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TOM TAT

Nhan dién khuén mat 1a mét linh vuc nghién ctru cua nganh thi gidc méy tinh. H¢ théng
nhan dién khuon mat c6 thé nhan dién duoc khuon mat ¢ deo hoac khong deo khéu trang.
Trong bai bao nay, ching tdi ap dung ki thudit MTCNN gitp nhan dién va can chinh khuén
mat. Ky thuat ArcFace dé nhan dién nhiing dac diém trén khuon mit va trich xuit dic trung
khuon mit. Ngoai ra, chung toi dé xuat thém MobileNet cho phép rat gon lai vai triéu tham s6
nhung vén giit dugc do chinh xac on dinh két hop ciing voi ResNet gitip tang do chinh xac khi
nhan dang khudén mit c6/khong deo khiu trang. Két qua bai toan da duogc thuc nghiém trén co
s& dit 1iéu RMFRD cho két qua véi d6 chinh xac trén 72%.

Tur khoa: MTCNN, ResNet, MobileNet, ArcFace.
1. GIOI THIEU

Nhan dién khuén mat duoc ap dung trong nhiéu linh vuc thiét yéu [1, 2] nhu y té, gido
duc, cong ty, khu dan cu, san bay,... Cu thé, viéc diém danh sinh vién & cac truong dai hoc
bang cach quét qua khudn mit s& rat ngén thoi gian hon cach goi tén truyén théng. Viéc quét
qua khuon mat s€ gitp hé théng nhan dién dugc mat sinh vién d6 va truy cap vao kho dir liéu
dé xem thur sinh vién co trong danh sach ¢ phong hoc dé khong va thyc hién diém danh. Tir
d6, nha truong c6 thé giam sat dwoc si s6 ciing nhu thoi gian ra vao 16p. Hoic nhiing b1en
quang c4o théng minh trong cac san bay hién c6 thé xac dinh gi6i tinh, dén toc va tudi xap xi
clia ngudi qua duong, sau d6 nham muc tiéu quang cdo dén ddi twong do.

Phuong phap Cascade Face tim kiém khuon mit dugc dé xuét boi Viola va Jones st dung
tinh nang Haar-Like va AdaBoost dé huan luyén phan loai dat duoc higu suat tét v6i hiéu qua
thoi gian thue [3]. Tuy nhién, c6 nhiéu cong trinh chi ra phuong phap nay co thé suy giam
dang ké trong cac ing dung thé gi6i thuc voi cac bién thé hinh anh khuén mét ngudi 16n hon
[4-6]. Bén canh d0, theo tac gia Mathias gigi thiéu mo hinh Deformable Part dao tao phan biét
cac thong tin tiém an dé nhan dién khudn mit va dat duoc hiéu suit dang ké. Tuy nhién, chung
t6n nhiéu chi phi trong giai doan dao tao vé& mit tinh toan [7-9]. Gan day, mang CNN dat duoc
nhing tién bo déng ké trong thi giic may tinh, chang han nhu phan loai hinh anh va nhén dang
khuon mit [10, 11]. Yang va cong su st dung mang CNN chuyén séu vé nhan dang thudc tinh
0 cac vung khudn mat, dleu nay gitip mang lai nhiéu céc tmg ctr vién. Tuy nhién, do cu tric
CNN phirc tap nén cach tiép can nay ton kém thoi gian trong thuc té [12].

Can chinh khu6n mat thu hit su quan tdm nghién ctru rong rai. Cac cong trinh nghién
ctru trong linh vuc nay co thé duogc chia thanh hai loai gom phwong phap dua trén hoi quy va
phwong phap tiép can phu hop véi khudn mau [13-17]. Gan day, Zhang va cOng su dé xuat st
dung nhdn dang thu¢c tinh khudén méat nhu mét nhiém vu dé nang cao hiéu sudt can chinh
khudn mit bang cach sir dung CNN hoc sau [18].
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Nhén dang khudn mét véi sy két hop ctia khudén mit dugc che va khong dugc che [19, 20].
Theo tac gia Anwar va cong su dé xuat két hop tap dit liéu VGG2 véi cac khudn mat che ting
cuong va dao tao mo hinh duge mo ta trong FaceNet [21, 22]. Bang cach nay, md hinh hoc cach
phan biét khi ndo mot khuén mat dang deo mat na va cac dac diém cua ntra trén khudn mit,
nhung van trich xuit thong tin tir toan b khudn mat [19]. Mt khac, Geng va cong su xac dinh
hai dic trung trung tm cho mdi danh tinh tuong tmg véi hinh anh khu6én mat day da va hinh
anh khuon mat dugc che mat twong tmg. Téac gia sir dung giéi han mién dé budc tinh ning cua
khuén mat dugc che di gan hon véi trung tim khudn mit twong tmg va nguoc lai [20].

Vi€c phat hién va can chinh khu6n mat trong méi truong khong hodc it bi han ché 1a mot
thach thirc do cac tu thé, 6 sang khac nhau. Bai toan nhan dién khau trang 13 bai toan khong
qua kho khi ap dung cac phuong phap hoc sau dé giai quyét van dé. Tuy nhién, c6 nhiéu yéu
t6 dan dén viée sai léch trong nhan dién khuon mdt deo khau trang nhu nhén dién mot cdp
song sinh hay khi ho deo khau trang s& gap kho khan hon trong viéc nhan dién. Ngoai ra, cac
yéu t nhu do sang, goc chup hay phu kién ciing phan nio 1am giam d6 chinh xac ctia md hinh.

Bai bao d& xuét két hop ki thuat MobileNet, ResNet va ArcFace giup rut ngan thoi gian
nhén dién mat nguoi va mit nguoi co6 deo khéu trang. Phan con lai cta bai viét g@)m phﬁn 2
trinh bay co so 1y thuyét thuat toan, phan 3 trinh bay phuong phap thuc hién, phan 4 s& dua ra
két qua thyc nghiém va phan 5 két luan.

2. COSOLY THUYET

2.1. Ki thuat MTCNN

MTCNN duge cong bd nam 2016 bai Zhang va cong su [23]. Mot mang no-ron c6 thé
thue hién nhan dién khuén mat va can chinh 1§hu6n mat trén hinh anh bang mo6 hinh MTCNN
bao gom 3 mang riéng biét nhu hinh 1. Cu thé,

P-Net (Proposal network) tim toa do ctia cac bounding boxes véi d9 tin cdy, tié'p‘ do
x06a cac bounding boxes c6 dg tin cdy thap. Tuy nhién, van con nhiéu bounding boxes chong
1&én nhau nén viéc st dung non-maximum suppression s& giup giai quyet van dé nay.

R-Net (Refine network) lay cac bounding boxes duoc cung cap tir mang P-Net, sau d6
tinh chinh toa d¢ de loai bo cac vung khong phai khudn mat.

O-Net (Output network) ldy d4u ra cia R-Net lam dau vao va ding dé xac dinh toa do
khudén mat gdm: hai mat, miii va hai khoe miéng.
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Hinh 1. Kién trac cac mang cia MTCNN [23]

Vé6i mbi birc anh dau vao, chlng s& tao ra nhiéu ban sao ctia hinh anh d6 véi cac kich
thudc khac nhau goi 14 kim tw thap anh [24]. Pau tién, cc ctra sé ung vién dugc tao thong qua
mot P-Net. Sau do, loc nhirmg tng vién nay trong giai doan tiép theo thong qua mot R-Net.
Trong giai doan cudi, O-Net tao ra hdp gidi han cudi ciing va vi tri cac diém dac truong ctia
khuén mét nhu Hinh 2.
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2.2. Phuong phap ArcFace

'ArcFace cho phép nhén dang nhitng dac diém sau, c6 kha nang phan biét cao va cho két
qua toi wu v6éi do chinh xdc cao trong thir thich MegaFace Challenge [25]. MegaFace
Challenge 1a mét cong dong 16n véi mot triéu khudn mat duge nhan dang [26].

|—"

Normalized Fntu e

i ;.

08 ,' N e e S I T i i T oSt probability Ground Truth Cross-entropy
l “-' JE .l """ n Logit OneHot Vector  Loss
W e Ré*" Logit
Normalized Weights
Hinh 3. Xay dung DCNN dé nhan dang khu6n mat duoc giam sat
boi ham 161 trong mé hinh ArcFace [25].
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Theo Hinh 3 mang DCNN sur dung tich chép gitra ddc trung va trong luong bang khoang
cach cosin. Nghia la su dung ham arc-cosine dé tinh goc giita dic trung va trong luong muc
tiéu. Sau do, thém mat hé so goéc phu vao gdoc muyc tiéu voi ham cosine.

2.3. Phuong phap ResNet

Mang ResNet duoc gidi thi€u vao ndm 2015 da gianh duoc vi tri thir 1 trong cude thi
ILSVRC 2015 vdi ty 18 18i top 5 chi 3.57. ResNet 1a mot mang CNN hoan chinh dé giai quyet hién
tuong Vanishing Gradients [27]. Nghia la hién twong lam thay doi nhleu weights cia cac tang dan
dén chung khéng thé héi tu va mang s& khong thu duoc két qua tot. Giai phap ma ResNet dua ra
1 sir dung két n6i "tat" ddng nhat dé xuyén qua mot hay nhiéu 16p nhu trong Hinh 4.

X
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Hinh 4. Cu trac két ndi tit ciia mang ResNet [27].
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2.4. Phwong phap MobileNet
MobileNet duge gidi thiéu nam 2017, MobileNet co thé rat gon lai vai triéu tham sb
nhung van gitt dugc do ghinh xég 0 muc Oon nho s dunrg mot co ché ’goi‘ la Depthwisg
Separable [28]. Nghia la d€ gidm s0 lugng tinh todn, gidm so luong tham s0, dong thoi c6 the
thuc hién trich xuat dac trung mot cach tach biét trén cac kénh khac nhau.
3. XAY DUNG THUC NGHIEM

3.1. Bai toan nhan dién khudn mit khong deo khiu trang

Hé thong nhan dang khudn mit khong deo khau trang kém nhén véi viée két hop thuat
todn MTCNN va ArcFace theo Hinh 5.

Phat hién khuén mét Tién xt¥ I hinh anh Trich xudt d&c trung = 'gggﬁfﬁ’”g »
(MTCNN) (preprocessing) (Feature Extraction) ( ArcFaceg)

Hinh 5. Qua trinh hoc mét ngudi kém nhan.

Giai thuat 1 (nomask):

Input: Tap hinh anh nguoi da dugc dan nhan (mdi anh chi xuat hién 1 mat nguoi).
Output: Danh sach dic trung da duoc dong goi theo nhin ciia mdi ngudi trong tap dir liéu.
Budc 1: Phat hién khudn mat (MTCNN), tién xi Iy anh
Buac 1.1: Input tap hinh anh (image)
Buéc 1.2
for image in images:
bbox, landmark = MTCNN (image)
aligned = preprocessing (bbox, landmark, image size =“112,112”)
list_aligned.append(aligned)
return list_aligned (tap anh khuén mat da can chinh theo ty 1€ 112x112)
Budc 1.3: Tao dataset vai tap anh vira tao ¢ bude 1.2.
Budc 1.4: Huan luyén model ArcFace bang dataset vira tao ¢ buéc 1.3.
Budc 2: Trich xuat ddc trung, phan loai va dong goi voi ArcFace
Buéc 2.1: Input tap hinh anh (image) c6 dan nhéan
Buéc 2.2:
for folder(nhan) in folders:
images: danh sach hinh anh trong mdi folder
for image in images:
bbox, landmark = MTCNN (image)
aligned = preprocessing bbox, landmark, image size = “112,112”)
feature = model ArcFace.get_feature(aligned)
list_feature.append(feature)
list_label.append(folder)
return list_feature, list_label
Budc 2.3: Dong goi danh sach dic trung (list_feature) va danh sach nhan
(list_label).
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3.2. Bai toan nhan dién khudén mit deo khau trang

Hé théng nhén dang khuon mat deo khau trang kém nhan v6i ki thuat Resnet.
Giai thuat 2 (mask):
Input: Tap hinh anh nguoi da dugc dan nhan (mdi anh chi xuat hién 1 mat nguoi).
Output: Danh sach dic trung da duoc dong goi theo nhan cia mdi nguoi trong tap dir liéu.
Budc 1: Phét hién khudn mat (SSD) [29], tién xu 1y anh
Budc 1.1: Input tap hinh anh (images).
Budc 1.2:
for image in images:
image = preprocessing (bbox, landmark, image size = “224,224”)
bbox, landmark = SSD (image)
list_ image.append(image)
return list_ image (tap anh khuén mat da can chinh theo ti 1€ 224x224)
Budc 2: Trich xuét dic trung, phan loai
Budc 2.1: Input tap hinh anh (dataset) c6 dan nhan.
Budc 2.2:
for folder(nhan) in dataset:
images: danh sach hinh anh trong méi folder
for image in images:
image = preprocessing (image_size = “224,224”)
bbox, pred = SSD (image)
feature = modelResNet.get_feature(bbox)
list_feature.append(feature)
list_label.append(folder)
return list_feature, list_label

Budc 2.3: Péng g6i danh sach dac trung(list feature) va danh sach nhéan
(list_label).

3.3. Bai toan nhén dién khudn mit c6/khong deo khiu trang

Hé théng nhan dang khudn mit khi co/khong deo khau trang duoc trinh bay trong Hinh
6. Cu thé, Hinh anh di qua mo6 hinh MobileNet dé cit va phat hién khudn mit c6/khong deo
khau trang. Néu anh khong c6 khdu trang thi tién hanh tién xt 1y, trich dic trung va phén loai
gua md hinh ArcFace. Nguoc lai néu 14 anh c6 deo khau trang thi tién xir 1y, trich déc trung
phan loai bang mo hinh ResNet dé nhan dang khudn mit d6 12 ai.

Phan loai khudn mt Nhin dang khudn mit
(MobileNet-V2) {Face recognition)
ry
v
F‘ E\‘ Phan loai, déng goi Phan logi, déng géi
1 1 (Arcface) (Resnet 50}
: i Iy
|

Trich xudt dic trung
(Feature Extraction)
Tign xir I? N Trich xudt dic trung

pg| (Preprocessing) (Feature Extraction)

Hinh 6. Qua trinh cac budc thuc hién bai todn nhén dang
khudn mat khi c6/khong deo khau trang.
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Giai thuat 3: MobileNet nhan dién khudn mit co/khong deo khau trang.
Input: Hinh anh can nhan dién khudn mat c6/khéng deo khau trang.
Output: Khudn mit deo khau trang hoic khong deo khau trang va ty 1& phan loai.
Budc 1: Vi hinh anh dua vao
Budéc 1.1: Tién xir Iy anh
image = cv2.cvtColor(face, cv2.COLOR_BGR2RGB)
image = cv2.resize(image, (224, 224)
image = img_to_array(image)
image = preprocess_input(image)

Budc 1.2: Dung phuong phap SSD [29] cho phép phat hién va tra vé danh séch
khung hinh phat hién khuén mat duoc xu ly.

faces.append(face)
locs.append((startX, startY, endX, endY))

Budc 1.3: Dung model da duoc huan luyén dé tién hanh predict timg khung hinh phét
hién dugc, tra vé danh séch vi tri khung hinh va ty 1€ (khau trang, khdng khau trang).

faces = np.array(faces, dtype="float32")
preds = maskNet.predict(faces, batch_size=32)
return (locs, preds)

Budc 2: Hién thi box tuong tng vira tim dugc l1én anh voi khung xac dinh vi tri khuén
mat va ty 1é xac dinh phan loai cua khung hinh d6.

Giai thuat 4 (MobileNet + ArcFace + ResNet): Nhan dang khuon mat nguoi khi c6/khong
deo khau trang.

Input: Hinh anh khudn mit deo c6/khéng deo khau trang.
Output: Nhan dang dugc ngudi hodc ngudi ma hé théng chua biét.

Budc 1: Dung két qua cua giai thuat 3 dé phan loai khudn mat, két qua tra vé danh sach
gom toa do cac khudn mat va ty 1€ phan loai mask/nomask cta cac khudn mat do.

Budc 2: Kiém tra tirng khudn mit c6 trong anh
Buoc 2.1: Néu két qua tra vé Ia khuon mat khong deo khau trang: Sir dung
ArcFace xac dinh danh tinh khudn mat bang giai thuat 1.
Bude 2.2: Nguoc lai, néu két qua tra vé 1a khudn mit deo khau trang: Str dung
ResNet dé tién hanh xac dinh danh tinh khuén mat bang giai thuat 2.

4. KET QUA THU'C NGHIEM

Nhom tac gia thyc nghiém trén may tinh sir dung hé diéu hanh Windows 10 Pro ban 64
bit, RAM 8 GB, Chip Intel Core (TM) 5i-3210M CPU @ 2.5GHz. Ng6n ngit lap trinh Python
phién ban 3.9.

B6 dir liéu dugc st dung trong thuc nghiém la Real World Fasked Face Recognition
Dataset (RMFRD) [30]. Bo dit liéu gdc gdm 5000 khudn mit deo khau trang va 90000 khuén
mat khong deo khiu trang cta 525 ngudi.
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D& chay thuc nghiém 2 b0 dir liu trén, chiing t0i dé xuét chia bo di¥ liéu thanh 2 tap train
va test theo ty 1¢ 8/2: 80% dé train va 20% test.

Bdng 1. Két qua thyc nghiém d¢ chinh xac

K1 thuat RMFRD
ArcFace 61,5%
MobileNet + ArcFace + ResNet 72,2%

~ Nhén xét: Dya vao bang 1 cho thay ki thuat két hop MobileNet + ArcFace + ResNet cho
ket qua tot hon ki thuét ArcFace 1a 10,7% trong viéc nhin dang khuén mat c6/khong deo khau
trang voi tap dit licu RMFRD.

5. KET LUAN VA HUONG PHAT TRIEN

_ Viéc thém ki thudt mang MobileNet dé phan loai khu6n mét deo/khong deo khau trang
két hgp mang ResNet d€ nhan dién nguoi deo khau trang vao mé hinh ArcFace giap nhan dién
khuon mat deo/khong deo khau trang mot cach 6n dinh va chinh xac.

Ngoai viéc Kkét hop MobileNet, ArcFace va ResNet dé nhan dién khuon mat deo/khong
deo khau trang. Trong thoi gian t6i, Chung t6i dé xuat viéc két hop cac k¥ thuat khac véi
ArcFace va danh gia so sanh voi két qua hién tai.

Hu6ng phat trién ciia bai toan tir nhitng dic trung clia gwong mit c6 thé truy xuét dugc
gidi tinh, chung toc, do tudi,... Ngoai ra, nhan dién khéu trang c6 thé cai tién cac thuat toan
dé nhan dién dugc cac cip song sinh, sinh ba hay ngudi ¢6 khudén mit giéng nhau.

Vi su phat trién cta k¥ thuat hién nay, viéc thu thap duoc nhiéu dir lidu hon tir khudn
mit va khudn mit deo khau trang 13 kha thi trong twong lai khong xa. Ngoai ra, ching toi xay
dung dir liéu khudn mat sinh vién cia Khoa CNTT truong Dai hoc Cong nghiép Thuc phim
TP.HCM cho phép xiy dung tmg dung hd trg diém danh sinh vién trong phong hoc c6 sirc
chura trén 200 sinh vién.
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ABSTRACT
FACE RECOGNITION WITH/WITHOUT MASK

Ngo Duong Ha, Nguyen Nhat Truong, Tran Nhu Y™
Ho Chi Minh City University of Food Industry
*Email: ytn@cntp.edu.vn

Face recognition is a research area of computer vision. The facial recognition system
can recognize faces, we propose to combine recognition of both mask-wearing and non-
masking people. In this paper, we present the MTCNN technique to help identify and align
faces. ArcFace technique to recognize facial features and extracts facial features. In addition,
we propose to MobileNet which can reduce several million parameters but still maintain stable
accuracy combined with ResNet to increase accuracy when recognizing faces with/without
wearing a mask. The results of the problem have been tested on the RMFRD database, giving
results with an accuracy of over 72%.

Keywords: MTCNN, ResNet, MobileNet, ArcFace.
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