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TOM TAT—Bai to4n chu thich anh tw déng dong vai tro quan trong trong viéc két ndi thong tin thi giac véi ngdn ngiv tw
nhién. Tuy nhién, nhiéu mé hinh hién nay van con han ché trong viéc biéu dién day di ngit nghia do chwa khai thac hiéu qua
cic m6i quan hé gitra d8i twong trong anh. Bai b4o nay dé xuit mdét md hinh méi két hop dic treng viing déi twgng véi thong
tin quan hé dwoc biéu dién théng qua d6 thi canh. Cu thé, chiing t6i stt dung RelTR dé& phat hién bo ba quan hé va Graph
Transformer dé anh xa do thi thanh véc-to ngir nghia. Biéu dién tich hop sau d6 dwoc dwa vao bd gidi ma LSTM nhim sinh ra
chubi mé ta anh chinh xac va giau thong tin. K&t qua thuc nghiém trén MS COCO, Flickr30K va Flickr8K cho thdy phwong
phap dé xuit dat hiéu suit vwot troi so véi nhiéu nghién cléu gan day, qua cac d6 do BLEU, METEOR va CIDEr. Nghién ctiru
nay g6p phan khing dinh tiém ning cta viéc tich hgp théng tin quan hé vao mé hinh chd thich dnh, hwéng dén nang cao dd
chinh x4c va kha ning dién dat trong mo ta sinh ra.

T khéa— Ch thich dnh, phat hién déi twong, dw doan moi quan hé, dé thi cdnh, mang no-ron hoc siu
I. GIO'1 THIEU

Trong béi canh gia ting manh mé cta dir liéu hinh dnh, nhu ciu hiéu va khai thic thong tin tir &nh mat cach hiéu
qua da thic diy sw phat trién nhanh chéng ctia cac hé théng tri tué nhan tao c6 kha ning dién giai ndi dung thi
gidc. Mot trong nhirng huwéng nghién ctru ndi bat trong linh vwe nay 1a bai todn tao mo ta dnh tw dong (image
captioning) - titc qua trinh tao vin ban bing ngdn ngit tw nhién dé dién dat ndi dung clia mot hinh anh dau vao
[1]. Bai todn nay doi hoi sy két hop hiéu qua giira cac k§ thuat nhin dién dic trung thi gidc va mé hinh héa ngén
ngit, dong vai tro ciu néi gitra hai linh vwc: thi gidc may tinh va x Iy ngén ngit tw nhién. Nh¢ tinh (tng dung thuec
tién cao, chi thich &nh da dwoc trién khai trong nhiéu hé théng théng minh nhw truy van anh ngir nghia, trg ly
40, va ho tro nguwdi khiém thi tiép can ndi dung hinh anh [2].

Cac phwong phap chu thich anh truyén thong chid yéu dwa trén kién tric encoder-decoder, trong dé CNN dwoc
st dung dé€ trich xuit dic trung anh va LSTM dam nhiém vai tro phat sinh chd thich dwéi dang vin ban mo ta
cho néi dung hinh anh [3-5]. Viéc tich hop co ché cht y (attention) da gitp ting kha ning tip trung vao cic ving
anh quan trong, céi thién d6 chinh xac va tinh mach lac ctia cic cau cha thich [6-8]. Tuy nhién, hiu hét cac mo
hinh hién tai chi tip trung vao dic trung toan cuc hoic tirng vung riéng 1é, trong khi thong tin vé quan hé ngi
nghia gitra cac ddi twong trong dnh - yéu td then chdt dé hiu ngit caAnh - vAn chwa dwoc khai thac mot cach hiéu
qua. Mot s6 nghién ctru gan day da bat dau tich hop biéu dién db thi cdnh (scene graph) nhdm mo hinh héa quan
hé giira cac d6i twong [9, 10]. Mic du dat dwoc mét s6 két qua kha quan, cac phwong phap nay van con han ché
trong viéc tich hgp sau va biéu dién linh hoat cac quan hé phtrc tap trong anh.

Dé khic phuc nhitng han ché néu trén, bai bdo nay dé xuit mot mé hinh chu thich &nh méi két hop gitta phat
hién d6i twong va mo hinh héa quan hé ngit nghia bing cach st dung do thi canh (scene graph) [11] - mot dang
biéu dién c6 cu tric, cho phép thé hién rd rang cic ddi twong, thudc tinh va mdi quan hé gitra chiing trong anh.
Cu thé, mo hinh st dung RelTR dé trich xuit cac bo ba quan hé (subject-predicate-object) [12], sau d6 4p dung
Graph Transformer dé 4nh xa d6 thi thanh véc-to dic trung [13]. Cic dic treng thu dugc tir d6i twong va do thi
dugc tich hgp va dwa vao bd gidi ma LSTM dé sinh chu thich. M6 hinh d& xu4t nhidm cai thién kha ning hiéu ngit
canh va tao ra mo ta anh c6 do chinh xac cao va giau ngit nghia hon.

bong gbp chinh ctia bai bao gom:
e D& xuit m6 hinh cht thich anh tich hop dic trung viing ddi twong véi biéu dién quan hé ngit nghia tir o
thi canh, gitp tang cwong kha nang mo hinh héa ngit cdnh hinh anh.

e Thuwc nghiém toan dién trén ba tip dir liéu MS COCO, Flickr30K va Flickr8K cho thdy hiéu qua vwot troi
so v&i cac phwong phap baseline va cdc mo hinh tién tién gan day.
Phan con lai ctia bai bdo gom: Phan II trinh bay tdng quan cac céng trinh lién quan. Phan Il mé ta chi tiét mo
hinh dé xudt. Phén IV trinh bay thwc nghiém va phén tich két qua. Phin V dwa ra két luin va dinh huéng nghién
ctru twong lai.
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II. CAC NGHIEN CU’U LIEN QUAN

Trong thoi gian gan diy, bai toan tao chi thich tw dong cho hinh dnh di tré thanh mdt chi @& nghién ciu thu hit
nhiéu sy quan tAm, nho tiém ndng ng dung trong cac linh virc nhw tro 1y 4o, hd tro ngwdi khiém thi, va hé théng
truy xuét hinh anh dwa trén ngit nghia [14]. Cac phwong phap dau tién trong linh vyc nay thwong dwoc xay dung
theo khung ma héa-giai ma (encoder-decoder), trong d6 cac dic trung dnh dwoc trich xuit thong qua mang tich
chap (CNN), sau d6 dwoc dwa vao cdc md hinh sinh chudi nhw RNN, LSTM hodc GRU dé tao ra md ta bang ngdn
ngit tw nhién [3, 4].

Tiéu biéu, Kiros va cong sw (2014) da dwa ra mdt phwong phap da phwong thirc két hop khdng gian nhing anh-
vin ban [3], trong khi Vinyals va cong sw (2015) phat trién md hinh NIC huin luyén end-to-end dé t8i da hda xac
sudt chudi tir cé diéu kién theo anh diu vao [4]. CAc phwong phap ndy chu yéu khai thac dic trung toan cuc va
chwa xét dén thong tin ciu tric hodc quan hé gitra cac ddi twong trong anh. Twong tw, Hassain va cong sw (2019)
str dung DenseNet dé trich xu4t dic trung 4nh d4u vao va ap dung co ché attention trong mang LSTM nhdm tao
ra chu thich tip trung vao cac ving quan trong [15]. Mic di m6 hinh dat két qua kha quan trén MS COCO theo
cac do do BLEU-2, 3, 4, nhung van chwa khai thac sAu méi quan hé gitra cac ddi twong trong anh.

C4c cai tién ti€p theo tip trung vao tdi wu hda hiéu quad mo hinh hoic thay thé cic thanh phin cha kién tric
truyén thdng. Patwari va cdng sw (2021) st dung Inception-v3 I1am encoder két hop véi GRU 1am decoder c¢6 tich
hop attention, cho két qua tot trén d6 do BLEU-1 dén 4 [16]. Tuy viy, viéc chi dwa vao dic trung anh trich xuat
tlr CNN huin luyén trwéc khién cdc md hinh nay khé biéu dién day dd nodi dung ngir nghia anh, dic biét 1a cac
twong tac gitra ddi twong. Mét vi du khac 1a nghién ctru cia Reddy va cong su (2021) véi kién tric RCNN-LSTM
don gian, hwéng téi hiéu qua trién khai nhwng chua cai thién biéu dién ngit nghia sau [17]. Al-Malla va cong sw
(2022) [18] cling khai thac dic trung d6i twong két hop attention dé md phong cach con ngudi hiéu anh [18],
nhwng chwa st dung ciu tric do thi € mo hinh héa quan hé trwec tiép gitra cic thanh phin trong anh.

Sw phat trién cla co ché attention di m& ra hwdng ti€p cin hiéu qua hon trong mé hinh hoéa théng tin khong
gian va ngitr nghia. Mot s0 cdng trinh tiéu biéu nhw Bi-LS-AttM (Xie va cong sw 2023) [6], Deore va cdng sw
(2024) [7], va Rahul va cong sw (2025) [8] di tdn dung attention theo huwéng top-down hodc hai chiéu dé tap
trung vao cac vung anh lién quan trong qua trinh sinh mo ta. Tuy nhién, cic m6 hinh nay van chi xtt ly tirng viing
anh riéng biét ma chwa mo hinh héa rd rang méi quan hé gitra cac ddi twgng - yéu td then chdt d€ hiéu ngir canh
sau va chinh xac.

Mot nhanh nghién cru dang cht y trong linh vuc cht thich dnh tip trung vao khai thac théng tin quan hé gitra
cac doi twong, khéi ngudn tir cdng trinh cta Lu va cdng sw (2016) [9]. Trong nghién ctru nay, tac gia dé xuit mo
hinh x4c dinh quan hé nhi phan giita cic cap d6i twong bing cach két hop biéu dién dic trung thi giac véi
embedding tir vieng. D chwa tich hop co ché attention va chwa dwa truc ti€p vao pipeline sinh mé ta, hwéng tiép
can nay da dit nén méng cho cac phwong phap dua trén biéu dién d6 thi sau nay. Tiép néi y twdng do, Yao va
cong sw (2018) phat trién mot hé thdng xdy dwng do thi thé hién mdi quan hé ngit nghia va khong gian giita cac
vung anh [10]. Sau d6, d6 thi dwoc ma hdéa bang mang neural tich chip trén d6 thi (Graph Convolutional
Network - GCN) va két hgp véi mé hinh LSTM tich hop attention dé tao ra mo ta. Thuwc nghiém cho thdy phwong
phap nay mang lai cai thién dang ké vé diém sd CIDEr, du pham vi biéu dién quan hé con gidi han.

Gan day, cdc mo hinh dwa trén Transformer di cho thiy tiém nang manh mé trong viéc tich hop dong thoi thong
tin thi gidc va ngir nghia. GRIT (Nguyen va cong sw, 2022) 1a mot vi du dién hinh, trong d6 mé hinh st dung dac
treng vung tir Deformable DETR va dic trung lwdi tir Swin Transformer, két hop bang cross-attention song song
[19]. GRIT cho phép huin luyén end-to-end va dat két qua tdt ca vé do chinh xac 1an tdc dd suy luan. Du chwa
biéu dién quan hé ddi twong dwdi dang dé thi, GRIT cho thiy huéng tich hgp ngit canh dnh vao pipeline mo6 ta la
rt tiém nang.

T viéc khdo sat va phan tich cic cong trinh nghién cttu lién quan, c6 thé nhan thdy rang phin 1én cac mé hinh
cht thich anh hién nay tap trung vao viéc khai thac dic trung viing va co ché attention nham cai thién chit lwong
mb ta. Tuy nhién, chi mét s6 it nghién ctru thwe sw hwéng téi viec md hinh héa va tich hop théng tin quan hé
gilta cac d6i twong trong dnh - mot thanh phian thiét yéu dé hiéu day du béi canh va biéu dat ngiv nghia toan
dién. Nhdm khic phuc khodng tréng nay, nghién ctru nay dé xuit mot mé hinh cha thich &nh méi, trong dé do thi
quan hé gitta cic doi twong dwgc xy dung va 4nh xa vao khong gian dic trung, sau d6 tich hop cung dic trung
viung dé€ lam d4u vao cho bo gidi ma. Hwdng ti€p cin ndy cho phép mo hinh khai thac tot hon ciu tric cdnh va
quan hé ngir nghia, tir d6 nang cao do6 chinh x4c va tinh dién dat cta chu thich sinh ra.

IIl. PHUONG PHAP PE XUAT

Trong nghién ciru nay, mét mé hinh chi thich &nh méi dwoc dé xuit nhw Hinh 1. Phwong phap nay két hop gitra
viéc phat hién cac viing d6i twong trong dnh va phan tich méi quan hé ngit nghia gitta cic d6i twong nay nhdm
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tao ra chu thich c6 d6 chinh xac va tinh mé ta cao. M6 hinh dé xuit bao gdbm cac bwéc chinh sau: dau tién, dic
trung ciia cac ving doi twong trong anh dau vao dwoc phat hién va trich xuit thong qua mé hinh Faster R-CNN.
Tié€p @6, nhim khai thac thong tin vé mdi quan hé ngit nghia gitta cac d6i twong, do thi canh twong ¢ng clia anh
dwoc xay dwng va chuyén déi (embedding) thanh véc-to dic trung. Hai loai dic trwng nay sau dé dwoc tich hop
thanh mot biéu dién théng nhat, phan 4nh toan dién ndi dung ngit nghia ctia anh. Cudi cuing, biéu dién nay duoc
st dung lam d4u vao cho bd gidi ma (Decoder) LSTM dé sinh chi thich. Phwong phap dé xuit khong chi cai thién
kha ning nhin dién ddi twong ma con ting cwdng sw hi€u biét vé cic moi quan hé ngit nghia phic tap giita
ching. Nh&r @6, cac chu thich dwoc tao ra c6 chit lwong cao, phan anh chinh xac va diy di ndi dung ctia hinh anh
dAu vao. Noi dung chi tiét ctia phwong phap bao gom hai thanh phén chinh: (A) B6 ma héa hinh anh (Encoder) va
(B) B0 giai ma tao chd thich (Decoder). Cac thanh phén nay sé dwoc mé ta cu thé trong cac tiéu muc tiép theo.

Mé hoa (Encoder) Giai ma (Decoder)

Bdc trung cac ving
doi twong
P4 thj canh
Chu thich ground truth

Hinh 1. So do téng qudt ctia phwong phdp chi thich dnh dé xudt
A. BO MA HOA HINH ANH

Két hop
dac trung

Long-short Term
Memory (LSTM)

Anh dau vao Cau chu thich cho
3nh dau vao

Embedding cta
d6 thi canh

B mi hoéa (Encoder) trong hé thdng dé xuit c6 nhiém vu chuyén ddi anh dau vao thanh biéu dién ngit nghia
giau théng tin, phan dnh ca dic trung thi gidc cta tirng do6i twong va cdc méi quan hé giira ching. Kién tric cla
bd ma hda bao gdm ba thanh phan chinh: (1) trich xuit dic trung viing d6i twgng bing mo hinh Faster R-CNN,
(2) xay dung db thi canh biéu dién cac quan hé giita d6i twong va (3) 4nh xa do thi canh sang khong gian vector
stt dung Graph Transformer. Cac dic trung thu dwoc sau d6 dwoc tich hop thanh mot biéu dién toan dién, lam
d4u vao cho bo giai ma LSTM dé phat sinh chi thich anh.

1. PHAT HIEN VA TRiCH XUAT PAC TRUNG POI TWO'NG BANG FASTER R-CNN

Faster R-CNN 1a mé hinh phat hién d6i twgng manh mé két hop giira Region Proposal Network (RPN) va mang
no-ron tich chidp (CNN) [20]. Trong phén nay, Faster R-CNN dwogc sit dung dé phat hién cac d6i twong trong anh
va trich xudt dic treng ving twong rng cho tirng ddi twgng. V&i mot anh dau vao I, két qua thu dwoc 1a mot tip
véc-to dic trung F; biéu dién cac viing ddi twong:

F = {fpfz' "-'fNB};

Vi f; 1a véc-to dic treng cla vung ddi twong thit i, N 12 s6 viing d6i twong phat hién trong anh.

Hinh 2. Minh hoa dnh ddu vao va két qud ddu ra ctia mé hinh phdt hién déi twong trong dnh

Hinh 2 minh hoa két qua d4u ra ctia md hinh Faster R-CNN trén mét anh ddu vao, trong dé cac vung déi twong
dwoc phét hién dugc hién thi ciing véi chi s6 va nhin phén loai twong &ng. Cac dic treng nay déng vai tro 13 co
s& dé tich hop cling biéu dién ngit nghia tir d6 thi cAnh & cac budc tiép theo trong pipeline ctia m6 hinh.

2. XAY DUNG PO THI CANH CHO ANH BANG RELTR
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D& md hinh héa mdi quan hé gitra cac ddi twong, phin nay dé xuit xdy dwng mot do thi canh ¢ = (V,E) [21].
Trong d6, tap dinh V = {v;, v,, ..., vy, } 12 tdp dinh dai dién cho cac d6i twong duwgc phéat hién trong dnh. Tép canh
E = {e;;} m6 ta méi quan hé gitta cac cdp d6i twong (v;,v;). M6i quan hé dwoc biéu dién dwéi dang bo ba
(vi, ejj, v;), v0i e;; lanhadn quan hé.

Do thi canh dwoc xay dung st dung RelTR (Relation Transformer), mét m6 hinh Transformer mot giai doan
dwoc dé xuit bdi Cong va cong sw [12]. RelTR ké thira kién tric DETR [22] va thwc hién dy doan truwc tiép cac bo
ba quan hé tir dic trung thi giac dau vao. M6 hinh hoat dong theo co ché end-to-end, giip don gidn héa pipeline
truyén théng gobm nhiéu bwéc trung gian phirc tap. Pi€m noi bit ctia RelTR 1a s8 lwong tham s6 it so véi phuong
phap trudc nhung van dat hiéu suit cao nhe thiét ké attention chuyén biét cho nhan dién quan hé.

Hinh 3 minh hoa kién truc téng quat cia RelTR. Dau vao 1a 4nh da dwoc ma héa dic trung bing backbone cta
DETR. M6 hinh st dung hai tip truy vadn (queries): Subject queries Qg va Object queries Q,. Cac truy vin nay la
cac vector hoc dwoc dai dién cho cic “ciu héi” tiém ning vé cac bd ba quan hé.

Ba co ché attention chinh trong RelTR bao gom:

e Coupled Self-Attention (CSA): cho phép cac truy van chl thé va ddi twgng trong ciing mdt bd ba twong
tac d€ cip nhat thong tin ngir cdnh ndi bd va twong quan giira cac bd ba khac. Cac truy van dwoc ndi véi
positional encodings va dwa vao mo-dun multi-head self-attention.

e Decoupled Visual Attention (DVA): la co ché cross-attention giita truy vin va dic trung thi giac toan
cuc. DVA xtt 1y Qs va Q, mét cach doc 1ap nham xac dinh cic viing anh lién quan dén tirng ddi twong. Két
qua 1a cac attention heatmaps Mg va M, chi ra cac vung dnh twong &ng véi chu thé va déi twong.

e Decoupled Entity Attention (DEA): co ché nay nhdm nang cao do6 chinh xac trong viéc dinh vi va phan
loai chu thé va ddi twong. DEA st dung cross-attention gitra cac truy van va két qua DVA, sau dé két hop
vGi hai 16p tuyén tinh (Feed-Forward Networks - FFNs) cing ham kich hoat ReLU va 16p chuin héa c6
két ndi tan du (residual connection) dé hoan thién biéu dién cudi.

Tiép theo, cac heatmaps My, M, dwoc chuyén doi thanh cac vector ddc trung khong gian V;,, thong qua mot mé-
dun convolutional mask head. Sau d6, x4c suit nhan quan hé (predicate) dwoc tinh bing mot mang MLP:

pAprd = Softmax(MLP([Qs, Qo» Vspa]))

Tap cac bo ba (v;, e;;, v;) thu dwoc tao thanh do thi canh hoan chinh, cung cap biéu dién ngit nghia truc quan va
day da cho néi dung dnh dau vao. D6 thi nay 1a thanh phin dau vao thiét yéu cho bwéc nhung va tich hop dic
trwng trong pipeline mé hinh chd thich anh.

Subject gueries
1_dog
Dac trwng toan cuc
SiAS } muung on
ciia anh FENs>
0_grass

Object queries

Hinh 3. Kién tric tong qudt ctia phwong phdp tao do thi cdnh RelTR
3. NHUNG PO THI CANH BANG GRAPH TRANSFORMER

Sau khi thu thap tap bo ba quan hé dang (vi, €ij, vj), d6 thi cdnh G = (V, E) dwoc tién hanh xiy dung, trong d6 V
12 tAp cac niat dai dién cho ddi tweng va E 1a tip cac canh c6 hwdng mé ta cadc mdi quan hé gitra cac cap déi twong
trong dnh. Tuy nhién, ciu triic roi rac cia do thi khién viéc st dung truc tiép biéu dién nay lam dau vao cho cac
md hinh sinh ngdn ngir gip nhiéu han ché. Do d6, viéc chuyén ddi do thi sang dang biéu dién lién tuc trong khong
gian vector 1a bwéc cin thiét nhim khai thac hiéu qua thong tin ciu tric.

Sau khi xay dwng d6 thi cdnh G = (V, E), buéc tiép theo 1a thwc hién chuyén do thi thanh véc-to dic trung. Mdi
nit v; € V biéu dién mot ddi twong cu thé trong dnh déu vao. Méi canh e;; € E thé hién méi quan hé giira cap déi
twong (v;, v;). Muc tiéu 12 biéu dién toan bd ciu tric do thi dwéi dang véc-to didc trung dé€ phu vu cho buéc phat
sinh mo6 ta. P& thwc hién diéu nay, nghién ciru st dung kién tric Graph Transformer dwgc dé xuit béi Dwivedi
va Bresson [13], vOn 1a mot tdng quat hda cta Transformer cd dién dé xit ly dir liéu dang d6 thi.
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Kién tric Graph Transformer ké thira co ché attention tir mé hinh Transformer géc [23], nhwng dwoc diéu chinh
dé€ khai thac c4u tric lién két ctia do thi théng qua hai dic diém chinh: (1) attention dwoc tinh theo két néi cuc bod
(local neighborhood) giita cac nut, thay vi toan b do thi;(2) ma héa vi tri clia cac ntt dwoc thuc hién bing cach
stt dung vector riéng clia ma tran Laplacian cia @6 thi - goi 1a Laplacian Positional Encodings (LapPE) - thay thé
cho mé héa vi tri tuin tw sinusoidal truyén thdng.

Cu thé, mdi nat v; € V dwoc chuyén thanh mot véc-to dic trung y; € R? bang cach sir dung ham nhing tuyén
tinh. Cac véc-to nay dwoc cong véi véc-to vi tri Laplacian twong (rng (sau khi chiéu tuyén tinh) trwéc khi dwa vao
tang Graph Transformer diu tién. Pong thoi, néu do thi c6 chira dic trung canh (edge features), cac dic trung
nay ciing dwgc nhing va duy tri trong pipeline riéng biét dé€ truyén qua cic ting nhw mé ta trong kién tric mo
rong cia Graph Transformer [13].

Trong mdi ting ctia Graph Transformer, biéu dién ctia nit dugc cip nhat thong qua co ché multi-head attention
gitta cidc nut lan cin, tiép theo 1a mang feed-forward két hgp véi chudn hda va két ndi tan duw (residual
connections). Cac biéu dién canh cling duwgc cip nhat song song, néu c6. Sw phdi hgp gitra attention va positional
encoding gitip md hinh hoc dwgc khong chi m6i quan hé ngir nghia cuc bd ma con ca ciu tric toan cuc ctia do thi.

Quaé trinh lan truyén thong tin trong do thi dwoc thwc hién qua nhiéu 1&p k€ tiép nhau, gitip md hinh dan hoc
duoc biéu dién ngit nghia siu sic cho toan bo ciu tric. Két qua cudi cling cla buéc embedding 1a mot véc-to
biéu dién téng thé, ky hiéu 1a GE € R%, phan 4nh ngit nghia toan canh ctia hinh anh (scene-level semantics). Biéu
dién nay sau dé sé dwoc tich hop véi cac dic trung ving d6i twong, vén dwoc trich xuit tir md hinh Faster R-
CNN, trong bwéc hop nhat dic trung. Muc tiéu 1a cung cip dau vao phong pht cho bd gidi ma, nhdm nang cao
chit lwong mo ta anh sinh ra.

4. KET HQ'P PAC TRUNG BANG ATTENTIONAL FEATURE FUSION

Sau khi thu dwoc hai ngudn théng tin biéu dién—(i) dic trung ving déi twong {f., f2, ..., fy,} € R?**, tir mo
hinh Faster R-CNN va (ii) dic trung ngit nghia toan cuc GE € R?5¢ tir m6 hinh Graph Transformer—giai doan
tiép theo 1a tich hop chiing thanh mét biéu dién hop nhat, nhdm cung cip dau vao day dd ngir nghia cho bd giai
ma phat sinh cha thich. Thay vi két hop dic trung bang phép cong (+) hay ghép néi don gian (concatenation),
chung t6i st dung co ché Attentional Feature Fusion (AFF) [24], m0t co ché c6ng chil y mém theo ndi dung vira
gon nhe vira hiéu qua. Quy trinh két hgp dic trung bang AFF dwgc mo ta ngin gon qua ba buéc sau (d8i véi tirng
vung f;):
e  Buwdc 1: Chiéu va tinh tong so bd hai ngudn dit trung

s; = Vfol + GE, Wf € R256XZ048,Sl‘ € RZSG
e Buwdc2: Tinh hé s6 chay

a; = a(W,ReLU(W,3))), a; € (0,1)

1
5 = ﬁz sy, Wy ERIL, W, € R1X16

j
e Buwdc 3: Hoyp nhit mém

z; = ;W fi + (1 — a;)GE, z; € R*°
Tap Z = {zy, 2;, ..., 2y, } da can béng linh hoat gitra dic trung thi gidc (vung ddi twong) va ngir nghia quan hé (do
thi), Z dwoc dwa vao bd gidi ma LSTM dé phat sinh chd thich cho hinh anh. Nho hé s6 a; hoc dwoc, AFF tw diéu
chinh ty 1& déng gép cta hai nguén dic trueng theo ndi dung anh, , thiét 1ap cau ndi chit ché gitra khéi xi ly thi
gidc va ngdn ngit. Bi€u dién giau ngir nghia nay gitip bd gidi ma tao ra cac chi thich khong chi chinh xac vé déi
twong ma con phan anh ding cac quan hé gitra ching.
B. BO GIAI MA PHAT SINH CHU THICH

Sau khi dac treng cia cac d6i twong trong anh va moéi quan hé gitra ching dwgc trich xuat va tich hop thanh mot
biéu dién ngit nghia toan dién, buéc tiép theo trong mo hinh chu thich anh 14 st dung b giai ma dwa trén mang
no-ron héi quy LSTM dé sinh chd thich m6 t4 hinh &nh. LSTM 1a mdt bién thé clla mang no-ron hoi quy
(Recurrent Neural Network - RNN), dwgc thiét k& dé giai quyét hiéu qua bai todn md hinh héa chubi dai han nhe
kha ning duy tri va cp nhat trang thai bd nhé trong sudt qua trinh sinh chudi. Khac véi RNN truyén théng,
LSTM c6 kién truc véi ba cong diéu khién (cdng quén, cdng vao, cdng ra) va mot trang thai 6 nhé gitp giam thiéu
hién twong mat dan gradient (vanishing gradient), dic biét hitu ich trong cac tac vu sinh ngdn ngit, noi moi tir
phu thudc vao ngir canh trwdc d6. Qua trinh sinh cha thich tir &nh dwgc thwe hién bang mot mang LSTM, bao
gdm bén bwdc chinh: (i) khéi tao trang théi tir biéu dién dic trung ngit nghia clia anh, (ii) tinh to4n ngit canh chu
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y & budec t, (iii) cAp nhat LSTM va sinh phan phdi tir, va (iv) huin luyén mé hinh. Cac bwéc nay dwoc mo ta chi
tiét nhw sau:

(1) Khéi tao trang thai LSTM: Biéu dién ngit nghia z € R25%, két qua clia qua trinh két hop dic trung ving déi
twong va dic treng do thi canh, dwgc st dung dé khdi tao trang thai 4n h, va trang thai 6 nhé ¢, cia mang LSTM
théng qua cac bién doi phi tuyén:

ho =tanh(W,,.Z + by),cy = tanh(W, .z + b.)

Trong d6 Wy, W, € R¥*256 b, b, € R¥ 1a cac tham s hoc dwgc trong qua trinh huin luyén, H 1a s6 chiu cia
trang thai 4n LSTM.

(2) Tinh ngir canh cha y & bwéc t: Tai moéi thoi diém ¢, bd giai ma truy van tap Z d€ thu vector ngit canh c,:
Np
et(i) = v tanh(W,z; + Wyh,_,), aEi) = softmax(et(i)), c = z agi)zi
i=1
Véiv, € RE, W, € RE*256 W/, € REXH,

(3) Cap nhit LSTM va sinh phan phdi tlv: Input tai bwéc ¢ 1a phép ghép giira embedding cida tir truwde (e;_4) va
vector ngit canh c;.

x; = [ee—1; ), (hey ¢0) = LSTM (¢, hy—yq, €e—1),
pely<e, 1) = softmax(W,h; + b,).
V6i W, € RVIXH b, € RVI, |V| 14 s6 tir trong tap tir vieng ctia tap dit lidu.

(4) Huan luyén mé hinh c6 giam sat: Trong giai doan huin luyén, mé hinh dwoc t6i wu héa bang cach so sanh
cac tir sinh ra véi cac tir trong chu thich tham chiéu (ground-truth caption). Ham mat mat dwoc st dung la cross-
entropy, dwgc dinh nghia nhw sau:

L=— ¥i_1logP(yi|y<e, V)

Trong dé: y{: 1a tlr dung tai thoi diém ¢ trong chd thich ground truth, y. ,: cac tir da sinh trwéc thoi diém ¢, T: do
dai chudi chu thich.

Qua trinh huan luyén dwoc thwc hién theo co ché teacher forcing, trong dé tai méi bwéc thoi gian, tir dau vao la
tlr ding tr tdp ground-truth chi khong phai tir md hinh sinh ra trwéee do.

(5) Két qua dau ra: Sau qua trinh gidi ma, LSTM sinh ra mot chudi tir {y;, y5, ..., yr } tao thanh mo6t md ta anh
hoan chinh. Chudi tir dau ra phan 4nh khong chi théng tin vé sy hién dién cla cac d6i twong trong anh, ma con
biéu thi rd6 cdc mdi quan hé va béi cdnh twong ng giita chiing, nh& vao viéc khai thac cac dic trung ngir nghia
dwoc tich hop trong giai doan ma hoa.

IV. THU'C NGHIEM

Dwa trén nén tang ly thuyét va phwong phap dé xuit, phin nay sé trién khai chi tiét dit liéu thwc nghiém, bao
gdm cac yéu ciu ciu hinh cu thé va tiéu chi danh gid mo6 hinh. Pong thoi, cac thwdc do pho bién trong danh gia
mé hinh chd thich hinh anh sé dwoc 4p dung dé€ phan tich hiéu qua ctia phwong phap. Ngoai ra, phan nay ciing
trinh bay két qua thwc nghiém, thdo ludn vé nhirng wu diém va han ché cia phwong phap dé xuét.

A. DU LIEU THU’C NGHIEM

M6 hinh dé xuit dwgc huin luyén va danh gia trén ba bd dir liéu 1a MS COCO [25], Flickr30K [26] va Flickr8K
[27]. Theo phéan chia ctia Karpathy et al. [28], MS COCO dworc chia thanh 82.783 anh huin luyén, 5.000 anh xac
thyc va 5.000 anh kiém tra. Flickr30K bao gom 31.783 anh véi 5 md ta cho mdi &nh, trong d6 1.000 &nh dung
cho xac thyc, 1.000 anh cho kiém tra va phan con lai cho hudn luyén. Flickr8K gom 8.092 &nh, 6.092 anh cho
huén luyén, 1.000 anh cho x4c thwc va 1.000 anh cho kiém tra. Trong giai doan tién xt ly, chi giit lai nhitng tir
xudt hién t6i thiéu 5 lan dé xay dung tir vieng, thu dwoc 10.010 tir cho MS COCO, 7.414 tir cho Flickr30K va 2.512
tir cho Flickr8K. Pd dai tdi da ctia mdi ciu chu thich dwoc gidi han 1a 20 tir € ddm bao tinh dong déu trong qua
trinh huin luyén.
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B. CAC PO PO PANH GIA

Hiéu qua ctia md hinh dwgc danh gia bang ba dd do tw déng phd bién 1a BLEU, METEOR, va CIDEr. Pay 1a cac do
do dwoc st dung rong rai trong cac nghién ctru chu thich anh, cho phép danh gia mic do chinh xac, tinh twong
déng va sw phit hop vé mat ngit nghia gitra ciu sinh ra b&i mé hinh va ciu tham chiéu (ground truth).

BLEU (Bilingual Evaluation Understudy) do lwong do trung khép n-gram gitra cau sinh ra béi mé hinh va cac cau
tham chiéu, v&i cac bién thé BLEU-n (BLEU-1, BLEU-2, v.v.) danh gia & cac mic d6 n-gram khéac nhau [29]. Mic
du don gidn va hiéu qua trong cac bai toan dich may, BLEU khong xem xét tinh ngit nghia hodc sy mach lac trong
ngit canh, do d6 thuwdong dwoc st dung két hop véi cac dd do bo sung.

METEOR (Metric for Evaluation of Translation with Explicit ORdering) dwoc thiét k& nhim khic phuc mot sé
han ché ctia BLEU bang cach két hop nhiéu yéu t8: sw triing khép vé tir géc (stemming), ddng nghia (synonymy),
va thir ty tir [30]. Diém s6 METEOR phan anh t6t hon mirc d6 trung khép ngit nghia va ciu tric gitra mé ta sinh
va mo ta tham chiéu, dong thoi c6 twong quan cao hon véi danh gia clia con nguoi.

CIDEr (Consensus-based Image Description Evaluation) danh gid mirc d6 dong thuén gitra ciu sinh ra va tip chu
thich tham chiéu bing cach phan tich n-gram da chuin héa va gan trong s6 theo dd dic trung (TF-IDF) [31]. Chi
s6 nay duoc thiét k€ dac biét cho bai todn chi thich anh, c6 kha ning phan 4nh mc dd phit hgp ca vé ndi dung
14n ngit cdnh ngdn ngit.

C. CHI TIET CAI PAT

Mo hinh dwoc trién khai trén nén tang PyTorch, véi ba thanh phan chinh: bé ma héa vung doi twong, bé duw doan
quan hé va bg giai ma sinh chu thich.

B0 ma hoa hinh anh st dung Faster R-CNN v&i backbone ResNet-50. Cac ting dau (convl, layerl, layer2) dwoc
déng bing dé€ giam chi phi hudn luyén. Pau ra tir layer4 (2048 chiéu) dwgc dwa vao mo-dun RPN va ROIHead.
Cac viing dé xuit dwoc chudn héa bing RolAlign thanh dic trung 256 chiéu.

BO dw doan quan hé st dung md hinh RelTR géom 6 tidng Transformer véi chiéu 4n 256, 8 head attention,
dropout 0.1 va pre-layer normalization. Mdi tang st dung FFN an kich thuéc 2048 va ham kich hoat ReLU. Chi
cac quan hé cé d tin ciy trén 0.3 dwoc giit lai 1am d4u ra cta d6 thi canh.

B0 gidi ma 1a mdt mang LSTM gom 4 tang, chiéu 4n 256. Pic trung anh (256 chiéu) dwoc dung dé khai tao trang
thai LSTM. Phan nhung tir stt dung BERT (s8 chiéu nhting = 256). M6 hinh dwgc huin luyén bang thuat toan
Adam (learning rate = 0.0001, betas = [0.9, 0.999]) v&i ham mAt méat cross-entropy va ki thuit teacher forcing.

Cac thyc nghiém dwoc thwce hién trén may tinh c¢é ciu hinh: Intel Core i5-12450HX, GPU NVIDIA RTX 3050 (6GB
VRAM), RAM 12GB.

D. KET QUA THU'C NGHIEM

Két qua dinh lwong trong Bang 1 chirng thiy hiéu qua cda hai thanh phin chinh ctia mé hinh: (i) khai thac ngi
nghia quan hé bang db thi canh va (ii) co ché hop nhét Attentional Feature Fusion. ' MS-COCO - tap dit liéu c6
bdi canh phitc tap v&i nhiéu déi twgng twong tac va c6 quy mé x4p xi 118 ngan anh - mo hinh dat 83.2 BLEU-1,
28.8 BLEU-4, 26.3 METEOR va 86.9 CIDEr. Trén Flickr30K (x4p xi 31 ngan anh) két qua vin duy tri & mic cao
v&i 72.8 BLEU-1, 26.2 BLEU-4, 24.7 METEOR va 85.2 CIDEr; diéu nay chirng to théng tin quan hé dwoc do thi
cung cip giup mé hinh gitr vitng d6 phong phu ngit nghia du dit liéu suy giam bén lan. Pang lwu y, & Flickr8K -
chi c6 5 000 4nh huin luyén - hé thong van ghi nhan 80.4 BLEU-1, 26.9 BLEU-4, 23.3 METEOR va 85.1 CIDEr,
cho thiy kha nang khai quat hod manh mé trong diéu kién dir liéu rit han ché.

Bang 1. Hiéu sudt ctia phwong phdp chi thich dnh trén cdc tdp dir liéu thwe nghiém

Tap dit liéu BLEU1 BLUE4 METEOR CIDEr
MS COCO 83.2 28.8 26.3 86.9
Flickr30K 72.8 26.2 24.7 85.2
Flickr8K 80.4 26.9 23.3 85.1

So sanh véi cadc phwong phap tiéu biéu trén MS-COCO (Bang 2) cho thdy mo hinh dé xuit c6 dd chinh xac vuot
troi. So v&i Google NIC, mo hinh tang +16.6 BLEU-1, +4.2 BLEU-4, +2.6 METEOR va +1.4 CIDEr. Vé&i Show, Attend
and Tell (SAT) [5], mic cai thién dat +11 - 13 BLEU-1 va +3.8 - 4,5 BLEU-4 tuy cdu hinh Hard-/Soft-ATT. So v&i
kién tric hién dai Bi-LS-AttM, md hinh cta ching tdi vwot +14.4 BLEU-1, +3.6 BLEU-4 va +4.8 METEOR, dong
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thoi thiét 1ap gia tri CIDEr cao nhit trong nhém so sanh. Nhitng chénh léch nay cho thdy AFF - bdng cach diéu
ti€t mém tAm quan trong twong déi gitra dic treng ving va dic trung quan hé - gidp bd gidi ma mo hinh hoa t6t
hon céc n-gram dai va cac tir khoa giau ngir nghia. Trén tip dit liéu MS COCO (Bang 2), mé hinh dé xuit thé hién
su cai thién dang k€ & tat ca cac chi s6 danh gia, dic biét 1a cic chi s6 phan 4nh dd chinh x4c va tinh da dang cta
cac chi thich dwoc tao ra (BLUE4, CIDEr). Diéu nay chirng té tinh hiéu qua cua viéc két hop dic trung ving doi
twgng dugc trich xuit bing Faster R-CNN cling v&i embedding dd thi canh, gitip ning cao kha ning biéu dién
quan hé giita cac doi twgng trong hinh anh.

Bang 2. So sdnh hiéu sudt chi thich dnh gitra cdc phwong phdp trén tdp div liéu MS COCO

Phwong phap BLEU1 BLUE4  METEOR | CIDEr
Google NIC (2015) [4] 66.6 24.6 23.7 85.5
Show, attend and tell (Hard-ATT) (2015) [5] 71.8 25.0 23.0 -
Show, attend and tell (Soft-ATT) (2015) [5] 70.7 24.3 23.9 -
Dense_Soft-ATT (2019) [15] 68.3 229 22.6 74.3
En-De-Cap (2021) [16] 70.6 24.3 -

Bi-LS-AttM (2023) [6] 68.8 25.2 21.5 -
DPé xuit caa ching toi 83.2 28.8 26.3 86.9

Xu hwéng twong tw dwoc ghi nhin trén Flickr30 K (Bang 3). M6 hinh dé xuit dat 72.8 BLEU-1 va 26.2 BLEU-4,
cao hon SAT lan lwot = +6 va ~ +7 di€ém; déng thoi vwrot Bi-LS-AttM +8.3 BLEU-1 va +6.0 BLEU-4. Diém METEOR
24.7 vuot mirc 18-19 clia cdc mo hinh so sanh téi 5 diém, trong khi CIDEr 85.2 cach biét 16n so véi Xception.
Nhitng két qua nay khing dinh vai tro cia d6 thi canh - cung cip ngit nghia quan hé phong phti - va AFF - dam
bdo hai dong thong tin viing-do thi dwgc phdi hop tdi wu - dic biét hitu dung khi dit liéu huén luyén han ché.

Bang 3. So sdnh hi¢u sudt chii thich dnh gitba cdc phwong phdp trén tdp div liéu Flickr30K

Phwong phap BLEU1 BLUE4 METEOR CIDEr
Google NIC (2015) [4] 66.3 18.3 - -
Show, attend and tell (Hard-ATT) (2015) [5] 66.9 19.9 18.5 -
Show, attend and tell (Soft -ATT) (2015) [5] 66.7 19.1 19.5 -
Xception (2022) [18] 399 6.2 12.3 14.8
Bi-LS-AttM (2023) [6] 64.5 20.2 18.6 -
Pé xuit cia chung toi 72.8 26.2 24.7 85.2

Nhin chung, két qua thwc nghiém trén ca ba tip dit liéu MS COCO, Flickr30K va Flickr8K déu khing dinh rd rang
hiéu qua cta phwong phap dé xuit, qua d6 minh chiéng cho lgi ich ddng k€ ctia viéc tich hgp embedding do thi
canh vao bai toan chu thich anh.

V. KET LUAN

Trong nghién cru nay, ching téi dé xudt mot md hinh chd thich anh tich hgp dic trung ving va quan hé ngi
nghia giita cic ddi twong. Mo hinh st dung Faster R-CNN dé trich xuit dic trung viing anh. Tiép theo, RelTR
dwoc dung dé phat hién cac quan hé gitra cac déi twong. Cac quan hé dwoc t6 chirc dwédi dang do thi canh c6 ciu
truc ro rang.
Graph Transformer dwoc 4p dung d€ nhing d6 thi vao khong gian biéu dién lién tuc. Pic trung tich hop tir 4nh
va dd thi dwgc dwa vao bd gidi ma LSTM. LSTM sé sinh chudi mé ta bing ngdn ngit tw nhién tir biéu dién ngit
nghia téng hop. Thir nghiém trén tdp MS COCO, Flickr30K va Flickr8K cho két qua vwot troi so véi baseline. M6
hinh dat diém s6 cao hon & cidc dé6 do BLEU, METEOR va CIDEr. Dic biét, diém METEOR va CIDEr cho thiy kha
ndng sinh mo ta ngit nghia tot. Dieu nay khing dinh hiéu qua cta viéc tich hop thong tin quan hé vao pipeline
cht thich. Bén canh y nghia hoc thuit, mé hinh dé xuit con c6 tiém ning &rng dung cao trong cac hé théng thwc té
nhu: hé trg ngwdi khiém thi ti€p can ndi dung hinh dnh thong qua mo ta tw ddng, cai tién cac hé thdng tim kiém
hinh anh theo ngit nghia, hodc tich hop vao trg 1y 4o trong cic mdi treong twong tac da phwong thirc. Kha nang
sinh chu thich giau ngir nghia gitip ning cao mc dd hiéu ngit canh, mé réng pham vi &ng dung trong cac bai
toan thi gidc-ngdn ngir hién dai. Trong twong lai, ching t6i huwéng dén viéc mé réng mo hinh véi cac ngudn tri
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thirc ngir nghia ngoai nhw ConceptNet hoic AMR nhdm ting cwong kha ning hiéu ngit cdnh sau hon; ddng thoi
mé rong thuc nghiém trén cac bo dit liéu d& phat sinh 18i, 1am rd gi¢i han va kha niang khai quat ctia mé hinh
trong cac tinh hudng thuc té€ phirc tap.

VL. LO1 CAM ON

Nghién cttu nay dwoc tai trg bdi ngudn ngan sach khoa hoc va cong nghé Trwdng Pai hoc Sw pham Thanh pho
HO6 Chi Minh trong dé tai NCKH ctia sinh vién ndm hoc 2024 - 2025.
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IMAGE CAPTIONING BASED ON EXPLOITING RELATIONSHIPS

BETWEEN OBJECTS IN IMAGES

Dang Huynh Khanh Doan, Bui Nguyen Nhu Quynh, Tran Quoc Long, Le Van Khanh,
Tran Tu Quyen, Nguyen Van Thinh

ABSTRACT—Automatic image captioning is crucial in bridging visual information and natural language. However, existing
models often struggle to capture the full semantic content of an image due to the limited exploitation of inter-object
relationships. This paper proposes a novel image captioning framework that integrates regional object features with
relational information from scene graphs. Specifically, the model employs RelTR to detect subject-predicate-object triplets
and utilizes a Graph Transformer to encode the scene graph into rich semantic embeddings. These integrated
representations are then fed into an LSTM-based decoder to generate accurate and informative image descriptions.
Experimental results on two benchmark datasets, MS COCO, Flickr30K and Flickr8K, demonstrate that the proposed
approach outperforms several recent methods across standard evaluation metrics including BLEU, METEOR, and CIDEr. The
findings highlight the potential of incorporating relational information into image captioning systems to enhance the
generated descriptions' accuracy and expressiveness.

Keywords— Image captioning, object detection, relation prediction, scene graph, deep neural network

Bui Nguyén Quynh Nhw 1a sinh vién nidm 2
nganh Cong nghé thong tin, trweong Pai hoc Sw
pham Thanh phé H6 Chi Minh. Hién dang quan
tAm vé cac nghién ctu trong linh viec hoc may
va &ng dung.

Pang Huynh Khanh Poan la sinh
vién ndm 3 nganh Cong nghé thong
tin, tredng Pai hoc Sw pham Thanh
phé HO6 Chi Minh. Hién dang quan
tAm vé cac nghién ciu trong linh
virc hoc may va &ng dung.

Lé Van Khanh la sinh vién ndm 2 nganh
Cong nghé thong tin, trwong Pai hoc Sw
Pham Thanh phd H6 Chi Minh. Hién dang
quan tdm vé cic nghién ciu trong linh vyc
hoc may va trng dung.

Tran Qudc Long la sinh vién ndm 3
nganh Cong nghé thong tin, truong
Pai hoc Sw pham Thanh phé H6 Chi
Minh. Hién dang quan tdm vé cic
nghién ctru trong linh vwc hoc may
va rng dung.
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Tran T4 Quyén 12 sinh vién nim 4
nganh Cong nghé thong tin, trueong
Pai hoc Sw pham Thanh phé H6 Chi
Minh. Hién dang quan tim vé& cac
nghién cttu trong linh vwc hoc may
va &ng dung.

Nguyén Vian Thinh nhan bing thac si
nganh Hé thdng thong tin tai Truwong Dai
hoc Khoa hoc Tw nhién - Pai hoc Quéc gia
TP. H6 Chi Minh nidm 2012. Hién nay, 6ng la
nghién cttu sinh nganh Khoa hoc may tinh
tai Hoc vién Khoa hoc va Cong nghé - Vién
Han lam Khoa hoc va Cong nghé Viét Nam,
dbng thoi 1a giang vién tai Khoa Cong nghé
thong tin, Truedng Pai hoc Sw pham TP. H6
Chi Minh. Nghién cttu cda 6ng tap trung vao
tri tué nhan tao va cac &ng dung, dic biét la
hoc sau da phwong thitc va cac moé hinh
ngdn ngit-thi gidc, hwéng dén cac bai toan
nhw truy van thong tin va tao chu thich anh
tw dong.



