MO HINH MANG NORON TiCH CHAP DA NHIEM NHAN
DANG KHUON MAT VA BIEU CAM CHO UNG DUNG HO
TRQ GIAM SAT HQC TRUC TUYEN

MULTI-TASK CNN MODEL FOR FACE AND FACIAL EXPRESSION
RECOGNITIONAND APPLICATION FOR MONITORING ONLINE LEARNING

Dwong Thing Long, Chu Minh*, Phi Quéc Chinh?

Ngay toa soan nhan dugc bai bao: 02/11/2021
Ngay nhan két qua phan bién danh gia: 04/05/2022
Ngay bai bao dugc duyét dang: 26/05/2022

TOm tdit: Hé thong quan 1y hoc tdp truc tuyén (LMS) dang dwoc phéat trién manh, gop
phan nang cao chat lirong dao tao. Tuy nhién, viéc tang cwong giam sat va hé tro nguoi hoc,
theo ddi va qudn |y hoc tdp dwa trén cac cong nghé hién dai chua dwoc nghién ciru Sau rong.
Bdc biét la vng dung ciia cong nghé nhdn dang khuén mdt va biéu cam Khudn mdt gitip cho
viéc theo di, giam séat ngueoi hoc dwoc tiw dong hoa cao dé va hé tro kip thoi. Bang viéc iing
dung céng nghé mang noron tich chdp da nhiém (MTCNN), nghién ciru nay dé xudt mot mé
hinh MTCNN nham thuc hién hai nhiém vu ld nhdn dang khuén mat va nhdn dang biéu cam
khudn mdt. M@ hinh dicoc thir nghiém trén cac tdp dir liéu cong bé gom CK+, OuluCASIA
Va di liéu nguoi hoc dwege thu thdp cho két qua kha quan khi so sanh véi mét sé kién tric
hién dai trong khi kich thiée md hinh don gidn hon. Chlng t6i ciing thiét ké tich hop md
hinh duwgc d@é xudt véi hé thong quan 1y hoc tdp tric tuyén (LMS) theo huedng két néi mé dé
gia tang thém tinh nang gidm sat va theo d6i qua trinh hoc tdp, chu déng canh béo cho giao
Vién, ngueoi hoc biét dé diéu chinh hoat ddng day V& hoc nham nang cao chat lwong dao tao.

Tir khoa: Mang noron tich chap da nhi¢m, nhdn dang khudn mdt, nhdn dang biéu cam khudn
mdt, hé thong quan ly hoc tdp truc tuyén.

Abstract: The online learning management system (LMS) is being more and more
widely developed and contributes to improving the quality of training at educational
institutions. However, at present, there are few systems with enhanced monitoring and
support for learners based on modern technologies. Especially, the application of this facial
recognition and facial expression technology makes the tracking and monitoring of learners
highly automated and timely supported. By using multi-tasking convolutional neural
networks, this study proposes such a network model to perform two tasks of face recognition
and facial expression recognition. The model is tested on published data sets including CK+,

* Truong Pai hoc M& Ha Noi
VNPT Ha Noi
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OuluCASIA and our collected data. The experimental results are significant in comparison
with some modern architectures while the model size is simpler. Based on the proposed
model, we design an integrated proposed model with the online LMS in the direction of open
connection to increase the monitoring and tracking learning activities, therefore, it can give
warnings as well as notify teachers and learners to adjust teaching and learning activities to

improve training quality.

Keywords: Multi-task convolutional neural network, face recognition, facial expressions

recognition, online learning management systems.

l. Gi6i thi¢u

Trong nhimg nam gan day, sy phat
trién manh mé& cua e-learning dang thu hat
ngay cang nhiéu nguoi lya chon cach hoc
va tiép thu kién thirc bang truc tuyén thong
qua hé théng hoc tip truc tuyén (LMS).
Trong E-learning, moi ngudi co thé hoc
nhiéu thtr ho can & bat cr lac nao va bét
ctr noi dau. E-Learning kha linh hoat va c6
thé mé rong dé dang, str dung phuong phép
hoc c4 nhan hoa cao d9, it tén kém va da
dugc chiing minh 1a hi¢u qua hon so véi
gido duyc truyén thong. Vi vdy, e-learning
ngay cang tré nén phd bién. Tuy nhién,
giam sét va danh gia chat luong hoat dong
hoc tap truc tuyén chic chan 1a diéu can
dugc quan tam dac biét. Chung ta phai
han ché dén muc t6i thiéu cac tinh trang
gian 1an trong hoc tap, thi kiém tra trén céc
hé thong tryc tuyén va t6t nhat 1a khong
dé xdy ra tinh trang d6, s& anh huong rat
16n dén két qua hoc tap cua ngudi hoc va
chat luong cua hé théng gido duc. Do do,
cac hé thong quan 1y hoc tap truc tuyén
can phai cung cp kha ning xac dinh va
giam sat cac hoat dong ctia nguoi hoc [1].
Mot s6 nghién ctru tim kiém nhiing cach
t6t hon dé sir dung phuong phap sinh tric
hoc giup xéac dinh va giam sat trong qua
trinh hoc tap va thi truc tuyén [2], [3]. Tuy
nhién, mot hé thong nhan dang khudn mat
(FR) va nhan dang biéu cam khudén mat
(FER) s& rat than thién véi con nguoi Vi

chung khong can tiép xuc va khong can
phan ctng bd sung khi hién nay hau hét
cac may tinh hodc thiét bi ngudi ding déu
c6 camera tich hop. Quan trong hon, hé
thong FR/FER ¢ thé dugc st dung dé xac
thuc lién tuc nguodi hoc trong toan bo qua
trinh hoc tap hodc kiém tra theo thoi gian
thuc va giam sat, do dém céc thé hién qua
trinh hoc tip ctia ngudi hoc trén biéu cam
khubn mit dé dua vao do, cac nha su pham
va quan ly c6 thé diéu chinh cac hoat dong
ctia minh nham dap ung tot hon cho qué
trinh dao tao d6i v4i timg ngudi hoc.

Bai toan FR/FER 1la nhiing bai todn
tht vi va thu hat nhiéu nghién ctru voi két
qua tich cuc trong linh vuc thi gidc may
tinh, rng dung rong rai cla cac bai toan
nay nhu gidm sat trang thai nguoi lai xe
[4], giam sat nguoil dung dién thoai, phat
hién biéu cam khong that, nhén dang tram
cam [5], hé thong giam sét tai cac co so
y té va trong gido duc [3], [2]. Tuy nhién,
bai todn FR/FER van con nhiéu thach
thirc do su da dang cua nhiing nguoi co6
nét mit giébng nhau va su thé hiéu biéu
cam trén khudn mit ctia mdi nguoi €O
thé thay dbi theo thoi gian. Hién nay,
cac tac gia chu yéu tiép can van dé nay
dua trén mang noron tich chap (CNN)
v6i cac moO hinh hién dai nhu VGGNet,
GoogleNet, ResNet, SENet va chiing déu
cho két qua kha quan. Mic du két qua
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nhan dang trong cac m6 hinh CNN ngay
cang tot hon khi cac phién ban kién trac
mang duoc diéu chinh va cai tién, nhung
van con mot sd vin dé can duoc cai thién,
dac biét l1a trong cac ung dung thuc té.
Hon nira, cac m6 hinh CNN nay thuong
duogc thiét ké doc 1ap cho timg bai toan
va c6 d6 phurc tap 16n dbi v6i mot sb tng
dung trong thyc té khi c6 gidi han vé tai
nguyén tinh todn cua may tinh, c6 nhirng
m6 hinh 1én dén hang tram triéu tham s
[6]. Nghién ctru nay tap trung thiét ké
mot mo hinh CNN da nhiém (Multi-Task
CNN) cho hai bai toan FR/FER dong
thoi voi do phire tap vira phai nhung van
dam bao chét luong va hiéu qua cho bai
toan. M6 hinh s€ dugc chay thur nghiém
dé danh gia trén mot s6 bo dir lidu phd
bién nhu OuluCASIA [7] va duoc thiét
ké dé tich hop v6i hé thong LMS dé hd
trg giam sat va danh gia qua trinh hoc tap
truc tuyén cta nguoi hoc.

866:Anger 635:Disgust 565:Fear
0 0

875:Happiness
0 \pp 0

I1. Mt sé nghién ciru lién quan

2.1. Nhgn dang Kkhudn mar va
biéu cim

Trong bai todn nhan dang biéu cam
khuon mat, Paul Ekman va cong su [5] da
x4c dinh sau cam xtc co ban duge biéu
cam trén khudn mat ctiia con nguoi dua trén
nghién ciru sy giao thoa giira cac nén vin
héa. Theo d6, moi nguoi cung thé hién va
cam nhan duge nhimg cam X(c co ban bang
biéu cam trén khudn mat theo cling mot cach
bat ké ho thudc dan toc hay nén vin hoa nao.
NGi cach khac, cac nét biéu cam trén khudn
mit co ban doc 1ap v6i nén van hod ma con
ngudi dang trai nghiém, sinh song. Nhiing
biéu cam co ban trén khudn mat (Hinh 2.1)
bao gom tirc gian (An-anger), ghé tom (Di-
disgust), s¢ hai (Fe-fear), hanh phuc (Ha-
happiness), budn ba (Sa-sadness) va ngac
nhién (Su-surprise). Mot biéu cam khac
cling c6 thé duge st dung d6 1a sy khinh bi
(Co-contempt). Mot s6 nghién ciru sir dung
thém biéu cam trung tinh (Ne-neutral) nhu
mot trong sé cac biéu cam co ban.

535:Sadness 412:Surprise

Hinh 2.1. C4c biéu cam khudn mdt co ban

Heé théng FR/FER noéi chung c6 thé
duoc chia thanh hai giai doan chinh, giai
doan 1 thuc hién trich xuit cac dic trung
cua hinh anh khu6én mat dai dién cho dinh
danh khuén mit va biéu cam tuong tng va
giai doan 2 la phan loai cac dac trung do
vao cé&c dinh danh va biéu cam. Viéc trich
xuat c4c dic trung khubn mit cho bai toan
FR/FER la rat quan trong va nd anh huong
dén @6 chinh xac cua viéc nhan dang. Mot
s6 phuong phap truyén thong duoc dé cap

trong [8] nhu k¥ thuat HOG (biéu do cua
gradient c6 dinh huodng), k¥ thuat LBP
(mau nhi phan cyc bd), k¥ thuat Gabor va
c4c dac trung kiéu Haar. Cac phuong phap
nay cé thé hoat dong tdt trén cac tap dir
liéu don gian va thuan nhat, nhung trén
thuc té, cac tap dir licu rat phtrc tap va da
dang, trong d6 c6 nhiéu bién thé dic biét
thé hién su da dang cua biéu cam khudn
mat trong hinh anh, chéng han dang diéu,
tu thé goc nhin, do sang tbi,.... Pay la
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nhing thach thirc 16n d6i voi cac phuong
phadp truyén thdéng, vi viy c4c phuong
phap hién dai dua trén mo6 hinh CNN duoc
thiét ké trong cac cong trinh nghién ctu
véi dd chinh xac cao vé kha nang nhan
dang va c6 nhiéu tiém nang tng dung hon.
Gan ddy, cac mo6 hinh CNN duoc thiét ké
nhéan dang hinh anh véi cac kiéu kién trtc
phuc tap nhu VGG, ResNet, SENet hay
MobileNet [6], [9] va c6 xu hudng ngay
cang sau hon.

2.2. Mang noron tich chdp da nhiém

Mang noron tich chap da nhiém
(Multi-Task CNN - MTCNN) 1a kiéu mo
hinh CNN hoc sau hi€u qua trong viéc cai
thién chat luong cho muc tiéu cua mot
nhiém vu véi su tro gilp ctia mot s6 nhiém
vu ¢ lién quan. M6 hinh MTCNN thuc

Dl
D, e
i
/|
Dy
Input Domains B, Shared
Parameters

V jiomioN

g "/ ”/ Cross-stitch njknjk
N p ey T panpe
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hién chia sé tham s6 dé tim kiém cac biéu
dién dic diém chung cua cac bai toan can
giai quyét trong cac 16p tich chap & muc
sau. Co hai kiéu chia sé¢ tham s6 mé hinh
trong MTCNN gdm chia sé ctng (hard-
sharing) va chia s¢ mém (soft-sharing).
Chia sé cung trong MTCNN 1la viéc su
dung mot kién tric mang xuong sbng
chung dé trich chon dic trung cho cac bai
toan va phan 16p doc 1ap theo tirng nhiém
vu (Hinh 2.2a). Chia sé mém 1a sir dung
mdi khoi kién tric trich chon dic trung
cho riéng tirg bai todn nhung c6 lién
két chéo cac 16p noron giira cac khdi nay
(Hinh 2.2b). Cac m6 hinh MTCNN duogc
nghién cuu va xay dung da thuc nghiém
cho thiy c6 hiéu qua trong cac nhiém vu
thi gidc may tinh khac nhau [9].
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Hinh 2.2. Hai kiéu chia sé tham s6 MTCNN
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Ban vacong su [10] thiét ké MTCNN
kiéu phan tang vdi tang 1 cho hai bai toan
phan loai hoc (taxonomic assigment)
va tang thi hai c¢6 sir dung két qua tang
1 cho bai todn phén vung gen (genomic
region assigment). M6 hinh nay dua trén
kién trac VGG véi d6 sau 11 16p CONV.
Kiéu md hinh MTCNN dang phan tang va
c6 lién két chéo giita cac 16p noron (soft-
sharing) ciing dugc phét trién cho bai toan
phat hién céac loai phuong tién hang hai
[11]. M6 hinh nay st dung cac 16p tich
chap 16i chung dé trich xuat dic trung dua
trén kién trac mang VGG vé6i do sau 16
16p CONV.

Cuong va cong su [12] thiét ké mo
hinh MTCNN c¢6 9 16p tich chap (CONV)
va 3 16p phan loai (FC) theo kiéu chia sé
tham s6 va dic trung dang “hard-sharing”
dé thuc hién phét hién gi6i tinh, trang thai
cudi va biéu cam trén khuon mat. Wang va
cong su [9] da thiét ké mo hinh CNN da
nhiém va da nhan ciing theo kiéu “hard-
sharing” duya trén kién tric ResNet50 cho
bai toan nhan dang cac thudc tinh trén anh
khuon mat nhu trang thai deo kinh, doi
mil, hay dé t6c mai hodc min cudi, mii
nhon hoac moi to.

I1l. M6 hinh MTCNN nhén dang
khudn mit va biéu cam

3.1. Kién tric md hinh CNN da nhiém

Trong phan nay, chung tdi thiét
ké mo hinh MTCNN (goi tat 1a mo hinh
MFER) dé thyc hién 2 nhiém vu ciing lic
g6m nhén dang dinh danh khuoén mit (FR)
va nhan dang biéu cam khuon mat (FER).
M6 hinh MFER nay dugc chia thanh hai
giai doan chinh (Hinh 3.1) bao gom: (1)
cac dic trung hinh anh duogc trich xut
biéu thi cho c4c dinh danh bang khudn

mat va biéu cam trén khudn mat; va (2)
phan loai cac diac trung thanh cac nhan
phan 16p tuong tng véi mdi bai toan thuc
hién. S6 16p va do 1on (s6 lwong noron)
ctia mdi 16p anh hudng dén chat luong cua
mo hinh va d¢ phtc tap trong tinh toan.
Céc nghién ctru thudng diéu chinh hai yéu
t6 nay theo timg bai toan tmg dung dé dat
duoc chat luong mong doi va do phc tap
tinh toan co thé chép nhan dugc cung mot
lic. Vi vay, chang toi thiét ké md hinh nay
v6i sb luong 16p vira phai dé phu hop véi
hé thdng tinh toan cia chung toi.

Kién tric cia md hinh MFER nay st
dung phuong phap chia sé tham sé dang
“hard-sharing” nham giam kich thudc va
d6 phuc tap ctia mo hinh cho viéc tich
hop véao cac tng dung c6 diéu kién tinh
toan han ché. Khdi 16i cia md hinh MFER
dua trén kién trac VGG dé thuc hién trich
chon céc dic trung cho cac bai toan can
thuc hién, tuy nhién, dé giam kich thudce
md hinh chidng t6i thiét ké s 16p tich chap
(CONV) 1a 4, sau moi hai 16p tich chap
dau sir dung 16p két gop tin hiéu dic trung
bang phép trung binh (Average POOL)
va sau mdi hai 16p tich chap cubi sir dung
phép gop tin hiéu ¢ dang 16n nhit (Max
POOL). Chia cac 16p noron nay thanh
4 khéi gébm (B2), (B3), (B4) va (B5) ¢
cdu trac co ban nhu nhau, mdi khéi nay
co mot 1gp tich chap (CONV) theo sau
13 16p gop tin hiéu (POOL). Khéi (B1) 1a
anh dau vao, dé giam kich thudc tham s
mo hinh va phu hgp véi anh thu thap tir
camera cua thiét bi dau cudi thong dung
c6 d6 phan gidi & mtc vira phéi ching toi
dit kich thudc anh dau vao 1a H(cao) x
W(rdng) x D(sau) = 80 x 60 x 3.
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Hinh 3.1. M6 hinh MFER

Cac bd loc ctua noron ¢ 16p CONV
c6 kich thudce la 3x3, ¢ 16p POOL c¢6 kich
thudc 1a 2x2. Cac noron tich chap st dung
ham kich hoat dang “ReLu” thong dung
nhim cho phép kich hoat thua ¢ muc
khoang 50% duoc kich hoat ¢ dau ra khi
tong tin hiéu dau 1a duong, giam thiéu kha
ning suy bién gradient trong qué trinh
hoc, tinh toan don gian va ting toc do
huan luyén cho mo hinh. Dé giam thiéu
hién tuong qué khop (overfitting) trong
hoc may chung t61 st dung k¥ thuat loai
b6 ngiu nhién két ndi cia cac noron (tirc
la dau ra ctia noron duoc loai bo 1 bang 0)
theo ty 16 20% (Dropout = 0.2). S6 luong
cac bo loc (filter) trong mdi 16p noron
CONV duoc ting dan theo chiéu sau tir 8,
16, 32 va 64 nham ting thém co hoi trich
chon dugc nhiéu hon céc dic trung an Sau
bén trong hinh anh & cac 16p noron tich
chap ¢ muc sau hon.

Khéi (B6) ding dé phan loai anh
dau vao dén cac 16p theo ciia bai toan.

Khdi nay cé 2 16p noron két ndi day du
(FC) cho mdi bai toan can thyc hién, 16p
FC 4n sir dung ham kich hoat phi tuyén
dang “sigmoid” va 16p FC ra c6 kich hoat
bang ham “softmax” (cong thuc (3.2))
dé tinh xac suat thudc timg 16p cho mdi
hinh anh dau vao. Khéi (B5) c6 thém co
ché trai tin hiéu dic trung vé dang phang
dé truyén tin hiéu dic trung theo két ndi
day du dén khéi phan loai (B6). Chung
toi 4p dung mo hinh MFER nay cho hai
bai toan nhan dang dinh danh khuén mat
(FR) va nhan dang biéu cam khudn mit
(FER). Bé ting kha ning phan loai va
nhén dang, sb noron cua l6p FC an duoc
tang thém 10 1an so v&i sd noron & 16p
FC ra, tirc 12 bang 10 1an s6 16p can nhan
dang cta bai toan. Nhu vay, sé noron 16p
FC ra va 16p FC an cua khéi (B6) cho bai
toan FR twong tng 1a sb nguoi can dinh
danh (CY) va C'x10, cho bai toan FER
tuong tmg 1a s loai biéu cam trén khudn
mit (C?) va C'x10. Cong thuc tinh dau
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ra noron phan 16p theo ham kich hoat
‘softmax’ ¢ dang:

e’

0} = softmax(y|) = - (3.2

t
Ezﬂ:lgyk

trong d6, O 1a ddu ra cua noron
th j cua 16p ra tuong g véi nhiém vu
t €{12,...,T}, ¥}, 1 tong tin higu diu
vao ctia noron thir j trong 16p phan loai
tuong tmg nhiém vu tM* € {C%,C?} la
s6 noron 16p ra ctia nhiém vu t. O day, ro
rang tong cac gia tri dau ra clia cac noron
16p ra thudc khéi phan 16p (B6) cho mdi
bai toan bang 1, X Of =1.

Trén co s xac suit duoc tinh & moi
noron 16p ra cua nhiém vu t, ching ta
chon 16p ¢ xé4c sudt cao nhat twong ung
dé phan loai ' cho nhiém vu t twong Gmg
theo cong thuec (3.3).

3t = argmaxCJ;{Oj-t D)= L---:Mt} (3.3)

3.2. Ting cwong di liéu VA hudn
luyén mé hinh MTCNN

Phan nay 4p dung mot s6 phuong
phap tién xtr 1y hinh anh dau vao gom do
tim va cat anh dé 1dy ving anh chi chtra
khuon mit, sau d6 thuc hién mot sé k¥
thuat nang cao chat luong anh. Trong
cac tng dung thuc té, hinh anh dau vao
thuong dugc chup tor mdy anh, ching
bao gdm nén vai bat ky vat thé nao bén
trong anh. Vi vay, ching ta phai thyc hién
phuong phép phat hién khuoén mat (Face
detection - FD) dé xac dinh ving anh c6
chira khudn mit va sau d6 cat bo phan
nén ciia anh va chi giit lai ving anh chtra
khuén mit. Dé thuc hién diéu nay, ching
té1 st dung mot mo hinh dya trén CNN
ndi tiéng duoc goi 14 MTCNN nhu trong
[1]. Dé tranh hién twong qua khop trong

huén luyén mé hinh va giap cho mé hinh
c6 kha nang nhan dang cao hon, chlng
t6i ting cudng hinh anh huin luyén bang
cach sir dung mot s6 k¥ thuat xir Iy hinh
anh 2D nhu thém nhidu, xoay, cit va dich
chuyén, ting cudng do sang hodc lam t6i
hinh anh. Véi hinh anh dau vao , chung ta
nhan duoc danh sach cac hinh anh sau khi
tién xur Iy nhu sau:

{3“(fP(a), )} (3.4)

trong do, f° 12 bo do tim va phat hién
khudén mat trén anh, chéng han MTCNN,
p* 1a céc tham s cho hoat dong ting
cuong hinh anh vai mot phép xu ly a =
{nhiéu, xoay, co gian, dich chuyén, dé
twong phan, ...}, 3 biéu thi su bién doi cua
hinh anh d6i véi phép xir ly ting cuong
a. Chang han, bang cach ap dung céc
phép xtr 1y gém tang giam do twong phan
(Constrast), xoay anh (Rotation) theo goc
sang trai (duong) va sang phai (am), co
gidn (Scale) va dich chuyén (Translate)
theo mot ty 1€ so voi kich thudce anh ta co
két qua nhu Hinh 3.2,

Rotation ‘B

Scale -F®

Translate - &2
Hinh 3.2. M¢t s6 hinh danh tang cuwong

Trong Hinh 3.2, anh trai cung ctua

dong thi nhat va anh chinh giita ctia cac

dong sau la anh gdc ban dau. Céc hinh anh

con lai 1a két qua xu ly bién doi twong ing

v6i timg dong va gia tri tham s bién ddi
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duoc ghi trén tiéu d& mdi hinh anh. Cac
tham sb bién d6i ndy duoc lua chon & murc
d6 vira phai dé dam bao nhimng thong tin
chinh trén anh dugc duy tri cho viéc trich
chon dic trung cho bai toan. Chang han anh
phai ciing & dong dau c6 nhiéu 16n nén rét
kho dé trich chon dic trung va nhan dang,
ké ca bang mat thudong. Mot hinh anh ting
cudng c6 thé ap dung cung luc dong thoi
cac phép xu ly va trong nghién ctu nay
chiing t6i 4p dung ngau nhién cac gia tri
tham s6 diéu chinh cta cac phép xir ly.

Trong mé hinh MFER nay, ching
t6i 4p dung ham danh gia sai s6 dang
cross-entropy. Sai s6 theo mdi nhiém vu
cua MFER dugc danh gié riéng biét, sau
do6 két hop chung lai thong qua mot hé sb
dé dua ra sai so cudi cung cia mo hinh.
Ham sai s6 ctia nhiém vu duge biéu dién
bang cong thirc sau:

Lo= 3 S(al T VD) og(T () (3.5)

trong d6, N 13 s6 mau dit liéu hudn
luyén, @; € {0,1} cho biét mAu dir liéu thir
i"" xac dinh cho cong viéc t néu béng 1va
nguoc lai 1a bang 0, Mt 1a s 16p (class)
cia nhiém vu t, YI(j) € {0,1} cho biét
mau dir liéu thtr i c6 thudc nhdn phan
16p thtr j néu bang 1 va nguoc lai bang
0, Yf(j) € [0,1]1a x4c suat nhan dang vao
16p thi ' ctia m6 hinh d6i v6i mau dit ligu
thtr i & nhiém vu T. Trong nghién ctru nay,
chiing ti p dung cac tap dir liéu v6i mau
dir liéu duoc xac dinh du cho ca dong thoi
hai nhiém vy FR va FER, tica! = 1. Nhu
vay, ham sai sé chung caa md hinh dbi véi
cac nhiém vu dugc xac dinh nhu sau:

L= we L, (3.6)

trong d6, T 1 sé lwong cac nhiém
vu cén thuc thi cia mé hinh, w, la hé )

danh gia vao ham sai s6 chung ddi véi
nhiém vu t. Nghién ctu nay 4p dung véi
T=2 gbm bai toan FR va bai toan FER.

M6 hinh MFER duoc huin luyén
theo phuong phap tdi wu hoa Adam [13],
day 1a mot ky thuat téi vu hoa duoc st
dung rong rai trén co sd két hop nhiing
diém manh cua phuong phap Momen-
tum va RMSprop bang cach sir dung cac
gia tri binh phuong gradient dé chia ty 18
hoc mang theo k¥ thuat RMSprop va sur
dung trung binh dong cua cac budc thay
d6i gradient. Chi phi bo nhé hiéu qua hon
va giam thiéu tinh todn 1a hai loi thé cua
phuong phap Adam. Co ché dleu chinh
trong s6 mang dé tim diém tdi wu cua
Adam dugc thé hién trong cong thirc (3.7)
nhu sau:

n —
W t=Wpit-1 — = * 1M
ij i Jotte (37)

trong do, mt vauvt tuong ung la gia tri
trung binh suy giam theo cap sd nhan
cua cac gradient va cua cac gradient binh
phuong tai thoi diém hoc thu t, 4 14 hé sb
hoc (tdc d6 huan luyén, thuong st dung
la 10°%), hé sée =108, Chiing t6i str dung
ky thuat hoc Adam cho MFER va tham
s6 ctia mo hinh dugc khéi tao ngau nhién
theo phan phéi déu trong khoang gi6i han
(cong thuc (3.8)) [14] nham dem lai céac
vu diém ctia qua trinh huan luyén mang va
dat két qua cao.
V6 Ve
S \fnﬁn}-H] (3.8)

W~U |-

trong d6, n, vanj.; 1 s6 cac tham sb
Va0 va sb cac tham sd ra ctia 16p noron.

3.3. Thiét ké hé théng tich hop hé
tro’ gidm sét va danh gid hoc truc tuyén

Hé théng tich hop can phai thuc
hién dugc hai chirc ning co ban gom:
(1) chyp anh khudn mit cta nguoi
ding, tién xir Iy hinh anh gdm phat
hién khu vuc chira khubn mat trén anh
va nang cao chit lugng cta hinh anh
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néu can; va (2) nhan dang hinh anh
khuon mat dé dinh danh va xac dinh
biéu cam biéu thi trén khudén mat. Tinh
ning chup anh c6 thé dugc 4p dung
cho viéc thu thap hinh anh khudn mat
trong giai doan huan luyén xay dung

time, facelD/confidence,

teach . __ Monitor/assessment ____ lime, facelDiconf
sacher =" ! | expression/score
1
Y
.

video-frame v Vv
<
n allow
Camera

. login &
n use functions LMS

learner

video-frame

***** Face monitoring history

md hinh hoac 4p dung khi md hinh
dugc tmg dung tich hop. So dd két ndi
tong thé vé mat logic cua viéc tich hop
mo hinh nhan dang khuon mat va biéu
cam (FR/FER) vé6i hé théng LMS duoc
thé hién trong Hinh 3.4.

FR/FER model

(Face/Face Expression Recognition)

; Face -
features

=Sttt ST

Face monitoring

userlD & secure-

e Face detection &
requiringCode \3/ pre-processing @

Train

Face collection — Face augmenteﬁgn

Face images

Hinh 3.4. Két néi giita md hinh FR/FER va hé thong LMS

Mo hinh FR/FER tich hgp véi LMS
thuc hién trong diéu kién két ndi mo va
hoat dong doc lap tuong ddi gitra hai hé¢
théng. Khi d6, hai hé thong co thuc thi
mot chirc ning doc lap, chang han LMS
thyc hién cac nghiép vu va tinh nang quan
1y hoc tap cua nguodi hoc nhu ban than cod
ciia n6, hé thong FR/FER thyc hién thu
thap hinh anh hoac thdm chi nhén dang
cling doc 1ap voi LMS. Do do, viéc tich
hop ¢ co ché 1ong va don gian 1a nhung
vao LMS céc tinh ndng c6 lién quan cua
hé théng nhéan dang dé kich hoat khi can
thiét va tra lai két qua thyc hién tuong
mg. Cac giao tiép giira hai hé thong co
thé thyc hién qua méi truong Internet véi
kénh truyén bao mat c6 xac thyc. Didu
nay nham tin dung t6i da hé théng sau
nay khi can két nbi voi cac hé thong khac
cling nhu bd tri cic tai nguyén may chi
chuyén dung phuc vu cho cdc chuong
trinh hoc may dé xay dyng mé hinh nhan
dang (nhu st dung may chu co GPU).
Co ché két ndi nay cho phép ching ta

dat duoc mot s6 dic diém sau ddy cta hé
thong tich hop:

- Két ndi h¢ thong FR/FER voi hé
thong LMS thong qua web services hodc
nhdng vao giao dién cua LMS nhung dam
bao khdng lam thay dbi nhiéu dbi véi
LMS dang c¢;

- Hé thong LMS ¢6 thé van hanh ma
khong can két ndi voi hé thong nhan dang
trong truong hop ngudi hoc khong co thiét
bi thu nhan hinh anh hodc chu dong khéng
bét ché do nhan dang;

- Bam bao tinh an ninh, bao mat cua
c4 hai hé théng va cua ca dit liéu hinh anh
cua nguoi dung;

- Téi thiéu hoa qué trinh trao doi
tuong tac gitta hai hé thong, dic biét 1a
dir li€u hinh anh gifra may tram cua nguoi
hoc va may chu hé thdng LMS hoic hé
théng nhan dang.

Co ché bao mat dugc sir dung trong
tich hop nay nham dam bao an toan va
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chinh danh cho két ndi gitta hai hé thong,
theo d6, hé thong FR/FER chi thuc hién
cac nhiém vu khi nhan dugc thong diép
kém theo ma bao mat di duoc thiét 1ap.
Trong truong hop nay, ching toi su dung
ma bao mat dya trén so dd0 ma hoa khoa
cong khai, tic 12 str dung cip khoa bat
dbi xtimg cua RSA cho hé théng, phan
khoa cong khai st dung & hé thdng FR/
FER va di nhién c6 thé dugc biét bi bat
ky ai (do tinh céng khai), phan khoa bi
mat dugc st dung tai LMS. Do d6, hé
thong FR/FER thyc hién kiém chimg dya
trén nguyén tic chit ky so, thong tin dinh
danh ngudi hoc da ky s boi phan khoé
bi mat tai LMS va duogc xac thuc sd boi
phan kho4 cong khai tai FR/FER cho viéc
thuc hién chirc ning nhan dang va tra vé
két qua cho LMS.

IV.Thir nghiém
4.1. Dixligu va kich bén thir nghiém

Chung t6i sir dung ba bo dir liéu dé
thir nghiém danh gia mo hinh gém CK+
(Extended Cohn-Kanade) [15], Oulu-
CASIA [7] va cac hinh anh dugc thu thap
tor nguol hoc cua chung t61, ky hi¢u la
FERS21 [16].

Tap dir lieu CK+ gdm 327 video
dugc gin nhan dugc thu thap tir 118 nguoi
khéc nhau. Chung t61 st dung video véi
bay biéu cam co ban dai dién cho sy
tic gian (Anger), ghé tom (Disgust), s¢
hai (Fear), hanh phuc (Happy), budn ba
(Sadness), ngac nhién (Surprise) va su
khinh thuong (Contempt). Cac khung
hinh trong video biéu thi su bién doi trang
thai biéu cam, tuy nhién, ching toi chon
ba khung hinh cubi cing trong mdi video
dé 1am dir lidu thir nghiém, két qua 6 tong
cdng 981 hinh anh. Tap dit liéu nay Ia hinh

anh c6 mau da cip xam (Hinh 4.1, dong
dau), tiéu d& cua hinh anh duoc hién thi 1a
nhan tuong ung clia nguodi trong anh (fr)
va biéu cam trén khudn mit (fer) cua hinh
anh trong tap dir liéu.

Hinh 4.1. Mot s6 anh trong cac tdp dir liéu

Tap dir liéu Oulu-CASIA bao gém
cac video dugc thu thap trong cac diéu
kién &nh sang kh&c nhau. Trong thu
nghiém nay, ching toi str dung 480 video,
dugc chup tir 80 dbi twong trong diéu kién
anh sang trung binh va cao. C6 sau nhén
biéu cam trong dit liéu Oulu-CASIA nhu
trong tap dir lieu CK+ trir biéu cam sy
khinh thuong (Contempt). D6i véi mdi
video, chung t61 chon ba khung hinh cudi
cung c6 khuon mat thé hién biéu cam cao
nhat cta loai twong tng, Hinh 4.1 (dong
giita) cho thdy mét s6 hinh anh cua tap dir
liéu Oulu-CASIA. Téap dir liéu thir nghiém
¢6 tong cong 1440 hinh anh.

B¢ dit liéu FERS21 dugc thu thap
tur 20 nguoi hoc cua ching t6i, ca nam
va nit. Bé don gian trong viéc thu thap
va ung dung trong danh gia qua trinh hoc
tap vé mirc do hai 1ong hodc khong hai
1ong, chung toi str dung hai biéu cam trén
khudén méat do 1a hai long/vui vé (Happy)
va khong hai long/budn (NoHappy) duoc
minh hoa trong Hinh 4.1 (dong cudi).
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DPé chay thir nghiém, ching toi
chia ng?lu nhién moi tap dir liu thanh 5
phan (fold) c6 kich thudc twong dwong
nhau trong cac 16p cua mdi bai toan FR
va FER. Kich ban thir nghiém theo co
ché kiém tra chéo (cross-validation), mdi
luot chay stt dung mot phén dir lieu dé
kiém tra két qua méd hinh (), bén phan
con lai dé xay dung mo hinh, trong d6
mot phan dé thdm dinh va lya chon mo
hinh () va 3 phan con lai dugc st dung
dé hudn luyén mo hinh (). Kich ban nay
dugc chay lap lai 5 lan theo thir tu lan
lugt cac phan dugce chon dé kiém tra mé
hinh, két qua danh gia cudi cing 1a trung
binh va d6 1éch cia 5 1an chay.

Trong mdi lan chay thtr nghiém, céc
phan dit liéu huén luyén mé hinh () duoc
tang cuong bang cach ap dung cac phép
bién doi hinh anh bao gom . Cac tham
s6 cho mdi phép bién d6i hinh anh duoc
chon ngiu nhién trong khoang gi¢i han.
S6 lan duoc ting cuong 1a 20 cho mdi
hinh anh tao nén tap dir li€u huén luyén
kha 16n nham dam bao d6 da dang cua dir
liéu, tranh bi hién tugng qua khop va ky
vong dat dugc do chinh xac cao ciia mo
hinh. Chiing ti sir dung phuong phap t6i
wu Adam [13] dé huén luyén m6 hinh véi
cac tham sd chi tiét trong Bang 4.1.

Bdng 4.1. Céc tham sé chay thir nghiém

Stt Tham s6 Gla
tri

1 | Téc d6 huan luyén ban dau ()
2 | Kich thudc géi dit liéu (batch) | 128
3 | S lan 1ap huan luyén 150

4.2. Két qua thir nghigm

Qua trinh huin luyén duoc tinh
trung binh trén 5 1an chay thir nghiém theo
tung nhiém vu FR va FER thé hién trong
Hinh 4.2. Cac biéu do nay cho thiy qua
trinh huén luyén cho két qua t6t hon (sai

s6 nho hon va do chinh xc cao hon) cua
nhiém vu FR so véi FER trén ca 3 tap dir
liéu. Mic du s6 16p ctia nhiém vu FR (118,
80 va 20) 16n hon nhiéu so véi FER (chi
6 hodc 7) nhung két qua hudn luyén cao
hon, cho théy mo hinh MFER trich chon
dac trung cho phan biét dinh danh khuon
mit t6t hon so v6i biéu cam khudn mat.
Hon nira, cac hinh anh khuén mat trong
tap dir liéu c6 su phan biét cao gitra nhirng
ngudi duoc thu thap trong khi biéu cam
trén khuon mat la khé phéan biét hon, tham
chi mot s6 biéu cam gan nhu gidng nhau
trén khuon mat.

CKplusfloss OuluCASIAfIoss FERS21/l0ss

50 100 1

Hinh 4.2. Qué trinh hudn luyén MTCNN

Két qua nhan dang trén tap dit liéu
kiém tra ciia md hinh MFER sau khi da
dugc huan luyén dugc tinh toan trung binh
vado léch chuan trén 5 1an chay thir nghiém
thé hién trong Bang 4.2. Tuong ung véi
qua trinh huin luyén, két qua nhan dang
ddi véi dit lidu kiém tra theo bai toan FER
thap hon bai toan FR trén ca 3 tap dir lidu,
trong d6, tap dir liéu CK+ khong dang ké
nhung tap dir liéu OuluCASIA va FERS21
cO chénh 1éch twong ung la 4.51% va
8.45%. Tuong ung do léch chuan cta cac
Kkét qua nhan dang theo bai toan FER cao
hon bai toan FR. Chirng to bai toan FER la
kho hon so véi bai toan FR, thuc té cling
cho thay hinh anh biéu cam trén khudn mit
c6 trudng hop rat khd phan biét, dic biét 1a
c4c loai biéu cam nhu “Sadness”, “Anger”
da dé cap o trén.
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Badng 4.2. Két qua nhén dang tdp kiém tra

Trung binh (+d 1éch)

FR FER
CK+ 97.97 £0.01 |97.86 +£0.015
Oulu CASIA |99.16 £0.0096 | 94.65 £0.026

FERS21 | 99.66 +0.004 +0.02

Datasets

DPé so sanh, ching t6i s dung
kién trdc 16i trich chon dic trung cua
md hinh MobileNetV2 [17] va md hinh
ResNet50V2 [18], bd sung thém cac 16p
dé phén loai cho hai bai toan FR va FER
nhu mé hinh MFER, sau d6 chay thu
nghiém trén ciung kich ban va tham sd.
Két qua thé hién trong Bang 4.3.

Bdang 4.3. So sanh két giia cac md hinh

Datasets CK+ | Oulu |FERS21
Models CASIA
(on FRIFER)

MobileNetV2 /FR| 69.57 | 87.26 | 91.38

FER 81.69 | 85.17 | 88.07
ResNet50V2 /FR | 96.45 | 98.32 | 99.19
FER 96.58 | 96.32 | 89.54
MFER/FR | 97.97| 99.16 | 99.66
FER 97.86| 94.65 | 91.21

Mic du s6 lugng tham s6 cua ca hai
mé hinh 16i MobileNetV2 (khoang 2,5 triéu)
va ResNet50V2 (khoang 24 triéu) 16n hon
rat nhiéu so véi MFER (khoéng 0,24 triéu)
nhung két qua nhan dang cia MFER cao
hon khi so sanh. Cu thé, & bai toan FR, md
hinh MFER dat két qua nhan dang tot nhat,
mo hinh 16i MobileNetV2 c6 két qua thap
nhét trong ca ba tap dit liéu thir nghiém. So
v6i ResNet50V2, truong hop cao hon nhiéu
nhat 12 1.52% tai dit liéu CK+ va cao hon it
nhét 12 0.47% tai dit liéu FERS21. O bai toén
FER, md hinh kién trdc 18i ResNet50V2 c6
d6 sau 16n hon va s6 lugng tham s rat 16n
nhung két qua nhan dang ctia md hinh nay
dat cao nhit tai tap dir liu OuluCASIA,
trong khi md hinh MFER dat cao nhét & di
liéu CK+ va FERS21.

V. Két luan

Nghién ciru ndy da dé xuit mé hinh
mang noron tich chap da nhiém (MFER) cho
bai toan nhan dang khudn mit dé dinh danh
va nhan dang biéu cam khudn mit. Kién tric
ctia md hinh theo thuan kién tric ciia mang
CNN kiéu VGG va c6 do sau khong 16n chi
o murc 4 16p tich chap, kem theo kich thudc
tham sd cia mo hinh & mirc thip. Két qua
nhan dang rat kha quan trén céc tap dit liéu
thir nghiém, dat mic thap nhat 1a 91.21%
d6i vé6i bai toan FER va cao nhét 12 99.66%
d6i v6i bai toan FR, ca hai trudng hop déu ¢
dit liéu FERS21. Diéu nay cho thay m hinh
MFER ¢ thé &p dung duoc d& dang trén cac
hé thong c6 ning luc tinh toan khong doi hoi
qua cao va phu hop da dang trong thuc té
nhung van cho két qua tot dbi v6i cac bai
toan tmg dung.

Chung t6i ciing da thiét ké hé thong
tich hop mé hinh MFER vao hé théng
quan 1y hoc tap truc tuyén (LMS) dé hd
trg giam sat nguoi hoc trén cac hé thong
LMS. Qua d6, moi nguoi hoc dugce giam
sat chi tiét qua trinh hoc tap, dugc do
dém biéu cam thé hién trong sudt qua
trinh hoc tap, néu c6 nhiing bat thuong hé
thong co thé tong hop bao cdo ngudi day,
nguoi quan 1y va hd tro dé nhac nho, gitp
dd nguoi hoc dat két qua hoc tap cao hon.
Viéc tich hop hé thdng nay theo co ché
m¢, khong gén chat voi nhau, do do, hé
théng hoat dong kha doc 1ap va co thiét
ké dam bao tinh an toan, an ninh cta dit
lidu va hé thong két nbi tich hop.

Trong nhiing nghién ctru tiép theo,
ching toi s& cai tién kién tric 15i cac 16p
tich chap dé trich chon dac trung cua mo
hinh MFER theo cac kién trac hién dai
nham tang cuong chat lwong cho cac bai
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todn nhan dang khac nhau véi s6 lugng
nhiém vu c6 thé thuc hién nhiéu hon.
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