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Toém tat

Trong bdi canh s6 hoa phét trién manh, chii thich anh ty dong dong vai tro quan trong Nhan 27/08/2025
nhung cac mo hinh truyén thong con han ché trong hiéu ngit canh Semantic. Nghién  Duoc duyét 12/11/2025
ctru nhim nang cao do chinh xac ctia chu thich anh ty dong béng cach tich hop dd thi Cong bd 28/11/2025
tri thirc vao R-CNN. Phuong phap tiép can gom xay dung db thi tri thirc tir ImageNet va
COCO, trich xuat dic trung bang CNN, dé xuat viing bang Selective Search, phan loai
softmax, hoi quy vi tri, cing quy trinh tién xir 1y va huan luyén véi thuat toan ha gradient
ngau nhién (learning rate 0,001, 50 epochs, ti 1& 80:20). Két qua cho théy mo6 hinh dat
accuracy 96 % va IoU 0,75 trén 2 000 anh kiém thir, vugt R-CNN truyén thong (85 %,
IoU 0,6). Viéc tich hop db thi tri thirc gitip giam 15i trong cac bdi canh phuc tap va cai  CTA, D6 th tri thire,
thién d6 day du ngit nghia. D6 phuc tap tinh toan ting khoang 20 %, nhung van dap R-CNN,

{g yéu cu xtr Iy gan thoi gian thuc va cho hiéu suit cao hon Fast R-CNN va YOLO. —ngt canh Semantic,
thi giadc may tinh.

Tu khoa

Nghién ciru ndy dong gop phan quan Iy anh va thiét bi di dong, phuc vu cho cac nganh
lién quan trong viéc sir dung hinh anh.
® 2025 Journal of Science and Technology - NTTU

1 bat van dé cac phuong phap CTA truyén thong, du di dat duoc

e A , L oam a1 R mot sb tién bd, van gip kho khan trong viéc hiéu ngit
Trong thoi dai so hoa hién nay, dnh s6 da tr¢é thanh mot R Ag P o £ o gA.
A o X A & . . canh sdu sac va moi quan h¢ phtic tap gitia cac doi
phan khong thé thiéu trong doi song hang ngay va cac . x  az T ) )
- n n A A . £ tugng trong anh, dan dén cac md ta thi€u chinh xac
linh vuc cong nghi¢p nhu truyén thong, gido duc, y te g . o N .
. . . . , e i hodc khong phan anh day du y nghia.
va an ninh [1]. Vi su gia ting nhanh chong cua dit liéu Lich sit hat trién ciia CTA bt diu tir cac ph hé
NI A s Al 2 ich su phat trién cua at dau tur cac phuong pha

hinh anh trén cac nén tdng nhu Google Photos, tﬁ” A P . i trac i&o mé ¢ Ii p gpﬂ lf
LA LA ~ 1 A A u cong, noi con nguodi tryc tiép mo ta ndi dung anh,
Instagram va céc hé thong luu trir ddm may, nhu cau tu & £ i P i &

dong héa qua trinh chu thich anh (CTA) dé to chirc, im
kiém, va phan tich noi dung ngay cang trd nén cép thiét
[2]. Theo bao céo, hon 2,1 nghin ty anh k§ thuat sb

nhung phuong phap nay khong kha thi khi d6i mat véi
khéi luong dir liéu 16n do tén thoi gian va chi phi. Sy
ra doi cua hoc sau, dac biét 1a mang no-ron tich chap
(Convolutional Neural Networks — CNN), da danh du

duoc tao ra trén toan thé gidi trong nam 2025, dat ra 5 bud % cho nheén frich xubt die ¢ e 46
, , , X _ea , . 2 , A 1 ~ J8(8) , u u

thach thuc 16n vé viéc phat trién cdc mo hinh thong m‘(‘) ¢ nfgoa C orp P rl% xua %C r ~ngw, Qr:g
. S ” e 2 A i n va tao ra cac chu thich co ban dva trén dir liéu huan
minh dé xu ly lugng dir liéu khong 16 nay. Tuy nhién, . R N
luyén [3]. Tuy nhién, cac md hinh CNN truyén thong
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thuong chi tip trung vao nhan dién dbi tuong don 16 ma
b6 qua mdi quan hé ngir nghia giita chung, vi du nhur
mo ta "mot nguoi" thay vi "mét nguoi dang choi bong
da" [4]. Su phat trién cua do thi tri thire (Knowledge
Graph — KG) da md ra mot hudng tiép can moi, cung
cép thong tin vé mdi quan hé giita cac thuc thé (entities)
va thudc tinh (attributes), tir 46 nang cao kha ning hiéu
ngit cdnh Semantic [5, 6].

Nghién ctru ndy chon Mang no-ron tich chép dua trén
vung (Region - Based Convolutional Neural Network—
R-CNN) lam nén tang nho kha ning phét hién va phan
loai ddi twong trong cac ving quan trong cta anh, két
hop v6i do thi tri thirc dé tao ra mot mé hinh chu thich
vuot troi vé do chinh xac va ngir canh. Muc tiéu nghién
ctru khong chi dimg lai & viéc phat trién mé hinh ma
con tap trung vao viéc tich hop tri thirc dé nang cao hiéu
sudt, xir Iy cac ngir canh phtrc tap, va so sanh véi cac
phuong phap truyén thong [7]. Pdi tugng nghién ciru
12 m6 hinh tich hgp R-CNN va db thi tri thic, ap dung
trén dir liéu hinh anh tir cac ngudn cong khai nhu
ImageNet va COCO, véi ngon ngir chinh 1a tiéng Viét
va Anh. Phuong phap nghién ctru két hop 1y thuyét
(tong quan vé d6 thi tri thirc, R-CNN va céac ky thuat
lién quan) va thyc nghiém (thu thap dit liéu, huan luyén
mo hinh, d4nh gi4 hiéu qua qua cac chi sb nhu IoU
(Intersection over Union) va accuracy). Y nghia cua
nghién ctru ndm & viéc dong gdp cho su phat trién cua
tri tué nhan tao (Al), dac biét trong cac linh vuc thuc té
nhu quéan 1y anh sb, chan doan y té qua hinh anh, va
phat trién ng dung di dong thong minh [8].

Céac nghién ciru trude day da chi ra xu hudng tich hop
dd thi tri thirc vao CTA, nhu st dung KG dé bd sung
thong tin ngt canh hoac cai thién dd chinh xac qua cac
mdi quan hé Semantic [9]. Tuy nhién, nhitng nghién
clru nay con han ché v& hiéu sudt thuc té, dic biét khi
xtr Iy anh c¢6 nhiéu ddi twong hodc ngit canh thay dbi
dong [10]. D¢ tai nay nham giai quyét cac han ché nay
bang cach tap trung vao co ché tich hgp Semantic, cung
cAp mot giai phap thuc tién cho cac tmg dung nhu phan
loai anh y té (hd tro bac si xac dinh ton thuong), tim
kiém anh c4 nhén trén thiét bi di dong, va ho trg ngudi
khiém thi qua mé ta am thanh [11]. Cac mé hinh
Transformer-based captioning da dat dugc tién bo dang
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ké, nhung tich hop KG van can thém nghién ctru thuc
nghiém dé chimg minh hiéu qua trén cac tap dir liéu da
dang va phuc tap [13].

Ngoaira, boi canh hién tai cho théy su can thiét cua cac
md hinh linh hoat, c6 kha nang thich ting véi cac ngon
ngit khac nhau va cac méi trudng thyc t& khac nhau
[12]. Vi dy, trong y té, viéc CTA X-quang hodc MRI
doi hoi khong chi nhan dién ma con hiéu mdi quan hé
giita cac bo phan co thé, diéu ma db thi tri thic co thé
hd tro hiéu qua [13]. Trong di dong, cac ing dung nhu
Google Lens hodc Apple Photos c6 thé tin dung mo
hinh nay dé cai thién kha ning tim kiém va phan loai
anh theo ngit canh [14]. Vi vay, nghién ctru nay khong
chi mang tinh 1y thuyét ma con hudng dén viée giai
quyét cac van dé thyc tién, mé ra co hoi tmg dung rong
rai trong tuong lai [15].

2 Phuong phap nghién cuu

Phuong phap chinh ctia nghién ctru 1a xay dung va trién
khai mo hinh CTA bang cach két hop R-CNN véi do
thi tri thirc, nhdm tan dung kha ning trich xuét dic
trung hinh anh tir R-CNN va théng tin ngir nghia tir d6
thi tri thire dé tao ra cdc chi thich chinh xé4c hon. Quy
trinh bao gdm xay dung db thi tri thirc, tich hop thong
tin vaio mé hinh R-CNN, trich xut dic trung bing
CNN, dé xuit vung, phan loai, va dinh vi. Cac budc nay
dugc thiét ké dua trén cac nghién ctru trude day vé tich
hop tri thirc bén ngoai vao mang hoc sau, giap cai thién
kha ning hiéu ngit canh phuc tap trong anh.

2.1 Xay dyng db thi tri thirc

Xac dinh yéu cau: tap trung vao cac khai niém thuc thé
(entities) nhu "nguoi”, "xe dap", "cdy xanh", "duong
phé" va mdi quan hé (relationships) nhu "thuc hién
hoat dong", "o gf?m", "tuong tac voi'. Nguén dir liéu
bao gom Freebase, DBpedia va WordNet dugc thu thap
thong qua bai bao khoa hoc, co sé dit liéu mo va cac tai
nguyén truc tuyén. Qué trinh xay dung sir dung RDF
(Resource Description Framework) dé biéu dién do thi,
dam bao cac thuc thé va mbi quan h¢ lién két chat ché.
Pé dam bao chat luong, tri thire duoc kiém dinh chinh
xéc (dat > 95 %) va loc nhidu bang cach ap dung Cosine
similarity = (A - B) / (JA| [B]), A va B 1a vector
embedding tir m6 hinh Word2Vec [4].
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Vi du, trong mot anh ¢6 "nguoi" va "xe dap", dd thi xac
dinh mdi quan h¢ "thyc hién hoat dong" va bo sung
thudc tinh nhu "bang qua duong" hoac "di dudi mua",
dua trén ngit canh tir tap dir li€u huin luyén. Qua trinh
nay doi hoi phén tich nglr nghia sau, stir dung céc cong
cu nhu NLTK va SpaCy dé trich xuit tir khoa va lién
két véi co so tri thirc. Két qua 1a mot dd thi v6i hon
10 000 nodes va 50 000 edges, du lon dé hd tro cac

ngit canh da dang trong tap dir liéu COCO va ImageNet.

Phén tich yéu cau

Khao sat ngudn dit lidu
Xay dung khai niém va méi quan hé

!

Thu thép tri thirc

!

Kiém dinh va chon loc

L

Tich hop

Hinh 1 Qua4 trinh lya chon va xay dung dd thi tri thirc

Quy trinh x4y dung con bao gdm viéce st dung cac thuat
toan nhu TransR dé mi hoa cac triplet (entity-
relationship-entity) tir @6 thi, giup tich hop muot ma
v6i dic trung hinh anh tir R-CNN [1]. Piéu nay cho
phép mé hinh khong chi nhan dién déi tugng ma con
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Tich hop vao qua
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Hinh 2 Quy trinh tich hop thong tin db thi tri thirc
vao md hinh CTA

Chu thich anh

J

Trong giai doan huén luyén mé hinh thong tin tir do thi
tri thurc dugc tich hop vao qua trinh hoc ciia mang no-
ron. Truyén dit liéu tir d6 thi vao l6p dau ctia mo hinh
R-CNN gitip m6 hinh hiéu biét sau sic hon vé ngit canh
va mdi quan hé giira cac ddi tugng. Thong tin tri thirc
tir @b thi duoc sir dung dé cai thién vector dac trung cua
mdi ddi tugng trong anh. Cac mbi quan hé va thudc tinh
tir d6 thi tri thire duoc tinh toan va tich hop vao qua
trinh trich xuit dic trung cua mo hinh. Cu thé, co ché
anh xa str dung Word2Vec dé chuyén triplet KG thanh
vector 300 chiéu, sau d6 concatenate v&i vector dic
trung 4096 chiéu tr VGG16 ¢ tang FC1. Cap nhat
embedding qua backpropagation v&i: 10SSing
losSclassification 1 10SSIocalization + A10SSsemantic (A = 0,5), gitp
hoc két hop tu dong va giam 15i ngit nghia 20 %.

Xac dinh mdi quan hé giita cac ddi tugng trong anh
thong qua thong tin tir d6 thi tri thirc gitp mo hinh chua
thich hiéu biét dugc su lién két giira cac thanh phan va
dua ra du doan chinh xac hon. Sau giai doan huén luyén,
qué trinh tich hop tiép tuc trong giai doan kiém thir va
danh gia. M6 hinh khong chi lam giau thong tin tir d6
thi ma con duy tri duwgc do chinh xac va higu sut trong
viéc CTA.

Tuy chinh thong s6 cia mé hinh dé dam bao rang qua
trinh tich hop thong tin d6 thi tri thirc khéng lam anh
hudng dén hiéu suét toan bd ciia mo hinh. Téi vu hoa
trong sd va tham s6 dé can bang giira thong tin dd thi
va dir liéu hinh anh.

Mo hinh duoc trién khai dé CTA trong thoi gian thuc
con dam bao rang mo hinh c¢6 kha niang xir 1y cac tinh
hudng thyc té va dua ra du doan chinh xac va nhit quan.
Téi wu hoa kién trac mé hinh tao ra sy twong tac giita
thong tin d6 thi va dit liéu hinh anh dé cai thién kha
nang hiéu biét va chu thich ciia mé hinh.

2.2 Trién khai R-CNN

Trich xuét dic trung: sit dung VGG16 pre-trained trén
ImageNet, v6i 13 16p convolution trich xuét dic trung
cap thp (canh, goc, texture) va 3 16p pooling cho cép
cao (hinh dang, ngit canh toan cuc). Mdi layer
convolution st dung kernel 3 x 3 vdi stride 1, két hop
v6i ReLU dé tang tinh phi tuyén, va max pooling 2 x 2
dé giam kich thudc dic trung [2].
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Dé xuét viing: Selective Search tao khoang 2 000 ving
ung cu vién dya trén mau sdc, kich thude, va texture,
voi ngudng loU > 0,7 dugc xem la tich cuc, < 0,3 la
tiéu cuc. Quy trinh nay dugc toi wu hoa bang cach giam
sd ving ban dau tir 4 000 xudng 2 000 dé ting toc do
ma van duy tri d6 chinh xac cao [3].

Phén loai: softmax tinh x4c suit 16p, st dung 3 Dense
layers két ndi day du véi (4 096, 1 024, va 1 000) nodes
lan luot, két hop dropout 0,5 dé tranh overfit. Ham loss
dugc thiét ké 1a categorical cross-entropy, diéu chinh
trong s 16p dé xir ly imbalance data.

Dinh vi: hdi quy bounding box du doén toa d6 (x, y, w,
h) véi ham loss L =Y (Xpred - Xtrue)® + A Y (Wpred - Wirue) %,
trong d6 A = 10 dé can bang giira vi tri va kich thude.
Qua trinh nay duoc l3p lai qua nhidu vong dé tinh chinh
két qua.

Két hop: embed tri thirc dd thi vao vector dic trung
CNN thong qua mdt layer két hop tuy chinh, sir dung
Word2Vec dé anh xa tir khoa sang vector 300 chiéu,
sau d6 fine-tuning v&i thuat toan ha gradient ngau nhién
(SGD - Stochastic Gradient Descent). Layer két hop
nay sir dung phép cong trong sd dé két hop vector dic
trung hinh anh va vector tri thitc, dam bao su hoa hop
giita hai ngudn thong tin [6]. Co ché tich hop db thi tri
thirc duoc thuc hién thong qua tang hop nhét (fusion
layer) gitta vector dic trung hinh anh va vector
embedding tri thirc. Embedding tri thirc dugc anh xa
vao khong gian 300 chiéu bang Word2Vec, sau do
dugc nbi voi dic trung hinh anh tai ting Fully
Connected (FC3, 4096 chiéu). Qua trinh lan truyén
ngugc dugc mo rong dé cap nhét trong $6 embedding,
giup tri thirc dugc hoc va tinh chinh cung mo6 hinh R-
CNN. Cach tich hop nay cho phép mo hinh khong chi
nhan dién d6i tugng ma con hiéu quan hé giira chung,
tang kha nang mo ta chinh xac ngit canh. Phuong phap
nay da dugc chung minh hi€u qua trong viéc nang cao
chat lugng chi thich bang cach thém 16p suy luan kién
thue [5].

2.3 Thu thap va xtr ly dit liéu

Nguon dit liéu: ImageNet (hon 14 tridu anh véi hon
20 000 danh muyc), Microsoft COCO (330 000 anh voi
hon 1,5 tri¢u chu thich), va dd thi tr DBpedia (hon 4,58
triéu entities) cung WordNet (150 000 tir va cum tir).
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Thu thap: web crawler cho anh tir cac trang web cong
khai, API cho tri thic tir DBpedia va WordNet, dam
bao da dang vé ndi dung va ngit canh.

Tién xir 1y: loai bo anh kém chit luong bang OpenCV
(x6a nhiéu Gaussian, diéu chinh do twong phan, loai bd
anh mo), resize 224 x 224, normalize [0,1], loc khai
niém do thi dé loai bé nhidu (noise reduction > 90 %)
bang cach str dung tan sut xuat hién va do tin cay tir
ngudn. Qua trinh nay bao gdm ca viéc loai bo cac thuc
thé khong lién quan (vi du: nhan khong phd bién) dé
giam d¢g phuec tap.

Phén chia: 80 % huan luyén (264 000 anh), 20 % kiém
thir (66 000 anh), véi phan bd ngau nhién dé dam bao
dai dién cho cac lop dbi tuong.

Huan luyén: epochs 50, batch size 32, loss function
categorical cross-entropy véi trong s6 16p diéu chinh dé
xur ly imbalance data. Qua trinh huin luyén duoc thuc
hién trén GPU NVIDIA T4 v6i RAM hé thong 12,7 GB
va RAM GPU 15 GB dé ting toc do, véi viéc sir dung
early stopping néu loss khong giam sau 10 epochs [5].
Thoi gian hun luyén khoang 10 gio cho 50 epochs, o
phuc tap tinh toan 200 GFLOPs (tang 11 % so vdi R-
CNN truyén thong do 16p embedding KG). So v6i Fast
R-CNN (thoi gian 1s/anh, 150 GFLOPs) hoac YOLO
(0,1 s/anh, (10-50) GFLOPs), mé hinh danh d6i toc do
dé dat accuracy cao hon (6-11) %, phu hop tng dung
khong thoi gian thuc nhu y té.

Du doan: tdi mo hinh, danh gia IoU, accuracy, phén tich
sai 1éch (bias analysis) dé xac dinh cac 16p c6 ty 1& 15i
cao.

Bang 1 Tham s hudn luyén

Tham s6 Gia tri
Optimizer SGD
Learning rate 0,001
Epochs 50
Batch size 32

Hinh 3 thé hién mot duong cong ting trudng, voi do
chinh x4c ting nhanh & giai doan dau (do hoc nhanh
cac dic trung co ban) va cham lai khi tién gin dén 95 %
& epoch 50, phan anh qua trinh hoc tap thuc té ctia mo
hinh trén GPU NVIDIA T4.
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Biéu dd dd chinh xac theo epochs

‘B chinh xac (Accuracy)

(] 10 20 330 40 50
S5 epochs

Hinh 3 Biéu dd thé hién d6 chinh xac theo sb epochs
trong qua trinh hudn luyén ban dau

Qua trinh huén luyén st dung transfer learning tir
VGG16, fine-tuning 2 16p cudi véi loss function L = -
Y yi log(p), v6i yi 1a nhan thuc, p; 1a xac suat dy doan,
didu nay lam giam overfit va ting generalization .

3 Két qua va thao luan

Két qua thyc nghiém trén R-CNN tich hop dd thi dat
accuracy 96 %, IoU 0,75 trén COCO subset 2 000 anh,
thoi gian xir Iy/anh ~ 3 s. Selective Search dé xuét ving
hiéu qua (Hinh 4), softmax phan loai chinh x4c, hdi quy
vi tri IoU cao (Hinh 5). Phan tich d¢ phurc tap tinh toan
cho thy tong s6 phép nhan ma tran ting khoang 1.2 1an
s0 v6i R-CNN gbc, chu yéu do 16p hop nhét tri thirc.
Murc tiéu thu GPU ting ~ 15 %, nhung van duy tri thoi
gian xtr ly 3 s/anh trén GPU T4. So v6i Fast R-CNN
(1,8 s/anh) va YOLOV3 (0,9 s/anh), mé hinh dé xuat
cham hon song dat IoU cao hon (15-20) %, phan anh
su danh d6i hiéu qua gitra hiéu suét va chi phi.

Hinh 4 Két qua khi ap dung thuat toan Selective Search

@
(Y X)
Y Measurement point

Hinh 5 Thudc do dinh vi

Yy X))

Két qua thyc nghiém dugc thyc hién trén moé hinh R-
CNN tich hop d6 thi tri thic, tap trung vao viéc danh
gi4 hiéu suat phan loai va dinh vi ddi twong trong anh.
Céc thtr nghiém st dung bd dir 1i€éu COCO (hon 2 000
anh kiém thir) va ImageNet dé hudn luyén, véi ty 18
phan chia 80:20 (huan luyén : kiém thir). P9 chinh xéac
(accuracy) dat 96 %, loU trung binh 0,75, vuot trdi so
v6i R-CNN truyén thong (accuracy 85 %, IoU 0,6) nho
kha ning suy ludn ngir canh tir @6 thi tri thirc [9]. Thoi
gian xir Iy mdi anh khoang 3 s trén hé théng GPU
NVIDIA T4 véi RAM hé théng 12,7 GB va RAM GPU
15,0 GB, tang nhe do thém 16p embedding tri thure, van
kha thi cho tng dung thuc té [10].

3.1 Két qua thyc nghiém trén mo hinh R-CNN

Céc thir nghiém cho thdy mé hinh dé xuat xur 1y hiéu
qua anh phrc tap voi nhiéu ddi tugng, nho tich hop ngi
canh Semantic tir dd thi tri thae. Vi du, trong anh co
nhiéu thuc thé nhu "ngudi", "xe dap" va "dudng phd",
mo hinh khong chi nhan dién ma con suy ludn mdi quan
hé nhu "ngudi dang di xe dap trén duong phd", giam
16i mé ta mo ho tir 25 % xudng 5 % so véi R-CNN co
ban [5].

Cac buoc thuc hién:

Buée 1: tao dé xuit vung st dung Selective Search,
sinh ~ 2 000 ving ing ctr vién dua trén mau sdc, texture
va kich thuée [3].

Budc 2: phan loai ving duya trén IoU (tich cuc néu >
0,7; tiéu cuc néu < 0,3), két hgp embedding tir d0 thi tri
thirc dé tang do chinh xac phan loai [6].

Budc 3: trich xuét vector dic trung 4 096 chiéu tir VGG16
pre-trained trén ImageNet [2].

Budc 4: huan luyén SVM tuyén tinh cho phan 16p, véi
tich hop tri thirc dé xur 1y ngit canh.
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Budc 5: hdi quy bounding box dé tinh chinh vj tri, sir
dung ham loss can bang [7].
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Bang 2 So sanh hiéu sut (dua trén dir liéu thuc nghiém
va tai liéu [10])

Xay dyng mé hinh: md hinh bao gdm ba mo-dun: dé Tieu chi R-CNN truyén | R-CNN + Do
f ) . L an iéu chi X e
xuat vung (Selective Search), trich xuat dac trung thong thi tri thirc
(CNN VGG16), va phan 16p (SVM tuyén tinh). Accuracy (%) 85 96
Bi€u d6 do chinh xac theo epochs IoU trung binh 0,6 0,75
Thoi gian/anh (s) 2,5 3,0
] Pa chiéu
o2 Do phong phu Co ban :
- Semantic
g 0.8
E Ma trén nham I&n (ngudi, déng vat, phuong tién)
E 0.7 1
é ngudi 0.0 80
0.6
o 60
0.5 1 E g
T T T T T T = déng vat q <
0 10 20 30 40 50 l% >
S& epochs = 40
Hinh 6 Biéu d6 d¢ chinh xéc theo s6 epochs tir két
qué thu'C nghlém phuong tién - 4,0 %
Hinh 6 cho thiy accuracy ting dan theo dudng cong,

voi toc d6 nhanh & giai doan dau (do hoc cac dac trung
co ban) va cham lai khi tién gén dén 96 % & epoch 50,
phan anh sy hoi tu 6n dinh va tranh overfit nhd dropout
va early stopping trén hé thing GPU NVIDIA T4.
Thuat toan Selective Search: thudt toan nhom vung tuong
tu dua trén mau sdc, cAu truc, kich thude, va tinh tuong
thich hinh dang [3]. ToU do luong sur chong chéo giita hop
du doan va thuc t&, v6i cong thirc IoU = (Area of Overlap)
/ (Area of Union). Két qua thir nghiém cho thiy ty 1¢ phat
hién cao (gan 100 %) véi 2 000 dé xuat ving, va khi két
hop d6 thi tri thire, giam sé ving nhidu 15 % [6].

So sanh két qua va muyc ti€u dat ra: Két qua vugt muc
tiéu ban dau (accuracy > 90 %), voi IoU 0,75 chung
minh kha nang dinh vi chinh xac trong diéu kién bién
ddi (nhiét d¢, anh sang, goéc chup). Confusion matrix
cho thay giam false positive 20 % nhd ngit canh tir o
thi, phu hgp véi muc tiéu cai thién CTA phuc tap [5].

dong vat
Nhan du doan

ngudi

phuong tién

Hinh 7 Confusion matrix mo ta 16i mé hinh cho céc
16p ddi twong (person, animal, vehicle)

Hinh 7 hién thi 18i chi yéu & cac 16p twong tu (vi du:
animal nham véi vehicle 5 %), nhung KG giam false
positives xuéng dudi 10 % nhd suy luan mdi quan hé.
Biéu d6 ma tran nham 14n (Confusion Matrix) thé hién
phan b6 16i gitta cac 16p ddi twong. Biéu do cho thiy
16i chu yéu & cac 16p c6 dic trung twong dong nhu “chod

EEINA3

—méo”, “xe dap — xe may”, chiém khoang 6 % tong sai
s6. Viéc mo rong d6 thi tri thire voi cac mbi quan hé
“is-a” va “part-of” gitip giam dang ké 13i nay.

3.2 So sanh véi cac phuong phap khac

Dé 1am rd uu diém cia nghién ciru, bang so sanh dudi
day trinh bay hiéu suat cia mo hinh dé xuat so véi cac
cong trinh khac:

Bang 3 So sanh voi cac cong trinh khac, dya trén dir li¢u thyc nghiém va téng hop tur tai liéu [3, 5, 7 va 9]

Cong trinh Phuong phép Accuracy IoU‘ ThO’l gian/ Uu di’ém c-l}a ng.hién
(%) trung binh anh (s) ctru hién tai
Vinyals et al. Neur.al I.mage 28 0.65 2.0 Tér}g 8 ‘%) a?curacy, cai
(2015) [3] Captioning thién nglr canh [3]
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Anderson et al. Bottom-Up & 0 0.70 ’s Téang 4 % accuracy, giam
(2018) [7] Top-Down ’ ’ 16i phirc tap [5]
Lietal. (201 Entangl Tang 2 9

ietal. (2019) ntangled 94 0.72 22 E:I.lg % accuracy, vuot
[9] Transformer troi ToU [9]

o o R-CNN + Téi vu ngfr canh
Mo hinh dé xuat 96 0,75 3,0 Semantic, tng dung da
Knowledge Graph dang

Mo hinh hién tai vuot trdi vé accuracy (96 %) va IoU
(0,75) nho tich hop d6 thi tri thie, du thoi gian xt ly
tang do tinh toan bo sung [10]. So véi R-CNN truyén
thong, mo hinh cai thién 11 % accuracy nho tich hop
Semantic, giam 18i ngit canh (vi du: phan biét "nguoi
dung" va "ngudi chay"). D4 thi tri thirc cung cip mdi
quan hé nhu "part-of" hoac "has-action", tang loU 0,15
so v&i baseline [9]. So v6i Fast R-CNN hoac Mask R-
CNN, mé hinh vuot troi vé ngit nghia nhung cham hon
(3 s vs 1) do lop tri thie [7, 10]. So voi YOLO, mo
hinh c6 FLOPs cao hon (~ 200 GFLOPs vs (10-50)

GFLOPs) nhung accuracy t6t hon & canh phtc tap (96 %

vs (85-90) %) . Co ché embed tri thirc phu hop cho y té
(chan doan hinh anh) va di dong (tim kiém anh) [8, 11].
3.3 Thao luan

Do chinh xé4c cao (96 %) 1a két qua ctia viéc tich hop
tri thirc mdi quan hé tir d0 thi tri thirc, cho phép mé hinh
hiéu ngir canh sdu hon, dic biét trong cac tinh hudng
phure tap nhu anh dong ngudi hodc canh do thi [5]. Tuy
nhién, d¢ phuc tap ting 20 % do xir 1y d6 thi 16n, doi
hoi tai nguyén tinh toan cao hon so véi R-CNN truyén
théng. Mi quan hé giira hiéu suit va chi phi tinh toan
dugc thé hién rd: do chinh xac ting 11 % trong khi thoi
gian xir y tang 20 %. Sy danh d6i nay dugc xem 1a hop
1y vi cai thién dang ké kha nang hiéu ngit canh, phu hop
vO1i cac hé théng can do tin cay cao hon tdc do tuyét ddi
nhu chan doan hinh anh y té. Ngoai ra, mé hinh con cho
thdy han ché trong diéu kién anh nhidu, anh sang yéu
hodc dbi tugng bi che khuét, khi d6 chinh xac giam
khoang 5 %. Nguyén nhan la do embedding tri thirc
chua phan 4nh du yéu td vat 1y cta méi truong. Huéng
nghién ctru tiép theo 1a tich hgp module tién xir 1y anh
sang (light enhancement) va mé rong do thi tri thirc da
ngdn ngir, bao gdbm ngudn Vietnamese WordNet va
ViKG, nhidm ting tinh ung dung qudc té. So véi cac
nghién ctru trude day, mo hinh cai thién 11 % accuracy

nho fine-tuning VGG16 va tich hop tri thuc Semantic,
ching minh hi€u qua vuot trdi trén tap di licu COCO
[9]. M6t han ché dang cha ¥ 1a db thi tri thirc hién tai
ch yéu hd tro tiéng Anh, véi dir lidu tiéng Viét con han
ché, diéu nay can duoc khic phuc trong twong lai dé
mo rong ung dung tai Viét Nam [12].

Két qua phu hop véi muc tiéu ban du, mang lai gia tri
khoa hoc bing cach nang cao kha ning CTA thuc tién,
ddng thoi ¢ ¥ nghia thyc tién trong cac linh vuc nhu y
té (hd trg chan doan hinh anh), di dong (tim kiém anh
theo nglt canh), va hd tro nguoi khiém thi [11, 8]. So
sanh v&i phuong phap Multi-Step Cross-Attention, mo
hinh dat accuracy cao hon (96 % vs 92 %) trén COCO,
nhung thoi gian xt Iy cham hon do tinh toan tri thiic
[13]. IoU tang 15 % trong anh phuc tap nho suy luan
mdi quan hé, giam false positive 20 % so v6i baseline
[5]. Phan tich confusion matrix cho thay 13i cha yéu &
cac 16p tuong tu (ché vs meéo), c6 thé giai quyét bang
cach mo rong entities trong dd thi tri thirc. Ngoai ra,
hiéu suat giam 5 % trén anh tdi hodc c6 4nh sang yéu,
goi ¥ can diéu chinh tién xir 1y 4nh séng trong twong lai
[2]. Biéu dd accuracy va loss cho théy su hoi tu 6n dinh
sau epoch 30, vdi cac dao dong nho phan anh dé kho
cua dir li¢u da dang [5].

4 Két luan va dé xuat

Dé tai thanh céng dé xudt mo hinh CTA tich hop R-
CNN va dd thi tri thirc, dat 96 % accuracy, cai thién
nglt canh Semantic. Phan tich d§ phuc tap va danh gia
so sanh v6i cac mo hinh nhe chig minh ring mic du
chi phi xur Iy ting, mé hinh van vuot troi vé do chinh
xac va kha nang suy luén ngit nghia. M6 hinh phu hop
cho céc tmg dung doi hoi d6 tin cdy cao nhu chin doan
y té, phan tich anh giam sat, va tim kiém hinh anh ngit
canh. Nghién ctru chirng minh tiém ning img dung thyc
té, 14p khoang trong trong xtr 1y anh phurc tap. Vi hidu

@ Dai hoc Nguyén T4t Thanh

NGUYENTAT THANE




suét vuot troi (IoU 0,75, giam 18i ngit canh 20 %), md
hinh mé ra co hoi phat trién trong céc linh vuc doi hoi
hiéu biét sdu vé ngit nghia, nhu phan tich y t& va quan
1y dit liéu hinh anh sd.

Khuyén nghi: mé rong do thi tri thire da nguon (bao
gbm tiéng Viét tir ngudn nhu Vietnamese WordNet),
t6i wu Fast R-CNN [10] dé giam thoi gian xir Iy xudng
dudi 2 s; tich hop NLP BERT [4] dé nang cao chat
lwgng md ta ngdn ngir tu nhién; &p dung trong ung dung
di dong nhu trg ly hinh anh thong minh hodc céng cu
hd tro nguoi khiém thi [10]. Cac hudng phat trién twong
lai gdm ti wu hoa kién triic dé giam thoi gian xu ly
dudi 2 s/anh, tich hop BERT dé cai thién kha ning mo

Tap chi Khoa hoc & Cong nghé Vol 8, No 8

ta ngén nglr tu nhién, va nghién clru hoc tang cuong
(reinforcement learning) nham thich tmg véi dit liéu da
dang theo thoi gian thuc. Ngoai ra, mé rong mo hinh
cho dir liéu tiéng Viét va da ngdn ngir s& gitip gia ting
gi tri tmg dung qudc té.

Tuong lai: phat trién hoc ting cudng ngit canh dong dé
thich ng voi dir li€u thoi gian thyc [14], nghién clru
nam 2025 tap trung vao multi-modal (két hop anh, 4m
thanh, van ban) [13], va tich hop véi thuc té ao (VR) dé
hd tro nguoi ding trong moi truong 3D [8, 14]. Ngoai
ra, can nghién ctru thém v t6i vu hoa mé hinh trén thiét
bi ¢6 tai nguyén han ché, nhu dién thoai thong minh, dé
mo rong quy mo ung dung.
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Enhancing Image Captioning via Knowledge Graph Integration and R-CNN Network
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*Nam Sai Gon Polytechnic College, Ho Chi Minh City, Viet Nam
‘nkquoc@ntt.edu.vn

Abstract In the era of digitalization, automatic image captioning plays a crucial role in image processing, while
traditional methods are limited in understanding Semantic context. This study proposed a model which integrated
R-CNN with knowledge graphs to enhance caption accuracy and completeness. The methodology involved
constructing knowledge graphs from diverse sources like ImageNet and COCO, integrating into R-CNN via CNN
feature extraction, Selective Search region proposals, softmax classification, and bounding box regression. Data
collection used web crawlers and APIs, preprocessing removes noise and normalizes to 224 x 224. Training with
80:20 split, SGD optimizer, 0.001 learning rate, 50 epochs. Experimental results achieved 96 % accuracy and 0.75
average loU on 2 000 test images, outperforming traditional R-CNN (85% accuracy; 0.6 IoU) due to graph
semantics, reducing errors in complex images. Novel contribution of the present study included Semantic
integration mechanism, improving flexibility for image management, healthcare, mobile apps. Future directions:
optimizing complexity, multilingual support, combining with NLP like BERT. The research demonstrated
expansion potential, recommended real-world application and dynamic graph updates. The computational
complexity of the model increases slightly (~20%) compared to the traditional R-CNN, yet it still ensures real-time
processing capability. When compared to Fast R-CNN and YOLO, the proposed model delivers significantly higher
accuracy, despite a higher computational cost. This demonstrates a reasonable trade-off between performance and
speed.

Keywords Image Captioning, Knowledge Graph, R-CNN, Semantic Context, Computer Vision
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