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TOM TAT

Bai todn tra 10i cau héi dwa trén hinh anh la mét bai todn tiéu biéu cho su giao thoa giita hai
linh vuc thi giac may tinh (Computer Vision) va xu |i ngon ngit tw nhién (Natural Language
Processing). Bai todn nay khong chi c6 gid tri khoa hoc ma con ¢é gid tri to 1om trong thyc tién cudc
song. Viéc tich hop mé hinh VQA vao cdc thiét bi di dong c6 thé hé tro nguwoi mi va nguwoi khiém thi
trong viéc tiép cdn va hiéu ndi dung hinh dnh. Phwong phdp tiép cin phé bién hién nay la rit trich
ddc trung tir tieng viing trong hinh dnh, gitip mé hinh ndm bat boi canh cuc bg. Tuy nhién, phiong
phdp nay thuong bé qua boi canh toan cuc, anh hidng dén kha nang tong hop théng tin va suy ludn
ciia mé hinh. Cac phirong phdp hién nay sit dung Vision Transformer dé rit trich ddc trung toan cuc
va cuc b tir hinh anh giup cai thién hiéu sudt mé hinh. Thém vao dé, co ché chii ¥ da phuong thurc
(multimodal attention) ciing dwoc dp dung nham toi wu héa qud trinh két hop thong tin giita hinh
dnh va cdu héi, givp mé hinh c6 kha ndng hiéu dwoc ngiv canh va chit y vao cdc dic trung quan
trong. Hién nay, nhiéu mé hinh VOA duoc 16i wu cho dir liéu tiéng Anh va mét s6 mé hinh dwoc t6i
wu cho ngon ngir tieng Viét (ViVOA) da dwoc cong bo. Bai bdo nay dé xudt mt mé hinh cdi tién tir
mo hinh Multi-vision Contextual Attention va dat dwoc do chinh xdc la 62,41% so véi mé hinh géc
la 60% trén tdp dir licu ViVQA.

Tir khéa: da phuong thirc; ngdn ngir tiéng Viét; ngdn ngit tu nhién; PhoBERT; ResNet; Swin
Transformer; tra 161 cau hoi qua hinh anh

1.  Giéi thiéu

Trong thap ki vira qua, linh vuc Thi gidc may tinh (Computer Vision - CV) va Xu 1i
ngon ngit ty nhién (Natural Language Processing - NLP) d dat dugc nhiing budc tién vuot
béc, dic biét 1a voi sy xuat hién ctia co ché chi ¥ (Bahdanau et al., 2014). Co ché cha y ciing
v6i cac mang no-ron truyén thong nhu Kién trac Mang No-ron Tich chap (Convolutional
Neural Network - CNN) (LeCun et al., 1989) trong linh viuc CV va mé hinh B6 nhé Ngin
han Dai (Long Short-Term Memory - LSTM) (Hochreiter & Schmidhuber, 1997) trong NLP,
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da cai thi¢n dang ké hiéu suét xir 1i trong nhiéu nhiém vu quan trong. Cac nhiém vu nay bao
gdém nhan dang khuon mit (Lagorio et al., 2013), nhan dang bién s6 xe xac dinh san pham
qua anh (Jallouli et al., 2016), phan loai van ban dich thuat tu dong (Bar-Hillel, 1960) va
phat hién Ddi tuong va Dich may (Vaswani et al., 2017). Nhiing tién bd nay khong chi giup
giai quyét cac thach thirc co ban ma con md rong kha ning ctia cac nha nghién ctru trong
viée giai quyét cac van dé phurc tap doi hoi su két hop sdu sic gitra thi giac va ngon ngir.
Bai toan hoi dap hinh anh (Visual Question Answering- VQA) doi hoi hé thong phai
hiéu va tra 161 cac cau hoi m& vé nodi dung ctia mot hinh anh. Pau vao cua hé théng la mot
cap hinh anh va cau hoi lién quan dén hinh anh d6, con déu ra 1a mot cau tra 1oi chinh xé&c
va phii hop. Bai toan c6 thé dugc phat biéu thong qua thuét toan:
bat:
I: Hinh anh (dau vao ctia md hinh) 1)
Q: Cau hoi (d4u vao caa mé hinh)
®: Tap hop cac cu tra 1oi tiém ning
A: Cau tra 101 dugc mo hinh dua ra
Input:
Céap cau hdi va hinh anh: (Q,I)
Output:
MO hinh s€ duara du doan AvéiA € O
Bai toan Visual Question Answering (VQA) dai dién cho mét linh vuc sang gia va
nhiéu thach thire trong tri tu¢ nhan tao (Al), noi su két hop gitra thi giac may tinh (CV) va
xtr li ngdn ngit ty nhién (NLP) duoc trién khai dé phat trién cac hé thdng AI c6 kha ning tra
161 cac cau hoi dya trén ndi dung cta hinh anh. Muc ti€u cta bai todn nay la tao ra mot mo
hinh AI hiéu duoc va tong hop thong tin tir hai ngudn dit liéu da dang: hinh anh va ngdn ngi,
dé dua ra cu tra 10 chinh xac va phu hop. Bai toan VQA khéng chi c¢6 kha ning cai tién va
tao ra cac hé thong thong minh gitp twong tac t6t hon voi ngudi ding ma con c6 tng dung
rong rai trong cac nganh nhu y té, gido duc va ty dong hoa. Qua do, VQA giup t6i wu hoa
cac quy trinh va ning cao hiéu qua cong viéc. Su phat trién ctia cac phuong phap va mé hinh
méi trong VQA (Yu et al., 2019) khong chi lam phong pht thém kho tang kién thirc cia moi
truong nghién ciru ma con mo ra co hdi ap dung thyc tién trong nhiéu bdi canh khac nhau.
Pa s6 cac md hinh VQA trén tiéng Viét duoc xay dung gém ba thanh phan chinh.
Thanh phan thir nhat 1a hiéu hinh anh, mé hinh dugc ap dung cac ki thuat tién tién dé rat
trich ddc trung thi giac tir hinh anh. Diéu nay bao gdm viéc sir dung kién triic mang no-ron
tich chap nhu CNN véi cac md hinh phd bién nhu Xception (Chollet, 2017), Efficientnet
(Tan & Le, 2019), VGGNet (Simonyan & Zisserman, 2014) dé phén tich va hiéu cac chi tiét
vé ngi canh ciia hinh anh dwoc truy van. Thanh phan thtr hai 14 hiéu cau hoi, trong d6 cac
mo hinh st dung cac kién trac NLP nhu PhoBERT (Nguyen & Nguyen, 2020) dé xu If va
rit trich ¥ nghia tir cau hoi. Viée hiéu cau hoi nay cho phép mé hinh nim bat dwoc bdi canh
va ndi dung cua cau héi, tir d6 lién két chinh xac hon voi cac dic trung duoc rut ra tir hinh
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anh. Cubi cung, su két hop cac dac trung cau hoi va hinh anh thanh mdt dai dién dac trung
chung 1 budc quan trong cudi cling, noi cac théng tin dugc tong hop dé du doan cau tra 16i.

Mo hinh VQA co s¢ ma chung t6i chon dé cai tién 1a mo hinh chd y ngit canh da tim
nhin (multi-vision contextual attention model) dugc dé xuét boi (Nguyen et al., 2022). M6
hinh nay str dung dic trung toan cuc va cuc bo tir hinh anh sau d6 két hop véi dic trung ngit
nghia tir cAu hoi bang co ché cha ¥ c¢6 hudng dan (guide attention). Chung t6i dé xuat bd
sung 2 khéi hop nhat da mé hinh (Multimodel Fusion Module) va khéi da ty chd y (Multiple
Self — Attention Module). Bén canh d6, mé hinh cai tién ma chang t6i dé xuat dugc huin
luyén trén hai ham mat mat 1a: Cross Entropy Loss va Normalized Temperature-scaled Cross
Entropy Loss. M6 hinh dé xuat duoc thuc hién trén tap ViVQA va so sanh v&i mo hinh co
sO va cac phuong phap hién co.

Tran et al. (2021) da dé xuit mot hé théng sir dung M6 hinh Hierarchical Co-Attention
dé xéac dinh cu tra 161 cho mdi cau hoi dua trén ndi dung hinh anh. Co-Attention la co ché
cht ¥ 13n nhau giita hai ludng thong tin khac loai, trong truong hop nay 1a hinh anh va ngon
ngit. M6 hinh Hierarchical Co-Attention khai théc thong tin tir cac diém hinh anh va céc tir
trong cdu hoi dé xac dinh nhiing phan quan trong can tap trung, tir d6 cai thién kha nang tra
161 cau hoéi. HE théng dugc thur nghiém trén bo dir liéu ViVQA va dat dugc Accuracy la
34,96%, WUPS 0.9 la 45,13%.

Tran et al. (2022) da xay dung mo6 hinh Bidirectional Cross-Attention. M0 hinh nay
tan dung strc manh cua cac mo hinh da dugc tién huén luyén (pre-trained models) dé t6i wu
hoéa viée trich xuit dic trung tur hinh dnh va van ban. Cy thé, dac trung hinh anh dugc trich
xuét béng cach stt dung md hinh Vision Transformer tién huén luyén, va déc trung cau hoi
thi str dung m6 hinh PhoBERT tién huan luyén danh riéng cho tiéng Viét. Sau do, cdu tric
Bi-directional Cross-Attention duoc ap dung dé hoc cac mdi quan hé gitta dic trung hinh
anh va van ban, st dung dac trung da hoc do dé phan loai cau tra 161. M6 hinh dat dugc két
qua accuracy la 51,3% trén tap dir liéu ViVQA.

Antol et al. (2015) dd dé xuit bai toan tra 10i cAu hoi hinh anh vao nam 2015 trong
nghién ctru VQA. Py 13 nén tang khoi dau cho hé théng VQA voi su két hop cac linh vuc
quan trong la Thi giac may tinh - Computer Vision (CV) cung xur i ngdn ngir tu nhién (NLP),
két hop v6i bo dit liéu bao gdbm 614,163 cau hoi va 7.984.199 céu tra 10i cho 204,721 hinh
anh tir bd anh Microsoft COCO. D6 chinh xé4c ciia md hinh tot nhit (LSTM Q+I dwgc chon
dua trén do chinh xac ciia VQA test-dev) trén VQA test-standard la 54,06%.

2. M0 hinh dé xuit
2.1. M0 hinh co sé: mé hinh chii ¥ ngit cinh da tim nhin (multi-vision contextual
attention model)

Mo hinh chi ¥ ngit canh da tAm nhin (multi-vision contextual attention model) 1a mét
phuong phap méi duge Nguyen et al. (2022) dé xuét dé giai quyét bai toan VQA cho tiéng
Viét (goi tit 1a VIVQA), kién triic mé hinh duoc minh hoa qua Hinh 1. M6 hinh két hop hai
phuong phap trich xuit dic trung hinh anh: sir dung ResNet dé nim bit thong tin ngit canh
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cuc bo (local) va Vision Transformer (ViT) dé ndm bt thong tin ngit canh toan cuc (global)
ctia hinh anh. D6i véi xtr 1i cAu hoi dau vao, mo hinh sitr dung PhoBERT- mét bién thé cua
BERT dugc huan luyén trén dir liéu tiéng Viét. Pac biét, mé hinh d& xuit mot co ché cha y
da nhanh dé tich hop théng tin tir ca hinh anh va cdu hoi mot cach hiéu qua. Két qua thuc
nghi¢m trén bg dir liéu ViVQA cho théy mo hinh dat do chinh xac 60,76%, vuot trdi so voi
cac phuong phap co s6 trude d6 cho bai toan VQA tiéng Viét.
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Hinh 1. Minh hoa cho mé hinh co sé ding dé cdi tién (mé hinh Multi-vision Contextual Attention)
2.2. M0 hinh cdi tién dwa trén mé hinh co sé

Cu thé, ching t6i gi6i thiéu mot nhanh két hop méi mang tén Fusion Based on
Attention Mechanism, trong d6 tan dung kha niang két hop va khai thac thong tin ctia hai
khdi chinh: Multimodal Fusion Module va Multiple Self-Attention. Trong mé hinh cai tién,
ddc trung cua nhanh Co ché cha ¥ dwa trén sy hop nhét (Fusion Based on Attention
Mechanism) va dic trung ctia nhanh Chu ¥ theo ngir canh da tdm nhin (Multi-vision
Contextual Attention) duogc két hop v6i nhau nham cai thién hiéu suit so v&i mo hinh co s,
kién tric md hinh duoc minh hoa & Hinh 2.

> o ———
Hinh 2. Minh hoa mé hinh dé dwoc cdi tién dwa trén mé hinh Multi-vision Contextual Attention
o Khdi Multimodel Fusion Module
Khéi Multimodal Fusion Module chiju trach nhiém ndi va diéu chinh dic trung hinh anh va
cau hoi vao khéng gian chung, dam bao rang thong tin tir ca hai ngudn dugc biéu dién trong cting
mot mién dic trung véi ciing kich thudc. Sau do, tiép tuc xt Ii biéu dién nay bang cach ap dung
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co ché Nhiéu dau tu cha ¥ (Multi-head self-attention), cho phép mé hinh hoc dwoc su twong quan
phirc tap gitta cac thanh phan hinh anh va ciu hoi & nhiéu mirc d6 khac nhau.

Pau tién, dic trung hinh anh duoc trich xuét dudi hai dang: dac trung cuc b, phan
anh thong tin chi tiét cia timg ving trong anh, va dic trung toan cuc, md ta bdi canh tong
thé cta hinh anh. Dong thoi, dic trung cua cau hoi ciing duoc trich xut dé biéu dién thong
tin ngit nghia cta van ban. Tat ca cac dic trung trén sau d6 dugc dua vao khdi Multimodal
Fusion Module. Tai day, dic trung hinh anh cuc bd va toan cuc duoc ndi lai (2) va giam
chiéu vé 1024 bang 16p tuyén tinh. Pic trung cau hoi ciing duoc chuyén ddi vé cing s6 chiéu
(kich thude 1a 1024) , trude khi két hop voi ddc trung hinh anh dé tao ra mot biéu dién hop
nhét (3). Tiép theo, biéu dién nay dugc dua vao khdi Multi-Head Attention (4), noi cac dic
trung duoc chia thanh nhiéu dau dé thyuc hién tinh toan tu cht y doc lap. Moi dau hoc duoc
mot biéu dién khac nhau vé su tuong tac giita hinh anh va van ban, gitip mé hinh tap trung
vao cac phan quan trong clia ca hai ngudn thong tin. Két qua tir tat ca cac dau sau do duoc
nbi lai va chuyén doi tuyén tinh dé tao ra biéu dién hop nhit cudi cing.

Vconcat_visual = Concatenation(vgloball Vlocal) (2)

Vgt = concatenation| Linear( Vconcat_,,isual), Linear( Viext)] (3)

Vinna = Self — MHA(V,.) = MHA (Vg 1, Vo1, Vr) (4)
trong do

Vipcar Vector dac trung cuc bd cua hinh anh.

Vg

Veoncat visuar 18 ddc trung da tdm nhin cua hinh dnh.

lobar 12 ddc trung toan cuc cia hinh anh.

Viext 1a vector dac trung ctia cau héi van ban.
Linear 14 16p tuyén tinh trong mé hinh mang no-ron.

Vq
Vinna 1a vector da nglr canh hinh anh va cau hoi da dugc xur i qua MHA.
Self — MHA(V,,) 1a 16p Multi-Self Attention.

MHA (Vg,t, Vg, Vq,e) 12 16p Multi-Head Attention.

¢ la vector da ngir canh hinh anh va cau hai.

Local Visual Context

©) Concatenation

Giohal Visunl Conbext

N (Tl

4
;‘—)‘* MHA —’|:|

Multi-Head Attention

{MHA)

Textual feat

Hinh 3. Minh hoa khéi hop nhdt da mé hinh (Multimodel Fusion Module)
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Multi-Head Attention (MHA) 1d mdt co ché quan trong trong cic md hinh
Transformer, gitip mo hinh c¢6 kha ning tap trung vao nhiéu ving thong tin khac nhau cua
dir liéu ddng thoi. Thay vi sir dung mot dau self-attention duy nhat, MHA bao gém nhiéu
dAu attention hoat dong song song, mdi dau hoc mot cach biéu dién khac nhau cta dit liéu,
gitip md hinh hiéu thong tin mot cach phong phu va da chiéu hon. Mbi dau attention dugc
tinh dya trén ba thanh phan: Query (Q) dai dién cho thong tin can tim, Key (K) dong vai trd
so sanh dé xac dinh mirc d6 lién quan, va Value (V) chtra thong tin dau vao can trich xuét.
Co ché attention duoc tinh theo cong thirc chuan hoa softmax cua tich vo hudng giira Q va
K, gitip xac dinh trong s chi y, sau d6 nhan véi V dé tao ra du ra c6 trong s6 phu hop.
Trong MHA, cic dau attention nay duoc ghép lai va dua qua mot phép chiéu tuyén tinh dé
giit nguyén kich thudc ban dau cua dir liéu. Viée st dung nhiéu dau attention gitip mo hinh
nidm bat cac moi quan h¢ tur nhiéu g6c do khac nhau, cai thién kha nang hiéu ngir canh, dac
biét hiru ich trong cac bai toan nhur VQA, noi mé hinh can phan tich déng thoi thong tin tir
ca hinh anh va vin ban dé dua ra cau tra 10 chinh xac.

T
MHA(Q,K,V) = softmax (%) % (5)
trong do:

Q (Query): la vector truy van, dai dién cho thong tin tim kiém.

K (Key): 1a vector khoa, dai dién cho thong tin c6 sdn dé so sanh vdi truy van.

V (Value): la vector gia tri, chira théng tin ma ta mudn lay ra dva trén mirc d6 twong
ddng gitta Q va K.

Viéc st dung Multimodel Fusion Module giup cai thién dang ké kha niang xu Ii coa
mo hinh, cho phép né ty dong didu chinh trong tim vao cac thong tin quan trong tir ca hinh
anh va vin ban. Co ché nay dic biét hitu ich trong viéc xt If cac cau hoi yéu cau phan tich
mdi quan hé phirc tap giita cac ddi tuong trong anh.

o Khdi Multiple Self - Attention

Két qua dau ra cia khdi Multimodal Fusion Module tiép tuc duoc dua vao khdi
Multiple Self-Attention, bao gdom hai 16p self-attention, day chinh 1a khéi encoder trong kién
trc transformer. Mdi 16p self-attention trong khdi ndy dam nhén nhiém vu khai thac cac méi
quan hé dai han va tinh chinh biéu dién thong tin, gitip mé hinh tip trung t6t hon vao cac
vung quan trong cua hinh anh theo ngit canh cta cau hoi.

Khdi Encoder trong Transformer bao gom nhiéu 16p (layers) gidng nhau, mdi 16p
chtra hai thanh phan chinh: Multi-Head Self-Attention va Feed-Forward Network (FFN).
Pau vao cua Encoder dugc chuyén thanh vector nhing (embedding) va két hop voi
positional encoding dé gitr thong tin thir tw. Sau d6, qua Multi-Head Self-Attention, mé hinh
hoc mbi quan hé giita cdc phan khac nhau trong dit liéu. Tiép theo, dau ra dugc dwa qua
Feed-Forward Network, gitip ting kha ning biéu din phi tuyén. Ca hai thanh phan nay déu
c6 Layer Normalization va Residual Connection dé 6n dinh qué trinh huan luyén.
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Piura

Céng va chuén hoa

Mang truyén xudi theo vj tri
(Position-wise feed-foward network)

Tw chu y da nhanh
(Multi-head Self- Attention)

t11
___________ 1
3
h
Embedding

DAu vao
Hinh 4. Minh hoa khéi Multiple Self - Attention (encoder trong kién triic transformer)

Nho vao thiét ké nay, mé hinh khong chi c6 kha ning tu dong diéu chinh trong tim
vao cac thong tin quan trong trong ca hinh anh va vin ban ma con cai thién hiéu suat phan
tich cac cAu hoi yéu cau suy luan phirc tap vé mdi quan hé giira cac d6i tuong. Céach tiép can
nay mang lai sy cai thién dang ké vé& do chinh x4c va tinh linh hoat, khién mé hinh tré nén
pht hop hon véi cac ing dung VQA trong thuc té.

2.3. Thanh phan két hop dic trung Multi-Context Visual and text Features tir Multi-
vision Contextual Attention (moé hinh co soé) va Fusion Based on Attention Mechanism
(nhdnh dwoc cdi tién tic mé hinh co sé)

Trong nghién ctru nay, ching toi dé xuat mot mé hinh cai tién cho bai toan tra 1oi cau
hoi truc quan (VQA) trén ngdn ngir tiéng Viét dwa trén mé hinh Multi-vision Contextual
Attention. M6 hinh bao gdm hai nhanh chinh:

e Nhanh cua moé hinh co s¢ (Multi-vision Contextual Attention Model), trong d6 dac
trung hinh anh va cau hoi duoc két hop bang co ché chii y ¢6 hudng dan.

e Nhanh cii tién (Fusion Based on Attention Mechanism), noi chung téi 4p dung mot
cach tiép can hop nhat méi véi hai khéi chinh: Multimodal Fusion Module va Multiple Self-
Attention.

Jreoam = Linear(Vipg) (6)
Imvcam = Linear(Jyycam) (7)
] = Jreoam + Jmvcam (8)
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trong do:

Vimna 12 vector da ngit canh hinh anh va cau hoi ciia nhanh cai tién (Fusion Based on

Attention Mechanism).

Linear phép bién d6i tuyén tinh trong mang no-ron.

Jrpoanm 12 vector da ngit canh hinh anh va cau hoi ciia nhanh cai tién (Fusion Based on

Attention Mechanism) sau khi di qua 16p linear.

Juveam 12 vector da ngtr canh hinh anh va cau hoi cua nhanh mé hinh co s¢ (Multi-

vision Contextual Attention Model).

] vector tong ctia ca 2 nhanh co s& va nhanh cai tién.

Sau khi di qua khéi Multimodal Fusion Module va khéi Multiple Self-Attention, ching
t61 thu duoc Multi-Context Visual and Text Features tir nhanh Fusion Based on Attention
Mechanism. Pé tan dung ddy du thong tin tir ca hai nhanh, chiing t6i tiép tuc két hop dic
trung nay voi Multi-Context Visual and Text Features tir nhanh cua mo hinh co s¢ (Multi-
vision Contextual Attention Model) thong qua phép cdng vector.

2.4. Ham mit mdt

Trong nghién ctru ndy, chung t6i huin luyén mo hinh cai tién bang cach sir dung ham
stt dung 2 ham mat mat 1a Cross-Entropy Loss va Normalized Temperature-scaled Cross
Entropy Loss. Cu thé ham mat mét tong duoc dinh nghia nhu sau:

Liotar = Lcross—entropy + Li,j (9)
trong d0: Leross—entropy V& Li j 1an lugt 1a ham méat mét Cross-Entropy Loss va Normalized
Temperature-scaled Cross Entropy Loss.

e Cross-Entropy Loss

Cross-Entropy Loss 1a mot ham mat mat phd bién trong bai toan phan loai, dic biét khi
str dung mé hinh mang no-ron nhan tao. Him mat mat nay do ludng sy khac biét giira phan
phéi xé4c suat du doan ciia mo hinh va nhan thuc té.

Lcross—entropy = - Z;=1 Vi log(pi) (10)
trong d6: C 1a tong sd cau tra 101 (tong sb nhin), xac suit ddu ra ciia mé hinh cho mdi 16p i
la p;, va nhan thuc té duoc biéu dién béng mdt vector one-hot y;.

e Normalized Temperature-scaled Cross Entropy Loss

Normalized Temperature-Scaled Cross-Entropy Loss (NT-Xent Loss) la mot bién thé
ctia Cross-Entropy Loss, dugc sir dung phd bién trong hoc tir giam sat (Self-Supervised
Learning), dac biét trong Contrastive Learning (nhu trong mo6 hinh SimCLR). NT-Xent Loss
gitip t6i vu hoa mé hinh bang cach dwa cac diém di lidu twong dong lai gan nhau trong
khong gian nhung va ddy cac diém khac biét ra xa.
exp(cosine(z;,z;)/T)

Li,j = —lOg (ll)

2N
Zk—l 1[zijeXxp (cosine(z;,z;)/T)
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trong do: z; va z; 1a hai vector nhiing (embedding) tuong tmg cdu tra 16i diing va céu tra 1oi
sai, cosine(z;,z;)/T la ham do d¢ twong ddng cosine giita hai vector, T (temperature
scaling) 12 mot hé sb nhiét d6 diéu chinh d6 sic nét caa phan phéi xac suét, [k # i] dai dién
cho cac cau tra 101 sai trong mot 16 dir li¢u (1 batch).
2.5. Thanh phan dw dodn ciu trd 16

Nhiém vu tra 10i cau hoi dya trén hinh anh sir dung ngdn ngir tiéng Viét, c6 thé tiép
can bai toan nay dudi goc do ctia mot tac vu phan loai (Tsoumakas & Katakis, 2008). Cach
tiép can niy cho phép khai thac hiéu qua cac dic trung két hop da phwong thirc, duge ki higu
1a J, thu duoc tir qua trinh tich hop thong tin thi giic va ngdn ngit. Pic trung két hop nay
sau d6 dugc dua qua mot cu triic mang no-ron bao gdm hai 16p két ndi day du (Fully
Connected Layers - FCL) va mdt ham softmax & 16p cudi cing, nham muc dich tinh toan va
dua ra xac suit du doan cho mdi phuong an tra 16i ¢6 thé @ trong mot tap hop cac cau tra 10
c6 san A.

Cu thé, qua trinh du doan nay duoc thuc hién thong qua viéc ap dung ham softmax
trén két qua dau ra ciia chudi hai mang két ndi dy du, biéu dién qua cong thire dudi day:

p(8) = soft max(FFN(])) (12)
trong d6, FEN(J) dai dién cho két qua dau ra cua qua trinh xtr li ddc trung J thong qua mang
két ndi day du. Ham softmax sau d6 duoc str dung dé chuyén déi két qua nay thanh mot phan
phdi xac sudt trén toan bo tap cau tra 10i co san, giup xac dinh cau tra 101 cudi cung ma mod
hinh du doan 1a phu hop nhét véi cau hoi va hinh anh dau vao.
3. Thuc nghi€ém va so sanh
3.1. Moi trwong thwc nghiém

Mo hinh duoc trién khai trén Python 3.10 va thur vién: Pytorch (phién ban 2.2). Chlng
t61 ciing sir dung mot sb thu vién hd tro nhu: Huggingface (ban 4.26), Timm (ban 0.9.16.
Cac thu vién khac lién quan: numpy, pandas, scikit-learn, matplotlib, pytorch-grad-cam...

Dé dat duoc hiéu suét tot cho bai toan tra 1oi cau héi truc quan trén tiéng Viét, viéc luya
chon céc siéu tham s6 mot cach can than 1a diéu quan trong. Cac si€u tham sb chinh duoc st
dung trong qua trinh huén luyén mé hinh bao gdm: sb lwong epoch 1a 40, kich thudc batch
1a 32, tham sb hoc khoi dau (learning rate) 1a le-4, trong sb suy giam (weight decay) 1a
le-5, va ti 1€ dropout 1a 0.3.
3.2. Dir ligu dau vao

Bo dir liéu: ching t6i str dung bo dir liéu ViVQA dé thuc nghiém mé hinh trong bai
toan tra 101 cdu hoi true quan (VQA) danh cho tiéng Viét, bo dir liéu nay duoc xay dung boi
Tran et al. (2021). Bo dit lidu gdm 15.000 dong cau hoi, cau tra 101 va id tAm anh twong Gmg
v6i 10.328 hinh anh dugc chia thanh 80% cho tap huan luyén (train) va 20% cho tap kiém
tra (test) dé danh gia mé hinh.

Chi s6 danh gia: Do chinh xac (accuracy) dugc st dung lam thuéce do chinh dé danh
gia hi¢u sudt mé hinh, véi bai toan VQA dugc xem nhu mot bai toan phan loai.
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3.3. Két qua thwe nghi¢m

Sau qua trinh hun luyén va danh gia mé hinh dua trén cac chi sé danh gia da duoc
xéac dinh va tién hanh so sanh két qua ctia mé hinh nay véi cac cong trinh nghién ctru khac
da duoc cong bd gan day. Dé c6 mot cai nhin toan dién va chi tiét hon, cac mé hinh tir nghién
ctru cua Tran et al. (2021) da duoc lua chon, da dé xuat mé hinh co so trong bai bio nghién
ctru vé hé théng ViVQA. Ngoai ra, m6 hinh Bidirectional Cross-Attention, mot phat kién
m&i nhat cia Tran et al. (2021) ciing duoc Iya chon. Muc tiéu cua viée so sanh nay khong
chi dé danh gia hiéu qua ctiia mo hinh da phat trién, ma con nham muc dich kham phé cac
tiém ning va hudng cai tién cho cac mé hinh twong lai trong linh vuc twong tu.

Bing 1. So sanh két qua thuwc nghiém véi cdc mé hinh khdc

M hinh Py chinh xac (%)
LSTM+PhowW2Vec 33,85
Bi-LSTM+PhoW2Vec 33,97
Hier-Co-Att+PhoW2Vec 34,96
Bideractional Cross-Att 51,30
Multi-vision Contextual Attention 60,76
MO hinh dé xuat 62,41

Trong Bang 1, thé hién két qua so sanh hiéu suét gitra mé hinh dé xuat voi cac nghién
clru trude day cho thiy sy cai thién dang ké ciia mo hinh dé xuét so v6i mé hinh co s va
cac md hinh duoc cong bd trude d6 trong viée xir 1 bai toan tra 1oi cdu hoi true quan (VQA)
trén ngon ngi tiéng Viét. Cac nghién ctru trudc ddy sir dung cac phuong phap nhu LSTM,
Bi-LSTM, Hier-Co-Att hay Bidirectional Cross-Att, mic du dat dugc hiéu qua nhat dinh,
nhung van con han ché trong viéc tich hop chit ché gitra thong tin hinh anh va ngdn ngit. Cu
thé md hinh dé xuat dat dugc do chinh xac 62,41% so véi mo hinh co s& Multi-vision
Contextual Attention (60,76%) va vuot trdi so voi cac mo hinh trude d6: LSTM+PhoW2Vec
(33,85%), Bi-LSTM+PhoW2Vec (33.97%), Hier-Co-Att+PhoW2Vec (34,96%) va
Bideractional Cross-Att (51,30%).

Két qua diw dodn trén cdc mé hinh khdc nhau

Pé tdi wu cho viéc trién khai mé hinh VQA trén cac nén tang, chung t61 thuc nghiém
trén hai mé hinh c6 kich thudc 16n va mot mé hinh ¢6 kich thuée nhé thudng dugce trién khai
trén cac thiét bi di dong dé rat trich dac trung hinh anh. Ba mo6 hinh nay da dugc duogc lan
luot dugc thtr nghiém dé trich xuat dic trung toan cuc cua hinh dung dé danh gia do chinh
xac trong bai toan tra 101 cau hoi qua hinh anh (VQA): Vision Transformer, Swin Transformer
(Liu et al., 2021) va Mobinet (Wang et al., 2020). Két qua thu duoc tir tirng mé hinh gitp
xéac dinh mutrc d6 hiéu qua cta chung trong viéce trich xuat cac dic trung tir hinh anh. Bang
cach ndy, co thé tim ra phuong phép t6i wu nhat dé ap dung vao hé théng VQA (Bang 2) qua
do6 nang cao kha nang nhan di¢n va tra 161 chinh xac cac cau hoi dua trén hinh anh duoc trinh
bay. Két qua cho thiy viéc trién khai mé hinh trén céc thiét bi di dong 1a kha thi voi mé hinh
nhd Mobinet dat d§ chinh xac 60,2% — khong chénh 1éch qua nhiéu so véi viéc ap dung hai
mo hinh 1én con lai.
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Bing 2. So sanh cdc mé hinh trich xudt ddc trung hinh anh

M©b hinh D§ chinh xac (%)
Vision Transformer 62.41
Swin Transformer 59,97
MobileNets 60,2

4. Két luan va huéng phit trién

Trong bai bao ndy, ching t6i dé xuat mé hinh cha ¥ ngit canh da tim nhin cai tién cho
bai toan tra 101 cau hoi hinh anh (VQA) trén ngit liéu tiéng Viét. Cu thé, ching t6i cai tiép
bang cach bo sung mot nhanh két hop méi mang tén Fusion Based on Attention Mechanism,
trong d6 tan dung kha nang két hop va khai thac thong tin ciia hai khdi chinh: Multimodal
Fusion Module va Multiple Self-Attention. Két qua thuc nghiém trén bo dit liéu ViVQA cho
thiy mo hinh ciia chung t6i da cai thién dang ké d6 chinh xac va vuot trdi so véi mot sd
phuong phap trude day. Cu thé mo hinh d& xut dat duoc d6 chinh xac 62,41% so voi md
hinh co s& Multi-vision Contextual Attention (60,76%) va vuot trdi so vai cac mé hinh dugc
cong bd trude d6. Két qua thuc nghiém cho thay hiéu hiéu sudt ciia mé hinh cai tién da dugc
céi thién 13 rét so voi mo hinh co so va phan dé xut cai tién ciia chiing toi 13 hidu qua va co
¥ nghia.

Tuy nhién, nghién ctru nay van con ton tai mot s6 han ché. Kich thuge va sy da dang cua
b6 dit lidu ViVQA con kha khiém t6n so véi cac bo dir liéu VQA tiéng Anh, diéu nay c6 thé anh
huéng dén kha niang mé rong va tong quéat hoa ciia md hinh trong cac tinh hudng thuc té. Bén
canh do, kién trac m6 hinh mdc du da dat két qua tich cuc nhung van con tiém ning dé ti wu
hoa hon nita, déc biét 1a trong viéc can bang giita hiéu suat va chi phi tinh toan.

Trong twong lai, chung toi hudng dén viéc mé rong bo dir liéu VQA tiéng Viét dé dam
bao su phong phii va da dang hon, gitip mé hinh c6 thé hoc duoc cac ngir canh phrc tap hon.
Dong thoi, viée cai tién kién trac mo hinh dé ting cudng kha ning két hop thong tin giita
dic trung hinh anh va ngén ngir s& 1a mot trong nhing trong tdm nghién ctru tiép theo.

7

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

Visual Question Answering (VQA) represents the intersection of Computer Vision and Natural
Language Processing, offering both scientific significance and practical applications. Integrating
VQA models into mobile devices can assist blind and visually impaired individuals in accessing and
understanding image content. A common approach involves extracting features from different image
regions to capture local context. However, this method often overlooks the global context, which
affects the model’s ability to aggregate information and make accurate inferences. Recent methods
leverage Vision Transformer to extract both global and local features from images, enhancing model
performance. Additionally, multimodal attention mechanisms are applied to optimize the integration
of image and question features, allowing the model to focus on key features and better understand
the context. While most VQA models are designed for English datasets, research on Viethamese VQA
(ViVQA) remains limited. In this paper, we propose an improved model based on Multi-Vision
Contextual Attention, achieving an accuracy of 62.41%, a significant improvement over the original
model’s 60% on the ViVQA dataset.

Keywords: multimodal; natural language; PhoBERT; ResNet; Swin Transformer; Vietnamese
language; visual question answering (VQA)
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