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Bai bdo dé xuat mét phicong phdp chii thich anh tiéng Viét duwa trén hop nhdt dac
trung qua co ché chii y (attention fusion). Trong dé ddc trung hinh dnh dwoc két hop véi
ddc trng nhiing ngit nghia van ban sinh tir md hinh tien hudn luyén. Céch tiép cdn nay gidp
mé hinh tang kha nang can chinh ngi nghia va sinh ra mé ta giau thong tin hon S0 V&i Cac
mé hinh co s thuong dwoc sir dung. Két qua thuc nghiém trén hai bg diz liéu UIT-ViIC va
KTVIC cho thdy phirong phdp dé xudt giap cdi thién chi sé CIDEr khodng 6%-10% so véi
cdc mé hinh doi chimg, dong thoi dat hiéu qua tér trén cdc thuée do BLEU, METEOR,
ching minh hiéu qud va tinh kha thi ciia hudng tiép can.

Tir khod: Cha thich dnh, hop nhdt cha y, biéu dién vdan ban.
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1. PAT VAN BE

Trong nhiing ndm gan déy, cung vai sy phat trién manh mé cua thi giac may tinh va
xu ly ngbn ng@ ty nhién, bai toan tao chu thich anh (image captioning) da trg thanh mot
huéng nghién ciru quan trong trong cac hé théng da phuong thac. Myc tiéu caa bai toan la
tu dong sinh ra mé ta ngdn ngt tu nhién phan anh chinh x&c ndi dung va ngir canh caa hinh
anh dau vao. Bai toan nay c6 nhiéu tng dung thyc tién nhu truy van anh theo ngir nghia, hd
tro nguoi khiém thi, quan ly va lap chi myc ndi dung da phuong tién, ciing nhu cac hé théng
trg ly théng minh. V& ban chat, chd thich anh doi hoi md hinh phai can chinh va hop nhat
hiéu qua gitra biéu dién thi giac va biéu dién ngbn ngir, thudng duoc hién thuc hda théng
qua cac kién tric chi y (attention) va transformer hién dai [1] [2].

Phan 16n cac nghién ciru chd thich anh trude day tap trung vao tiéng Anh va dugc
kiém ching trén cac bo dit liéu quy md 16n nhu MS COCO Captions [3]. Tuy nhién, khi
chuyén sang cac ngdn ngir it tai nguyén nhu tiéng Viét, bai toan tro nén thach thiec hon do
han ché vé dir liéu gan nhan, su khac biét vé ciu trdc ngdn ngir, hién twong da nghia va tach
tir, cling nhu sy mat can bang trong phan bé tir vung. Céc yéu t nay khién nhiéu mé hinh
cha thich huan luyén theo huéng truyén thong dé sinh ra cac md ta chung chung, thiéu chi
tiét hoac khong bam sat trong tdm hinh anh.
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V& tinh hinh nghién ctu, céc cong trinh gan day cho thay hiéu ning cta chd thich anh
khong chi phu thudc vao bo giai ma (decoder), ma con chiu anh huong manh bai chat luong
dic trung ngdn ngit va co ché hop nhat da phuong thirc. Li et al. dé xuat mot md hinh tao
chd thich anh duya trén sy cha y da dau dé hop nhit dic trung hinh anh va vin ban, trong dé
van ban khdng chi déng vai tro 1a dau ra ma con dugc khai thac nhu mot ngudn dic trung
ngit nghia nham dan hudng cho qua trinh sinh cau [4]. Két qua thuc nghiém cho thay viéc
tang cudng biéu dién van ban va hop nhét ching véi dic trung thi giac gidp cai thién dang
ké do chinh xac va tinh mach lac caa chu thich.

Song song véi d6, mot s6 nghién ciru khac tap trung vao huéng 1am giau dic trung da
phuong thirc nham giam phu thudc vao dit liéu gan nhan day du. Cheng et al. d& xuat Echo,
mét khung phuong phap nhan manh ring viéc cai thién va mo rong khong gian dic trung
hinh anh va dic trung ngdn ngit c6 thé nang cao chét luong chu thich, dic biét trong boi
canh dit liéu han ché hodc phan bé khai niém khong day du [5]. Mic du Echo duoc thiét ké
cho bai toan hoc khong can huan luyén (zero-shot learning) va mién anh vién tham, tu tuéng
cot 16i cua cdng trinh cho thay viéc 1am giau dic trung giai doan giai ma 1a mot hudng tiép
can hiéu qua nham nang cao chat luong mo ta.

Déi voi tiéng Viét, mot sé bo dir liéu chu thich da dugc cong b trong nhitng nam gan
day nham tao nén tang cho nghién ciru va danh gia. UIT-VilC la b dit lieu dau tién phuc vy
danh gia cha thich anh bang tiéng Viét, duoc xay dung dua trén anh COCO vai chd thich do
con ngudi gan nhan [6]. KTVIC tiép tuc ma rong theo mién doi sdng, cung cap thém sy da
dang vé ngir canh va cau tric md ta [7]. Ngoai ra, VieCap4H huéng toi mién y té, nhan manh
tinh wng dung trong cac kich ban chuyén biét [8]. Tuy nhién, so véi cac bo dir lidu tiéng
Anh, cac tap di liéu tiéng Viét van con han ché vé quy mé va d6 phu khai niém, dat ra yéu
cau vé cac phuong phap hiéu qua nhung nhe, khdng phu thudc vao kién trdc phirc tap hoac
dit liéu huan luyén qua I6n. Tiéng Viét 1a ngdn ngit it tai nguyén, c6 dac th vé tach tir khdng
rd rang va hién tuong da nghia phu thuéc manh vao ngit canh, trong khi cac b dir liéu chd
thich anh thuong c6 quy md han ché. Nhiing yéu té nay khién mé hinh dé sinh cau thiéu
nhét quan ngir nghia hoac khong 6n dinh vé cau trac. Trong bi canh do, viéc sir dung biéu
di&n nhdng ngir nghia toan cuc cua van ban tiéng Viét dong vai trd nhu mét ngir canh ngi
nghia cap cao, gitip dinh hudng quéa trinh sinh cau, giam nhidu do mo hd ngdn ngir va cai
thién tinh nhat quan ngir nghia ctia chu thich dwoc tao ra.

Tinh thoi sy cua bai toan thé hién & mot sé khia canh. Tha nhat, nhu cau tu dong sinh
mo ta anh tiéng Viét ngay cang gia ting trong cac hé thong noi dung sé va trg 1y da phuong
thirc. Thu hai, khoang céch tai nguyén giira tiéng Viét va tiéng Anh khién viéc huan luyén
cac mo hinh 16n tir dau tré nén kém kha thi, thic ddy viéc tan dung cac mé hinh tién huan
luyén da phuong thirc nhu CLIP [9].

Tir cac phan tich trén, bai bao nay dit ra van dé nghién ctiru: Lidu c6 thé cai thién chit
lwong tao chi thich anh tiéng Viét bang mot cai tién don gian, dua trén viéc ting cuong dic
trung ngdn ngir theo hudng trich xuét dic trung van ban va sau dé hop nhat dic trung hinh
anh véi ddc trung ngdn ngir bang co ché chli y, ma khdng can dén cac kién tric sinh dac
trung hoac chién lugc huan luyén phirc tap. Trén co s d6, nghién ctu tap trung danh gia
hiéu qua cua viéc lam giau dic trung van ban va hop nhét co ché chi y (attention fusion)
trong bdi canh chi thich anh bang tiéng Viét, tir d6 co co sd dé phét trién cac mé hinh chd
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thich tién tién trong tuong lai. Khac véi cac hudng tiép can trén [4][5], bai bao nay khéng
thuc hién can chinh truc tiép gitra cac ddc trung anh va vin ban. Thay vao d6, biéu dién
nhung vin ban tiéng Viét & muc toan cuc duoc sir dung nhu mot ngi canh ngir nghia dé didu
huéng qua trinh tong hop dic trung anh thong qua co ché chd y. Cach thiét ké nay cho phép
tich hop thong tin ngén ngir & muac khai quat, giam do phuc tap mé hinh, déng thoi phd hop
vé6i béi canh dit liéu han ché va tinh da dang ngit nghia cua tiéng Viét.

2. PHUONG PHAP NGHIEN CUU

2.1. M hinh dé xuit cho tao chi thich anh tiéng Viét

Bai toan tao chu thich anh néi chung va cha thich tiéng Viét néi riéng duoc md hinh
hoé theo dang sinh chudi co diéu kién, dugc thé hién minh hoa & Hinh 1. Véi anh dau vao |

va cha thich tiéng Viét twong tng Y = (y1.... yr) thi md hinh can wéc lugng theo phuwong
trinh (1) vai 6 1a tham s6 mé hinh.

maxg p(Y|I; 0) @
Pac trung hinh anh duoc trich xuat boi b ma hoa anh theo phuwong trinh (2).
_ Mxd
V= fing () € RM 2
M hinh co’ s¢&
= Béc trung Cha thich
Ak AL i O hinh anh anh
dactreng | B9 gl ma
Mé hinh dé xuét
Pac trung Béc trung Ch thich
Anh dau vao S s hinh anh B hop nhét anh
dac tru'ng 3 déc.tru'ng B0 glal ma
v v S =
[ B6 ma hoa v@’ Véc to" nhiing
T

Hinh 1. Hinh minh hoa mé ta so' @ ciia md hinh chd thich anh.

Trong d6, M 12 s6 lugng cia dic trung hinh anh va d 1a s chiéu khong gian dic trung.
Song song, chu thich tiéng Viét Y dugc anh xa sang mot véc to ngir nghia toan cuc thong
qua bd ma hoéa van ban tién huin luyén (vi du CLIP text encoder), nham thu duoc biéu dién
giau ngir nghia hon so véi véc to nhung hoc tir dau nhu ¢ phuong trinh (3).

. . t= frext(Y) € R% ) ) (3)
bé dua veé cung khéng gian vai V, stir dung phép chiéu tuyén tinh nhu & (4).
T= Wt e R? 4)

Trong d6 t la biéu dién nhiing vin ban ban dau va W, 1a ma tran chiéu hoc dugc dé
anh xa biéu dién nay vé cung khong gian dic trung véi anh véi W, € R4*%, O day, T
duogc hiéu 1a dai dién cho ngit canh cua ngdn ngir toan cuc cia cau tiéng Viét va dugc ky
vong giup mo hinh duy tri tinh nhat quan ngit nghia khi sinh cau. Trén co sé d6, co ché hop
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nhat dugc theo thiét theo hudng tap trung vao ngit canh cta vin ban va dic trung hinh anh.
Vi dic trung hinh anh déng vai tro truy van (query - Q) con dic trung vin ban ting cudng
cung cép key/value dé diéu hudng qua trinh tap trung. Véc to T dugc mé rong thanh chudi
T theo chiéu M nhu & (5). Luu y rang, mic du biéu dién nhung van ban toan cuc duoc lap
lai theo cac vi tri khong gian, co ché chi y khdng bi suy bién vi cac véc to truy van Q duoc
sinh ra tir dic trung anh tai ting vi tri va do dé khac nhau theo khong gian. Nho d6, mdi vi
tri anh van tao ra phan b chu ¥ riéng, phan anh mutc d6 phu hop ngir nghia giita dic trung
anh cuc bd va ngilr canh van ban toan cuc.

T = Repeat(T,M) € RM*4 (5)
Sau d6 qua trinh hop nhat cha y duoc tinh bai (6).
Q: VWQ'K: TWK,U: TWV (6)

QK" _
A= softmax(ﬁ), F=AU

W, , Wy, Wy 1a cac ma tran hoc duoc dung dé anh xa sang khong gian truy vén - khéa
- gid tri theo tha tu d6. A la ma tran trong so chi y sau chuan hoa softmax, mé ta mac do lién
hé gitta mdi token dic trung hinh anh va dac trung ngir nghia tvong tng. F 1a dic trung téng
hop sau chu y, thé hién thdng tin ngdn ngit dugc dua vao khong gian thi giac dé 1am giau ngir
nghia. Cudi cung, dac trung hop nhét dwoc 6n dinh bang két néi du va chuin hoa nhu & (7).

Z = LayerNorm(V + F) (7N

Vé co ban Z khong chi mang théng tin anh, ma con dugc diéu chinh theo ngir canh
ngit nghia cua tiéng Viét, tir 46 hd tro md hinh sinh cau c6 ndi dung sat anh hon va giam céac
16i M6 ta mo hd.

2.2. Huén luyén va suy luan sinh cha thich tiéng Viét

Trén biéu dién da phuong thiic Z, md hinh sir dung Transformer decoder dé sinh chi
thich theo co ché ty hoi quy. O thoi diém t, mo hinh du doan phan bd xac suat cua tir tiép
theo dua trén chudi tir d4 sinh va ngir canh hop nhét nhu & (8), trong d6 gz, (.) biéu thi ham
bién ddi cua Transformer decoder.

P(Vely<e, D) = softmax(gaec(V<e ) )

Trong qué trinh huan luyén ham mat mat dugc sir dung la ham cross-entropy nham toi
wu kha ning du doan tir diing tai mdi bude nhu & (9)
d )
Lep(0) = = ) logp(yilyze. 15 6)

t=1

Vi y; 1a tir chuan caa cha thich tiéng Viét. O giai doan suy luan, mé hinh sinh chudi

¥ bang cach lya chon chudi ¢ xac xuat cao nhat theo nhan tuan tu nhu & (10).

~

Y = argmaxy (p(Y|I;6)) (10)

Trong giai doan huan luyén, biéu dién nhiing vin ban toan cuc T duoc trich xuét tir chu
thich anh chuan bang co ché teacher forcing nham cung cép tin hiéu ngit nghia 6n dinh cho mé-
dun hop nhit ddc trung. O giai doan suy luan, khi khéng c6 chu thich chuan, T dwoc sinh ra tir
mét goi ¥ dau vao (prompt), dam bao tinh nhat quan cua kién trdc gitra huan luyén va suy luan.
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2.3. Panh gia hiéu ning trén bd dir ligu tiéng Viét

Danh gia hiéu ning dwoc thyc hién nham phan &nh toan dién chat luong chd thich sinh
ra, khéng chi & mirc do trang khdp tir veng ma con vé mirc 6 pht hop ngir nghia va tinh ty
nhién. Vi vay, nghién ctu sir dung cac thude do chuan trong chd thich anh gdm BLEU,
METEOR va CIDEr. BLEU do muc trung khép n-gram gitta cha thich sinh va chd thich tham
chiéu, trong d6 p,, 1a precision n-gram, w,, 1a trong s6 va BP 1 hé sé phat d6 dai, & (11). CIDEr
tap trung do tinh dong thuan gitra chi thich sinh va tap chd thich tham chiéu bang TF-IDF,
phan &nh tt hon mirc twong dong ngir nghia trong cac tinh hudng dién dat da dang, & (12).

N (11)
BLEU = BP. expz w,, logp,
n=1
In(€)-gn(s) (12)

1
CPENES) = § 2 Tga@1gnt
Ngoai ra, METEOR duoc sir dung dé danh gia mirc do phd hop ngit nghia va tinh ty
nhién cua cau mod ta. METEOR két hop céc dang so khép (chinh xéc, theo gdc tir, dong
nghia) va ap dung hé s phat phan manh nham phan anh do tréi chay cua cau.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. M0 ta dir li¢u va phwong thirc danh gia

Thuc nghiém duoc tién hanh trén mot bo dix liéu cha thich anh tiéng Viét UIT-ViIC [6]
va KTVIC [7], bao gom cac cap (1,Y), trong d6 | 1a anh dau vao va Y 1a cau md ta tiéng Viét
tuong tng. Dit liéu duoc chia thanh ba tap huan luyén/kiém dinh/kiém tra theo ty 1¢ 70/10/20.
Trude khi hudn luyén, cac cau md ta duoc chuén hoa vin ban (loai bo ky tu nhidu, théng nhét
diu cau) va ma hoa thanh chudi token dé phuc vu quéa trinh giai ma tuan tu caa mé hinh.

Mo hinh co s& duoc lya chon 13 kién trc ma hoa - giai ma tiéu chuan [4], trong d6
anh duoc ma hoa bang ResNet-101 [11] dé thu nhan dic trung hinh anh V, va qué trinh sinh
cau duoc thuc hién boi mot bo giai ma [1] gom 2 [6p. M6 hinh nay dai dién cho cac hé théng
chd thich hoc sau phé bién hién nay, da dugc chirng minh hiéu qua trén cac bo dix liéu chuan
nhu MS COCO [3]. Trén nén tang co s& ndy, chdng t6i tién hanh hai cai tién:

(i) Tang cudng dic trung vin ban bang véc to nhiing dugc sinh tir md hinh CLIP cua
OpenAl véi kién tric ViT-B/32 [9].

(i) Hop nhat c¢6 diéu huéng giira dic trung thi gidc va van ban théng qua hop nhat
bang co ché chil y, nhu i mo ta chi tiét tai Muc 2.1. Chung t6i so sanh ba cau hinh sau:

Co s6: Chi sir dung dac trung anh V, khong c6 nhanh ngbn ngt.

Co s& + Nhing: Vector nhiing ngdn ngit T tir CLIP, néi truc tiép vao dic trung anh.
Céch két hop nay dong vai trd 1a co sé mé rong nham danh gia hiéu qua cua viéc bo sung
thong tin ngit nghia, ddng thoi lam d6i chung truc tiép vai co ché hop nhat dic trung c6 didu
huéng bang chi y duoc dé xuat.

Pé xuat: Tang cudng dic trung ngdn ngir va hop nhét véi ddc trung hinh anh.

Hiéu ning mo hinh duoc dénh gi4 bing cac chi sé BLEU-1, BLEU-4, METEOR va
CIDEr [5], véi trong tam 1a CIDEr thuéc do phan anh muc d6 dong thuan ngir nghia gitra
chd thich sinh va chu thich tham chiéu.
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3.2. Két qua thuc nghiém
Két qud trén UIT-VilC

Bang 1 trinh bay két qua trén b dir liéu UIT-ViIC. M6 hinh d& xuét cho thay su cai
thién rd rét trén tat ca cac chi s6 so Vi mo hinh co s¢ va bién thé noi dac trung don gian.

Bang 1. So sanh két qua trén UIT-VilC

Phwong phap BLEU-1 1 | BLEU-4 1 | METEOR 1| CIDEr 1
Co s6 0.642 0.248 0.215 0.782
Co s¢ + Nhing 0.658 0.261 0.223 0.821
Dé xuat (Attention Fusion) 0.679 0.278 0.236 0.874

Su cai thién cua md hinh dé xuat 1én t6i ~10% véi CIDEr va ~3% véi BLEU-4 so véi
md hinh co s¢. Diéu ndy khing dinh riang nhing ngit nghia tir CLIP dong vai tro nhu mot
huéng dan ngir nghia, dac biét khi duoc hop nhét thong qua cha y ¢ diéu hudng, gitp mo
hinh sinh chd thich bam sat ngi dung anh hon va giau thong tin hon.

Két qua trén KTVIC

Trén bo dir liu KTVIC, von ¢6 pham vi tir vung rong va ngir canh doi séng da dang,
xu huéng cai thién van duge duy tri, nhur trinh bay trong Bang 2.

Bang 2. So sanh két qua trén KTVIC

Phwong phap BLEU-1 1 | BLEU-4 1 | METEOR 1| CIDEr 1
Co s6 0.631 0.236 0.208 0.751
Co sé + Nhung 0.647 0.249 0.217 0.792
Dé xuét (Attention Fusion) 0.667 0.266 0.229 0.841

Viéc dat mic CIDEr cao hon ~9% s0 véi mé hinh co s tiép tuc khéng dinh hiéu qua
clia phuong phap. Trong thyc té, cac mé ta sinh ra tir mo hinh dé xut thuong rd rang hon
vé hanh dong, vi tri va dbi tugng chinh trong anh. Biéu nay cho thiy co ché hop nhat chay
giita ddc trung hinh anh va vin ban khéng chi b sung ngir nghia, ma con dong vai tro loc
nhiéu ngdn ngi, gidp md hinh tranh c4c cau mé ta chung chung, mot van dé thuong gap khi
chu thich anh tiéng Viét voi dit liéu huan luyén han ché.

4. KET LUAN

Bai bao da trinh bay mot phwong phap chu thich anh tiéng Viét dua trén mé hinh hop
nhét da phuong thirc, trong d6 dac trung thi giac duoc két hop vai didc trung ngit nghia vin
ban thong qua co ché hop nhat chi y. Khac véi cac mé hinh co s& chi dua trén dic trung
anh, cach tiép can dé xuat tan dung cac véc to nhiing van ban tién huan luyén dé cung cap
tham chiéu ngit nghia 6n dinh, d6ng thdi cho phép mé hinh diéu chinh trong thm mé ta theo
ting vang anh. Cac két qua thuc nghiém trén hai bo dit liéu UIT-VilC va KTVIC cho thay
phuong phap nay vuot troi hon cac duong co so trén toan bo thudc do BLEU, METEOR va
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CIDEr, trong d6 mirc cai thién dang ké ¢ CIDEr phan anh kha niang sinh mé ta giau ngir
nghia va gan véi mo ta tham chiéu hon. Biéu nay cho thay hop nhat cha y 1a mot huéng tiép
can hiéu qua cho bai toan cha thich anh tiéng Viét, dic biét trong bdi canh ngudn dir lidu
huan luyén con han ché. Mic di nghién ctru nay chwa thuc hién so sénh truc tiép voi cac bo
ma héa vian ban chuyén biét cho tiéng Viét nhu PhoBERT hodc ViT5, cac md hinh nay c6
tiém ning cai thién chét luong biéu dién ngir nghia va c6 thé duoc tich hop vao hé thng dé
XUt trong cac nghién ctu tiép theo.
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ENHANCING VIETNAMESE IMAGE CAPTIONING PERFORMANCE
THROUGH ATTENTION - GUIDED FEATURE FUSION

Hoang Anh Cong, Nguyen Dinh Cong, Pham The Anh
ABSTRACT

This paper proposes a Vietnamese image captioning method based on attention-
guided feature fusion, in which visual representations are integrated with semantic text
embeddings extracted from a pre-trained model through an Attention Fusion. This approach
enhances semantic alignment and enables the model to generate more informative and
contextually appropriate descriptions compared to traditional baseline methods.
Experimental results on the UIT-VilC and KTVIC datasets show that the proposed method
improves the CIDEr score by approximately 6% - 10% over baseline models, while also
achieving strong performance on BLEU and METEOR, demonstrating both the effectiveness
and practical feasibility of the proposed approach.

Keywords: Image captioning, attention fusion, text embedding.
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