TAP CHi KHOA HOC HO CHI MINH CITY UNIVERSITY OF EDUCATION

£r ig"ﬁc =  TRUONG DAI HOC SU PHAM TP HO CHi MINH JOURNAL OF SCIENCE

Tap 23, S6 2 (2026): 237-248 Vol. 23, No. 2 (2026): 237-248

ISSN: Website: https://journal.ncmue.edu.vn https://doi.org/10.54607/hcmue.js.23.2.5044(2026)
2734-9918

Bai bao nghién ctru
TANG CUONG NHAN DIEN CAM XUC
THONG QUA TiCH HQP PAC TRUNG NGU CANH PA PHUONG THUC
Nguyé:n Viét Hung, T ran Thanh Nhd', Nguyén Quéc Hung,
Ly Nguyé:n Tién Dat, Nguyén Qu6'c Trong, Ta Cong Phi
Trweong Pai hoc Sw pham Thanh phé H6 Chi Minh, Viét Nam
*Téc gia lién hé: Tran Thanh Nhi — Email: nhatt@hcmue.edu.vn
Ngay nhdn bai: 06-7-2025; Ngay nhan bai swa: 08-08-2025; Ngay duyét dang: 03-9-2025

TOM TAT

Trong ki nguyén sé, nhu cau vé cdc hé thong théng minh c¢é khd ndang thau cam véi cam xiic
nguoi dung ngay cang tang cao. Tuy nhién, cac phwong phap nhan dién cam xuc hién co, du la don
phirong thirc hay da phwong thire, thuong chuea thé tich hop thong tin tir nhiéu nguén mét cach chdt
ché va tgn dung ngir canh mét cdach hiéu quad. Diéu nay khién cdc mé hinh dé bi anh hwéng béi nhiéu
hodc théng tin thiéu sot tir dir liéu dau vao. Pé khdc phuc han ché nay, nghién civu nay gidi thiéu
MCFF (Multi-Modal Contextual Feature Fusion), mot kién tric hoc séu da phuong thirc duoc thiét
ké dé khai thac dong thoi théng tin hinh anh, ém thanh va van ban. Két qud thuc nghiém trén bé dir
lieu IEMOCAP dat 82,89% Accuracy va 82,86% F1-score, cho thcfy MCFF c6 hiéu sudat canh tranh
manh mé so véi cdc phirong phdp tién tién khac. MCFF cho thdy tiém ndng vmg dung réng rdi trong
cdc hé thong twong tdc théng minh, tir cdi thién trdi nghiém trong gido duc truec tuyén va tro' li do
cho dén hé tro quan trong trong linh vuee cham séc sirc khoe tam than.

Tir khoa: thi giac may tinh; hoc sau; nhan dién cam xuc; da phuong thirc

1.  Giéi thi¢u

Trong nhiing nim gan day, cong nghé s6 da dinh hinh lai cin ban cach chung ta tuong
tac v6i thé gidi, tir hoc tap truc tuyén, 1am viée tir xa dén giao tiép véi cac tro 1i a0. Tuy
nhién, viéc thiéu hut két ndi cam xuc gitta ngudi ding va nén tang s van 1a mot thach thirc
16n. Cam giac 6 lap va thiéu su thdu hiéu nay khong chi anh hudng dén trai nghiém ma con
truc tiép lam giam hi€u qua hoc tap, nang suét lao dong va chét luong cudc séng (Goswami
et al., 2024; Luria et al., 2019). Do do6, viéc ndm bét chinh x4c cam xtc cia nguoi dung tré
nén vo clng quan trong. Viéc nhan dién cam xtic mang lai tiém ning Gmg dung rong 1om, tir
viéc phat trién cac hé thong twong tic truc quan, gido duc thong minh, an toan giao thong,
chan doan tam 1i (Tran et al., 2025) cho dén viéc ca nhan hoa trai nghiém nguoi dung nhu
go1y am nhac Nguyen et al., 2024).

Cite this article as: Nguyen, V. H., Tran, T. N., Nguyen, Q. H., Ly, N. T. D., Nguyen, Q. T., & Ta, C. P.
(2026). Enhancing emotion recognition through multimodal contextual feature integration. Ho Chi Minh City
University of Education Journal of Science, 23(2), 237-248. https://doi.org/10.54607/hcmue.js.23.2.5044(2026)
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Céac phuong phap nhan dién cam xuc truyén thong chu yéu tiép cin theo huéng don
phuong thtrc, tap trung khai thac doc l1ap tung loai tin hiéu nhu dac trung khudén mat (Ly et
al., 2025), chudi tin hiéu 4m thanh (Fu et al., 2023), hodc thong tin ngit nghia tir vin ban
(Adoma et al., 2020). Tuy nhién, cac phuong phap tiép can don phuong thic truyén thong
thuong khong nam bat dugc su phtic tap cta cc biéu hién cam xuc trong thé gisi thuc, von
¢6 ban chit da phuong thirc (Cheng et al., 2024).

Dé giai quyét thach thirc ndy, nghién ctru nay dé xuat MCFF (Multi-Modal Contextual
Feature Fusion) — mdt phuong phap nhan dang cam xtc da phuong thuc tién tién. MCEF
duoc thiét ké dé khong chi tan dung téi da thong tin da dang tir ba ngudn dau vao chinh 1a
am thanh, van ban va hinh anh, ma con dac biét cha trong vao viéc tich hop chat ché cac
thong tin ngir canh giira chung. Bang cach tin dung sttc manh cta cac mé hinh tién huin
luyén (pre-trained models) manh mé& cho timg phuong thirc riéng biét, bao gdm Wav2vec
2.0 cho am thanh, DistilBERT cho van ban va Swin Transformer V2 cho hinh anh. Cac dac
trung dugc trich xuét sau d6 duge két hop thong qua mdt kién tric dua trén Transformer,
cho phép mé hinh hoc duoc mdi quan hé phirc tap va twong tic 1an nhau giita cac phuong
thirc. Nho do, MCFF da ching minh hi¢u sudt phan loai manh mé, canh tranh véi cac nghién
clru tién tién nhét trong linh vyc nay.

2.  Noi dung nghién ciru
2.1. Mptso cong trinh lién quan

Céam xuc con nguodi 1a mot trang thai tam li phuc tap, dugc biéu hién thong qua nhiéu
kénh thong tin da dang nhu giong noi, vin ban hodc cac thong tin phi ngon ngit (biéu cam
khudn mat, tu thé). Trong linh vyc nhén dang cdm xuc bfmg giong noi, nhiéu nghién ctru da
khai thac cac tin hi€u cua am thanh nhu ngtr di€u, dac trung phé tan va cuong do am thanh
(Bhosale et al., 2020; Hsu et al., 2021; Naderi & Nasersharif, 2023). Nghién ctu (Bhosale
et al., 2020) da dé xuat mot mo hinh két hop céac 16p tich chap (CNN) va co ché tu chu y da
dau (multi-head self-attention) dé tich hop cac déc trung ngdén ngit ma héa sau va dic trung
biéu dién phd tin 4m thanh. Trong mot nghién ciru khac, (Hsu et al., 2021) da dé xuat mo
hinh HuBERT, mét phuong phap hoc biéu dién giong noi ty giam sat, thong qua viéc sir
dung mdt bude phan cum ngoai tuyén dé tao ra cac nhan muc tiéu can chinh cho mét tac vu
du doan giong BERT.

Trong bdi canh d6, linh vuc nhan dién cam xtc dua trén van ban da c6 nhiing budc
tién vuot bac nhd vao su phat trién ctia mo hinh Transformer (Acheampong et al., 2021;
Ding et al., 2023). (Acheampong et al., 2021) d tong hop va danh gia cic phuong phap nhan
dién cam xuc dua trén BERT va chi ra réng viéc khai thac deep embedding tir cac bién thé
BERT hd trg hidu qué cho viéc ndm bat ngir nghia tinh vi va cam xtic tiém an trong vin ban.
Ngodi ra, (Ding et al., 2023) dé xuat DialogueINAB dé hoc su tuong tac giira thai d6 va hanh
vi 101 ndi cia nguoi tham gia thong qua van ban.
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Biéu cam khudén mit dugc xem 13 mot trong nhitng kénh truyén tai thong tin cam xtic
truc quan va d& nhan dién, cac ki thuat vé FER (nhén dién biéu cam khuon mit) da thu hat
su quan tim 16n ctia cong dong nghién ctru. (Zhang et al., 2024) dé xuat Multi-Scale Feature
Fusion CNN, trong do6 céac bo loc kich ¢ khac nhau dugc két hop qua co ché attention dé
tap trung vao ca chi tiét vi moé va téng thé. (Roy et al., 2024) phat trién ResemoteNet, mot
kién tric CNN két hop ham mét mat tuy bién nham dong thoi tdi wu hoa do chinh xac va
giam thiéu léch dy doan, cho théy hiéu qua vuot trdi trén cac bd dir liéu FER ti¢u chuan véi
viéc giam dang ké top-k loss.

Nhin chung, cic phuong phap nhan dién cam xtc don phuong déu cho thiy tiém ning.
Tuy nhién, do bi han ché bai su thiéu hut cac tin hiéu tir cac phuong thue khac, dé bi anh
hudéng boi nhiéu, yéu td bén ngoai hodc thong tin bi che khuét, dan dén hiéu suit chua tdi
vu. Pé khic phuc nhitng han ché trén, cac phuong phép da phuong thirc di chimg minh hiéu
qua vuot troi khi két hop nhiéu ngué)n dit liéu. Dién hinh, (Patamia et al., 2023) tan dung cac
mé hinh tién huin luyén dua trén Tranformer nhu Wav2vec2, Bert dé trich xuét cac dic
trung da phuong thirc va dat hi¢u suit 4n tuong trén bd dir di¢u IEMOCAP véi d6 chinh xac
77,58%. Bén canh d6, (Nguyen et al., 2023) (g dung do thi thoi gian dé mo hinh hoa ngir
canh hoi thoai. Du vay, cdc md hinh nay van chua khai thac tron ven bdi canh tuong tac va
thuong dung chién luoc trich xuat khung hinh don gian, 1am bo sét nhiéu tin hiéu cam xuc
tinh té.

2.2. Phwong phdp dé xuit

Giasts; = (aj, t;, v;) biéu thi cho mau di liéu thir i trong bo dit liéu, trong d6 a; biéu
thi cho déc trung dm thanh, t; biéu thi cho dic trung van ban va v; biéu thi cho dic trung
hinh anh. Céc phan tiép theo s& di sau vao chi tiét timg nhanh xir li cho mdi phuong thirc
(a;, t;, v;) va cach thitc MCFF két hop chiing dé dat dugc hiéu suét toi wu. Tong quan kién
trac ciia phuong phap nay dugc minh hoa chi tiét ¢ Hinh 1.
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o Nhanh am thanh

Mo hinh wav2vec 2.0 dugc stir dung dé trich xuét dic trung truc tiép tur dir li¢u soéng
am tho, gitp giam phu thudc vao cac bude tién xtr 1i thii cong va van ndm bat dugc ca chi
tiét am vi lan ngir canh toan cuc. Nho co ché hoc tu giam sat trén dir liéu 16n, mo hinh nay
dac bi¢t hi€u qua trong nhan di€n cam xuc tir giong nodi, noi dit li€u gan nhan han ché va yéu
cau phat hién cac bién dbi tinh t& vé ngir diéu va phd tan (Islam et al., 2024). Pau vao 4m
thanh a; dugc xur li qua cac tdng convolutional va transformer ciia wav2vec 2.0. Tl cac
vector dic trung dau ra ciia wav2vec 2.0, mot 16p mean pooling duoc ap dung dé thu duoc
vector fy,, dai dién duy nhat cho toan bd dic trung 4m thanh ctia mau. Tiép theo, vector fai,
dugc dua qua 1 16p Fully Connected (FC) va chuan héa bai mot 16p Batch Normalization
(BN). Qué trinh nay giup 6n dinh phan phdi dir liéu va tao ra vector dic trung fay,-

fa = BN (FC(fa,,)) (0

Pau ra fai, tiép tuc duoc truyén qua ham kich hoat GELU dé tao ra cac biéu dién phi tuyén.

Sau do, két qua nay mot l4n nita duoc dua qua mot 16p FC va BN, tao thanh dac trung f, . :

for = BN (FC (GELU(faiz))) )

Cudi cung, hai dic trung fa;, V2 fa;, dugc ghep nbi voi nhau dé tao thanh biéu dién béc cao
cua dac trung am thanh cho mau dir ligu.

fai = faizll fai3 (3)

bic trung f, nay sau do duge st dyng 1am dau vao khi két hop voi cac phuong thire khac.

. Wav2vec?2 / Distil
Audio/Text BERT —>» —» FC GELU FC *

Hinh 2. Kién tric trich xudt thong tin am thanh/vin ban
e Nhanh van ban
Céac dt liéu van ban f;, s€ duge dua qua mo hinh DistilBERT (Sanh et al., 2020) duoc
huén luyén trude dé trich xuét dic trung. DAy 1a phién ban rat gon ciia BERT théng qua ki
thuat knowledge distillation, giup giam sé lugng tham sé va chi phi tinh toan nhung van duy
tri hiéu nang twong duong, dic biét pht hop cho cac tng dung c6 han ché vé tai nguyén (Ta
et al., 2025). Ching t6i trich xuét token [CLS] cia DistilBERT dé tao thanh dic trung fei,

dai dién cho toan by cau. Tuwong tu nhu qua trinh xur li ddc trung 4m thanh, vector f;, nay
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duoc dwa qua mot 16p FC va chuan hoa boi mot 16p BN. Bude ndy nhdm 6n dinh phan phéi
dix liéu va thu dugc vector dédc trung f; ..

fea = BN (FC(f2)) (4)
Vector f;,, duoc truyén qua ham kich hoat GELU dé tao ra cac biéu dién phi tuyén, trudc

khi qua mot 16p FC khac va dugc chuén hoa 1an nita boi BN, tao thanh vector dic trung ftl. .

fi, = BN (FC (GELU(ftiz))) (5)
Cudi cung, hai dic trung ft,, Va f,, duoc ghép nbi voi nhau dé tao thanh biéu dién bac cao
ft, cua ddc trung van ban, san sang cho viéc két hop véi cac phuong thirc khac:
fti = ftiz | |fti3 (6)
Hinh 2 minh hoa téng quat kién tric ctia mo hinh trich xuét va xu 1i dic trung am thanh hoac
van ban.
o Nhanh video

Thong tin vé hinh anh v; bao gdm cac thong tin chi tiét v; j» trong d6 j € {b,c,d}. Cu
thé, b biéu thi thong tin vé co thé (Body), ¢ biéu thi théng tin vé ngit canh (Context) va d
biéu thi thong tin vé khuon mat (Facial).

Pau tién, mdi loai thong tin v; ;j duoc dua vao Swin Transformer V2 (Liu et al., 2022)
dugc hudn luyén trude dé trich xuat cac dic trung nhu cam xtc khudn mit, tu thé co thé va
ngir canh cua canh quay. Nho co ché chia anh thanh céc cira s6 (window) va dich chuyén
ctra so (shifted windows), mé hinh c6 thé xur li anh d6 phan giai cao voi s6 lugng tham sb
va chi phi tinh toan thip hon, dong thoi khai thac hiéu qua ca thong tin cuc bd va toan cuc,
gitip nang cao d6 chinh xac trong nhan dién cam xuc tir hinh anh (Islam et al., 2024). Dé ¢6
mot biéu dién téng quat cho, vector dic trung trung binh (Mean seq frame) f,,l.j1 dugc tinh
toan bang cach ldy trung binh tit ca cac vector dic trung ctia cac frame trong chudi. Tuy
nhién, do cac frame & dau hodc cudi video c6 thé khong phan anh chinh xac nhan dit liéu
hodc chi mot phan ctia video chira thong tin quan trong. Piéu ndy c¢6 thé 1am suy giam tinh
dai dién cua vector ddc trung trung binh. Dé khic phuc van dé nay va dam bao mo hinh ndm
bat duoc cac thong tin quan trong nhit, ching toi khong chi sir dung dic trung tir Mean seq
frame fvijl’ ma con bo sung thém dic trung tir frame dau tién f,,l.j2 va frame cudi ciing f,,l.j3
ctia mdi thong tin dau vio.

Cac dc trung f,, ., fy,,,Va fy,,, sau d6 dugc ghép nbi lai dé tao thanh dic trung fou
duy nhét cho timg loai thong tin (cam xtc khu6n mat, tu thé co thé va ngit canh riéng biét):

fvij = fvijl ” fvijz ” fvijg (7)
Phuong phap nay gitp giam thiéu tac dong ciia cac frame khong pht hop va ting cuong kha
nang nhan dién cac yéu td then chdt, tir d6 cai thién chat lugng cua biéu dién cac dic trung
trong video. Hinh 3 minh hoa kién trac mé hinh trich xuit cac dic trung nay tir video.
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Hinh 3. Kién triic ciia nhanh video
e Phirong phdp két hop
Sau khi da trich xuét va xur li riéng biét cac déc trung tir timg phwong thirc, ching t6i
tién hanh téng hop cac biéu dién nay. Pau tién, dé c6 duge mot biéu dién ban dau dai dién
cho toan bg cac phuong thire, ching t6i thuc hién phép cdng trung binh (average pooling)
trén cac vector dic trung da duoc tong hop, tao nén vector dic trung fmean;-

frean =5 D Samt D St D o ®)

me{2,3} ne{2,3} p€{1,2,3}
Trong d6 f,, 14 tp hop cac dédc trung 4m thanh, f; 1a tp hop cac dac trung van ban va
fv,;,, 12 tap hop cac dac trung hinh anh ciia mau dit liéu i.

Tiép theo, dé tao ra mot biéu dién théng nhét va béc cao tir tit ca cc phuong thtrc,
chung t6i str dung phép ghép ndi nhu duoc minh hoa ¢ Hinh 4. Cac dic trung da duoc xu li
tr &m thanh (fy,), van ban (fy,), va cac dac trung hinh anh ( f,,l.j) tuong Gmg voi tu thé, ngit
canh, khuon mat tir hinh anh) dugc ghép ndi lai voi nhau dé tao thanh mot dic trung
feombineq duy nhat, dai dién cho thong tin da phuong thirc ctia mau di liéu:

feombinea = fmeani I fai I ftl- I fvij

Pic trung tong hop dugce dua vao khéi Transformer gdm mot 10p Layer Normalization
(Dropout = 0.1) va ba 16p Transformer lién tiép, giup hoc cic mdi quan hé phtrc tap va twong
tac ngit canh giita cac phuong thirc. Vi kha nang xu 1i va két hop dong thoi nhidu loai dir
li¢u nhu thi giac, thinh gidc va ngon ngir, Transformer dac bi¢t hi€u qua trong cac tac vu da
phuong thirc nhu phan loai, phan doan, mé ta anh hay suy luan ngit nghia (Islam et al., 2024).

. fr= Tra’ns(fcombined) ) (10)
Paura f' thu dugc tir Transformer block tiép tuc dugc dua qua mot 16p FC két hop vai ham
kich hoat Softmax. Tir d6 thu dugc y chira phan b xac suat dung dé phan loai cam xtc.
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Hinh 4. Kién triic phwong phap két hop

3.  Thuwe nghiém va so sanh
3.1. B¢ dii liéu thuc nghiém

Nghién ctru nay st dung bd dir liéu IEMOCAP (Interactive Emotional Dyadic Motion
Capture) (Busso et al., 2008) dé huan luyén va danh gia hiéu suat mo hinh. IEMOCAP la
mot bd dir licu da phuong thuc bao gém am thanh, van ban va video. D& dam bao tinh so
sanh v6i cac cong trinh trudce, nghién ciru tap trung vao bdn cam xtc chinh: tirc gian (1103
mau), budn ba (1084 mau), trung tinh (1708 mau) va vui vé (1363 mau). Trong qua trinh xir
1i dit li¢u, cac phuong thuc dugce xtr li riéng biét. Ddi véi dit liéu van ban, cac ban ghi 101
cudc ddi thoai duge dém (padding) dé dam bao tit ca cac cau trong by dir li¢u c6 cuing mot
chiéu dai. Véi video, mé hinh YOLOVv5s dugc sir dung dé phat hién cac dbi tuong trong mdi
frame. Mdi frame s& bao gdm ba loai anh: anh khu6n mat, anh ngudi néi chinh va anh tong
thé ngir canh.
3.2. Moi trwong thuc nghiém va phwong phdp danh gia

Nghién ctru nay dugc thuc nghiém bang ngdn ngit 1ap trinh Python phién ban 3.7, st
dung céc thu vién chinh nhu PyTorch va Hugging Face Transformers. Céac thi nghiém dugc
tién hanh trén moi trudng Kaggle voi cdu hinh phan cimg gdm CPU Intel(R) Xeon(R) CPU
@ 2.20GHz, bg nhé 29GB RAM va GPU Tesla P100 16GB. Hi¢u suét cua mo hinh duoc
danh gia thong qua do do Accuracy va Fl-score.
3.3. Két qud thwc nghiém va théo lugn

Bang 1 téng hop két qua kiém thir cia md hinh MCFF trén tap dir liéu IEMOCAP,
dong thoi trinh bay két qua cua nhiéu nghién ctru trude day voi cac dic trung va to hop
phuong thirc khac nhau. Cac sb liéu cia cac phuong phap trude dugce trich dan tir cong bd
géc, dam béo tinh nhat quén khi so sanh, trong khi cac Kkét qua cia MCFF duoc thu dugc tir
qua trinh thyc nghiém cua chiing t6i. MCFF dugc danh gia v6i cac t hop phwong thirc khac
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nhau, g6m Audio + Text, Visual + Text, Audio + Visual va Audio + Text + Visual. Két qua
thue nghiém cho thdy MCFF khi tich hop ca ba phuong thirc (Text + Audio + Visual) dat
Accuracy 82,89% va F1-Score 82,86%, vuot xa cac phuong phap chi sir dung mot hodc hai
phuong thirc. Mot diém dang cht y 1a su dong gop cua dir liéu hinh anh (Visual) trong viéc
nang cao hiéu suat cia MCFF. Cac t6 hop c6 Visual, nhur Visual + Text (Accuracy 80,42%)
va Audio + Visual (Accuracy 80,95%), dat hiéu suit cao hon dang ké so véi Audio + Text
(Accuracy 70,19%). Diéu nay nhan manh rang dir liéu hinh anh, véi cac ddc trung nhu biéu
cam khudn mit va ngdn ngit co thé, cung cip thong tin bd sung quan trong ma cac phuong
phap don phuong thirc hodc t6 hop Audio + Text khong thé nim bat. Khi tich hop ca ba
phuong thirc, MCFF dat hi¢u sut tdi uu (Accuracy 82,89%), cho théy réng su két hop déy
du cac ngué)n dir liu, cung véi co ché tich hop ngir canh, 1a yéu td then chdt dé dat duoc
hiéu qua nhan di¢n cam xuc cao nhat.
Bing 1. So sanh két qua ciia MCFF véi cdc phwong phdp khdc trén by IEMOCAP

Nghién ciru Pac trung Accuracy F1-Score
(Bhosale et al., 2020) Audio 68,11% -
(Khan et al., 2024) Audio 72,75% -
(Naderi & Nasersharif, 2023) Audio 74,16% -
(Ding et al., 2023) Text 67,32% 67,22%
(Jia et al., 2022) Text 69,60% -
(Li et al., 2022) Text + Visual 71,30% -
(Sun et al., 2024) Text + Audio 78,34% -
(Khan et al., 2025) Text + Audio 81,85% -
(Patamia et al., 2023) Text + Audio + Mocap 77,58% -
(Joshi et al., 2022) Text + Audio + Visual - 84,50%
(Shayaninasab & Babaali, 2024) Text + Audio + Visual - 75,35%
(C.-V.T. Nguyen et al., 2023) Text + Audio + Visual 84,73% 84,64%
Ours Text + Audio 70,19% 70,21%
Ours Text + Visual 80,42% 80,38%
Ours Audio + Visual 80,95% 80,91%
Our (MCFF) Text + Audio + Visual 82,89% 82,86%

So vai cac nghién ctru khac, MCFF cho thay su vuot trdi so voi cac phwong phap don
phuong thtrc khéac, chang han nhu phuong phéap dira trén 4m thanh nhu (Bhosale et al., 2020)
chi dat Accuracy 68,11%, (Khan et al., 2024) dat 72,75% va (Naderi & Nasersharif, 2023)
dat 74,16%. Tuong tu, cac phuong phép dua trén van ban nhu (Ding et al., 2023) va (Jia et
al., 2022) ghi nhan Accuracy lan luot 14 67,32% va 69,60%. Cac phuwong phap don phuong
thirc phan anh han ché cua viéc chi dua vao mét nguén dit liéu dé nhan dién cam xuc, thuong
khong thé nam bat day du céc sdc thai cam xuc phire tap, vén dugc biéu dat qua nhiéu khia
canh nhu ngit diéu, tir ngir hay biéu cam khudn mit. Cach tiép can d& bi anh hudng boi nhidu
va thiéu sot trong dit licu d4u vao. Cac mo hinh dua trén 4m thanh nhu (Naderi & Nasersharif,
2023) c6 thé gap kho khan trong viéc phan biét cam xtc khi chat luvong 4m thanh kém hodc
ngttr diéu khong ro rang. Tuong tu, cdc mo hinh dya trén van ban nhu (Ding et al., 2023) bo
qua cac yéu to phi ngén ngit, chang han nhu giong diéu hodc biéu cam, din dén viéc hiéu

244



Tap chi Khoa hoc Trwong BPHSP TPHCM Tap 23, S0 2 (2026): 237-248

sai y dinh cam xtc. Han ché nay dac biét 1o rét trong cac kich ban thuc té, noi cam xuc
thuong duge biéu dat ddng thoi qua nhiéu kénh. Ngay ca t6 hop Audio + Text cia MCFF,
du dat Accuracy thip nhit trong cic ciu hinh ctia mo hinh (70,19%), van vuot qua cic
phuong phap don phuong thirc tot nhat (Naderi & Nasersharif, 2023: 74,16%), chirmg minh
su hiéu qua cta viéc két hop nhiéu ngudn dit liéu, du chi 1 hai phuong thiec.

Hiéu suit vuot trdi cia MCFF khong chi dén tir viéc khai thac déng thoi nhiéu nguén
dir li€u (Audio, Text, Visual, Facial Emotion, Body, Context) ma con tir co ché tich hop dac
trung tién tién, trong d6 cac Transformer Blocks v4i Multi-Head Attention cho phép mé hinh
khai thac sau cac mdi quan hé ngit canh giita cac phuong thirc. Trai lai, nghién ctu cua
(Patamia et al., 2023) chi két hop dir lidu Text + Audio + MoCap bang cach ghép nbi dic
trung (concatenation), lam han ché kha nang hoc biéu dién da phuong thtrc. Tuong tu,
(Shayaninasab & Babaali, 2024) st dung SVM dé hoc dac trung da phuong thtrc, von thiéu
kha nang mo6 hinh hoa cac tuong tac phtrc tap va ngit canh lién phuong thirc nhu MCFF.

Su vuot troi ctia MCFF so véi cac phuong phap don phuong thirc nhdn manh tim quan
trong ctia tich hop da phuong thic trong viéc xay dung cac hé théng thong minh. Trong cac
ung dung thuc tién nhu gido duc tryc tuyén, tro 1i 40 hodc cham soc strc khoe tim than, cam
xtc con ngudi thuong dugce biéu dat qua nhiéu kénh, doi hoi cac mé hinh phai c6 kha ning
xu li dé)ng thoi nhiéu nguén dr 1iéu. Du vay, MCFF van con ton tai mot s6 han ché, chéng
han nhu viéc st dung cadc mo6 hinh tién huin luyén v6i kich thude 16n dé trich xut cac dac
trung clia timg phuong thirc lam gia tang o phic tap va chi phi tinh toan. Bén canh dé, kién
trac nhiéu ting v6i ba mang tién huan luyén 16n va cac 16p Transformer lién tiép khién mo
hinh gip han ché vé kha nang dién giai va giai thich, tao ra mot hop den kho theo doi.

4. Kétluin

Nghién ctru ndy dé xuat MCFF, mot kién trac hoc siu da phuong thirc hiéu qua cho
nhan dang cam xtc bang cach tich hop dong thoi ba ludng dit liéu hinh anh, 4m thanh va van
ban. Thong qua vi¢c khai thac triét dé cac dac trung video da chiéu, tdi vu hoéa trich xut dic
trung Am thanh bang Wav2Vec2.0, ciing véi viée ap dung chién luge xtr 1i va trich xut dac
trung toan dién cho tirng phuong thirc, MCFF da dat 82,89% Accuracy va 82,86% F1-score
trén bo dit liéu IEMOCAP. Két qua nay khong chi vuot trdi so voi tat ca cac mo hinh don
va hai phuong thirc ma con dat hiéu suit tiém can voi cic phuong phap ba phuong thic tién
tién nhat, qua do khéng dinh hi€u qua cua vi¢c khai thac sau nglr canh da phuong thic va
chién lugc can bé’mg thong tin tir cac chiéu dir liéu khac nhau. Tuy nhién, mé hinh hién tai
van con han ché do chi phi tinh todn cao khi st dung cdc mo hinh tién huin luyén c& 1on,
ciing nhu kha nang giai thich kém do kién triic da tang phtc tap. Trong tuong lai, ching toi
dinh huéng t6i wu héa mé hinh cho cac thiét bi bién, mé rong hudn luyén trong da dang ngit
canh va nghién ctru co ché tu diéu chinh trong s6 cac phuong thirc theo thoi gian nham tiép
tuc nang cao do chinh xéac va tinh thich nghi ctia hé thong trong méi trudng thuyc té.
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ABSTRACT

In the digital age, the demand for intelligent systems capable of understanding users’ emotions is
continuously increasing. However, existing emotion recognition methods, whether unimodal or
multimodal, often struggle to integrate information from multiple sources cohesively and leverage
contextual cues effectively. This limitation makes models susceptible to noise or incomplete information
from input data. To address this limitation, this research introduces MCFF (Multi-Modal Contextual
Feature Fusion), a multimodal deep learning architecture designed to simultaneously leverage visual,
audio, and textual information. Experimental results on the IEMOCAP dataset yielded an accuracy of
82.89% and an F1-score of 82.86%, demonstrating MCFF'’s competitive strong performance compared
with other state-of-the-art methods. MCFF exhibits broad potential for application in intelligent
interactive systems, ranging from enhancing experiences in online education and virtual assistants to
providing crucial support in mental healthcare.
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