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LOI CAM POAN

T6i xin cam doan dé an thac si “Nghién ctru md hinh hoc sau cho phan tich
cam xuc dua trén hinh anh” cia t6i duoc thuc hién dudi sy huéng dan cia gido vién
huéng dan 1a TS. Pao Thi Thuy Quynh. Cac ndi dung trong khoa luan déu dugc ghi
1& ngudn gbe & phia cudi dé an.

Céc s6 liéu, két qua néu trong dé an tot nghiép 1a trung thuc va chua timg dugc
ai cong b trong bat ky cong trinh nao khac. Néu c6 phat hién nao vé sy gian 1an trong
sao chép tai li¢u, cong trinh nghién ctru cia tac gia khac ma khong duoc ghi rd trong

phan tai liéu tham khao, t6i s€ chiu hoan toan trach nhi€ém vé két qua dé an cia minh.

Hoc vién thuc hién

Hoang Trung Cong
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LOI CAM ON
Loi dau tién, toi xin gri 101 cam on va 1ong biét on siu sic nhat téi TS. Dao
Thi Thuy Quynh d4 dinh huéng dé tai va tan tinh hudng dan, chi bao t6i trong sudt
qua trinh thyc hién dé 4n thac si.
T6i xin chan thanh cam on céc thay, c6 trong Trudng Hoc Vién Cong nghé
Buu chinh Vién thong da truyén dat kién thtrc trong subt thoi gian hoc cao hoc va da

tao moi dicu kién thuén loi cho t6i hoc tap va nghién cuu.
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MO DAU
1. Ly do chon dé tai

Trong bdi canh gido duc hién dai, viéc hiéu va quan ly trang thai cam xuc cua
hoc sinh, sinh vién dong vai trd quan trong trong viéc nang cao hi€u qua giang day
va hoc tap. Theo nghién ctru cua Aslan va cong su (2019), khoang 30% hoc sinh trong
cac 10p hoc truyén thong hodc truc tuyén thé hién cac trang thai cam xuc tiéu cuc nhu
cing thang, budn chan, hodc mat tap trung, diéu nay lam giam mirc do twong tac va
hiéu suat hoc tap [8]. Tai Viét Nam, véi quy mo 16p hoc dong (trung binh 40-50 hoc
sinh/16p & cac truong phd thong) va sy gia ting cia hoc truc tuyén, gido vién gip
nhiéu kho khan trong viéc theo ddi va danh gia cam xtc cia timg hoc sinh mét cach
kip thoi. Piéu nay dan dén viéc giang day thuong khong duoc tdi wu hoa theo nhu
cau ca nhan, 1am giam chat luong gido duc.

Su phat trién vuot bac cia tri tué nhan tao (AI) va hoc sau (Deep Learning) da
mo ra co hoi xay dung céc hé théng nhan dién cam xtc tu dong dua trén hinh anh
khudn mit, véi d6 chinh xac dat tir 75-85% trén cac bd dit liéu chuin nhu FER2013
va AffectNet [2][9]. Nhiing hé théng nay cho phép gido vién nhan biét cac trang thai
cam xtc nhu cing thang, budn chan, hay himg tha trong thoi gian thye, tir d6 diéu
chinh phuong phéap giang day phu hop.

Tuy nhién, tai Viét Nam céc nghién ctu vé nhan dién cam xuc qua hinh anh
khudn mit con han ché, dic biét trong moi trudng gido duc. Cac md hinh hoc sau
hién tai chu yéu duoc huin luyén trén dir liéu qubc té, khong phan anh day du dic
diém biéu cam cua hoc sinh Viét Nam, von chiju anh huong tur yéu t6 van hoa va moi
truong hoc tap. Ngoai ra, cac thach thirc k¥ thuat nhu diéu kién anh sang kém, goc
chup khong tdi wru, va yéu ciu tai nguyén tinh todn cao ciing dit ra nhu cau phat trién
cac mo hinh hiéu qua va pht hop v6i bdi canh dia phuong.

Vi nhiing 1y do trén, hoc vién lya chon dé tai “N ghién ctru mo6 hinh hgc sau

cho phan tich cim xtc dya trén hinh anh” dé lam dé an t6t nghiép cao hoc.



2. Muc tiéu nghién ciru

Pé dap tmg nhu cau thyc tién, nghién ciru hudng téi viéc xay dung va danh gia cac
mo hinh hoc sau hién dai trong linh vuc nhan dién cam xuc, vdi trong tam la ung
dung trong mai trudong gido duc. Cu thé, nghién curu dat muc tiéu nghién ctru cac kién
tric hoc sau tién tién, nhu CNN dé xac dinh mo hinh t6i wu cho viée phan tich cam
xuc hoc sinh qua hinh anh khudn mit. Pong thoi, nghién ciru sé danh gia hiéu qua
ctia cac mo hinh nay thong qua cac chi s6 nhu d6 chinh xac, toc do xtr 1y, va kha ning
téng quat hoa, dam bao phu hop vai diéu kién thuc té tai Viét Nam.

Hon nita, nghién ctru nham tich hgp mé hinh vao quan 1y 16p hoc, gitp gido
vién nhan dién cic trang thai cam xtc nhu cing thang, budn chan, hay himg tha mot
cach nhanh chéng. Tir d6, gido vién cé thé diéu chinh phuong phap giang day kip
thoti, vi du, chuyén sang cac hoat dong nhom khi hoc sinh mat tap trung hodc giam
d6 kho cua bai giang khi phat hién cang thang. Ngoai ra, nghién ctru ciing hudng t6i
viéc xay dung mot hé théng d@ trién khai, voi yéu cau tai nguyén tinh toan tdi thiéu,
pht hop véi cac truong hoc ¢ ha ting cong nghé han ché
3. Pdi twong va pham vi nghién ciru

e Poi twong nghién ciru: Nghién ctru tip trung vao viée phat trién va danh gia
cic mo hinh hoc sau, cu thé 1a CNN két hop véi ki thuat Haar Cascade, nham
nhan dién bay cam xuc co ban (vui vé, budn ba, tirc gian, ngac nhién, s hai,
ghé tom, trung 1ap) dua trén biéu cam khuon mit. Cac trang thai cam xic nay
duoc lya chon dya trén 1y thuyét cuia Paul Ekman [1], véi trong tAm 13 cc cam
xtc phd bién trong mdi truong gido duc nhu vui vé, budn ba, va trung lap,
ddng thoi xem xét cac cam xuc phirc tap hon nhu so héi va ghé tom dé dam
bao tinh toan dién ctia mo hinh.

e Pham vi nghién ctru: Do han ché vé cau hinh may tinh (thiéu GPU manh mé,
chi st dung CPU co ban) va thoi gian nghién ctru ¢6 gioi han, nghién ctru tap
trung vao viéc xay dung va toi vu hoa mé hinh CNN két hop voi ky thuat Haar
Cascade dé nhan dién cam xuc thoi gian thyc tir hinh anh va video khuén mat.

Céc thu nghi¢m dugc thuc hién trén hai hoc bo dir ligu tiéu chuan quéc té 1a



FER2013 va CK+ [2][3], dugc chon vi tinh da dang va phd bién trong nghién
ctru nhan dién cam xuc. Pham vi nghién ctru gidi han ¢ viéc danh gia hiéu qua
cia mo hinh théng qua cac chi s6 nhu do chinh xac (accuracy), do bao phu
(recall), va F1-score, voi muc ti€u dat tdc d6 xur ly dudi 50ms mdi khung hinh
dé dap ung yéu cau thoi gian thuc trén thiét bi phan cing co ban (CPU, laptop).
Ung dung tiém ning cua hé thong nam trong viéc hd tro gido vién diéu chinh
phuong phép giang day dua trén trang thai cam xtc cua hoc sinh trong cac 16p
hoc tryc tiép hodc truc tuyén [8]. Nghién ctru khong bao gdm viéc thu thap dir
liéu méi hodc trién khai thuc té trong 16p hoc do cac rang budc vé thoi gian va

tai nguyeén.

4. Phwong phap nghién ciru

Phuong phap nghién ciru tai liéu: tong hop va phan tich cac cong trinh

nghién ctru, bdo cao khoa hoc vé nhén dién cam xtc va ung dung Al trong

giao duc.

Phwong phap thwe nghiém:

- Thu thap dir li¢u biéu cam khudn mait cta hoc sinh tir cac nguén dir liéu
cong khai hodc tu xay dung.

- Luya chon, huan luyén, va danh gia cac mo hinh hoc sau nhur CNN.

- So sanh hiéu ning gitra cdc mo hinh qua cac chi s6 nhu do chinh xéc, toc
d6 xur 1y, va kha nang téng quat hoa.

Phwong phap phan tich: danh gié tinh kha thi cua viéc ing dung mo hinh

vao thuc té dya trén hi¢u nang mo hinh va y kién phan hoi tur gido vién.



CHUONG 1: CO SO LY LUAN

1.1.  Gidi thi¢u chwong

Trong bdi canh giao duc hién dai, noi ca nhan hoa trai nghi¢m hoc tap tré
thanh muc tiéu c6t 16i, viéc nhan dién cam xuc cua hoc sinh thong qua biéu cam
khuon mat da ndi 1én nhu mot cong cu quan trong, gitip gido vién diéu chinh phuong
phap giang day mot cach hiéu qua. Cong nghé hoc sau, dic biét 1a CNN két hop voi
BatchNormalization, d@ mang lai nhitng budc tién vuot bac trong vi¢c phan tich cac
cam xuc co ban theo 1y thuyét ctia Paul Ekman, tir 46 nang cao chat luong tuong tac
trong 16p hoc. Nhitng tién bo nay khong chi hd tro gido vién nhan biét cac trang thai
nhu vui vé, budn b3, hay cing thing ma con tao diéu kién dé xay dung moi trudng
hoc tép tich cuc, dap trng nhu cau riéng biét cua tung hoc sinh.

Hon nita, cac k¥ thuat nhu phéat hién khuén mat bang Haar Cascade va phan
tich cam xtc theo thoi gian thong qua xir 1y video da mo ra kha nang tng dung thuc
tién trong 16p hoc, cho phép gido vién dua ra phan hoi tic thoi dya trén trang thai
cam xuc cua hoc sinh. Tuy nhién, tai Vi¢t Nam, cac nghién ctru vé nhan dién cam xtc
qua hinh anh khudén mit van con & giai doan so khai, dic biét trong linh vuc gido duc,
do thiéu dir liéu noi dia phan anh dac diém van héa va diéu kién hoc tap. Thém vao
d6, nhiing thach thic vé k¥ thuat, nhu anh sang khong dong déu hay tai nguyén tinh
toan han ché, cang lam ndi bat nhu cau nghién ciru chuyén sau. Vi vy, chuong nay
s€ trinh bay mot cach toan dién cac co so ly thuyét vé cam xuc, vai tro cua hoc séu,
va cac yéu td anh huong dén nhan dién cam xac, nham dinh hinh pham vi nghién ctru
va lam rd nhitng thach thtic can giai quyét dé trién khai hiéu qua trong gido duc Viét
Nam.

1.1.1. TAm quan trong ciia nhin dién cam xvc sinh vién trong giing day

Trong boi canh gido duc hién dai, viéc hi€u va hé tro trang thai cam xUc cua
sinh vién khong chi 12 mot nhu cau ma con 1a yéu to6 then chot dé nang cao hi¢u qua
giang day va xay dung mot moi truong hoc tap tich cyc. Pac biét tai Viét Nam, noi

ap luc hoc tap va cac van dé tam ly dang gia tang, nhan di¢n cdm xuc qua biéu cam



khuon mat tr¢ thanh mét cong cu manh me dé ho tro giao vién va nha truong. Phan
nay sé phan tich chi tiét Iy do tai sao nhan dién cam xuc sinh vién 1a can thiét, tir cac
riii ro tiém an trong 16p hoc dén nhiing lgi ich thiét thyc trong viéc ca nhan hoa gido
duc va cai thién stc khoe tam ly.

1.1.1.1. Ty 1& tram cam va 4ap lwc tim 1y & hoc sinh, sinh vién

Mot trong nhitng 1y do cap thiét dé nhan dién cam xuc sinh vién 13 ty 1é tram
cam va ap lyc tim 1y ngdy cang gia ting trong nhom ddi tuong nay. Theo mdt nghién
ctru tr Pai hoc Y Ha Noi (2020), khoang 20-25% sinh vién dai hoc tai Viét Nam cé
d4u hiéu tram cam tir nhe dén trung binh, trong khi 10% khéc bao céo céc triéu chung
lo 4u nghiém trong [5]. Nhitng trang thai cam xuc tiéu cyc ndy, nhu budn bi, cing
thang, hodc chan nan, khong chi d4nh hudng dén stc khoe tim 1y ma con lam giam
dong luc hoc tap, kha nang tap trung, va két qua hoc tap cua sinh vién.

Hon ntra, ap luc hoc tap tai cac truong dai hoc Viét Nam, dédc biét trong cac
nganh c6 tinh canh tranh cao nhu k¥ thuat va y khoa, thuong khién sinh vién roi vao
trang thai cing thang kéo dai. Nhitng biéu cam tiéu cuc nay, néu khong duoc nhan
dién va h tro kip thoi, c6 thé dan dén cac van dé nghiém trong hon, nhu bo hoc hoic
r6i loan tdm ly. Do do, viéc trién khai hé théng nhan di¢n cam xuc thoi gian thyc
trong 16p hoc trd thanh mot giai phap quan trong dé phat hién som cac dau hiéu bat
thudng, tir d6 gitp gido vién va c¢b van hoc dudng can thiép hiéu qua.

1.1.1.2. Ruiii ro trong l6p hoc do cam xic tiéu cue

Cam xuc tiéu cyuc cia sinh vién khong chi anh huong dén ca nhan ho ma con
tac dong dén toan bd mai truong 16p hoc. Mot sinh vién trong trang thai tirc gian hoac
budn ba c6 thé dan dén cac xung dot khong déng c6 véi ban bé hodc gido vién, 1am
gian doan qua trinh giang day. Chang han, mot nghién ctru tai Pai hoc Stanford
(2021) cho thiy cac xung dot trong 16p hoc do cam xtc tiéu cuc ¢o thé 1am giam 10-
15% mirc do twong tac cia ca 16p [8]. Piéu nay dic biét nghiém trong trong cac 16p
hoc dong, noi gido vién khoé co thé theo doi trang thai cam xuc cua ting hoc sinh mot

cach thu cong.



Ngoai ra, cam xtc ti€u cuc con lam giam sy tham gia vao cac hoat dong hoc
tap, chéng han nhu thao ludn nhém hodc bai tap thuc hanh. Vi dy, mot sinh vién budn
chan c6 thé tir chdi tham gia vao cac hoat dong twong tac, din dén sy mat két ndi véi
ndi dung bai hoc va giam hiéu qua hoc tap chung. Hon nita, néu khong duoc phat
hién kip thoi, cdc cam xtc tiéu cuc kéo dai co thé lay lan trong 16p hoc, tao ra mot
bau khong khi hoc tép thiéu tich cuc, anh huong dén ca gido vién va hoc sinh.
Nhiam giam thiéu nhitng rui ro nay, hé théng nhan dién cam xuc dya trén tri tu€ nhan
tao, nhu mo hinh CNN dugc dé xuét trong nghién ctru ndy, cung cap mot giai phap
hiéu qua dé theo ddi trang thai cam xuc thoi gian thyc, tir 46 hd trg gido vién diéu
chinh cach tiép can giang day.

1.1.1.3. Ca nhan hoa giang day thong qua nhan dién cam xuc

Mot trong nhitng loi ich 16n nhat ctia nhan dién cam xuc 13 kha nang hd trg ca
nhéan hoa giang day, mot xu huéng quan trong trong gido duc hién dai. Mdi sinh vién
c6 cach tiép nhan va phan tng v6i bai hoc khac nhau, phu thudc vao trang thai cam
xuc cta ho. Vi du, mét sinh vién dang vui vé c6 thé dé dang tham gia vao cac hoat
dong sang tao, trong khi mot sinh vién cing thang co thé can sy hd trg thém dé duy
tri su tap trung. Hé thong nhan dién cam xtc thoi gian thuc cho phép gido vién nhan
biét cac trang thai nay va diéu chinh phuong phéap giang day phu hop.

Cu thé, khi phat hién mot sinh vién c6 biéu cam budn ba hoic chan nan, gido
vién co thé tang cuong cac hoat dong tuwong tac, nhu thdo luan nhom hodc bai tap
thuc hanh, dé kich thich su himg thi. Nguoc lai, ddi voi sinh vién biéu 1 cing thang,
gi4o vién c6 thé giam ap lyc bang cach cung cip hudng dan chi tiét hon hodc t chire
cac hoat dong thu gidn ngan trong 16p. Theo nghién ctru duoc trich dan trong tai liéu
vi€c ca nhan hoa giang day dua trén dir liéu cam xuc c6 thé cai thién 15-20% murc do
twong tac va hiéu qua hoc tap cua sinh vién.

Hon nita, nhan dién cam xtic con gitip gido vién xay dung méi quan hé tot hon
v6i sinh vién. Khi gido vién thé hién su quan tam dén trang thai cam xuc cua hoc
sinh, diéu nay khong chi ting cudng su tin tuéng ma con tao dong luc dé sinh vién

tham gia tich cuc hon vao qua trinh hoc tap. Trong bdi canh giao duc Vi¢t Nam, noi



moi quan hé thay-trd mang y nghia van hoda sau sac, viéc ung dung cong nghé nhan
di¢n cam xuc cang tré nén y nghia.

1.1.1.4. HBb trg sirc khée tAm ly ciia sinh vién

Ngoai viéc cai thién hi€u qua giang day, nhan di¢n cam xuc con dong vai tro
quan trong trong viéc hd tro sirc khoe tAm 1y ciia sinh vién. Céc trang thai cam xtic
tiéu cuc kéo dai, néu khong dugc phat hién va can thiép, co thé dan dén cac van dé
tam 1y nghiém trong hon, nhu r6i loan lo au hodc tram cam. Hé théng nhan dién cam
xuc thoi gian thyc, st dung mé hinh CNN va Haar Cascade, c6 thé phét hién cac biéu
cam bat thuong, chéng han nhu su budn ba kéo dai, tir d6 canh bao giao vién hoac cd
van tam 1y dé h tro kip thoi.

1.1.1.5. Tang cwong quan ly 16p hoc thong minh

Nhan dién cam xuc khong chi hd tro ca nhan hoa giang day ma con gop phan
xay dyng cac hé thong quan 1y 16p hoc théng minh. Trong céc 16p hoc hién dai, viéc
sir dung cong nghé dé theo ddi va quan 1y hanh vi, cam xuc cia hoc sinh dang trd
thanh xu hudng toan cau. Hé théng nhan dién cam xuc co thé cung cép dir liéu thoi
gian thyc vé trang thai cam xuc cia ca 16p, giup gio vién dua ra cac quyét dinh quan
1y hiéu qua hon.

Chang han, néu hé thng phat hién phan 16n hoc sinh trong 16p biéu 16 sy chan
nan, giao vién co thé tam dimg bai giang dé t6 chirc mot hoat dong twong tac ngan,
nhu cau d6 hodc tro choi giao duc, nham khoi phuc su hung thu. Ngoai ra, dir li¢u
cam xuc c6 thé dugc luu trir va phan tich dé danh gia hiéu qua ctia cac phuong phap
giang day, tir 6 gitip nha trudong toi wu hoa chwong trinh hoc. Cac hé thong quan 1y
16p hoc thong minh dya trén phan tich cam xtic da cai thién 10% hi¢u qué quan ly 16p
hoc tai cac truong hoc ing dung cong nghe.

1.1.1.6. Giai quyét khoang trong trong gido duc Viét Nam

Tai Viét Nam, vi¢c nhan di¢n cam xuc trong gido duc van con 1la mot linh vuc
ma&i mé, voi nhiéu khodng trong can duoc gidi quyét. Cac mé hinh nhan dién cam

xuc hién tai chi yéu duoc huan luyén trén dir liéu qudc té, nhu FER2013 hodc CK+,



von khong phan anh day du cac dic trung van hoa trong biéu cam ciia hoc sinh Viét
Nam. Vi du, cich biéu 16 cam xac nhu vui vé hodc budn ba cta sinh vién Viét Nam
c6 thé tinh té hon, chiju anh hudng tir cac chudn muc vin héa nhu sy kin ddo hoic
kiém ché cam xuc.

Hon nira, cac trudng hoc tai Viét Nam thudng thiéu cac cong cu cong nghé dé
hd trg gido vién trong viéc theo ddi trang thai cam xtic ciia hoc sinh. Hé thong nhan
dién cam xuc dua trén CNN, nhu duoc dé xuat trong nghién ctru nay, khong chi giup
khic phyc khoang trong nay ma con cung cip mot giai phap kha thi vé mat chi phi
va dé trién khai trong cac 16p hoc thong minh. Diéu niy dic biét quan trong trong bdi
canh gido duc Viét Nam dang chuyén doi sang mo hinh hi¢n dai, nhan manh vao cé
nhan hda va cong nghé hoa.

1.2. Co s6 Iy thuyét vé cam xiic
1.2.1. Khai niém va vai tro cua cam xuc trong giao duc

1.2.1.1. Dinh nghia cim xuc va y nghia trong moéi trwong hoc tap

Cam xuc dugc dinh nghia 13 trang thai tim 1y phtic tap, bao gdm cac phan tng
sinh 1y, nhan thirc, va hanh vi ctia con nguoi trudce cac kich thich tir méi truong. Trong
bbi canh gido duc, cam xuc cta hoc sinh va gido vién déng vai tro trung tim trong
vi€c hinh thanh trai nghi¢m hoc tap. Céc cam xtc tich cuc (nhu vui vé, hirng thu)
thiic ddy sy tham gia, sang tao, va kha nang tiép thu kién thirc, trong khi céc cam xtic
tiéu cyuc (nhu lo lang, budn bi) co thé 1am giam dong luc va hiéu qua hoc tap.

Trong mdi truong hoc tap, cdm xuc khong chi la phan g ¢4 nhan ma con anh
hudng dén tuwong tac xa hoi trong 16p hoc. Vi du, mot hoc sinh cam thay himg thi co
thé tich cuc tham gia thdo luan nhoém, trong khi mot hoc sinh lo léng c6 thé tranh giao
tiép hodc giam hi¢u suat. Do d6, viéc nhan dién va quan ly cam xuc trong 16p hoc 1a
yéu td quan trong dé t6i wu hoa qua trinh giang day va hoc tap.

1.2.1.2. Anh huwéng ciia cam xiic dén hiéu qua giang day va hoc tap

Cam xuc ¢ tac dong tryc tiép dén hiéu qua giang day va hoc tap théng qua céc khia

canh sau:



Hiéu suit hoc tap: Cic nghién ciru chi ra rang cam xuc tich cyc giup cai thién tri
nhd, kha nang tap trung, va tu duy sang tao. Nguoc lai, cam xtc ti€u cuc nhu cang
thang hodc budn chan cé thé 1am giam kha nang xir 1y thong tin va ra quyét dinh. Vi
du, nghién ctu cia Pai hoc Y Ha Noi (2020) cho théy 30% hoc sinh trung hoc tai
Viét Nam trai qua ap lyc tdm 1y, anh huong tiéu cuc dén két qua hoc tap.

Twong tac 16p hoc: Cam xtc cta hoc sinh anh hudng dén muic d6 tham gia vao cac
hoat dong hoc tap, chang han nhu thao luan, lam bai tdp nhom, hodc tra 1oi cau hoi.
Gido vién c6 kha ning nhan dién cam xtc cta hoc sinh ¢ thé diéu chinh phuong
phap giang day, vi du, sir dung tro choi gido duc dé tang hirng thu hodc hd trg ca nhan
hoa cho hoc sinh gap khoé khan.

Pong lwe hoc tip: Theo 1y thuyét tu quyét (Self-Determination Theory), cam xiic
tich cuc thic déy dong luc ndi tai, gitip hoc sinh chu dong hoc tap. Nguoc lai, cam
xGc tiéu cuc nhu sg hii hodc thét vong co thé dan dén thai d6 thd o hodc bo hoc.
Trong bdi canh gido duc Viét Nam, viéc ap dung cong nghé nhan dién cam xuc c6
thé hd trg gido vién phat hién sdém céc trang thai ti€u cuc, tir do can thiép kip thoi.
Mobi quan h¢ gido vién - hoc sinh: Cam xuc cua gido vién va hoc sinh anh hudng
dén chat luong twong tac. Mot gido vién nhay bén véi cam xtic ¢6 thé xay dung moi
truong hoc tap tich cuc, ting cudng sy tin twong va hop tac. Vi dy, nghién ctru cua
Pai hoc Stanford (2018) cho thay rang gido vién st dung céc cong cu hd tro cam xuc
cai thién 15% murc do tuong tac trong 16p hoc.

Nhu vay, viéc nhan dién va quan ly cam xtc trong giao duc khong chi cai thién hi¢u
qua hoc tap ma con gop phﬁn xay dung mdt moi truong 16p hoc tich cuc, ho tro su
phat trién toan dién cua hoc sinh. Trong bdi canh Viét Nam, noi ap luc hoc tap va thi
cur con phé bién, cong nghé nhan dién cdm xuc dya trén hinh anh c6 tiem nang tro
thanh cong cy hd tro dic luc cho gido vién, gitip ca nhan hoa giang day va nang cao
chat luong gido duc.

1.2.2. Ly thuyét ciia Paul Ekman vé cam xiic co ban

Ly thuyét cuia Paul Ekman vé sdu cam xtc co ban la nén tang cot 16i cho nghién

ctru nhan dién cam xuc qua bi€u cam khuén mat [1]. Moi cam xuc dugc lién két voi
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cac dac trung cu thé, nhu nu cuoi doi véi vui vé, nhan tran doi voi tire gian, hodc mat

m¢ to doi voi ngac nhién, tao di€u kién cho cac m6 hinh hoc sau phan loai chinh xac.

Hinh 1. 1 Hinh dnh khuon mit minh hoa tirng " Action Unit" (AU) trong FACS va

biéu cam cdm xuc twong ung

Hé théng FACS cta Ekman, v6i kha ning ma héa chi tiét cac chuyén dong co
mit, cung cip mot phuong phap khoa hoc dé xay dung dir liéu hudn luyén, gitp 4nh
xa cac biéu cam véi cam xGc mot cach dang tin cay. FACS dac biét hiru ich khi két
hop voi ky thuat phat hi¢n khuén mat nhu Haar Cascade, vi cac dac trung hinh hoc
ma Haar Cascade nhan dién (nhu ving mat, mili) tuong tng véi cac khu vuc duoc
phéan tich trong FACS.

1.2.3. TAm quan trong ciia nhan dién cam xic trong giao duc Viét Nam

1.2.3.1. Ap lwe tam ly va trim cam & hoc sinh, sinh vién

Hé thdng gido duc Viét Nam, voi dic diém chu trong thanh tich hoc tap va cac
ky thi canh tranh, d3 tao ra ap luc tam 1y dang ké cho hoc sinh va sinh vién. Theo
nghién ctru ciia Pai hoc Y Ha Noi (2020), khoang 30% hoc sinh trung hoc phd théng
tai Viét Nam c6 dau hiéu cing thang tdm 1y, trong d6 10-15% dbi mit voi nguy co
tram cam nhe dén trung binh. Mot nghién ciru khac ciia Pai hoc Qubc gia TP.HCM
(2021) chi ra rang 25% sinh vién dai hoc trai qua cac trang thai cam xtic tiéu cuc nhu

lo 4u va budn ba do ap luc hoc tap, tai chinh, va ky vong xa hoi. Nhitng trang thai



11

cam xtc nay khong chi 1am giam hiéu qua hoc tdp ma con anh hudng dén stc khoe
tinh than va sy phat trién 1au dai cta hoc sinh, sinh vién.

Viéc nhan dién cam xuc thoi gian thuc trong 16p hoc co thé giup gido vién
phat hién som cac dau hiéu tiéu cuc, tir d6 diéu chinh phuong phap giang day hoic
can thiép tam 1y kip thoi. Vi dy, khi nhan dién mét hoc sinh c6 biéu hién budn bi kéo
dai, gido vién co thé t6 chirc cac hoat dong twong tic hodc tu van ca nhan, gop phan
giam thiéu nguy co traim cam.

1.2.3.2. Nhu ciu c4 nhin héa giang day va quan Iy 16p hoc théng minh

Trong boi canh gido duc Viét Nam dang chuyén dbi theo hudng hién dai hoa
va mg dung cong nghé, nhu cau ca nhan hoa giang day tré nén cap thiét. Mdi hoc
sinh c6 dic diém cam xtc, phong cach hoc tap, va toc do tiép thu khac nhau. Tuy
nhién, cac phuong phép giang day truyén théng thuong ap dung cach tiép can chung,
kho dap ting nhu cau riéng biét cua ting ca nhan. Nhan dién cam xtc dua trén hinh
anh cung cap mot cong cu hd trg gido vién trong viée hiéu rd trang thai tim 1y cia
hoc sinh, tir d6 diéu chinh noi dung, phuong phap giang day, hoic t6 chirc cac hoat
dong phu hop.

Hon nira, viéc ing dung cong nghé nhan dién cam xtic con gop phén xay dung
cac 16p hoc thong minh, noi gido vién va nha truong co thé sir dung dit liéu cam xuc
dé danh gia hiéu qua giang day va cai thién méi trudng hoc tap. Mot nghién ciru tai
Pai hoc Su pham Ha Noi (2022) cho thay rang cac 16p hoc tmg dung céng nghé hd
trg cam xuc cai thién 12-18% mirc d6 twong tac giita gido vién va hoc sinh. Diéu nay
dic biét quan trong trong bdi canh Viét Nam dang thic day chuyén doi sd gido duc
theo Nghi quyét 29-NQ/TW vé d6i mdi can ban, toan dién gido duc va dao tao.

Nhu vay, nhan dién cam xuc khong chi gitp giai quyét cac van dé tdm Iy cua
hoc sinh, ma con 1 nén tang cho viéc ca nhan hoa giang day va xdy dung moi truong
hoc tap thong minh, dap (mg cac yéu cau d6i méi gido duc tai Viét Nam. Ung dung
mé hinh hoc sau dé nhan dién cam xtc qua hinh anh, nhu dugc dé xuét trong nghién
clru nay, 1a mot giai phap tiém nang dé hién thyc hda muc tiéu nay.

1.3. Tong quan veé hgc sau trong nhan dién cam xuc
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1.3.1. Gi6i thiéu cong nghé hoc sau

1.3.1.1. Khai niém hgc siu va mang no-ron tich chap (CNN)

Hoc sau (deep learning) 1a tap cac thuat toan hoc may véi y tuong xay dung
mo hinh dir liéu c6 muc d triru twong cao dya trén cac dir liéu c6 mue dd triru tugng
hoa thap hon, bang cach phan 16p di liéu va cac bién d6i phi tuyén.

Nghién ciru tir rat lau cho thidy mang noron duoc chimg minh kha niang xap xi
van nang chi v6i khong qua 4 16p [6], nhung chua c6 phwong phap nio cu thé udc
lugng s6 noron can thiét trén mdi 16p. Viéc nghién ciru vé cac mang c6 s6 10p 16n chi
tré nén pho bién sau thanh coéng ctia mang AlexNet khi mo hinh nay thing giai
ImageNet 2012 [7] vo6i khoang cach rat xa so v6i cac mo hinh canh tranh, mic du
kién trac CNN d3 duoc LeCun gidi thiéu tir trude d6 rat 1au.

Ngoai kién trac CNN, cac mé hinh mang hoc sau con nhiéu dang kién trac
khac nhu cac 16p truyén thiang két nbi ddy du (fully connected layer), RNN, LSTM,
GRU, DBN,...
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Hinh 1. 2 So' d6 kién triic ciia mt mang no-ron truyén thing

Céc dac trung duoc td hop va tao thanh cac chi tiét nho & 16p an dau tién, sau
d6 tiép tuc duoc tai tao va to hop murc chi tiét 16n ¢ 16p an thir hai, va cudi cliing cac
hinh anh dic trung cta toan bo khuén mat & 16p an thir 3. Lép output cho ra danh gia

xac suat khuon mat thudc phan 16p nao (ngudi nao).
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Hinh 1. 3 M¢t mé6 hinh hgc siu trong nhin dang mit nguoi

Mot mo hinh hoc sau thuong c6 3 nhiém vu dugc két hop trong mét kién trac mang

duy nhét:

Céc 16p dac trung (features): c6 nhiém vu chuyén ddi cac dac trung thanh dang
dir liéu phu hop dé xtr 1y, chiang han nhu céc tang tich chap (convolution), mau
(subsampling), pooling,...

Céc 16p mé hinh (modeling): str dung cac thuat toan hoc dé khai quat hoa di
liéu, chéng han noron network, restricted BM, DBN, autoencoder,...

Céc 16p giai ma (decoding): dya trén dir liéu khai quat bién ddi thanh dau ra
(markov random field hodc nhiing cong cu tuong tu).

Céc mang hoc sau déu c6 cu tric xac dinh trude, nhu vay bai toan tap huin
van 1a viéc xac dinh gia tri cac tham s trén mang. Hién chwa c6 phuong phap

tap huan nao cho phép diéu chinh ciu trac mang hiéu qua.

1.3.1.2. So sanh cac phwong phap nhan dién truyén thong va hoc siu trong

nhan dién cam xic

Cic phuwong phap nhén dién truyén thong
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Céac phuong phap nhan dién truyén thong, nhu Haar Cascade, Histogram of
Oriented Gradients (HOG), va Local Binary Patterns (LBP), da duoc st dung rong
rdi trong nhan dién khudn mit va cam xuc trude khi hoc sau trd nén phd bién. Nhing
phuong phap nay dya trén viéc trich xuét cac dic trung hinh hoc tha cong tir hinh
anh, chéng han nhu duong vién méat, mili, hodc miéng, dé phan loai cam xuc.

Uu diém cua cac phuong phép truyén théng nam & sy don gian va hiéu qua
tinh toan. Cu thé, Haar Cascade, duoc phat trién boi Viola va Jones (2001), str dung
cac ddc trung Haar-like dé phat hién khuon mat véi téc do xir Iy nhanh, trung binh
32ms mdi khung hinh. Diéu nay khién no phu hop cho cic hé thong nhing co tai
nguyén han ché, chang han nhu camera giam st trong 16p hoc. Tuong ty, HOG va
LBP ciing c6 toc do xir 1y twong d6i nhanh (khoang 40ms mdi khung hinh) va khong
doi hoi dir liéu huan luyén 16n, giap giam chi phi trién khai trong cic mdi trudng gido
duc c6 ngan sach han ché.

Tuy nhién, han ché ctia cac phuong phap truyén théng 1a diéu khong thé bo
qua. Thir nhét, cac phuong phap nay phu thudc nhiéu vao viéc thiét ké dic trung tha
cong, doi hoi chuyén gia phai xac dinh trudc cac dic diém quan trong (vi du: khoang
cach gitra mat va miéng). Piéu nay lam giam tinh linh hoat khi xir 1y cac trudng hop
phtc tap, nhu biéu cam da dang hodc goc chup nghiéng. Thi hai, d6 chinh xac cia
cac phuong phap nay thuong thap, dic biét trong diéu kién anh sang khong dong déu
hoic khi hoc sinh biéu 16 cam xtc tinh té, chang han nhu sy cing thang nhe trong 16p
hoc.

Theo cac nghién ctru, do chinh xac cia Haar Cascade chi dat khoang 50-60%
trén cac tap dir lidu thuc té phirc tap. Cudi cliing, cac phuong phap truyén thong kho
téng quat hoa trén cac tap dir liéu da dang vé vin hoa, didu nay dic biét quan trong
tai Viét Nam, noi biéu cam cam xtic ¢6 thé mang dic trung van hoa riéng biét.

Pé khic phuc nhirng han ché nay, cAn mot phwong phap c6 kha ning tw dong hoc cac
dac trung phtrc tap tr dir liéu. Pay chinh 1a 1y do cac phuong phap hoc sau, dac biét
1a CNN, duoc kham pha nhu mot giai phép tién tién.

Cac phuong phap hgc sau dua trén CNN
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CNN di cach mang hoa linh vuc nhan dién hinh anh nho kha ning trich xudt
dac trung tu dong thong qua céac 16p tich chap, pooling, va fully connected. Khong
giong nhu cac phuong phap truyén thong, CNN khong yéu cau thiét ké dac trung thii
cong ma ty dong hoc cac mau biéu cam tir dit liéu hinh anh, gitp cai thién dang ké
d6 chinh xac va kha nang tong quat hoa.

Uu diém ctia CNN duoc thé hién rd rang qua hi¢u suat vuot troi. Theo céc thi
nghiém trong nghién ctru nay, mé hinh CNN dat d¢ chinh xac 68-74% trén cac tap
dir liéu chuan nhu FER2013 va CK+, cao hon dang ké so vdi cac phurong phép truyén
thong. Kha ning nay dén tir visc CNN st dung nhiéu 16p tich chap dé trich xuat cac
dac trung cép cao, chéng han nhu sy thay ddi tinh té & khoe mét hodc miéng khi hoc
sinh biéu 16 cam xuc budn ba hodc vui vé. Hon nita, cac ki thuat nhu ting cudng dit
lidu va BatchNormalization gitip CNN xir 1y t6t cac diéu kién phtc tap, nhu anh sang
yéu hodc goc chup nghiéng, von 1a thach thirc 16n d6i véi Haar Cascade hay HOG.

Mot loi thé khac caa CNN 1a kha ning hoc chuyén giao (transfer learning).
Cac mo hinh nhu ResNet hay EfficientNet, von 14 bién thé ctia CNN, ¢6 thé tan dung
céc trong s da duoc huin luyén trude trén cac tap dit lidu 16n (nhu ImageNet) dé cai
thién hiéu suit ma khong can lugng dir ligu huin luyén qua lon. biéu nay dac biét
hitu ich trong bdi canh giao duc Viét Nam, noi viéc thu thap dir li¢u biéu cam khudn
mit ndi dia con han ché.

Tuy nhién, CNN ciing c¢6 nhimg nhugc diém. Qua trinh huan luyén doi hoi tai
nguyén tinh toan cao, thuong cin GPU manh mé va thoi gian xt 1y 1au hon (khoang
50ms moi khung hinh so v6i 32ms cta Haar Cascade). Ngoai ra, CNN yéu cau mot
luong dit liéu 16n va chat lugng cao dé dat hiéu qua toi wu. Trong trudng hop dir liéu
khong da da dang, mo hinh c6 thé gap hién tugng overfitting, dan dén hiéu suat kém
khi ap dung vao cac tinh hudng thuec té.

1.3.1.3. So sanh chi tiét cAc phwong phap

Pé minh hoa rd rang sy khac biét giita cic phuong phap truyén thong va hoc siu,

bang dudi day cung cap mot so sanh toan di¢n dya trén céc tiéu chi quan trong:
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Tiéu

Haar

chi Cascade HOG CNN ResNet VGG
Dua trén Dua trén Lop tich Dung skip Nhiéu 16p
dac trung | histogram cua | chép, connections | tich chép
hinh hoc gradient dinh | pooling, dé tranh sau, khong
Haar va hudng fully gradient c6 skip
Kién phan loai connected; | vanishing; connections
tric | cascade BatchNorm | nhi€u 16p hon
dé on dinh CNN
huan luyén
<60% ~50-60% 68-74% trén | 75-80% trén | 70-75% trén
Py | trong didu | trong diéu FER2013, | cac bo dit liéu | FER2013
chinh | kién phirc | kién thuc té CK+ tuong tu
xac | tap
~32ms/khu | ~40ms/khung | ~50ms/khun | ~60- ~100ms/khu
.. |ng g 80ms/khung | ng (do nhiéu
Thoi (tiy cAu hinh | 16p hon)
glan phan cting)
xur ly
Sé Thap ‘ Thap (dua Trung binh | Cao (~20- Rét cao
tham (khong can | trén dédc trung | (~10-20M 50M tham s6) | (~100M
6 huan luyén | thu cong) tham s0) tham s0)
sau)
Tai Yéu cau Yéu cau trung | Yéu cau Yéu cau GPU | Yéu cau tai
thap, phu | binh GPU/CPU | manh hon nguyén 16n
nsuy hop hé manh CNN nhat
n thong
tm’h nhing
toan
Kha Kém, php KémZ khé xir | T6t, nho Rét tbt, nho Tfung binh,
niing thudc dieu | ly biéu cam data . skip . de .
ting kién anh phtrc tap augmentatio | connections overfitting
. | sang va nva va hoc néu khong
quat gbc chup BatchNorm | chuyén giao | du dit liéu

hoa
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Ung Phihop | It phthgp do | Phihop v6i | Phithop véi | It phu hop

dung cho phat d6 chinh xac | nhén dién cac ung dung dq yéu cau

tro ng hién khuon | thap cam xuc yéu cau do tai nguyén
. mat nhanh thoi gian chinh x4c cao | 16n

8120 trong 16p thuc

dyc hoc

Bang 1. 1 Bang so sanh su khac biét cac phwong phap truyén théng va hoc sau
1.3.2. Cac ky thuit phat hién va phan tich cim xuc

Phat hién d6i twong trong xir Iy anh va thi gidc may tinh 1a mét bai toan quan
trong, véi img dung rong rii trong nhiéu linh vyc nhur nhan dién khudn mat, giam sat
an ninh, va tuong tdc ngudi-may. Mot trong nhitng phuong phap tién phong va dugc
su dung phé bién trong linh vuc nay l1a Haar Cascade, dugc dé xuét boi Paul Viola va
Michael Jones vao nam 2001[4] trong bai bao "Rapid Object Detection using a
Boosted Cascade of Simple Features".

Phuong phap nay két hop cac dac trung hinh anh don gian, goi la dic trung
Haar, v&i thuét todn hoc may AdaBoost va ciu trac phan cép (cascade) dé dat duoc
hiéu suat phat hién nhanh va chinh x4c. Bai viét nay trinh bay chi tiét 1y thuyét nén
tang, cach hoat dong, va cac diac diém noi bat cua phuong phap Haar Cascade.

Dac trung Haar

Hay con goi la dic trung giéng Haar (Haar-like features), 1a cic mau dic trung
hinh anh dua trén su khac biét vé cuong do sang (intensity) giita cac ving 1an cén
trong anh. Cac dic trung nay dugc 1y cam hing tir phép bién d6i wavelet Haar, von
duogc sir dung dé phan tich tin hiéu. Trong ngit canh xtr Iy anh, dic trung Haar duoc
tinh bang cach so sanh tong cudng do cua cac pixel trong cac ving hinh chit nhat lién
ke, thuong bao g6m hai, ba, hodc bdn hinh chit nhat.

Céc loai dac trung Haar chinh bao gém:
e Pic trung canh (Edge features): So sanh cuong do gitra hai ving lién ké
theo chiéu ngang hoic doc.
e Daic trung duwong (Line features): So sdnh mot vung trung tdm voi hai viung

bén canh.
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e Dic trung bon hinh chir nhit (Four-rectangle features): So sanh cic ving
chéo nhau.
e Dic trung trung tim (Center-surround features): So sanh vung trung tam

véi vung xung quanh.

Image
subregion

1. Edge features S Not Face __~\
11 =RV R\ }
(@) (b) (c) (d) Not Face
2. Line features Face
mEE $PQ Ci e, @
) (b) (c) =

(a c) (d) (e) H (9 (h)

-
3. Center-surround features o
<: )No«hco )

(a) (b)

Hinh 1. 4 Pic trung Haar va m hinh phan loai nhiéu ting (cascade classifier)
M&i dic trung duogc tinh bang cach ldy hiéu sd giita tong cuong do pixel trong cac
ving sang (trang) va vung t6i (den). Gia tri ddc trung nay phan anh sy twong phan
trong c4u tric hinh anh, vi du nhu su khéc biét giita ving mt (t61) va ving trén (sang)
trén khudén mit. Dé tang hi€u qua tinh toan, Viola va Jones st dung tich phan anh
(integral image), mot k¥ thuat cho phép tinh tong cudng do pixel trong bat ky ving
hinh chit nhét nao chi v&i bon phép toan, bat ké kich thudc ving. Diéu nay gitp giam
dang ké chi phi tinh toan, cho phép xir 1y nhanh trén céc anh 16n.

Thuat toan AdaBoost

Viéc lua chon cac dic trung Haar phu hop tir hang ngan dic trung c6 thé co trong
mot cira s6 anh 1a mot thach thire 16n. Pé giai quyét van dé nay, Haar Cascade sir
dung thuat toan AdaBoost (Adaptive Boosting), mot phuong phép hoc may gitp két
hop nhiéu bo phan loai yéu (weak classifiers) dé tao ramot bd phan loai manh (strong

classifier).
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Trong Haar Cascade, mdi dic trung Haar duoc lién két véi mot ngudng (threshold)
dé tao thanh mot bo phan loai yéu, c6 dang:

_ (1 néup.f(x) < p.b
h(x.f.p,0) = {0 ngwoc lai

(1.1)

Trong d6: x: Cira s6 anh (image window) dang dugc kiém tra.
e f(x): Gia tri ctia ddc trung Haar dugc tinh trén cira s6 anh x.
e p€{—1,1}:Hésd dinh huéng (parity) nham ddo nguoc bat dang thirc khi
can thiét.
o Néup =1, ngudng 1a “nhé hon”.
o Néup =- 1, ngudng la “16n hon”.
e 0: Ngudng phan loai (threshold) dugc dung dé so sanh véi gi tri dic trung.
e hix,f,p,0) Két qua phan loai yéu, tra vé 1 néu diéu kién dang (c6 thé

chura doi tugng), hodc 0 néu sai.

AdaBoost 13p lai qua trinh chon déc trung Haar tdt nhat tur tap dac trung, dua trén kha
ning phan biét giita cac mau duong (positive samples, vi du: khudn mit) va mau am
(negative samples, vi du: khong phai khuén mit). Sau mdi vong ldp, cdc mau bi phan
loai sai dugc ting trong sd dé tap trung vao cac trudng hop khé hon. Két qua cudi
cung la mot by phan loai manh, két hop nhiéu dic trung Haar véi trong sb tuong Ung.
Ciu tric Cascade
Pé dat duge hiéu suit cao trong thoi gian thyc, Haar Cascade st dung cAu trac phan
cap (cascade) gdm nhiéu ting (stages). Mdi tang 1a mot bo phan loai manh dugc huin
luyén béng AdaBoost, voi myc ti€u loai bo nhanh cac vung khong chira doi tuong
(negative regions) trong khi giit lai cic ving c6 kha niang chira ddi tuong (positive
regions).
Quy trinh hoat dong cua ciu trac cascade:

1. Mot cira sb truot (sliding window) dugc 4p dung trén anh & cac ty I1¢ va vi tri

khac nhau.
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2. Tai mdi tang, cira s6 duoc kiém tra béi bo phan loai manh. Néu ctra s6 khong
vuot qua ngudng cua tang do, n6 s€ bi loai bo ngay 1ap tac.

3. Chi céc cua sO vuot qua tat ca cac tang méi dugc coi l1a chtra doi tuong.

CAu trac cascade gitip giam dang ké thoi gian xir 1y, vi phan 16n céc cira s6 khong
chtra d6i twong (thuong chiém ty 18 10n trong anh) bi loai bo ngay ¢ cac ting dau
tién, giam s6 luong tinh toan can thiét.
Quy trinh huin luyén Haar Cascade
Qua trinh hudn luyén mot b phan loai Haar Cascade bao gdm céac budc sau:
1. Thu thap dir li¢u:
e Mau duong: Cac anh chira ddi tugng can phat hién (vi du: khuén mat).
e Mau am: Cac anh khong chira d6i tuong.
2. Tién xir Iy: Chuan hoa kich thudc anh, chuyén doi sang thang d6 xam
(grayscale), va tinh toan tich phan anh.
3. Tao dic trung Haar: Sinh ra hang ngan dic trung Haar tir cdc mau duong va
am.
4. Huln luyén AdaBoost: Lya chon cac dic trung tdt nhat va xay dung bd phan
loai manh cho ting tang.
5. Xay dung cascade: Tdi vu hoa sé ting va ngudng dé can bang giita d6 chinh
x4c va toc do.
6. Lwuu mé hinh: Luu trit bd phan loai dudi dang t¢p XML (vi du:

haarcascade frontalface default.xml trong OpenCV).

Phuong phap Haar Cascade 1a mot budc tién quan trong trong linh vyc phat hién
doi tuong, dac biét 1a nhan dién khuén mat, nho sy két hop gitra déac trung Haar,
thuat toan AdaBoost, va cdu triic cascade. Mic du khong con 1 phuong phap tién
tién nhat trong bdi canh su phat trién ctia hoc sau, Haar Cascade van gitr duogc gia
trj trong cac ing dung yéu cau téc d6 va tinh don gian. Trong tuong lai, viéc két

hop Haar Cascade véi cac ky thuét hoc sau hodc t61 vu hdéa thém cau truc cascade
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c6 thé mé ra nhimg hudng di méi, dic biét trong cac hé thong nhiing va ing dung
thoi gian thuec.

1.3.3. So sanh cac mo hinh hgc sau

Ngoai CNN, cac kién triic hoc sau khac nhu VGG16 va ResNet18 ciing dugc sir dung

trong nhan dién trang thai tam ly.

Lightweight Model Params FLOPs Recognition Rate
(Million) (Billion) (95%CI)

MobileNetV3(Large) 4.2 0.02 63.9% £ 1.49%
Light-SE-ResNet 5.1 0.06 67.4% £ 1.45%
ResNet18 11.2 0.09 69.3% £ 1.43%
ResNet50 23.5 0.21 70.1% £ 1.42%
ShuffleNet 1.25 0.04 73.0% £ 1.38%
PGC-DenseNet 0.26 0.12 73.3% £1.37%
SqueezeNet 0.47 0.02 75.0% £ 1.34%
Seqarate-loss 1.1 0.18 75.4% £1.33%
RAN 1.2 0.14 76.0% £ 1.32%
DSC-DenseNet 0.16 0.16 77.3% £ 1.30%

Bing 1. 2 So sanh trwe quan vé sé tham sd, 9 chinh xac va thoi gian xir 1y

CNN dugc chon trong nghién ciru nday do s6 tham sd thap (0.5 triéu), phu hop véi
phan ctng trudong hoc, va thoi gian xir Iy nhanh (50ms), trong khi van dat d6 chinh
xac twong duong (70%) so véi VGG16 (72%) va ResNetl8 (71%). Tuy nhién,
VGG16 va ResNet18 co thé duoc xem xét trong twong lai khi can tang d6 chinh xac
cho céc biéu cam phirc tap, nhu nu cudi kin ddo ctia hoc sinh Viét Nam, nho kha nang

trich xudt dic trung sdu hon (Goodfellow et al., 2016).

1.4. Nhin t6 anh hwéng dén nhin dién cam xiic

Hi¢u qua cua cdc mod hinh nhan di¢n cam xuic phu thudc vao nhi€u yéu to da
dang, bao gom dac di€ém con nguoi va di€u kién ki thuat. Vé mat con nguoi, do tudi
la mot yéu té quan trong anh hudng dén bicu cam khudn mat; tré em thuong the hién

cam xuc rd rang va manh mé& hon, trong khi nguoi 16n cé biéu cam tinh t€ va phuc
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tap hon, doi hoi cac mo hinh phai c6 kha ning nhan dién linh hoat dé phii hop véi su
da dang ndy. Vin hoa ciing dong vai tro then chdt trong cach thirc biéu dat cam xuc;
ngudi phuong Pong thudng kiém ché biéu cam manh mé hon so véi nguoi phuong
Tay, diéu nay dan dén viéc cac mé hinh huan luyén trén dit liéu qudc té co thé khong
dat hi€u qua cao khi &p dung tai Viét Nam do sy khac biét vé phong cach biéu cam
va quy tac xa hdi trong giao tiép phi ngon ngir.

Ngoai ra, moi trudng 16p hoc véi cac yéu t6 nhu ap lyc xa hoi hay su hién dién
ctia camera c6 thé khién hoc sinh che gidu cam xuc that, gay kho khan cho viéc nhan
dién chinh xac. Vé mit ky thuat, diéu kién anh sang 1a mot thach thuc 16n; dnh sang
yéu, nguoc sang hodc khong dong déu c6 thé 1am sai léch dic trung khudn mit, tir d6

giam d¢ chinh xac ctia mo hinh.

Hinh 1. 5 Hinh dnh minh hoa céc diéu ki¢én 4nh sang khac nhau

Goc chyp cling anh hudng dang ké dén hiéu qua nhan dién, dac biét vdi cac
khuon mit khong tryc dién nhu nghiéng hodc cui, 1am giam kha nang trich xuét dic
trung ciia cac md hinh CNN truyén théng. Chat lugng hinh 4nh, bao gdm do phan
giai thap hodc nhidu, cling 1a tré ngai, doi hoi cac k¥ thuat tién xtr Iy nang cao dé cai

thién chat lugng dau vao.
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Hinh 1. 6 Hinh 4nh minh h¢a cac goc chup khac nhau

Tinh da dang cua dir liéu hudn luyén 13 yéu té then chét quyét dinh kha ning
téng quat héa cia mo hinh. Néu dit liéu thiéu su da dang vé d6 tudi, van hoa hay diéu
kién moi trudong, mo hinh s& kho ap dung hiéu qua trong thuc té. Cudi cung, han ché
vé tai nguyén tinh toan, dic biét trong cac truong hoc co ngan sach han ché, yéu cau
cac mo hinh phai dugc tdi vu hoa dé chay hiéu qua trén phan cimg co ban ma khong
lam giam dang ké do chinh xAc.

Tém lai, dé xay dung hé théng nhan dién cam xuc hi€u qua trong moi trudng
gido duc Viét Nam, can can nhéc k¥ ludng cac yéu td vé dic diém con nguoi nhu do
tudi va vin hoa, déng thoi doi mat voi cac thach thirc ky thuat nhu diéu kién 4nh sang,
goc nhin, chat lwgng anh va han ché tai nguyén tinh toan. Viéc két hop cac yéu td nay
trong thiét ké va huan luyén mo hinh s& gitip nang cao do chinh xéac va tinh kha thi

ctia hé thong trong thuc té.

1.5. Kétluin chwong

Chuong 1 d3 trinh bay mot cach c6 hé théng cac co so Iy luan vé cam xtic, nhan dién
cam xtic qua hinh anh khudn mit, va vai trd ciia hoc sau trong viéc giai quyét bai toan
nay. Nhitng khai niém va hoc thuyét dugc thao luan khong chi lam séng t6 nén tang

khoa hoc ma con chi ra cac y€u to anh hudng quan trong, tir dac diem van hoa, do
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tudi, dén cac thach thirc k¥ thuat nhu anh sang va goc chup. Nhitng phan tich nay
dinh hinh pham vi nghién ctru, déng thdi nhan manh nhu cau phat trién cac mo hinh
hoc sau phu hop voi bdi canh gido duc Viét Nam. V6i tiém ning cai thién chat luong
giang day va ca nhan hoa trai nghi€ém hoc tap, nhan di¢n cam xuc qua hinh anh hura
hen tro thanh cong cu dic luc, khong chi trong gido duc ma con trong cac linh vuc

lién quan nhu tdm ly hoc va quén 1y 16p hoc thong minh.
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CHUONG 2: KHAO SAT VA PANH GIA CAC MO HINH
NHAN DIEN CAM XUC
2.1. Gidi thiéu chwong

Trong bdi canh gido duc hién dai, noi cong nghé ngay cang dong vai trd quan
trong trong viéc nang cao hiéu qua giang day, nhan dién cam xtc qua biéu cam khudn
mat d4 trg thanh mot hudng nghién ctru day tiém ning, hd trg gido vién hiéu rd hon
trang thai tdm 1y cua hoc sinh. Cong nghé hoc sau, dac biét l1a Convolutional Neural
Networks (CNN) két hop voi BatchNormalization, d3 chimg minh kha nang vuot troi
trong viéc phén tich sau cam xtc co ban theo 1y thuyét ctia Paul Ekman, tir d6 tao
diéu kién dé ca nhan hoéa trai nghiém hoc tap. Céac k¥ thuat nhu phat hién khudén mat
bang Haar Cascade, ting cuong dit liéu, va phan tich cam xuc theo thoi gian théng
qua xu ly video khong chi nang cao do chinh xac ctia mo6 hinh ma con dam béo tinh
ung dung trong moi truong 16p hoc.

Tuy nhién, viéc trién khai cac mo hinh nay tai Viét Nam ddi mat voi nhidu
thach thire, tir diéu kién anh sang khong 1y tudng, biéu cam vian hoa kin dao, dén han
ché vé tai nguyén tinh toan. Vi vdy, chuong nay sé& trinh bay mét cach toan dién qua
trinh khao sat cdc mo hinh CNN, danh gia hi€u qua cia chung trén cac b dir liéu tiéu
chuan va ndi dia, déng thoi phan tich tinh kha thi va céc thach thuc khi tng dung
trong giao duc Viét Nam. Thong qua viée st dung cac chi s6 nhu accuracy, recall,
F1-score, va confusion matrix, chuong s€ lam rd uu diém, han ché cia cac md hinh,
tir 46 dat nén tang cho viéc phat trién hé thong nhan dién cam xac phu hop véi boi
canh dia phuong.

2.2. Cac mo hinh hgc sau dwgc khao sat

2.2.1. Gidi thiéu cac mo hinh hgc sau duwgce khao sat

CNN la nén tang cot 16i cho cac bai toan xtr Iy hinh anh, dic biét trong nhan
dién cam xuc duya trén 1y thuyét Ekman. CNN hoat dong bang cach sir dung cac 16p
tich chap dé trich xuat dac trung khong gian cuc bg, nhu hinh dang mét, mi¢ng, hoac

chan may, von 1a céc yéu td quan trong trong vi¢c xac dinh sdu cam xtic co ban: vui
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vé, budn b3, tirc gian, s¢ hai, ngac nhién, va ghé tém. Céac 16p nay duoc két hop voi
céc 16p pooling dé giam kich thude dir liéu, ting cuong kha ning tong quat hoa va

giam nguy co qua khép (overfitting).

Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected

Hinh 2. 1 So d kién triic CNN, minh hoa cac 16p tich chap

Viéc tich hgp BatchNormalization trong kién tric CNN déng vai trd quan
trong trong viéc chuan hoa dau ra cta cc 10p, giup giam thiéu hién twong gradient
vanishing va cai thién téc do huin luyén. BatchNormalization dam bao rang cac gia
trj dau vao ctia mdi 16p duoc chuan héa vé mot phan phdi 6n dinh, tir d6 ting cudng
dd chinh xac cia mo hinh, ddc biét khi xur ly cac bd dir li¢u lon nhu FER2013. Hon
nita, k§ thuat nay gitp mo hinh 6n dinh hon khi huan luyén trén dir liéu da dang,
chang han nhu hinh anh tir cac 16p hoc Viét Nam véi diéu kién anh sang khac nhau.

CNN con c6 kha niang thich nghi voi cac cau trac phic tap, nhu mang sau voi
nhiéu 16p, dé phan tich cac biéu cam tinh té hon, vi du, phan biét giita budn ba nhe
va trung 1ap. Ngoai ra, viéc st dung cac ham kich hoat nhu ReL.U (Rectified Linear
Unit) trong CNN giup ting toc d6 hi tu, trong khi cac k¥ thuat dropout ngan chin
hién tuong hoc qua mirc, dam bao hi¢u suét cao trén dit lidu thuc té.

Bén canh do, cac mo hinh tich hop da phuong thirc dang ngay cang dugc chu
¥. Nhitng m6 hinh nay két hop hinh anh véi 4m thanh (giong n6i) hodc vin ban (phan
héi hoc sinh), nham cai thién do chinh xac trong viéc nhan dién cam xuc phirc tap.
Vi dy, ResNet-FER+ tan dung kién triic ResNet va duoc tinh chinh trén bd dit liéu

FER+ dé tang kha nang phan biét cac biéu cam tinh té. Tuong tu, cic mo hinh nhu
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EmotionNet va EmoNet duoc huan luyén riéng cho timg cam xuc co ban, sau do tich

hop thanh hé théng phan loai da 16p, phi hop véi méi trudng 16p hoc.
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Hinh 2. 2 Biéu d0 minh hoa su khac biét trong viéc trich xuét dic trung giira cic md
hinh

Hon nira, cac md hinh nhu Multimodal Networks két hop nhiéu ngudn dit liéu
(hinh anh, 4m thanh, hanh vi) dé phat hién cam xtc tiém 4n, dic biét hitu ich trong
cac 10p hoc truc tuyén, noi gido vién can thong tin bo sung dé danh gia trang thai hoc
sinh. Ngoai ra, cac kién tric hién dai nhu EfficientNet va MobileNet, véi trong tam
t61 wu hoa hiéu sudt trén phan cing han ché, ciling dugc xem xét dé dam bao tinh kha
thi trong moi trudong giao duc. Nhitng mo hinh nay khong chi cai thi¢én d¢ chinh xéac
ma con giam thoi gian xur 1y, phu hop véi yéu cau thoi gian thuc cta 16p hoc. Tuy
nhién, viéc huin luyén cac mo hinh nay doi hdi dir liéu da dang va can ddi, mot thach
thirc 16n trong bdi canh Viét Nam.

2.2.2. Vai tro cia Haar Cascade trong phat hién khuén mat

K§ thuat Haar Cascade 1a mot phuong phap hiéu qua dé phat hién khudn mit,
dong vai trd quan trong trong budc tién xtr Iy trude khi phan loai cam xtic. Dya trén
cac dac trung hinh hoc don gian, nhu sy khac biét do sang gitta vung mat, mii, va
miéng, Haar Cascade c6 thé nhanh chong xac dinh cac ving khudn mit trong hinh
anh hodc video. Ky thuat nay dac biét phu hop vdi méi trudong gido duc Viét Nam,

noi phan cimg thuong c6 cau hinh thap, do yéu ciu tai nguyén tinh toan t6i thiéu.
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Hinh 2. 3 Phat hién khudn mit bing Haar Cascade

Haar Cascade gian tiép lién quan dén Hé théng ma héa hanh vi khuon mit
(FACS) ctia Ekman, vi cac ddc trung ma no6 phat hién tuong rng véi cac vung co mat
dugc phén tich trong FACS, chang han nhu ving quanh mat hodc miéng. Piéu nay
gitip dam bao rang cac dic trung quan trong cho nhan dién cam xuc duoc xac dinh
chinh xéc trudc khi dua vao CNN. Hon nira, Haar Cascade c6 kha nang hoat dong
trong cac diéu kién anh sang khong ddng déu, du hiéu suat c6 thé giam khi anh sang

qua yéu hodc khuén mat khong tryc di¢n.

Hinh 2. 4 Khudn mit trong cic diéu ki¢n anh sang khong dong déu

Dé khic phuc céc han ché, Haar Cascade thuong dugc két hop voi céac k¥ thuat

tién xur 1y hinh anh, nhu can béng histogram hodc loc nhiéu, nham cai thién chét luong
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hinh anh dau vao. Ngoai ra, kha nang xt 1y video ctia Haar Cascade cho phép phat
hién khuon mat lién tuc trong céc 16p hoc truc tuyén, cung cap dir liéu thoi gian thuc
cho mo hinh CNN.

2.2.3. Tang cwong dir liéu va xur ly video

Tang cudng dit lidu (data augmentation) 1a mot ky thuat thiét yéu dé cai thién
kha ning tong quat hoa cia md hinh CNN, dic biét trong cac mdi truong thuc té voi
diéu kién khong 1y twong. Cac phuong phap nhu xoay hinh, thay dbi d6 sang, phong
to/thu nho, hodc thém nhiéu gitp tao ra céc bién thé hinh anh, mé phdéng céc tinh
huéng nhu hoc sinh dimg dudi anh sang yéu, quay mit nghiéng, hoic str dung camera
chat lugng thap.

Trong bdi canh gido duc, ting cudng dir liéu con giup mod hinh thich nghi véi
céc biéu cam vin hoa dic thu cta hoc sinh Viét Nam, nhu nu cudi kin ddo hodc biéu
cam che gidu cang thang. Vi duy, viéc thém cac bién thé hinh anh vé&i goc chup nghiéng
hodc anh sang yéu gitp mo hinh nhén dién tdt hon cac hoc sinh ci mat hodc hoc
trong phong thiéu sang.

Tang cuong dir li¢u 1a k¥ thuat quan trong nham mé rong sy da dang cua tap
dit liéu huin luyén, gitp mo hinh nhéan dién cam xiac khuén mat thich nghi véi cac
diéu kién thuc té va giam thiéu 16i phan loai. Trong nghién ciru nay, ting cudong dir
liéu dugc trién khai théng qua 16p ImageDataGenerator ctia TensorFlow/Keras, véi
cac bién ddi hinh hoc dugc 4p dung thoi gian thyc trong qua trinh huan luyén.

Céc ky thuat tang cuong dir lidu:

1. Xoay hinh dnh (£20 d§): M6 phdong cac goc chup khac nhau cua khudén mat, gitp
mo hinh nhén dién cac biéu cam nhu "happy" hoic "sad" trong cic goc do khong
chuan.

2. Dich chuyén ngang va doc (20%): Giip mo hinh nhan dién khu6n mit ngay ca
khi khong nim & trung tim khung hinh, giam 156i do dinh vi khu6én mit khong

chinh xac trong moi trudng 16p hoc.
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3. Bién ddi cit (shear, 20%): Tao cac bién thé hinh anh méo mo, md phong goc
nhin khong 1y tudng, tang kha ning nhan dién biéu cam trong cac diéu kién thyc
té.

4. Phéng to/thu nhé (£20%): M6 phong cac tinh huéng khudn mit & gan hoic xa
may anh, cai thién hiéu suat khi xir 1y video véi khoang cach khudén mit da dang.

5. Latngang: Tang tinh d6i xtmg cua dit lidu, giup mo hinh nhan dién cac biéu cam
bét ké hudng nhin ctia khudn mit, hd tro giam nham 13n giira cac cam xuc tuong

dong nhu "sadness" va "neutral"

Tac dong cia tang cwong dir li€u

e Giam overfitting: Cic bién doi ngau nhién giup mé hinh hoc cac dic trung
tong quat, tranh ghi nhd dir liéu huan luyén.

e Ting tinh manh mé: M6 phong cac goc chup va vi tri khuon mat thyc té gitip
md hinh hoat dong tdt hon trong moi truong 16p hoc Viét Nam, noi diéu kién
quay video khong téi wu.

e Hb trg giam nham lAn cam xiic: Tang tinh da dang hinh anh gitp mo hinh
phan biét t6t hon cac cam xic c6 dic trung twong dong, nhu "sadness" va
"neutral"

e Han ché: Cac k¥ thuat hién tai chua giai quyét dugc van dé mat can bang dir
liéu, dan dén hiéu suat thap cho cac 16p nhu "happy" va "sad", cling nhu chua
mo phong day du cac diéu kién 4nh sang khong dong déu.

Xt ly Video
Quy trinh xir 1y video bao gdm cac budc phat hién khuon mat, dy doan cam xic, va
danh gid mac do hing tha cta hoc sinh, dugc trién khai trong ham process_media
ctia hé théng.

e Phiat hién khudén mit: Str dung thuat toan Haar Cascade v6i cac tham sb
scaleFactor=1.05, minNeighbors=3, va minSize=(20, 20) dé phat hién khuon
mit trong mdi khung hinh video. Cac khuon mit dugc phat hién 1a dau vao

cho qua trinh dy dodn cam xtc.
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e Du doan cidm xuc: M6 hinh CNN (hoac mo6 hinh TFLite da luong tir hoa)
duoc su dung dé du doan cam xtc trén cac hinh anh khudn mit. Tang cuong
dir liéu trong giai doan huan luyén gitip mé hinh nhéan dién chinh xac hon céc
biéu cam trong video, dic biét khi géc quay hodc vi tri khudén mit thay doi.

e Danh gia mirc do hirng thi: Ham evaluate engagement tinh ty 1€ cam xtc
tich cuc ("happy", "surprise", "neutral") va ti€u cuc ("sad", "angry", "fear",
"disgust") dé danh gid mirc d6 htng tha cta hoc sinh. Tang cudng dit liéu cai
thién d6 chinh xac ctia du dodn cam xuc, tir d6 cung cip danh gia hung tha

dang tin cdy hon.

Tich hgp ting cwdong dir li€u véi xir ly video

Tang cudng dir liéu duoc ap dung trong giai doan huan luyén dé chuan bi mé hinh
cho cac diéu kién thuc té trong video 16p hoc. Cac bién ddi nhu xoay, dich chuyén,
va lat ngang gitp mo hinh nhan dién cac biéu cam trong cac khung hinh video c¢6 goc
quay khong t6i wu. Tuy nhién, dé cai thién hon nita, cac nghién ctru tiép theo co thé
xem xét tich hop céc bién doi anh sang (nhu thay d6i d6 sang) dé mo phong diéu kién
anh sang yéu, von 1a nguyén nhan chinh gy 15i.

2.3. PDanh gia trén cac tip dir liéu tiéu chuén

2.3.1. Cac b dir liéu duwgc sir dung

Pé danh gia hi¢u qua cua cac mo hinh CNN, ba bg dir liéu dugc st dung:
FER2013, CK+. FER2013, v&i hon 35,000 hinh anh khuoén mat duogc gén nhan theo
sdu cam xuc co ban cua Ekman va trang thai trung lap, 1a mot nguén dir liéu ti€u
chuan, cung cap co sé dé so sanh hiéu suat giita cac mo hinh. B dif liéu nay bao gdm
cac hinh dnh da dang vé do6 tudi, gidi tinh, va diéu kién anh sang, gitip danh gia kha

nang tong quat hoa.
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CK+ (Cohn-Kanade) cung cap cac chudi video biéu cam, tir trang thai trung

1ap dén cuc dai, phu hop dé danh gia kha ning phan tich cam xtic theo thdi gian. Cac
video trong CK+ dugc ghi lai trong diéu kién kiém soat, v6i anh sang t6t va goc chup
tryc dién, tao diéu kién 1y tudng dé thir nghiém mo hinh. Tuy nhién, dit liéu nay thiéu

dai dién cho cac diéu kién thuc té trong 16p hoc Viét Nam, nhu anh séng yéu hoac

biéu cam van hoa.
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2.3.2. Tiéu chi va két qua danh gia

Céc mo hinh dugc danh gia dya trén bon chi s6 chinh: accuracy, recall, F1-score, va
confusion matrix. Accuracy do luong ty 1& phan loai dung trén tap kiém tra, trong khi
recall danh gia kha nang nhén di¢n cac cam xtc hiém gap, nhu tic gian hodc so hai.
F1-score, v4i vai tro cin bang giita precision va recall, dic biét quan trong khi dit liéu
mat can bang, chang han, nhiéu hinh anh trung 14p hon cic cam xuc tiéu cuc.
Confusion matrix cung cip cai nhin chi tiét vé cac 18i phéan loai, gitp x4c dinh céac
nham 14n giita cac cam xtic twong dong, nhu budn ba va trung lap.

Bang dudi diy minh hoa mét so sanh dién hinh:

Thoi gian ,
Mo hinh Accuracy(%) F1-Score Tong quat hoa
xur 1y (ms)
CNN
' 71.2 0.69 32 Trung binh
(baseline)
ResNet-FER+ 75.8 0.74 45 Tot
ViT 79.3 0.77 62 Rat tot
MultimodalNet 83.1 0.81 95 Cao

Bang 2. 1 Bang so sanh cac tiéu chi

2.4. Thao luan vé tinh kha thi
2.4.1. Yéu ciu ky thuat

Viéc trién khai mé hinh CNN trong gido duc doi hoi dap tng cac tiéu chuan
k¥ thuat nghiém ngit, dic biét 1a toc do xur Iy dudi 50ms mdi khung hinh dé dam bao
phan héi tirc thoi, vi du nhu canh bao khi hoc sinh mat tip trung trong 16p truc tuyén.
Cong nghé Haar Cascade hd trg phat hién khuén mit nhanh, con BatchNormalization
gitip m6 hinh van hanh on dinh trén cac thiét bi cau hinh thap nhu may tinh truong
hoc. Phan tich cam xtc theo thoi gian thuc tir video 13 loi thé 16n, gitip gido vién diéu

chinh bai giang phu hop, nhu ting hoat ddng nhém khi phat hién dau hiéu budn chan.
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Tuy nhién, cac yéu t6 nhu anh sang yéu, goc quay khong thuan loi hodc nhidu
hinh anh lam giam dd chinh xac cua mo hinh. Ky thuat tang cuong dir li¢u va cac
bude tién xir Iy nhu loc nhiu, can bang sang gitp cai thién van dé nay, nhung van
can t6i vu thém. Han ché vé tai nguyén tinh toan 1a rao can 16n tai cac truong hoc
Viét Nam. Dé khic phuc, mé hinh can dugc t6i vu hoa bang cic phuong phap nhu
quantization hodc pruning, giam kich thuéc ma van giir hiéu suat. Kha nang tich hop
mo hinh vao thiét bi sdn c6 nhu may tinh bang hodc camera 16p hoc ciing 13 yéu t6
quyét dinh tinh kha thi cta giai phap.

2.4.2. Céc yéu t6 xi hoi va dao dirc

V& mit x3 hoi, bao mat dir liéu hoc sinh 12 wvu tién hang dau: hinh anh khuén
mit phai dugc ma hoa, Iuu trit an toan va chi thu thap khi c¢6 sy dong y ctia phy huynh,
hoc sinh. Cac quy dinh vé quyén riéng tu can tun thu nghiém ngit dé xay dung niém
tin cong dong. Biéu cam che gidu hodc gia tao 1a thach thirc 16n, nhat 13 trong vin
héa Viét Nam, nén mé hinh can dugc huin luyén trén dir liéu da dang, phu hop dac
thi vin hoéa. Phan hdi tir gido vién gitip danh gia hiéu qua hé thong, dam bao thong
tin cam xuc hd trg tich cuc cho giang day. Vé dao durc, hé thong phai tranh gy ap
luc gidm sat 1én hoc sinh; gido vién can duoc huéng dan s dung dit liéu cam xuc
mot cach tich cyc va minh bach dé tang su chip nhan trong cong dong.

2.5. Két luan chwong

Chuong 2 da trinh bay mot cach toan dién qua trinh khao sat va ddnh gia cadc mo6 hinh
CNN két hop BatchNormalization, sir dung Haar Cascade dé phat hién khuon mat,
cung cac k¥ thuat nhu ting cuong dit liéu va xir Iy video dé phan tich cam xtic theo
ly thuyét Ekman. Két qua trén cac b dir lisu FER2013, CK+, va ndi dia cho thiy
tiém nang cia CNN trong nhan di€n cam xtc, vdi d§ chinh xac va kha nang xur ly
thoi gian thuc dap Gmg yéu cau gido dyuc. Tuy nhién, cac thach thire vé anh sang, biéu
cam van hoa, tai nguyén tinh toan, va cac van dé dao dirc nhu bao mat dit liéu van
can dugc giai quyét. Nhitng phan tich nay khong chi 1am 1 wu, nhuoc diém ctia mo

hinh ma con dét nén tang cho viéc xay dung va thtr nghiém h¢ thong nhén di¢n cam
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xuc phu hop véi méi truong gido duc Viét Nam, mé duodng cho cac nghién ciru ti€p

theo trong cac chuong sau.
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CHUONG 3: NGHIEN CUU THU NGHIEM PANH GIA KET
QUA

3.1. Gidi thi¢u chuwong

Trong bdi canh giao duc hién dai, cong nghé nhan dién cam xuc qua khuoén
mat mang lai tiém nang lon trong c4 nhan hoa trai nghi¢m hoc tap va nang cao hiéu
qua giang day. Chuong nay dong vai tro 1a cau ndi giira 1y thuyét cam xtc co ban
(nhu sau cam xuc cua Paul Ekman) va cac nguyén ly hoc sau, dac biét la CNN, da
duogc trinh bay ¢ cac chuong trude. Dya trén khao sat cac moé hinh hoc sau va k¥ thuat
tién xtr 1y, nghién ctru tap trung phét trién mot hé théng nhan dién cam xtic manh mé,
t6i wu hoa bang CNN két hgp BatchNormalization dé dam bao hiéu suat va 6n dinh.

Hé thong sir dung Haar Cascade dé phat hién khudn mat nhanh, ting cudng
dir liéu tu dong dé mo rong tap hudn luyén, va phan tich cam xtc theo thoi gian thuc
qua video. Nhing yéu t6 nay gitp hé thong thich ting t6t voi cac thach thirc thuc té
trong gido duc Viét Nam nhu anh sang khong dong déu, biéu cam vin hoéa tinh té va
han ché tai nguyén tinh toan.

Chuong 3 sé& trinh bay chi tiét qua trinh thiét ké mo hinh, thu thap va tién xu
ly, huan luyén va téi vu héa mé hinh, ciing nhu thir nghiém thuc té trong 16p hoc.
Hi¢u qua hé théng duoc danh gié ca dinh lugng (accuracy, recall, Fl-score) va dinh
tinh (phan hoi gido vién). Muc tiéu cudi cung 1a xay dung mot hé théng nhan dién
cam xuc chinh xac, 6n dinh, kha thi vé mit k¥ thuat va xa hoi, gop phan nang cao
chét lugng gido duc tai Viét Nam..

3.2. Noi dung va phwong phap tiép cin

3.2.1. Muc tiéu va pham vi

Nghién ctru hudng t6i xay dung mot hé théng nhan dién cam xtc dua trén
CNN, hd trg gido vién nhan biét va phan tich trang thai tim 1y hoc sinh qua biéu cam
khuon mit. Hé thong nhan dién bay cam xtc co ban (vui, budn, tirc gian, ngac nhién,

so hai, ghé tom, trung 1ap), cung cap thong tin thoi gian thyc gitp gido vién diéu
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chinh phuong phép giang day linh hoat, c4 nhan hoa va tang hi¢u qua hoc tap. Muc
tiéu hiéu suét la dat tdi thiéu 70% do chinh xac trén dit liéu hoc sinh Viét Nam va toc
do xur ly dudi 50ms mdi khung hinh, ddm bao hoat dong muot ma trén thiét bi phé
bién tai truong hoc.

Pham vi nghién ctru tap trung vao mot truong dai hoc, thir nghiém trong diéu
kién 16p hoc thuc té véi da dang moi trudng (anh sang, goc chup, ha ting cong nghé).
Hé thong khong chi phan loai cam xtc don 1é ma con theo ddi bién dong cam xiic
theo thoi gian, hd trg gido vién dua ra quyét dinh kip thoi trong giang day. Pac biét,
hé thdng c6 thé nhan dién ca cic cam xtc hiém gip nhu so hii, ghé tom, cung cap
thong tin tdm 1y quan trong.

Giao dién hé théng dugce thiét ké truc quan, dé sir dung cho gi4o vién khong
chuyén vé cong nghé. Nghién ciru ky vong hé théng s& nang cao mirc do tuong tac
ctia hoc sinh it nhat 10-15%. Vé dao dtrc, dit liéu khudén mit duoc xt 1y an danh, chi
thu thap khi c6 sy dong ¥ ctia phu huynh va hoc sinh, dam béo tuan thi cac quy dinh
vé quyén riéng tu va phi hop véi nhiéu méi trudng gido duc khac nhau.

3.2.2. Phwong phap tiép cén

Nghién ctru ndy 4p dung mot phwong phap thuc nghiém c6 cau tric, tuin tu
va lap lai nham phat trién mot hé thong phan tich cam xtc hoc sinh toan dién, thuc
tién va hiéu qua. Phuong phap bao gdm bdn giai doan chinh: thu thap va xay dung
bo dit lidu, tién xir 1y dir ligu, xay dung va huin luyén mo hinh hoc sau, va thtr nghiém
thuc té kém danh gia hiéu suat chi tiét.

1. Thu thip va Tién xir Iy Dir liéu

Pé t6i wu hoa dau vao, ki thuat ting cudng dit liéu (Data Augmentation) duoc
ap dung c6 hé thong nham ting cuong kha niang khai quat hoa va giam thiéu hién
tuong quéa khép (overfitting) trén bo dir liéu c6 thé con han ché. Haar Cascade dugc
lira chon va tinh chinh dé phat hién khuon mit nhanh chéng va hiéu qua, déng vai tro
1a bude tién xir 1y quan trong.

2. XAy dung va Huén luyén M6 hinh Hoc siu
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CNN duogc xay dung dé phan loai cam xuc. Kién tric CNN tich hop cac 16p
BatchNormalization nham dam bao do chinh xac cao va kha nang hoc tur dir li€u da
dang. Cac k¥ thuét regularization manh mé& dugc tich hop: L2 regularization kiém
soat do phtrc tap ctia mo hinh, va dropout (ty 1& 0.5 trén 16p Dense dau tién) dugc sir
dung dé ting cuong kha ning tong quét hoa.

3. Thir nghiém thuc té va Panh gia Hiéu suit

Hé théng dugc thr nghi¢m thyc té trong moi truong 16p hoc. Qua trinh nay
két hop chit ché phan tich dinh tinh song song vé&i dinh lwgng. Phan héi dinh tinh tir
gido vién dugc thu thap lién tuc dé tinh chinh hé théng va dam bao tinh ing dung
thuc té. Thong tin nay dugc két hop véi cac chi sé hiéu suat khach quan nhu accuracy,
recall, va F1-score dé dua ra danh gia toan di¢n va da chiéu.

Pé dam bao kha nang trién khai trén phan ctng co ban voi tai nguyén tinh
toan han ché (thuong théy 0 cac truong hoc Viét Nam), k¥ thuat lugng tir hda mod
hinh (quantization) dwugc 4p dung, gitip giam dang ké kich thuéc mo hinh (float32
sang int8) va tang téc do suy luan. Quy trinh kiém tra chéo (cross-validation) dugc
thuc hién ky ludng trén cac tap dir li¢u da dang, tor by dir li¢u chuan quéc té
(FER2013). Pbi v6i phan tich video thoi gian thuc, cac thudt toan toi wu hoéa ludng
khung hinh dugc sir dung dé giam d tré xir 1y.

3.3. Thu thap va xir ly dir li¢u
3.3.1. Nguon dir liéu

Pé dam bao mot bo dir lidu dang tin cay va manh me cho vi¢c huin luyén va
danh gia hé thong nhan dién cam xuc, nghién ctru nay sir dung hai bo dir liéu cong
khai dugc cong nhan rong rai: FER2013 va CK+ (Extended Cohn-Kanade Dataset).
Céc b dir liéu nay duogc lya chon nho vao sy dai dién toan di¢n cua céac biéu cam
khuon mit, chu thich tiéu chuan héa va viéc st dung phd bién trong cac nghién ctru
vé nhén dién cam xtc khuon mit, cung cép nén tang viing chic cho viée phat trién

va danh gia mo hinh.
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e B dir liéu FER2013: B dit liéu FER2013, duoc gidi thiéu trong khudn kho
cudc thi Nhan dién Biéu cam Khudn mat 2013 [2], bao gém 35.887 hinh anh
thang xam véi kich thudc 48x48 pixel, dugce phan loai thanh bay cam xuc co
ban: vui vé, budn ba, tirc gian, ngac nhién, s¢ hai, ghé tom va trung lap. Bo dir
liéu dugc chia thanh tap huin luyén (28.709 hinh anh), tap xac thyc (3.589
hinh anh) va tap kiém tra (3.589 hinh anh). FER2013 duoc chon vi tinh da
dang cua cac biéu cam trong diéu kién thuc té, bao g@)m cac bién thé vé anh
sang, goc chup va do tudi, mic du no cling ddi mat véi thach thirc vé nhiéu va
sy mat can bang gitra cac 10p cam xuc.

e B0 dir liéu CK+: B dir liéu CK+ (Extended Cohn-Kanade) chta 593 chudi
video tir 123 ddi tugng [3], voi cac hinh anh duge chi thich theo bay cam xuc
co ban tuong ty FER2013. Mdi chudi video ghi lai su chuyén dbi tir trang thai
trung lap sang dinh diém ctia mot cam xuc cu thé, cung cép dr ligu dong vé
biéu cam khuon mat. Cac hinh anh trong CK+ ¢ chat luong cao, duoc ghi
trong diéu kién anh sang va goc quay duoc kiém soat, gitp mé hinh hoc céac
dac trung biéu cam ro rang. BO dir liéu nay duoc su dung dé bo sung cho
FER2013, dac bi¢t trong vi¢c cdi thién kha nang nhan di¢n cac cam xuc manh

mé va dong.

Vi¢ce st dung FER2013 va CK+ dam bao mo hinh dugc huin luyén trén du li¢u da
dang va tiéu chuan, pht hop dé danh gia kha ning tong quat hoa. Tuy nhién, do cac
bd dir liu nay chu yéu duoc thu thap tir cac doi tuong quéc té, chung c6 thé khong
phan anh déy du cac dac trung biéu cam vin hoa dic thu cia hoc sinh Viét Nam, diéu

nay dugc xem xét nhu mot han che can giai quyét trong cac nghién ctru tuong lai.
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Hinh 3. 1 Hinh dnh mé ta vé dir liéu FER2013

3.3.2. Tién xir Iy dir liéu

Giai doan tién xir 1y dit liéu dong vai trd quan trong trong viéc dam bao chat lugng
dau vao cho mo hinh, giam thiéu nhiéu va ting cuong kha ning thich nghi véi cac
diéu kién thyc té trong moi trudng gido duc. Cac k¥ thuat tién xtr 1y duoc ap dung
mot cach hé thong dé chudn hoa dit liéu va cai thién hiéu suit mo hinh..

1.  Phit hi¢n va Cit ving khudn mit

K§ thuat Haar Cascade dugc sir dung dé phat hién va cat chinh x4c ving khuén
mat trong cac hinh anh tr FER2013 va CK+. Phuong phap nay tan dung cac dic trung
hinh hoc Haar-like, két hop véi thuat toan AdaBoost, dé xac dinh nhanh vung khuon
mit véi tée d6 xir Iy trung binh khoang 32ms mdi khung hinh. Sau khi phat hién, cac
hinh anh khuén mat dugc can chinh ty dong (xoay, diéu chinh ty 1€) dé chuén hoa vi
tri cac ddc trung quan trong nhu mat, mili va miéng, dam bao tinh nhat quan trong
qua trinh trich xuét dic trung.

2. Chuan hoa hinh dnh



41

Tat ca hinh anh dugc chuan hoa vé kich thudc 48x48 pixel va chuyén doi gia

tri pixel sang khoang [0, 1] bang cach chia cho 255.0. P6i voi dit liéu video tir CK+,

céc khung hinh dugc trich xuat véi tbe d6 10 khung hinh/giay, sir dung k thuat phat

hién thay doi canh (scene change detection) dé tap trung vao cac khung hinh chira

thong tin cam xac moéi. K¥ thuat chuan hoéa do twong phan thich ung cuc bo

(CLAHE) dugc ap dung dé cai thién chat lugng hinh anh trong diéu kién anh sang

yéu, dic biét quan trong ddi v6i cac hinh anh tir FER2013 vén c6 nhiéu dang ké.

3.

Téang cuwong dir lieu (Data Augmentation)

Dé mo rong tap huan luyén va cai thién kha ning tong quat hoa, k¥ thuat ting

cuong dir liéu dugc ap dung thong qua ImageDataGenerator trong TensorFlow Keras.

Céc phép bién d6i bao gdom:

Xoay ngau nhién (+20 do) dé mo phong cac goc chup khac nhau.

Dich chuyén chiéu rong va chiéu cao (0.2) dé tang tinh bat bién voi sy di
chuyén ctia khudn mit.

Phéng to/thu nhé dé xir 1y cac khoang cach camera khac nhau.

Lat ngang anh dé ting tinh da dang dir liéu.

Thém nhiéu Gaussian nhe dé tang kha ning chong nhiéu ctia mé hinh. Nhiing
ky thuat nay gitip giam hién tugng qua khdp (overfitting), dac biét khi lam
viéc v6i FER2013, noi su mét cin bang gitta cac 16p cam xuc c¢6 thé anh hudng
dén hiéu suit mo hinh. Pbi véi CK+, tang cuong dir li¢u tap trung vao viéc
mo phong cac diéu kién 4nh sang va goc quay dé thich nghi véi cac tinh hudng

thuc té.

4. Xirly dir liéu video

Dai véi dit liéu CK+, cac chudi video duoc xtr Iy dé trich xuat cac khung hinh

lién quan dén dinh diém cua bi€u cam cam xuc, vi day 1a cac khung chira thong tin

phong phti nhat. Cac khung hinh dugc loc nhiéu bang bd loc 1am min (smoothing)

dé giam thiéu tic dong tir chat luong camera thap. Ngoai ra, thuat toan cin chinh

khuon mat dya trén cac diém méc (landmark-based alignment) duogc ap dung dé dam
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bao dinh vi chinh xac céc dac trung khuén mat, ho trg mo hinh hoc cac mau bi¢u
cam dong.

5. Phan chia dir li€u

Dt liéu tor FER2013 dugc chia theo ty 1¢ chuan: 80% cho huin luyén, 10%
cho xac thuc va 10% cho kiém tra. P6i véi CK+, cac chudi video duoc chia ngiu
nhién, v&i 80% cho huén luyén va 20% cho xac thuc, ddm bao tinh ngau nhién va dai
dién. Viéc phan chia dugc thuc hién can than dé tranh sy chéng chéo gitra cac tap,
dong thoi st dung k¥ thuat x4o tron dir liéu (data shuffling) trudc mdi epoch dé ting
tinh ngiu nhién trong qua trinh huan luyén.

3.4. Huén luyén va t6i wu hoa mé hinh

3.4.1. Kién triic md hinh CNN

CNN duoc thiét ké cn than dé dat duoc su can béng tdi wu gitta d0 chinh xéc trong
nhan dién cam xuc va hiéu suat tinh toan, dic biét phit hop véi cac thiét bi phan cing
co ban thudng thdy trong mdi trudng gido duc Viét Nam. Mo hinh duoc xdy dyng
dua trén céc yéu cau cu thé cta dé 4an: nhan dién bay cam xuc co ban (vui vé, budn
ba, tirc gian, ngac nhién, s¢ hai, ghé tdém, trung 1ap) voi do chinh xac tdi thiéu 70%
trén cac bo dir liéu FER2013 va CK+, dong thoi dam bao téc do xur 1y dudi 50ms mdi

khung hinh dé hd trg mg dung thoi gian thuc.
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Input: 48x48x3
RGB Image

l

Conv1: 32 filters
3x3, ReLU, stride=1
Output: 46x46x32

l

BN1: BatchNormalization
Output: 46x46x32

l

Pool1: MaxPooling2D
2x2, stride=2
Output: 23x23x32

|

Conv2: 64 filters
3x3, ReL U, stride=1
Output: 21x21x64

l

BN2: BatchNormalization
Output: 21x21x64

l

Pool2: MaxPooling2D
2x2, stride=2
Output: 10x10x64

|

Conv3: 128 filters
3x3, ReLU, stride=1
Output: 8x8x128

|

BN3: BatchNormalization
Output: 8x8x128

l

Pool3: MaxPooling2D
2x2, stride=2
Output: 4x4x128

l

Flatten
Output: 2048

|

Dense1: 128 units
RelLU
Output: 128

l

Dense2: 7 units
Softmax
Output: 7

l

Output: 7 classes
happy, sad, angry, surprise,
disgust, fear, neutral

Hinh 3. 2 So' d6 Kién tric chi tiét cia md hinh CNN trong nhén dién cam xiic



44

Mo hinh duoc xay dung dudi dang chudi (Sequential) va bao gdm ba khdi tich chap
chinh, mdi khdi dugc cau trac theo mot chudi cac 16p duge tdi uu hoa cho bai toan

nhan dién cam xuc:

. T?lng Conv2D: St dung kernel 3x3 v&i ham kich hoat ReLU. So lugng bo loc
tang dan qua cac khi (32, 64, 128) dé hoc cac dic trung tir don gian (canh,
duong vién) dén phirc tap (khu vuc mat, miéng, hodc biéu cam tong thé). Tham
sd padding='same' dugc ap dung & khdi dau tién dé giit nguyén kich thudc
khong gian, dam bao thong tin khong bi mat khi trich xuat dic trung.

« BatchNormalization: Pugc tich hop ngay sau mdi ting Conv2D dé chuan
héa diu ra, giam thiéu hién tuong tri¢t ti€u/bung nd gradient, cai thién tdc do
hoi tu va ting kha niang tong quat hoa. Lép nay dic biét quan trong trong viée
6n dinh huan luyén trén cac bo dir liéu nhu FER2013, von c6 nhiéu va sy mat
can bang gitta cac 16p.

o MaxPooling2D: Kich thudc pool 2x2 véi stride 2, giam kich thude khong
gian ctia ban d dic trung, giup giam sb luong tham sd, tiét kiém tai nguyén
tinh toan va tang tinh bat bién vdi cac dich chuyén nho. Piéu nay dam bao mé

hinh hoat dong hiéu qua trén cac thiét bi CPU pho bién tai cac truong hoc.

Sau ba khéi tich chap, dir liéu dugc chuyén ddi thanh mot vector mot chiéu bﬁmg tﬁng

Flatten. Vector ndy sau d6 dugc dua qua hai ting Fully Connected (Dense):

. T@ing an (Dense): GOm 128 no-ron véi ham kich hoat ReLU, ¢6 nhiém vu hoc
cac mdi quan hé phi tuyén phirc tap gitra cac dic trung cip cao. Dé chéng qua
khép, dac biét voi dir liéu FER2013 ¢6 su mét can béng, tﬁng Dropout voi ty
1& 0.5 dugc 4p dung, ngau nhién vo6 hiéu héa mot phén no-ron trong qua trinh
huin luyén, budc mé hinh hoc cac dac trung manh mé hon.

« Téng diu ra (Dense): Gom 7 no-ron, twong tmg voi 7 16p cam xuc, st dung

ham kich hoat Softmax dé tao phan phdi xac suét cho ting 16p. Him mat mat
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categorical cross-entropy dugc sir dung dé t6i vu hoa phan loai da 10p, dic biét

hiéu qua khi xir 1y cac 16p c6 phan bd khong dong déu.

Tong s6 tham s6 ctia mo hinh 1a khoang 700.000, di nho gon dé trién khai trén phan
cling co ban ma van dam bao d6 chinh xac mong mudn (68-74% trén FER2013 va
CK+). Kién trac ndy duogc lwa chon sau khi thir nghiém nhiéu cau hinh, can nhéc gitta
d6 sau mo hinh, tai nguyén tinh toan va yéu cau thoi gian thyc trong méi trudng gido

duc.

3.4.2. Qua trinh huén luyén

Qua trinh huén luyén duoc thiét ké k§ ludng dé dat hiéu suét tdi wu, kha ning tong
quat hoa cao va kiém soat chit ché hién tuong qua khdp, dac biét trén cac bo dir li¢u
FER2013 va CK+.

Céu hinh Huén luyén: M6 hinh sir dung thuat toan toi wu Adam véi learning rate
ban dau 1a 0.001, gitip hoi tu nhanh chong va hiéu qua nhd kha nang diéu chinh
learning rate thich nghi. Ham mét mat categorical cross-entropy dugc chon, phi hop
cho phan loai da 16p v6i nhan one-hot. Batch size 32 can bang toc do va do on dinh
gradient. M6 hinh dugc huan luyén trong 15 epoch.

Kiém soat Qua khép va Téi wu héa: Pé ngin chin quéa khép, Early Stopping duoc
tich hop, dimg huin luyén khi val loss khong cai thién, tiét kiém tai nguyén.
ModelCheckpoint ty dong luu phién ban mé hinh ¢6 val loss thip nhat.

Ting cwong dir li¢u (Data Augmentation): dugc ap dung truc tiép trong qua trinh
huén luyén thong qua ImageDataGenerator ctia TensorFlow Keras [7]. Cac phép bién
d6i nhu xoay, dich chuyén, cat, phong to/thu nho, va 1at ngang gitip tao ra nhiéu phién
ban anh, 1am giau dir liéu va giam manh nguy co qua khép, cai thién kha niang tong
quat hoa trén dir liéu thuc té.

T6i wu héa Sau Huin luyén va Panh gia :Sau huin luyén, mo hinh dugc luong tir

hoa tir float32 sang int8 bang tf.lite. TFLiteConverter. K§ thuat nay giam dang ké kich
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thudc mo hinh va ting toc d6 suy luan, cho phép trién khai hiéu qua trén phan cimg
co ban.

Ngoai ra, cac k¥ thudt nhu learning rate decay va L2 regularization dugc can
nhic ap dung dé cai thién hoi tu va kiém soat do phuc tap mo hinh. Kich thudc batch
duoc thu nghiém (16, 32, 64) dé tim sy can béing tdi wu. Data shuffling trudc moi
epoch dam bao tinh ngdu nhién. Validation split (20%) gitp theo ddi val loss va
val accuracy khach quan. Hiéu suat mé hinh duoc kiém tra riéng biét trén FER2013
dé danh gia kha nang thich nghi véi biéu cam vin hoa va tong quat hoa trén dir lidu
chuan qudc té. Cudi cing, cic checkpoint duoc lwu dwa trén ca val loss va
val accuracy, cung cép su linh hoat trong vi¢c lya chon mo hinh tdi wu.

3.5. Thir nghiém va danh gia
3.5.1. Thir nghiém thuyc té

Giai doan thtr nghiém thuc té 13 then chdt dé xac minh tinh kha thi va hiéu qua caa
hé théng trong méi trudng 16p hoc phire tap. Hién tai, thar nghiém chu yéu duogc tién
hanh tai mot truong dai hoc, sir dung camera san c6 hoic video duge thiét lap dé kiém
so4t bién s6 moi trudng.

Haar Cascade (v6i cac tham sé di tinh chinh) duoc sir dung dé phat hién
khuon mit nhanh chéng. Ngay sau d6, mé hinh CNN d4 huan luyén s& phan loai cam
xic va hién thi két qua trong vong 50ms (predict emotion tflite hodc
predict_emotion), ddm bao phan hoi tirc thoi.

Phan hdi dinh tinh tir gido vién duoc thu thap qua phong van va khao sat,
khong chi danh gié tinh hiru ich ma con so sanh v6i nhan dinh ctia chuyén gia tam ly
dé dam bao tinh chinh xac va ing dung su pham.

Thir nghiém dugc mé rong trong nhiéu tinh hudng hoc tap da dang (giang
ly thuyét, hoat dong nhom, thuyét trinh, kiém tra) dé danh gia kha ning nhan dién
cam xuc dudi cac tac dong tim 1y khac nhau. Hé thong dugc trién khai trén nhiéu loai
thiét bi phan ctmg pho bién tai cac trudng hoc Viét Nam (PC, laptop, may tinh bang)

dé kiém tra tinh twong thich va hiéu suat 6n dinh. Thoi gian xir Iy trung binh dugc
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ghi nhan chi tiét theo cac diéu kién anh sang khac nhau dé dam bao yéu cau thoi gian
thuec.

Giao dién hién thi truc quan (biéu do cam xtic theo thoi gian thyc va tong hop)
dugc tich hop dé hd tro gido vién theo ddi dong thai cam xuc cua 16p/timg hoc sinh,
gitip diéu chinh phwong phap giang day kip thoi. Dir lidu dinh tinh tir hoc sinh vé
muc do thoai mai va su chép nhan cling dugc thu thap dé dam bao hé théng khong
gay ap luc hodc xdm pham quyén riéng tu.

Cudi cung, két qua thir nghiém cua hé thdng duge so sanh véi cac cong cu
nhan dién cam xuc thuong mai hi¢n c6 dé danh gia tinh canh tranh va uu diém trong
bdi canh giao duc Vi¢t Nam, dac biét 1a kha nang thich nghi voi dac diém van hoa
dia phuong.

3.5.2. Panh gia hi¢u qua

Danh gia hiéu qua cua hé théng nhan dién cam xuc dugc thuc hién mot cach toan
dién, bao gdm phan tich dinh lwong dua trén cac chi sb hiéu suit tiéu chuan va phan
tich dinh tinh tir phan hoi cia ngudi ding cudi. Phuong phap ndy dam bao danh gia
khach quan vé kha ning k¥ thuat cia mé hinh, dong thoi xem xét tinh (mg dung thuc
tién va sy chap nhan trong méi trudng gido duc.

3.5.2.1. Cac Chi s6 Panh gia Pinh luwong

Céac chi sb dinh lugng chinh dugc st dung dé danh gia hiéu suét phan loai cia mé
hinh bao gém: Accuracy (do chinh xac téng thé), Precision (46 chinh xac cua cac du
doén duong tinh), Recall (d0 bao phu hay do nhay, kha nang nhan dién ding cac
truong hop duong tinh), va Fl-score (trung binh diéu hoa cta Precision va Recall,
dic biét quan trong voi cac 16p dir liéu khong can bang). Ngoai ra, Confusion Matrix
(ma tran nham 14n) duoc str dung dé cung cap cai nhin chi tiét vé cac 16i phan loai
gitra cac l6p cam xuc.

3.5.2.2. Phan tich Két qua trén cac B§ Dir liéu Tiéu chuin va Noi dia
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Pé danh gia kha ning tong quat hoa va tinh thich nghi ctia mé hinh trong cac diéu
kién khac nhau, hé théng dugc thu nghiém trén ba bg dir liéu chinh: CK-Dataset,
FER2013 tur video 16p hoc tai mdt truong dai hoc.

3.5.2.2.1. Phan tich két qua trén dir liéu FER2013

Phén tich Loss va Accuracy:

e Biéu dd "Training and Validation Metrics" (Hinh 3.3) minh hoa su bién thién
ciia Loss va Accuracy trong qua trinh huan luyén mé hinh trén bd dir liéu
FER2013. Vi cac dudng biéu dién Loss va Accuracy qua 14 epoch. Loss giam
dan tir 1,75 xuéng dudi 1,25, trong khi Validation Loss giam tir mirc tuwong tu
xudng gan 1,0, cho thay kha ning hoc tot ciia mo hinh, nhd higu qua cia
BatchNormalization trong viéc on dinh huén luyén. Song song d6, Accuracy
tang tor 0,25 1én gén 0,75, va Validation Accuracy tur duoi 0,25 1én 0,5-0,6,
chirng minh mo hinh hoc tdt cac dic trung cam xuc va dat do chinh xac 65,3%
nhu da ghi nhan.

e Tuy nhién, khoang cach gitra Training va Validation Loss/Accuracy, dac bi¢t
v6i dao dong cua Validation tir epoch 6-14, phan anh hién twong qua khop nhe,
khi mé hinh hoc qua muc trén dir liéu huan luyén va gip kho khin trong tong
quat hoa, lién quan dén nham lan giira "sadness" va "neutral". Ky thuét ting
cuong dit liéu, nhu xoay va 1at anh, gép phan giam anh huong cua nhiéu trong
FER2013, nhung khoang cach giita hai duong Validation van cho thay hiéu

qua chua toi uu.
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Training and Validation Metrics
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— Loss
— Validation Loss
1.00 4 —— Accuracy
— Validation Accuracy
0.75 A
0.50 1
025 1 /\/—‘_‘\/\/\
0 2 4 6 8 10 12 14

Hinh 3. 3 Biéu dd Loss va Accuracy - FER2013

Dtr ligu FER2013, voi 28.709 hinh anh thudc 7 loai cam xuc, 1a mot trong
nhitng bo dir liéu tiéu chuan duge st dung dé kiém tra kha ning téng quat hoa cia
m6 hinh. Biéu @6 Théng ké cam xuc trong Video cung cap cai nhin chi tiét vé phan
bd cam xtc tir md hinh nhéan dién trén dit liéu hudn luyén tir FER2013, voi tong sd
215 khudn mit dugc phat hién. Phan tich nay tap trung 1am rd hiéu suat phan loai cta
mo hinh, phan anh kha nang hoc va ap dung trén dir li¢u thuc té, dé)ng thoi lién két

v6i luan diém veé ung dung gido duc Viét Nam.

Théng ké cam xuc trong Video: 2025050512301.mp4
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Cam xuc
Téng s6 phét hién: 215

Hinh 3. 4 Biéu dd tan suit cac cam xic duge dy don trong video 16p hoc, sir dung
mo hinh TFLite — FER2013
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Biéu d6 cho thay su phan hoa rd rét giita cac cam xuc, véi "fear" chiém wu thé
tuyét d6i & 80,9% (174 luot), tiép theo 1a "surprise" véi 18,1% (39 luot), trong khi
cac cam xuc khac nhu "happy" (0,9%, 2 luot), "sad", "angry", "disgust", va "neutral"
gan nhu khong xuét hién (0%). Xu huéng niy phan anh kha ning hoc ctia mo hinh
trén FER2013, noi cac dic trung cua "fear" va "surprise" ¢6 thé di dugc nhidn manh
do dic diém dit liéu, nhung cling dat ra cau héi vé tinh téng quat hoa, dac biét khi
"happy" va "neutral" — nhitng cam xiic pho bién trong 16p hoc — bi phan loai rat thap.
Diéu nay lién quan dén han ché di ghi nhan trong dé an, nhu nham 14n giita "sadness"
va "neutral", ¢ thé do mat cin bang dit liéu hodc nhiéu trong FER2013.

Sy chiém wu thé cua "fear" (80,9%) so véi tong sd khuon mit (215) cho thay
mo hinh ¢6 xu huéng du doan qua muc cam xuc ndy, ¢ thé do cac dic trung khudn
mat trong video twong dong voi "fear" trong dir liéu huan luyén. Trong khi do,
"surprise" (18,1%) bd sung mot phan cam xuc tich cyc, nhung ty 1¢ thap cta "happy"
(0,9%) lai mau thuan véi ky vong trong méi trudng gido duc, goi y rang mo hinh
chua hoan toan thich nghi véi béi canh thuc té Viét Nam. Ky thuat ting cuong dit
lidu (xo0ay, lat, phong to/thu nhd) dudong nhu da giap mé hinh nhén dién "fear" va
"surprise", nhung hiéu qua chua di dé can bang cac cam xtc khac, nhu da dé cap
trong cac phan tich trude.

Hon nita, sy vang bong gan nhu hoan toan cuia "sad", "angry", "disgust", va
"neutral" (0%) cho théy han ché trong viéc phan biét cac cam xuc tinh té, co thé xuat
phat tir dac diém mét can bang ctia FER2013 hoic diéu kién 4nh sang khong dong

déu trong video.

Bén canh d6, Hinh 3.5 minh hoa mét khung hinh mau tir FER2013 duoc phan tich
trén trang web, voi cac khudn mat dugc bao quanh boi hdp gidi han mau xanh va

nhan cam xtic nhu "fear" hodc "happy" duoc hién thi. Hinh anh nay khong chi ching



51

minh kha nang phat hién va phan loai chinh x4c cia m6 hinh ma con khang dinh su

on dinh khi trién khai trén giao dién web.

M Video da phan tich

Hién thi cac khung hinh dai dién tif video da phan
tich

Hinh 3. 5 Khung hinh video 16p hoc v6i khuon mit duwge phat hién va nhan cam xuc

du doan bing mé hinh TFlite

Hinh anh cho théy k¥ thuat ting cudng dit lidu (xoay, 1at) ttr FER2013 di hd trg md
hinh thich nghi v&i goc quay nghiéng, nhung hiéu qua chua du dé can bang cac cam
xtc nhu "happy" hoidc "neutral", von quan trong trong gido duc. Su chiém wu thé cua
"fear" c6 thé phan anh trang thai cing thang cua hoc sinh, nhung ty 18 thip cia
"happy" (0,9%) mau thuin véi ky vong trong 16p hoc. Hon nita, anh sang khong dong
déu trong hinh anh c6 thé gdp phan vao viéc dy doan qua muc "fear", nhu da ghi nhan

trong han ché anh sang.

Phan tich Bdo cdo phan loai: Bang bdo cdo dugc tao ra tr qué trinh xtr ly video
bang mo hinh TFLite trén trang web, cung cap thong tin chi tiét vé ty 18 (%) va sb
luong cac cam xuc duoc phat hién, cing véi danh gid tong quat vé muc do tich cuc

va tiéu cuc. Phan tich dudi day s€ tap trung vao céac khia canh chinh: phan bo cam
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xuc, chi s6 trung tinh, va danh gia tong thé, nham lam rd hi€u suat moé hinh va ho tro

luan diém vé tng dung giao duc.

® Cam xic @ Tyle(%) # 86 lugng Jill Mt & £ Nhém

® Happy ( 0.9% o il Thép & Tich cyc
Sad 0.0
Angry 0.0

® Surprise [ 3 181% o W Tich cyc
Disgust 0.0

® Fear [ I m Cao " Tiéu cuc

Neutral

® Tich cyc: 191% © Trung tinh: 0.0% © Tiéu cyc: 80.9%

Hinh 3. 6 Bdo c4ao phan loai dang - FER2013
1. Phan b6 Cam xiic va Ty 1¢ Phan loai

nn

Béang bdo cdo liét ké 7 loai cam xuc chinh: "Happy", "Sad", "Angry", "Surprise",
"Disgust", "Fear", va "Neutral", cung voi cac chi sb ty 1¢ (%) va ) luong (56 luot
phat hién). Cac két qua cy thé nhu sau:
e Happy: 0,9% (2 lugt), dugc danh gia & mirc "Thap".
e Sad: 0,0% (0 luot), khong c6 khudén méat nao dugc phat hién voi cam xuc nay.
e Angry: 0,0% (0 lugt), khong c6 khuén mat nao dugc phat hién vdi cam xuc
nay.
e Surprise: 18,1% (39 lugt), dugc danh gid & muc "Trung binh".
e Disgust: 0,0% (0 Iugt), khong c6 khudén mat nao duge phat hi¢n vdi cam xtc
nay.
e Fear: 80,9% (174 luot), dugc danh gid & muac "Cao".
e Neutral: 0,0% (0 luot), khong c6 khuén mat nao dugc phan loai vdi trang thai

trung tinh..

Téng cong, mo hinh da phan tich 215 khuon mat, véi ty 1€ cam xuc tich cuc dat
19,1%, ty I¢ trung tinh 14 0,0%, va ty 1€ cam xuc ti€u cuc dat 80,9%. Phan bd nay cho

thay su chiém uu thé ctia cam xuc tiéu cuc ("Fear") so voi cam xtc tich cuc ("Happy",
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"Surprise"), trong khi cac cam xuc nhu "Sad", "Angry", "Disgust", va "Neutral"
khong xuat hién.

2. DPanh gia hiéu suat va han che.

Két qua phan loai cho thdy moé hinh TFLite c6 kha ning phat hién "Fear" va
"Surprise" rd rang, v6i s6 lugt phat hién cao (174 va 39 luot twong Gmg). Tuy nhién,
sur véng bong hoan toan cua "Sad", "Angry", "Disgust”, va "Neutral" (0,0%) dat ra
cau hoi vé kha nang nhan dién cac cam xuc tinh t& hodc pho bién trong 16p hoc, lién
quan dén han ché da ghi nhan trong dé an, nhu nham 13n gitra "sadness" va "neutral",
c6 thé do mét can bang dit liéu FER2013 hoic anh sang khong dong déu trong video.
Ty 1 cao cta "Fear" (80,9%) so voi "Happy" (0,9%) c6 thé phan anh trang thai cang
thang ctia hoc sinh, nhung ciing cho thdy mé hinh dy doan qua mirc cam xiic tiéu cuc,
mot han ché can xem xét ki ludng.

3. Danh gia mirc do hing tha

Duya trén ham evaluate engagement, cam xuc tich cuc ("Happy", "Surprise",
"Neutral") dugc tong hop dé tinh ty 1¢ himg thu, trong khi cam xuc tiéu cuc ("Sad",
"Angry", "Fear", "Disgust") phan anh muc d§ khong hing thu. Véi ty 1€ tich cuc
19,1% va tiéu cuc 80,9%, két qua cho théy hoc sinh trong video ¢6 xu hudng khong
htng thu hodc cing thang trong gio hoc. Su vang bong "Neutral" (0,0%) lam giam
kha ning d4nh gia trang thai trung 1ap — mot phan quan trong trong 16p hoc — goi y

rang mo hinh can cai thi€n nhan dién cac trang thai nay.
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@ Danh gia mic 4 hing thu

Téng sé cam xtc hgp 1é phat hién:
215. Ty 1é cam xuc tich cuc (Happy,
Surprise): 19.07%. Ty |é cam xuc
tiéu cuc (Sad, Angry, Fear, Disgust):
\ 80.93%. Ty |é cam xuc trung tinh:

27.2% 0.00%. Banh gia chung: Hoc sinh c6
xu hudng khéng hiing thu hoac cé
cam xuc tiéu cuc.

Happy: 0.9% Surprise: 18.1%

Fear: 80.9%

Hinh 3. 7 Panh gia mirc d§ hirng thu
Hinh anh bang bao céo ciing cung cap thong tin truc quan qua mau sic (xanh cho tich
cuc, do cho ti€u cuc), gitip lam rd sy phan hoa gitra cac cam xuc. biéu nay hd trg
gido vién trong viéc nhanh chong nhan dién trang thai chung ctia 16p hoc, mic du can
bo sung thém dir 1iéu dé x4c nhan tinh dai dién cta két qua.

3.5.2.2.2. Phan tich Két qua trén Dir liéu CK+

8
/\ — Loss
/ '\
7 - / L —— Validation Loss
N/ —— Accuracy
6 ™ —— Validation Accuracy
\.
5 T \\\
\\‘
4 4 N
N
N\
N—
3 \
2 -
1-
0 -
T T T T T T T T
0 2 4 6 8 10 12 14

Hinh 3. 8 Biéu @6 Loss va Accuracy - CK+

Phén tich Loss va Accuracy:
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Bi€u d6 Training and Validation Metrics cung cap cai nhin chi tiét vé hiéu suat huan
luyén cia m6 hinh nhan dién cam xuc trén dir liéu CK+, voi cac duong biéu dien

Loss (Training va Validation) va Accuracy (Training va Validation) qua 14 epoch.

Biéu d6 cho thay dudng Loss (mau xanh duong) giam tir khoang 7,0 xudng gan 3,0
qua 14 epoch, trong khi Validation Loss (mau cam) giam tir mirc tuong ty xuéng
khoang 4,0, phan anh kha nang hoc tot ciia mo hinh khi t6i wu hoa dy doan trén dir
liéu CK+. Sy giam Loss, du con dao dong & Validation Loss, cho théiy hi€u qua cua
BatchNormalization trong viéc 6n dinh huan luyén, nhu di dé cap trong dé an. Song
song d6, Accuracy (mau xanh 14) va Validation Accuracy (mau do) ting dan, véi
Accuracy khoi dau tir gﬁn 0,0 va dat khoang 1,0, trong khi Validation Accuracy tang
tir 0,0 1én khoang 0,5-0,7, phu hop voi do chinh xac trung binh 72,1% da ghi nhan
trén CK+. DPiéu nay ching minh mo hinh hoc tdt cac dac trung biéu cam dong cua

CK+, dac biét véi cac cam xuc manh mé.

Tuy nhién, khoang céach gitra Training Loss va Validation Loss, cung sy dao dong
cua Validation Loss tir epoch 6 tré di, goi y hién twong qua khép nhe, khi mo hinh
hoc qué muc trén dir liéu huin luyén ma chua hoan toan thich nghi véi dir li¢u kiém
tra. Tuong tu, Validation Accuracy ting cham hon va thap hon Training Accuracy,
phan 4nh han ché trong tong quét hoa, c6 thé lién quan dén su phirc tap cua cac giai
doan chuyén tiép cam xitic trong CK+, nhu nham 1an gitra "disgust" va "angry" da ghi
nhan. Ky thuat ting cuong dit liéu (xoay, 1at, phong to/thu nhd) dudng nhu da ho trg
mo6 hinh nhan dién cac biéu cam dong, nhung hiéu qua chua di dé giam thiéu hoan

toan cac sai léch.

Phén tich ndy, khing dinh mo hinh dat hiéu suat t6t trén CK+ véi Loss giam va

Accuracy tang, dat mtc 72,1%.
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Théng ké cam xuc trong Video: 2025050512301.mp4

192
(89.3%)

S6 lan xuat hién

S
\@QQ

2%
%

Cam xic
Téng s6 phat hién: 215

Hinh 3. 9 Biéu d6 tan sudt cic cim xiic dwgce dw dodn trong video I6p hoc, siv dung mé
hinh TFLite — CK+
Biéu d6 Théng ké cam xtc trong video cung cap cai nhin chi tiét vé phan bd cam xuc
tr mo hinh nhén dién hun luyén trén dir li¢u CK+, khi ap dung vao video 16p hoc

thuc té vai téng s6 215 khudn mat duge phat hién.

Biéu d6 cho thay sy phan héa rd rét giira cac cam xuc, voi "sad" chiém uu thé ¢ 89,3%
(192 luot), tiép theo 1a "angry" vai 4,7% (10 luot), va "happy" v6i 2,8% (6 lugt). Cac
cam xuc khéac nhu "surprise" (0,9%, 2 luot), "disgust" (0,5%, 1 luot), "fear" (0,9%, 2
luot), va "neutral" (0,9%, 2 lugt) xuat hién vai ty 18 rat thip. Xu hudng nay phan anh
kha nang hoc ciia moé hinh trén CK+, noi céac biéu cam manh mé& va dong nhu "sad"
va "angry" c6 thé da dugc nhin manh, nhung ciing dit ra cau hoi vé tinh tong quat
hoa khi ap dung vao video thuc té. Diéu nay lién quan dén han ché di ghi nhan, nhu
nham 14n gitta "disgust" va "angry", do dic diém chuyén tiép cam xuc phirc tap trong

CK+.

Sy chiém vu thé cta "sad" (89,3%) so véi tong s6 khuon mit (215) cho thady mé hinh
¢6 xu huéng du doan qua mirc trang thai nay, c6 thé do cac dic trung khudn mit
trong video 16p hoc twong déng véi "sad" trong dir liéu hudn luyén CK+, hoic do
diéu kién anh sang va goc quay anh huong dén nhan dién. Trong khi dé, "happy"

(2,8%) va "neutral" (0,9%) xuét hién rat thap, mau thun véi ky vong trong moi



57

truong hoc tap tich cuc, goi ¥ rang mé hinh chua phan anh day du trang thai hoc sinh
Vi¢t Nam. K¥ thuét ting cuong dir li€u (xoay, 1at, phong to/thu nhd) tir CK+ dudng
nhu d4 hd tro nhan dién cac biéu cam dong, nhung hiéu qua chua du dé can bang cac

cam xuc tich cuc, nhu da dé cap trong cac phan tich trudc.

Hon nita, ty 1& thdp cta "surprise”, "disgust", "fear", va "neutral" (tong cong dudi
3%) cho thdy han ché trong viéc phan biét cac cam xtc tinh té, c6 thé do su khac biét
gitta dir liéu CK+ (chat lugng cao, biéu cam rd rang) va diéu kién thuc té trong video

(4nh sang khong dong déu, goc quay nghiéng).

M Video da phan tich

Hién thj cac khung hinh dai dién tif video ¢a phan
tich

Hinh 3. 10 Khung hinh video 16p hoc véi khuén méat duwgc phat hién va nhan cam xic
dw doin biang md hinh Tflite — Ck+
Hinh anh cung cap cai nhin tryc quan vé qua trinh phén tich cam xtic tir video 16p
hoc béng mé hinh nhan dién huan luyén trén dir liéu CK+.
Céc khung hinh cho thiy mé hinh TFLite da phat hién thanh cong khudén mat

cua hoc sinh trong 16p hoc, voi cac hdp gidi han mau xanh bao quanh khuén mat,
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phan anh hiéu qua cta k¥ thuat Haar Cascade trong budc tién xir 1y, dat toc d6 khoang
32ms/khung nhu da dé cap trong dé 4n. Sy hién dién cta nhiéu hoc sinh trong cac
goc quay khac nhau, tir phia trudc dén goc nghiéng, minh hoa kha nang thich nghi
ctia mé hinh véi diéu kién thuc té, dic biét khi ap dung trén video.Tuy nhién, do nhan
cam xuc khong duoc hién thi trong hinh (co thé do bi 4n trong giao dién), kho xac
nhan truc tiép su phan loai "sad" (89,3%), "angry" (4,7%), va "happy" (2,8%) tur biéu
d6 tan sudt trude do, goi ¥ can cai thién giao dién dé minh bach hon.

Anh sang khong ddng déu trong cac khung hinh, véi mét s6 khu vuc tdi va
phan chiéu, c6 thé anh huong dén do chinh x4c nhan dién, lién quan dén han ché da
ghi nhan. Piéu nay cung cb luan diém rang diéu kién méi trudng thyc té, nhu goc
quay va anh sang, déng vai tro quan trong trong hiéu suat mé hinh, dic biét khi "sad"
chiém wu thé (89,3%) trong biéu do, ¢ thé phan anh trang thai hoc sinh dudi ap luc.
Hon nita, sy hién dién cta nhiéu khudén mat trong moi khung hinh cho théy mo hinh
xur 1y tot khoi luong 16n dir liéu thoi gian thuc, dat dudi 50ms/khung hinh, phii hop
v6i phan cimg co ban tai truong hoc Viét Nam.

B4o cdo phan loai:

® Camxic € Ty (%) # S8 lugng il Mic a5 < Nhém

® Angry (] 47%
® Surprise 0.9%
® Disgust 05%

S Fear 0.9%

&

®  Neutral 0.9%

® Tich cyc: 3.7% ® Trung tinh: 0.9% ® Tiéucyc: 1.4%

Hinh 3. 11 Bdo cdo phan logi dang - Ck+
Phan b6 Cam xiic va Ty 1¢ Phan loai
Béang bdo cdo liét ké 7 loai cam xuc chinh: "Happy", "Sad", "Angry", "Surprise",
"Disgust", "Fear", va "Neutral", cung voi cac chi sb ty 1¢ (%) va ) luong (56 luot
phat hién). Két qua cu thé nhu sau:

e Happy: 2,8% (6 luot), dugc danh gia & mic "Thap".
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e Sad: 89,3% (192 luot), dugc danh gid & muac "Cao".

e Angry: 4,7% (10 luot), duoc danh gia & muc "Thap".

e Surprise: 0,9% (2 luot), dugc danh gia & muc "Thép".
e Disgust: 0,5% (1 luot), dugc danh gia & muc "Thép".

e Fear: 0,9% (2 luot), dugc danh gia & muc "Thép".

e Neutral: 0,9% (2 luot), dugc danh gid & muc "Th?ip".

Téng cong, mo hinh da phan tich 215 khuén mat, véi ty I¢ cam xuc tich cuc dat 4,6%,
ty 18 trung tinh 1 0,9%, va ty 1& cam xuc tiéu cuc dat 94,4%. Phan bd nay cho thiy
su chiém wu thé ctia cam xuc tiéu cuc ("Sad") so véi cam xuc tich cuc ("Happy",
"Surprise") va cac trang thai khac, trong khi "Disgust" va "Fear" xuat hién véi ty 1é

rat thap.

Panh gia Hi¢u suit va Han ché

Két qua phan loai cho thdy mé hinh TFLite nhan dién tot "Sad" va "Angry" véi sd
luot phat hién cao (192 va 10 lugt twong Gng), nhung su vang bong gan nhu hoan
toan cua "Surprise", "Disgust", "Fear", va "Neutral" (dudi 1%) dat ra cau hoi vé kha
nang nhan dién cac cam xtc tinh té trong 16p hoc, lién quan dén han ché nham 1in
gitta "disgust" va "angry" tu dir licu CK+. Ty 1€ cao cua "Sad" (89,3%) so véi
"Happy" (2,8%) c6 thé phan 4nh trang thai cing thang cta hoc sinh, nhung ciing cho
thidy mé hinh dy doan qua muc cam xtic tiéu cuc, c6 thé do anh huong cua anh sang
khong dong déu trong video, nhu da ghi nhan.

Danh gia Murc d¢ Hirng tha

Duya trén ham ‘evaluate engagement’, cam xuc tich cuc ("Happy", "Surprise",
"Neutral") dugc tong hop dé tinh ty 1& himg thu, trong khi cam xuc tiéu cuc ("Sad",
"Angry", "Disgust", "Fear") phan anh muc d§ khong hiing thu. Véi ty 1€ tich cuc
4.,6% va tiéu cuc 94,4%, két qua cho th?iy hoc sinh trong video c6 xu hudéng khong

htng thi hodc cing thang trong gid hoc. Su thap cta "Neutral" (0,9%) 1am giam kha
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ning danh gid trang thai trung 1ap — mot phan quan trong trong 16p hoc — goi y rang

mo hinh can cai thién nhan dién cac trang thai nay.

@ Danh gia mc d6 hing thu

Téng s6 cam xuc hgp 1é phat hién:
215. Ty & cam xuc tich cyc (Happy,
Surprise): 3.72%. Ty |é cam xuc tiéu
cuc (Sadness, Anger, Fear, Disgust,
Contempt): 1.40%. Ty Ié cam xuc
trung tinh: 0.93%. Banh gia chung:
Mtc dé hing thu & muc trung binh

74.5% hodc cam xuc da dang, khoé xac dinh
xu hudng ro rét.

Happy: 2.8% Sad: 89.3%
Angry: 4.7% Surprise: 0.9%
Disgust: 0.5% Fear: 0.9%
Neutral: 0.9%

Hinh 3. 12 Danh gia mirc dj hirng thu
Hinh anh bang bao céo ciing cung cap thong tin truc quan qua mau sic (xanh cho tich
cuc, do cho ti€u cuc), gitip lam rd sy phan hoa gitra cac cam xuc. biéu nay hd trg
giao vién trong vi¢c nhanh chong nhan dién trang thai chung cua 16p hoc, mac du can
bo sung thém dir liéu dé x4c nhan tinh dai dién cta két qua.

3.5.2.3. Phan tich L§i Phan loai Thuong gip

Pé hiéu rd hon vé hiéu suét ctia mo hinh, viéc phan tich cac 18i phan loai thuong gip
1a can thiét nham x4c dinh nguyén nhan gdc ré va dé xuét cac giai phap cai tién. Dya
trén cac bao cdo phan loai cac 16i phan loai chinh dugc x4c dinh nhu sau:

Sw nham lin giira cic cam xic twong dong:

Trén bd dir liéu FER2013, md hinh c6 xu hudng nham 14n nhiéu cam xuc khéc (nhu
"happy", "neutral", "sad") thanh "fear" Piéu ndy dugc thé hién qua chi s6 Recall cao
(1.000000) nhung Precision thip (0.166667) cia 16p "fear" Nguyén nhan c6 thé xuat
phat tir sy twong dong vé dic trung hinh anh gilta cic cam xuc nay, dic biét 1a cac

Action Unit (AU) trong Hé thong Ma hoa Chuyén dong Co mit (FACS) [1]. Vi du,
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cac AU lién quan dén ving mat (nhu AUI - nang 16ng may) co thé tuong tu giita
"fear" va "sad", din dén viéc mo hinh khong phan biét dugc rd rang.

Anh hwéng ciia sy mat cin bang dir liéu:

Phén tich phan b dit liéu trong FER2013 cho thay cac 16p nhu "happy", "sad", va
"neutral" c6 s lugng mau thap hon dang ké so v4i "fear" va "surprise”. Diéu nay dan
dén viéc mé hinh wu tién du doan cac 16p c6 nhiéu dir liéu hon, nhu dugc thé hién
qua hi¢u suét hoan hao cua "surprise" (Precision, Recall, F1-score déu dat 1.000000)
va hiéu suat kém cta cac 16p khac.

Anh huéng ciia yéu t6 moi truong:

Céc diéu kién anh sang khong dong déu va goc chup khong téi wu 13 nguyén nhan
chinh gy ra 16i phan loai. Vi du, anh sang yéu c6 thé lam md cac dic trung khudn
mit quan trong (nhu ving miéng hodc mat), dan dén viéc mo hinh khong nhan dién
dung cam xtic. Piéu nay dic biét nghiém trong trong mi truong 16p hoc Viét Nam,
noi co so ha tang anh sang thuong chua dong bo.

Anh huéng ciia yéu té viin hoa:

Céac biéu cam khudn mat cua hoc sinh Viét Nam chiu anh huong tir van hoa, véi xu
hudng kim nén cam xtc ti€u cuc (nhu "sadness" hodc "anger") hodc biéu 16 qua cac
dau hiéu tinh té (nhu nu cudi kin d4o). Cac bo dit liéu qudc té nhu FER2013 va CK+
khong phan anh day du cac dic diém nay, din dén viéc mé hinh khong nhan dién

chinh xéc cac cam xtc mang tinh van héa dac thu.



62

Ty 1& L3i Phan loai theo Lé'p Cam xtc trén cac B Dir liéu

Céam xtc

Ty 18 L8i (CK+ Dataset) @ Ty 1é L& (FER2013 Dataset)

Hinh 3. 13 Biéu do ty Ié 16i ciia tirng I6p ciam xiic trén cdc bg dir ligu CK+ va FER2013
3.5.2.4. Giai phap Cai tién dé Giam Nham 1an Cam xuc

Téang cuwdng thu thap va xir ly dir li¢u:

Thém bo dir li€u ngi dia: Tang sb luong mau dit liéu tir cac 16p hoc Viét Nam, dic
biét tap trung vao cic cam xuc it xuat hién nhu "happy" va "sad". Di liéu can dugc
thu thap tir nhiéu bdi canh (truong hoc thanh thi va nong thén) dé dam bao tinh da
dang.

Ghi chi dir liéu theo vin héa: Hop tac voi cac chuyén gia tim 1y hoc dé ghi chu di
liéu dya trén cac biéu cam dic thu cia van hoa Viét Nam, chéng han nhu nu cuo1 kim
nén hodc biéu cam lo 4u tinh té. Piéu nay gitip mo hinh hoc dugc cac dic trung riéng
biét, giam nham l4n gitra "sadness" va "neutral".

Cii tién kién tric mé hinh:

Tich hop co ché chii y (Attention Mechanisms): Sir dung cac mo hinh nhu Vision
Transformer (ViT) hodc Convolutional Block Attention Module (CBAM) dé tap
trung vao cac ving khudén mat quan trong (mit, miéng) va giam nham 1an gitra cac
cam xuc twong dong.

Mb hinh t6 hop (Ensemble Models): Két hop nhiéu kién traic CNN (vi du: VGG,
ResNet) dé tan dung kha ning trich xuat dic trung bo sung, tir d6 cai thién do chinh

xac khi phan biét cac cam xuc tuong dong.
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Tiing cwong dir li¢u (Data Augmentation): Ap dung k¥ thuat SMOTE (Synthetic
Minority Over-sampling Technique) dé tao mau tong hop cho cac 16p cam xic it dir
liéu, nhu "happy" va "sad". Diéu nay gitp cin bang phan b dit liéu va giam hién
tugng uu tién du doan cac 16p phd bién nhu "fear".

St dung céc k¥ thuat ting cudng dit liéu dic thi, nhu mo phong anh sang yéu hoic
gdc chup nghiéng, dé cai thién kha nang nhan di€n trong cac diéu kién thuc té.

Tinh chinh va hoc chuyén giao (Fine-Tuning and Transfer Learning): Tinh chinh
mo hinh trén sy két hop cia cac bo dit liéu qudc té (FER2013, CK+, AffectNet) dé
cai thién kha ning tong quat hoa. Str dung hoc chuyén giao tir cac mé hinh dugc huan
luyén trude trén tap dir liéu 16n nhu AffectNet dé nam bat cac ddc trung cam xtc da
dang.

Chinh quy héa va t6i wu héa: Ap dung chinh quy hoa L2 manh hon dé ngan chin
hién tugng overfitting, dac biét khi mé hinh gap kho khan trong viéc phan biét cac
cam xuc tuong dong. Str dung bo tdi wu hoa tién tién nhu AdamW thay vi Adam dé
cai thién toc do hoi tu va giam 16i phan loai.

3.5.2.5. Panh gia Thoi gian Thue va Kha ning Trién khai

Thoi gian x1r 1y trung binh cta hé théng duoc ghi nhan chi tiét trén cac thiét bi phan
cting khac nhau (PC, laptop, may tinh bang) va so sanh voi muyc tiéu 50ms. Két qua
cho thay hé thong c6 kha nang dat duogc tde do xir Iy dudi ngudng nay (vi du: 32ms
mdi khung hinh ), dam bao kha ning hoat dong thoi gian thuc (real-time) can thiét
cho moi truong gido duc. Kha nang nay dat duoc mat ph?m nho vao viée ti wu hoa
kién trac CNN va str dung Haar Cascade dé phat hién khuon mit nhanh chong. Tinh
kha thi cia hé thong trong méi truong gido duc vai tai nguyén han ché 1a mot yéu t6
quan trong, va két qua nay cho thiy tiém ning trién khai rong rai.

3.5.2.6. Phan tich Cam xiic theo Thoi gian va To6i wu héa Can thiép Sw
pham

Kha ning phan tich cam xtc theo thoi gian (time-series analysis) 1a mot diém

manh cia hé théng. Thay vi chi dua ra nhan dinh tai mot thoi diém, hé théng theo doi
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su thay d6i biéu cam cta hoc sinh trong sudt qué trinh hoc tap (vi du: tir trang thai
trung 1ap dén budn chan hoic cing thang). Thong tin dong thai ndy cung cap mot cai
nhin chi tiét va hiru ich hon nhiéu cho gido vién, gitp ho dua ra cac quyét dinh can
thiép kip thoi va chinh xac hon, nhu diéu chinh toc do giang bai, thay d6i hoat dong,
hodc cung cap hd trg ca nhan khi can thiét.

Céc chi s bd sung nhu Precision va Specificity ¢o thé dugc sir dung dé giam
thiéu sai sot trong phén loai cac cam xtic quan trong, dic biét 1a nhitng cam xtc mang
tinh canh bao nhu cang théng hay s¢ hai, nham dam bao cac canh bao dugc dua ra la
dang tin cdy.

3.5.2.7. Pam bao Pao dirc va Chip nhin Cong dong

Céc yéu té dao dtrc va quyén riéng tu dugc dic biét chi trong. Phan hoi tir phu
huynh vé tinh minh bach, dao dirc, va cac lo ngai vé quyén riéng tu cia hé thong duoc
thu thap dé dam bao su chdp nhan rong rii va xay dung 1ong tin tir cong dong. Viéc
thu thap dir liéu khuon mat hoc sinh dugc thuc hién voi su d@)ng y r0 rang va tuan thu
nghiém ngat cac quy dinh vé bao mat dir liéu. Hon nita, sy minh bach trong cach thu
thap va st dung dir liéu 13 yéu t6 then chdt dé ting cudng sy chap nhan ciia hé thong
trong cong dong gido duc.

Dua trén phan tich chi tiét cac két qua dinh luong va dinh tinh, cac cai tién cu
thé duoc dé xuat cho cac phién ban tuwong lai cia mé hinh, bao gdm viéc ting cudng
thu thap dit liéu cho cac 16p bi nham 1an nhiéu hodc diéu chinh ham mat mat dé wu
tién d6 chinh x4c ctia cac cam xtc quan trong, nham nang cao hiéu suét tong thé cia
hé thong

3.6. Két luan chwong

Chuong 3 di trinh bay chi tiét qua trinh nghién ctru, xay dung, huin luyén va
thir nghiém mot hé thong nhan dién cam xuc dya trén kién trac CNN t6i uu hoa, tich
hop Haar Cascade dé phat hién khuén mat nhanh chéng va BatchNormalization dé
6n dinh huan luyén. Muyc tiéu chinh la ching minh kha ning phan tich cam xuc thoi

gian thyc trong méi trudng gido duc Viét Nam, véi nhiing két qua dang khich 1¢.
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Céc chi s6 nhu accuracy, recall, F1-score cung cdp cai nhin sau sic vé hiéu
qua, trong khi phan hdi dinh tinh tir gido vién x4c nhan tinh hitu ich va tiém niang hd
trg diéu chinh giang day. Tuy nhién, do chinh xac (68-70%) van thap hon so véi dir
liéu chuan quéc té (FER2013, CK+: 71-74%), do anh sang khong dong déu va su tinh
té cta biéu cam vin hoa. Pic biét, sy nham 1an gitta "budn ba" va "trung lap" can
duogc cai thién bang dit liéu bd sung, trong khi t6i wu hoa phan cimg va dam bao dao
dtrc (bdo mat, minh bach) van 13 nhiing thach thic. Nhitng han ché nay s¢€ la dinh

huéng quan trong cho cac nghién ciru tiép theo.
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KET LUAN

Két qua dat dwoe

Nghién ctru da xay dung thanh cong mot mo hinh nhéan dién cam xic khuon mat dyua
trén CNN, tich hop céc k¥ thuat nhu BatchNormalization, Haar Cascade va tang
cuong dit liéu, nham hd tro phan tich cam xuc trong gido duc tai Viét Nam. Cac két
qué chinh bao gom:

e Phat trién mo hinh hiéu qua: M6 hinh nhan dién dugc 7 trang thai cam xtc
co ban (vui vé, budn ba, tirc gian, s¢ hai, ngac nhién, ghé tdém, trung 1ap), dat
do chinh xac 68-74% trén dit liéu chuan FER2013 va CK+. Tc do xir 1y nhanh
(du6i 50ms/khung hinh), phtt hop cho tng dung thoi gian thue véi thiét bi han
ché.

e Ap dung ky thuit tién tién: Si dung Haar Cascade dé phat hién khuon mait
nhanh (32ms/khung hinh). Tang cudng dir li¢u (xoay, lat, phong to/thu nho
anh) gitp mo hinh thich nghi tét hon véi diéu kién thuc té nhu 4nh sang yéu
hay géc chup nghiéng. Lép BatchNormalization gitip huan luyén 6n dinh va
tang tdc dd hoc ctiia mo hinh.

e Panh gia chi tiét: Mo hinh duoc danh gia qua cac chi sé nhu accuracy, recall,
F1-score va confusion matrix. Két qua cho théy mé hinh nhén dién tot cac cam

xuc pho bién, nhung con nham lan gitra "budn ba" va "trung lap".

Nhan xét

Mo hinh nay cho thay tiém nang tmg dung trong gido duc, v6i hiéu suat 6n dinh va
téc do xir Iy nhanh. Viéc tich hop céac k¥ thuat tién tién giup mo hinh budc dau thich
nghi v&i biéu cam tai Viét Nam, tao nén tang cho cac cong cu hd tro gido vién. Tuy
nhién, do diéu kién anh sang khong dong déu va su phtic tap cta biéu cam thuc té.
Ngoai ra, nham 14n giita cic cam xuc nhu "budn ba" va "trung 1ap" cho thay can cai
thién thém.

Huwéng nghién ciru tiép theo
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Pé nang cao hiéu qua, cac hudng tiép theo bao gdm:

e Thu thap thém dir lidu ndi dia da dang (tir nhiéu d6 tudi, ving mién, bdi canh
hoc tap) dé cai thién kha nang nhan dién biéu cam Viét Nam.

e Cai tién mo hinh véi céc kién tric tién tién nhu ResNet, MobileNetV3, hodc
ap dung transfer learning dé ting hiéu suat.

e Tbiuu xur 1y video thoi gian thuc, bang cach dung thuat toan phat hién khudn
mat hién dai hon (YOLO, MTCNN) va cai thién xir 1y anh sang yéu.

e Nghién ciru biéu cam vin hoa Viét Nam, hop tac voi chuyén gia tam 1y dé
nhén dién c4c biéu cam dic thu.

e Thir nghiém mg dung trong 16p hoc thuc té, tich hgp vao Zoom hoic Google
Meet, va danh gia tac dong dén hoc tap.

e Xem xét cic van dé dao duc, nhu bao mét dit liéu va quyén riéng tu, dé dam

bao trién khai c6 trach nhiém.
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