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KEYWORDS overlaps in different emotional expressions. In this paper, the authors
propose to use the SVM method combined with the transitional neural

Facial expression network to classify facial emotions on the FER dataset and build 3
Object classification strategic models to conduct experiments. Determining the exact

emotion of the face is always difficult. The experimental results have
. shown that the CNN model is accurate when compared to the HOG-
SVM — Support Vector Machine  s\/M model. The CNN model takes the real image as input, and the

Machine learning

CNN - Convolutional Neural CNN maodel imports the combined image that has approximately the
Network same results and is more stable.
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Ngay nhan bai: 29/4/2021 Phan loai cam xUc khudn mat thong qua viéc nhan dién nét mat hién
1a mot trong nhitng bai toan dwgc nhiéu nha nghién ctu quan tam.

Ngay hoan thign: 23/11/2021 Vi muc dich hd trg duge ngudi ding trong viéc nhan dién dugc cam

Ngay ding: 24/11/2021 xtc khudn mat dé sir dung nghién ciru trong cac linh vire nhu khoa

hoc 1am sang hay khoa hoc hanh vi. Thach thic vai bai todn nay la

TU KHOA nét mt ciia con nguoi ¢ sw twong dong, trung lap trong cac bicu thi
- cam xuc khac nhau. Trong bai bao nay, nhom tac gia dé xuat sir dung
Biéu cam khuén mat phuong phap Support Vector Machine — SVM két hop véi mang than
Phan I6p déi tuong kinh chuyén dbi dé phan loai cam xuc trén khuén mat trén bo di liéu

May hoc FER va xay dung 3 md hinh chién luoc dé tién hanh céc thi nghiém.

; . Viéc xac dinh cam xdc chinh xac cua khudn mat ludn khé khan. Cac
SVM — Support Vector Machine &t qua caa thuc nghiém da cho thdy ring mé hinh Convolutional
Mang no-ron tich chap Neural Network - CNN chinh x4ac hon khi so sanh v6i mé hinh
Histogram Of Orientation Gradient + Support Vector Machine -
HOG +SVM . M6 hinh CNN ldy hinh anh thuc 1am dau vao va mé
hinh CNN nhap hinh anh két hop c6 két qua gan dang véi nhau va c6
tinh chit 6n dinh hon.
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1. Gisi thigu

Nhan dang cam xuc trén khuén mat 1a qua trinh xac dinh cac cam xdc trén khuén mat cua con
nguoi thong qua khudn mat. Moi nguoi rat khac nhau véi do chinh xéac khac nhau trong viéc
nhan biét cam xdc cua ngudi khac. Trong su lan rong cua cac do chinh xac khac nhau nay, cong
nghé c6 thé ching minh kénh nhan dang cdm xtc cling nhu phat trién mot s6 mo hinh dé xac
dinh cam xtc khudn mat chinh xéac caa con ngudi. Cac phuong tién giao tiép bao gdm cir chi co
thé, nét mat, . ngoal l6i n6i. Cir chi co thé giap diéu chinh giao tiép trong 161 noi, trong khi nét
mat thé hién Cam xuc cua con nguoi theo phan xa. Nhan dang cam xdc khuén mat c6 (ng dung
trong nhiéu linh vic khac nhau bao gém khoa hoc 1am sang, khoa hoc hanh vi,... Phat hién nét
mit ciing 1a diéu kién tién quyét ngay nay doi véi giao dién nguoi - may. Trong vai nim qua, mot
sb tién bo da dwoc thyc hién trong linh vuc phét hién nét mit, nhu k¥ thuat trich xuat cac dac
diém trén khuon mait va phan loai biéu cam. Nhung van phai phat trién mot hé thong phét hién
biéu cam khudn mit ty dong. Dy 4n ndy thuc hién nhan dang khuén mit theo nhiéu céach, bang
cach str dung bo mo ta (Histogram Of Orientation Gradient) va SVM (May vecto hd trg) cho mo
hinh dau tién trong khi voi cac chién lugc déu vao khac nhau cho Mang no-ron tich chap
Convolutions Neural Network (CNN) trong cac mé hinh khac. Sau d6, CNN va SVM du doan
nhan theo mot trong cac cam xdc trén khudn mit sau: binh thudng, hanh phuc, so hai, budn ba,
chan ghét, tac gian, ngac nhién. Pong co cua viéc két hop hai hoic nhiéu ky thuat va tién xu ly
dé dat duogc két qua cd thé so sanh duoc thanh cong.

Trude ddy, cac nha nghién ctru di tién hanh nghién ciu nhan biét cac don vi hanh dong cho
khuén mit thong qua viéc phan tich cac biéu thic tu dong [1]. Tiép dén, di co nhiéu két qua
nghién ciru dé cap va thuc hién giai quyét cac bai toan vé& nhan dang nhu xac dinh nguoi trong
anh [2] hay nhan dang céc biéu hién khuon mit dua trén cac dic diém hinh anh bang cac céng cu
khéc nhau c6 thé duoc két hop dé cai thién do chinh xac cua hé thdng [3]. Ngoai ra ciing di co
nhiéu nghién ciu vé nhan dang lién quan dén mang do sdu nhu Karen Simonyan va cong su
trong [4], hé thdng tu dong nhan biét cac ctr dong trén khudn mat [5]. Hay hé thdng nhan dang
cam xuc trén khuén mit thé hién viéc phan loai khuén mat thanh mot s6 bo cam xuc ban dau nhu
vui vé, budn ba va tac gian [6].

Khudn mit tao ra cac chuyén dong co riéng 1é dé tao ra mot khudn mat khéach quan va hé
thdng ma héa hanh dong trén khuén mat (FACS) 1a khung tam 1y - logic duoc sir dung dé mo ta
céc chuyén dong trén khudn mat. Day 1a mot phuong phap duoc sir dung dé phan loai cac chuyén
dong trén khudn mit ciia con ngudi theo ngoai hinh cua ho bang don vi hanh dong (AU). Chiing
la sy thu gidn hodc co lai cia mot hodc nhiéu co. Co nhiéu ky thuat duoc sir dung dé nhan dang
cam x(c trén khudn mat nhu mang no-ron tich chap dé nhan dang biéu hién trén khudn mat [7].

V6i muyc dich tiép tuc cai thién va két hop so séanh véi cac phuong phap da co va sir dung
trude day, bai bao dé xuat mot phuong phap sir dung dé phan 16p cam xdc khudén mit dya vao
SVM va CNN. Céc két qua thuc nghiém duya trén tap dir liéu FER2013 tir trang web Kaggle da
chi ra hiéu qua cua phuong phap dé xuat.

2. Dir ligu @é nghién ciru

Du an sir dung Tap dir liéu FER2013 tir trang web Kaggle c6 chira 35.887 (48 pixel * 48
pixel) hinh anh xam md ta cac biéu cam trén khuén mit. Tat ca cac hinh anh déu c6 cac khudn
mit gan nhu chinh giira va chiém mot luong khong gian twong tw. Tap dit liéu ¢ bay 16p khac
nhau va mdi hinh anh thuéc mét 16p cu thé caa cam xuc trén khudn mit. Vi du, Hinh 1 cho thiy
bay cam xic khac nhau trén khuén mat.

Céc anh tir (a) dén (g) mo ta sé 16p caa hinh anh va do d6 cam xtc trén khudn mit lan luot 1a
tic gian, binh thudng, budn ba, vui vé, ngac nhién, so hai va chan ghét. Kich thudc cua tap dir
liéu 1 (35887, 48, 48, 1). M ta phan loai cua tap dit liéu (s6 lwong hinh anh va cam xdc khuén
mit tuong tng. CAc hinh anh cua biéu cam khudn mat c6 sb lwong nhu sau trong co s& dir lidu:
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(d)

(@)
Hinh 1. M6 ta cac cam xuc c6 trong tdp diz liéu anh cam xdc khuoén mat FER

- Tac gian c6 4953 hinh anh;

- Chan ghét c6 547 hinh anh;

- So héi ¢6 5120 hinh anh;

- Vui vé c6 8988 hinh anh;

- Budn ba c6 6077 hinh anh;

- Ngac nhién c6 4002 hinh anh;

- Binh thuong ¢d 6198 hinh anh.

Tap dit liéu da duoc chia thanh 3 tap riéng biét, d6 1a tap huan luyén (dé huin luyén md hinh),
tap xac nhan (dé diéu chinh siéu tham sb) va tap thir nghiém (dé kiém tra md hinh). C6 28196
hinh anh trong b dao tao, 3546 hinh anh trong b6 xac nhan va 3545 hinh anh.

3. Xay dwng mé hinh dé phan lép cam xtc khudn mit dya vao SVM va CNN

Ba mo hinh dé phan 6p cac biéu cam khudn mat dugc xay dung nhu sau:

- M6 hinh 1 (HOG +SVM): M6 hinh nay st dung biéu d6 cua cac gradient c6 dinh hudng
(HOG) dé trich xuét dbi trong va may vecto hd trg (SVM c6 RBF kernel) dé phan loai cam xuc
trén khubn mat cuaa anh [2]. HOG la mét trong nhitng bé mo ta khudn mat trong hoc may va thi
giac may tinh nhung ciing c6 thé duoc sir dung dé dinh lwong va thé hién ca hinh dang va két cau.
Céc su pho bién cua HOG c6 thé duoc ung ho vai kha niang mé ta dic diém caa dién mao va hinh
dang dbi twong cuc bd sir dung phan bd cuong do cuc b gradient (gradient ngang va doc). Bo
mod ta HOG dugc md hinh hoa dé cung cap cac chiéu cia vecto ddc trung co gia tri thuc, tly
thudc vao cac tham sb sau: huéng, pixel trén mdi 6 va cac 6 trén mdi khéi. Ham co so hudng tam
(RBF) duogc str dung trong SVM lam phuong phap hat nhan.

- M6 hinh 2 (Hinh anh thyc + CNN): M6 hinh nay st dung mang no-ron tich chap (mé hinh
CNN) dé nhan chim ca hai myc dich trich xuat va phan loai dic diém caa cam xuc trén khudn
mat va dau vao hinh anh thyc (hinh anh ‘thang d6 xdm) (Hinh 2). M6 hinh dugc cau trac véi 9 16p
tich chap, chiic nang kich hoat phi tuyén, ReLU, sau d6 dan dén 4 16p duoc két ndi day du [7].
Céc hoat dong bo qua, chuan hoa hang loat (BN) va gop t6i da duoc sir dung sau mdi 16p. Cudi
cling, mang ¢6 mot 1op day dic tinh toan diém so.

- M@ hinh 3 (CNN Balanced Dataset): Cac bo dir lidu khdng phai ltuc nao ciing can bang vé s6
lwong hinh anh nam trong mai 16p phan loai cam xtc khudn mat, khéng thé hoan toan dwa vao
ergo dé xac dinh d¢ chinh xac. Twong tu 13 trudng hop voi tap dit liéu FER. N6 ¢6 tong cong
35887 hinh anh thudc 7 cam xutc khac nhau. S6 lwong danh muc chinh xac nhu sau: Tac gian cé
4953 hinh anh, Chan ghét cé 547 hinh anh, S¢ hdi ¢6 5120 hinh anh, Vui vé c¢6 8988 hinh anh,
Budn ba c6 6077 hinh anh, Ngac nhién c¢6 4002 hinh anh, Binh thuong c6 6198 hinh anh. M6
hinh nay khai thac khai niém lay mau xuéng dé can bang tap dir liéu. 547 hinh anh tr mdi danh
muc néu trén dugc thu thap 1a "Chan ghét" cé sé lugng hinh anh it nhét, 12 547, trong sé tit ca
cac danh muc. Bo dit liéu mai hién ¢ 3829 hinh anh.
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A: Real Image B: Hybrid Image

B+ 4

c ﬁug lu;agc
Hinh 2. D liéu dau vao cho cac mé hinh
4. Phin tich va danh gia thuc nghiém
4.1. Phan tich va ddnh gid thuc nghi¢gm

Trong Model-1, tap dit liéu (35887 hinh anh) dugc chia thanh 2 tap Ia tap huén luyén chira
28196 hinh anh va tap thir nghiém véi 7691 hinh anh. Kich thuéc cia méi hinh anh 1a 48 pixel *
48 pixel va duogc chia thanh cac khdi co kich thude twong duong khac nhau c6 chira pixel.

Trong Model-2 va Model-3, tap dit liéu duoc chia thanh 3 bg, cu thé 1a b huén luyén, bo xac
nhan va bo thir nghiém. Tap dit liéu c6 35887 hinh anh, mdi hinh anh c6 kich thuéc 48 pixel * 48
pixel. Tap huin luyén duoc sir dung dé huan luyén md hinh chaa 28196 hinh anh, mai hinh anh
48 pixel * 48 pixel. B kiém tra duoc st dung dé kiém tra md hinh va chira 3845 hinh anh, mdi
hinh anh 48 pixel * 48 pixel. Bo xac thuc dugc sir dung cho diéu chinh cac siéu tham sé va chira
3846 anh con lai, moi anh 48 pixel * 48 pixel.

4.2. Tién hanh thi nghiém

Thuét toan thuc hién cua mé hinh 1:

Budc 1. Tinh toan d6 16n/ hudng caa gradient tai mdi pixel bang cach sir dung dién tich 6 8 *
8 0 pixel.

Budc 2. Tao biéu dd gom 64 vecto gradient da tao (8 * 8).

Budc 3. Chia ting 6 cua hinh anh thanh cac viing goc canh (Hinh 3), trong d6 mdi ving tuong
rng voi mot hudng gradient tir 0 d6 dén 180 do (20 dd mdi ving).

Budc 4. Liap lai tat ca ba bude cho dén khi toan bo hinh anh dwoc bao phi béi to hop chap, dé
c6 dugc hinh anh gradient.

Budc 5. Sau khi két thuc cac tinh nang HOG tir tap huan luyén (kich thudc cua cac tinh ning
Hog = (kich thuéc trong tong sé hinh anh, 900))

Xtrain = (28196,900),

Xtest = (7691,900),

ytrain = (28196,1),

Yitest = (7691,1).

Budc 6. Huan luyén SVM (nhan rbf, gamma = 0,1) trén tap huan luyén.

Budc 7. Kiém tra md hinh SVM trén dix liéu the nghiém.

Budc 8. Tinh toan do chinh xéac ciing nhu ma tran nham Ian.
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Hinh 3. Chuyén doi Gradient

Trong mé hinh 2, md hinh 3, kién tric bao gom tam 16p phic hop va bén 16p duoc két ndi day
du (dé tinh toén ton that va diém sb), tiép theo 1a chuan hoéa hang loat va bo hoc. Lép CNN dau
tién (Hinh 4) st dung 64 bo loc, mdi bo loc ¢6 kich thudc 3 * 3, sai chan (kich thuéc 1) va ReLU
lam chirc nang kich hoat. Lép thir hai str dung 64 bo loc, mdi bo loc ¢6 kich thude 3 * 3, budc
(kich thuéc 1), chuin héa hang loat, tdng hop t6i da vai cac b loc c6 kich thude 2 * 2, loai bo 1a
0,5 (Hinh 2) va ReLU Iam chiic niang kich hoat. Lép CNN thir ba twong tu nhu 16p dau tién
nhung chira 128 bo loc, mdi bo loc co kich thudc 3 * 3. Lép tha tu twong tu nhu 16p thi hai
nhung ¢6 128 bd loc, mdi bod loc ¢o6 kich thuéc 3 * 3. Lop CNN thi ndm twong tu nhu 16p thi ba
nhung sir dung 256 bo loc. Lop thir sau ddng nhét vai I6p thir tu nhung vai 256 bo loc, mdi bo ¢6
kich thudc 3 * 3. Lop CNN thir bay twong tur nhu 16p CNN thir nam nhung str dung b6 loc 512.
Lép ther tam twong tu nhu 16p tha sdu nhung c6 bd loc 512. Lép duoc két ndi ddy du dau tién co
512 té bao than kinh trong mét 16p 4n va ReLU lam chuc ning kich hoat, tiép theo 1a su bo qua
0,4. Lop duoc két ndi day du thu hai c6 256 té bao than kinh trong mot 16p 4n va Relu duéi dang
chirc ning kich hoat theo sau la bo qua 0,4. Lop dwoc két nbi diy du thir ba ¢ 128 té bao than
kinh trong mot 16p an, ReLU 1am chuc ning kich hoat, tiép theo 14 0,4 ngudi bo hoc. Lop két nbi
day dic cudi cung, ¢ 7 té bao than kinh trong mét 16p 4n va chire ning kich hoat Softmax. GPU
d3 duoc khai thac dé tang thoi gian xir Iy cia cac mé hinh.

5. Két qua thuc nghiém

Hiéu suat cia cac mo hinh dugc xac dinh bai d6 chinh xac caa tirng md hinh (Hinh 4). Biéu
d6 cua ky nguyén chinh xac va ky nguyén méat mat da duoc vé cho tat ca cic mo hinh dé danh gia
hiéu suat cia ching. Hinh 4 cho thay ma tran nham 1an cua tat ca cac mo hinh va hd trg danh gia
hiéu suat cua chung twong ng. Ma tran nay ciing hd tro trong viée xac dinh sy hién dién co thé
xay ra cua / cac hu cau phan loai khdng chinh xac, la nhitng kha nang xay ra véi cac hu ciu nhan
dang cam xUc cia con nguoi.

Confusion matrix Confusion matrix Confusion matrix
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o 1 1200 o0 700
Disgust {3 80 1 10 17 2 4 Disgust x 2 Disgust{ 7 2 1 o &6 1 2
w0t . L 600
T fear{152 9 420 9% 187 B 145 K PR O U - % Fear | % 5 232 21 & 28 W
] =
= o = 500 B 500
T Happy 05 3 7 14: a 120 B nep|= 1 0@ H u = @ o0 B Heppy | ® 2 2 w ® B & 100
= E00 ] = e =
T sg {74 5 152 11 W5 = 23 S 1w o7 3 4 @ 0 g om0 2 120 3 [EBF & 1 oo
- ann . 5 3
Surprise {96 4 B @ 37 (545 a5 Surprize oo m 1 ]UU N P 200
k200 1 2 00 1
Neutral {135 1 93 193 w7 34 [668 Heutral B. : I” E_" 14? 1:3 . Neutrat /| ¥ 1 &4 54 106 17 100
T - T T T — ! 0
A g g A o &
1 i gt £ SR 7 e #F ’ = . 5
a e L wg\,v‘\s“e\“ b o o o \@1" v5$\ & & DQQ" o I
¥ue labsl Fue ket C <7 + 9{6 -

Tue label

Hinh 4. Ma tran nhdp nhang cuia lan heot céc md hinh: @) md hinh 1, b) md hinh 2, ¢) md hinh 3
_ Viée xac dinh cam xtc chinh xac cua khuon mat luén kho khan. Co thé thiy 16 qua két qua
rang, md hinh CNN chinh xac khi so sanh véi mo hinh HOG-SVM. Mo hinh CNN lay hinh anh
thuc lam dau vao va mé hinh CNN nhap hinh anh ket hop c6 két qua gan dung véi nhau.
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Bang 1. Pg chinh xac cua cac mo hinh theo ting Iép cam xuc

Biéu cam M hinh 1 Md hinh 2 M® hinh 3
Tuc gian 90,67 88,56 88,78
Chéan ghét 91,2 91,02 90,43
So hai 93,04 93,85 85,98
Vui vé 91,7 85,04 81,35
Ngac nhién 89,43 89,76 90,7
Binh thuong 83,1 83,01 89,90
Buon ba 80,6 94,87 93,6

6. Két luan

Ba mé hinh dwoc phat trién dé nhan dang cam xic trén khudén mat va man trinh dién cua
chung dugc danh gia bang cac ky thuat khac nhau. Két qua & Bang 1 cho thiy ring, cac md hinh
CNN tét hon mé hinh SVM. Trai nguoc Véi lan quan sat dau tién, viéc ldy mau xudng khong
gilp cai thién hiéu suat cia md hinh mic du dugc thoai méi trong viéc dat dugc do tin cay tot
hon. M6 hinh CNN dua hinh anh gdc vao ngang bang véi mé hinh CNN lay hinh anh lai vé& do
chinh xac. Két qua dang chu y vé thoi gian xem xét 1a thoi gian can thiét dé dat duoc do chinh
xéc thyc té 13 it hon trong trudng hop md hinh CNN nhap hinh anh thyc.
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