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Tém tit: Mang no-ron tich chdp (CNN) dwoc dp dung cho nhdn dang cam xiic trén
khuén mat dang dwege quan tam nghién citu ciia nhiéu tac gia véi nhitng két qua rat kha quan
va co cac ung dung thanh cong. Cac moé hinh CNN hién dai dvwoc thiét ké véi cac kién tric da
dang nhu VGG, ResNet, Xception, EfficientNet, DenseNet va cac bién thé cia chung dwoc dp
dung rong rdi cho cac bai toan nhan dang hinh anh, trong do co nhdan dang biéu cam khudn
mdt. Tuy nhién, cdc mé hinh ndy c6 dé phirc tap khd lom doi véi mét sé vng dung trong thire
té han ché vé tai nguyén tinh todan. Bai bao nay dé xudt mot mé hinh CNN thé nhe dwa trén
kién triic két néi day ddc ciia mé hinh DenseNet véi dg phire tap vira phai nhing van dam bdo
chat lwong va hiéu qua cho nhdn dang cam xuc trén khuon mat. Chung téi ciing thiét ké tich
hop mé hinh nay voi hé théng LMS nham hé tro ghi nhan va danh gia qua trinh hoc tap truc
tuyén cua nguoi hoc. M6 hinh dé xudt dwoc thir nghiém dé danh gid trén mot s6 bo dir lidu

phé bién, két qua cho thdy mé hinh dem lai hiéu qua va c6 thé dwoc sir dung trong thuc té.

Tir khod: Mang noron tich chdp, kién triic mang DenseNet, nhdn dang biéu cam khuén mat, hé
théng quan Iy hoc tdp triec tuyén.

Abstract: Convolutional neural networks (CNN) for facial emotion recognition (FER)
are being studied by many authors with very positive results and successful applications. State-

of-the-art CNN models with diverse architectures such as VGG, ResNet, Xception, EfficientNet,
and DenseNet and their variations are widely applied to many image recognition problems,

* Truong Pai hoc Mé Ha Noi
+ Truong THPT Tran Nhan Tong, Ha Noi
1 IT-VNEH, Vietnam National Eye Hospital



including FER. However, these models have considerable complexity for some real-world

applications with limited computational resources. This paper proposes a lightweight CNN

model based on DenseNet architectures with moderate complexity but still ensures quality and

efficiency for facial emotion recognition. Then, it is designed to be integrated into LMS for

recording and evaluating online learning activities. The proposed model is tested to assess

some popular datasets, the results show that the model is effective and can be used in practice.

Keywords: Convolutional neural network, DenseNet architecture, facial expressions

recognition, online learning management systems.

I. Pit van dé

Nhan dang biéu cam khudén mit
(FER) dang rit duoc quan tAm nghién ctru
rong rai hién nay va nd c6 tinh rng dung
cao trong linh vyc thi gidc may tinh. Biéu
cam trén khuén mat cia con nguoi dong
mot vai trd quan trong trong bat ky giao
tiép giita cac ca nhan véi nhau, n6 c6 thé
gitp ngudi khac hiéu duge cam xiic hodc
tham chi y dinh cua mdt nguoi, khién no
tr& thanh mot yéu té giao tiép khong the
thiéu trong twong tac giita con ngudi véi
nhau. Véi sy phat trién cua cong nghé thi
gidc mdy tinh va img dung thyc té ciia no,
cac két qua cuia cac nghién ctru khac nhau
vé nhan dang biéu cam trén khudn mit
(Facial Expression Recognition - FER)
cho thiy cac phwong phap nay khong chi
cho két qua chinh xac cao ma con co thé
tiét kiém chi phi nhan luc mot cach hiéu
qua trong ung dung thyuc té, nhu trong
cac linh vuc giao dién ngudi-may, hoat
hinh, xe ty hanh, giao thong, y hoc va
giao duc [1].

Trong [2] d& cdp viéc Ekman va
Friesen x4c dinh sdu biéu cam co ban
chung ctia con nguoi ma ho tin rang déu
xuét hién & tit ca moi ngudi bat ké qudc
gia, dan toc hay tén gido nao. Sau biéu
cam gdm hanh phuc (Ha), budn bi (Sa),
ngac nhién (Su), ghé tém (Di), tic gian
(An) va so hii (Fe). Cac bd phan thay doi,

chuyén dong trén khuén mit nhu 16ng
may nhudng 1én, 16ng may khoa va khoe
miéng di chuyén ra ngoai hay mo ra, déng
vao dugc coi 1a nhimg don vi thay dbi co
ban cua nét mat. Tuy nhién, cac biéu cam
trén khudén mat cia moi nguodi co sy thay
d6i dot xuét va cac biéu cam dugc thé hién
boi cac khudén mat khac nhau cling khac
nhau & mdi ngudi. Nhimg yéu t6 nay tac
dong lon dén hoat dong va hi€u qua cua
bat ky hé¢ thong FER nao bao gom cac ky
thuét thi gidc may tinh. Hé théng co so dir
liéu v& cac biéu cam trén khudn mat duge
cac tac gia thiét 1ap, mo ta chi tiét ca timg
biéu cam, dit nén tang cho viéc giai quyét
bai toan FER. Hi¢n nay, cac bd co s¢ dix
liéu cho nghién ciru vé FER duoc cong
b6 kha nhiéu nhu CK+, JAFFE, Oulu-
CASIA (dé cap trong [1], [2]) va chung
dugc nhiéu tac gia sir dung dé danh gia
cho két qua cac mo hinh FER.

Phuong phéap cho bai toan FER su
dung cac ky thuat xur Iy anh va hoc may
truyén thong nhu ky thuat bién d6i dbi
tuong bat bién theo ty 1& (SIFT), biéu
dd histogram (HOG) hay phén tich local
binary patterns (LBP) [2] déu dya trén hai
loai dac trung cuc bd va dic trung toan cuc
(theo hinh hoc). Cac dic trung cho biéu
cam khuon mit sau khi duoc trich xuit s&
sir dung 1am dau vao cho bo phan 16p nhu
BP, SVM [2] dé phan loai va thu duoc két



qua nhan dang cudi cing. Tuy nhién, cac
phuong phép truyén thong nay dat hiéu
qua thip do su khac biét, thay ddi 16n cua
hinh anh d6i véi cac goc chup khac nhau
va do tinh don gian cua kién trac mé hinh
nhan dang. Gan day, viéc st dung cong
nghé hoc sau véi mang no-ron tich chép
(CNN) duoc phét trién manh mé va mang
lai hiéu qué cao [2]- [3], nhiéu didc trung
an sau trong hinh anh c6 thé dugc trich
xuét dua trén huin luyén mo6 hinh CNN dé
tao ra mot hé thong FER manh mé. Do do,
chung rat 6n dinh d4i véi cac hinh anh véi
vi tri khuon mat c6 goc chup va thay dbi
ty 16 khac nhau [4]. C6 kha nhiéu m6 hinh
CNN khac nhau cho bai toan FER da duoc
dé xuat trong cac nghién ciu dua trén
cac kién trac hién dai nhu VGG, SENet,
Xception [5], GoogleNet, ResNet [2] hay
EfficientNet [6].

Trong do, kién tric DenseNet [7]
cung cip mo hinh nhe hon véi b tham
s6 huin luyén kha nho va cho két qua tét
hon, né ciing dugc nhiéu tac gia sir dung
nhu mot mang xuong sdng cho ciac mod
hinh CNN [8], [9], [5]. Kién trGc nay co
ludi két ndi day dic duoc thiét ké dé ting
kha ning chuyén tai thong tin tir 16p noron
phia trudc dén cac 16p noron phia sau va
st dung toc do ting truong thong tin dé
thiét 1ap muc d6 dong gop cua mdi 16p
vao trang thai toan cuc cua mé hinh. Cuy
thé, trong mdi khoi ctia kién tric nay (goi
1a khéi két ndi day dic, dense block) gdm
mot sd 16p noron c6 két ndi day dac, tic 1a
16p noron phia trude két ndi truc tiép dén
tat ca cac 16p noron phia sau trong khdi,
cubi mdi khdi ¢ 16p noron dong vai trd
chuyén tiép thong tin (transition layers)
dén khdi tiép theo (Hinh 1.1).

Hinh 1.1. Minh hoa kién triic DenseNet [7]
Mic du hau hét cac kién tric mod
hinh CNN duoc dé xuét dat hiéu qua cao

nhung chiing c6 ciu triic rat phirc tap, chi
phi tinh toén cao va doi hoi hé théng tinh

toan 16n trong ca huan luyén mo hinh va st

dung md hinh cua tng dung. Do d6, mot
s6 nghién ctru dé xuit sit dung mo hinh
CNN ¢ thé nhe [10], [9], [11], [12], [13],
[4] nham phu hop vdi cac truong hop tng

dung han ché vé hé théng tinh toan nhung
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van dam bao dugc hiéu qua ciia mo hinh,
dic biét mo hinh c6 thé thyc thi trén méi
truong truc tuyén dang web.

Trong nghién ctru nay, ching t6i dé
Xuét mot mo hinh CNN & thé nhe dua trén
kién tric cac khdi két ndi day dic cho bai
toan FER, mo hinh c6 kich thudc nho véi
) lugng tham s6 cua md hinh it hon, cho
tdc do thuc hién nhanh hon va phu hop
trong nhiéu ing dung thuc té c¢6 hé théng
tinh toan han ché. Hon nita, dé tang chat
luong cua mo hinh trong hoc may, chung
t6i ap dung cac phép bién doi va xu ly
hinh anh nham ting cuong thém dir liéu
(data augmentation) huén luyén mé hinh.
Céc phan tiép theo cia bai bdo nay gom
Phan 2 gi6i thiéu chi tiét vé mo hinh CNN
dé xudt va thiét ké mot hé thong ung dung
tich hgp ctia mo hinh véi hé thong quan 1y
hoc tap (LMS) dé ghi nhan va hd trg danh
gia két qua hoc tap truc tuyén. Trong Phan
3, cac thir nghiém ctia mo hinh dugc trién
khai trén céc bo dit liéu khéac nhau, cac két
qua dat dugc va phan tich, so sanh véi cac

mo hinh khac dé danh gia hiéu qua. Cubi
cung, Phan 4 1a n6i dung két ludn.

I1. Phwong phap

2.1. M6 hinh LDFER

Trong phan nay, chiing t6i trinh bay
chi tiét cho md hinh CNN dua trén cac khéi
két ndi day dic theo kién trac DenseNet
va tich hop n6 véi mot hé thong LMS
dé ghi nhan va hd trg danh gid qua trinh
hoc tap truc myén. M6 hinh ctua chung
toi, ky hiéu 1a LDFER (Light-DenseNet
Architecture-based for Facial Expressions
Recognition), vé téng thé hoat dong dugc
chia thanh ba giai doan chinh (Hinh 2.1)
gdém: (1) chup anh ngudi hoc tir thiét bi
dau cubi co két ndi, tién xar 1y hinh anh
dé phat hién ving khuén mit va ning cao
chat luong ctia hinh anh néu can; (2) thyuc
hién trich xudt cac dic trung cua biéu cam
trén khudn mét cia nguoi hoc; va (3) phan
16p cac déc trung dé nhan dang cac trang
thai biéu cam trén khuon mit nham ghi
nhén va hd trg danh gia két qua hoc tap.

Preprocessing Convolution neural network
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Hinh 2.1. So d6 tong thé mé hinh LDFER

Phén 16i ctia md hinh LDFER la kién
trac CNN thuc hi¢n hai chic ndng chinh:
trich xuét cc dic trung biéu cam trén khuon
mit bang cac khéi noron dudi dang két ndi
day dic (goi 1a khéi dense-connectivity,

DB) va phan 16p céac dic trung duogc trich

xudt thanh mot trong nhimg biéu cam can
nhén dang trén khuon mat. CAu tric moi
khdi DB trong mé hinh nay duoc thiét ké
g6m nhiéu 16p noron ma mdi 16p noron &
phia trude co lién két dang ting truong kénh

thong tin (channel-wise concatenate) dén



tat cac 16p noron phia sau. Néi cach khac,
dau ra caa 16p noron phia trude dong gop
thém cho kénh dau vao cua cac 16p noron
& sau trong khéi. Dé tranh hién tuong bung
nd gradient khi tinh toan ctia qué trinh huin
luyén mé hinh, mdi 16p noron trong khi
DB déu dugc ap dung co ché chuin hod
thong tin theo goi (batch normalization) va
do d6 nd giup 6n dinh phan phdi cua dir
liéu hudn luyén vé phan phéi chuin qua tat
ca cac 16p noron. Nhu vay, mdi bo xtr Iy
tin hi¢u dac trung (unit processing, ky hi¢u
UP) trong khbi DB 1a mot bo cac phép xir
1y gdm chuan hoa dit liéu theo goi (B), tinh
toan kich hoat bang phép tuyén tinh “relu”
(R) vatich chap (C), ky hi¢u B+R+C. Trong
d6, ky hiéu C1 hodc C3 thé hién do 16n cua
ham nhan trong phép tich chap tuong ung
1a 1x1 hodc 3x3. Két thuc khéi DB 1a 16p
noron dé két nop thong tin theo dang cong
tin hi¢u (element-wise addition) dong vai
trd chuyén dbi cac dic trung cho khéi DB
tiép theo, ky hiéu 16p nay 1a TS (transition
layer), n6 gdom céc phép xiur Iy B+R+C1
va phép gop tin hi€u déac trung dang trung
binh co6 kich thudc 2x2 (average pooling,
ky hiéu Pa). Khéi DB(k) dwoc minh hoa &
Hinh 2.2 ¢6 tham s6 k 13 sb luong cac bd xtr
1y UP trong khdi.
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TS=B+R+C1+Pa

.....

Hinh 2.2. So do két néi trong khoi DB(k)

M&i khébi DB c6 cac két ndi truc tiép
mot 16p noron dén tat ca cac 16p noron
tiép theo trong khdi, diéu nay gitp cai
thién ludng thong tin chuyén tai giita cac
16p noron. Do do, 16p noron thir 4, tuong
ung la bo xu ly tin hi¢u dac trung UP,,
nhan duogc cac ban do dic trung cua tat
ca cac 16p noron trudc do trong khoi, X,

X dudi dang dau vao, va tin hi¢u

oo Xy
dac trung dau ra cua 16p nay, x,, dugc hinh

thirc hod nhu sau:
Xp = Uph([xl!x2r "'rxh—l]) (1)

trong d6 [x, x,, ..., Xyt )] thé hién viéc
ghép ndi lién tuc cac ban do dac trung dugc
tao ra tir cac 16p trude d6 (tir I dén h-1).
Nhu vay, dau ra ctia mdi khdi DB(k) duoc
hinh thirc hod dudi dang ham hop thanh tir
nhiéu bo xir Iy tin hiéu dic trung cing véi
16p noron chuyén tiép (TS) nhu sau:

DB(k) = TS(UPy, UPy_y, ..., UP,) (2)

Trong kién tric nay, sd luong va
kich thudc mdi bo xir Iy tin hidu dic trung
(UP, s6 luong noron cua mdi UP) trong
cac khoi DB tac dong va anh hudng dén
chat luong cua tinh ning trich xuat dic
trung ctia mo hinh ddi véi anh dau vao,
dong thoi ching 14 nhitng yéu td tao nén
miurc dJ phtrc tap cua mo hinh. Cac tac gia
thuong diéu chinh nhimg yéu t6 nay dé
tao nén mot so dd két ndi day du ctia mo
hinh CNN nham can bang giira chat lugng
nhén dang va nhiing diéu kién tinh toan
ctia mdi trudng ng dung thyc té. M6 hinh
LDFER trong nghién ctru nay (Hinh 2.3)
sir dung 4 khéi DB voi kich thuée 1an luot
& cac khdila 2,4, 8 va 16 c¢6 ky hiéu twong
ung la DB(2), DB(4), DB(8) va DB(16).
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Hinh 2.3. So' dé cdc khoi DB ciia LDFER

Nhu vy, m6 hinh LDFER c6 tong
cdng 30 16p noron tich chap xt 1y trich chon
tin hiéu dic trung va duogc chia thanh 4 khbi
DB. M6 hinh ndy ¢6 2.4 triéu tham sd, & mtc
thap so v6i cac md hinh CNN cho bai toan
FER (Bang 2.1). Mac du mo6 hinh LDFER
¢6 nhiéu 16p tich chap nhung ching toi sir
dung it s6 ham nhén va kich thudc ham nhéan
nho trong 16p tich chap, dan dén s luong
tham s6 mé hinh ¢ mirc thap.

Bang 2.1. So sanh do lon cac mo hinh

Lép tich | Tham

Mo hinh n X
chap i)

Zhao etal.16 in [20.Deng] | 22 6.8M

Kuo et al.18 in [20.Deng] 6 2. M

Liu et al.14 in [20.Deng] 6 M

Dynamic Multi-task [20.

Zhao 20 13M
Deep Multi-task learning 35 ]
[20.Lam]

Lightweight CNN for

FER [22.Devaram] 33 1.6M
Efficient CNN for FER

[22.Lai] 23 25M
EfficientB3 [19.Tan] 166 |10.7M
LDFER 60 2.4M

2.2. Thiét ké tich hop véi ing
dung LMS

Dya trén m6é hinh LDFER nay,
chang t6i p dung thiét ké tich hop v6i hé
théng LMS c¢6 sin dé tu dong chup anh
nguoi hoc va nhén dang biéu cam khuéon
mat phuc vu cho viéc ghi nhan, ddnh gia
cac hoat dong cua nguoi hoc trong qua
trinh hoc tap tryc tuyén [1]. Viéc tich hop
dugce thuc hién theo két ndi giao dién 1ap
trinh img dung (API) gitra cac ting dung,
phan mé hinh LDFER dwgc xuat ban
thanh mo-dun chay trén thiét bi c4 nhan
(c6 thé web-client hodc cac app). Nguoi
hoc dang nhap LMS thong qua tai khoan
cua hoc tap (dinh danh va mat khéu) dé
xac thuc cho viéc hoc, hé théng s€ yéu
cdu md may anh hodc webcam ciia nguoi
hoc dé ghi lai hodc chup anh khuén mat
tir thiét bi hoc tap. Nhitng hinh anh nay
dugc giri dén mo6 hinh LDFER dé xur Iy
va nhan dang biéu cam khudn mat. Qua
trinh nay dugc 1ap lai theo chu ky thoi
gian nhit dinh nhim ghi nhan toan bo
qua trinh hoc tap. Téng hop két qua nhan
dang dugc ghi nhian gop phan danh gia
chat lugng hoc tap, danh gia ndi dung
hoc tap, danh gid hoat dong giang day
cua giang vién va tir do c6 cac thong bao
cho nguoi hoc, giang vién, ngudi quan
1y biét diéu chinh hoat dong ciia minh
dat chat luong cao hon. So dd két ndi va
quy trinh van hanh ciia h¢ thng tich hop
duogc trinh bay trong Hinh 2.4.

Heé thdng tich hop nay dugc thiét ké
dudi dang két ndi doc 1ap, khong yéu ciu
hé théng LMS hién c6 phai stra doi nhiéu
dé két ndi v6i mo hinh LDFER. LMS ¢6
thé duoc thuc thi doc 1ap nhu von c6 cua
n6 ma khong can két ndi véi mo hinh
LDFER. Khi LMS duoc két ndi véi mo



hinh LDFER thi n6 s& nhan duoc két qua
nhan dang biéu cam khudn mat cua nguoi
hoc trong qua trinh hoc tap va su dung két
qua nay dé tong hop, danh gia, thong béo

Anh chup nguoi hoc _

cho ngudi hoc 13 do LMS quyét dinh thyc
hién. Vé6i cach thiét ké nay, ching ta co
thé d& dang tich hop mo hinh LDFER vao
bat ky LMS hién ¢ nao.

LDFER

Nguoi hoc I
-->> Chup anh

‘
otd

Hinh 2.4. So do két n6i mé hinh LDFER véi LMS

2.3. Tang cwong di¢ ligu hudin
luyén mé hinh

Trong cac tmg dung thuc té, hinh
anh dau vao thuong dugc chup tir thiét bi
ngudi ding, ching bao gdm nén véi bt
ky vat thé ndo bén trong anh. Nghién ctru
nay st dung mé hinh dua trén CNN ndi
tiéng dugc goi 14 MTCNN nhu trong [1]
dé x4c dinh vung anh c6 chtra khuén mat,
sau do cat bo phan nén cua anh va chi gitr
lai vung anh chira khudn mat.

Dé tranh hién twong qua khép trong
huén luyén mé hinh va gitip cho mé hinh
c6 kha nang nhan dang cao hon, ching t6i
tang cudng hinh anh huan luyén nhu trong
[1] bang cach str dung mot s6 ki thuat xir
Iy hinh anh 2D nhu thém nhiu, xoay, cét
va dich chuyén, ting cudng do sang hoic
1am t5i hinh 4nh. Véi hinh anh dau vao a,
két qua nhan dugc sau cac phép tién xir Iy
tdng cuong anh nhu sau:

{3*(fP (@), p9)} )

trong do, /° 1a bd do tim va phat
hién khuén mat trén anh, chéng han
MTCNN, p*Ila cac tham s6 cho hoat dong

tang cuong hinh dnh v&i mot phép xu ly
o={nhiéu, xoay, co gian, dich chuyén, do
tuong phan,...}, 3% biéu thi su bién doi ciia
hinh anh d4i v&i phép xur 1y ting cuong a.
Chang han, Hinh 2.5 duéi ddy cho két qua
15 hinh duoc ting cudng véi cac tham sb
ngau nhién tir mot anh gdc ban dau (nim &
dong dau) trong dir liéu OuluCASIA. Cac
hinh anh duoc tao ra rat da dang, do do,
khi hun luyén sé€ tao cho mo hinh d6 on
dinh trich chon dic trung khi thay d6i kiéu

dang, vi tri,... cia anh chup.

. ﬂ Fa I. 4
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Hinh 2.5. Mt s6 hinh anh tang cuong

Cac tham sd cia cac phép bién
d6i tién xur 1y ting cuong hinh anh dugc



lga chon & muc d vira phai dé dam bao
nhiing thong tin chinh trén anh dugc duy
tri cho viéc trich chon dac trung cho bai
toan. Chang han, anh thir 4 & dong cudi
c6 mirc d6 quay va dich chuyén manh va
c6 thé 1am mét thong tin biéu cam khuon
mit nén rat kho dé trich chon dic trung va
nhan dang. M4t hinh anh tang cuong cé
thé ap dung cung luc dong thoi cac phép
xur 1y va trong nghién clru nay chung toi ap
dung ngiu nhién cac gia tri tham sb diéu
chinh ctia céc phép xur 1y.

III. Thir nghiém va két qua
3.1. Dirliéu va kich ban thir nghiém

Nghién ctru nay su dung ba bd dir
liéu dé thur nghiém danh gia mé hinh
LDFER gém CK+ (Extended Cohn-
Kanade), OuluCASIA va JAFFE.

Tap ditr ligu CK+ c6 981 hinh anh
duogc thu thap tir 118 nguoi khac nhau véi
bay biéu cam co ban gdm tic gian (anger),
ghé tom (disgust), s¢ hai (fear), hanh phuc
(happiness), budn ba (sadness), ngac nhién
(surprise) va su khinh thuong (contempt).
Hinh anh trong tip dir liéu nay c6 mau da
cp xam (Hinh 3.1, dong dau, tiéu dé cua
hinh anh 13 nhn biéu cam tuong Ung cua
nguoi trong anh).

LeEedE

Hinh 3.1. Mét s6 anh trong cdc tdp dir ligu

Tap dir liéu JAFFE chia 213 anh
biéu cam khuén mit cua 10 ngudi phy nit

khéac nhau & Nhat Ban. Mdi ngudi ¢ cac
hinh anh vé6i sau biéu cam co ban khuén
mat gém tac gian, ghé tom, s¢ hai, hanh
phuc, budn bi va ngac nhién va hinh anh
¢ biéu cam trung tinh (neutral). Tap dir
liéu 1a mot thach thirc cho huan luyén mo
hinh nhén dang vi n6 chtra qua it hinh anh
cho mdi loai biéu cam, trung binh chi 1a
30. Dong thir 2 trong Hinh 3.1 cho thay
hinh anh cta 7 biéu cam khuén mat khac
nhau trong tap dir li¢u nay. Pay cling la
hinh anh da cap x4am.

Tap dir liu OuluCASIA co6 1440
hinh anh gom sau loai biéu cam nhu trong
tap dit lieu CK+ trir biéu cam su khinh
thuong (contempt). N6 dugc thu thap tr
80 ngudi khac nhau va trong cac diéu kién
anh sang khac nhau, day 1a hinh anh mau.
Dong cudi trong Hinh 3.1 cho thdy mot
s6 hinh anh cua tap dit liéu Oulu-CASIA.
Bang 3.1 mé ta chi tiét phan bd cac hinh
anh theo timg loai biéu cam trong cac tap
dir li¢u thir nghiém.

Bang 3.1. Sé anh cia cdc tdp dir liéu

] S6 hinh inh
Biéu cim Oulu
CK+ | JAFFE CASIA

anger 135 30 240
contempt 54 - -
disgust 177 29 240
fear 75 32 240
happiness 207 31 240
neutral - 30 -
sadness 84 31 240
surprise 249 30 240
Tong so 981 213 1440

Dé chay thir nghiém, ching t6i chia
ngau nhién mdi tap dir liéu thanh 5 phan
(fold) c6 kich thudc tuong duong nhau
giita cac 16p nhan dang (loai biéu cam)
cua bai toan FER. Kich ban thir nghiém
ap dung kiém tra chéo (cross-validation).



Trong mdi lugt chay huén luyén mo hinh,
chung ta st dung mét 5 phan dit lidu dé
kiém tra va danh gia két qua mo hinh (D®),
con lai 4 phan dé xay dung mo hinh, trong
do mot ph?m dung cho tham dinh va lya
chon mé hinh (D) va 3 phéan con lai duoc
su dung dé huan luyén mo hinh (D). Kich
ban nay duogc chay lip lai 5 1an theo thir
tu 1an luot cac phén duge chon dé kiém
tra mo hinh, két qua danh gia cudi cung 1a
trung binh va dg 1éch cua 5 lan chay.

Trong mdi lan chay thir nghiém,
cac phan dir liéu huan luyén mé hinh (D)
dugc ting cudng bang cach ap dung cac
phép bién d6i hinh anh I%. Cac tham sb
cho mdi phép bién d6i hinh anh dugc chon
ngau nhién trong khoang gidi han. Hé s6
tang cuong 1a 10 cho mdi anh gdc tao nén
tap dit liéu huan luyén 16n gip 10 lan dir
liéu ban dau nham dam bao do da dang
cua dir li¢u, tranh bi hién tugng qua khop
va ky vong dat dugc do chinh xéc cao cua
mo hinh. Céc tham sb ting cuong hinh
anh va huin luyén mo6 hinh dugc thé hién
chi tiét trong Bang 3.2.

Bdng 3.2. Cdc tham sé chay thir nghiém

Stt Tham s6 Gia tri
Géc quay toi da so voi anh
1 |gbc (radian, Am 13 quay 0.1n
sang trai)

Hé s6 dich chuyén t6i da so
2 | v6i kich thudce anh goc (am | £10%
1a dich sang tréi)

3 |H8 s twong phan toi da 0.1
4 Heé s0 nhiéu t01 da theo 01
phép nhiéu Gaussian )

Hé s6 co din t6i da so voi
5 |kich thudc anh goc (giatri | +10%
am 1a thu nho)

Tdc d6 hoc ban dau (theo
phuong phap Adam)

10

Stt Tham s Gia tri
7 K~1C}I1Athu0c moi goi (batch) 128
dq liéu
8|SO lugt hoc mo hinh (epoch)| 150

3.2. Két qua thir nghi¢m

Qua trinh hudn luyén md hinh
LDFER gém 150 lugt hoc (epoch) duoc
tinh trung binh trén 5 1an chay thir nghiém
theo kich ban cross-validation dugc thé
hién trong Hinh 3.2. Mdi cdp hinh 4nh trén
mot dong twong tng 1a két qua cua ham
ton that (loss) va két qua nhan dang ding
(accuracy), chung dugc tinh trén ca hai
phan dir liéu dé huan luyén (D") va dit liéu
dé tham dinh, lya chon mo hinh (D*). Két
qua trén phan dir liéu D™ cia JAFFE (hai
hinh ¢ dong gitta) c6 d6 6n dinh thip hon
so voi hai tap dir liéu CK+ va OuluCASIA
bdi vi JAFFE c¢6 qua it hinh anh va céac
biéu cam khong duoc thé hién rd nét.

] CK+/loss CK+/accuracy
L

04
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0.5
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0.0 gt L AEF ST NP OV S val_accuracy

6 2 50 75 100 125 150 9 25 50 75 100 125 150
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Hinh 3.2. Qud trinh hudn luyén LDFER
Trong mo hinh LDFER, hoat dong

ctia cac khdi noron tich chap DB déng
vai tro trich xuét cic dic trung trén anh
khuon mit dé nhan dang. O day, chung toi
hién thi cac hinh anh biéu dién truc quan
cua viéc hoat dong céc khéi DB thong
qua phuong phap ban dia hoa dua trén
gradient (gradient-based localization).
Phuong phép nay cho thiy sy tip trung
(hoac sy quan tdm) cua l6p noron tich
chap trén anh khi trich chon déc trung, n6
con duoc goi 1a ban dd nhiét cua 16p déi
tuong duoc kich hoat trén vung anh. Hinh
3.3 cho thay ban d6 nhiét ctia 16p tich chap
cudi cing trong mé hinh LDFER trén hinh
anh cua ting loai biéu cam trong tap dit
liéu JAFFE. Céc hinh anh déu c6 ban do
nhiét (chd mau sic dugc sang 1én trén
anh) hau nhu tap trung vao nhimg khu vuc
quan trong dé dién ta biéu cam trén khuon
mat nhu ving miéng, ving mat. Didu nay
tryc quan cho thiy rang mé hinh LDFER
tap trung vung anh quan trong dé trich
chon dac trung mo ta cho biéu cam khudn
mat va nguoc lai, khi khong quan tam dén
nhiing khu vuc hinh dnh nay thi kho c6
thé xac dinh dugc chinh x4c biéu cam cta

nguoi do.

Hinh 3.3. Ban do nhiét trén dir liéu JAFFE

Dé minh hoa két qua téng thé cia mo
hinh LDFER, ching t61 xay dung ma tran
nham 13n tr 5 1an chay trén toan bd ba tap
tap dir licu CK+, JAFFE va OuluCASIA
(Hinh 3.4). Mdi hang trong ma trin 1a mot
nhan biéu cam cua hinh anh trong di liéu,
mdi cot twong ung 13 mot nhin biéu cam
duoc md hinh nhan dang. Moi lan chay
huén luyén ra moé hinh duoc ap dung dé
nhén dang trén toan bo tap dir licu (gém
ca dit liéu huan luyén , thim dinh va danh
gia ) va tinh tong sé két qua dugc nhan
dang. Vi vay, mdi hinh anh trong tap dit
lidu duoc ap dung 5 lan tuong Ung véi
5 mo hinh dugc hudn luyén va téng cua
mot hang trong ma tran diing bang sd hinh
anh tuong tng biéu cam dé trong tap dir
liéu nhan véi 5. Ma tran nay 13 tong s6 két
qua trén ca 3 tap dit lidu, trong do, biéu
cam “contempt” chi xuat hién & tap dir
liéu CK+ va “neutral” chi xuét hién & tap
dir liéu JAFFE. Trong ma tran nay, biéu
cam “surprise” khong c6 truong hgp nhan
dang sai ké ca hinh anh thudc biéu cam va
khong thudc biéu cam, ching t6 né phan
biét tot v6i cac biéu cam con lai. Biéu cam
“contempt” dugc nhan dang ding ddi voi
tat ca cac hinh anh thudc biéu cam, nhung
¢6 3 hinh anh thudc “anger” bi nhan dang
sai thanh “contempt”. Cac biéu cam con
lai c6 ca tinh huéng nhan dang sai ddi
v6i hinh anh thudc va khong thudc biéu
cam d6. Tong sb truong hop nhan dang
sai 1a 44, chiém ty 1€ 0,33% trong toan



bd 13170 luot hinh anh duwgc nhan dang,
nhiéu nhét c6 17 hinh anh thudc biéu cam
“disgust” bi nhan dang sai thanh “fear”
hodc “sadness”. Biéu cam “fear” c6 nhiéu
nhat gdm 18 truong hop nhan dang nham
tir cac biéu cam “disgust” va “sadness”.
Thong qua phan tich ma trdn nham 14n nay
cho thiy cac biéu cam “fear”, “sadness”
va “disgust” c6 muc do nham lan giita
chung 13 cao hon cac loai biéu cam khéc.

contempt
disgust
fear 1500
happiness

- 1000
neutral

sadness 500

surprise

contempt
happiness
neutral
sadness
[3¥]
surprise
[¥2]
)
(=]

Hinh 3.4. Ma trén nham lan trén 3 tap
dw liéu

Mot s6 trudng hop nham 1an dugc
thé hién trong Hinh 3.5, tiéu dé trén anh
ghi biéu cam ctia anh (2 chir cai dau, trude
dau “>”) va biéu cam bi nhan dang sai
thanh loai khac. Tap dir liéu CK+ chi co
tong cong 4 trudng hop (dong dau) trong
khi d6 tap dir liéu JAFFE c6 44 truong
hop (chi thé hién 5 hinh anh, dong sau).
C6 thé thiy rang cic hinh anh nham 1an
nay ciing rt kho phan biét bang tryc quan
cua chung ta. Riéng dir liu OuluCASIA
khong c6 trudng hop nham 1an.

di=>sa an>co an=co an>co

BHESS
EEEEE

Hinh 3.5. Mot s6 hinh anh nham lan
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Két qua nhan dang trén tip dir
lidu kiém tra va danh gia () ciia mo hinh
LDFER sau khi da duoc huan luyén cua 5
lan chay thtr nghiém thé hién trong Béng
3.2. Dong dau mdi tap dir liéu 1a két qua
trung binh va d¢ Iéch chuin (chir in dam).

Dé so sanh, ching t6i chay cung
kich ban va tham sb thu nghiém ddi voi
md hinh Efficient trong [19.Tan] véi phién
ban co s& (BO) ¢ kich thudc nhéd nhét.
Két qua thé hién trong Bang 3.3. Mic du
s6 luong tham sé ctia mo hinh Efficient
¢4 hon 4 triéu tham s6, nhiéu hon 70% so
v6i mo hinh LDFER nhung két qua nhan
dang ctia LDFER chi thdp hon khong
dang ké (0.1%) & dir lieu CK+. Dbi voi
dir liéu JAFFE va OuluCASIA, mo hinh
LDFER cao hon dang ké (2.18% & JAFFE
va 0.14% & OuluCASIA) so véi md hinh
Efficient. Truong hop dat téi da 100% &
mo hinh LDFER trén dir liéu OuluCASIA
va md hinh Efficient trén dir liéu CK+.

Bdng 3.2. Két qua trén dit liéu kiém tra ()

Lan chay | LDFER Efficient

CK+ | 99.90 (£0.002) 100

Lan #1 100 100

Lan #2 100 100

Lan #3 100 100

Lan #4 99.49 100

Lan #5 100 100

JAFFE | 99.08 (£0.009) | 97.62 (+1.683)

Lan #1 100 97.62

Lan #2 100 97.62

Lan #3 97.62 95.24

Lan #4 100 97.62

Lan #5 97.78 100
Oulu

CASIA 100 99.86 (:0.309)

Lan #1 100 100

Lan #2 100 100

Lan #3 100 100

Lan #4 100 99.31

Lan #5 100 100
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So sanh v&i mot sd két qua da duoc
cong bd (Bang 3.3) cho thdy mé hinh
LDFER dat cao nhit ¢ hai tap dir licu
JAFFE va OuluCASIA, con tap dir liéu
CK+ dat muc cao thi hai. Cac két qua
trong [19.Wang] va [20.Deng] duoc lay
truong hop t6t nhét trong cdc md hinh
dugc so sanh vi day la nghién ctru tong
quan. Ky hiéu sau ddu * cia md hinh 1a
kich ban chay thir nghiém, 5F va 10F
twong ung la 5-folds va 10-folds trong
phuong phép cross-validation, “No” Ia
khong c6 kich ban chay thir nghiém va
0.2T thé hién 20% s6 mau dit liéu dung dé
kiém tra, danh gia mo hinh (testing).

Bang 3.3. So sanh két qua cdc mé hinh

Datasets Oulu
Models | O |IAFFE 01
The best in [19.
Wang]*No 08.62| 98.90 | 88.92
[19.Abdolrashidi]
00T 08.00| 92.80 -
The best in [20.
Dengl*10F 99.60| 95.80 | 91.67

[20.Zhao]*10F 89.60| - 99.50

[20.Lam]*10F 97.85 - 89.23
[22.Devaram]*SF | 84.27| 80.09 -
[22.Lai]*5F 97.30 - -
Efficient [19.

Tan]*SF 100 | 97.62
LDFER*5F 99.90| 99.08 | 100

V. Két luin

Trong nghién ctu nay, ching toi
da dé xuit mot mo hinh mang noron tich
chap cho bai toan nhan dang biéu cam
khuén miat (LDFER). Kién tric cia md
hinh dya trén chuéan kién trac két ndi 16p
noron tich chdp dang DenseNet. M6 hinh
nay c6 do sau (s 16p noron tich chap) vira
phai va s6 luong tham sé ciia mo hinh thap

(6 muc 2.4 tri€u), dugc goi 1a mo hinh
thé nhe. Két qua nhan dang rat kha quan
trén céc tap dir liéu thir nghiém, dat muc
thap nhéat 1a 99.08% ddi véi tap dir lidu
JAFFE, cao nhit 1a 100% d6i véi tap dir
liéu OuluCASIA. So sanh véi cac két qua
khac cho thdy mé hinh LDFER cao nhét
0 2 tap dir liu JAFFE va OuluCASIA,
cao thu hai ¢ tap dir liéu CK+. M6 hinh
LDFER c6 thé ap dung cho két qua tét
trong cac ng dung. Dac biét, n6 & thé nhe
nén dé dang tich hop trén cac hé théng co
nang lyc tinh toan khong doi héi qua cao,
phu hop véi da dang diéu kién trong thuc
té nhung van cho két qua t6t d6i véi cac
bai toan rng dung.

Chung t6i ciing da thiét ké hé thong
tich hop md hinh LDFER vao hé théng
quan 1y hoc tap truc tuyén (LMS) dé hd
tro ghi nhan va danh gid qua trinh hoc tap
trc tuyén cta nguoi hoc trén cac hé théng
LMS. Theo d6, mdi ngudi hoc duge ghi
nhén chi tiét qué trinh hoc tap, dugc do
dém biéu cam thé hién trong suét qué trinh
hoc tap, néu co nhiing bét thuong h¢ théng
c6 thé tong hop béo cdo cho ngudi day,
ngudi quan 1y va hd tro dé nhac nha, gitp
do nguoi hoc dat Kkét qua hoc tap cao hon.
Viéc tich hop hé théng nay theo co ché
mo, khong gén chat v&i nhau, do do, hé
thdng hoat dong kha doc 1ap va co thiét ké
dam bao tinh an toan, an ninh cua dir liéu
va hé thdng két ndi tich hop.

Trong nhiing nghién ctru tiép theo,
chung t6i s& cai tién tich hop lai ghép giita
cac kién trGc hién dai dé dat chat lugng
cao hon trich chon déc trung cia mo6 hinh
va thtr nghiém trén cac tap dir 1liéu phtc
tap hon dé danh gia.
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