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This study proposes a novel image captioning model that integrates
knowledge graphs and deep learning to enhance semantic
understanding and generate more accurate image descriptions. The
research aims to address the limitations of conventional captioning
approaches that often overlook the relationships between entities within
an image. Our method involves generating scene graphs from input
images, which are then enriched with external knowledge from
structured knowledge graphs to generate semantically rich captions.
The model is trained and evaluated on standard datasets, including
MSCOCO and Visual Genome. Experimental results demonstrate that
the proposed model outperforms existing baselines in terms of BLEU
41.3 and METEOR 31.6, especially in complex scenes with multiple
entities. Furthermore, the use of knowledge graph augmentation
significantly improves the contextual relevance and informativeness of
the generated captions. This research contributes to advancing multi-
objects image captioning and highlights the potential of combining
symbolic knowledge with deep learning models for comprehensive
scene understanding.
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D thi tri thirc
M0 ta anh

Hoc sau

Tao db thj canh

Nghién ciru nay dé xuat mot mé hinh mé ta anh tich hop do thi tri thirc
va hoc sdu nham ning cao kha niang hiéu ngir nghia va tao ra cic mo ta
hinh anh chinh x4c hon. Muc tiéu cua nghién ctu la khéc phuc nhitng
han Che cuia cac phuong phap mo ta anh truyén thong, von thuong bo
qua mdi quan hé gitra cac thuc thé trong anh. Phuong phap cua ching
t6i bao gdm viéc tao dd thi ngir canh tir anh ddu vao bang mang hoc
sdu, sau d6 duoc b sung tri thire bén ngoai tir cac dd thi tri thirc ¢6 ciu
trac dé tao ra cic mo ta gidu ngit nghia. M6 hinh dwoc huan luyén va
danh gia trén cac tap dir lieu chuan, bao gdm MSCOCO va Visual
Genome. Két qua thyc nghiém cho thay mé hinh dé xuét vuot troi hon
SO V&i cac phuong phap co s6 hién c¢6 véi BLEU4 1a 41,3 va METEOR
1a 31,6, dic biét trong cac anh phiic tap c6 nhiéu thyc thé. Hon nira,
viéc b6 sung tri thuc tir d6 thi giup cai thién dang ké mirc do lién két
ngir canh va tinh thong tin cua cac mo ta duoc tao ra. Nghién ciru nay
gop phan thiic day viéc nghién ctru mo hinh mé ta anh da ddi tugng va
lam noi bat tiém nang cua Viéc két hop tri thic biéu twong véi cac md
hinh hoc sau dé hiéu anh mot cach toan dién.

DOI: https://doi.org/10.34238/tnu-jst.12614

" Corresponding author. Email: nguyenndt@hcmue.edu.vn

http://jst.tnu.edu.vn

153 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.

TNU Journal of Science and Technology 230(07): 153 - 159

1. Gigi thigu

Mo ta anh ty dong (Image Captioning) la bai toan tao van ban mo ta ndi dung ngir nghia cua
hinh anh mdt cach chinh xac, dong vai trd quan trong trong nhiéu ung dung nhu tim kiém anh, hd
trg nguoi khiém thi, hé théng gidm sat thong minh, va phén tich noi dung da phwong tién. Cac
moé hinh hoc siu, dic biét 1a su két hop gitra mang no-ron tich chap (CNN) dé trich xuit dic
trung anh va mang no-ron hdi quy (RNN hoic LSTM) dé sinh vin ban, da dat duoc nhiéu két qua
dang ké trong linh vuc nay [1], [2]. Tuy nhién, cac mo hinh truyén thong thuong chi khai thac
dic trung tryc quan bé mat, thiéu kha nang biéu dién méi quan hé giita cac thuc thé trong anh, tir
d6 tao ra cac mo ta con han ché vé chiéu sau ngir nghia va ngit canh.

Dé giai quyét vin dé nay, cac nghién ctiu gan ddy tap trung vao viéc tich hop tri thirc bd sung tir
dd thi tri thae (Knowledge Graphs — KG) hodc d6 thi ngit canh (Scene Graphs — SG). b6 thi ngir
canh 1a céu trac biéu dién cac thyc thé (nhu ngudi, vat thé) va méi quan hé giita ching (nhu
"ngudi-dang-cudi-ngyua"), thuong duoc trich xuit ty dong tir anh thong qua cac md hinh hoc may.
Nhimg db thi nay sau do duoc lién két véi nguon tri thirc bén ngoai nhuw DBpedia hoic ConceptNet
nham ma rong pham vi hiéu biét va tang tinh ngir nghia cho mé hinh sinh mé ta [3] - [5].

Nghién ciru cta Santiesteban va cong sy [6] cho thdy rang viéc két hop d6 thi tri thie giup cai
thién dang ké do chinh xéac trong mo ta hinh anh, dac biét 1a trong cac ngit canh phirc tap co
nhiéu thyuc thé. Zhao va Wu [5] d& xuit mé hinh st dung d6 thi tri thirc da phwong thir, tang
cuong kha nang nhén dién ngit canh va lién két giita cac thyuc thé, tuy nhién mé hinh nay yéu cau
tai nguyén huan luyén rat 16n va kho trién khai & quy mé rong. Osman va cong su [7] ciing tong
quan cac mo hinh chu ¥ (attention-based models) trong mé ta anh va khang dinh rang tich hop tri
thirc 1a mot trong nhitng xu hudng day tiém ning cho tuong lai.

Déi véi ngdn ngfr it tai nguyén nhu tiéng Viét, viéc phat trién dit liéu va mé hinh cho mé ta
anh con han ché. Pham Anh Cudng va cong su [8] da gioi thiéu bo dit licu KTVIC — mot tap dix
liéu mé ta anh tiéng Viét dau tién ¢ linh vue doi séng — mé ra co hoi nghién ctru va (ing dung cho
ngon ngir ban dia. Tuy nhién, van con thiéu cac nghién ciru két hop do thi tri thire va hoc sau
trong boi canh tiéng Viét.

Tu thuc trang do, nghién ctru nay dé xuat mot mo hinh mé ta anh két hop d6 thi tri thic véi
mang hoc sau nham nang cao chat luong chu thich, dic biét ddi véi cac anh cé nhidu ddi tugng
va quan hé phuc tap. Mic dit mé hinh chua dugc thuc nghiém truc tiép trén dit liéu tiéng Viét
nhu KTVIC, chung t6i da tién hanh huén luyén va danh gia trén cac tap dir lieu chuan nhu
MSCOCO [9] va Visual Genome [10], nham kiém chung hiéu qua ngir nghia va kha nang tong
quat hoa trong nhiéu bdi canh khac nhau. Phuong phap dé xuat mang tinh nén tang va c6 thé mo
rong cho cac nghién ciru tng dung cho ngi canh tiéng Viét trong twong lai.

2. Phwong phap nghién ciru

Phuong phap mé ta anh d& xuét trong nghién ciru nay duoc t6 chirc thanh hai giai doan chinh:
Giai doan Offline va Giai doan Online. Muc tiéu cua hai giai doan 14 t5i wu hiéu qua xir 1y, vira
tan dung tri thirc thu dwoc tir dir liéu huan luyén, vira dam bao kha ning phan hdi nhanh trong
giai doan st dung thuc té. Trong d6, giai doan Offline thuc hién xir 1y tri thic va hoc sau tir
trude, con giai doan Online s& sinh mé ta anh theo thoi gian thyuc dya trén cac két qua da duoc
chuan bi. Hinh 1 minh hoa cho md hinh d& xuét cua bai bao.

2.1. Giai dogn Offline: Trich xudt tri thirc va xdy dung d@o thi tri thic

Giai doan Offline duoc tién hanh mot lan trude khi trién khai hé théng chinh thirc, gdm cac budc:

(1) Chuan bi dit liéu

Hé théng sir dung tap dit liéu anh quy mé 16n nhu Visual Genome va MSCOCO. Céac anh trong
Visual Genome va MSCOCO cung cip annotation chi tiét vé& dbi trong va quan hé giita chung.
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Offline phase
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Hinh 1. M6 hinh mé ta anh si: dung do thj tri thite va mang hoc sdu

(2) Nhan dang b ba bang mang hoc sau

Str dung md hinh YOLOv8 dé phat hién dbi twong, sau d6 ding mang hoc sdu RelTR [11] dé
trich xuét cac bo ba (chu thé, quan hé, ddi twong) tir méi anh. Mai bo ba thé hién mot mdi quan
hé nglr nghia trong anh.

(3) Tao d6 thi ngir canh va théng ké déng xuat hién

Tir cac bo ba, hé théng tao d6 thi ngir canh cho ting anh. Bong thoi, tién hanh thong ké tan
suit dong xuat hién cua cac cip déi twong trong toan bo tap dit liéu, hinh thanh mot bang dong
Xuét hién (co-occurrence matrix), phan anh tan suat xuat hién déng thoi cua cac cap ddi tuong
trong cung mét anh trén toan b¢ tap dir lieu huan luyén. Cau tric bang la mot ma tran vudng nxn
vGi mdi hang va cot dai dién cho mét 16p dbi twong; 6 (i, j) chura s6 luong anh ma hai dbi twong
thugdc 16p i va j ciing xuat hién. Ma tran nay duoc dung dé danh gid mirc d6 lién két ngir nghia
giita cac ddi twong trong qua trinh loc thong tin.

(4) Tich hop tri thirc ngoai

Céc thuc thé trong bo ba dugc anh xa (entity linking) vao dd thi tri thirc nhu ConceptNet hoic
DBpedia. Qua trinh nay thu dugc thong tin lién quan nhu phan loai, thudc tinh, hanh vi, va lién
két ngir nghia gifra cac thuc thé. Nhitng thong tin nay duoc tich hop vao do thi ngir canh dé tao
thanh mot do thi tri thuc tang cuong ngir nghia (Semantic-enhanced KG).

(5) Xay dung co s¢ cau triic ngdn ngir dé lam giau dd thi tri thuc

Dua trén loai quan hé va kiéu thyc thé, hé thng xac dinh cic mau cau phu hop (cac cau tric
md ta ngdn ngit ty nhién) va gin lién két nay vao db thi tri thirc dé phuc vu pha Online. Sau loai
ciu trac ngdn ngit duoc dinh nghia va 4p dung nhu sau:

e Céu triic Bong tir don: Dung khi quan hé chi 1a mot dong tir co ban. Vi du: quan hé 1a “hit”

— “The [subject] hits [the object]”

e Cau trac Dong tir tiép dién: Dung khi quan hé chi hanh dong dang dién ra. Vi du: quan hé 1a
“riding” — “The [subject] is riding the [object]”.

e Cau trac Dong tir véi gisi tir: Ding véi cac quan hé co6 kém gidi tir nhu “on
“behind”, ... Vi du: “The [subject] sits on the [object]”.

e Cau trac Dong tir voi trang tir: M6 ta chi tiét hanh dong nhu “quickly running” — “The
[subject] is quickly running”.

e Cu triic M6 ta thudc tinh: Sir dung “has/have” dé chi thudc tinh dbi twong. Vi du: “The man
has a red hat”.

o Chu truc Mo ta trang thai: Ap dung cho miu “to be + adjective”, nhu “The girl is happy”.

LR I3

sit on”,
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M3i bo ba dugce lién két vai mot hoidc nhiéu ciu triic ngdn ngit twong tng trong KG. Cac cu
tric ngdn ngit nay dong vai trd dinh hudng qué trinh tao cau, giap mo hinh thé hién chinh xéac y
nghia ngit canh va tang cuong kha nang dién dat linh hoat khi mé ta noi dung hinh anh.

Toan bd qua trinh & giai doan Offline nham muc tiéu to chwc lai tri thirc mot cach hé thong,
gitip mo hinh khéng chi dya vao dic trung truc quan ma con hiéu duoc bdi canh ngir nghia cua
anh. Pay 1a nén tang then chbt dé mo hinh c6 thé sinh ra cac mé ta chinh xac, ty nhién va phu
hop hon véi ngir canh thuc té trong giai doan Online.

2.2. Giai doan Online: Mo td danh thoi gian thuc dwa trén KG

Giai doan Online 13 qué trinh sinh mo ta tir anh dau vao theo thoi gian thuc, gdm cac budc sau:

(1) Phét hién déi twong va bo ba tir anh méi

Anh dau vao duoc xir Iy bai YOLOV8 va mang hoc sau RelTR dé sinh ra cic bo ba md ta
quan hé gitra cac dbi tugng.

(2) Loc bo ba quan trong

Tap cac bo ba sinh ra tir anh dau vao thuong bao gdm ca nhitng quan hé khong rd rang hodc it
gi4 tri mo ta. Dé lya chon cac quan hé c6 ¥ nghia, mé hinh sir dung ma tran déng xuét hién, duoc
xdy dung trong giai doan Offline tir tap dir liéu huan luyén, phan anh tan suat hai ddi tuong xuat
hién ddng thoi trong anh. M3i bo ba duoc danh gia dua trén gia tri lién két cua cap déi tuong
tuong ung trong ma tran. Nhiing bo ba c6 diém cao hon duoc xem 1a ndi bat va dugc wu tién giit
lai, véi t6i da ba bo ba mdi anh. Cach tiép can nay gilp tang tinh tap trung cho mo ta va loai bo
thong tin khong can thiét. Tuy nhién, trong mot s6 treong hop, viéc gidi han sb luong co6 thé dan
dén bo sot cac chi tiét bd trg quan trong va day 1a diém han ché can dugc can nhic trong cac
phién ban mé rong cua mo hinh.

(3) Truy van db thi tri thic

Cac bd ba duoc dung lam truy van vao KG da xay dung tir pha Offline dé thu lai thong tin tri
thire va ciu tric cau phu hop. Céc thong tin nay bao gom: tén dbi twong mé rong, thude tinh,
cach din dat phu hop, hanh vi ngit canh pho bién...

(4) Sinh cau mo ta

Dua trén thong tin truy van dugc tir KG va tap ciu tric ngon ngir da chudn hoéa, hé théng tién
hanh sinh ciAu mé ta cho anh. Mdi bo ba duoc anh xa Vi cac cau triic cau phu hop, duoc lya chon
theo quy trinh nhu sau:

e Khai thac tri thirc mo rong tir két qua truy van, bao gém tir ddng nghia, thudc tinh ngir
nghia, hanh vi phd bién va cac mau dién dat twong duong. Nhd d6, mé hinh ting tinh linh hoat va
tranh 1ap lai cach dién dat.

« Doi chiéu bo ba véi tap cu trac cau di duge dinh nghia va lam giau trong KG, bao gom
sdu loai CAu triic ngdn ngit (dong tir don, tiép dién, gii tir, trang tir, thudc tinh, trang thai). Hé
thdng wu tién lua chon cu trac phu hop nhét dua trén:

o Loai quan hé (hanh dong, trang thai, thugc tinh...),

o Boi canh ngir nghia m¢ rong (vi du: quan hé “riding” thuong gan voi hanh vi nén s& chon
ciu truc tiép dién),

o Su xuét hién pho bién ciia cau trac trong tap huan luyén.

e Néu co nhiéu cau triic phu hop, hé théng chon ciu tric c6 mirc wu tién cao hon theo thir ty
da dinh san trong KG. Néu khong tim thy cu trac phu hop, hé thong s& sir dung mau dy phong
“The [subject] is [relation] the [object]” nhdm dam bao moi anh déu sinh dugc mé ta hop 8.

V6i cach két hop giira tri thire ngir nghia va cau triic ngdn ngit phong phu tir KG, mé hinh tao ra
cac mo ta c6 d da dang cao, phan anh chinh xac noi dung anh trong nhiéu ngtr canh khac nhau.

Quy trinh hai giai doan giup tach biét giai doan hoc va giai doan trién khai, tir d6 tan dung tri
thirc trong giai doan Offline dé tang tdc va téi wu chit lugng mo ta trong giai doan Online. M6
hinh khong chi dam bao kha nang phan hoi thoi gian thuc, ma con giit duoc chiéu sau ngit nghia
trong cac mo ta dugc sinh ra.
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3. Két qua va ban luin
3.1. Két qud therc nghiém

Mo hinh md ta anh tich hop do thj tri thirc va mang hoc sau duoc hun luyén va kiém thi trén
hai tap dir licu chuan la MSCOCO [9] va Visual Genome[10]. Céc chi s6 danh gia bao gom
BLEU-1 dén BLEU-4 va METEOR - nhitng chi s6 pho bién trong 1inh vuc Xt 1y ngdén ngir tu
nhién d€ do luong d6 chinh xdac, tinh ngit nghia va muc d6 trung khép gilta md ta sinh ra va mo
ta tham chiéeu. Két qua thuc nghiém dugc thé hién trong Bang 1.

Bang 1. Két qua danh gid mé hinh dé xudt trén hai tap dir ligu

Tap dir liéu BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR
MSCOCO [9] 82,2 70,1 58,5 41,3 31,6
Visual Genome [10] 81,4 69,3 56,7 39,8 30,7

Két qua cho thdy mo hinh hoat dong 6n dinh va hiéu qua cao trén ca hai tap di liéu, véi
BLEU-4 lan luot 12 41,3 va 39,8 ¢6 muc cai thién dang ké so v6i cac mo hinh truyén thong khong
st dung tri thie nén.

Dé danh gia sau hon vé hiéu qua, md hinh duoc so sanh véi hai phuong phap ndi bat gan day:
md hinh Concept-based cua Osman [12] va m6 hinh Graph-based SSE cia Zhao [13]. Dix liéu so
sanh dugc thé hién trong Bang 2.

Bang 2. So sanh voi cac phwong phap khac

M hinh BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR
Concept-based [12] 75,8 59,6 45,3 34,1 27,4
Graph-based SSE [13] 81,6 - - 40,8 30,0
M5 hinh dé xut 82,2 70,1 58,5 41,3 31,6

Két qua so sanh cho thay mé hinh dé xuat vuot troi vé mat ngit nghia va ca phap. Dic biét, chi
s6 BLEU-4 — phan anh chat lugng téng thé Cuia cdu mo ta — dat gia tri cao hon rd rét so véi cac
phuong phap con lai. Bén canh do, chi s6 METEOR dat 31,6, Cho thiy mo hinh khong chi tao ra
cac cu co cdu trac phu hop, ma con giit dugce ¥ nghia siu sic va do tu nhién cao. Hinh 2 va 3
trinh bay mét vi du minh hoa két gua md ta hinh anh.

Hinh 2. Loc lgi cdc bé ba quan trong va sinh cdu mé td cho bg ba

3.2. Phén tich va thio lugn

Hiéu qua cia md hinh phan Ién dén tir kha nang két hop tri thirc nén théng qua do thi tri thirc
vao qua trinh sinh moé ta. Viéc anh xa cac thuc th§ trong dnh sang céac khai niém c6 trong do thi
nhu ConceptNet hodac DBpedia gitip hé thong hiéu dugc ban chat, hanh vi va moi lién hé ngl
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nghia gitta cac thuc thé, tir d6 tao ra mé ta giau tinh logic va bam sat ngit canh. Piéu nay dic biét
hiru ich trong cac anh c¢6 nhi¢u doi tuong va quan hé phic tap, noi cac mé hinh truyén thong deé
mac 16i moé ta chung chung hoac sai léch.

| IMAGE J RESULT J

The man is riding the bike

The sign is on the building

Hinh 3. Cdc cdu mé ta cho hinh anh

Mot yéu t quan trong khac 1a cach to chirc hé théng theo hai pha: pha Offline tap trung vao viéc
xdy dung do thi tri thirc va cau trac cau tir trudc, gitp giam tai tinh toan tai pha Online, noi viéc
truy van va sinh mo t& dugc thuc hién trong thoi gian thyc. Nho vay, hé thdng co thé phan hoi
nhanh chéng ma van duy tri dugc d6 chinh xac cao va chiéu siu ngit nghia trong cac méd ta duoc
sinh ra.

Tuy nhién, van con ton tai mot s6 han ché dang luu ¥. Viée anh xa thyc thé tir anh vao do thi
tri thirc c6 thé gap sai léch trong cac truong hop tén dbi tuong ngan, da nghia hodc khong rd rang
(chang han nhu tir “bat” c6 thé 1a “doi” hodc “gdy bong chay”). Ngoai ra, md hinh hién tai chua
xtr 1y tot cac mo ta mang tinh triru twong, an du hoac cam xuc, nhitng trudng hop doi hoi tri thic
nén phic tap va ngir canh sau hon.

Téng thé, md hinh dé xuét cho thay tiém ning rd rét trong viéc két hop gitra d thi tri thuc va
mang hoc sdu nham tao ra cic mé ta anh chinh xac, ngit nghia va phu hop voi ngit canh thuc té.
Pay 1a mot hudng nghién ciu day trién vong trong cac ung dung xtr 1y anh, tim kiém da phwong
tién va phan tich nglt nghia anh.

4. Két luan

Nghién ctru da dé xuat mot phuong phap mé ta anh tich hop giira do thi tri thirc va mang hoc
sau, trién khai theo hai pha: xu 1y tri thuc ngoai tuyén va mo ta anh truc tuyén theo thoi gian
thuc. Hé thong két hop dd thi ngit canh vai tri thuc tir cac d6 thi nhu ConceptNet dé tao ra mo ta
anh sat ngit canh va giau ngir nghia hon. Két qua trén cac tap dir liéu chuan cho thdy mé hinh dé
XUAt vugt troi S0 Véi cac phuong phép truyén thong vé BLEU va METEOR. Trong tuong lai,
nghién ctru c6 thé tiép tuc mé rong theo huéng cai thién anh xa tri thirc, ting cudng mé hinh sinh
ngdn ngit, va phat trién cc ung dung da ngir hoic ban dja hoa mé ta.
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Loi cam on

Nghién ctru nay dugc tai trg boi ngyén ngan sach khoa hoc va cong nghé Truong Pai hoc Su
pham Thanh pho HO Chi Minh trong dé tai nghién ctru cua sinh vién nam hoc 2024 — 2025.
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