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Tém tat

Mot thach thic trung tim trong bai toan nhan dién cam xuc da phuong thic trong
hoi thoai (MERC) la thiét ké cac md hinh két hop (fusion) cé kha nidng nim bat dudc
cdc tuong tac phic tap gifta cac phuong thiic vin ban, am thanh va thi gidc, dong thoi
van ton trong dudc dong Iuc hoi thoai va ngit canh dic trung theo tiing ngudi néi. Cac
tiép can truyén thdng thudng dua trén cac chién ludc két hop sém hoidc mudn, coi cic
phuong thiic nhu nhau va bé qua ciu triic thdi gian, quan hé gitta cic ngudi néi cling nhu
cac phu thudc ngit canh bic cao trong cudc thoai. Trong cac diéu kién thuc té, di liéu
hdi thoai da phuong thic con bi suy giam bdi hién tuong thiéu phuong thiic va su dong
g6p mét cin bing giita cic phuong thiic, 1am suy yéu dang ké do viing va kha ning khai
quat ctia cac hé thdng MERC hién cé.

Luan 4n nay gidi quyét cac thach thic trén bang cach phat trién cac mo hinh hoc
sau két hop da phuong thic tién tién, dudc thiét k& chuyén biét cho bai todn nhin dién
cam xiic trong hdi thoai trong bbi canh dit liéu thiéu va mat can bang phuong thiic. Phan
tht nhit tip trung vao mo hinh héa hoi thoai da phuong thiic ¢6 cau triic trong diéu kién
day di phuong thiic, v6i muc tiéu hoc dudc cc biéu dién giau thong tin va nhan thic ngit
canh cho MERC. Chiing t6i d& xuAt CORECT, mot khung mo hinh do thi quan hé—thsi
gian tich hgp Relational Temporal Graph Convolutional Network (RT-GCN) v6i mo-dun
Pairwise Cross-modal Feature Interaction (P-CM) d€ dong thdi mo hinh héa phu thudc
thoi gian 6 mic phat ngon, cac tuong tac da phuong thiic va quan hé hoi thoai c6 xét dén
ngudi néi. Tiép d6, ching tdi gidi thiéu MultiDAG+CL, két hop suy luan ngit canh dua
trén do thi c6 huéng khong chu trinh (DAG) véi chién lude curriculum learning nham
xtt 1y dan dan cac chuyén déi cam xiic va mifc do khé ctia mau, tlf d6 cai thién kha ning
nhan dién cam xuc trong cac hoi thoai da ngudi néi phic tap.

Phan thi hai ctia ludn 4n tip trung vao bai toan két hop da phuong thic vita viing
vifa cin bang trong diéu kién dit lidu chit luong thap, noi khong thé gia dinh tinh day
dd va can bang clia cac phuong thifc. DE dbi phé véi bai toan thiéu phuong thiic, ching
toi dé xuat Mi-CGA, mot khung mo hinh dd thi hai giai doan: truéc hét xay dung cac



biéu dién da phuong thiic khong diy dd, sau d6 st dung Cross-modal Graph Attention
Network (CGA-Net) vdi cac co ché ude luong dic trung phuong thic, graph attention
va cross-modal attention dé tdi dung cac tin hiéu bi thiéu va truyén tai thong tin bd
sung gitta cac phuong thifc. PE xit Iy hién tuong mét can bang phuong thiic, chiing t6i
phat trién hai chién lugc b trg cho MERC. Ada2l dua vao cic co ché Adaptive Feature
Weighting (AFW) va Adaptive Modality Weighting (AMW) d€ tai can bang dong déng
g6p & ca muifc dic trung va mic phuong thiic trong qua trinh két hop, trong khi Self-Paced
Curriculum Learning (SPCL) dong vai trdo mot so dd hu4n luyén “plug-and-play”, dan
dan sap lich cdc miu theo thudc do dd kho hai tang, gitip &n dinh viéc hoc da phuong
thtc trong bdi canh chat lugng phuong thifc khong dong nhit.

Cac thuyc nghiém quy md 16n trén nhiing bo dit liéu MERC dudc st dung rong
rai, bao gom IEMOCAP, CMU-MOSI va CMU-MOSEI, ciing véi cac ddnh gia bS sung
trong céc thiét 1ap di liéu thiéu va mét can bang phuong thiic, cho thiy cic md hinh
dugc dé xuit lién tuc vuot troi so véi cdc dudng co sd manh vé chat luong két hop, kha
niang mo hinh héa ngit canh, do vitng trudc thiéu phuong thiic va dong luc hoc cn bang
trong qua trinh hoc. Nhin chung, ludn 4n déng gép mét géc nhin thong nhit vé két hop
da phuong thiic cho MERC: (1) két hop hoi thoai ¢ ciu triic véi mo hinh héa quan hé va
thoi gian (CORECT, MultiDAG+CL); (2) két hop van duy tri d§ viing khi thiéu phuong
thiic (Mi-CGA); va (3) cac chién lugc huin luyén nhan thic két hop gidp giam thiéu hién
tuong chi phdi phuong thiic (Ada2l, SPCL), tir d6 cho phép nhin dién cam xic dang tin
cdy hon trong cdc hoi thoai da phuong thiic thuc té.



Mé dau

Dong luc

Su phat trién nhanh chéng cia cdc nén tang giao tiép truc tuyén da lam thay ddi
cach con ngudi tuong tac, chia sé thong tin va boc 16 cam xic, khién hoi thoai sb trd
thanh mai trudng trung tim clia trai nghiém cam xic hing ngay. Trong bdi canh nay,
c4m xuc clia con ngudi dudc truyén tai thong qua su phdi hop gilia ngdn ngii, giong noéi
va bi€u cam khuon mit, tf d6 thuc ddy bai todn Nhan dién cadm xiic da phuong thiic
trong hoi thoai (Multimodal Emotion Recognition in Conversation — MERC) tr§ thanh
mot nhiém vu quan trong trong linh vuc tinh toan cam xic. MERC hudng t6i viéc tu
dong suy luan cam xuc ctia titng phat ngén trong mot doan hoi thoai bang cach mé hinh
héa dong thdi cac tin hiéu da phuong thic cling véi ngilt canh hoi thoai va tuong tic gitta
cac nguoi noi.

Két hop da phuong thiic hiéu qua 1a trong tim ctia MERC, bdi céc tin hiéu vin ban,
am thanh va hinh anh vita khac biét vé ciu tric vita mang tinh bd sung trong cach ching
ma héa cic diu hiéu cdm xiic. Cac md hinh hoc sau hién dai da gidp cai thién viéc két
hop cho nhan dién cam xiic trong hoi thoai, nhung nhiéu mo hinh van dugc thiét ké dudi
cdc gia dinh ly tudng rang moi phuong thiic déu dudc quan sat ddy dd, c6 do tin ciy nhu
nhau va cAu tric hi thoai chi dugc mé hinh héa mot phan. Trong cac kich ban thuc té,
dit liéu hoi thoai da phuong thic thudng c6 chit luong thip: mdt s6 phuong thiic c6 thé
nhiéu, bi che khuét hoic 1éch pha theo thdi gian, trong khi cac phuong thifc khac c6 thé
bi thiéu mot phan, thiéu hoan toan hoic yéu hon han so véi phan con lai. Nhitng khiém
khuyét nay khién cac mo hinh két hop dé bi phu thudc qua mic vao phuong thiic chiém
uu thé, hoc theo céc tuong quan nhiéu va suy gidm manh hiéu ning khi tinh sin c6 hoic
chét luong ctia phuong thiic thay ddi.

Céc quan sat trén dan t6i dinh huéng trong tAm ctia ludn dn vé két hop da phuong
thdc sau tién tién cho MERC trong bdi canh phuong thic thiéu va mat can bang. Mot
miit, MERC doi hdi co ché két hop hoi thoai c6 ciu tric, ¢6 kha niing tich hdp cdc phuong



thiic khac nhau dong thdi mo hinh héa tudng minh céc phu thudc theo thdi gian va quan
hé giita cdc ngudi néi trong hoi thoai. Mit khac, cac hé thong MERC thuc té phai duy tri
dugc do viing khi phuong thic bi thiéu va dn dinh khi miic déng gép gitta cac phuong
thic bi mit cin bang, tranh hién tugng mot kénh chi phbi va van khai thac dudc céc tin
hiéu hitu ich tif nhitng phuong thtic yéu hon.
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Hinh 1: Tong quan vé khung phén tich cdm xtic da phucng thiic

Pham vi nghién ctru, Muc tiéu va Cau hoi nghién ciru

Céc phuong phap hién c6 trong bai toan Nhan dién cam xic da phuong thic trong
hoi thoai (MERC) thudng gip khé khin trong viéc (1) cin chinh va két hop hiéu qua
cdc dic trung di thé tif vin ban, 4m thanh va hinh 4nh, (2) nim bat bdi canh hdi thoai
theo thdi gian va phu thudc vao ngudi néi, va (3) duy tri do viing trong cac diéu kién dif
liéu da phuong thic chit luong thap nhu thiéu phuong thic hodc mét can bang gitta cac
phuong thic. D€ gidi quyét cac khoang tréng nay, luan 4n tip trung vao hudng két hop
da phuong thiic sau tién tién cho MERC trong bdi canh dit liéu thuc té c6 nhiéu sai 1éch
va khiém khuyét.

Pham vi clia luan 4n dudc xdc dinh theo hai khia canh b trg: pham vi nhiém vu va
pham vi phuong phép luan. Vé pham vi nhiém vu, luin 4n tip trung vao MERC, trong
dé muc ti€u Ia suy luan cam xuc ¢ muc phat ngdn trong cac doan hdi thoai da ngudi
néi bang cach mod hinh héa ddng thdi céc tin hiéu da phuong thic va cu tric hoi thoai.

Vé pham vi phuong phap luén, luin 4n phét trién cac mo hinh hoc sau cho két hop da



phuong thiic nhiam (i) hoc dudc cdc biéu dién da phuong thic giau thong tin, phit hop
v6i dit liéu hoi thoai, va (ii) ddm bio do viing va tinh cin bang khi cac phuong thic bi

thiéu hoiic c6 miic d6 thong tin khong dong déu.

Trong céc pham vi d6, luan 4n dudc td chifc xoay quanh hai muc tiéu nghién ctiu

(O) cbt 16i va cac cau hoi nghién ciu (RQ) tudng dng:

« O1: Két hop da phuong thic va mo hinh héa ngii canh cho MERC. Muc tiéu nay
hudng t6i viée thiét ké cac kién tric két hop da phuong thiic dudc diéu chinh chuyén
biét cho bai toan nhan dién cam xuc trong hdi thoai, tap trung vao cach tich hgp
céc tin hiéu dic trung cla tiing phuong thiic trong khi van mo hinh héa dong luc

hoi thoai.

— RQ1: Lam thé nao dé hoc va két hop hiéu qua cac biéu dién da phuong thic &
muc phat ngdn, dong thdi nim bat dudc ca dic trung ndi tai cia tiing phuong
thifc va céc tuong tac bo trgd gitia cac phuong thiic cho bai todn nhan dién cam

xuc trong hoi thoai?

— RQ2: Lam thé nao d&€ mo hinh héa c6 ciu tric va tién trién cac phu thudc
theo thdi gian va tuong tic giita ngudi néi trong hoi thoai, nham hd trg suy
ludn ngtf canh hiéu qua cho MERC?

Cdc cdu héi nghién citu nay duoc gidi quyét trong Chuong 2.

« 02: Két hop da phuong thiic viing va can bang cho MERC. Muc tiéu nay tip trung
nang cao do viing va do tin cay cua cac md hinh MERC khi dit li€u da phuong thiic
khong hoan hao, dic biét trong cic diéu kién thiéu phuong thiic va mit can bang

phuong thuc.

— RQ3: Trong cic kich ban MERC c6 phuong thiic bi thiéu, 1am thé nao dé bu
dap hiéu qua cic dic trung da phuong thic bi thiéu va truyén tai thong tin
b6 sung gitta cac phuong thiic dé duy tri cac bi€u dién da phuong thiic viing
chic? Cdu héi nghién citu nay dwoc gidi quyét trong Chuong 3.

— RQ4: Lam thé nao dé€ thiét ké cc chién ludc huin luyén va tdi vu héa nham
giam thiu mit cin bang & cac miic dic trung, phuong thiic, cam xiic va hoi
thoai, tif d6 cai thién tinh 6n dinh va kha ning khai quat cia mo hinh MERC?
Cdu héi nghién citu nay duwoc gidi quyét trong Chuong 4.



Y nghia va Péng gop

Cac déng gop chinh clia luan 4n xuit phat tif mot hudng nghién citu théng nhét vé
két hop da phuong thifc siu tién tién cho MERC, v6i nhin manh vao md hinh héa hoi

thoai c6 ciu triic va dd viing trong bbi canh phuong thifc thiéu va mit cin bing. Cu thé:

1. Két hop hoi thoai da phueng thitc ¢6 chu tric: Ching i dé xudt CORECT
[VanNTC 1] va MultiDAG+CL [VanNTC 2] nhu cdc m6 hinh MERC huéng két
hop, dong thdi xét dén ca dic trung da phuong thiic va ciu triic hoi thoai. CORECT
dua ra mo hinh do thi quan hé—thdi gian két hop véi tuong tac da phuong thic bd
trg d€ nam bat cac phu thudc theo thdi gian ¢ mic phat ngdn va cic quan hé da
phuong thic 6 muc hdi thoai, trong khi MultiDAG+CL tan dung suy luan ngtt canh
dua trén do thi c6 hudng khong chu trinh (DAG) két hop véi curriculum learning
dé xt 1y tot hon cac chuyén dich cam xic va miic d6 khé da dang clia miu trong

hoi thoai da ngudi ndi.

2. Két hop virng dudi diéu kién thiéu phuong thic: Ching toi phat trién Mi-
CGA [VanNTC 3], mot khung m6 hinh do6 thi dugc thiét ké cho MERC trong
bdi canh thiéu phuong thiic. Bang cach két hop giai doan Incomplete Multimodal
Representation (IMR) v6i Cross-modal Graph Attention Network (CGA-Net), Mi-
CGA tai dung cac dic trung phuong thiic bi thiéu va truyén tai thong tin bd sung
gitta cac phuong thiic, cho phép két hop 6n dinh ngay ca khi mot hoic nhiéu phuong

thic chi ¢c6 mit mot phan hoic inng mat hoan toan.

3. Két hop can b?lng khi phuong thite bi chi phf)i: Chung toi xi 1y bai todn mat
can bing phuong thiic trong MERC thdéng qua hai chién Iudc hoc c¢é nhan thic
vé két hop. Ada2l [VanNTC 4] dua vao cic co ché Adaptive Feature Weighting
(AFW) va Adaptive Modality Weighting (AMW) dudc din dat bdi mot ti 1& sai
khéc (discrepancy ratio) dé tdi can bing dong déng gép & ca miic dic trung va mic
phuong thifc trong qu4 trinh két hop, trong khi Self-Paced Curriculum Learning
(SPCL) [VanNTC 5] déng vai trdo mot mo-dun plug-and-play gon nhe, dan dan
sap lich cac mau huén luyén dua trén thuéc do do kho hai tang, gitip 6n dinh qua

trinh két hop da phuong thic trén nhiéu kién triic nén khac nhau.



Chuong 1

Hoc siu nang cao cho nhan dién cam xuc da phuwong thae

Cam xtc va nhan dién cam xuc da phuong thire. Cam xtic 1a céc trang thai cam
xtc rdi rac, dudc kich hoat bsi nhiing su kién cu thé va thé hién qua nhiing thay ddi phoi
hop trong trai nghiém, hanh vi va sinh ly. Trong bbi canh tinh toan, nhan dién cam xtc
nhiam gan cac trang thai nay cho nhiing doan du li€u dua trén cac tin hiéu quan sat dugc.
Luén an nay tap trung vao bai toan Nhan dién cam xuc da phuong thuc trong hdi thoai,
trong d6 muc tiéu la du doan nhan cam xuc cho tung phat ngén trong mdt hoi thoai da
ngudi néi dua trén dau vao vin ban, Am thanh va hinh dnh. Mt cudc hoi thoai dude md
hinh hod nhu mét ddy C' = {uy,...,uy} cdc phit ngdn, mdi phit ngdn gin véi ngudi
néi va cac dic trung theo tiing phuong thiic, va MERC tim mdt ham 4nh xa cdc dau vao
hdi thoai da phuong thiic niy sang nhin cdm xtic & mic phat ngon, dong thdi khai thac

ca ndi dung cuc bo 1an ngit canh hoi thoai.

Hoc may da phuong thite. Hoc méy da phuong thic nghién cttu cich biéu dién,
cin chinh va két hop cdc ngudn dit liéu di thé nhu ngdn ngit, Am thanh va hinh anh trong
mdt khung hoc thong nhit. Nhitng thach thic trung tim bao gdm viéc hoc cic biéu dién
chung hoic phdi hop, cin chinh céc tin hiéu khong dong bo theo thdi gian va hd tro suy
luan, dich chuyén thong tin gilia cdc phuong thic. Pdi véi tinh toan cdm xic, dic biét
1a MERC, céc thach thiic nay cang noi bat do y nghia cdm xtic phu thudc manh vao ngi
canh, danh tinh ngudi néi va lich su tuong tac. Do d6, cac phuong phap da phuong thic
hiéu qué can dong thdi xt 1y dugc clu tric riéng clia tiing phuong thifc va cac dong luc
hoi thoai bac cao.

Két hop dir liéu da phuong thire. Két hop dit liéu da phuong thiic quan tim dén
céch tich hgp thong tin tif cac phuong thiic khac nhau d€ phuc vu cic tdc vu phia sau.
Céc chién lugc kinh dién trai dai tit két hop sém, ndi cdc dic trung tho hodic miic thip

dudgc ndi lai, dén két hop trung gian, noi cac khong gian tiém 4n chung va tuong tac da



phuong thiic dudc hoc, va két hdp mudn, noi cic du dodn riéng theo tiing phuong thifc
dugc két hop. Trén thuc té, co ché két hop can cin bing gilta viéc giit lai cic dic tinh
phén biét clia tiing phuong thiic va khai thac thé manh b8 sung gitta chiing. Trong bdi
canh hoi thoai, diéu nay cang phiic tap khi dif liéu c6 chét lugng thap: mot sd phuong
thic c6 thé nhiéu, thiéu mot phan hoidc yéu hon han so véi cac phuong thiic khic. Do
viy, cac co ché két hop hién dai cho MERC ngay cang c6 xu huéng tich hop md hinh
ho4 thdi gian, tuong tac chéo dua trén attention va do viing trudc cac diéu kién phuong
thic khong dy dd hodc méit can bang.

Nhén dién cam xic da phuong thite trong hoi thoai. MERC dic ta bai todn du
dodn cdm xidc & miic phat ngdn ddng thdi xét dén cau triic hdi thoai. Mdt cudc hoi thoai
thudng dugc mo hinh hod nhu mét day C' = {uy, ..., uy}, trong d6 mdi phat ngdn wu;
gin v6i mot ngudi néi p;, mot tap dic trung theo phuong thiic {7 },,cas (Vi du vin bén,

am thanh, hinh anh) va mdt nhan cam xuc y; € Y. Bai toan MERC la hoc mot ham

f . (07 {Ign}i:L.N,mGM> — {yh Y2,y ..., ?JN};

4nh xa cdc dau vao hoi thoai da phuong thic sang nhan cdm xtc & mifc phit ngdn, dong

thoi khai thac ca ndi dung cuc bd va ngti canh ¢ muc hdi thoai.

Viéc phat biéu bai toan thudng gia dinh rang mdi phat ngdn dudc gan nhin cam
xtic tif mot tap c¢b dinh, va mo hinh phai tin dung ca noi dung da phuong thiic ctia phat
ngdn 1an cic phu thudc gitta cac ludt thoai 1an cin va giita cdc ngudi néi. Nhiing tiép
can ban dau chd yéu dua trén céc kién triic hoi quy hodc Transformer d& mo hinh hoa
ngit canh, trong khi cdc nghién ctiu gan diy st dung ciu tric do thi dé biéu dién quan
hé giifa cac phat ngdn va gilta cac ngudi noi, thudng két hop véi co ché attention dé 1am
ndi bat cac tin hiéu quan trong. Xuyén subt cac huéng tiép cin, chi dé cot 16i 1a két hop
hiéu qua gitta két hop da phuong thic giau bi€u dat véi mo hinh hod hdi thoai ¢6 cu
triic, dong thdi duy tri hiéu ning khi cac phuong thiic nhiéu, thiéu hodc mét cin bang.

B du liéu va tiéu chi danh gia. Luin an danh gid cac m6 hinh MERC trén cac
bd dit liéu da phuong thiic nhu IEMOCAP, CMU-MOSI va CMU-MOSEI. Céc két qua
dugc bdo cdo & miic phat ngdn theo céc tidu chi Accuracy va F1 c6 trong s6/khong trong

s0, nham phén dnh c4 hiéu ning tong thé va dnh hudng clia su mat can bing nhan.



Chuong 2

Két hop da phuong thic cho nhén dién cam xtc trong

hoi thoai

Chuong nay tip trung vao viéc nang cao co ché két hop da phuong thiic cho MERC,
trong d6 mo hinh can suy luin hiéu qua tir cdc tin hiéu vin ban, 4m thanh va hinh anh
trong bbi canh hdi thoai c6 ciu triic. Cdm xiic trong hdi thoai bién d6i theo cac ludt thoai
va phu thudc vao dong chdy ngit cdnh ciing nhu tuong tic gilta cidc ngudi néi, khién
MERC khé hon nhiéu so véi bai toan phan loai cdm xiic tiing phat ngdn doc 1ap. Cac
phuong phap dua trén mang hoi quy, do thi va két hop da phuong thiic hién c6 méi chi
nam bat dudc mot phan ciu tric nay, va thuong gap khé khin véi phu thudc dai han, mét

can bang giita cic phuong thifc.

Dé khic phuc nhitng han ché d6 trong diéu kién dit liéu diy di phuong thiic, ching
t6i dé xudt CORECT [VanNTC 1], mot khung mo hinh dd thi quan hé—thdi gian mo
hinh hoa dong thdi ngit canh hdi thoai va tuong tic da phuong thiic. CORECT tich hop
Relational Temporal Graph Convolutional Network (RT-GCN) nhdm nim bt c4c quan
hé theo thai gian va phu thudc vao ngudi néi § miic phat ngdn, cung véi mo-dun Pairwise
Cross-modal Feature Interaction (P-CM) md hinh hoa tuong minh cac tuong tac gitia cac

phuong thic ¢ muc hoi thoai.

Trén nén tdng do, chiing toi tiép tuc gidi thiéu MultiDAG+CL [VanNTC 2], mé
rong suy luan dua trén do thi c6 huéng khong chu trinh (Directed Acyclic Graph — DAG)
sang dau vao da phuong thiic va tich hgp chién lugc curriculum learning. MultiDAG mo
hinh hod dong chay thong tin doc theo céu tric hdi thoai c6 hudng d€ nam bat t6t hon
cdc phu thudc dai han va cic chuyén dich cam xuc, trong khi curriculum learning dan
dan cho md hinh tiép xiic véi cac cudc hoi thoai khé hon, gitip cai thién do &n dinh va

kha nang khai quat cua mo hinh.



2.1 Két hop da phuong thitc véi mo6 hinh hoa quan hé va
thoi gian trong hoi thoai

CORECT tich hop mot Mang Tich chap D6 thi Quan hé-Thdi gian (Relational
Temporal Graph Convolution Network — RT-GCN) v6i mdt mo-dun Tuong tac Pac trung
Lién phuong thic theo ciip (Pairwise Cross-modal Feature Interaction — P-CM) dé€ thuc

hién nhan dién cam xuc da phuong thic trong hoi thoai.

Unimodal Encoder CORECT Architecture
— x4
e -
s l S| mm
Conversation C —~ 3 |: (’v '“ ‘/\ g S
—-.xf e 1 L.i i o s Emotion Classifier
2 ||| |
: ' S
e L 3
_.Ox” -
1
Y Relational Temporal Graph Convolutional Network
—(C )*2
m | q
o v ® 1
_.Ox, L 1
et M | meme) || | |
N { H
. D T Predicted
S o Ny e A
HeE ; M —
OO0 || 2 Lpw
LN 3 —'sz
Lel O |i
x!
2 My
a |
: 1
—-DXN Pairwise Cross-modal Feature Interaction
7~ * Multimodal Relation 7% Ppast Relation 7"\ Future Relation ®
- Acoustic nodes O Visual nodes v Textual nodes Speaker Embedding

Hinh 2.2: Minh hoa khung mé hinh CORECT

Cho mdt cudc hdi thoai da ngudi néi C' gdm N ot 16i [uy, us, . . ., uy], ky hiéu S
13 tAp ngudi néi tuong tng. Mbi lugt 15i u; dudc gin v6i ba phuong thiic gdm 4m thanh
(@), hinh anh (v) va ngén ngit (1), 1an ludt ky hiéu 1a ud, uy, uﬁ Dua trén biéu dién ngit
canh cuc bd va toan cuc, bai toan ERC nhiam du doan nhin cam xic cho mdi lugt 15i

u; € C' tir tap nhan cam xuic duge xac dinh trude v6i M nhan Y = [y1,ya, .. ., yas]-

Khung CORECT xt 1y hi thoai bang céch trudc tién trich xuit dac trung don
phuong thitec 6 mire cau néi. V6i moi u;, ta thu dudc cac embedding dic trung theo
tiing phuong thiic: ¢, x¢, x! cho &m thanh, hinh 4nh va ngdn ngi (st dung céc tang FC
cho a, v va bd ma héa Transformer cho [). D& két hop thong tin ngudi néi, mdi embedding

dugc ting cudng bing véc-to ngudi néi s;, tao thanh: X7 = a7 +ns;, 7 € {a,v,l}.

P& nam bat ciu trdc hoi thoai cuc bd, CORECT xay dung mot do thi da phuong
thic G(V, R, &), trong d6 mdi lugt 15i tao ra ba nit u¢, uY, u!, va cic canh ma héa (1)
quan hé da phuong thiic R, lién két cac phuong thic khac nhau ctia cung mot lugt
161, va (2) quan hé thoi gian Riemyp 1i€n két cac luot 16 trudc—sau trong mot ctia s6 thoi

gian. Mang Tich chap P6 thi Quan hé-Thai gian (RT-GCN) tao ra cic biéu dién ¢ ngit
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Bang 2.1: Két qua trén IEMOCAP (6-way).

IEMOCAP (6-way)

Methods Happy Sad Neutral Angry Excited Frustrated Acc. (%) w-F1 (%)
be-LSTM 3263 7034 S51.14 6344 67091 61.06 59.58 59.10
CMN 30.38 6241 5239 59.83  60.25 60.69 56.56 56.13
ICON 2991 6457 5738 63.04 6342 60.81 59.09 58.54
DialogueRNN 33.18 7880 5921 6528 71.86 58.91 63.40 62.75
DialogueGCN 47.10 80.88 5871 66.08 70.97 61.21 65.54 65.04
MMGCN 4545 7753 6199 66.70 72.04 64.12 65.56 65.71
DialogueCRN 51.59 7454 6238 6725 73.96 59.97 65.31 65.34
COGMEN 55.76  80.17 63.21 61.69 7491 63.90 67.04 67.27
CORECT (Ours) | 59.30 80.53 66.94 69.59 72.69 68.50 | 69.93 (1 2.89) 70.02 (1 2.75)

canh: g7, 7 € {a,v,l}. MOt tang Graph Transformer tiép tuc tinh chinh cac biéu dién

nay, thu dugc: o] .

Pé nam bat cac phu thudc lién phuong thiic & cip do toan cuc, CORECT &p dung
mdt bd bién ddi lién phuong thiic theo ciip (pairwise cross-modal transformer). Vi mdi
cip phuong thic o va 3, md-dun ndy tinh todn cdc tuong tic dua trén co ché chi y:
CM”~*, va xép chéng D ting dé tao ra dic trung lién phuong thic cudi cing: Z'2. 5
Quy trinh nay dudc ldp lai cho tht ca cc cdp phuong thic (a, v,1). Biéu dién cubi cung
ctia mdi ludt 18i néi dudc tao bang cach két hop: H; = Fusion(o], Z LD:] 5). Mot bd phan

loai du doan nhan cam xuc: ¢; = arg max(softmax(W H; + b)).

K&t qua. Trén bd dit liéu IEMOCAP, CORECT lién tuc vudt trdi hon cdc mé hinh
trudc day, dat muc cai thién dang ké & ca thiét 1ap 6 16p va 4 16p. Trén CMU-MOSEI,
CORECT ciing thé hién hiéu ning manh mé trong cac nhiém vu phan loai cdm xuc (2
16p va 7 16p) ciing nhu phan loai cam xuc tinh té, dat hofic vudt mic ctia cac md hinh
hién dai nhit. Cac két qua nay khang dinh tinh hiéu qua va do bén viing ctia CORECT
trong bai toan hi€u hoi thoai da phuong thic.

Bang 2.3: Két qué trén bd dit liéu CMU-MOSEI so sénh véi cac nghién ctiu trudc.

Sentiment Classification Emotion Classification (Binary, 1 vs. all)
Methods Accuracy (%) weighted F1-score (%)
2 Class 7 Class Happiness Sadness Angry Fear Disgust Surprise
Multilouge-Net 82.88 44.83 67.84 65.34 67.03 87.79 7491 86.05
TBJE 82.40 4391 65.91 70.78  70.86 &87.79 82.57 86.04
COGMEN 82.95 45.22 70.88 7091 7420 87.79 81.83 86.05
CORECT (Ours) | 83.66 46.31 71.35 72.86 76.77 87.90 84.26 86.48
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2.2 Két hop da phuong thitc v6i mo hinh hoa do thi ¢é
hudong khong chu trinh va hoc theo giao trinh

V6i mot doan hoi thoai C = {uy, ..., uy}, trong d6 mdi lugt 16i u; duge bi€u dién
bing cédc dic trung da phuong thic u; = {uf, u?,ut}, muc tiéu ctia MultiDAG+CL la
thuc hi€n nhan dién cam xuc trong hdi thoai da phuong thic (multimodal ERC) thong
qua viéc két hgp (1) MultiDAG, mot mo hinh do thi ¢6 hudng khdng chu trinh (directed
acyclic graph) dung d€ suy luin theo ngit canh, va (2) Curriculum Learning (CL), mot

chién lugc huin luyén dua trén do khé cia mau.

N utterances foma L x MultiDAG
conversation 7o N layers
! (mm)
S : : / Layerl \
U > d !
' ' Information aggregating :
' | using attention mechanism Mi(mm)
and edge relation
|
Uy———>
: Modality 1 1-1 1 7l
. Encoders GRUy (Hi(mm)’ Mi(mm)) Hi(mm)
v
1 1 -1 1
' GRU M(Mi(mm)’ H i(mm)) Ci(mm)
uN > H K / Predicted

label

Hinh 2.7: T6ng quan kién tric ciia MultiDAG.

M&i modality dugc ma hod bang cic bd ma hod chuyén biét: h¢ = Enca(u?),

hY = Ency(u?), ht = Encp(ul), va sau d6 dugc ndi lai d€ tao thanh bi€u dién da

phuong thic ctia lugt 16i Hj,,,. = hi © h{ & h.

DPoan hoi thoai dugc md hinh hoa dudi dang mot DAG, trong d6 moi ludt 18i chi
nhin thong tin tif cac luct xuét hién truée nd. Mot DAG-GNN cap nhit trang thai 4n qua
tiing tang bang cach st dung attention 1én cdc nit phia trudc va tich hdp dua trén GRU,
tao ra cdc bi€u dién ¢6 ngit canh Hi(mm) = [|f2o(H () + Climy)- Cch xit 1y nay cho
phép md hinh nam bat dudc ca phu thudc cuc bo 1an dai han theo dong chdy cé hudng
cta hoi thoai. Biéu dién cubi cing H, () dude dua vao mot mang Feed-Forward d€ du
doan cam xuc.

Thudce do do kho (Difficulty Measure). Ham do d6 kh6 (DMF) uéc lugng do kho
ctia mdi doan hdi thoai dua trén tan suit chuyén doi cdam xiic: DTF (c;) = %

Miic do bién thién cdm xuc cang 16n thi hdi thoai cang kho.

B6 lap lich huan luyén (Training Scheduler). Céc hoi thoai dugc sip xép theo
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do khé va chia thanh cdc nhém tiang dan {D;, . .., D;}. Qua trinh huin luyén bat dau tir
nhém dé nhat va dan bé sung cac nhém khé hon, tao thanh mot 1 trinh hoc c6 thi tu:
Dtrain « Dy — Dy UDy — -+ — Dy U--- U Dy. Sau khi tit ca cic nhém dude dua

vao, giai doan huin luyén chuin dugc tiép tuc.

Két qua. Bang 2.8 trinh bay so sanh toan dién v6i caic md hinh ERC da phuong
thtic hién dai. Phuong phap MultiDAG+CL dat hiéu suit tot nhét trén ca IEMOCAP va
MELD, vudt mic SOTA trude dé 1an lugt 1.05% va 0.34%. M hinh ciing mang lai cai

thién &n dinh trén hau hét cac 16p cam xiic, dic biét & cac 16p Sad, Neutral, va Angry.

Bang 2.8: Két qua trén IEMOCAP and MELD.

Mb hinh IEMQCAP MELD
Happy | Sad | Neutral | Angry | Excited | Frustrated | Acc. (%) | w-F1 (%) || Acc. (%) | w-F1 (%)
be-LSTM 33.82 | 78.76 | 56.75 | 64.35 | 60.25 60.75 60.51 60.42 59.62 57.29
MFEN 48.19 | 7341 | 56.28 | 63.04 | 64.11 61.82 61.24 61.60 60.80 57.80
ICON 32.80 | 74.40 | 60.60 | 68.20 | 68.40 66.20 64.00 63.50 58.20 56.30
DialogueRNN 32.20 | 80.26 | 57.89 | 62.82 | 73.87 59.76 63.52 62.89 60.31 57.66
DialogueGCN 51.57 | 80.48 | 57.69 | 53.95 | 72.81 57.33 63.22 62.89 58.62 56.36
DAG-ERC 47.59 | 79.83 | 69.36 | 66.67 | 66.79 68.66 67.53 68.03 61.04 63.66
MMGCN 45.14 | 77.16 | 64.36 | 68.82 | 74.71 61.40 66.36 66.26 60.42 58.31
CTNet 51.3 79.9 65.8 67.2 78.7 58.8 68.0 67.5 62.0 60.5
DAG-ERC+HCL - - - - - - - 68.73 - 63.89
COGMEN - - - - - - 68.2 67.6 - -
MultiDAG (Ours) 49.65 | 79.83 | 66.40 | 67.59 | 71.78 67.90 68.30 68.45 64.29 63.87
MultiDAG+HCL (Ours) | 45.26 | 81.40 | 69.53 | 70.33 | 71.61 66.94 69.11 69.08 64.41 64.00

2.3 Tong két chuong

Trong chuong ndy, ching t6i da giai quyét trong tam nghién ciiu thi nhit ctia luin
4n. Muc 2.1 gi6i thiéu CORECT, mo hinh hod cu triic hoi thoai theo quan hé va thdi
gian thong qua RT-GCN va mo-dun P-CM, tir d6 ting cudng két hop da phuong thiic
trong diéu kién dit liéu ddy dd phuong thic. Muc 2.2 trinh bay MultiDAG+CL, két hop
md hinh hod ngit canh dua trén dd thi c6 huéng khong chu trinh (DAG) véi chién luge
hoc theo gido trinh (curriculum learning) d€ x& 1y t6t hon cac chuyén dich cam xudc va

muc d6 kho khac nhau cua hoi thoai.

Céc thuc nghiém trén IEMOCAP va CMU-MOSEI (d6i v6i CORECT), ciing nhu
trén IEMOCAP va MELD (dbi v6i MultiDAG+CL), cho thdy mé hinh déu dat dudc mic
céi thién &n dinh so v6i cac dudng cd sé manh, qua dé truc tiép hd tr¢ Muc tiéu O1 bing
cach cung cAp céc co ché két hop hdi thoai da phuong thiic ¢6 cau triic cho MERC. Nhin
chung, cic phuong phap nay hinh thanh nén ting vé két hop va md hinh ho4 ngit canh
ctia luan 4n, dong thdi m3 dudng cho chuong tiép theo, ndi chiing toi nghién citu cc co

ché két hop da phuong thic viing chic trong diéu kién dit liéu thuc té chit lugng thép.
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Chuong 3

Nhan dién cam xuc da phuong thite trong hoi thoai voi
mé thicc khong day du

Gidi thiéu. Giao tiép clia con ngudi von mang tinh da phuong thic, két hop ngdn
ngil, giong néi, biéu cam khudn mit va nhiéu tin hiéu hanh vi khéc, khién MERC va
MSA tré thanh nhitng nhiém vu cdt 16i trong affective computing. Tuy nhién, trong thuc
té, cac hé thdng hiém khi tiép can ducc diy di tt ca cac phuong thiic. Do d6, dit liéu
da phuong thiic khong day di 12 mot thach thiic phd bién, nhung nhiéu mo hinh hién tai
van gia dinh rang moi phuong thiic ludn c6 sin (dy di) hodc chi xi ly su thiéu hut mot

cach hoi hot.

Céc giai phdp hién tai thudng roi vao ba nhém chinh nhung van chua da cho bai
toan nhan dién cdm xuc trong hoi thoai. Nhiéu han ché quan trong van ton tai: phan 16n
cac phuong phép gia dinh chi mot phuong thic bi thiéu tai mot thdi diém; nhiéu mo hinh
loai bé hoan toan mau dit liéu khong day di hodic chi 4p dung cic heuristic don gian; va
rit it phuong phap dong thdi khai thac tdi tao dic trung, suy luin lién phuong thiic va
md hinh héa ngit canh dua trén do thi. Pang chi y, hdi thoai da phuong thic chifa cac
quan hé phu thudc phong phd ma céc kién tric hién tai vin chua khai thac day da, dic
biét trong bdi canh thiéu phuong thifc.

Dé giai quyét nhiing thach thiic nay, chiing tdi gi6i thiéu Mi-CGA (Hinh 3.2), mot
khung thdng nhét dua trén do thi danh cho nhan dién cdm xic da phuong thiic trong hoi
thoai dudi diéu kién thiéu phuong thiic. Mi-CGA hoat dong theo hai giai doan. Giai doan
Incomplete Multimodal Representation (IMR) mo phdng diéu kién thiéu dit liéu va hoc
cac biéu dién da phuong thic bén viing ¢ thé hoat dong véi bat ky tip con phuong thiic
nao. Giai doan thu hai, Cross-modal Graph Attention Network (CGA-Net), xay dung

mot kién triic suy luan da phuong thiic nhay cdm véi ngit canh.

Nghién ctiu nay thiic ddy Objective O2 ctia luin 4n bing cach giai quyét tinh bén
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vitng trudc dif liéu da phuong thiic chit luong thip, dic biét 1a trudng hop thiéu phuong
thiic. Hon nita, Mi-CGA déng gép truc tiép cho RQ3 thong qua viéc tai tao dic trung
bi thiéu bang mo hinh héa dya trén dd thi va attention; dong thdi hd tr¢ RQ4 bing cich
cho phép hoc da phuong thiic 6n dinh va chinh xdc trong cac kich ban thiéu phuong thiic
hoic thay d6i s6 lugng phuong thifc. Cong trinh nay da dudc cong bo tai Neurocomputing
(SCIE QlI, IF 6.5) nam 2025 [VanNTC 3].

Mi-CGA: Mang Tép trung Do thi Lién phuoeng thic cho Nhan dién Cam xiic Bén
vitng duéi Diéu kién Thiéu Phuong thie.  Xét mot hoi thoai €' gdm chudi N luot
phat ngon {Uy, Uy, ..., Uy}. Mdi lugt U; trong C' gin vé6i ba phuong thiic dif liéu gom
am thanh (a), hinh anh (v) va vin ban (¢), tic 1a U; = {u!”, «(", ("1,

(2
Gia st ton tai mot ti 16 thiéu phuong thic tdng thé p € [0, 1] 4p dung 1én dit liéu da

phuong thic. Khi d6, ta ky higu z{7* € R, 2 ¢ R vy o0 € R 13 bidu
(@ () s (1)

dién khong day dii ca u,;", u;”’ va u;’ v6i cac kich thudc tiém 4n tuong ung d,, dy, d,.

Trong bai to4an nhan dién cam xic da phuong thic duéi diéu kién thiéu phuong
thiic, Mi-CGA nhén vao bo ba (xz(a)'”is‘s, g {Vmiss :E(t)'”“s) va du doan nhan cam xuc tucng

(2 2

ting §; cta U; tli tap nhan dinh nghia truéc £ = {y1, 2, ..., Y5}

Incomplete Multimodal Representation CGA-Net
s aE a
Modality Incomplete
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Hinh 3.2: Kién triic t6ng thé ctia md hinh Mi-CGA.

Mi-CGA dugc thiét ké dé giai quyét bai toan nhan dién cam xic da phuong thic
trong hdi thoai dudi cac diéu kién thiéu phuong thic. Véi hoi thoai gom N ludt phat ngdn
{Uy,...,Un}, mbi U; chita dic trung Am thanh, hinh anh va vin ban U; = {uga), w4

2 2
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mot ti 1¢ thiéu phuong thiic toan cuc p dudc ap dung nham mo phong tinh hudng thiéu dit

liéu & ca giai doan huan luyén va suy luan. Bo dic trung bi che (q;(a)Miss g (Vmiss x(t)m“s)

sau d6 dudc st dung d€ du dodn nhan cam xuc ;.
M0 hinh gdm hai giai doan chinh: (1) Giai doan I - Incomplete Multimodal Representation
(IMR): Giai doan nay hoc cédc dic trung biéu dién bén viing 6 miic luct phat ngon, cé
thé hoat dong vé6i bat ky dang thiéu phuong thiic nao. Cac bd ma hoa theo phuong thic
sinh ra embedding ngit canh: ), 2"

i , va xgt) (BiLSTM cho van ban va mang fully-
connected cho 4m thanh va hinh anh). Mt na thiéu M dudc 4p dung theo ti 1& thiéu p, tao
ra dic trung bi che X% = X ® M. Embedding ngudi néi S,,,;, dudc ghép vao dé ting
giau thong tin: X777 = 1S,,,;, & X™**. (2) Giai doan II - Cross-modal Graph Attention
Network (CGA-Net): Giai doan nay két hop dic trung dudc tai tao, cAu tric hoi thoai va
tuong tdc lién phuong thic. Feature Estimation (FE) tdi tao phuong thic bi thiéu bing

b6 md hod GCN f,; va bo gidi ma MLP gy d€ thu dugc: X5¢ = go( f, (X715, A)).

Budc lam mugt két hop gid tri tdi tao va quan sat: X = (1— X)X 00rse 4 \X 7755,
MulGAT mo6 hinh héa phu thudc trong hoi thoai. Hé s6 chd y a;; dudc tinh trén cac lugt
1an can va téng hop biang da dau: X 47 = MulGAT(X ). CMA nim bit tuong tac lién
phuong thic chi tiét bang attention hai chiéu cho moi cip phuong thiic, sinh ra: X,

Xtﬁv Xvﬁa
, .

Tht ca dudc ghép thanh dic trung lién phuong thic toan cuc: X(yess. Bidu dién
cudi cung ctia mdi lugt phat ngon 1a: X pina = [Xaar, Xcross). MOt bd phan loai feed-
forward + softmax du doan: ¢;. Md hinh dudc huin luyén v6i ham mét mat kép: £ =
Les + Ly, trong dé L 12 cross-entropy, con L, 12 mat mat tdi tao (MSE hoiic KL)

tai cac vi tri da che.

Két qua. Bang 3.2 cho thy Mi-CGA vuot troi hon tit ¢ cdc mo hinh SOTA trén
nhiéu bo dit lidu trong diéu kién thiéu phuong thic. Trén IEMOCAP (4-class), Mi-CGA
dat muc cai thién +6.30% w-F1 trung binh so v6i GCNet; va trén IEMOCAP (6-class),
mo hinh dat SOTA méi v6i do chinh xac 62.43% (+6.25%). Cac muc cai thién tuong
ty trén CMU-MOSI va CMU-MOSEI tiép tuc khang dinh tinh viing chic ciia Mi-CGA
trong bbi canh ERC vdi dit liéu da phuong thiic khong day du.

O moi mifc missing rate, tit dif liéu ddy di dén thiéu hut nghiém trong, Mi-CGA
déu cho két qua vuot troi so vdi cac phuong phép trude. Pang chd y, Mi-CGA suy gidm
hiéu niing rit it khi p ting. Xu huéng nay xuit hién nhit quén trén tat ci cac bo di liéu,
chiing minh kh4 ning thich @ng va do bén viing ctia Mi-CGA trong ca diéu kién day du
14n thiéu hut phuong thiic.
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Bang 3.2: So sanh véi cdc phuong phép hién tai & nhiéu mifc do thiéu phuong thiic khac
nhau.

Missing Rates
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7  Average
CPM-Net 58.00 55.29 53.65 52.52 51.01 49.09 47.38 4476 51.46
AE 74.82 7136 6740 62.02 5724 50.56 43.04 39.86 58.29
CRA 7626 7128 67.34 6224 57.04 49.86 4322 3856 5823

Dataset Models

IE(IX{S;?P MMIN 7494 71.84 6936 6634 63.30 60.54 57.52 55.44 6491
GCNet  78.36 77.48 77.34 7622 75.14 7380 71.88 7138 7520

Mi-CGA 83.42 82.83 82.27 81.50 83.17 80.08 79.96 79.35 81.50

A 506 535 493 528 803 628 8.08 797 6.30

CPM-Net 41.05 37.33 36.22 3573 35.11 33.64 3226 3125 3532

AE 56.76 52.82 48.66 4226 35.18 29.12 25.08 23.18 39.13

IEMOCAP CRA  58.68 53.50 49.76 45.88 39.94 32.88 28.08 26.16 41.86
(6-way) MMIN 5696 53.94 5146 4842 45.60 42.82 40.18 37.84 47.15

GCNet 58.64 58.50 57.64 57.08 56.12 5440 53.60 5346 56.18
Mi-CGA 66.04 65.83 64.07 63.08 61.72 59.96 59.52 59.18 62.65
A 736 733 643 600 560 556 592 572 647
CPM-Net 7190 6891 71.12 70.59 6495 6588 64.02 61.79 67.77
AE 5676 5282 48.66 4226 35.18 29.12 2508 23.18 39.13
CRA 5868 53.50 49.76 4588 39.94 3288 28.08 26.16 41.86
MMIN 8520 81.91 7822 7460 70.14 67.72 64.04 6153 72.92
CMU-MOSI ~ GCNet 85.01 8254 80.17 7854 7648 7345 69.46 6835 7675
DiCMoR  85.60 83.90 82.00 8020 77.70 7640 73.00 70.08 78.70

IMDer 85.60 84.80 83.40 81.00 78.50 7590 74.00 7120  79.30

Mi-CGA 8721 85.02 8328 81.83 79.56 78.62 75.63 73.05 80.05

A 161 022 -0.12 083 106 222 163 18 075

CPM-Net 7847 7479 7448 7381 7239 7043 6873 67.07 7252

AE  86.66 8437 82.58 80.57 78.80 7643 7426 7281 79.56

CRA 8648 84.19 8225 80.12 78.55 75.85 7407 7246 79.25

MMIN 8578 83.77 81.85 79.77 77.63 7536 7295 71.18 78.54

CMU-MOSEI GCNet 87.12 86.50 8550 84.53 83.55 8244 8027 80.20 83.76
DiCMoR 85.10 8350 81.50 7930 77.40 7580 73.70 7220 78.60
IMDer  85.10 84.60 8240 80.70 78.10 77.40 7550 74.60 79.80
Mi-CGA 87.61 8621 8580 84.81 84.26 84.82 82.85 81.56 83.92
A 049 -029 030 028 071 238 258 136 0.6

3.1 Chapter summary

Trong chuong nay, ching toi da gidi quyét thach thifc hoc tir dit 1iéu da phuong thic
khong day du trong bbi canh dit liéu chit lugng thip bang cach gidi thiéu Mi-CGA, mot
framework chuyén biét cho bai toan Nhan dién Cam xuc trong Hdi thoai (MER). Bﬁng
cach két hop hiéu qua ciu triic ndi phuong thiic va lién phuong thic thong qua mé hinh
héa dua trén do thi, Mi-CGA truc tiép déng gép vao Objective O2 va gidi quyét RQ3
thong qua viéc cung cAp mot giai phap c6 nguyén ly cho tai tao dic trung phuong thic bi
thiéu, dong thdi ddm bao kha ning hiéu cam xiic 6n dinh ngay ca khi di liéu da phuong
thic khong day du.
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Chuong 4

Nhan dién cam xuc da phuong thite trong hoi thoai voi
phuong thirc mét can bang

Trong tdm thi hai ctia ludn 4n trong huéng nghién ciu vé dit liéu da phuong thic
cht lugng thip 12 hoc can bang da phueng thite, v6i muc tiéu dam bio ring moi
phuong thiic déu déng gép mot cach ¢ y nghia trong qua trinh huin luyén thay vi dé
mdt phuong thic manh 14n 4t ciac phuong thiic con lai. Thach thiic nay—thudng ducc
goi 12 mdt cdn bdng phuong thitc—xuat hién phd bién trong bai toan ERC da phuong
thtic va cac nhiém vu lién quan, khi tin hiéu viin ban thudng chi phbi qua trinh ti uu

ho4, trong khi cac phuong thiic &m thanh va hinh anh bi hoc kém hon.

D& gii quyét van dé nay, luan 4n dé xuit hai huéng tiép can bé tro: (1) Ada2l, mot
mo hinh end-to-end tai can bang viéc hoc da phuong thic & ca cip do dic trung va cip
do phuong thiic; va (2) SPCL, mdt md-dun nhe dang plug-and-play gitp gidm dan su
mét can bang phuong thiic va cé thé tich hgp linh hoat vao nhiéu kién triic da phuong
thic khac nhau. Hai dong gép nay truc tiép hd trg Objective 02, véi muc tiéu xay dung
cdc chién lugc hoc da phuong thic viing chic trong diéu kién dif liéu khong hoan hio
hoic chét lugng thip. Cu thé: (i) bang cich ting cudng hoic khoi phuc cic dic trung
ctia phuong thtic bi hoc kém, chiing gidi quyét RQ3 vé cai thién biéu dién da phuong
thic khi tin hiéu suy giam hoic khong day du; va (i) bang cach dua ra cic co ché can
bang thich tng dua trén curriculum & cac mic do dic trung, phuong thiic, cidm xic va
hdi thoai, ching céi thién tinh 6n dinh va khé ning khéi quat hod ciia mo hinh, dép tGng
yéu cau trong RQ4.

Cic két qua nay da dudc kiém chiing thong qua cong bd tai ACM Multimedia 2024
(CORE A*) dbi v6i Ada2l [VanNTC 4], va mot nghién ctiu mé rong vé cin biang phuong
thuc dua trén Self-Paced Curriculum Learning (SPCL), hién dang trong giai doan major
revision tai Neural Computing and Applications (Scopus Q1) [VanNTC 5].
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4.1 Ada2l: Tang cuong cin bang phueng thitc cho nhan
dién cam xuc hoi thoai da phuong thire

Ada2I 12 mot framework end-to-end dudc thiét ké nham giam thiéu hién tuong mdt
cdn bdng phuong thitc trong bai toan ERC da phuong thic bang cich dam bao ring
moi phuong thic déu déng gép mdt cach tuong xing trong qua trinh hoc biéu dién. M6
hinh bao gdm ba giai doan chinh: (1) Md hod phuong thiic (Modality Encoding), (2)
Cdn bdng ddic trung thich iing (Adaptive Feature Weighting — AFW), va (3) Cdn bang
phuong thiic thich iing (Adaptive Modality Weighting — AMW), ciing véi mot chién ludc
huén luyén gitip can bang dong cc gradient giita cic phucng thiic.

I do wanna just say that | R(6) ~av (0,3 s9¢(9(™)
1 enjoy this movie... HH Eﬂ "‘""“"'|‘l'"""I""I"""Ml" m ((E {tt, a),v} ( : )
J, X X®

$ ¢ o — softmax function
X Predicted Labels ® — element-wise product

Text Encoder Image Encoder Audio Encoder e » ® — matrix multiplication
Transformer Transformer Transformer H f @ —concatnation
l I H Linear — ______________________,
i ¢ i Classification ™
o 2 e . Crossentropy .
i T Backward Loss
Linear Transform
i r(6™) k{".g}aﬁ’"))
L /7 @ /A

Km = {1 —tanh(a.p™),p"* > 1
=
1

% others
. 5 {
®
|
Y

=
Training Optimization

Adaptive Feature Weighting

1
i
1
i
i
Zm—udapt :
Tensor Contraction i
1
| ' ' :
1
. I — @ — i
i
Att, | Att, Att, e !
Attention Mapping Network Zmi — |
! |z} a4 Adaptive Modality Weighting| !
: Lfeature Lmndal :
““““ »  Lpam LTI LTITITITIIIIIITIIITITII I oIl
Lcls

Hinh 4.2: Kién triic tdng quan ctia Ada2l

V6i mot hdi thoai gdm cac chudi don phuong thiic X™ cho m € {t,a,v}, b ma
hoa Transformer ¢(#(™)) tao ra cac biéu dién da dugc ngit canh hoa theo tiing phuong
thitc dudi dang Z™ = (0™, X™). Pay la cac dic trung don phuong thiic ban diu phuc
vu cho cic budc cin bing tiép theo.

P& hiéu chinh su mét cin bﬁng tai muic ddc trung, Ada2l mo hinh hoa tuong tac da
chiéu giita cdc phuong thiic thong qua phén ra vong tensor (tensor-ring decomposition).
Mbi phuong thiic sinh ra céc 16i truy van va khod dang vong tensor gg va G, sau do
dudc hop nhat thanh céc tensor bac cao hon Q va K. Cac hé s6 chd y ©™ dudc tinh toan
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thong qua tuong tac theo tiing phan ti ¢6 chuin hod ti 1&, va dudgc riit gon thanh ciac ma
tran pooling A ™). Tit d6 thu dudc trong s chi y theo dic trung Att,,, va biéu dién dic
trung da dugc can bang dudc tinh nhu sau: ZJ-44%" = Att, Z™ 4 BZ™, trong d6 3 diéu
chinh miic déng gép con lai tir dic trung gbc.

Dé ngin cac phuong thiic manh (vi du: vin ban) lan 4t cac phuong thiic yéu hon,
Ada2l ap dung chuin hod L2 theo phuong thiic va tdi trong s6 dua trén cosine. V&i
mdi phuong thiic m, cic logits da chuin hod dudc tinh bing Z/-%4%! v trong s6 dau ra
W™, va biéu dién da phuong thiic da dudc can bang dudc tdng hop nhu sau: Z7- 4wt —
>om % + b. Vector thu dudc dude dua qua mdt MLP d€ du dodn nhan cam
Xuc 4.

Ada2l st dung ham mat mat két hop, bao gdm méit mat phan loai £, mat mat
can chinh muc dic trung L teqpure, Va mat mat cin bang phuong thic L4 DE xtt 1y
mét can bang toi vu hod, Ada2l mé rong ti 1é chénh 1éch 1én ba phucng thic bang cich
tinh s (ti o tuong dong cosine gitia logits va dic trung) va udc lugng mic do chi phdi
tuong dbi: p" = % Hé sb didu bién k™ = 1 — tanh(ap}") dudc ding dé€ giam
gradient clia cac phuong thiic chiém uu thé trong qud trinh cAp nhat bd ma hod, didm bao
riang cac phuong thic yéu hon nhan dugc muc tdi uu hod day di xuyén sudt qua trinh

huan luyén.

Biéu dién da phuong thifc di dudc cin bang Z™ %Pt sau d6 dugc dua vao mot
MLP d¢€ sinh nhin cdm xic du doan ¢. Tong thé, AFW, AMW, va co ché diéu bién
gradient cho phép Ada2l duy tri qua trinh hoc da phuong thiic 6n dinh, can bang va cai

thién hiéu qua nhan dién cam xiic trén tit ca cac phuong thiic.

Két qua. Nhu thé hién trong Bang 4.2, Ada2l lién tuc vudt troi hon so v6i cdc mo
hinh SOTA trudc diy trén tit ci cac td hop phuong thiic & ca hai bd dit liéu. Pang chd
y, véi cip phuong thic yéu nhit (A+V) trén MELD, Ada2l dat miic cai thién dang ké:
ting 10.77% vé w-F1 va 6.98% vé Accuracy, tif d6 thu hep dang ké khoang céch so véi

cac thiét 1ap von c6 uu thé clia phuong thifc vin ban.
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Bang 4.2: So sanh két qua trong thiét 1p da phuong thiic ciia Ada2l véi mo hinh co s
da dudc can bang phuong thifc thong qua FAGM (ky hiéu 1).

IEMOCAP
T+A+V T+A T+V A+V
W-FI Acc W-F1 Acc W-FI Acc W-Fl Acc
DialogueRNN7Y | 61.31 61.61 61.90 61.98 60.19 59.95 48.31 50.71
DialogueGCN7{ | 62.76 63.22 64.36 64.39 61.25 62.23 49.20 49.85
BiDDINT{ 58.81 58.84 58.88 58.16 59.04 5896 46.36 46.77
MM-DEN7Y 64.92 64.57 6391 6420 61.02 60.60 54.48 55.03
MMGCN} 64.53 64.51 63.25 6340 61.02 61.06 54.14 54.90
Ada2l (Ours) | 68.97 68.76 6691 67.28 6548 65.43 55.16 55.64

Methods

A(%) 14.05 14.19 12.55 12.89 14.23 13.20 10.68 10.61
MELD
Methods T+A+V T+A T+V A+V

W-FI Acc W-F1 Acc W-FI Acc W-Fl Acc
DialogueRNN7Y | 56.42 58.05 56.46 58.01 55.67 57.39 40.46 45.39
DialogueGCN{ | 54.61 58.96 54.80 57.28 55.26 57.10 10.02 44.44
BiDDIN{ 5747 59.18 56.56 58.05 5693 58.10 44.39 48.62
MM-DENT 5575 60.80 57.10 60.00 57.73 60.65 42.05 48.66
MMGCN+t 5848 61.15 57.59 60.69 57.14 5946 4349 4843
Ada2l (Ours) | 60.38 63.03 60.08 62.64 58.62 61.95 55.16 55.64
A(%) 11.90 11.88 12.49 11.95 10.89 11.30 110.77 16.98

4.2 SPCL: I’Ing dung Self-Paced Curriculum Learning
dé€ ting cuong can bang phuong thitc trong nhan
dién cam xic hdi thoai da phuwong thire

Nhiéu huéng tiép can da dudc dé xuit nham giam thiéu tinh trang mét cin bang
gifta cac phuong thic, tif viéc cdi thién chit lugng dic trung don phuong thiic, bé sung
cdc muc tiéu hoc phu trg, cho dén can bing gradient giita cic phuong thiic. Tuy nhién,
cac phuong phap nay thudng doi hoi tién huln luyén quy mo 16n, cac ham mat mat dic
thu theo tdc vu, hodc thao tac gradient phic tap, khién kha ning tdng quat héa va md

rong bi han ché.

Vugt qua nhiing giGi han do, chung t6i gidi thi€u Self-Paced Curriculum Learning
(SPCL), mot chién ludc huan luyén don gian nhung thich ting cao, gitip can bang déng
g6p gitta cac phuong thic bang cach huéng dan mo hinh hoc tit mau dé dén mau khé
theo céch tién trién. SPCL bao gom: (1) mot Bd do dé khé (Difficulty Measurer) danh
gid do phuc tap cia mau dua trén hiéu ning nhan dang va mic do sai 1éch gitta céc
phuong thiic, va (2) mot Bo 1ap lich hoc (Learning Scheduler) Iya chon mau theo cach
thich ing dé€ dam bao cac phuong thifc yéu hon nhan dudc tdi vu héa day du.

Biing cach két hop hai thanh phan nay, SPCL mang dén mot giai phdp théng nhét,
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khong phu thudc kién triic, d€ xir Iy mit can biang phuong thiic; dong thdi cai thién tinh
on dinh trong huin luyén va ting cudng dong gép tif cac phuong thic von bi tdi uu hoa
kém. Hinh 4.7 minh hoa quy trinh t6ng thé ctia SPCL va céch tich hop lién mach ctia né

vao cac mo hinh MER hién c6.

«Vou liked it7 Y @ - element-wise sum
ou liked 1t ou
W really liked it?” g © - standard deviation
“Yeah, Ido.” © - element-wise product
U; - i-th conversation
N; -# utterances in U;
Multimodal Update
Framework 4—--—-—-—-—I
1
z .
' joint Vi
=1 Yij j=1
e ]

l I Self-paced Curriculum
@ Learning-based Approach
(SPCL)

Difficult l Scheduler |

5; 1—@—*32 —F W— [ T
2s; l 1 opi A
8 + liJ Vi = {0 otherwise

pij =

Hinh 4.7: Khung tich hgp SPCL

V6i mot tap di liéu hoi thoai da phuong thifc D va tip nhan cdm xic C, mdi phat
ngdn z;; duge bi€u dién théng qua ba phuong thic (4m thanh, vdn ban va hinh énh).
Phuong phép cia chiing tdi trudc hét sinh ra cac logit don phuong thiic thong qua cic
bd du doan chuyén biét cho tiing phuong thifc, sau d6 hdp nhét ching thanh mét logit
da phuong thic phuc vu nhian dang cidm xiic. D€ tiép tuc xi ly hién tuong mat can
bing phuong thiic trong qud trinh huén luyén, chiing tdi tich hdp mo-dun Self-Paced
Curriculum Learning (SPCL), md-dun nay sé chon mau huin luyén mot cach dong dua
trén do kho clia chiing, qua d6 khuyén khich qua trinh t6i uu dién ra cin bang hon giita
cac phuong thiic. P6i v6i mdi phat ngon x;;, cac bo du doan don phuong thiic sinh ra
logit theo: 27 = ¢y, (]};0™) v6i m € {a,t,v}. Logit da phucng thiic cudi cing dugc
tinh bang tong céc logit don phuong thiic: z; omt _ s 27, va ham mét mat 6 miic phat

ngdn dugdc xdc dinh béi: [;; = — 1og(softmax(szmt)yij).

SPCL gi6i thiéu co ché chon miu thich ing thong qua hai thanh phan:

(1) Difficulty Measurer: Mdi phat ngdn dugc gén mot di€ém do kho p;;, bao gom:
mot thanh phan & muc phét ngdn /;; phan dnh do kho phan loai, va mot thanh phan &
mtic hdi thoai s; dudc tinh tir dd 1éch chuén cua cdc diém don phuong thiic, ding d€ udc

lugng mifc do sai léch giita cdc phuong thiic. Do khé cubi cuing dudc tinh biang trung
2s;l;;
si+1i;?

binh diéu hoa: p;; = bio dam rang khong thanh phan nao chiém vu thé tuyét doi.
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Béng 4.5: So sanh hiéu suat ctia cic mo hinh cd s6 véi mo-dun SPCL ctia ching toi va

cac phuong phdp bo trg khac trén IEMOCAP.

. TA AV
M hinh w-F1 Acc w-F1 Acc w-F1 Acc w-F1 Acc
DialogueGCN [? ]
Bascline 60.43 60.54 61.61 61.72 59.19 59.48 47.89 4849
+RNAloss| 5843 58.47 57.42 57.73 56.23 56.62 47.40 49.29
+OGM-GE|  57.16 57.24 59.30 59.52 55.88 56.13 43.71 44.98
+OPM 58.89 59.72 57.02 57.55 60.48 60.54 49.80 5176
+FAGM 62.76 63 2 64.36 64.39 61.25 62.23 49.20 49.85
+SPCL 66997 | o3 67.037 1 5(65.327 L g9 65467 i 11564477 L5y 64.46T (2057891 1 00 58597 149
A 4.23 381 0.96 1.07 3.22 2.23 8.09 6.83
Apase 6.56 6.49 3.71 3.74 5.28 4.98 10.00 10.10
BiDDIN [? |
Baseline 5829 5820 5873 58.67 5857 57.93 4535 46.03
+RNAloss | 58.63 58.55 58.02 57.92 57.29 57.24 42.54 44.82
+OGM-GE|  58.06 57.98 57.71 57.73 57.58 57.55 39.84 40.42
+OPM 56.27 56.62 57.82 57.60 52.59 52.60 37.72 40.48
+FAGM 58.81 58 84 58.88 58.16 59.04 ss 96 46.36 46.77
+SPCL 59907 (13 60.737 (56 (60.247 1| 11 60437 (09 (61107 |y 61917 L sg| 46. 34ﬁEO 3 9. 11Ti0 7
A 1.09 1.89 1.36 1.76 2.06 2.95 0.02
Apase 1.61 2.53 1.51 1.76 2.53 3.98 0.99 3 08
MMGCN
Baseline 62.67 62.67 62.66 62.72 58.99 59.14 4722 4923
+RNAloss | 63.13 63.28 59.25 59.27 56.30 56.50 50.35 51.20
+OGM-GE| 6242 62.69 62.33 62.42 58.83 59.03 51.90 53.54
+OPM 64.60 64.10 62.30 62.70 59.70 59.60 50.60 52.00
+FAGM 64.53 64.51 63.25 63.40 61.02 61.06 54.14 54.90
+SPCL  [67.66" (57 67. 71T i0‘64 66.757 () 4» 66. 51T :I:O 42[65.007 | 5 65. 09T il‘“ 53. 70i0 71 54044004
A 3.06 3.50 3.98 0.44 -0.86
Apase 5.00 5.04 4.09 3 79 6.01 5.95 648 4.81
MM-DFN
Baseline 61.54 61.72 61.98 62.12 59.78 59.93 4842 49.11
+RNAloss | 60.23 60.49 60.18 60.41 57.74 57.92 45.63 46.32
+OGM-GE|  59.92 60.13 60.57 60.69 5833 58.49 44.98 4551
+OPM 63.30 62.91 64.43 6445 64.06 63.89 53.55 53.79
+FAGM 63.45 63.72 63.83 63.94 61.58 61.72 50.35 51.02
+SPCL  (67.16" () c7 67. 08T iO 54(66.037 o g5 66.097 s |64.317 () oo 64.701 ) 0353387 () o7 53477 (93
A 371 1.60 1.64 0.25 0.81 -0.17 -0.32
Apase 5.62 5.36 4.05 3.97 4.53 4.77 4.96 4.36

(2) Learning Scheduler: Mot bo diéu phdi hoc véi hard regularizer sé chon cac
mau théa man p;; < A thdng qua mét na nhi phén v;; € {0, 1}, giip md hinh tép trung
vao cdc mau dé va can biang hon trong cic epoch dau. Ngudng A dudc ting dan theo quy
luat A\ = oA~ ti d6 ting bude dua cic maiu khé hon vao qua trinh hoc khi mé hinh
da 6n dinh. SPCL diéu chinh ham loss MERC chuén bdng cdch nhan trong sd v;; vao
cac gia tri mat mat & muc phat ngon: Lspor, = ﬁ > v ;. Cac tham s ctia md hinh
dugc cap nhat dua trén gradient cia Lgpcr, gitip toi uu héa dién ra theo huéng tiép nhan
dan cac mau khé hon nhung van ddm bao can bang gilta cac phuong thiic.

Két qua. Trén ca hai bo dit liéu IEMOCAP va MELD, SPCL lién tuc cai thién hiéu
suit so véi cac mo hinh backbone va cic ky thudt cin bang hién c6, dic biét trong thiét
1ap du ba phuong thiic TAV. Trén IEMOCAP, SPCL mang lai muc cai thién ro rét cho
tt ca cdc mo hinh, dat miic ting trung binh +0.85% so véi phuong phap tét thi hai va
+2.25% so v6i backbone. Trén MELD, SPCL ciing cho thiy mtc cai thién dang ké, dic
biét trong cac kién tric transformer nhu MM-DFN, noi SPCL vugt OPM +0.42%. Tuy
nhién, véi DialogueGCN, mic cai thién khiém ton hon (vi du +0.14% so v6i OGM-GE),
c6 kha ning xudt phat tif ciu triic hoi thoai ngan va phan méanh ciia MELD, vén khong

hoan toan phit hdp véi lich trinh hoc tién dan ciia SPCL. Du vay, SPCL van chiing td
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Béng 4.6: So sanh hiéu suat ctia cic mo hinh cd s6 véi mo-dun SPCL ctia ching t6i va
cac phuong phdp bo trg khac trén MELD.

Model TAV TA TV AV
w-F1 Acc w-F1 Acc w-F1 Acc w-F1 Acc
DialogueGCN
Baseline 5311 55.08 51.99 5422 5422 56.07 354 4454
+RNAloss | 56.65 58.47 54.21 5835 53.78 58.12 43.64 4732
+OGM-GE| 5773 57.36 56.38 58.81 56.15 5778 42.05 46.51
+OPM 54.47 57.12 53.26 56.17 5321 57.66 40.52 43.64
+FAGM 54.61 58.96 54.80 57.28 55.26 57.10 40.02 44.44
+SPCL | 5787149 60.777 1|91 |58.04 055 60 84i0 69 | 56.18.1 1 35 58.617 il 43| 42284079 46.64, 33
A 0.14 1.81 1.66 0.03 0.4 -1.36 -0.68
Apuse 4.76 5.69 6.05 6 62 1.96 2 54 -1.26 2.10
BiDDIN
Baseline 56.41 5854 56.23 57.85 56.46 58.06 3.07 4735
+RNAloss |  52.18 49.16 53.21 50.31 52.59 49.43 41.05 44.60
+OGM-GE| 5527 53.41 51.96 47.74 52.18 48.58 43.03 46.97
+OPM 53.87 57.62 54.73 58.58 56.25 59.77 40.69 47.39
+FAGM 57.47 59 18 56.56 58.05 56.93 58.10 4439 48.62
+SPCL 57607 1 »5 60.867 4 (30 |58.087 L 30 61227 1 ¢ [58.107 1) 43 61007 | 74| 42301003 48.151( 43
A 0.13 1.68 1.52 2.64 117 1.23 -2.09 -0.47
Abuse 1.19 2.32 1.85 337 1.64 2.94 -0.77 112
MMGCN
Baseline 5771 59.95 57.29 59.79 56.73 59.31 4238 49.12
+RNAloss | 56.94 58.62 56.00 57.59 55.48 57.70 41.84 46.91
+OGM-GE|  57.59 59.92 56.80 59.77 56.20 59.08 42.20 48.81
+OPM 55.78 57.24 56.27 59.77 55.29 59.23 42.72 47.20
+FAGM 58.48 61.15 57.59 60.69 57.14 59.46 43.49 48.43
+SPCL  |59.11" 4 45 61 32T o8 58.937 1 99 61 65T 5039 S8.14T 11 17 60.647 41 g [43.797 13 49104005
A 0.63 1.34 1.00 118 0.30 -0.02
Apuse 1.40 1.37 1.64 1 86 141 1.33 141 -0.02
MM-DFN
Baseline 57.52 59.90 57.11 59.47 57.46 59.68 40.04 4391
+RNAloss | 56.02 58.20 54.13 55.59 54.13 55.59 36.39 47.54
+OGM-GE| 5653 58.39 55.86 59.08 56.25 58.24 40.60 48.43
+OPM 58.75 61.42 57.67 61.38 58.28 61.49 42.51 47.16
+FAGM 57.55 60.80 57.10 60.00 57.73 60.65 42.05 48.66
+SPCL  [59.17" 4 39 61 91*10 9059117 103 62. 31*10 32|58917 1017 61947 134 ( 43324057 48597 155
A 042 144 0.63 045 0.81 -0.07
Apuse 1.65 2 01 2.00 2 84 145 2.26 3.28 4.68

tinh 6n dinh, mang lai c4c cdi thién nhat quan va c6 y nghia trén ca hai benchmark.

4.3 Tong két chuong

Trong chuong nay, ching toi da giai quyét trong tdm thi hai clia luan an: hoc da
phuong thic can bang cho dit liéu da phuong thire chét lugng thap. Trong Muc 4.1,
chiing toi gi6i thiéu Ada2l, mot framework end-to-end dudc thiét ké dé tai can bang qua
trinh hoc & ca hai mic do—ddc trung va phuong thitc—nham giam thiéu hién tugng
phuong thiic chiém wu thé. Trong Muc 4.2, chiing tdi trinh bay SPCL, mdt module nhe
dang plug-and-play gitip huéng din mé hinh hoc tit cic mau dé dén kho, dong thoi gidam
dan su mét cin bang gitta cac phuong thiic theo céch thich ting, c6 thé tich hop linh hoat
vao nhiéu kién triic mo6 hinh khic nhau. Ching t6i ciing tién hanh cic thi nghiém mé
rong trén cac bo dit liéu chuan nhu IEMOCAP, MELD va CMU-MOSEI, cho thiy ca
Ada2I va SPCL déu cai thién hiéu qua mo hinh trong céc diéu kién hoc mit can bang.
Tong thé, cac déng gép nay thic ddy viéc hién thuc héa Objective O2 bing cich giai
quyét hai khia canh c6t 16i ctia hoc da phuong thic cin bing.
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Két luan

Luén 4n nay trinh bay cdc cong trinh nghién cttu vé MERC, dong thdi xt 1y c4 bai
toan mod hinh hod hiéu biét hdi thoai da phuong thiic va do viing ctia qua trinh hoc trong
cac diéu kién dit liéu thuc té chat lugng thip. Thay vi xem xét tliing thach thiic mot cach
tach biét, luan 4n xay dung mot khung nghién cifu tién trién, két ndi két hop da phuong
thiic, mo6 hinh hod ngit canh hoi thoai va dong luc hoc hoc mdy viing chac trong mot

pham vi phuong phap luan théng nhat.

Tém tat cac dong gop. DE dat duge Muc tiéu O1, luan 4n nghién ciu céch cAn mo
hinh hod bi€u dién da phuong thic va ngii canh hoi thoai d€ nhan dién cam xic hiéu
qua trong d6i thoai. Cu thé, CORECT giai quyét RQ1 bing cach dua ra mot khung do
thi quan hé—thsi gian cho phép két hop da phuong thic c6 nhéan thiic ngit canh trong
khi van gilt dudc céac biéu dién dic trung riéng clia tiing phuong thidc. Trén nén tang do,
MultiDAG+CL giai quyét RQ2 bing céch di siu vao cach hoc cdc phu thudc hoi thoai
theo thoi gian va phu thudc ngudi néi dudi cac muc do phuc tap hoi thoai khac nhau,
thong qua mo hinh do thi c6 huéng khong chu trinh va ti uu hod dua trén hoc theo gido
trinh. Két hop lai, cdc phuong phap nay thiét 1ap mot céch tiép cin c6 cd sd cho két hop

da phuong thic va suy luan ngtt canh trong nhan dién cam xuc hoi thoai.

Dé hoan thanh Muc tiéu 02, luin 4n tiép tuc md rong nghién ciiu sang MERC
trong cac diéu kién dit liéu thuc té chét lugng thip. Mi-CGA giai quyét RQ3 bing cich
cho phép két hop da phuong thic viing hon khi mot hodic nhiéu phuong thic bi thiéu,
thong qua truyén thong tin dua trén do thi va suy luin chéo giita cdc phuong thiic. Bén
canh d6, Ada2l va SPCL giai quyét RQ4 bing cich diéu chinh mit can bing phuong
thic tif cdc géc nhin bé trg: Ada2l tip trung tdi cAn bang déng goép ctia cic phuong thifc
& mtc biéu dién, trong khi SPCL 6n dinh dong luc hoc hoc thong qua t6i vu hod dua
trén gido trinh. Nhin chung, cic phuong phap nay tao nén mot khung tiép can nhat quan
d€ cai thién do viing va dd 6n dinh ctia mo6 hinh MERC trong cac bdi canh hoi thoai thuc

Z
A

te.
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Han ché. Mic dii cic phuong phép dé xudt cho thiy hiéu qua rd rét, vin con mot s
han ché. Thi nhit, nhiéu phuong phap dua trén cac gia dinh san c6 vé ciu triic hoi thoai
hoic tinh s&n sang ctia phuong thiic, diéu nay c6 thé han ché tinh linh hoat trong céc kich
ban hoi thoai tu phat, nhiéu hoic mién md. Thi hai, cac chién luge xay dung do thi va
thiét ké gido trinh con phu thudc vao cac tiéu chi mang tinh kinh nghiém hoic dic thu
bd dit liéu, va hiéu qua cia ching c6 thé thay ddi giita cac mién ing dung. Thi ba, cic
ddnh gia thuc nghiém chi yéu dugc thuc hién trén cac bo dit liéu chuin, do d6 can thém
cdc ki€ém chiing trong nhiing hé théng hdi thoai thuc té quy md 16n d€ danh gia kha ning
md rong va tinh kha thi khi tri€n khai.

Hudng nghién ctru tuwong lai. Cac han ché trén ggi m3 mot s6 huéng nghién ciu day
tiém ning trong tuong lai. Nhitng mé rong kha di bao gom céc chién luge xay dung dd
thi va gido trinh thich @ng, c6 kha nang phan ing dong truéc do phic tap cua hoi thoai;
su tich hop chit ché hon gitta cac co ché két hop va cac co ché ting cudng do viing trong
cac khung hoc thong nhat; va viéc mé rong MERC sang céc bai toan tri tué hdi thoai
rong hon nhu hé thong dbi thoai giau tinh dong cdm hoic tuong tic ngudi—Al Nghién
ctiu cac md hinh MERC c¢6 khé niing mé rong va déng tin cay cho trién khai thuc té ciing

s€ la mot hudng quan trong trong tuong lai.

Tong thé, luan 4n gép phin nang cao hiéu biét vé MERC bing cich dua ra mot
khung nghién cifu thong nhit va tién trién, két nbi két hop da phuong thiic, md hinh hoa
hdi thoai va do viing duéi cac diéu kién dit liéu chét luong thip. Cac phuong phap ducc
dé xult hudéng t6i viéc phat trién cdc hé théng nhan dién cdm xic da phuong thic tin

cdy, nhan thic ngit cinh va c6 khd ning ting dung thuc tién cao.
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