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Tom tit

Nhdn dgng biéu cam khudn mdr la phwong
phap chinh cho cdc y dinh xi ly phi ngbn ngir.
Nghién cizu nhén dang biéu cam khudn mar da
va dang dwoC quan tdm nghién cuiu va ing
dung & nhiéu noi trén thé giéi. Do dé trong
bai bao nay tgp trung vao bai toan nhgn dang
biéu cam khudn mgt bang phwong phdp hoc
sau s dung kién tric mgng ResNet101. H4 tin
Cdy ciua mé hinh duwgc danh gia dya trén tap
di# liéu mau c6 san FER2013 cho ty 1¢ nhdn
dang cao nhat 14 71,22%. Tar phan tich chi tiét
dé chinh x&c ting logi biéu cam nhom tac gia
dwa ra gidi phap dé xudt ba nhém biéu cam
chinh dé xay dung chirong trinh danh gid chat
luwong dich vu véi ba mie dé: hai long, binh
thirong va khong hai long.

Tir khéa: CNN, FER, ResNet.

Abstract

Facial recognition is the main method for
nonverbal processing intentions. Research on
facial expression recognition has been
interested in research and application in many
parts of the world. Therefore, this paper focuses
on the problem of facial expression recognition
by deep learning method using ResNet101
network architecture. The reliability of the
model was assessed based on the sample data
set available FER2013 for the highest
recognition rate of 71.22%. From the detailed
analysis of the accuracy of each type of
expression, the author offers the solution to
propose three main expressive groups to develop
a service quality assessment program with three
levels: satisfaction, normal and unsatisfactory.

Keywords: CNN, FER, ResNet.

1. Gigi thiéu

Biéu cam khudn mat 1a mot phwong phap phi ngon
ngir chinh thé hién cam x(c giao tiép ciia con nguoi.
Theo céc nghién ciu trong [15] cho thay 55% thong
diép lién quan dén cam xuc va thai do 1a & nét mat,
7% trong d6 c6 thé néi ra, phan con lai 1a biéu dat
ngén ngit (cach ma céc tir dugc noi). Biéu cam trén
khudn mat dong mot vai tro quan trong trong toan bo
qué trinh trao d6i thong tin. Vi sy phét trién nhanh
chéng cua tri tué nhan tao, tu dong nhan dang biéu
cam khudn mat da duoc nghién ctu manh mé trong
nhimg nam gin day. Nghién ctru vé nhan dang biéu
cam khuén mat (Facial Expression Recognition -
FER) dang rat duoc chli y quan tam trong cac linh vuc
tam ly hoc, thi gidc may tinh va nhan dang mau. FER
c6 céac tng dung rong réi trong nhiéu linh vuc, bao
gdm twong tic mdy tinh va con ngudoi [11,14], thuc té
40 [2], thuc té ting cuong [3], hé théng hd trg ngudi
l4i tién tién [1], gi4o duc [7] va giai tri [9].

C6 nhiéu phuong phap nhan dang biéu cam c6 thé
nhém theo bén huéng chinh: Hudéng tiép can dua trén
tri thirc, huéng tiép can duya trén dic trung khong gian
thay d6i, huéng tiép can dua trén dic trung so khép
mau, hudng tiép can dua trén dién mao (hudng tiép
can theo phuong phap hoc). Bac biét husng tiép can
theo phuwong phap hoc 14 huéng tiép can rat duoc quan
tam vi kha nang nhan dang cho ty I€ chinh x&c cao véi
sai s6 6 thé chip nhan duoc.

Trong nghién ctu cua bai bao nay quan tim dén
nhan dang biéu cam khudn mat bang phuong phap hoc
sau str dung kién tric Residual Network (ResNet) [5],
day l1a ky thuat da cho ra két qua rat kha quan trong
thoi gian gan day ddi vai cac bai toan nhan dang ddi
tuong. Noi dung cuia bai bao dugc trinh bay cu thé nhu
sau: Muc 2 gidi thiéu tong quan cac loai biéu cam
khudn mat; Muc 3 trinh bay mé hinh hoc sau st dung
dé nhan dang biéu cam khudn mat; Muc 4 d& xuat giai
phép ing dung nhan dang biéu cam dé danh gia chat
lwong phuc vu dich vu va danh gia két qua thir
nghiém; Muc 5 két luan.
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2. Biéu cam khubn mit

Cam xUc ciia con ngudi dugc thé hién qua céc biéu
cam khudn mat, nhan dién duoc biéu cam caa ngudi
dbi diéen 12 mot trong céc ban ning tu nhién cua con
nguoi. Vay lam thé nao dé “day” cho may tinh biét
cach phan biét cac loai cam xtc nay? Cau tra loi la khi
con ngudi thé hién cam xuc, lubn ton tai mot s6 dac
trung chung trén khudén mit cua tat ca moi nguoi bat
ké d6 tudi, vi tri dia 1y hay diéu kién séng,... Dua vao
ddc trung nay, ta c6 thé rit ra cac dic diém quan trong
clia cam xtc, mé hinh hoa va “day” cho may tinh hiéu
duoc cam xuac do.

Nhan dang chinh xac biéu cam khuén mat Ia mot
bai toan kho khan vi con ngudi ¢6 rat nhiéu “cung bac
cam xtic” khac nhau. Dé bai toan khdng qua phirc tap
c6 thé chia biéu cam khudn mit vao bay loai sic thai
chinh sau: hanh phiic (happy), dau khé (Sad), so hai
(Afraid/fear), tic gian (angry), ngac nhién (surprised),
cam phan (disgusted) va trung lap (neutral) [1, 2, 7,
8,9,13] - nhu minh hoa trong Hinh 1.

h(m Fﬁﬁﬁhlrs’ﬁ =&
> A
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Happy Sad Afraid Angry Surprised

Hinh 1. Bay cam xuc chinh cia khuén mat: hagnh phuc,
buén, s¢' hai, tirc gi@n, ngac nhién, cam phén, trung ldp [13]
Nhiém vu caa mot hé thdng nhan dién cam xdc la
phai phan loai dugc mot trang thai mat nguoi vao
nhém mét trong bay biéu cam trén.

3. M6 hinh hgc séu sir dung cho bai toan nhan
dang biéu cam

Hién nay c6 nhiéu md hinh mang hoc sau nhan
chap CNN (Convolutional neural networks) duoc van
dung trong cac bai toan nhan dang nhu: LeNet,
AlexNet, VGG, GoogLeNet, ResNet,... [1, 3,6, 9, 10,
15], trong nghién ctiru nay lya chon mang ResNet cho
mo hinh nhan dang biéu cam vi mot sb 1y do dugc
trinh bay chi tiét sau day.

3.1. Mang hoc séu ResNet101

ResNet (Residual Network) dwoc phét trién bai
Microsoft vao nim 2015 cong bd trén bai bao “Deep
residual learning for image recognltlon” [5]. ResNet
da chién thang voi vi tri s6 mot trong cudc thi

ILSVRC 2015 voi ty Ié 16i ding trong top 5 chi 3,57%,

tham chi dung vi tri dau tién trong cudc thi ILSVRC
va COCO 2015 véi ImageNet Detection, ImageNet
localization, Coco detection va Coco segmentation.
ResNet c6 cau trdic gan gidng VGG véi nhiéu 16p ngan
xép 1am cho mo hinh su hon. C6 nhiéu bién thé cua
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kién tric ResNet véi s6 16p khac nhau nhir ResNet-18,
ResNet-34, ResNet-50, ResNet-101, ResNet-152,...
Vi tén 1a ResNet theo sau 1a mot sé chi kién trac
ResNet véi sé 16p nhit dinh. Resnet giai quyét duoc
van dé cua hoc sau truyén théng, nd cé thé dé dang
hoc véi hang tram 16p.

Mang ResNet (R) 1a mot mang CNN duoc thiét ké
dé l1am viéc véi hang tram hoac hang nghin 16p chap.
Mot van dé xay ra khi xay dung mang CNN véi nhiéu
I6p chap sé& xay ra hién tugng Vanishing Gradient dan
t6i qué trinh hoc tap khong tét. Chinh vi vay giai phép
ma ResNet dua ra 1a sir dung két ndi tat dong nhét dé
xuyén qua mot hay nhiéu I6p. Mot khéi nhu vay dugc
goi la mot Residual Block, nhu trong Hinh 2.

Hinh 2. Mpt khéi Residual ciia ResNet

ResNet gan nhu twong ty v6i cac mang CNN khac
gdm c6: nhan chap (convolution), tdng hop (pooling),
kich hoat (activation) va két ndi day du (fully-
connected layer). Hinh 3 hién thi khéi du duoc su
dung trong mang. Xuat hién mot mii tén cong xuat
phét tir dau va két thic tai cudi khdi du hay ResNet st
dung céc két ndi tat (két ndi truc tiép dau vao caa lop
(n) véi (n+x) dugc hién thi dang mii tén cong. Qua
m6 hinh né chirg minh dugc cé thé cai thién hiéu suat
trong qua trinh huan luyén khi mé hinh c6 hon 20 16p.
Nhu vay c6 thé hiéu viéc tang sé lugng céc I6p trong
mang 1am giam do chinh xac, nhung mudn c6 mot
kién tric mang sau hon c6 thé hoat dong tét.

Do d6 trong nghién ctru nay, st dung mang CNN
v6i md hinh ResNet101 [5] dé xay dung cho bai toan
nhan dang biéu cam khudn mit.

3.2. Cdu hinh ResNet101

Céu tric mang ResNet101 cho bai to4n nhan dang
biéu cam khuén mat duoc thiét 1ap nhu Hinh 3 gom
nam phan doan (stage), chi tiét mdi stage dugc miéu
ta dudi day.

Ky hiéu "ID BLOCK" trong Hinh 4 1a viét tat cua
tir Identity block, ID BLOCKx3 nghia 1a ¢6 3 khdi
Identity block chdng Ién nhau. Cu thé nhu sau:

Zero-padding: Input véi (3,3).
Stage 1: Tich chap (Convl) véi 64 filters véi

SO 64 (11-2020)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SIENCE AND TECHNOLOGY-

shape(7,7), str dung stride(2,2). BatchNorm (epsilon
= 1.1e-5, axit = 1|3), MaxPooling (3,3).

Stage 2: Convolutiontal block (a) sir dung 3 b6 loc
filter voi size 64x64x256, =3, s=1, strides(1,1). C6 2
Identity blocks (b, c) vdi filter size 64x64x256, {=3.

Stage 3: Convolutional block (a) st dung 3 bo loc
filter size 128x128x512, f=3, s=2. C6 3 Identity
blocks (by, b2, b3) véi filter size 128x128x512, f=3.

Stage 4: Convolutional block (a) sir dung 3 filter
size 256x256x1024, f=3, s=2. C6 22 Identity blocks
(b1, ba,...b) voi filter size 256x256x1024, {=3.

Stage 5: Convolutional block (a) sir dung 3 filter
size 512x512x2048, f=3, s=2. C6 2 ldentity blocks
(b,c) voi filter size 512x512x2048, =3.

The 2D Average Pooling: St dung véi kich thude
(7,7).

The Flatten.

Fully Connected (Dense):
activation.

st dung softmax

slage 1 slage2 slage 3 slage 4 slage §

Hinh 3. Cdu tric ResNet101 nhdn dgng biéu cam

3.3. Tdp dir ligu, cai dat va thie nghigm

Tap anh dung danh gia do tin cay caa mé hinh la
tap anh Fer2013 dugc tai vé tir [4] trén Kaggle gom
35.887 anh cap xam kich c& 48x48 trong d6: 28.709
anh dung dé huan luyén (training), 3.589 anh kiém tra
tham dinh (public test) va 3.589 anh kiém tra riéng
(private test) vai 7 16p biéu cam (Angry, Disgust, Fear,
Happy, Sad, Surprise, Neutral), Hinh 4 minh hoa mét
phan b anh.

M®& hinh nhéan dang trén ResNet101 dugc cai dat
trén ngbn ngit Python Ver 3.7 va thu vién
Keras/Tensorflow dugc sir dung dé cai dat, trén may
tinh PC i7- 4600U CPU@ 2.10Hz. Quatrinh xur ly qua
5 budc sau:

Bueéc 1: Nhap anh dau vao (c6 thé 1a anh mau hozic
anh xam).

Buwéc 2: Phét hién vang anh mat nguoi bang ham
haar cascade (cua thu vién OpenCV).

Buéc 3: Ving anh mat ngudi dugc chuyén vé kich
thuac 48x48.

Buéc 4: Anh viing mat 48x48 (st dung ca 3 kénh
mau) dwa vao mang hoc sau sir dung ciu tric
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ResNet101.

Buéc 5: Dau ra cia ResNet101 12 xac xuat cua bay
cam xuc chinh.

Hinh 4. Minh hga mgt phdn tdp dnh Fer2013 [6]

S6 anh kiém tra do chinh xéc tir tap dir ligu
Fer2013 la 3.589 anh cho két qua cao nhat trén
Fer2013 12 71,22%. Hinh 5 va Hinh 6 thong ké két qua
phan loai cua tung loai biéu cam trong d6 Hinh 5
thdng ké theo sb lugng anh, Hinh 6 thong ké theo ty
Ié twong tng. Hinh 7 dé mé giao dién hé thong nhan
dang biéu cam.

Confusion matrix, without normalization

An 313 4 52 8 a1 66 7
R 700
i 9 39 3 1 1 1 1
Disgust 500
Fear{ 62 o 285 16 a9 79 37 500
=
= 16 o 1n 38 15 15 400
g Happy
=
sad { 28 2 40 27 a7 8 300
Surprise |57 1 &0 23 84 | 362 7 200
100
Neutral { 10 o 29 21 9 s | 339
o
LT S S & &
2 & &
P R SN &

Predicted label

Hinh 5, Két qud phan loai biéu cim theo s6 lwong inh

Normalized confusion matrix

Angry . 001 011 002 008 013
Disgust | **
Fear 4 %

Happy 1 &

True label

Sad 4 Y

Surprise 41

Neutral {

«© c}«a@é & &P &S

Predicted label

Hinh 6. Két qud nhgn dang biéu cdm theo ty Ig
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Hinh 7. Pé md h¢g théng nhégn dang

Tu két qua nhan duoc theo Hinh 6 va 7 cua md
hinh nhan dang biéu cam khudn mat sir dung ResNet
cho két qua tdt ddi vai cac cam xdc: hanh phuc - happy
(89%), trung lap - Neutral (81%), két qua mirc trung
dbi voi cam xuc: ghé tom - cam phan (71%) va budn
- sad (69%), két qua murc thap véi cam xdc: gian di -
angry (64%), ngac nhién - surprise (61%) va s¢ hai -
fear (54%).

4. Pé xuit giai phap wng dung danh gia chat
lwgng dich vu

Theo két qua thir nghiém trong muc 3, ¢6 thé thay
mo hinh dénh gia tét véi cam xuc hanh phic (89%) va
trung 1ap (81%), danh gia kém vaoi cam xdac s¢ hdi
(54%) va ngac nhién (61%). Dya trén lgi thé nhan
dang tot cam xdc hanh phuc va trung lap hay cam phan
c6 thé dé xuat ung dung vao hé thong danh gia chat
lvgng mang tén “hanh chinh nu cu6i” hay “dich vu
hanh phuc” theo ba nhém cam xdc voi ba mirc do vé
chat luong dich vu nhu sau:

+ Nhém 1 (hai long vé dich vu): Nhém cam xuc
hanh phc;

+ Nhom 2 (binh thuong vé dich vu): Nhém cam
xuc trung lap;

+ Nhom 3 (khdng hai 16ng vé dich vy): Nhém cam
xtc ¢on lai (tuc gian, cam phan, so hai, budn va ngac
nhién).

Khi mdi khach hang (sinh vién hoic cong dan)
dugc phuc vu ra v& yéu cau ho cho biét cam xdc cua
ho qua hé thong néu ho cam thay hai long hdy né nu
cudi, néu ho cam thiy binh thuong hdy giit thai do
trung 1ap, ho khong thoa man ho c6 thé thé hién cam
xuc trong ndm biéu cam (tc gian, cam phan, s¢ héi,
budn va ngac nhién). Hé thong s& tu dong dém s mic
d6 (hai long, binh thudng va khong hai 1ong) dé tong
hop danh gi4 tinh hinh chét lugng phuc vu tir d6 dua
ra giai phap diéu chinh phi hop va nang cao chat
lwong phuc vu can thiét.
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Thuec hién thir nghiém cho mot nhdm sinh vién véi
142 sinh vién (cua 3 16p THVP N17, N02 va N09) dé
danh gia 3 nhom biéu cam di dé xut trén, Hinh 8
minh hoa mot phan tap anh hé thong luu lai sau khi
nhan dang.

ahBljp ndi0p  enhdllGjp  enhR2Xjp  enhidTl hEjp e ehMljp mhTBp ehilp aip ehiTjp | eblp  ewhiSSTip

Hinh 8. Minh hpa mgt phdn tap dnh dwoc lwu lgi tir hé
théng ddanh gia chét lwong phuc vu
Tur s lwong biéu cam nhan duoc cua hé théng cho
thiy két qua nhan dang tét cac nhém cam xuc danh
gia chat luong dich vu: hai long, binh thudong va
khong hai long. Hé thdng xac nhan thai d¢ khi biéu
cam duoc nhan dang 6n dinh trong 5 gidy, két qua ty
1€ nhan dang trung binh cua 3 mac d6 trén 79%. Cu
thé theo Bang 1.
Bing 1. Bing thong ké ty I¢ nhin dang ciia 3 mire

thdi d¢

TV le

» Biéucam  Biéu cam nhan v

Thai d§ nhan

duw dinh dang (du doan)

dang
Hai long 142 121 85,21%
Binh thudng 142 115 80,97%
Khéng hai long 142 101 71,13%

5. Két luan

Trong nghién ctru nay da dua ra mo hinh nhén
dang biéu cam khudn mit bing mang hoc sau kién
tric ResNet101. Tap dir liéu anh Fer2013 [4] dung dé
danh gia d6 chinh xé&c ciia md hinh véi ty 1€ trén 70%.
Rat nhiéu nghién ciru da sir dung tap dir liéu Fer2013
dé thir nghiém nhung ty 1 nhan dang tét nhat ciing chi
trén dudi 70% ké ca véi cac cong bd gan day 2019 [1-
3,7,9, 10], diéu d6 chirng to tap dit liéu nay c6 nhiéu
mau thudn hay c6 do tuong ddng giita cac biéu cam.
Vé tong thé céc loai biéu cam co do chinh.

M6 hinh duoc huin luyén trén tap dit liéu Fer2013
nhung van lam nhan dién tét trén cac dit liéu khac cho
thdy mo hinh di hoc duoc cac dic trung phu hop cua
khudn mat ngudi. Tuy nhién hau hét cac dir liéu hoc
hién nay thuong st dung khuén mat nguoi phuong tay,
nhom tac gia s& xay dung va bo sung thém tap dit liéu
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cam xUc ciia ngudi chau A dé phong ph dit liéu huan
luyén va nang cao chit luong nhan dang.

Ngoai ra can tién hanh thir nghiém thém dia diém
thuc t& phuc vu khach hang hoic sinh vién véi sé
lwong mau nhiéu hon nita (trén 1.000 khach hang/sinh
vién) dé dua ra ty 1¢ nhan dang chinh xac hon danh
gi4 do tin cay cua hé thdng nhan dang truée khi dua
hé thong vao ung dung thuc té.

Loi cam on

Bai bao nay la san pham cua dé tai nghién ctu
khoa hoc cip Truong nim hoc 2019-2020, tén dé tai:
“Nhgn dang biéu cam khudn mat bang phiong phdp
hoc sau”, dugc hd trg kinh phi bgi Truong Dai hoc
Hang hai Viét Nam.
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