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MO DAU

1. Tinh cép thiét ctia luin an

Ngay nay, véi su tién bd cta cong nghé, rat nhiéu hé thong may
méc thong minh duoc ra doi véi muc tiéu hd trg con ngudi nang cao
chat lugng cudc song. Piéu nay gép phan hinh thanh nén mét linh vuc
nghién clru quan trong, do 1a tuong tac gitra nguodi va may (Human-
Computer Interaction — HCI) [1], [2].

HCI 13 mét linh vuc nghién ctru lién nganh, dé cap dén viéc trao
dbi thong tin giita con ngudi va may tinh, bao gdm ca viéc may tinh
cung cap thong tin cho con ngudi thong qua cac thiét bi dau ra va viéc
con ngudi nhap thong tin lién quan vao may tinh qua cac thiét bi dau
vao [2]. Nho nhitng dong gép to 16n cua tri tué nhan tao (Artificial
Intelligence - AI), rat nhiéu nghién ctru di két hop duoc giong néi, hinh
anh, vin ban va cac loai thong tin khac dé thuc dy su nang cép cua
HCL lam cho HCI duogc tmg dung thanh cong trong rt nhiéu linh vuc
linh vuc nhu cham soc strc khoe, gido duc va cong nghiép...[1].

Trong nhitng ndm gan day, voi sy phét trién cia nhiéu thiét bi
dién tr khac nhau, con nguoi da danh nhiéu thoi gian hon cho viéc st
dung mang xa hoi, choi game tryc tuyén, mua sdm truc tuyén va st dung
cac san phém dién tir khac. Tuy nhién, hau hét cac hé théng HCI van
chua c6 kha nang xur 1y va hiéu duoc dit liéu vé cam xtc, va thiéu tinh
thong minh cam xuc. Chung khong thé nhan biét duwoc cam xuc clia con
nguoi va sir dung dir liéu cam xtic d6 dé ra quyét dinh va hanh dong.
Trong khi d6, viéc giai quyét sy thiéu hut méi quan hé giita con nguoi
va may moc 1a rat quan trong. Bét ky hé thong HCI nio bo qua trang
thai cam x@ic cia con ngudi déu s& khong thé phan ung phu hop véi
nhitng cam xuc d6. Dé giai quyét van dé nay, di co rat rat nhidu nha
khoa hoc trén thé gi6i quan tim dén viéc giai quyét bai toan nhan dang
cam xuc (Emotion Recognition - ER) khi xdy dung cac hé théng HCI.



Viéc duoc trang bi thém kha nang nhan dang cam xiuc mdt cach chinh
xac c6 thé gitip cac hé théng HCI trd nén théng minh hon, ra quyét dinh
chinh x4c hon, phuc vy tét hon cac nhu cu ctia con nguoi [3], [4]

Ciing nhu con nguoi, cac hé théng HCI ¢6 thé nhan dang duoc
cam xuc thong qua cac tin hiéu phi sinh 1y, vi du nhu tiéng néi, nét mat
va tu thé co thé [5], [6]. Tuy nhién, tinh chinh x4c cta nhitng phuong
phap nay c6 thé bi anh hudng bai nhiéu yéu td, tir trang thai tm tri, gidi
tinh, trinh do hoc van, do tudi va kha ning che gidu cam xuc. Do cac
yéu t6 nay thuong mang yéu té chu quan, viéc danh gia cam xuc cua
nguoi d6 c6 thé trd nén khé khin, thiéu chinh xac.

Bén canh dé, mot sd nghién cuu da cho théy cac tin hi¢u sinh 1y
va biéu hién cam xuc ¢6 lién hé chit ch& voi nhau. Do d6, cac phuong
phap sir dung tin hiéu sinh 1y nhu nhip tim, tré khang cta da, ho hap va
dién ndo dd (Electroencephalogram — EEG) da duoc dé xuét dé xac dinh
cac trang thai cam xuc [7]. Trong d6, viéc nghién ciru cac co ché nhan
thirc cam xuc va nhan biét trang thai cam xuc bang cach sur dung tin
hiéu EEG dic biét quan trong, nhit 1a véi nhitng ngudi khong thé biéu
dat cam xuc thong qua 101 ndi ty nhién, nét mat hodc tu thé co thé.

EEG c6 thé ghi lai cac tin hi€u dién duoc tao ra bdi cac hoat dong
bén trong cta ndo bd, dua ra phép do truc tiép va khong xam lan vé
chirc nang ndo. Tin hi€u nay phan 4nh cac qud trinh nhan thic va tinh
cam lién quan dén cac trang thai cam xtc khac nhau. Piéu nay lam cho
viéc nhén dang cdm xuc dua trén tin hi€u dién ndo (EEG based Emotion
Recognition — EEG_ER) tro thanh mot con duong day hira hen dé phan
tich cam xtic mot cach chinh xac hon [8].

Hinh 0.1 m6 ta mot hé thong EEG_ER dién hinh. Hé théng nay
bao gém cac khau kich thich cam xtc, thu thap tin hi¢u EEG, tién xur ly
tin hiéu EEG, trich xuét cac dic trung EEG lién quan dén cam xuc va
huin luyén mé hinh nhan dang cam xtc [9]. Qua d6 c6 thé thiy ring,
hiéu qua hoat dong ctia mot mo6 hinh EEG_ER phu thudc vao rat nhidu
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yéu t6 nhu thiét bi thu thap tin hiéu EEG, phuong phap trich xuét ddc
trung dac trung, ky thuat phan 16p cam xuc.
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Hinh 0.1. Cac budc thuc hién cta bai toan nhan dang cam xtic

Vé thiét bi thu thap tin hiéu EEG, trén thuc té c6 thé phan ra hai
loai thiét bi. Thiét bi co sd luong dién cuc EEG 16n (Biosemi
ActiveTwo, ESI NeuroScan System) va thiét bi co sb luong dién cuc
EEG nhé (Emotiv EPOC) [9], [10]. Cac thiét bi c6 s6 luong dién cuc
EEG 16n thuong, c6 do chinh xéc cao, dét tién, sur dung chu yéu trong
cac phong thi nghiém va khong thuén tién cho viéc di chuyén di lai. Trai
lai, cac thiét bi c6 s6 lugng dién cuc nho co thé deo duoc, di dong, khong
day va dugc thuong mai nén chi phi phu hop thi lai cho d6 chinh xac
thip hon [10]. Do vay, khi trién khai irmg dung thuc té, can quan tim
xdy dung mé hinh EEG_ER sao cho mé hinh nay van hoat déng tot véi
) luwong dién cuc EEG duoc s dung la thci'p.

Hiéu qua hoat dong cta hé théng EEG_ER con phu thude rat
nhiéu vao cac dic trung cua tin hiéu EEG dau vao. Tir dit liéu EEG thd
ban dau, rat nhiéu phuong phap trich, chon dic trung dugc dé xuét bao
gdm cac dic trung vé thoi gian, dic trung vé tan s hodc 1a két hop ca
dac trung vé thoi gian tan s6 [11]. Do vay, viéc lwa chon dwoc dac trung
phit hop sé g6p phan ndng cao hiéu sudt nhdn dang cia cdc hé thong
EEG_ER.
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Vé k¥ thuat phan 16p cam xic, cac phuong phap nhan dang cam
xuc dua trén EEG trudce day chu yéu dugc phat trién dua trén hoc may
truyén théng [12]. Gan déy, lay cam hung tir kha ning hoc cua cac ky
thuat hoc sau, nhiéu mé hinh hoc séu tién tién khdc nhau da dwoc sir
dung ngdy cang nhiéu trong nhédn dang cam xiic EEG [13], [14], [15]
Véi yéu cau doi hoi ngdy cang cao cia cudc song, cac ung dung
EEG_ER chi thuc sy phi hop va c6 ¥ nghia thuc té khi dugc trién khai
theo dinh hudng tri tué nhan tao van vat (Artificial Intelligence of
Things — AloT) [16]. Hinh 0.2 mo ta kién trac thuc té ctia mot hé thong
EEG_ER theo dinh huéng AloT. Trong d6, dé trién khai bai toan
EEG _ERtrén thiét bj bién cia mang AloT, cac thiét bi thu thap tin hi¢u
EEG ngoai tinh di dong dugc va két ndi khong day thi thuong co sd
lugng dién cuc nhd nham dam bao tinh co dong, nho gon va tiét kiém
nang luong. Cac thuat toan xu 1y tin hiéu, trich chon déc trung va phan
16p dugc cai dat trén mot vi diéu khién nhé gon dé nhan dang cam xuc
ngay tai thiét bi bién sau d6 gui két qua 1én dam may roi thuc thi cac tac
vu thong qua giao dién nguoi dung. Chinh vi vay, b phan 16p dua trén
cac thuat toan hoc sau cling can phai duogc diéu chinh sao cho dat duoc
kién tric v6i sb lwong tham sé nho trong khi van phai duy tri tot hiéu
qua nhan dang dé co6 thé trién khai dwoc theo thoi gian thuc trén nhiing
vi diéu khién théng dung, €O kich thuéc nhé gon, tai nguyén han ché
(nhu Raspberry PI, STM32Cube.Al..).

Tir cic phan tich & trén cho thiy van dé cap thiét dat ra 1a can
nghién ciru dé tim kiém mot hé théng EEG_ER hoat dong hiéu qua ddi
voi cac ing dung AloT. Tuc la can xac dinh duoc kién tric mang hoc
sdu va loai dau vao dic trung phu hop. Diéu niy c6 nghia 1a bén canh
viéc lua chon dau vao dic trung, kién trac hoc sau duoc lua chon phai
c6 kich thudc nhé gon, co thé hoat dong theo thoi gian thuc trén céc vi
diéu khién thong dung. Dong thoi, kién tric nay ciing phai cho hiéu qua
nhén dang cam xuc cao trong khi cac thiét bi thu thap tin hi¢éu EEG dau
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vao chi 12 céc thiét bi ¢co b luong dién cuc nho, di dong duogc, giao tiép
khong day va chi phi thip. Pay ciing 1a muyc dich chinh cua ludn an.

Mang cam bién EEG
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Hinh 0.2. Hé théng EEG_ER theo tiép can AloT
2. Muc tiéu cia luidn an

bé dat dugc muc dich néu trén, ludn an can phai thuc hién bon

muc tiéu chinh theo thir tw lan lwot nhw sau:
1) Cap nhat cac kién thic tong quan vé bai toan EEG_ER;
2) Lua chon kién trdc hoc su phu hop
3) Thiét ké mang hoc sau nhe
4) Téi wu kién trlic
3. Di twong, pham vi va phwong phap nghién ctru
3.1. Poi twgng nghién ciru:
3.2. Pham vi nghién ctru:
3.3. Phwong phap nghién ctru
4. Cac dong gop cia luin an
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Trén co so phan tich cac cong trinh cong bd gan nhit ciing nhur
tién hanh cac mo phong danh gia can thiét, NCS da chi ra dwoc
viéc str dung kién trac mang hoc sau CNN 1D véi dau vao 1a cac
dic trung FFT cua tin hiéu EEG 1a phu hop nhat dé trién khai bai
toan EEG_ER. Cong b két qua niy trong cac cong trinh CB [2],
CB [3], CB [4].

Dé xay dung mot hé théng EEG_ER phu hop vdi cac tmg dung
AlIoT, NCS di dé xuét cai tién hiéu qua hoat dong cia mang CNN
1D truyén théng bang cach ap dung hai k¥ thuat méi (Inception
va Squeeze and Excitation). Cac cai tién nay 1am cho kién triic
mang hoc sau thu duoc co6 kich thudc du nho (chi khoang
40.14MB) trong khi van duy tri hiéu sudt nhan dang du 16n ma
khong ton nhiéu tai nguyén. Kién tric nay cho két qua hoat dong
t6t (trén hai 16p bai toan phan 16p nhi phan va da 16p) ngay ca khi
sd lwong dau vao chi EEG véi 5 dién cuc. Két qua nghién ciru nay
duoc cong bd trong cac cong trinh CB [5] va CB [6].

Nham nang cao hon nira hi€u qua hoat dong cua mang hoc sau &
trén dbi voi cac tng dung AloT, NCS da dé xuit ap dung k¥ thuat
hoc chuyén giao duwoc goi 1a “Ty chung cit tri thic” (Self-
Knowledge Distillation - SKD). K¥ thuat nay cho phép mo hinh
tu hoc tir cac nhin mém ma no sinh ra, gitp mo hinh héi tu nhanh
hon vi mé hinh d4 c6 nén tang tir cac du doan ban dau, tir d6 giam
thoi gian suy ludn, s6 luong cac phép toan du phay dong (FLOPs)
khi trién khai thuc nghiém. Thém vao do, trong k¥ thuat SKD,
NCS ciing dua ra giai phap cai tién bang viéc ap dung ky thuat
tang cuong dit lidu, trong s (Scaled weight) trong qué trinh tinh
ham Loss cua SKD. Chiing minh m6 hinh EEG-SKDNet dat hi¢u
suat vurot trdi so voi cac phurong phap KD khac véi s6 lugng tham
s6 va FLOPs nho, d 6n dinh cao, thich hop trién khai trén thiét
bi AloT. Két qua nghién ctru ndy s& dugc cong bd trong CB [7].



5. Y nghia khoa hoc va thue tién
5.1. Y nghia khoa hoc
5.2. Y nghia thye tién
6. Bo cuc ciia lun 4n
Chuong 1: Téong quan vé bai todn nhén dang cam xiic dwa trén tin higu
dién ndo
Chuong 2: Lua chon kién triic hoc séu nén ting va diic trung dau vao cho bai
toan EEG-ER
Chuwong 3: Thiét ké kién triic mang hoc sdu nhe cho hé thong
EEG_ER
Chuwong 4: Téi wu héa mé hinh EEG _ER siv dung ky thudt “Tw
chung cit tri thirc”
CHUONG 1
TONG QUAN BAI TOAN NHAN DANG CAM XUC DUA TREN
TIN HIEU PIEN NAO

Chuong 1 duogc bd cuc dé thé hién viéc hoan thanh muc tiéu sd 1
d3 dé ra cua luan an. Do vy, phan dau chuong 1 sé trinh bay céc kién
thire tong quan vé bai toan nhan dang cam xtc. Trong do, luan an nhan
manh tim quan trong cua viéc nhan dang cam xuc khi xay dung cac hé
théng HCI, déng thoi néu ré co sé cua viéc xac dinh cac cam xuc thuc
té thong qua to hop cac thanh phan trong mé hinh cam xuc. Tiép theo,
ludn 4n tap trung vao phan tich thé manh cua dinh huéng EEG_ER va
md ta chi tiét cac khau co ban trong mot h¢ théng EEG_ER, cap nhat
cac nghién ctru méi nhit vé cac k¥ thuat quan trong can trién khai trong
cac khau thu thap, trich chon déc trung tin hiéu EEG va phan 16p cam
xuc. Phan cudi chuwong tong hop cac cong trinh nghién ciru nham xéac
dinh rd cac thach thic can phai vuot qua khi xay dung mot hé thong
EEG_ER theo dinh hudng AloT dé tir ¢ lam nén tang cho viéc tim
kiém mot mo hinh hoc sau hiéu qua.
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1.1 Toéng quan vé bai toan nhin dang cim xiic
111 Cam xuc la gi?
1.1.2 Tam quan trong ciia viéc nhén dang cim xiic trong giao tiép
nguwoi -may

1.1.3 Cdc mé hinh cim xuc
1.2 Nhin dang cam xiic dwa trén tin hiéu dién nio d6 EEG
1.2.1 Gidi thi¢u vé EEG
1.2.2 H¢ thong nhin dang cim xtic dwa trén tin hi¢u di¢n nio

BCI 1a mot hé thong cho phép giao tiép truc tiép giita ndo bd va
may tinh, giup ngudi dung c6 thé diéu khién thiét bi hodc tuong tac véi
moi truong ma khong can sit dung hé than kinh ngoai vi hay co bip.
Ban dau, cac hé thdng BCI chu yéu dugc thiét ké dé hd tro ngudi bi
khuyét tat van dong hodc cac bénh 1y than kinh nghiém trong nhu chan
thwong tiy séng, da xo ctng. Tuy nhién, véi su phat trién manh mé cua
khoa hoc dir liéu va tri tué€ nhan tao, img dung cua BCI da mé rong sang
nhiéu linh vuc khac nhau, bao gém chan doan y té, phuc hdi chire nang,
giam sat trang thai tdm 1y, nha thong minh va diéu khién thiét bi dién
tir. Thu nhdn va xir 1y sd tin hiéu EEG.
1.2.3 Kich thich cam xuc
1.2.4 Thu nhdn va xi¢ ly sé tin hiéu EEG
1.3.2.1.  Thiét bi thu thdp
1.3.2.2. Thu nhan va xw ly tin hiéu EEG
1.2.5 Mét sé b dir liéu cho bai toin EEG_ER
1.3 Trich xuit dic trung tin hiéu EEG
1.3.1  Trich xudt mién thoi gian
1.3.2  Trich xudt mién tin sé
1.3.3  Trich xudt mién thoi gian-tin sé
1.3.4  Trich xudt mién khong gian

1.4 Phan lép tin hi¢u EEG trong bai todn nhin dang cam xtc
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1.4.1 CAc ky thudt hoc mdy truyén thong
1.4.2 Cadc ky thudt hoc sau
Khéng gidng hoc may truyén thong, cic phuong phap hoc sau tu
hoc dic trung tryc tiép tir dit liéu qua nhiéu 16p mang neuron, giam thiéu
sy can thiét cia trich chon dic trung thii cong. Véi kha ning hoc phi
tuyén manh, hoc sau dang trd thanh xu hudng chinh trong phan loai cam
xuc EEG [54], [55]. Dudi day gioi thiéu mot sé mo hinh sau da duoc
nghién ctru va ap dung véi EEG:
1.5.2.1. Mang no-ron tich chdp (Convolutional Neural Network -
CNN)
1.5.2.2.  Mang no-ron héi quy
1.5.2.3.  Cdp nhdt mét sé két qua nghién ciru vé vmg dung cdc ky
thuat hoc sdu trong bai toan EEG_ER

1.5 Phat trién cac hé thong nhin dang tin hiéu EEG theo dinh
huwéong AloT
1.6  Két luan chwong 1
CHUONG 2
LUA CHON KIEN TRUC HQC SAU NEN TANG VA PAC
TRUNG PAU VAO CHO BAI TOAN EEG-ER

Biéu dién va chuén hoa dit liéu
2.1.1  Biéu dién tin hi¢u EEG dwéi dang ma trin
2.1.2  Biéu dién tin hi¢u EEG theo batch va civa sé thoi gian
2.2 Lua chon cac phuwong phap trich chon dic trung
2.2.1 Co so lwa chon cdac phwong phdp trich chon dic trung

C6 nhiéu phuong phap duoc str dung dé trich xuat ddc trung tir tin
hiéu EEG trong mién tan s6, bao gém: Bién ddi Fourier nhanh (FFT),
Mat do phé cong sudt (PSD), Bién d6i Wavelet (WT), Bién d6i Fourier
ngin han (STFT), Hilbert-Huang Transform (HHT), va Empirical Mode
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Decomposition (EMD). Tuy nhién, khong phai phuong phap nao ciing
phtt hop cho céc tmg dung yéu ciu hiéu suét tinh toan cao va trién khai
trén thiét bi di dong. Do d6, viéc lua chon phuong phap trich xuat dic
trung trong nghién ctru nay tuan theo ba ti€u chi sau::

1. Cac phuong phap dugc lya chon phai dugc st dung rong rai
trong nghién ctru lién quan dén nhan dang cam xuc tir EEG nham dam
bao do tin cay.

2. Do myc tiéu nghién ctru 1 trién khai mo hinh trén thiét bi di
dong, cac phuong phép trich xuét dic trung can c6 do phuc tap tinh todn
hop 1y dé dam bao téc do xur 1y gan thoi gian thuc.

3. Céc phuong phap phai dai dién t6t cho phd tan sé cta tin hiéu
EEG, va c6 thé giir lai thong tin thoi gian quan trong.

2.2.2  Trich xudt diic trung bang bién déi Fourier nhanh (FFT)
2.2.3  Trich xudt ning lwong tin hiéu EEG bang Mat dj phé cong
sudt (PSD)
2.2.4  Trich xudt diic trung thoi gian - tin s6 EEG bang Bién déi
2.2.5 Wavelet (WT)
2.3 Lura chon kién tric mé hinh nén ting
2.3.1 Co so lwa chon mé hinh hoc sau
2.3.2 Mang no-ron tich chdp (CNN - Convolutional Neural
Networks)
2.3.3 Mang no-ron hoc sdu BiLSTM
2.3.4 Mé hinh két hop CNN va BiLSTM
2.4 Tién hanh thuc nghiém va danh gia két qua
2.4.1 Thiét lap thwe nghiém
2.4.1.1.  Lua chon bé dit liéu chudn
Dé danh gia hiéu qua cta cac kién triac hoc sau va phuong phap
trich xuét dac trung trong bai toan nhan dién cam xiuc EEG, nghién clru
st dung ba bo dir li¢u phé bién va c6 do tin cay cao gém: DEAP,
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AMIGOS, va DREAMER. Céc bé dit liéu nay déu duoc thu thap trong
mdi truong thyc nghiém co kiém soat, voi thong tin EEG duoc déng bd
hoéa cuiing cac phan hoi cam xiic ty danh gia ctia nguoi tham gia (Self-
Assessment).
2.4.1.2. Caidat cac thudt toan trich chon dac trung
2.4.1.3.  Thiét Idp kién triic mang
2.4.2 Thuc nghiém va danh gid két qud

Dé co thé ddi sanh véi cac két qua cua cac cong bd trong [13],
NCS sir dung hai d6 do 14 d6 chinh xac trung binh két qua nhan dang
ctia 4 nhin (Acc) va ham t6n that trung binh (loss). Bén canh d6, dé c6
thé danh gia dong thoi 2 chi s6 acc va loss, voi muc tiéu ti da acc va
t6i thiéu loss, NCS sir dung hé sb score, ddy 1a chi sb téng hop dugc tao
ra dua trén do chinh xac va ham ton tht.

Score = Accuracy — A x Loss (2.1)
Bang 2.1. So sanh hiéu qua nhan dang ctia mang CNN d& xuét v6i cac mang
CNN tiéu biéu

Mb hinh P chinh xac P ton that S6 hrong

trung binh (%) | trung binh (%) tham sé
Alextnet 90.95 0.3211 22.178.186
Resnet 92.25 0.3088 4.323.394
GoogleNet 90.21 0.3689 11.647.042
VGG16 92.39 0.3484 32.219.466
MobileNet 22.34 0.2080 3.216.714
DenseNet 91.09 0.3463 3.727.562
Mang CNN 95.17 0.1886 16.740.778

dé xuit
NCS cling thuc hién danh gid hi¢u qua hoat dong ciia mang CNN
dé xuit so véi mot s6 mang CNN tiéu biéu dugc gidi thiéu trong trong
viéc nhan dang dir liéu DEAP [76], [97]. Két qua thé hién trong Bang
2.1 cho thidy mo hinh mang CNN dugc dé xuat cho két qua nhan dang
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t6t nhit va co sb lwong tham sé & muc trung binh. Diéu nay cho thiy
hoan toan co thé trién khai kién trac mang CNN nay cho céc timg dung
nhan dang cam xtc trong thyc té voi 32 kénh EEG tuong ty nhu di liéu
DEAP.

2.5 Két luan chwong 2
CHUONG 3
THIET KE KIEN TRUC MANG HQC SAU NHE CHO HE
THONG EEG_ER
3.1 Phan tich yéu ciu khi trién khai bai toAn EEG_ER trén thiét
bi c6 tai nguyén han ché
3.2 Cac k¥ thuit t6i wu héa mé hinh hoc siu
3.2.1 Ky thudt giam overfitting va cdi thién tong qudt héa
3.2.1.1.  Regularization (L1, L2)
3.2.1.2.  Dropout
3.2.1.3.  Batch Normalization (BN)
3.2.1.4.  Early Stopping
3.2.2 Ky thudt cdi thién khd ndng hoc sau va hpi tu nhanh
3.2.2.1.  Diéu chinh téc dé hoc (Learning Rate Scheduling)
3.2.2.2. Ky thuat 16i wu héa duwa trén bién doi dong luc
3.2.3 Nang cao kha nang hoc dac trung trong EEG
3.2.3.1.  Tdp trung vao cac kénh EEG quan trong (Channel
Attention)

Dir liéu EEG c6 tinh chat khong dong nhét giira cac kénh, nghia
1a khong phai tat ca cac kénh déu c6 mirc dd quan trong nhu nhau trong
viéc nhan dién cam xtc. Mot s6 kénh chira thong tin quan trong hon vé
hoat dong than kinh lién quan dén cam xc, trong khi cac kénh khac c6
thé chira nhidu hodc thong tin khong hiru ich. Tuy nhién, cac mo hinh
hoc sau truyén thong thuong xir 1y tat ca cac kénh EEG nhu nhau, dan
dén viéc khong tan dung tdi da cac kénh quan trong va co thé bi anh
huong boi nhidu. Dé giai quyét van dé nay, [105] (SE) Block 1a mét co
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ché gitp tdi wu hoa viéc hoc dic trung giita cac kénh EEG bang cach
tap trung vao cac kénh quan trong nhit.
3.2.3.2.  Hoc da tang (Multi-Scale Feature Learning)

Hoc da tang (Multi-Scale Feature Learning) 1a mot ky thuat quan
trong gitp mo hinh co thé hoc cac dic trung EEG & nhiéu cap do khéac
nhau. Tin hiéu EEG la mot dang dif liéu ¢ ciu trac phic tap, chira nhiéu
thanh phan tan s6 khac nhau, mdi thanh phan phan 4nh mot khia canh
khac nhau ctua hoat dong than kinh. Céc dai tin nhu Alpha, Theta, Beta,
Gamma c06 lién quan dén cac trang thai nhan thirc va cdm xuc khac nhau,
do d6 viéc trich xuat dic trung tir nhiéu dai tin sé nay 1a mot yéu t6
quan trong dé cai thién hiéu suit nhan dién cam xuc. Tuy nhién, cac mo
hinh CNN truyén théng thuong st dung mot bo loc tich chap duy nhat
vé6i kich thude ¢ dinh dé trich xuét dic trung, diéu nay c6 thé 1am mat
di thong tin quan trong tur cac thang do thoi gian khac nhau.
3.2.3.3.  Két hop nhiéu nguon ddc trung (Feature Fusion)

3.3 P& xuat md hinh hoc siu c6 kich thwéc nhé cho bai toan

EEG_ER
3.3.1 Mo ta chung
3.3.2 Kién tric chi tiét

Nham téi vu héa kha ning nhan dién cam xuc tir tin hiéu EEG
trong diéu kién sd kénh thép va tai nguyén tinh toan han ché, luan 4n dé
xuét kién trac chung cho EEG_SICNet va EEG_MCISNet. Ca hai mo
hinh déu dugc xay dung dua trén nén tang CNNID, két hop véi
Squeeze-and-Excitation (SE) Block va Inception Module nham ting
cuong kha nang hoc dac trung EEG hi¢u qua hon.

Dua trén nhiing dac diém cua bai toan, hai mo hinh EEG_SICNet
va EEG_MCISNet dugc thiét ké tuong tmg v6i hai muc tiéu trién khai
khac nhau.

EEG_MCISNet hudng dén bai toan phan loai nhi phéan, gitp trién
khai trén cic hé thong tai nguyén han ché nhu thiét bi di dong hodc



14

AloT. M6 hinh duoc tinh gian dé t6i wu hoa toc do suy luan trong khi
van giit dugc kha ning nhan dién chinh xac.
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EEG_SICNet duoc tdi wu hoa cho bai toan phan loai da 16p, nham
nhén dién nhiéu trang thai cdm xuc véi do chinh xac cao nhét.

3.3.3 Ddnh gid cdu tric va hiéu sudt thwe nghiém ciia
EEG_MCSNet, EEG_SICNet
3.3.3.1.  Banh gia thuc nghiém EEG _SICNet

Bang 3.1 cho thiy ring mang EEG _SICNet dat hiéu suit cao nhit
trén b¢ dir liéu DEAP véi 32 kénh. Cu thé, déi voi nhan Arousal, do
chinh x4c dat 95.56 + 0.78%, F1 Score 13 95.41 + 0.97%. Khi s6 luong
kénh giam xudng con 14, hiéu suit trén DEAP van duy tri & mirc cao
v6i Accuracy 1a 93.87 + 1.02%, cho thay tinh tong quat héa t6t ciia mo
hinh. Bang 3.1 cung cdp mdt cai nhin téng quan vé hi¢u ning ctia mang
EEG_SICNet khi giam s6 lugng kénh dau vao xudng con 5 kénh, nham
kiém chimng tinh kha dung ciia.

Béng 3.2 cung cip mot cai nhin tong quan vé higu nang clia mang
EEG_SICNet khi giam s6 lwong kénh ddu vao xudng con 5 kénh, nham
kiém chimg tinh kha dung ctia mé hinh trong bi canh st dung céc thiét
bi EEG di dong hoac gia ré voi ) luong kénh han ché. Két qua thu dugc
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cho thdy rang du s6 lwong kénh giam, cac chi s Accuracy va F1-score
van duy tri & muc chép nhén duge trén tit ca cac bo dit liéu, cu thé:
Bang 3.1 Hiéu sudt mang EEG_SICNet trén cac bo dir liéu EEG

B9 dir liéu Nhan Accuracy F1 Recall | Precision
(%) Score (%) (%)

(%)
DEAP Arousal 9556+ 9541+ 9544+ 9542+
(32) 0.78 0.97 0.72 0.86
Valence 9592+ 9581+ 95.88+ 9592+
0.81 0.88 0.62 0.64
Dominance 95.76 + |95.80+ 95.73+ [95.74 +
0.69 0.77 0.67 0.63
DEAP Arousal 93.87+ 93.87+ 93.80+ 93.82+
(14) 1.02 1.11 1.04 1.07
Valence 93.79+ 9391+ 93.85+ 93.99 +
0.85 0.99 0.87 1.05
Dominance 93.81 + 93.88+ 193.85+ |93.82 +
0.80 0.93 0.96 0.96
DREAMER Arousal 9241+ 9243+ 9241+ 9241+
(14) 0.44 0.50 0.51 0.51
Valence 9256+ 9255+ 9256+ 92.56 +
0.54 0.53 0.55 0.54
Dominance 92.28 + 9225+ 19222+ 9229 +
0.55 0.56 0.57 0.59
AMIGOS Arousal 90.53+ 90.54+ 90.53+ 90.54 +
(14) 0.66 0.67 0.65 0.65
Valence 90.74+ 90.77+ 90.75+ 90.75
1.01 0.74 0.70 0.70

Dominance 90.50 + 90.48 + |90.47 + 90.51 +
0.77 0.70 0.65 0.65
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3.3.3.2.  BPanh gia thuc nghiem EEG_MCIS
Céc s liéu thé hién trén Bang 3.7 ciing cho thiy mé hinh mang

do NCS dé xuat c¢6 sb lugng tham s du nho, ludn hdi tu nhanh hon
(s6 Epoch 1udn nho hon) véi do chinh xac nhan dang 16n hon so véi
cac mo hinh con lai.

Bang 3.2 Két qua hoat dong ctia mot s6 mo hinh hoc sau trén bo dir

lieu DEAP
No Mod No. Arousal Valence Dominance

de o | Para Loss Acc Epo Loss Acc Epo Loss | Acc Epo
ms % | ch % | ¢ch % | ch
™M
32 EEG 1270 001 996 30 001 996 31 001 99.7 30
MC 1 119 16 | 2 8 0
IS
M2 2494 1002 991 100 002 991 100 002 992 | 100
21 0 I8 | 6 16 5
CNN 6253 1002 91 32 002 91 33 002 92 35
43 7 37 5 4 3
14 EEG 6063 001 995 19 000 96 19 001 96 20
MC 91 5§ 2 2 2 7

M2 1154 002 978 100 002 992 100 002 985 100
06 |0 06 | 2 06 1

CNN 4493 002 92 26 001 92 26 001 91 2R
00 | 3 9% 6 ® |2

S |EEG 2967 001 93 63 001 985 43 001 95 37
_MC & 2 37 | 1 14 7

M2 4940 005 972 100 005 978 100 005 978 100
21 4 05 | 7 1 7

CNN 3533 006 971 66 006 992 67 006 9%9 70
A2 9% |6 17 7
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3.4 Két luan chwong 3

CHUONG 4
TOI UU HOA MO HINH EEG_ER SU DUNG KY THUAT “TU
CHUNG CAT TRI THUC”

4.1 Tong quan vé Ky thuat chung cit tri thire va ky thuit ty
chung cit tri thirc

4.1.1 Chung cit tri thire (Knowledge Distillation — KD)
4.1.2 Tw chung cit tri thire (Self-Knowledge Distillation - SKD)
4.2 Ky thuit téi vu h6a mé hinh EEG-ER sir dung SKD va
4.3 Scaled Weights
4.3.1 Thiét ldp bai todn

Ham mat mét cross-entropy gitra nhan thyc Yy va phan phdi xéac
suat dau ra p duogc ky hiéu la: CE(y, p)

CE(y,p)= _z Yk log P« (4.1)

k=1
Goi do do mat mat Kullback-Leibler (KL) giita hai phan phdi xac
suat pva qla:

K
KL(p,a)=>_ P, log% (4.2)
k=1

k

4.3.2 Dé xuit kién triic EEG-SKDnet

Téng quan vé phuong phap dé xuit ciia NCS dugc minh hoa trong
Hinh 4.1. Trong d6: Pudng gach d6 thé hién ham mat mat cross-entropy
tiéu chuén, Duong gach xanh thé hién ham méat mat knowledge
distillation, T biéu thi gia tri ciia hé s6 nhiét do (temperature value).

Cu thé, v6i tin hiéu EEG dau vao 1a , NCS ap dung cac chién luge
tang cuong dir liéu dé tao ra mot tin hiéu téng hop méi ky hi¢u la Goi
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mo hinh 1a  vdéi 0 1a tap céc trong s6 c¢6 theé huan luyén ciia mé hinh .
Cac du doan cia v6i hai dau vao khac nhaula va tuc la:

softrmax

T=r1
| * Model —>|m|—>| soft label |
|
|

augment

e scaled
:weights
¥

softmax
| T = 74| soft prediction |
Model (——»| prediction
Si‘aﬁmﬂlx hard prediclion'«— ---4  hard label |

Hinh 4.1 Tong quan vé phuong phap duogc dé xuat
4.3.3 Trong sé c6 diéu chinh (Scaled-Weights)

Trong nghién ctu nay, NCS ap dung khung tang cuong dir li¢u
duogc dé xuit trong [124] dé sinh ra cac mau EEG tong hop, tir d6 nang
cao tinh da dang va kha niang khang nhiu cua tap dir liéu huén luyén:

X =T (%) (4.3)

4.3.4 Chirng minh todn hoc vé tic dong ciia hé sé nhiét va trong sé

shared
weights

c6 diéu chinh lén phan phéi xdc sudit dau ra trong EEG-
SKDNet

4.3.5 Thiét lgp kién triic mang

/ Conv_S

Conv_F —>{Classifier

Conv_L

Hinh 4.2 Mang nhe duogc stir dung trong EEG-SKDNet
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4.4.3 So sanh va danh gid voi phwong phap co so

Béang 4.1 1iét ké hi¢u qua hoat dong cua cac cac kich ban KD bao
gém phuong phap co s, KD dua trén dau ra (Response-Based KD),
KD dua trén dac trung (Feature-Based KD), Progressive Self-

Knowledge

Distillation

(PS-KD),

Multi-Teacher

Knowledge

Distillation (MT-KD), va phuong phap duoc dé xuat véi cac cdu hinh
khac nhau. T4t ca két qua dugc bao céo trén tap DEAP(32), véi cac siéu

tham sb duogc giit nguyén

Béng 4.1 So sanh gitra cac kich ban KD khéc nhau

Method Acc F1-score
Baseline 93.44 +0.78 93.43 + 0.65
Response-based KD | 93.15+ 1.14 93.18 +1.17
Feature-based KD 90.87 £0.98 90.87 £ 0.98
PS-KD 94.02 +0.77 94.02 +0.79
MT-KD 93.99 +1.28 93.99 + 1.30
EEG-SKDNet 95.88 + 0.53 95.87 + 0.45
w/o wscaled
EEG-SKDNet 96.48 + 0.35 96.48 + 0.36

Bang 4.2 So sanh d6 chinh xéc top-1 gitra m6 hinh co s& va
EEG-SKDNet trén cac thanh phﬁn cam xuc trong ba bd dir lidu:

DEAP(32), DEAP(14), va DREAMER.

Component | Method = DEAP (32) @ DEAP (14)  DREAMER
Valence Baseline | 95.92+0.81 03.29+0.85 | 91.16+04
EEG- 96.67 +0.34 03.72+0.27 | 9241+0.32

SKDNet
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EEG-
SKDNet

Dominance | Baseline
EEG-
SKDNet

All Baseline

EEG-
SKDNet
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95.56+0.78
96.32+0.36

95.76 £0.69
96.45+0.36

95.75+0.76
96.48 £0.35

9327 +1.02
94.01+0.26

9321+0.82
93.79+0.28

93.26+0.89
93.84+0.27

4.4.4 So sinh véi cdc phwong phdp tién tién (SOTA)

91.21+044
92.88+0.30

91.28+0.55
92.39+0.31

91.22+0.51
9256 +0.31

Bang 4.3 So sanh hiéu suit giita cac phuong phép tién tién trén

céc tap dit lidu pho bién.

Method Acc | Input | #classes  #params | MFLOPs | Inference

shape M) time (M)
DEAP (32)
MTKD[125] 6500 @ (128, 2 - - -
64)
SDCGAT | 817 (2x6) 2 - - -
[126]
M1[72] 022 | (160, 2 949 2744 3566
CNN& N2 (261 2 - - 475.14
LSTM[127]
TC Net[128] 9882 | (48, 2 145 722 12297
128,
32
ResNet34 89 (228 2 729 1755 7504
[118]
MSDASFE | 7010 | (48, 2 1702 242,02 44577
[129] 128,

14)
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TDMNN P00 (9832 2 1525 - -
[130]
DSE-Mixer | 9519 (9832 2 032 9000 -
[131]
STILN[132] 6831 - 2 — 67.27 —
EEG- 018 (60,1 2 263 933 212
SKDNet
B S S S
Rhythm- 9%00 (1280, 9 019 15309 40524
specific CNN 32
[133]
MTL MSRN | 7192 | (3232 9 100 350.00 -
[134]
EEG- %48 | (160,1) 9 264 oA 246
SKDNet
(ours)
DREAMER
Rhythm- M4 | (1280, 2 018 13245 12803
gpecific CNN 14)
[133]
TC Net[128] #9867 | (48, 2 144 726 12207
128,
14)
TDMNN %00 (9814) 2 1525 3192 -
[130]
EEG- %876 | (1051 2 172 6.10 2062
SKDNet
(ours)

4.4.5 Nghién ciru logi bo (Ablation Study)

Béng 4.4 Do chinh x4c Top-1 véi cac cau hinh khac nhau ctia
hai siéu tham s6 chinh a va t trong md hinh EEG-SKDNet trén tap dir
liéu DEAP (32 kénh).
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0=0.2  0=0.3  a=0.5  0=0.7
90.06 92.12 94.72  95.71
90.15 92.34 | 94.05 § 96.02
91.32 92,50 94.62 96.17
10 1 91.45 92.68 95.00 | 96.48

45 Két luin chwong 4

~N| oW

KET LUAN VA NHUNG KIEN NGHI NGHIEN CU'U TIEP
THEO
1. Mot s6 két luan
Xay dung kién triic mang hoc sau hiéu qua cho viéc trién khai bai
toan EEG_ER cho cac tng dung HCI thuc té, trién khai tai cac thiét bi
bién ctia mang AloT 13 mét xu hudng tat yéu. Tuy nhién, kho khin gip
phai la can tim kiém mét kién tric hoc sau gon nhe sao cho ¢ thé cai dat
trén cac thiét bj c6 kha ning luu trit va xtr Iy han ché trong khi van phai
duy tri duoc hiéu qua nhan dang cao. Dé giai quyét van dé nay, trudc tién
chung ta can phai xac dinh duoc kién trac hoc sdu nén tang. Tiép do, can
ap dung mot sb bién phap ki thuat dé cai tién kién tric nay sao cho dat
duoc muc tiéu vé kich thude md hinh cling nhu hi¢u qua nhén dang. So
véi muc tiéu dé ra, luan 4n da thuc hién duoc cac ndi dung chu yéu sau:
- Cap nhat cac kién thirc tong quan vé bai toan EEG_ER, tap trung
siu vao nghién ciru cac ky thuat quan trong can trién khai trong
cac khau thu thap, trich chon dac trung tin hi¢u EEG va phan 16p
cam xuc; Xac dinh 16 cac thach thirc can phai vuot qua khi xay
dung mot hé théng EEG_ER theo dinh huéng AloT. Mot phan
ctia ndi dung nay ciing da duoc cong bd trong CB [1].
- Nghién ctru kha nang tng dung cta cac ky thudt hoc sau khac
nhau trong bai toan EEG_ER; Cap nhat cac cong trinh nghién
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ctru gan nhit Gmg dung k¥ thuat hoc sau dé giai quyét bai toan
EEG_ER; Tién hanh cac thir nghiém kiém chimg dé tir d6,xac
dinh duoc kién tric hoc séu CNN 1D cung voi dang dau vao ddc
trung FFT la phit hop nhdt d6i véi dinh hwéng trién khai bai todn
EEG _ER cho trén img dung AloT. Cong bd cac két qua nghién
ctru trong cac bai bdo CB [2], CB [3], CB [4]

- Nghién ctru dp dung hai ky thudt “Inception” va “Squeeze and
Excitation” dé cdi tién kién triic hoc sdu CNN ID truyén thong
sao cho phit hop hon véi cdc g dung AloT. Dé xuat hai md hinh
hoc sau c6 kich thude nhdé nhung hiéu qua nhan dang cao. Chung
minh dugc hiéu qua hoat dong ctia hai mo hinh nay thong qua cac
cong cu mod phong. Cong bd két qua nghién ctru trén cac cong
trinh CB [5] (m& hinh EEG_MCSNet cho bai toan phan loai nhi
phan) va CB [6] (M0 hinh EEG_SICNet cho bai toan phan loai da
16p).

- Dua trén mo6 hinh hoc sdu EEG_SICNet da thu dugc, nghién ctu
dp dung ky thudt hoc chuyén giao SKD nham tdng hiéu sudt nhdn
dang, tang téc do suy ludn ma khéng can ting kich thude mé hinh.
Trong d6, k¥ thuat Scaled weight cho student loss giup mé hinh
tap trung hon vao cac tin hiéu quan trong sau khi trich xuat FFT,
gitip ting hiéu sudt va do chinh xac ma khong can tang kich thudc
md hinh. Hiéu qua hoat dong cua kién trac dat duoc (mé hinh
EEG-SKDNet) da dugc chung minh thong qua cac cong cu mo
phong. Cong bé két qua nghién ciru trén cong trinh CB [7].

2. Nhirng kién nghi nghién ctru tiép theo
Theo quan diém cua hoc vién, ludn dn con cé mét s6 huwéng phdt
trién sau:
- Nghién ctru trién khai thir nghiém cho mét s6 bai toan hd tro quyét
dinh dya trén thong tin tir tin hiéu EEG nhu diéu khién xe 13n dién,
diéu khién nha théng minh. ..
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Nghién ctru ap dung cic giai phap k¥ thuat méi nham nang cao
hon nira hiéu qua hoat dong cua kién triic hoc sau cho bai toan
EEG_ER khi trién khai trén cac tmg dung AloT thuc té.

Dic biét ddi v6i bai toan EEG_ER, noi dung ctia ludn an méi chi
tap trung vao viéc tim kiém kién triic hoc sau hiéu qua. Bén canh
do, dir liéu ciing dong vai tro vo cuing quan trong. Viée thiéu hut
dir liéu ciing nhu sy khong dong nhat va mat can bang dit liéu 1a
nhimg van dé 16n can phai giai quyét. Can tim kiém cac giai phap
mo rong va lam giau dir liéu hién co, st dung k¥ thuat ban giam
sat dé gan nhan tu dong, phat trién bo dir liéu kiém tra chuan nham
nang cao do chinh xac va kha ning tong quat hoa ctia cic mo hinh
nhan dang cam xuc.

Do gi6i han vé thoi gian nghién ctru va kién thirc ctia ban thén,

luan 4n kho c6 thé tranh khoi mot sb sai sét nhat dinh. NCS rat mong
nhan duoc su dong gop ¥ kién cua cac thay co, cac nha khoa hoc quan
tam dé luan 4n dugc hoan thién hon.

Mot 1an nira NCS xin duoc cam on Thay gido PGS.TS. Phling

Trung Nghia di tan tinh gitip 5, huéng dan trong thoi gian thuc hién
luan an, cam on su giup d& cua gia dinh, ban bé va cac ddng nghiép
trong thoi gian qua.

Théi Nguyén, ngay 20 thang 5 nam 2025
Tac gia luan an

Dwong Thi Mai Thuong



