hinh anh dau vao
trong tap di liéu duoc thiét 1ap 1a 400 anh (sé lwong
nay co thé thay dbi duwoc, sé lwong anh dau vao cang
nhiéu thi nhan dién cang chinh xac), phat hién khudn
mat va sau d6 trich xuat LBP béng thuat toan nhan
dang khudn mat. Qua trinh nay cé anh hwéng cua tré
thoi gian tinh toan do LBP can dwoc tinh toan cho tirng
6. Két qua thlr nghiém cho thdy phwong phap nhan
dién khuén mat véi OPENCV va thuat toan LBPH dat
dwoc do chinh xac la 80,08%. Day la két qua do nhom
tac gid thir nghiém nhiéu 1an dwa trén thuat toan dé
xuét, v&i két qua nay nhém tac gia nhan thay phu hop
v&i nhirng céng trinh nghién ctru trwde day [2], [3], [5].

5. KET LUAN

Bai bao da dé xuét phwong phap nhan dién khuén mat
s dung thw vién OpenCV va thuat toan LBPH. Phan
mém dwoc xay dwng trén hé diéu hanh Windows v6i
cac thw vién OpenCV, co s& dir liéu mySQL va dwoc
|&p trinh trén ngdn ngi Iap trinh Python.

Phan mém da dam bao dwoc tinh m& cao, cé kha
nang thém mau mat méi vao trong co sé div liéu, nhan
dién dwoc nhiéu ngwdi ciing mét ltc. Phdn mém cé do
chinh xac cao khi tap mau cac khudn mat da Ion, tuy
nhién gdéc dd nhan dién con han ché (chi c6 thé nhan
dién phan nao géc nghiéng ctia mat). Day ciing la mot
han ché cta phadn mém bé&i yéu ciu phai c6 moét tap
mau anh da Ién dé cé thé trich tron dwoc nhiéu goéc
khuét cta birc anh.
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Trong nghién cru tiép theo, nhom tac gid sé cai tién
cac goc khé nhan dién diém anh, hoan thién va nang
cap nhan dién qua ct dong va biéu cam cuta khuén
mat d& nhan dién dwoc tét hon.
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