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TOM TAT

Nhéan dién khudén mat [a mét trong nhivrng Iinh vwe quan trong cla thi giac may tinh, nham xac
minh, dinh danh nguwoi dung dwa vao hinh anh hay video. Nhan dién khuén mat dwoc (rng dung
trong nhiéu Iinh vec nhw hé thdng an ninh, hé théng sinh trac, diém danh, chdm céng, v.v. Nhiéu
ky thuat nhan dién khuén méat da dwoc nghién ctru phat trién, trong dé cac ky thuat hoc sau cho
dd chinh xac vuwot tréi. Trong bai bao nay, mgt mé hinh &ng dung mang noron tich chap CNN
dwoc dé xuat nhdm nhan dién khuén mat tir hinh anh @& xac minh danh tinh sinh vién khi vao
phong thi. DAu tién, thuat toan MTCNN dwoc s dung dé phat hién khudn mat va tién xi ly div
lidu, sau d6 két qua sé dwoc dwa vao md hinh FaceNet, mot md hinh dwa trén mang CNN cla
Google, dé trich xuat dic trwng va sir dung ham mét mat Triplet dé tbi wu hoéa viéc nhan dién. B
anh cla cac sinh vién (STUDUE) dwoc thwc hién cho bai toan dat ra. Thyc nghiém dwoc thuc
hién trén hai tap anh Yale va STUDUE cho d chinh xac 1an lwot 14 92,1% va 88,4%. Két qua thuc
nghiém dwoc so sanh véi cac cong trinh nghién clru khac trén cung moét tap anh, cho thay tinh
chinh xac va hiéu qua ctia md hinh dé& xuét.

Tw khéa: Nhan dién khudn mat; xac minh danh tinh sinh vién; CNN, MTCNN; FaceNet; STUDUE.

ABSTRACT

Face recognition is one of the critical areas of computer vision, which aims to verify a person's
identity based on images or videos. Face recognition is applied in many fields such as security
systems, biometric systems, attendance, etc. Many face recognition techniques have been
researched and developed, in which deep learning techniques give outstanding accuracy. This
paper proposes a model based on Convolutional Neural Network (CNN) to recognize faces from
images to verify student identity when entering the exam room. First, we use the MTCNN algorithm
for face detection and data preprocessing. Then, the results will be fed into the FaceNet model, a
Google model based on CNN, for feature extraction and use the Triplet loss function to optimize
the recognition. The student image dataset (STUDUE) is built for this study. Experiments were
performed on the Yale and STUDUE image dataset with the accuracy of 92.1% and 88.4%,
respectively. The experimental results are compared with other studies on the same image
dataset, showing the accuracy and efficiency of the proposed model.

Keywords: Face recognition; verify student identity; CNN; MTCNN; FaceNet; STUDUE.

1. Giéi thiéu

Trong xu thé ctia cudc cach mang cong
nghiép 4.0, cac thiét bi dién tir nhu camera,
smartphone, tablet, v.v, phat trién manh mé,
khién cho viéc tao ra anh sé vo cung don
gian va tré nén quen thugc véi nguoi dung.
Theo Oloyede va cong sy (2020) su phat
trién cta tri tué€ nhan tao va cac ky thuét hoc

may, hoc sau, nhan dién khuén mat tr¢ thanh
hé théng sinh tric hoc phd bién duoc sir
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dung dé xac dinh hoic xac minh mot nguoi
tor anh hay video nhu giam sat an ninh, xac
dinh danh tinh, diém danh, chdm cong, v.v.
Hién nay, c6 nhiéu phuong phap nhan dién
khuén mat nhu dya trén dac trung cuc bo
(Xiang & cong sy, 2018; Wijaya & cong su,
2018), ddc trung toan cuc (Zhang & cong su,
2019; Al-Dabagh & cong sy, 2018) hay dac
trung sau tr mang no-ron (Hansen & cong
su, 2018; Ravi & cong su, 2020). Tuy
nhién, cac phuong phap tiép can cuc bd hay
toan cuc thuong khong nhay cam véi cac
bién thé (nét mat, biéu cam, va tu thé, v.v.)
hay thay d6i anh sang cta méi truong (Ravi
& cong su, 2020), do d6, hé théng nhan dién
khuén mat dya trén mang hoc sau dugc phat
trién va thu duoc két qua dang kinh ngac.
Mic du st dung hoc sdu cho dd chinh xac
rit cao, nhung kich thudc dic trung sdu
thuong rat Ion (hon 1000 chidu) lam cho
viéc hudn luyén, suy luan va nhan dién phirc
tap, mat nhiéu thoi gian (Wu va cong su,
2021). Vi vay, nhiéu céng nghé sir dung hoc
sdu dé nhan dién khudén mit da duoc phat
trién, cai tién. Vao nam 2015, Google di dé
xuat mo hinh FaceNet (Schroff & cong su,
2015) dya trén mang no-ron tich chap CNN
¢6 dd chinh xac nhan dién khudén mat rét
cao. FaceNet trich xuat dic trung khuén mat
thanh mgt vec-to nhing (embedding vector)
nho gon vai chi 128 chiéu, sir dung ham mat
mat Triplet loss (Ming & cong su, 2017), do
do Euclid cho viéc nhan dién nhanh va
chinh xac, nhung van dam bao dugc do
chinh xac cao.

Trong xu hudng nay, v6i sy phat trién cia
giao duc tai Viét Nam, sb luong sinh vién tai
cic truong dai hoc ngay cang gia ting, dan
dén cong tac quan 1y kho khan, phic tap, doi
hoi mot hé thong quan 1y théng minh véi ing
dung cua tri tué nhan tao. Khi ) lugng sinh
vién 16n, viéc xac minh chinh xac dugc danh
tinh cua sinh vién la mot thir thach 16n, mat
thoi gian, tdn nhan luc. Do d6, bai toan xéc
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minh danh tinh sinh vién khi vao phong thi
cua cac truong dai hoc la mdt bai toan cép
thiét, nhan duoc nhiéu su quan tdm tur cac
nha quan ly. Hién nay, viéc xadc minh danh
tinh sinh vién chu yéu la dua vao cac loai
gidy to nhu thé sinh vién, cin cudc cong dan,
v.v. Viéc x4c minh nay don gian, it ton kém
nhung khé kiém tra khi sinh vién lam
mét/quén gidy to, kho kiém tra do chinh xac
néu sinh vién lam gia gidy to dé di thi ho,
mat thoi gian, nhan lyc dé kiém tra thong tin
chinh x4c, v.v. Vi vy, can thiét mot phuong
phap cho bai todn xdc minh danh tinh sinh
vién khi vao phong thi tai trudong dai hoc,
dam bao nhanh chong vé thoi gian, tranh
gian 1an va dat duoc do chinh xac cao.

Tt nhitng van dé duoc dit ra, trong bai
bao nay chung t6i dé xuét timg dung mé hinh
FaceNet dé nhan dién khuén mat nhim xac
minh danh tinh sinh vién khi vao phong thi
dua trén tap anh STUDUE duogc xay dung
danh cho sinh vién truong Pai hoc Kinh té.
Hé théng nay co thé sir dung hinh anh sinh
vién dugc chup tir camera cia smartphone,
sau d6 nhan dién khuén mat va xac minh
sinh vién nay la ai, c6 thudc phong thi hay
khong? Viéc xac minh nay nhanh choéng,
chinh xac va dam bao an ninh, tranh viéc
gian lan khi thi cu. Pong gop chinh cia bai
bao bao gom: (1) Nghién ciru Deep Learning
va md hinh FaceNet cho bai toan nhan dién
khudn mit nhdm x4c minh danh tinh sinh
vién khi vao phong thi; (2) D& xuit mé hinh
nhim nh4n dién khuén mat sinh vién; (3)
Xay dung tap dir li€éu &nh méi STUDUE cua
sinh vién truong Pai hoc kinh té; (4) Thuc
nghiém moé hinh nhan dién khuén mat da dé
xudt dya trén tp anh Yale va STUDUE.

Phan con lai cua bai bao nhu sau: trong
phan 2, chung t6i nghién ctru cac cong trinh
lién quan vé linh vyc nhan dién khuén mit;
phan 3 trinh bay co s¢ 1y thuyét va cac
phuong phap nghién ctru; phin 4 mé ta cic
thuc nghiém va mot s6 két qua ciing nhu
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danh gid cho mé hinh dé xuit. Cudi cing
trong phan 5, ching t6i trinh bay tong két
cho bai todn da thuc hién trong bai bao va
huéng phat trién tuong lai ciia nghién ciru.

2. Cac cong trinh nghién ctru lién quan

Nhan dién khuén mat 12 mot van dé day
thach thire trong linh vuc phén tich hinh anh
va thi giac may tinh (Oloyede & cdng su,
2020). Viéc bao mat thong tin dang trd nén
rat quan trong va khé khian, vi thé hé thong
sinh tric nhim dam bao an ninh v&i nhan
dién khudn mat nhan duge nhiéu su quan tdm
cia cac nhom nghién ctiu trong va ngoai
nudce.

Trong nudc, cac phuong phap nhan dién
khuén miat dwoc nghién ciru phd bién trong
nhitng nim gan day. Nhom nghién ciru Hong
Quang va Doan Thai Nguyén (2020) d& xuat
phuong phap nhén dién khudén mit trong
video bang mang no ron tich chap CNN, cho
thiy phuong phap duoc dé xuat c6 do chinh
xac vuot troi, c6 kha nang ung dung trong
thuc tién. Lé Song Toan (2020) di xay dung
hé théng nhan dién khuén mit cho viéc
check in tai cac su kién. Tac gia dé xuét
phuong phép str dung HOG dé trich xuat dic
trung, phat hién khuén mat véi MTCNN.
Ung dung nhan dién khuon mit dugc trich
xudt hinh anh tir webcam va giri théng tin vé
su kién cho ho. Nhém nghién ciru Nguyén
Thanh Hai va cong su (2020) dé xuat thuat
toan ring ngiu nhién va Haar-Like dé trich
xuét dic trung va luu trir dit li€u cho bai toan
diém danh sinh vién bang nhan dién guong
mit, cho thay d6 chinh xac cao va kha thi khi
tmg dung vao thyc té. L& Thi Thu Nga va
cong sur (2020) dé xuat phuong phap két hop
mang MTCNN va ham méit mat Triplet Loss
nham diém danh tu dong. Pong thoi, nhom
tac gia dé xuat huong phap can chinh khuén
mit dé cho d6 chinh x4c nhan dién cao la 80-
95%, ké ca trong diéu kién khong thuan loi
vé 4nh sang, goc xoay, v.v. Cc nghién ctru

trong nuéc trong nhing nim gan day cho
théy cac ky thuat nhan dién khuén mat dang
nhan duoc nhiéu su quan tam, nham nang
cao hiéu qua nhan dién va Ung dung trong
thuc té.

Ngoai ra, linh vyc nhan dién khuén mat
cling nhén duogc rat nhiéu sy quan tdm nghién
clru clia cac nha khoa hoc trén thé gidi.
Mustafa va cong su (2018) da xay dung mot
hé thong nhan dién khudn mat dua trén bo
phan tich Kernel Discriminant Analysis
(KDA\) két hop vai thuat toan phan lép SVM
va k-NN. Nhém tac gia da thuc nghiém trén
hai bo dir liéu Yale va ORL (Our Database of
Faces) v6i do chinh xé&c lan luot 1a 95.25%
va 96%. Ali va cong su (2019) di d& xuét cac
ky thuat hoc sau (Deep Learning) két hop véi
ham bam dé nhan dién nhanh khuén mat
théng qua mot tap co s& dir liéu Ion khudn
mat va thuc nghiém trén b6 anh khudn mat
LFW véi m3 bam c6 do dai 64 cua 48 mau
truy van. Jose va cong su (2019) dé xuét
phuong phap nhan dién khuoén mit da man
hinh camera thong qua hé thdng giam sét dua
trén FaceNet va thuat todn MTNN, nhiam
theo dbi dbi tugng hoic nghi pham. Két qua
nhan dién dat d6 chinh xac 97% cho théy
hi€u qua cta FaceNet. Nhom nghién ctru
Anitha (2020) dé& xuit hé théng nhan dién
khudén mit dé chdm cong cho cic cong ty dua
vao thuat todn MTCNN dé phat hién khuon
mit va md hinh FaceNet dé nhan dién ca
nhan. Két qua cua hé thong la thiét thyc,
dang tin cdy va loai bd sy x&o tron va méat
thoi gian cia hé thong cham cong truyén
théng.

Tur cac nghién clru trong va ngoai nudc
cho thiy tinh kha thi, cdp thiét ciia viéc nhan
dién khuon mat trong cac bai toan thuc té.
Pong thoi, mé hinh FaceNet v6i nhiéu uu
diém trong nhan dién khuén mit dwoc tng
dung trong nhiéu linh vyc. Day chinh 1a dong
lwc cho nhém nghién ctru phat trién phuong
phap nhan di¢n khuén mat nhim x4c minh
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danh tinh inh vién khi vao phong thi dua trén
hinh anh.

3. Co s6 ly thuyét va cic phwong phap
nghién ciru

3.1. Kién triic ciia hé thong nhin dign
khuon mdt sinh vién

Trong phan nay, kién trac cua hé thong
nhan dién khuon mat (FACE_STUDUE)
dugc thyc hién xay dung theo hai pha, gom
pha huin luyén va pha nhan dién, dugc trinh
bay trong Hinh 1.

Pha huén luyén Pha nhan dién
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Hinh 1: Kién trac cta hé thong nhén dién
khubén mat

Pha huén luyén bao gdm bdn giai doan
nhu sau:

(1) Vé6i mdi hinh anh da dwgc gan nhin
tor co s¢ dir li€u, thuc hién quy trinh phat
hién khuén mat tir thu vién TensorFlow cua
Multi-Task Cascaded Convolutions Neural
(MTCNN) (Ku Hongchang, 2020);

(2) Chuan héa va tién xtr 1y hinh anh
khudn mat da dugc phat hién trudc do;
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(3) Trich xuét dic trung khudn mit dua
vao mo hinh FaceNet;

(4) Luu trit dic trung da duoc trich xuat
vao co s¢ dir liéu déc trung khudn mat.

Pha nhén dién dugc thuc hién nhu sau:

(1) V6i mot hinh anh dau vao duoc chup
tr camera cua smartphone, thuc hién thuat
toan phat hién khuén mat;

(2) Chuin héa va tién xir ly hinh anh
khudén mat da dugc phat hién trudc do;

(3) Trich xuét dic trung khudn mit dua
vao mo hinh FaceNet;

(4) So sanh dac trung nay véi cac dac
trung trong co s¢ dit liéu khuén mat da duoc
huén luyén trude do dé phan loai;

(5) Cho ra két qua nhan dién khudn mat
dé xac minh danh tinh cua sinh vién.

3.2. Tap di ligu danh

Céc bd dir liéu dugc str dung thuc nghiém
cho hé théng nhan dién khudn mat sinh vién
nham x4c minh danh tinh khi vao phong thi
(FACE_STUDUE) bao gbm tép dit liéu Yale
va tap dir liéu STUDUE.

3.2.1. Tap dir liéu anh Yale

Tap anh Yale (Yale Face Dataset original,
1995) duoc tao boi UDSC Computer Vision,
Pai hoc Yale, New Haven, Hoa Ky. B0 dir
liéu nay co kich thudc 6,4MB chia 165 hinh
anh khuén mat cua 15 ngudi, mdi nguoi co
11 hinh anh véi nhidu goc do voi nhiing
trang thai nét mat khac nhau ¢ thang d6 xam
(Hinh 2). Tap dit liéu Yale la tap anh da dugc
gan nhan cho timg dnh, mdi ca thé gom nhiéu
anh dugc luu trir trong mét thu muc dugc dat
dinh danh nhu subject01, subject02, v.v. Tap
anh nay tip trung vao cac biéu cam khuon
mit va huong anh sang nhu: Binh thuong,
Bat ngd, Nhay mét, Budn ngu, Budn, Vui vé,
Peo kinh, Khong deo kinh, P séng bén tréi,
Do sang bén phai, P6 sang trung tam.
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Hinh 2: Minh hoa tap dir li€u anh Yale
3.2.2. Tap dir liéu anh STUDUE
a) Thong tin chung

Bo dit liéu STUDUE la mot bo dix liéu
anh dugc nhom nghién curu tu thu thap va xu
1y tir cac sinh vién truong Dai hoc Kinh Té -
Dai hoc Pa Nang. Tap dir liéu 770 hinh anh
clia 55 sinh vién dén tir cac khoa khac nhau,

mdi sinh vién c¢6 14 hinh anh mau duoc gan
nhan cac biéu cam. Pong thoi, hinh anh cta
mdi sinh vién dugc luu trir trong cing mot
thu muc anh, gan nhin dinh danh theo cdu
trac: MASV_Ho tén_Ldp_Khoa.

Dé tap dir liéu anh co chat luong tot, diéu
kién cta cac hinh anh thu thap Ila:
(1) dugc chup tir camera sau ctia smartphone
(d6 phan giai tr 750 x 1334 pixels tr¢ 1€n
nham han ché viéc mo nét), (2) camera dugc
dat thang dung; (3) d6i twong ¢ chinh gitra
bic anh, 1y nét tap trung vao giita khudn
mat, d6 sang trung tam, trong tu thé thing
dung; (4) khoang cach tir ddi twong dén
camera tir Im-2m dé dam bao anh rd nét
khudn mat.

b) Thu thap dir liéu

Quaé trinh thu thap dit liéu hinh anh sinh
vién bao gom cac budc:

e Budc 1 - Xac dinh ddi tuong lay
mau: 1a sinh vién cua truong Pai hoc Kinh
Té - Pai hoc Pa Nang.

e Budc 2 - Thiét lap danh sach cac
trang thai biéu cam khudn mit v6i 14 hinh
thai khac nhau bao gom: binh thuong, cuoi
mim, vui, deo kinh, nhay mét trai, nhay mét
phai, nhim hai mit, bit ngo, tac gian, budn,
quay sang trai, quay sang phai, ngang mat
1én, cti mat xuéng;

e Budc 3 - Tién hanh ldy mau anh
bang cach chup hinh biéu cam khudn mat cua
ddi tuong, moi biéu cam chyp 3 buc hinh.
Xac dinh phdng nén chung 13 mau tring be
(nén tuong), anh sang ban ngdy, tdp trung
vao chinh giita khuoén mat. Pong thoi ghi lai
cic thong tin cua dbi tuong chup nhu Ma
sinh vién, ho tén, 16p, khoa;

e Budc 4 - Luu trir dir liéu anh va cac
thong tin sinh vién da thu.

¢) Lam sach va chuén héa dir liéu

Dir liéu sau khi dugc thu thap s€ bao gém
2475 hinh anh cta 55 sinh vién. Pay la cac
dir liéu thé chua dwoc xur ly. Dé dir lidu co
thé sir dung hiéu qua, qua trinh 1am sach va
chuin hoa dir liéu duge mo ta nhu sau:

e Budc 1 - Phén loai va loc dir liéu:
Phan loai hinh anh theo ting sinh vién, luu
trit theo tung thu muc. Sau d6, thuc hién
kiém soat 15i, 1am sach dit liéu: loai bo céc
anh nhidu, mo, v.v. V&i mdi biéu cam hay
gdc may, gitr lai mot hinh anh tt nhat.

e  Budc 2 - Gan nhin cho mdi thu muc
anh voi M4 sinh vién, ho tén, 16p, khoa va
mdi hinh anh theo tirng biéu cam.

e  Budc 3 - Binh dang lai dir liéu anh:
Tat ca cac hinh anh dugc chuyén vé theo
dinh dang *jpeg, nén mau tring be, kich
thude 2000 (cao) x 1500 (rong).

| i
Hinh 3: Minh hoa tap dir li€éu anh STUDUE

Sau qua trinh lam sach va chuén hoa dit
liéu, tap anh STUDUE bao gém 770 hinh anh
ctia 55 sinh vién, moi sinh vién c6 14 hinh anh
v6i cac biéu cam khac nhau (Hinh 3).
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3.3. Phat hi¢n khuon mdt va ting cwong dir
liéu anh véi MTCNN

3.3.1. Phadt hién khuon mat

Véi mot anh dau vao, dau tién, hé thong
phai thuc hién phat hién khuén mat (Face
detection) vdi MTCNN (Ku Hongchang,
2020), mot md hinh mang no-ron tich hgp
CNN hoat dong da nhiém. MTCNN la g@)m
ba 16p Mang d& xuat P-net (Proposal
Network), Mang tinh chinh R-net (Refine
Network) va Mang dau ra O-net (Output
Network). Hinh 4 mé ta thuat toan MTCNN.

P-net
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—_—) = —1‘
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R-net bounding

o
x
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?

bounding box

s
.
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Hinh 4: Cach thirc hoat dong cia MTCNN

Ban dau cac hinh anh dau vao duoc dua
vao P-Net dé diéu chinh kich thu6c dé phat
hién cac khudn mat cé tat ca céac kich thude
khac nhau, dong thoi 14y ra cac cira s6 c6 thé
1a khudn mit va cac vecto hdi quy trong cac
ctra 6 do. Sau dé, cac cira s6 nay dugc sang
loc thong qua mang R-Net dé loai bo phan
I6n céac ctra s6 khong chira khuén mat. Cudi
cing, Mang dau ra (O-Net) duogc sir dung dé
chon loc két qua chinh xac mét lan nira va
danh ddu toa do cua nam diém méc trén
khubn mat.
3.3.2. Tang cuong dir liéu anh

Bo dit lidu quy mé I6n 1a diéu kién can
thiét dé huan luyén thanh cong mang no-ron.
Cobng nghé tang cuong hinh anh sir dung mot
loat cac thay d6i ngau nhién ddi voi hinh anh
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dao tao dé tao ra cAc mau dao tao twong tu
nhung khac nhau, do d6 mo rong kich thuéc
cia tap dir liéu. Pé nang cao d6 chinh xac
cua mo hinh khi nhan dién, thu vién MTCNN
duogc sir dung dé ting cuong hinh anh, duoc
mo ta trong hinh 5, cu thé nhu sau:

e Chuan hoa theo phan phéi chuan céac
pixels cua anh;

e Tao cac anh véi céc goc nghiéng la
20 d6 (trai, phai);

e Dich chuyén anh theo rong;

e Dich chuyén anh theo chiéu cao;

e  Latanh theo chiéu ngang;

ook

Hinh 5: Minh hoa vé ting cuong dir liéu anh
Nhu vay, voi tr mot hinh anh khuén mat
dugc phat hién, chiing t6i ting cudng thém 9
hinh 4anh, tao ra tap dit liéu anh cho dau vao
mo hinh FaceNet 1a 7700 anh. Mdi 16p (thu
muc anh) dugc chia thanh 80-20 cho huin
luyén (training) va thur nghiém (testing).

3.4. Ung dung mé hinh FaceNet cho nhin
dién khuon mdt

Facenet 1a mot hé thong nhan dién khuén
mat st dung mang no-ro tich hop CNN, dugc
Google phét trién vao nam 2015. Hé thng
cai thién ham mat mat (Loss function) trong
mang no-ron, dé Xuit ham mat mat méi dya
trén do do tuwong tuy Euclide, va st dung
Triplet Loss 1am ham mat mat. FaceNet thuc
hién trich xuidt dic trung v6i vec-to
embedding 128 chiéu va st dung Triplet loss
dé do luong su khac biét, tir d6 nhan dién
khudn mit nhanh chong va chuan xéc.

3.4.1. Trich xudt ddc trung

FaceNet (Anitha G., 2020) sir dung Mang
no-ron tich hop (CNN) chuyén hinh anh
khudn mat ctia nguoi vao khong gian Euclide
(tap hop cac diém hinh hoc) con duoc goi la
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nhing (embedding). M6 hinh trich xuét dic
trung cua FaceNet dugc mo ta trong Hinh 6.

M
|
A
1‘ Mang no-ron CNN —— L2 ——»
Batch
Embedding
vector

Hinh 6: Trich xuit dic trung ctia FaceNet

Voi tap cac hinh anh da dugc phat hién
khuon mit (Batch) s& di vao kién mang no-ron
tich chap, sau d6 chuan héa L2 va két qua la
cac vec-to nhung (embedding vector) 128
chiéu cho cac dic trung khudn mat, cubdi cung
duoc dao tao bang cach sir dung Triplet Loss
dé tao embedding vector t6t nhat. Hinh 7 1a
mét minh hoa cho embedding vector 128 chiéu
duoc thuc hién trong bai bao cta ching toi.

Céu tric mang CNN duoc sir dung trong
FaceNet 1a Inception V1 cua Google (2014).
Inception V1 la mot mang Siam network,
loai bo di 16p dau ra va trich xuét anh thanh
mot embedding vector nho gon, gilp mang
huan luyén va suy luan nhan dién nhanh hon.

[array([[ ©.09053411, ©.04523157, -0.13234209, 0.0395111 , 0.03627604)
0.14068232, -0.08617093, -0.01436894, -0.06011643, 0.01399741,
0.08282165, 0.08198823, 0.0693833 , -0.15038352, -0.11010766,
0.17177112, -0.06721195, -0.03827109, -0.09059993, 0.15857798,
0.14552517, -0.07216158, 0.14153251, -0.07259557, -0.02195795,
0.0194614 , -0.01819741, -0.18494296, -0.06149107, ©.07152607,
-0.03045688, ©0.07994545, ©.00184345, ©.07213906, -0.06429389,
0.03552332, -0.05407164, 0.09012578, 0.05704832, 0.01850779,
-0.13968813, -0.09671143, -0.02205542, ©.01110793, -0.01903219,
-0.04653178, ©.12429906, -0.03587563, -0.1106237 , ©.1761751 ,
0.1391983 , 0.04721792, -0.15253955, 0.06629464, 0.04761892,
-0.07874394, 0.07663588, -0.06077731, -0.02550445, -0.01473567,
-0.02202448, -0.09832404, ©.14250802, -0.13192108, ©.10241383,
-0.20320736, -0.07975607, ©.14215212, -0.02705567, ©.1059856 ,
0.01113043, 0.10743488, -0.08682994, -0.02228916, -0.04986724,
-0.00364432, 0.05641703, ©.05803749, -0.08196409, ©0.1584948 ,
-0.01366799, -0.09068706, ©.01396653, ©.04894042, -0.1387954 ,
0.08284174, 0.00459528, 0.00211159, 0.08589698, -0.00233129,
-0.08207211, -0.13457616, -0.15830243, ©.14854664, -0.04784572,
0.00576111, ©.00245503, 0.05285501, -0.06530631, ©.00552256,
0.02095095, 0.01094933, -0.13708657, 0.10502274, 0.06085258,
0.02877452, -0.0592478 , 0.12169871, ©.01499946, -0.05504131,
-0.15939927, ©.09958064, -0.01348093, ©.05472596, ©.10591385,
0.04649628, -0.03414796, 0.01336581, 0.01257563, 0.16208132,
-0.01729108, 0.05446427, ©.15384139, ©.03549913, ©.11735096,

0.01032711, ©0.1518447 , 0.03814416]], dtype=float32), array([

Hinh 7: Minh hoa embedding vector
3.4.2. Ham Triplet loss

Ham mat mat 1a ham tinh toan sy twong
ddng hay khac biét giira hai hinh anh dya vao
khoang cach. Thong thudng, trong mot Ian
huan luyén ham mat mat chi tinh duoc su
gidng nhau ciia hai anh néu nd cing mét 16p

hodc khac nhau néu khac 16p. Do d6 viéc
huin luyén s& mat rat nhidu thoi gian. Mb
hinh FaceNet khic phuc van dé nay khi sir
dung Triplet loss (Schroff, Florian, 2015)
trong qua trinh huan luyén (Hinh 8), véi dau
vao la bo ba anh: anh gdc (Anchor), anh
gibng gbc (Positive) va anh khac gbc
(Negative). Muc tiéu caa ham Triplet loss la
t6i thiéu héa khoang céch giita 2 anh khi
ching l1a Negative va tdi da hoa khoang céch
khi chung la Positive.

" >
Negative Y 4 N\
Anchor __o LEARNING -®
L 3 o Negative
*® Anchor "
Positive Positive

Hinh 8: Qué trinh huén luyén véi Triple loss

Triplet loss gitp md hinh giam thiéu viéc
nhan dién sai anh sai thanh dung, tao ra cac
véc-to dic trung tét nhit cho mdi mot anh.
Hinh 9 13 mdt vi du minh hoa vé nhan dién
khuén mat cia md hinh FaceNet st dung
Triplet loss.

}' I ' Mang no-ron =
- " 0

Mang no-ron
@ o -

Hinh 9: Nhan dién khudn mat véi Triplet loss

INNERE

Triplet loss.

INEEEE

d(xq,xz)

D6 do
Euclide

%DEE

X2

INNENE]

Trong hinh 9, v6i hai hinh anh can so
sanh, qua mod hinh FaceNet dé trich xuét
embedding vector xi, Xo. Néu hai hinh anh 1a
cung mot nguoi khoang cach Euclide d(xi,
X2) dat min, nguoc lai néu khac nhau thi d(x1,
X2) dat max.

4. Thye nghiém va danh gia két qua
4.1. Moi trwong thwc nghié¢m

Hé théng nhén dién khuén mat nhim xéac
minh danh tinh sinh vién khi vao phong thi
dugc dat tén 1a FACE_STUDUE. Hé théng
nay ap dung hai mdé hinh MTCNN va
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FaceNet dua trén tap anh dir liéu STUDUE
dé thuc hién nhan dang khuén mat sinh vién
trong phong thi. Thuc nghiém duoc thuc hién
trén ngdn ngir lap trinh Python, OpenCV va
thu vién TensorFlow. CAu hinh méy tinh cua
thuc nghiém: Intel(R) Core (TM) i5-7200U,
CPU 2,70GHz, RAM 12GB, SSD 232GB,
HDD 465GB va hé diéu hanh Windows 10
Professional.

Tap dir liéu anh thuc nghiém la tdp anh
phd bién Yale va tap anh STUDUE, dugc md
ta cu thé trong Bang 1. Tép dir liéu anh duogc
chia 80%-20% cho pha huin luyén (train) va
pha thuc nghiém (test).

Bang 1. Thong tin cac bo anh thuc nghiém

Boanh  Séanh Séphan  Pjlém
lop

Yale 165 15 11.2 MB

STUDUE 770 55 496MB

4.2. Thuc nghi¢m

V6i mot anh dau vao trong tap anh test,
hé théng FACE_STUDUE cho ra mot du bao
dé nhan dién hinh anh, day la nhiing thong
tin co ban nhan cua thu muc c6 chira hinh
anh tuong ty ctia anh dau vao. Mdi du bao
nhan dién c6 thé ding hoac sai, tor d6 tinh
toan dugc Accuracy cua tap anh test. Hinh 10
la mot két qua thuc nghiém cua hé théng
FACE_STUDUE véi Yale, cho két qua nhan
dién la khuon mat thudc Subject03 cung tap
anh twong tu v6i anh dau vao.

Anh diu
vao

' B2 &

Tap anh twone tuw

Hinh 10: Mot két qua thyc nghiém ctia hg
thong FACE STUDUE trén tap anh Yale
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Hinh 11 12 mot két qua thuc nghiém cua
hé théng FACE STUDUE véi tip anh
STUDUE, cho két qua nhén dién la sinh vién
191121521134 TranVoThuyTien_45K21.1_
TKTH.

Ty
FC S
] 2 3 )
=N 2

Tép anh twong tw

Hinh 11: Mot két qua thuc nghiém cta hé
thbng FACE STUDUE trén tip anh
STUDUE

Vi thuc nghiém nay, giam thi coi thi c6
thé xac minh chinh xac va nhanh chéng danh
tinh, thong tin cua sinh vién nhu ma sinh
vién, ho tén, 16p, tir do kiém tra trong danh
sach coi thi dé cho sinh vién vao phong thi.
4.3. Két qud va dinh gid
4.3.1. Két qua

Két qua thyc nghiém nhan dién khuon
mit trén b anh Yale dugc thé hién trong
Bang 2 va hinh 12, véi d6 chinh xac trung
binh theo ting thu muc anh (subject), voi
thoi gian nhan dién trung binh la 87ms. Bang
3 va Hinh 13 1a két qua thyc nghiém nhén
dién khudén mat trén bé anh STUDUE véi 36
chinh xac trung binh theo ting nhom anh,
mdi nhom gom 11 sinh vién, dugc chia ngiu
nhién. Thoi gian nhan dién trung binh cta bd
anh STUDUE 1a 156ms.
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Bang 2. Két qud nhén dién trén bg danh Yale

Thw muc S6 anh AVG.
Accuracy
subject01 2 0.906
subject02 3 0.875
subject03 3 0.912
subject04 2 0.965
subject05 3 0.926
subject06 1 0.906
subject07 2 0.906
subject08 2 0.843
subject09 2 0.898
subject10 3 0.875
subjectll 2 1.00
subject12 3 0.946
subject13 2 1.00
subjectl4 2 0.973
subjectl5 1 0.884
Trung binh 33 0.921

Bang 3. Két qud nhdn dién trén bo dnh

STUDUE

Thu muc S6 anh  AVG. Accuracy

Nhoém 1 34 0.895
Nhom 2 26 0.921
Nhom 3 30 0.868
Nhom 4 32 0.842
Nhom 5 32 0.893

Trung binh 154 0.884
)

0ss
00

Tll
2T
FRRH SRR

Hinh 12: D6 chinh xac nhan dién trén bo

Yale theo tirng thu muc

04 0.921
0.92
0.895 0.893
0.9
0.88 0.868
0.86 0.842
0.84
0.82
0.8
Nhém 1 Nhém 2 Nhém 3 Nhém 4 Nhém 5

Hinh 13: D0 chinh xac nhan dién trén bd
STUDUE theo tirng nhém sinh vién
4.3.2. Danh gia

Tir két qua trong Bang 2, Bang 3, bo Yale
dat duoc d6 chinh xac cao hon so vdi bd
STUDUE, do b Yale 1a bd anh phd bién,
duoc tién xtr Iy chuan xac hon va sb luong
anh ciing it hon. Dya trén cac s6 liéu thuc
nghiém, cac dd thi duoc thuc hién dé danh
gi4 hiéu suit cia hé théng FACE _STUDUE.
Hinh 12 cho thiy d chinh xac trung binh
nhan dién trén bd Yale 1a cao, déu 16n hon
80%, c6 nhiing subject ¢6 d¢ nhan dién chinh
xac 1a 100%. Tuy nhién, tuy thudc vao dac
diém cua ting thu muc anh, dac diém cua
tirng khuén mat ma do chinh xac trung binh
¢6 thé khac nhau. Hinh 13 cho thiy do chinh
xac trung binh nhan dién trén bd STUDUE la
cao, déu 16n hon 84%, cao nhat 1a nhém 2
voi 92.1%.

Ngoai ra, trong nhiém vy nhan dién khudn
mat, dé xac dinh xem hé théng c6 phéan loai
chinh x&c hay khong thi duong cong ROC
(Receiver Operating Characteristic) dugc
thyc hién dé danh gia. Puong cong ROC dai
dién cho ty I¢ duong tinh gia (FPR- False
Positive Rate), va ty I¢ duong tinh thyc (TPR
- True Positive Rate).

Hinh 14 1a d6 thi duong cong ROC cua
tap anh Yale va STUDUE. Dya vao Hinh
14 c6 thé thdy cac diém trén ROC curve
déu nam trén dudng baseline va gan voi
diém c6 toa d6 (0, 1) trén dd thi (goc trén
bén trai) nén hi¢u suat phan loai ctia mo
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hinh 1a hiéu qua. ROC cua Yale gén toa do
(0,1) hon, AUC ciling lén hon so véi
STUDUE, chung t6 d6 chinh xac nhén dién
trén tap Yale t6t hon.

ROC curve

4
09+
08+

0.7

o
@

true positive rate
° °
=

©

o
~

Dataset

0.1 baseline

e Yalo datasot
| e STUDUE dataset

0 0.1 02 03 04 05 06 07 08 09 1
false positive rate

Hinh 14: D6 thi ROC cuia tap anh Yale va
STUDUE

Dé danh gia do chinh xac va hiéu qua cua
hé thong FACE_STUDUE, chung t6i so sanh
d6 chinh xac thu duoc tur thuc nghiém véi
cac phuong phap cua cac cong trinh nghién
ctu khac trén cung tap dir liéu anh trong
Bang 4.
Bang 4. So sdnh két qua thire nghiém bé anh
Yale voi cac phwong phap khac

Phuong phap Accuracy
Yee va cong sy (2019) [21] | 85.13%
Ravi va cong su (2020) [22] 74.4%
FACE_STUDUE 92.1%

Céc phuong phap khac duge dung dé so
sanh trén cing tdp anh Yale bao gom: (1)
Nhom nghién ciru Yee va cong su (2019) dé
xuat phuong phap nhan dién khuén mit st
dung trich xudt dic trung cuc bo vdi
Laplacian va thyc nghi€ém trén bo Yale; (2)
Ravi va cong su (2020) sir dung LBP dé trich
xuét dic trung cuc bd va SVM cho viéc phan
loai, nhan dién khuon miat. Két qua trong
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Bang 4 cho thiy, phuong phap dé& xuit trong
bai bao cho d6 chinh xac vuot trdi hon cac
phuong phép khac. Piéu nay cho thiy viéc
st dung hoc sdu voi mang CNN va triplet
loss cia FaceNet cho kha niang nhan dién
khuén mat hiéu qua. Vi vay, ung dung mo
hinh FaceNet vao viéc nhan dién khudén mat
sinh vién cho bai toan xac minh danh tinh
vao phong thi la kha thi va hiéu qua.

5. Két luan

Trong bai bao nay, mot md hinh nhén
dién khudn mat sinh vién nham xic minh
danh tinh sinh vién vao phong thi dya trén
mo hinh Facenet dd dugc trinh bay va trién
khai. Trong d6, véi hinh anh dau vao, thuét
toan MTCNN dugc st dung dé phat hién
khudén mat va tién xir 1y dir lidu, sau do
dugc dua vao FaceNet dé trich xuit dic
trung voi embedding vector 128 chiéu va
ham mét mat Triplet loss dé nhan chon
vector dic trung tot nhit. FaceNet giup
viéc huan luyén va suy luan cac du bao
nhan dién nhanh chong va d¢ chinh xac
cao. Dé thuc hién bai toan deé ra, chiing to1
tién hanh xay dyng tap dir lidu anh sinh
vién STUDUE va thuc nghiém trén tdp anh
nay cung tdp anh Yale, vdi do chinh xac
nhén dién lan luot 1a 88,4% va 92,1%. So
sanh voi cac két qua tir cac nghién ctu
khac trén cung tap anh Yale cho thiy mé
hinh d& xuét cua ching t6i cho dé chinh
Xac vuot troi.

Trong cac nghién clru tuong lai, ching t6i
tiép tuc nghién ctru cic phuwong phép, thuat
toan nham cai thién tot hon quéa trinh nhan
dién, bd sung tap dir li€u anh va xay dung
mot hé théng xac minh danh tinh sinh vién,
chéng gia mao khi vao phong thi, két hop voéi
cac hé théng khac cua truong dai hoc dé tim
kiém nhanh chong thong tin sinh vién, giam
gidy to, nhan cong nhu két hop véi hé thong
thu vién, hé théng dao tao, khao thi, v.v.
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Loi cam on:
Nghién ctru nay 1a mot phan cia dé tai NCKH cap co so do Truong Pai hoc Kinh té -
DHDN tai trg v6i ma sé dé tai T2022-04-21.
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