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Tom tit: Bili bao nay phﬁn tich vai tro caa cong nghé
nhan dién cam xic trong viéc nang cao hiéu qua hoc tap
cla hoc sinh thong qua giam sat _trang thai cam xuc
theo thaoi glan thue. Chung t6i dé xuét mot hé thong nhan
dién cam xic da khudén mat ty dong, ¢6 kha nang phan
tich dong thoi cAm xiic cfia nhiéu hoc sinh, duge danh gia
trén b6 dur liéu Emotion PTIT - bao gom 1.500 hinh anh
va 71 video thu thap tr méi truong 16p hoc va duge gan
nhan tha cong nhiim h§ trg cac nhiém vu nhian dlen Khuon
mat va danh gia tuweng tac trong 16p hoc. DE tbi wu héa
su nang dong trong 16p hoc, chiing t6i phat trién moét cong
thitc méi nham danh gla mic df tuong tac 16p hoc dua
tren du liéu cam xic cia hoc sinh. Hé thong dugce thlet
ké cho cdc thiét bl IoT tlet kiém nang lugng, giai quyet
cac thach thitc vé can bang tai va glam do tré khi xi 1y
luong video truc tlep, nhim dénh gia hiéu qua tu'ong tac
trong lop hoc. Hé thong cua ching toi ¢6 kha niang phat
hién dong thoi 1én t6i 50 khuén mat véi toc do 25 khung
hlnh/glay, dat d6 chinh xac 88,68%.

Tw khoa: Hé thong nhan dién cam xic, thiét bi IoT, chét
luong 16p hoc, hé thong thoi gian thuc

I. GIOI THIEU

Su phét trién clia cong nghé nhan dién cdm xiic trong
linh vuc gido duc da md ra nhitng hiéu biét sau sic vé
trang thdi cAm xtic ctia con ngudi, tao nén tiém ning 16n
trong viéc nang cao trai nghiém hoc tdp. Cam xic dong
vai tro thiét yéu trong qud trinh hoc tip, anh hudng truc
tiép dén kha ning ghi nhé kién thic va trang thdi tim
ly ctia hoc sinh [1]. Tuy nhién, trong b6i canh gido duc
hién dai, viéc nhan dién va phan hoi chinh xic céc trang
thdi cam xuc cta hoc sinh dang trd nén ngay cang phtc
tap [2].

Nhén dién cdm xtc la qua trinh gidi ma cdm xuc thong
qua céc biéu hién khudn miit, ngdn ngit co thé, miu giong
néi, giao tiép vin ban, va cic chi s sinh 1y [3]. Linh
vuic nay dang phét trién manh mé, véi cic dng dung quan
trong trong cham séc stic khde, giai tri, an ninh va gido
duc [4]. Péc biét trong gido duc, cong nghé nhin dién
cAm xdc tao ra nhiing 4nh huéng ddng k& 1én qua trinh
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hoc tap cta hoc sinh, gitp hinh thanh cdc quy trinh gido
duc tuy chinh va xdy dung moi trudng hoc tip lay cam
xdc lam trung tam [5].

Cic nghién ctiu gan diy da dua ra cic phuong phap
tiép can da chiéu, két hop di liéu khudn mit, co thé,
giong néi va vin ban nhdm nang cao dd chinh xac ctia
nhan dién cam xiic trong bdi canh gido duc [6]. Mic
dil da c6 nhiing tién b, viéc phan tich toan dién vé su
tham gia ctia hoc sinh trong 16p hoc thong qua phan hdi
cam xtic vin chua dudc nghién ciu diy du. D€ 1ip day
khoang tréng nay, ching tdi dé xuit mot cong thiic mdi
d€ phan loai dif liéu cam xic, nhiam danh gia chit lugng
16p hoc dua trén cac cam xic ctia hoc sinh nhu trang
thdi trung 1ap vA ngac nhién, bi€u thi mdc do tip trung,
nhiét tinh va tich cuc. Ching tdi ciing phét trién céc kich
ban 16p hoc d€ danh gia tic dong clia cam xiic dbi véi
muc do tham gia va hiing thd cda hoc sinh.

Hé théng ctia ching tdi khdi diu bang viéc ghi lai cac
bi€u hién khudén mit théng qua video, sau d6 thuc hién
tién xt 1y dif liéu, gin nhan, phan loai cim xiic dua trén
cong nghé hoc sau tich hop trén cac thiét bi IoT va tién
hanh d4nh gid chit lugng 16p hoc. Két qua dudc hién thi
thong qua mot ing dung web, cung cip nhiing thong tin
httu ich va c6 gia tri cho gido vién (Hinh 1).

Cac déng gép mdi cla ching t6i duge tom tit nhu
sau:

o Thu thip va cong bd mot tap dii liéu mdi, mang
tén "Emotion PTIT,"day 1a tap dif liéu dau tién cho
phép danh gia cam xiic ctia nhiéu cd nhan cling lic.

o Thiét ké va dé xuit mot khung 1am viéc toan dién
dua trén cong nghé IoT d€ danh gia chét luong 16p
hoc.

o Dé xuit mot cong thiic méi dé€ do ludng chét luong
hoc tap trong 16p hoc thong minh.

o Tién hanh cic thi nghiém toan dién trén cac tap dit
liéu thuc té, chitng minh hiéu qua cta khung lam
viéc dugc dé xuét.

Nghién ctiu nay dugc cu tric nhu sau: Phan II trinh
bay céc nghién ciiu lién quan, Phan ITI md ta chi tiét quy
trinh thu thap dif liéu va trién khai hé thng, trong khi
Phan IV tip trung vao viéc ddnh gid cic phuong phap
duge d& xuét.
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Hinh 1: So db hé théng phan tich chit lugng bai giing dua trén nhin dién cam xiic.

II. NGHIEN CUU LIEN QUAN

Nghién ciu cua chuing t6i tdp trung vao ba linh vuc
chinh: nhén dién khudén mit, theo déi cam xuic va vai tro
clia cam xuc trong qud trinh gido duc.

Nhan dién khuoén mit di c6 nhiing tién bo ding ké,
chuyén tir cac ky thuat hoc mdy truyén thdng sang cic
phuong phap phtic tap hon dya trén hoc sau. Cac phuong
phép hoc mdy ban du, nhu Haar Cascades - mot phuong
phdp st dung céc dic trung truc quan don gidn dé phat
hién khuon mat [7] dugc gidi thiéu bdi Viola va Jones, stt
dung mot chudi cdc bo phan loai d€ nhan dién khudn mit
mot cach nhanh chéng va hiéu qua. Tuong tu, phuong
phap HOG+SVM (Histogram of Oriented Gradients két
hop v6i Support Vector Machines) 1a ky thuat két hop
gitfa viéc trich xuét dic trung dua trén huéng gradient
clia 4nh va thut to4n phan loai mdy vector hd trg [8],
dat dugc do chinh xdc trung binh trong khi vin ddm
bao hiéu qua tinh todn. Mic du cé nhiing uu diém, cic
phuong phap truyén théng nay van dugc coi 1a han ché
trong viéc xd ly cdc tic vu nhan dién phic tap va day
thach thdc hon.

V6i su ra doi cda hoc sau, linh vuc nhan dién khuon
mit da trai qua mot budc chuyén déi quan trong, dat dugc
dd chinh x4c va kha ning phuc hdi cao hon trong nhiéu
diéu kién khac nhau. Cdc mang no-ron tich chiap (CNN)
[9] da tré thanh nén tang clia cic mo hinh tién tién, nhu
MTCNN (Multi-task Cascaded Convolutional Networks)
- mot mang CNN da nhiém vu t§ chic theo dang phan
tang [10], ndi bat trong céc tinh hudng phiic tap nhd vio
quy trinh x@ ly da giai doan. RetinaFace - mot framework
nhan dién khuén mat da nhiém vu dua trén mang mot
lan duyét (single-stage) [11], 4p dung chién lugc hoc da
nhiém, da cai thién hiéu suit nhin dién dong thoi duy
tri kha niing xt ly thoi gian thuc thong qua céc kién triic
mang back bone nhu MobileNet [12] va ResNet [13].
Trong cac mdi trudng han ché tai nguyén, md hinh ULFG
(Ultra-Light-Fast-Generic Face Detector) - mdt bd phat
hién khuén mit siéu nhe [14], dudc tdi wu héa cho cic
thiét bi IoT thong qua lugng héa md hinh, di dat dudc su
can bang hiéu qua gitta tbc dd va do chinh x4c, tity thudc
vao d6 phan giai dau vao. Nhiing tién bo nay lam ndi
bat xu hudng chuyén dich sang cdc phuong phdp nhéin
dién khudn mit c6 hiéu suit cao, dic biét trong cic bdi
canh yéu cau ca hiéu qua va do chinh xdc.
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III. METHODOLOGY
A. Lop Tién Xut Ly va Lép Gdn Nhéan

1) Thu thdp dit liéu: Ching t6i st dung bén IP camera
dé ghi lai video ctia mdt 16p hoc tai trudng ti€u hoc
Nguyén Trdi. Dii liéu thu thip bao gdm cédc cim xic
co ban nhu trung 1ap, vui vé, ngac nhién, budn ba, gian
dt, ghé tdm va s¢ hai. Muc tiéu cta viéc thu thap da
liéu nay 1a d€ danh gia chét lugng cac budi hoc thong
qua sy thay ddi cAm xudc ciia hoc sinh. Mdi su thay déi
trong cam xtc cho thiy liéu moi trudng 16p hoc dang c6
dong luc tich cuc hay tiéu cuc. Tap di liéu nay, mang
tén "Emotion PTIT"la mot déng gbép mdi cho linh vuc
ndy, vi chua cé tip dif liéu nao trudc d6 dugc cong bd
d4nh gia cAm xiic ctia nhiéu c4 nhan dong thoi.

2) Gdn nhdn dit liéu: Cac nhan dugc st dung dé danh
gia chit lugng 16p hoc bao gdm bdn loai: Cing Thang,
Trung Lap, Tuong Tac va Hiing Thd, Chd Dong va Tham
Gia, dugc dinh nghia nhu sau:

o Cang thfmg: Cam xuc tiéu cuc (gidn di, ghé tém)
xuét hién véi tan sudt cao va chiém uu thé so véi
trang thai trung 14p, tao ra mot moi truong 16p hoc
day cing thang.

o Trung lap: Trang thai trung lap chiém uu thé, véi
rit it sy xuét hién ctia cAm xic tich cuc hoic tiéu
cuc, thé hién mot trang thai &n dinh nhung thiéu su
nhiét tinh.

o Tuong tac va hing thu: Trang théi trung 1ap van
chiém wu thé, nhung cac cam xuc tich cuc nhu vui
vé va ngac nhién xuit hién thudng xuyén hon, thé
hién sy tham gia tich cuc va hing thd ti phia hoc
sinh.

o Chu dong va tham gia: Trang thdi trung 1ap chiém
uu thé, v6i mic do xuét hién ctia cam xic tich cuc
& mic thip hon, phan dnh su tham gia chi dong
nhung khong qué soi ndi.

Chiing t6i tién hanh gin nhin cho cdc video vé6i do
dai mdi video khoang 2 phiit. Quy trinh gin nhan dudc
thuc hién bing cach chia video thanh cic khung hinh
véi tbe do xAp xi 30 khung hinh mdi gidy (fps). Péi véi
mdi khung hinh, chiing t6i ghi lai sé lugng cam xiic, s6
thd ty khung hinh hién tai, s6 lugng khuén mit trong
khung hinh, ciing v6i s6 luong khuén mit dudc nhan
dién thanh cong va luu trit dit liéu nay vao t€p CSV. Tuy
nhién, khong phai tit c cac khung hinh déu dugc giit
lai; chiing t6i so sanh mdi khung hinh hién tai véi khung
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Hinh 2: Biéu d6 thé hién cam xiic clia hoc sinh theo thoi gian vé6i cac mau tuong Ung: xanh duong (gidn dif), cam (ghé tém),
dé (sg hai), xanh duong nhat (vui vé), xanh 1a cdy (trung lap), vang (buon ba) va tim (ngac nhién), gidp suy luan tinh trang
tdng thé cia 16p hoc.

hinh truéc d6 va loai bd cac khung hinh khoéng cé su
thay d6i trong s6 lugng cam xic.

Chiing t6i thiét 1ap mot nhém gan nhan gém 22 ngudi
dugc dao tao chuyén siu vé danh gia chit luong 16p
hoc dua trén sb lugng cam xidc va tinh trang chung ctda
hoc sinh trong budi hoc thu thip. Bén canh d6, nim
ngudi dugc phan cong gidm sat qua trinh gan nhan du
liéu. Thong ké ctia mot video miu dudc minh hoa trong
Hinh 2 véi v6i truc hoanh thé hién sé khung hinh va truc
tung biéu thi s6 lugng khudn mit thé hién cim xiic. Mdi
dudng mau trong biéu dd dai dién cho mot loai cidm xic
khédc nhau. Trong trang thiai Tuwong tac va hing tha,
trang thai trung 1ap chiém wu thé véi dao dong tir 8-20,
kém theo su xuét hién déu din cta cam xic vui vé va
thinh thoang c6 cam xiic ngac nhién. Déi véi trang thai
Cang thfmg, cam xdc gian dit chiém khoing 30%, trang
thdi trung lap dao dong manh chiém 50% va cic cidm
xic tiéu cuc nhu ghé tém va s¢ hai chiém khoing 20%.
O trang thdi Trung lap, biéu dd cho thiy sy ap dao clia
trang thai trung 1ap véi hon 80%, trong khi cdc cam xuc
khac chi xuét hién véi ty 1& dudi 20%. Cubi clng, trong
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trang thai Chu dong va tham gia, trang thdi trung lap
van chiém uu thé véi khoang 70%, di kém vé6i su xuit
hién déu din clia cdc cam xic tich cuc nhu vui v& va
ngac nhién chiém khoing 30%.

B. Lop Al

Trong phan nay, chiing t6i chi tiét héa phuong phap
dugc 4p dung trong hé théng nhan dién biéu cam khudn
mit, nhu dudc minh hoa trong so do quy trinh (Hinh 3).

Dudi day la cic budc ctia hé thong:

1) Dit liéu dau vao true tiép: Cac ludng video lién

tuc ghi lai bi€u cdm khu6n mit dong clia cac chi
thé, cung cip ngudn dit lidu hinh anh truc tiép.
Tién xt ly: Dii liéu dau vao dudc chuin héa thong
qua cédc ky thuat nhu diéu chinh 4nh sdng va cin
chinh khuén mit, nhiam nang cao chit lugng dit
liéu cho cic budc xi 1y tiép theo.
Nhan dién khuon mat: Khudn mét duge xac dinh
va dinh vi trong di liéu hinh anh thong qua cac
thuat toan c6 kha niing nhin dién ciu tric khudn
mit va cic diém mdc quan trong.

2)

3)
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4) Trich xuat dac trung: Cic dic trung ndi bat dugc
trich xuét tlf cac khudn mit da nhan dién, tap trung
vao cdc yéu td hinh hoc va dién mao cin thiét dé
nhin dang biéu cim khudn miit.
B¢ phan loai CNN: Céc dic trung da trich xuét
dudc phan loai vao cdc trang thai cdm xuc riéng
biét bang mang nd-ron tich chiap (CNN), dudc huin
luyén d€ phan biét giita cac biéu cdm khac nhau.
6) Pau ra cam xic: Giai doan cudi cling xuét ra phan
loai cac biéu cam khudn mit clia cac chi thé thanh
cac danh muc nhu vui vé, budn ba, ngac nhién va
cac trang thai khac, dugc xac dinh bdi CNN.

5)

1) Nhdn dién khuén mdt.: Hé thdng ctia ching toi
dugc thiét k& nham giam sit 16p hoc thong qua viéc xi
ly céc khung hinh ghi lai tit nhiéu camera dudc bd tri
chién lugc d€ bao quat toan bo hoc sinh. Khudén mit ciia
tiing hoc sinh sau d6 dudc nhan dién va trich xuét tir
canh quay thu dugc. PE chinh thic héa quy trinh nay,
chung t6i gidi thi€u cong thiic todn hoc sau day.

Gia st k 1a tdng s thiét 1ap camera trong 16p hoc.
MBbi thiét 1ap camera ghi lai mot chudi khung hinh. Déi
v6i mdi thiét 1ap camera j, trong d6 j € [1, k], d€ S; dai
dién cho chudi khung hinh dugc ghi lai bdi camera thit
j. Chudi nay dugc bi€u dién nhu sau:

Sj = {Cl,ij | ;5 € RHXWXC, xS [l,ej]} (1)

trong d6 a;; dai dién cho khung hinh thit ¢ dugc ghi
lai béi camera thid j, H va W la chiéu cao va chiéu
rong clia mdi khung hinh, C' 1a s6 lugng kénh mau (vi
du: kénh RGB), va e; la tong s6 khung hinh dugc ghi
lai bGi camera thy j.

Do do, tap hgp toan bd cac khung hinh dudgc ghi lai
bdi tht cd k camera la:

k
S=Js; 2)
j=1

Nhiém vu nhan dién khuon mit bao gém viéc xac dinh
khuon mit trong mdi khung hinh. Diéu nay dugc thuc
hién thong qua mot ham nhén dién f; x@ ly mot khung
hinh a;; tr tap S; d€ du doan Vi, chita cdc hdp bao va
diém s6 do tin cdy da dudc nhan dién:

Voo = falaiz) 3

Cu thé,

Yoo = {(tﬂﬂzatywwlvhlvpl) | le [Lm]apl > 9}

trong do, (ts,,ty,) la toa do cia tdm hop bao thi I,
(wy, hy) 1a chiéu rong va chiéu cao clia hop bao thi [, p;
1a di€ém s6 do tin cdy lién quan dén hop bao thit I, m 1a
s6 luong khudén mit dudc nhan dién va 6 1a ngudng do
tin cdy.
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2) Phdn loai cam xiic.: Sau khi nhian dién khu6én mat,
hé théng trich xuét cic hop bao cit tir titng hinh 4nh, tao
thanh m hinh anh khu6én mét. Muc tiéu la phan loai tiing
khuon mat vao mét trong bay loai cam xdc: trung 1ap,
vui vé, ngac nhién, budn ba, gidn di, ghé tém va sg
hai. Gia st Z = {[, s, ..., I,} dai dién cho tap hop
cdc hinh anh khudén mit di cit, trong d6 mdi hinh 4nh
I, € RE'XW'XC 6 kich thuc H' x W' v6i C kénh
mau.

Viéc phan loai dudc thuc hién bing ham Mang No-
ron Tich Chip (CNN) fcnn, ham nay anh xa truc tiép
mdi hinh 4nh diu vao I, thanh mot nhin cam xic
du dodn § tir tdp hop cdc 16p cam xiic dugc dinh sin
01,02,...,071

17 = fCNN(Io)v

trong d6 gy € C1,C5, ..
dugc du doan.

“

., C7 dai dién cho 16p cam xitic

C. LOP PANH GIA CHAT LUONG

1) Bé phdn logi: Tinh toan tan suit cam xic

Dua trén két qua phan loai cdm xic tit Lép Dich Vu
Al, trong d6 mdi khudén mit b trong khung hinh 7 dudc
gan mot nhin cdm xic du doan ng), budc dau tién la
tinh tAn sudt tuong déi 7\") ciia mdi 16p cam xtc ¢ trong
khung hinh . Tan suit dugc tinh nhu sau:

paSal

Si(a” =c),

1
(") _
Yo T FO

(%)

trong d6 Cy € {C1,Cy,...,C7} dai dién cho céc 16p
cam xic dugc dinh sin, I(-) 1a ham tinh tan suit cidm
xuc.

Tinh diém khung hinh

Sau khi xdc dinh tin suéit cam xic 7\") cho mdi khung
hinh 7, diém cam xic téng thé U(7) cho khung hinh
dugc tinh. Piém nay dugc tinh bing cich st dung tdng
c6 trong sb clia cic tin suit cam xuc:

v = 27: (4784) +n,

q=1

(6)

trong do, B, 1a trong s6 dudc gdn cho mdi 16p cam
xtc, va ) 1a mot hing s6 diéu chinh.

Phan loai trang thai 16p hoc

D¢ x4c dinh trang thai tong thé cta 16p hoc, chiing toi
xem xét diém cam xiic trung binh trén tit ci cic khung
hinh trong budi hoc. Gid st F = {7, 72,...,7r} dai
dién cho tap hdp cic khung hinh trong budi hoc. Trang
théi tong thé cta 16p hoc A* duge xdc dinh bdi phuong
trinh sau:

)

o)

TEF

trong d6 G(-) la ham phan loai, gan trang thdi tdng thé
cua 16p hoc dua trén cac ngudng dugc xac dinh trudc.
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Hinh 3: Flow diagram of the Al service for facial expression recognition.

2) Cdc nhdn: Hiéu ro trang thai cdm xiic ctia hoc
sinh 14 yéu t6 quan trong trong viéc thic ddy mot moi
trudng hoc tip hiéu qua. Cc nhin dugc st dung dé€ md
td dong luc cam xiic trong 16p hoc bao gdm: Tuong Tic
va Hing Tha, Cht Pong va Tham Gia, Trung Lap va
Cing Thang.

IV. KET QUA THUC NGHIEM
A. Cdc phwong phdp so sdnh va Chi sé hiéu sudt

Hé théng dé xuit bao gdm ba thanh phan cbt 16i: nhan
dién khuon mit, phat hién cam xic va ddnh gid chét
lugng 16p hoc. Dbi véi Al Box trong Hinh 1, ching tdi
phét trién mot thiét bi IoT tiét kiém ning lugng dua trén
NVIDIA Jetson TX2. Thiét bi Jetson TX2 dudc trang bi
GPU NVIDIA Pascal™ véi 256 16i CUDA, mang lai kha
nang x@ ly hiéu qua céc tac vu tinh todn song song. Ngoai
ra, thiét bi nay con st dung CPU 16i kép NVIDIA Denver
2 64-bit két hgp véi 16i ti ARM Cortex-A57 MPCore,
dam bdo sy can bing t6i wu giffa hidu suét ning lugng
va kha nédng xi ly.

Do kha ning tinh todn han ché ctia Al box, chiing toi
da danh gia thanh phan nhan dién khudn mit bang cach
st dung hai mo hinh nhe, gdm Ultra-Light-Fast-Generic-
Face-Detector [14] va RetinaFace [11]. Dbi v6i nhiém vu
phan loai cam xiic, chiing t6i tién hanh thi nghiém trén
bdn md hinh bao gdm: ResNet50, VGG13, VGGI6, va
MobileNetV2 [13], [15], [16].

Chiing toi danh gid hiéu suit nhan dién dbi tugng bang
chi s6 Trung binh Do chinh xdc Trung binh (mAP), theo
phuong phap ctia Henderson et al. [17], nhim do ludng
dd chinh x4c va do phi trén cic ngudng Giao diém trén
Hop (IoU) khac nhau. Pbi véi nhiém vu phan loai cim
xtic va danh gia chit lugng 16p hoc, hiéu sudt md hinh
dudgc do bang do chinh x4c, dam bao tinh nhét quan trong
viéc danh gia ca hai nhiém vu.

B. Thiét ldp Thuc nghiém

Quia trinh huin luyén dugc thuc hién trén GPU Nvidia
4090 véi cac siéu tham sb sau: kich thudc batch 1a 32,
100 epochs, tdc do hoc 1a 1074, ty 1& dropout 1a 0.4 va
ty 1& diéu chudn 1a 0.1. Co ché ding sém dugc ap dung
v6i ngudng kién nhan 1a 15 epochs, va giam téc do hoc
khi dat ngudng plateau dugc ap dung véi ngudng kién
nhén 1a 10 epochs va hé s6 gidm 13 0.1.

Phuong phép gén trong sb cam xuc:
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1) M6 hinh todn hoc: Gia tri trung binh cla cdm xuc
dugc tinh bang cong thiic:

1
Uypye = 7 Z o) )
TeF

2) Bdng trong sé: Trong sb cho tiing cdm xic dudc
xac dinh nhu sau:

0.9 sg hai
0.85 gian dit
0.8  ghé tém
w; =< 0.75 budn ba )
0.7  vui vé
0.6  ngac nhién
0.5 trung lap

3) Nguyén Ly téi wu: Mbi quan hé gitta cac thanh phan:
I;

— 10
. (10)

w; X

trong do:

o wj: trong sd cam xiic

e f;: tan suat xuit hién

o I;: hé sb tac dong

4) Phdn loai trang thdi: Trang thai 16p hoc dugc xac
dinh theo ngudng:
Cing thing Wave > 0.64
Chu dong va tham gia 0.61 < W, < 0.64
Tuong tac va hiing thi 0.58 < ¥, < 0.61
Waye < 0.58

Trang thai =

Trung lap
(11)

C. Vi du minh hoa tinh todn diém cdm xiic tir video
1) D@ liéu ddu vao: Gia st chiing ta c6 mot video
gdbm 3 khung hinh (T = 3) va mdi khung hinh chia
nhiéu khudén mit véi cic cim xiic dudc phat hién nhu
sau:
o Khung hinh 1:
- Tong s6 khudén mit: 5
— Cam xuc phat hién: Trung tinh (2), Hanh phuc
(1), Gian (1), Budn (1)
- Trong sb: 0.5, 0.7, 0.85, 0.75
o Khung hinh 2:
- Tong s6 khudén mit: 3
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— Cam xdc phat hién: Trung tinh (1), Ngac nhién
(1), Sg hai (1)
— Trong $6: 0.5, 0.6, 0.9
o Khung hinh 3:
- Tong s6 khudn mit: 4
— Cam xuc phat hién: Trung tinh (2), Hanh phuc
(1), Ghé tém (1)
- Trong sb: 0.5, 0.7, 0.8
2) Tinh todn tan sudt cdm xic: TAn suit cla ting
cdm xuc trong mo6i khung hinh (7(57)) dugc tinh bang
cong thuc:

)

F%T) > 1 (yf(’T) - Cq)
b=1

Ap dung cho tiing khung hinh:
o Khung hinh 1:

A =

o _2 m _1 o 1L
VTrung tinh — 5’ YHanh phic — 5’ YGian = 5
o _1
’yBuén - g
o Khung hinh 2:
) 1@ 1l e 1
’yTrung tinh — g’ ,yNngIC nhién — 57 YSo hai = g
o Khung hinh 3:
(3) _2® e 1
7Trung tinh — Z’ YHanh phic — 17 YGhe 3m — 1

3) Tinh diém cdm xiic tong quan cho ting khung hinh:
Diém cam xic tdng quan (U(7) dugc tinh bing:

7
W ="y B+
g=1

Gia st tham s6 bu 1 = 0, ta c6:
o Khung hinh 1:

2 1
oW =(Z.05 =07
(5 5 *
Loss) +(L-075) = 0.3
= 0. = 0.75) =0.

o Khung hinh 2:
1
~0.5) + (3 . 0.6) +

. 0.9) = 0.67

)

. 0.8) =0.63

~o.7> +
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4) Tinh diém téng quan ciia video: Diém tng quan
cia video (W,,) dudc tinh bang trung binh cong céc
diém cam xdc cla tit cd khung hinh:

1 T
\Ifavg = T Z \I/(T)
T=1

Ap dung cho video:
v 4 g@ L g®d)
3
~ 0.63+0.67+0.63
B 3
5) Phdn logi trang thdi Iop hoc: Dua vao gid tri
W,uye = 0.643, trang thdi 16p hoc dudc phan loai la:

\I/avg =

=0.643

Cang thflng (Waye > 0.64)

D. Két qud Thuc nghiém

Trong phan niy, chiing tdi tip trung vao bdn ciu hoi
nghién cifu chinh va thiét ké cic thi nghiém nhim tim
hi€u ciu trd 13i cho cdc cAu hdi nay.

Céu hoi 1. Tai sao chon md hinh nhén dién khuén mat
siéu nhe cho viéc nhan dién khuén mat?

Cau héi 2. Lam thé nao d€ chon m6 hinh phén loai
cam xuc khudn mit tét nhét?

Cau héi 3. Lam thé nao d€ chon mé hinh t6t nhat cho
viéc danh gia chit lugng 16p hoc?

Cau héi 4. Hé théng dé xuit hoat dong nhu thé nao
trong cac moi trudng 16p hoc thuc té?

Bang I: So sdnh hiéu suit ctia ULFG va RetinaFace

Mo hinh mAP | Thoi gian suy luén | Kich thudc mé hinh (MB)
ULFG phién ban-RFB | 0.928 0.02 111
ULFG phién ban-slim | 091 0.018 1.04

RetinaFace 0.95 0.04 1.7

1) Tai sao chon mé hinh nhdn dién khuén mdt siéu
nhe cho viéc nhdn dién khuoén mdt? (Cdu hdi 1): Trong
nghién cdu cua ching toi, ching t6i st dung tap di liéu
Emotion PTIT cho ca muc dich huin luyén va ddnh gia
nhS vao su da dang va phong phid vé biéu cam khudn
mit cta n6. Tap dif liéu toan dién nay cung cip co s
dang tin cdy hon d€ danh gia hiéu suit ciia md hinh.
Chiing t6i chia tap dif liéu thanh ba phan: 70% dé huin
luyén, 20% dé xdc thuc va 10% dé kiém tra. D6i v6i mbi
mo hinh, chiing t6i dénh gia hiéu suit bang hai chi s6
chinh: mAP va thoi gian suy luan.

Trong Béang I, ching toi trinh bay hiéu suit cta ba
mo hinh: ULFG phién ban-RFB, ULFG phién ban-slim
va RetinaFace, theo do chinh xdc (dudc do bang mAP)
va thoi gian suy luan. M6 hinh d& xuét ctia ching toi,
ULFG phién ban-RFB, cho thdy hiéu suét canh tranh so
v6i c4 hai md hinh co s8, dong thdi thé hién hiéu qua
vé kich thuéc md hinh va thdi gian suy luan. Ching toi
thao luan mot sb di€ém chinh rit ra tir cdc két qua nay:

Do chinh xac cin bing: Mic di RetinaFace dat mAP
cao nhit & mic 0.95, ULFG phién ban-RFB bam sat véi

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG
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Bang II: Céc chi s& hiéu suét clia cic md hinh hoc siu khdc nhau cho phan loai cAm xic khudn miit.

Mo hinh Do chinh xac | Piém F1 (F1 Score)
ResNet50 0.663 0.6607
VGG13 0.687 0.6865
VGG16 0.676 0.6740
MobileNetV2 0.843 0.8400

mAP 12 0.928, cho thiy do chinh xac canh tranh. Sy d4anh
ddi nhé nay vé do chinh xdc 1a chip nhan dudgc, khi xem
xét cac 1gi ich khac ma ULFG phién ban-RFB mang lai.

Hiéu qua trong cac ing dung thoi gian thue: Mic
du hoi chdm hon so v6i ULFG phién ban-slim (0.018
gidy so v6i 0.02 gidy trong thdi gian suy luan), ULFG
phién ban-RFB van dat thoi gian suy ludn nhanh hon
ddng ké so v6i RetinaFace (0.04 gidy). P6i v6i cic ting
dung thai gian thuc, su chénh léch nho gitta ULFG phién
ban-slim va phién ban-RFB dudc bu dip bdi do chinh
Xédc cai thién cda phién ban-RFB, khién ULFG phién
ban-RFB trd thanh Iwa chon cin bang hon cho cic tac
vu doi hoi vé thoi gian.

Kich thuée mo hinh gon nhe: Kich thu6c md hinh
ctia ULFG phién ban-RFB 1a 1.11 MB, gin véi ULFG
phién béan-slim 1a 1.04 MB va nho hon dang k€ so véi
RetinaFace 1a 1.7 MB, khién n6 trd thanh Iwa chon ly
tuéng dé trién khai trén céc thiét bi IoT tiét kiém ning
lugng. Kich thudc gon nhe nay giip giam mic st dung
bd nhé va ti€u thu nang lugng, cho phép cac tng dung
thoi gian thuc hiéu qué trén cdc thiét bi han ché vé bd
nhd va pin ma khong lam gidm hiéu suét.

Két luan, ULFG phién ban-RFB mang lai su két hop
ly tudng giita do chinh xdc, hiéu suét va tinh nhd gon,
lam cho nd trd thanh lya chon phu hgp trong cic ting
dung thuc tién tai nhitng moi truong han ché tai nguyén
tinh todn, nhu IoT hoic cac hé théng nhing.

Mo hinh ULFG (phién ban RFB) dat mAP 92.8%,
v6i thai gian suy luan 0.02 gidy. Pay 1a Iva chon tbi uu
nhS can biang giita d6 chinh xdc va tdc do. So sanh véi
RetinaFace: RetinaFace dat mAP cao hon (95%), nhung
thai gian xt ly dai hon (2.23 gidy), khong phu hgp véi
cdc ung dung thdi gian thuc.

2) Lam thé nao dé chon mé hinh phdn loai cam xiic
khuén mdt tot nhdt? (Cdu héi 2): PE xac dinh mo hinh
t6i uu cho phan loai cAm xtic khudén mit, ching toi dang
ddnh gid bbn kién triic hoc siu dugc st dung rong rai:
MobileNetV2, ResNet50, VGG13 va VGG16. Nhu dudgc
chi ra trong Bang II, MobileNetV2 dat d6 chinh xac cao
nhit v6i 84.3%, tiép theo 1a VGG13 véi 68.7%, VGG16
Vi 67.6%, va ResNet50 véi 66.3%. Cac két qua nay cho
thiy ring MobileNetV2 vudt troi dang ké so v6i cac mod
hinh khic vé do chinh xdc phan loai.

Vé6i hiéu suft vugt trdi, MobileNetV2 trd thanh mé
hinh hiéu qua nhit cho nhiém vu nay. Hon niia, kién
triic nhe va hiéu qua tinh toan ctia né khién né dic biét
phu hgp cho viéc nhéan dién cam xtc khudn miét theo thoi
gian thuc trong cdc moi trudng han ché vé tai nguyén,
nhu 16p hoc, ndi ma viéc xt ly hiéu qua 1a yéu td quan
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trong cho trién khai.

Ngudgc lai, mdc du VGG13, VGG16, va ResNet50 cho
thiy hiéu suit canh tranh, chiing yéu cau nhiéu tai nguyén
tinh toan hon, diéu nay 1am han ché tinh thuc tién cda
chuing trong cac ing dung thai gian thyc. Cong viéc trong
tuong lai nén kham pha viéc tinh chinh cic siéu tham s6
va dp dung cic ky thuat t6i uu héa bd sung dé cai thién
hiéu suét ctia cdc mo hinh khdc ma khong lam giam hiéu
qua.

Két luan, ULFG phién ban-RFB dat dugc su cin bang
t6i uu gitta d6 chinh xac, hiéu qua va tinh gon nhe, khién
n6 trd thanh Iya chon 1y tudng cho céc trién khai thuc t&
yéu cau hiéu suit cao vdi tai nguyén tinh todn han ché.

3) Lam thé nao dé chon mé hinh tét nhdt cho viéc
ddnh gid chdt luong 16p hoc? (Cdu héi 3): Trong viéc
chon m6 hinh t6i wu dé€ danh gid chit luong 16p hoc,
chiing t6i 4p dung mot phuong phap c6 hé théng dé danh
gia cin than cdc co ché trong s6 va tham sb ngudng.
Chiing t6i 4p dung chién lugc gidm trong sd cho cic
nhan xuét hién thudng xuyén, nham giam bét su chi phdi
clia ching trong qua trinh danh gia t6ng thé. Ngudc lai,
chiing t8i ting trong s6 cho cdc nhén it xuit hién hon dé
ting cudng anh huéng ctia chiing, vi cdc nhin tan suét
thip trong nghién ciu ctia ching toi chi yéu tuong ting
véi cdc cam xic tidu cuc, c¢6 tic dong ding ké dén moi
trudng 16p hoc.

Ngoai ra, ching tdi thd nghiém v6i cic thiét lap
ngudng khic nhau, diéu chinh cic ngudng nay dua trén
céc trong sd cam xuc da dudc hiéu chinh lai. C4c ngudng
nay dugc kiém tra nghiém ngit trong mot khoang gia tri
cu thé va 4p dung cho tap dif liéu da dudc gin nhin cla
chiing t6i. Két qua cho thiy hiéu suit manh mé, véi do
chinh xdc ctia md hinh dat 88%. Diéu nay cho thiy ring
viéc tinh chinh phan bd trong s6 va xdc dinh ngudng
doéng gép dang ké vao viéc phat hién chinh x4c cdm xiic
ctia hoc sinh va danh gid toan dién chét lugng 16p hoc.

4) Hé thong dé xudt hoat dong nhut thé nao trong moi
truong 1dp hoc thuc té? (Cdu héi 4): Chiing t6i tién hanh
mot nghién ctiu dinh tinh, hién thi két qua tir hé thdng
Al thong qua céc hinh anh thu dudc tit camera (Hinh 4).
Phan phbi cam xiic cung cip cd sd dé danh gia khong
khi 16p hoc va mifc d6 tham gia ctia hoc sinh, 1a cic yéu
td quan trong trong viéc danh gia chit luong giang day.
Hon ntia, chuing t6i tich hgp md hinh vao mét hop Al
dua trén IoT, cho phép xt ly dit liéu truc tiép trén cic
thiét bi bién, gidp gidm tai cho mdy chii va gidm do tré,
ddng thdi nang cao hiéu qua chi phi cho céc trién khai
quy mo 16n. Hop Al ddm bdo tinh sin siang cao, hoat
dong doc lap v6i diéu kién mang, duy tri hoat dong lién
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Hinh 4: Ung dung thuc té cia cong nghé nhan dién cim xiic

tuc ngay ca khi cdc thiét bi khac gip su c6. Thiét lap
ndy céi thién khi niing mé rong va hd trg ddnh gid thoi
gian thyc trong moi trudng 16p hoc.

5) NVIDIA Jetson TX2 c6 thé ddp itng nhu thé nao
vé hiéu sudt xit Iy thoi gian thic va miic tiéu thu ndng
luong khi trién khai trén 10p hoc thuc té?: DE danh gia
hiéu suit thoi gian thuc va miic tiéu thu ning lugng cla
thiét bi IoT dugc st dung trong hé thong nhan dién cdm
xtic, ching t6i tién hanh kiém tra NVIDIA Jetson TX2.
Cic thong s6 ky thuat va két qua danh gid dugc trinh
bay trong Bang III.

Bang III: Hiéu sut thdi gian thyc va mic tidu thu ning
lugng cda Jetson TX2 trén thiet bi IoT

Thong so Jetson TX2
CPU Dual-core Denver 2 + Quad-core ARM Cortex-A57 (2 GHz)
GPU NVIDIA Pascal véi 256 CUDA cores va 64 Tensor cores
Bo nhé RAM 8 GB LPDDR4 (tlty chon h trg ECC)

B0 nhg Iuu trir 32 GB eMMC 5.1

Tiéu thu dién nang toi da 15 W (vdi ché do tiét kiém ning lugng)
Hiéu suat xtt ly CPU 1.8 GHz
Hiéu suat xir Iy GPU 1.3 TFLOPS

Toc d xit 1y hinh anh
D) tré xit Iy

25 FPS
40 ms/frame
a) Pdnh Gid Hiéu Sudt Thoi Gian Thuc:
Jetson TX2 da dugc stt dung dé€ xi 1y va phan tich cac
ludng video tlf cic camera trong hé thong nhan dién cam
xtic. Dudi day 1a mot s6 két qua chinh tir céc thir nghiém
thuc nghiém:

Téc do Xt Ly Hinh Anh: Hé théng cta ching t6i c¢6
kha ning xi 1y dong thdi t6i 50 khuon mit véi toe do
25 khung hinh/gidy (FPS), dam bao khé ning phan hdi
nhanh chéng va chinh x4c trong thoi gian thyc.

D6 Chinh Xac: Hé thong dat do chinh xic 88,68%
trong viéc phén loai cdm xuc cia cac khuén mat dugc
nhan dién.

Do Tré Xit Ly: Do tré trung binh khi xit Iy méi khung
hinh 13 40 ms/frame, ddm b4o phan hoi gin nhu ngay 1ap
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tic trong cac ung dung thdi gian thuc.

b) Miic Tiéu Thu Ndng Luong:
Jetson TX2 dudc t6i uwu héa dé hoat dong hiéu qua hon
trong cac ché do tiét kiém niing lugng, gidp kéo dai thoi
lugng pin va giam nhiét d6 hoat dong. Dudi diy la cac
két qua vé mdc tiéu thu ning lugng:

Tiéu Thu Dién Ning Ti Pa: 15 W trong ché do hoat
dong cao.

Ché Po Tiét Kiém Ning Luweng: Khi si dung cic
ché do tiét kiém ning luong, Jetson TX2 c6 thé giam
mic tiéu thu dién ning xubng con 10 W, gitip ting thdi
gian hoat dong cho céic ting dung di dong va lién tuc.

Quan Ly Nhiét: Hé thong 1am mat hiéu qua gitip duy
tri nhiét d6 hoat dong 6n dinh, gidm nguy co qué nhiét
trong céc thiét bi IoT di dong.

¢) Anh Hudng ciia Hiéu Sudt va Tiéu Thu Ning
Luwong dén Hé Théng IoT:
Su cai thién vé hiéu suét thdi gian thuc va mic tiéu thu
ning lugng cia Jetson TX2 di mang lai nhiéu 1¢i ich
cho hé thdng nhan dién cidm xic trong mdi trudng 16p
hoc, bao gom:

Xu Ly Mugt Ma: Kha ning x@ ly nhanh chéng va
ddng thai nhiéu ludng video ddm bio hé thong ludn cung
clp cic danh gid cdm xic chinh xdc va kip thoi.

Tiét Kiém Niing Lugng: Ché do tiét kiém ning lugng
gitip hé thdng hoat dong lién tuc trong thdi gian dai ma
khong can ngudn dién 6n dinh, thich hop cho céc thiét
bi IoT di dong.

Tinh Linh Hoat va M6 Réng: V6i kha ning két ndi
va md rong linh hoat, Jetson TX2 cho phép tich hgp thém
cdc thiét bi ngoai vi vA md rong hé thdng khi can thiét
ma khong 1am gidm hiéu suat.

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG
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V. KET LUAN

Trong nghién cdu nay, ching t6i da gidi thi€u mot hé
théng nhan dién cam xic dudc thiét ké dé€ xic dinh va
phan loai cam xic trong moi trudng 16p hoc. Hé théng
dugc huén luyén trén tip dif liéu bao gém cac hinh anh
16p hoc thuc té, ning cao kha ning 4p dung vio cic
bdi canh thuc tién. Ngoai ra, chiing tdi di dé xuit mot
cong thiic mdi, gidp cai thién ding k€ kha ning clia hé
théng trong viéc danh gia chét lugng 16p hoc. Két qua
thuc nghiém cho thiy hé thdng dat hiéu qua cao, dic biét
trong bdi canh 16p hoc thuc té.

Huéng nghién ctu trong tuong lai s€ tap trung vao viéc
md rong va lam phong phud thém tap dit liéu tdng hop
nhiam tiép tuc cai thién hiéu suét ctia hé thdng trong cic
ting dung thuc t&. Ching t6i ciing du kién tién hanh cic
nghién cifu thuc nghiém toan dién, trién khai hé thdng
tai cdc 16p hoc & Viét Nam dé tiép tuc danh gid va nang
cao chét lugng 16p hoc.
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Abstract — This paper explores the role of emotion
recognition in improving student learning by monitor-
ing psychological states in real-time. We introduce a
multi-face automated emotion recognition system that
analyzes the emotions of multiple students simultane-
ously, evaluated on the Emotion PTIT dataset, which
consists of students in a classroom, manually labeled
with 1,500 images and 300 videos for face recognition
and classroom detection tasks, respectively. To enhance
classroom dynamics, we propose a new formula for
evaluating engagement based on emotional data. The
system, designed for low-power IoT devices, addresses
challenges like load balancing and latency, processing
live video feeds to assess classroom interactions. Our
prototype can detect up to 50 faces at 25 FPS with an
accuracy of 88.18%.

Keywords —Emotion recognition system, lot device,
Learning quality, Real-time system

Vuong Thi Uyén sinh ndm 2002 tai Ha Noi,
Viét Nam. C6 hién la sinh vién nam tha tu tai
Hoc vién Cong nghé Buu chinh Vién thong,
Ha Néi. Chuyén nganh cta co la hé théng
théng tin va cdc hudng nghién ciu cia cod
bao gdm x{ 1y &nh, thi gidc mdy tinh, xi ly
ngoén ngl tu nhién va hoc may/hoc sau.

Nguyén Nam Hai sinh nim 2003 tai Ha Noi,
Viét Nam. Anh 4y hién 12 sinh vién nim tha
tu tai Hoc vién Coéng nghé Buu chinh Vién
théng, Ha Noi. Chuyén nganh cda anh dy la
hé théng thong tin va cdc huéng nghién ciu
ciia anh iy bao gém xit Iy &nh, thi gidc may
tinh, xif Iy ngoén ngit ty nhién va hoc may/hoc
sau.
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Pao Trong Hiéu sinh nim 2002 tai Hai
Phong, Viét Nam. Anh Ay hién 1a sinh vién
nam thu tu tai Hoc vién Cong nghé Buu chinh
Vién thong, Ha Noi. Chuyén nganh cla anh
Ay 1 hé thong thong tin va cic hudng nghién
cliu clia anh 4y bao gom xi ly anh, thi gidc
mdy tinh, x&t ly ngdn ngé ty nhién va hoc
may/hoc sau.

Nguyén Viét Hung nhan bing Thac si vao
nam 2009 tit Vién Coéng nghé Grenoble va
bing Tién si vé Xit 1y Tin hiéu va Vién théng
tit Pai hoc Rennes 1, Phap. Hién nay, thiy la
giang vién tai Hoc vién Cong nghé Buu chinh
Vién thong, Viét Nam. Hoat dong nghién ctu
cia thdy tip trung vao thiét ké #ng-ten va
vi mach song cho cdc hé théng truyén thong
khong day thé hé tiép theo.

Tran Tién Céng nhan bing Tién si nganh
Khoa hoc Mady tinh tot Pai hoc Dankook,
Yongin, Han Quéc, vao nam 2021. Trudc do,
Thiy nhan bing Thac si Khoa hoc My tinh
nim 2014 va bang Ci nhin nganh Mang va
Truyén théng nim 2009 tai Pai hoc Quéc gia
Ha Noi, Viét Nam. Tu thang 9 ndm 2021, anh
cong tac tai Khoa Cong nghé Thong tin, Hoc
vién Cong nghé Buu chinh Vién thong, Ha
Noi, Viét Nam, v6i vai tro giang vién. Linh
vic nghién ctiu cia anh bao gdm phén tich

mang xa hoi, khai phd dit liéu va hoc may.
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