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Tém tit:

Muc dich ciua bai bdo la nhan dién mat nguwoi theo cac budc i) bucc mot: tach khuén mat trong anh,
trich xudt cdc dat trung khuén i) bude hai phan tich, xdc minh danh tinh nguoi can nhin dang. Buéce thir
nhdt thuc hién dwa trén mé hinh mang Noron tich chdp néi t&ng da nhiém (Multi-Task Cascaded
Convolutional Networks: MTCNN) va bucc thir hai dwa trén mang Norvon tich chdp (Convolutional
Neural Network: CNN). Bai bdo dp dung phwong phdp phdt hién khuén mdt bang MTCNN duwoc thir

nghiém voi do chinh xdc cao.

Tir khoa: Mang Noron tich chdp néi tdng da nhiém, mang Noron tich chdp, nhan dién mat nguoi

1. Giéi thiéu

Hién nay, c6 nhidu phwong phap phat hién
mat nguoi nhu: Haar Cascade, Histogram of
Oriented Gradians (HOG), MTCNN... Phuong
phap cua Haar Cascade: cho két qua nhanh nhét
nhung chi hoat dong t6t voi mat nhin chinh dién
va dé bi anh huéng moi trudng anh sang [1, 2, 3]
Phuong phap HOG cho két qua nhanh tht hai, it
bi anh hudng bdi anh sdng moi truong ngoai
nhung hoat dong kém khi mat bi nhiéu che lap.
Phuong phap MTCNN xur ly cham so voi hai
phuong phap kia nhung hoat dong tét ngay ca
trong truong hop mit bi che nhiéu va it anh
hudng bdi anh sdng mdi truong bén ngoai [6].
Trong bai bao nay, ching téi st dung phuong
phap MTCNN- gdm nhiéu mang CNN xép chdng.
dé phat hién khuén mat
2. Mang Noron CNN

Kién tric co ban cia CNN thudng co 4

16p: 16p tich chap (Convolutional Layer), 16p kich
hoat phi tuyén , 16p co (Pooling Layer), 16p két
nbi ddy du (Fully Connected Layer). Tuy theo
muc dich ma bai toan yéu ciu, mdi mé hinh duoc
ngudi thiét ké thém hodc bét cac 16p trén dé hé
théng dat dugc do chinh xac mong mudn va chi
phi tinh toan thap. Dudi day 1a chi tiét vé 4 16p co
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ban ctia mot mang CNN. [7,10]

Lép tich chdp: thé hién sy lién két cuc bo va
dugc tinh toan bang phép tich chap giira cic gia
tri diém anh trong mdt vung anh cuc by voi céc
b6 loc ¢6 kich thude nho. Pau vao cia cac lop 1a
anh biéu dién boi ma tran co kich thudc:
[H*W*D] trong d6, W: chiéu rong, H: chiéu cao,
D: do sau, hay sd 16p mau cua anh v6i bod loc
duoc st dung 1a ma tran vkich thude FxF. Bo loc
nay dich chuyén lan lugt qua timg ving cho dén
khi toan b anh duoc quét, Kkét qua la ma trin
diém anh méi c¢6 kich thudc nhd hon hodc biang
v6i kich thude anh dau vao. Kich thude nay duoc
quyét dinh tuy theo kich thudc cac khoang tring
dugc thém & vién birc anh ge. Khi d6 dau ra cia
anh v6i mdi 16p duoc tinh:

(H—I;+2P + 1) " (H—I;+2P + 1) +K (1)

trong d6: F: Kich thudc bo loc; S: budc trugt cia

bd loc; P: kich thudc khoang tring phia ngoai
vién cua anh géc; K: S luong b loc.

Khi dua anh vao 16p tich chap, dau ra 1a mot
loat dnh ung véi cac bd loc duge sir dung dé thuc
hién phép tich chap. Cac trong s6 cta cac bo loc
nay duoc khoi tao ngau nhién va cap nhat trong
qué trinh huén luyén.

Jornal of Science and technology



Lép kich hoat phi tuyén dam bao tinh phi
tuyén ctia mo hinh huin luyén sau khi thuc hién
mdt loat cac phép tinh toan tuyén tinh qua cac 16p
tich chap. Lép kich hoat phi tuyén sir dung céc
ham kich hoat phi tuyén nhu ReLU, LeakyReLU,
Maxout. ELU, Sigmoid, tanh...
bién d6 dau ra. Hai ham kich hoat duoc dung
trong bai nay la PReLU va Sigmoid. Ham PReLU
duoc cai thién tir ham ReLU dugc chon do cai dat

[8] dé giéi han

don gian, toc do xir Iy nhanh ma vin dam bao
duoc tinh toan hi¢u qua [9].

flyv)

fo)=ay

Hinh 1: D6 thj mé ta ham PreLU
Lép PReLU dugc 4p dung ngay sau lop tich
chap, voi ddu ra 1a mot anh méi ¢ kich thude
gidng vé6i anh dau vao, cac gia tri diém anh ciing
hoan toan twong ty. Ham Sigmoid dua ra két qua
trong khoang (0,1) dugc sir dung & 16p cudi cing
cho sac xuat khuén mdt nim trong 16p nao. Ham
kich hoat PReLU cé dang
néu y; > 0

Yi
Fo0 = a2 @
Ham Sigmoid hay ham Softmax c6 dang nhu sau:
1
T 1tex (3)
y

0 X
Hinh 2: D‘é‘ thi ham Sigmoid hay Softmax )
Lop co: nam sau 16p kich hoat phi tuyén
nhdm giam kich thudc anh dau ra trong khi vin
gilt cac thong tin quan trong ctia anh vao. Viéc
giam kich thudc dir liéu lamg b6t cac tham so,
tang hiéu qua tinh toan. Lép co sir dung cira sO
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truot quét cac vung anh roi chon mot gia tri dai
dién cho cac diém ang ving d6. C6 hai phuong
thirc co dwoc sir dung nhét 1a 14y gia tri diém anh
cyc dai (Max Pooling: MP) hoic lay gi tri trung
binh cic diém anh trong ving cuc by (Avarage
Pooling: AP).

Lép két noi day du: dugce thiét ké tuong tu
nhu mang noron truyén thdng. Tit ca cac diém
anh duoc két nbi ddy du véi cac no ron trong 16p.
So v6i mang no ron truyén thdng [4], cac anh vao
ctia 16p nay c6 kich thudc giam, dong thoi van
dam bao cac thong tin quan trong cua anh. Do
vay, viéc tinh toan nhan dang st dung moé hinh
truyén thang da khong con phic tap va ton nhidu
thoi gian nhu trong mang no ron truyén thong.

3. Ciu tric mang MTCNN cho nhan dién

MTCNN hoat dong theo ba budc [5], mdi
budc ding mdt mang noron riéng lan luot la:
mang dé xuét P-Net (Proposal Network) nham dy
ddan cac vung trong anh vi du la ving chira
khu6n mat (Hinh 3); mang tinh ché R-Net (Refine
Network) sir dung dau ra ciia P-Net dé loai bo cac
vung khong phai khudén mat (Hinh 4); va mang
dau ra (Output Network): st dung dau ra R-Net dé
dua ra két qua cubi cung v6i 5 diém danh diu
khuén miat: 2 diém mét, 1 diém mii va 2 diém
khoe miéng (Hinh.5) Bang céach thir cac ciu tric
khac nhau, chiing t6i chon dugc mot cAu truc phu
hop c6 d6 chinh xéac cao cho bai toan nhu sau

3.1. Mang P-Net

Conv: “‘ Conv:3x3  Conv: 3x3 face
\I assification

| MP; 2 l
I r I1x1x2 I
bounding box |

: ‘ I'LLI'L\\MII |
Ix1x32 I

input size *\\\lll W16 I acial landmark
13
12x12:3 Im. alization

Hinh 3: Mgng P-Net i
Mang P-Net st dung kién trac CNN gom 3 16p
tich chap va 1 16p co.
Déu vao cira sb trugt voi kich thude 12x12x3 (3
twong ung véi 3 mau: d6, xanh lyc, xanh lam
trong hé mau RGB thong thuong).
Lép tich chdp I: Lop tich chap vai s6 bo loc: 10,
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stride = 1, padding = 0, ham kich hoat = PReLU,
kich thude bd loc: 3 x 3 x 10, sb luong tham $6:
(3x3x3+1)x 10 =280, dau ra: 10x10x10

Lop co: Maxpooling kich thude 2x2, stride = 2
padding = 0; Khi d6 kich thudc dau ra cua dir
lidu giam di 1/2, véi chidu su dugc giit nguyén
con 5x5x10.

Lép tich chdp 2: Kich thude dau vao 5x5x10, sd
b loc: 16, stride = 1, padding = 0, ham kich
hoat=PReLU, kich thuéc bo loc: 3 x 3 x 16, sb
tham sb: (3x3x10+1)x16=1456, dau ra: 3x3x16.
Lép tich chdp 3: Kich thude dau vao 3x3x16, sb
b loc: 32, stride = 1, padding = 0, ham kich
hoat=Softmax, kich thudc bd loc: 3 x 3 x 32, s6
luong tham sb: (3 x 3 x 16 +1) x 32 = 4640, dau
ra: 1x1x32.

Két qua ctia P-Net: mang phan duoc 3 cum
g6m cum thtr nhat c6 2 bo loc kich thude 1x1
nhan dang khuén mat, cum th hai c6 4 bd loc
kich thudc 1x1 dong khung 4 vi tri hdp gidi han
va cum con lai c6 10 bd loc kich thuée 1x1 déng
khung 10 vi tri khudn mat.

3.2. Mang R-Net

Conv:3x3 Conv: 3x3 ¢ony: 2x2 fully
MP:3x3  MP:3x3 connect | |

Bl

| IPULSIZE 131108 axdxa8 3xn64 128 \[] Facial landmark |

face classification |

2
[ bounding box |
7 regression

24x24x3 | localization
10
Hinh 4: Mang R-Net )

Trong budc R-Net sit dung kién truic CNN
gdm 3 16p tich chap, 2 16p co va 1 16p két ndi day
di. Dau vao cira s6 trugt v6i kich thude 24x24x3
(3 twong ung v6i 3 mau: dd, xanh lyc, xanh lam
trong h¢ mau RGB thong thuong).

Lép tich chép 1: Kich thudc dau vao 24x24x3, s6
bo loc: 28, stride=1, padding=0, ham kich
hoat=PReL U, kich thudc b0 loc: 3x3x28, 6 tham
s6: (3x3x3+1)x28=812, kich thudc dau ra:
22x22x28

Lop co: st dung k¥ thuat MP kich thudc 3x3,
stride=2; padding=1; kich thugc dau ra cia dir
liéu giam 1/2, chidu sau dir liéu gitt nguyén la
11x11x28.
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Lép tich chdp 2: Kich thuéc dau vao 11x11x28,
sb bd loc: 48, stride=1, padding=0, ham kich
hoat=PReL U, kich thudc b0 loc: 3x3x28, s6 tham
s6: (3x3x28 +1)x48=12144, kich thuéc dau ra:
9x9x48

Lop co: su dung ky thuat MP kich thudc 3x3,
stride = 2; padding =0; dau ra: 4x4x8

Lép tich chdp 3: Kich thuc dau vao 4x4x48, s6
bd loc: 64, stride=1, padding=0, ham kich
hoat=PReLU, kich thudc bd loc: 2x2x64, sb
luong tham sé: (2x2x48+1)x64= =12352, kich
thudc dau ra: 3x3x64.

Lép két noi day di: Kich thude dau vao 3x3x64,
ham kich hoat=softmax, s6 tham sé:
(3x3x64+1)x128=73856, dau ra: 128.

Két qua cta R-Net phan duoc 3 cum gém
cum thtr nhit ¢6 2 16p nhan dang khuén mat, cum
thir hai c6 4 16p danh dau vi tri hop giéi han va
cum con lai ¢6 10 16p vi tri khuoén mat
3.3. Mang O-Net

Mang O-Net sit dung CNN gbém 4 16p tich

chap, 2 16p co, 1 16p két ndi day di. Pau vao cira
sO truot c6 kich thudc 48x48x3 (trong dé sb 3
tuong ung véi 3 mau: do, xanh lyc, xanh lam
trong h¢ mau RGB thong thudng).
Lép tich chdp 1: Kich thudc dau vao 48x48x3, sb
bd loc: 32, stride=1, padding=2, ham kich
hoat=PReLU, kich thudc bd loc: 3x3x32, sb
luong tham sb: (3x3x3+1)x32=896, dau ra:
46x46x32.

Comv:33  Cov:33  Come:33  Conv:22 fully o 1
\IP N \1P N M ‘\_ comegt /| face classification |

input size Facial landmark localization |
4883

bounding box regression

y

B33 10x10x64  4xdbd 33xI28 256

= - >

Hinh 5: Mang O-Net

Lép co: stt dung k¥ thuat MP kich 3x3, stride=2;
padding=1 ; Khi d6 kich thuéc dau ra cua dit liéu
giam di v6i chidu sdu duoc giit nguyén con
23x23x32.

Lép tich chdp 2: Kich thude ddu vao: 23x23x32,
s6 bd loc: 64, stride=2, padding=1, ham kich
hoat=PReLU, kich thuéc bd loc: 3x3x28, s
lwong tham sé: (3x3x32+1)x64 = 18496, dau ra:
12x12x64
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Lop co: st dung k¥ thuat MP kich thuée 3x3,
stride=1; padding=0; khi d6 kich thuéc dau ra
ctia dit liéu giam véi chiéu sau dugc gitt nguyén
con 10x10x64.

Lop tich chap 3: Kich thude dau vao: 10x10x64,
sb bd loc: 64, stride=1, padding=0, ham kich
hoat=PReLU, kich thuéc by loc: 3x3x32, sb
lugng tham s6: (3x3x64+1)x64=36928, dau ra:
8x8x64.

Lop co: su dung k¥ thuat MP kich thuéc 2x2,
stride=2; padding=0 ; khi d6 kich thuéc dau ra
cia dit liéu giam 1/2 véi chiéu sau dugc giir
nguyén tirc 1a: 4x4x64.

Lép tich chdp 4: Kich thudc diu vao 4x4x64, sb
bd loc: 128, stridel, padding=0, ham kich
hoat=PReLU, kich thuéc bd loc: 2x2x128, sb
luong tham sé: (2x2x64+1)x124=32896, kich
thude dau ra: 3x3x128.

Lép két néi day di voi kich thude dau vao
3x3x128, ham kich hoat=softmax, s& luong tham
s6: (3x3x128+1)x256=295168, kich thudc dau ra
16p két ndi day du: 256.

Két qua cua O-Net phan dugc 3 cum gdm cum
tha nhat c6 2 16p nhan dang khuoén mit, cum thir
hai c6 4 16p danh dau vi tri hop gidi han va cum
con lai ¢6 10 16p vi tri khuén mat
4. Cai dat chwong trinh
4.1 Dix liéu cho bai toan

Nguon dir liu dung cho huén luyén mang
(theo ludt hoc lan truyén nguoc [7]) thir nghiém
duogc thu thap trén Internet (MS1M-ArcFace) voi:
1.020 miu va c6 tong sé khudn mit: 85.000.

4.2 Cai dat chwong trinh

Khoi tao cac thong s6 dé huin luyén mang
gdm tdc d6 hoc (Learning Rate): 0.1; hé sd quan
tinh: 0.9; sai s6 cuc tiéu:5.10™ ; s6 1an hoc tdi da:
100.000; do dai bo (steps): 128;
(batch_size): 10.000. Cac mau huan luyén mang:
76.500 mau huan luyén (chiém 90% tong sb

sO bo

mau); 8.500 mau kiém thir (chiém 10% tong sb
mau dit lidu). Méi truong duge sir dung dé huan
luyén moé hinh nhan dang la Debian, ngdén ngir
Python phién ban 3.7.5 véi Framework dung cho
hudn luyén mé hinh 1a Caffe, MXNET; phan
ctng: card dd hoa NVIDIA Geforce 840M, CPU
Intel Core i7— 9400, 8GB RAM; Téc d6 400
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mau/gidy; thoi gian huin luyén 22 ngay; sb 16p ra
512 (x;thudc R,, d=512); ham mat mat : ArcFace.
Diédu kién dimg cua huin luyén la dat sb vong
huin luyén t6i da, hodc sai sd tuyét dbi (gia tri
ham mét mat) nho hon sai sb cuc tiéu.
4.3 Panh gia va ban luin két qua
4.3.1Tiéu chi danh gia

C6 nhiéu cach danh gia mdt mé hinh nhén
mau (hay phan 16p) Tuy vao nhitng bai toan khac
nhau ma chung ta st dung cac phuong phap khac
nhau. Cac phuong phap thuong duoc st dung la
do chinh xac cua hé¢: (Accuracy Score) cua ma
tran nham 1an (Confusion Matrix), duong dic tinh
hoat dong cuia bo nhan mau (Receiver Operating
Characteristic curve: ROC) [9] v.v...ROC dugc
dung phd bién dé danh gia cac két qua cua bai
toan nhan dién (Hinh 6) [8]
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[TestMode{N1D1F1} (AUC = 99.3675 %]
[TestMode(MOD1F2) (AUC = 99.3759 %)]
[TestMode(N1D1F2) (AUC = 99.3771 %)]

0.6

True Positive Rate

0.5 [TestMode{N1DOFO) (AUC = 99 3362 %)]
[TestMode{NODOFD) (AUC = 99 3201 %)]
0.4 [TestMode(N1D1FD) (AUC = 99.3442 %)]

[TestMode(NOD1FQ) (AUC = 99 3432 %)]
03 T T T T
10°% 1073 107* 1073 1072 107t
False Positive Rate

’ Hinh 6: D6 thi danh gid
Két qua nhan dang mat nguoi dat 46 chinh
xéc theo dit liéu kiém thtr dd néu 1 99.34 %.
4.3.2 Ham mat mat

Ham mat mat Arcface [2, 3, 4] 1a ham cai tién

tor ham Softmax. Do ham Softmax binh thuong
khong du dé thyuc thi do twong tw cao Cong thirc
ham mét mat:

T
Wy, Xi+b;

1
L1=——3" log~——r 3)

n Wyix

j=1
trong do, x; € R%: dau vao tht i, y;: dAu ra thir /,
W € R¥™: ma trin trong s6, b € R™ d9 sai 1éch.
5. Két luan

Bai viét nay trich rit dic trung xac dinh

khu6n mit ngudi bang MTCNN dugc thir nghiém
v6i d6 chinh xac cao. Hudng phat trién tiép theo
cua bai bao la thu nghiém véi cac déc trung da
dang cua anh, nhiing tic dong ctia nhiéu va do
tuong phan khac nhau cua anh. Mot sé truong
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hop nhu: thay d6i sb 16p xir 1y, loc nhiéu dé co nghién ctru, cong bd tiép theo & cac bai bao va

dAu vao 16p diy du khac nhau; ty 16 mau hoc/mau cong trinh  khoa hoc cong nghé khac.

thir khac nhau... cho két qua thé nao s& duoc
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FACE PATTERN RECOGNITION USING MULTI-TASK CASCADED
CONVOLUTIONAL NEURAL NETWORKS

Abstract:

The article provides 2 steps of identifying a human face including taking out the faces in the image;

extracting the features of that face and from the information obtained after analyzing, and verifying the
identity of the person. The first step is based on the model of Multi-Task Cascaded Convolutional
Networks (MTCNN) and the second step is based on the Convolutional Neural Network (CNN). The
method of detecting faces by MTCNN due to the results after identification with high accuracy even if

faces are obscured.

Keywords: Integrated neural network connected concurrently multitasking, neural network integrated

with convolution, face pattern recognition
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