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In the era of rapid advancements in artificial intelligence, image
captioning has emerged as a crucial research domain, playing a key role in
applications such as image retrieval, assistive technologies for visually
impaired individuals, and multimedia content management. This paper
proposes an automatic image captioning system based on a hybrid model
that integrates an InceptionV3 convolutional neural network with a Long
Short-Term Memory network. The model is trained and evaluated on the
Flickr8k dataset. To enhance generalization performance and mitigate
overfitting, the dropout technique is applied during the training process.
Experimental results demonstrate that the proposed model generates
image captions with BLEU-1 and BLEU-2 scores of 0.39 and 0.172,
respectively. While the hybrid model does not achieve the same level of
accuracy in image description as Transformer-based or Vision
Transformer — Long Short-Term Memory models, its performance
remains acceptable compared to baseline Convolutional Neural Network
— Long Short-Term Memory models. These findings highlight the
potential of applications in natural language processing and computer
vision systems.
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Trong bdi canh phat trién manh mé cua tri tué nhan tao hién nay, bai
toan tao sinh chu thich anh (image captioning) da tr¢ thanh mét linh vyc
nghién ctu quan trong, dong vai tro chu dao trong cac ng dung nhu
truy xuat hinh anh, hd trg nguoi khiém thi va quan 1y noi dung da
phuong tién. Bai bao nay dé xuat mot hé thong tao chu thich anh tu dong
dua trén m6 hinh lai gitta mang no-ron tich chap InceptionV3 va mang
bo nhé dai-ngan han. Mé hinh dugc huin luyén va danh gia trén bo di
liéu Flickr8k. Dé cai thién hiéu qua tong quat hoa va giam thiéu hién
tuong qua khép, ki thuat dropout duge ap dung trong qué trinh huan
luyén. Két qua thuc nghiém cho thay mo hinh dé xuét co kha ning tao
sinh chu thich anh véi céc chi s6 danh gia BLEU-1 va BLEU-2 lan luot
dat 0,39 va 0,172. Mac du phuong phap str dung mé hinh lai nay chua
thé dam bao d6 chinh xéac cao trong viéc mo ta ndi dung anh so vai cac
md hinh Transformer hodc mé hinh bién ddi thi giac — bo nhé ngén dai
han, nhung két qua dat duoc co thé chap nhan duoc so véi mé hinh no
ron tich chap — b nhé ngén dai han co so. Két qua caa bai bao mé ra
tiém niang ung dung trong cac hé thdng xir 1y ngdn ngit ty nhién va thi
giac may tinh.
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1. Gi6i thiéu

Viéc tao sinh chu thich hinh anh (image captioning) déng vai tro quan trong trong viéc thu
hep khoang céach giira thi giac may tinh va xir Iy ngon ngit tu nhién, nhat 1a trong bi canh dir li¢u
hinh 4nh dang gia ting voi toc do nhanh chong. Mot trong nhiing thach thirc chii yéu ciia bai toan
nay la sy da dang veé noi dung, bd cuc va ngir canh anh dau vao, tir d6 doi hoi hé théng phai déng
thoi hiéu thong tin thi giic va ngdn ngit dé tao ra md ta chinh xéc, c6 dong [1]. Cac hé thdng sinh
chu thich anh ty dong hién nay da dugc ung dung rong rai trong nhiéu linh vuc nhu hd tro ngudi
khiém thi tiép can thong tin tryc quan [2], toi uvu hoa tim kiém hinh anh [3], ciing nhu ting cuong
kha ning t6 chuc va phén loai dir li¢u da phuong tién [4].

Vé6i sy phat trién manh mé cua cic kién triic hoc sdu nhu mang no ron tich chép
(convolutional neural network - CNN), mang bo nhé dai-ngan han (Long Short-Term Memory -
LSTM), va mo6 hinh Transformer, viéc nghién clru cdic moé hinh sinh mé ta anh dang tré thanh
hudng di chu dao trong tién trinh s6 héa ngit nghia dit liéu thi gidc. Dic biét, cac kién trac lai
gitta CNN va LSTM d cho thiy hiéu quéa vuot troi khi duoc trién khai trén cac tap dit liéu chuan.

Poddar va cong sy [5] d& xudt mot mo hinh no ron tich chap — bd nhé ngan dai han (CNN-
LSTM cho sinh mé ta anh tiéng Hindi theo cu truc encoder-decoder, sir dung cic backbone
CNN) da huin luyén san nhu AlexNet, VGG16 va DenseNet dé trich xuét dic trung thi gidc, sau
d6 sinh chudi mé ta bing mang no ron hdi tiép (recurrent neural network - RNN). Két qua thuc
nghiém cho thiy mo hinh nay cai thién BLEU-1 dén 34,64% va BLEU-2 dén 29,13% so véi cac
phuong phap truyén thong.

Trong mot hudng tiép can khac, Al-Malla va cong su [6] d& dé xuit mot co ché chii y két hop
gitta mo hinh trich xuit dic trung CNN Xception va mo-dun phat hién dbi twong YOLOV4. Pic
biét, nhom nghién cru dua ra khai niém trong so uu tién d6i tuong (object saliency weighting),
nham néng cao do chinh xac cua mé hinh bang cach ting cuong sy tap trung vao cac dbi tuong
ndi bat & tién canh, dong thoi giam thiéu anh huong tir cac chi tiét nén khong quan trong.

Mishra va cong sy [7] 1 nhom nghién ctru dau tién tmg dung kién trac Transformer cho
nhiém vu sinh mé ta anh tiéng Hindi. Nhom nghién ctru di st dung CNN dé ma hoa dic trung
anh va Transformer lam b gidi ma (decoder) cho chudi mé ta, loai bé hoan toan su phu thudc
vao RNN truyén thong.

Tai Viét Nam, Dang Thi Phuc va cac cong su [8] da trién khai ba mé hinh sinh mé ta video
tleng Viét trén bo dir lieu MSVD, bao gdm cac kién tric dua trén RNN, mo hinh héi quy ding
cong (Gated Recurrent Unit — GRU) va Transformer. Trong do, mo hinh sequence-to-sequence
sir dung ResNet 1am encoder va LSTM lam decoder da cho thiy kha ning giir ngit canh qua cac
khung hinh, cho phép mé ta chinh xac cac hanh dong dang dién ra trong video. Hinh 1 minh hoa
kién triic tong thé ciia mo hinh sequence-to-sequence tich hop ResNet va LSTM:

\ Mot ngudi lam End

224x224 \ Softmax Sofmiax: Softmax | ... | Softmax
- l | I I
LST™ | l l l I

Encoder | LSTM | | LSTM LSTM | . |LST™

Start mit ngudi laptop

Hinh 1. M6 hinh sequence-to-sequence dwa frén ResNet va LSTM
Gan day, cac nghién ciru tién tién di tap trung vao viéc tich hop cac mé hinh ngdn ngir 16n
(Large Language Models — LLMs) vao h¢ thong sinh m6 ta anh nham nang cao kha nang bicu dat
ngit nghia va tao ra cdc moé ta tu nhién, phong phi hon. No6i bat trong s6 d6, nghién ciu cua
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Radford va cong su [9] da gidi thiéu m6 hinh CLIP (Contrastive Language—Image Pretraining) —
mot nén tang thi gidc-ngdn ngit hoc tir dit liéu ty nhién véi kha nang hoc biéu dién da phuong thirc
¢6 thé chuyén giao tot sang. nhiéu tac vu thi giac, bao gom trich xuét dic trung ngit nghia giau
thong tin tir anh. Dya trén nén tang nay, nhom tac gia Mokady va cong sy [10] dé xuat ClipCap —
mot phuong phap sinh mo ta anh sir dung CLIP dé ma hoa anh dudi dang tién t6 ngdn ngit (text
prefix), sau d6 dura vao bo giai md ngdn ngit GPT-2 dé sinh vin ban. Cach tiép can nay thé hién su
két hop hiéu qua gitra mo hinh thi gidc hoc trude va mé hinh ngon ngir 16n, mé ra hudng phat trién
cac hé thong sinh mo ta anh c6 kha nang hiéu ngir canh siu va twong tac ngudi-may linh hoat hon.
Céc nghién ctru trude day da chi ra rang viéc tich hop mang CNN véi mang LSTM 1a mot hudng
tiép can hiéu qua cho nhiém vu tao mé ta anh. CNN ¢6 kha nang trich xuét cac dic trung hinh anh
giau thong tin, trong khi LSTM dam nhan vai tro xir Iy chudi dé sinh ra cac cau vin ty nhién phan
anh ndi dung hinh anh. Xuét phat tr nhan dinh d6, nghién ctru nay tap trung phan tich chi tiét
phuong phéap két hop gitta CNN va LSTM trong bai toan sinh mo ta hinh anh, dong thoi trinh bay
cac két qua thuc nghiém nham dong gop thém dir lidu thyc ching cho cac nghién ctu lién quan
trong linh vuc nay.

2. Phuwong phap nghién ciru
2.1. M6 hinh CNN va LSTM

Trong nghién ciru nay, ching t6i d& xuat mot moé hinh tich hop gitra mang CNN va mang
LSTM nham ty dong nhan dién ddi tuong trong hinh anh va sinh chi thich twong tmg. Phuong
phdp khai thac k§ thuét hoc chuyén giao (transfer learning) dé chiét xuat dic trung va xac dinh
dbi tuong thong qua cac mang CNN di duoc tién huin luyén. Kién truc d& xuat thuc hién dong
thoi hai tac vu: (1) phat hién cac ddi twong ndi bat trong anh biang CNN d3 huén luyén trude, va
(2) tao mo ta ngdn nglr cho anh thong qua LSTM. Muc tiéu ciia nghién ctru la phat trién va danh
gia hiéu SUat ctia mot md hinh mang no-ron siu, trong d6 nhan manh sy phdi hop giira kha ning
chiét xuat thong tin khong gian cia CNN va nang lyc mo hinh hoa chudi thoi gian cia LSTM. Cu
thé, mé hinh sir dung hai thanh phan chinh: CNN dé trich xuét dac trung tir hinh anh va LSTM dé
bién ddi cac dic trung nay thanh cac ciu mé ta. Quy trinh sinh chu thich anh dwgc minh hoa
trong Hinh 2.

/ MO hinh lai CNN-LSTM \
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CHU THICH ANH W

Trich xuat dic trung anh B0 sinh dir liéu text

% Y,

Hinh 2. Luu dé6 mé hinh sinh chi thich dnh

2.2.1. Mgng no-ron tich chgp INCEPTIONV3

Bai bao nay khai thac kién triic InceptionV3, mot mang no-ron tich chap siu (deep
convolutional neural network) dwoc tién huan luyén trén tap dir liéu ImageNet véi quy mo da
dang va phuc tap, nham muc dich trich xuit dic trung hinh anh da cip do. InceptionV3, do
Google phat trién, noi bat véi cu tric mé-dun da nhanh (Inception module) [11], cho phép dong
thoi ap dung cac phép tich chap vdi kich thude kernel khac nhau trong ciing mot tang, tir d6 tdi
vu hoa kha nang hoc cac dic trung khong gian da ty 18 va ning cao hiéu qua biéu dién.
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Mang bao gom 48 tang vdi céc 16p tich chap (convolutional layers), ldy mau toi da (max-
pooling) va 14y mau trung binh (average- pooling), phol hop dé tai cdu tric thong tin dau vao &
nhiéu muc triru tugng hoa khac nhau. Co ché thiét ké da nhanh song song nay khong chi cdi thi¢n
kha niang tong quat héa cia mang ma con giup giam thiéu hién tugng gradient bién mat va hién
tugng qua khop théng qua viée ting cuong da dang héa cac phép bién d6i dau vao trén timg tang.

Trong h¢ thong sinh mé ta anh, phan than mang (feature extractor backbone) InceptionV3
dugc gilt nguyén nham thu nhan cac dic trung khong gian c6 dd sdu cao, trong khi 16p fully-
connected cuoi cung phuc vu phan loai bi loai bo dé tranh gay nhiéu dic trung do tinh chuyén
biét ciia nhiém vu tién huan luyén. Pau ra dugc Iay tir 16p tich chap siu nhat tao thanh vector dic
trung c6 kich thuéc 2048 chiéu, cung cap biéu dién ngir nghia da chiéu va giau thong tin cho cac
mo-dun ngdn ngir phia sau. Cau trac ciia mang InceptionV3 dugc mé ta chi tiét trong Hinh 3.

3535192 *3 35'35°288 17°17°768 *4 17*17°768 _
-_ - : : ) °

S— |

® O

*2 882048 1°1°2048

jon-C global
Avg-pool

2048 1000

Hinh 3. Cdu tric mang InceptionV3 [11]
2.1.2. Mang hei quy Long Short-term Memory (LSTM)

Mang no-ron hdi quy LSTM 1a mét dang cua Mang no-ron hoi quy RNN. RNN duoc goi la mang
no-ron hdi quy vi né ap dung cung mot phép bién ddi cho mdi phan tir cia mot chudi theo cach ma
dau ra ciia RNN phu thudc vao két qua cua cac 1an lip trude d6. Do d6, RNN duy tri mot trang thai
ndi bo dé nam bit thong tin vé& cac phan tir trude do trong chudi, giéng nhu bd nhé. Mot don vi 4n
RNN s& dugc hoc dira vao cong thirc (1), trong d6 dau ra cua RNN, yt, 1a mot phép bién dbi phi tuyén
cua tong hai phép nhan ma tran, sir dung vi du nhu cac ham kich hoat tanh hoac ReLU.

Yt = 9(Whnh—1 + WynXy) (1)

Trong do:

e W: ma tran dir liéu can tinh toan
o Win: ap dung cho trang thai an truge dé h, 4
o W,,: ap dung cho trang thai dau vao hién tai x;

Mang hoi quy LSTM st dung bon bién trung gian 7, f,6 va ¢ c6 kich thudc p chiéu. Ma tran

cap nhat duoc ky hi¢u la Wy) va duoc su dung dé nhan trudc voi vector cot

[R%, R%) 1T, Cap nhat ma tran s& duoc biéu didn bing cong thuc (2):

Cong dau vao I sigm ey
0 A = , h k-1 ]
C(jng qiten f_ = [ St yk [thiét 1ap tham sd] (2)
Cong daura 0 sigm h(k)
Trang thai c méilc tanh

Su x4c dinh vector trang thai an h(k) va vector trang thai 6 c(k) st dung mot qué trinh nhidu
budc, bat dau bang viéc tinh toan cac blen trung gian tai lan luot (3) va (4).

‘t(k) =f0O c't(k)1 + 7O ¢ [Chonloc quén va thém vao bd nhé dai han] 3)
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Flgk) =00 tanh(c'gk)) [Chon loc 1o ri bo nhé dai han vao trang thai an] 4)

Tai day, phép nhan tirng phﬁn cua cac vector dugc ky hiéu bﬁng “©”, va ky hiéu “sigm” chi
ham sigmoid. Tai I6p thir nhat (k = 1), h™ (k) trong phuong trinh trén nén duoc thay thé bang x t
va ma tran W (1) ¢6 kich thude p x,(p + d). Trong cac trién khai thuc té, cac hé sb diéu chinh
(bias) ciing dwoc st dung trong cac cap nhat ¢ trén. Kién trac mé hinh LSTM duoc minh hoa tai
Hinh 4.

hy
r 3
Forget gate  Input gate Output gate
Ct—l —_— X - + T > Cg
4 tanh
f |
X X
f) it) c”(r)| o(t)
a o tanh o
1
h | | | | > ],
»~

Xt
Hinh 4. Kién tric mé hinh LSTM
2.2. M6 hinh lai CNN va LSTM

Dé sinh mé ta cho mot hinh anh, hé thdng can két hop biéu dién tir hai mién: thi gidc va ngon
ngit tu nhién. M6 hinh d& xuat st dung kién trac encoder-decoder da tang, trong d6 CNN dong
vai trd encoder dé trich xuat dic trung hinh anh, con LSTM dam nhan vai tro decoder dé sinh cau
md ta twong ung. Toan bd hé théng gom ba giai doan chinh: trich xut dic trung, ma hoa thong
tin ngir nghia, va giai ma thanh chudi vin ban.

Trich xuat dic trung hinh anh: Anh dau vao dugc xur ly boi mé hinh InceptionV3 da tién huan
luyén, bo 16p fully connected cudi dé giir lai feature maps. Cac dic trung duogc nén thanh vector
2048 chiéu thong qua Global Average Pooling, sau d6 chuyén qua Iop Dense véi 256 don vi va
ham ReLU dé thu dugc vector dic trung dau vao cho decoder.

Mai hoa chudi mé ta: Mdi cau mé ta anh (caption) duoc biéu didn dudi dang chudi cac tir, sau
d6 duoc ma hoa thong qua mot 16p Embedding voi chiéu khong gian 256. Viéc chon kich thuéc
nhiing 14 256 nham cén bang gitta kha nang biéu dién ngir nghia cua tir va chi phi tinh toan. Kich
thudc nay du 16n dé nam bat cac dic trung ngit nghia quan trong, ddng thoi tranh duoc hién
tuong qua tai mo hinh khi lam viéc vai tap dir li¢u khong qua 16n. Sau 16p Embedding, mo6 hinh
ap dung ky thuat Dropout véi ty 1é 0,5 nhim ngin ngtra overfitting bang cach loai ngau nhién
mot phan cac don vi trong qué trinh huan luyén. Tiép theo, chudi cac vector tir duge dua vao mot
I6p LSTM gdm 256 don vi an (hidden units). Viéc lwa chon sé lugng don vi nay dam bao su
ddng nhat vé kich thuéc voi I6p Embedding va da kha nang hoc dugc cac phu thudce dai han
trong chudi tir. Pau ra cudi cing ciia 16p LSTM chinh 13 vector ngit canh — mot biéu dién tom
lugc toan bo thong tin ngir nghia ctia cau mo ta, ding dé két hop voi dic trung anh trong budc
giai ma mo ta.

B0 giai ma va sinh van ban: Hai vector dac trung tir dnh va van ban dugc néi v&i nhau va dua
vao mot 16p Dense gom 256 don vi dé hoc cic twong tac phi tuyén giira hai mlen thi giac va ngdn
ngit. Lop nay gitip mo hinh tao ra mot khong gian biéu dién chung, lam cau ndi gitra dic trung
anh va ngit canh mo ta. Viéc chon kich thudc 256 nhim duy tri nhit quan véi cac 16p trude do
(Embedding va LSTM), dam bao hiéu qua tinh toan ma van du kha nang biéu dién maoi quan hé
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phtic tap gitra hai mién. Cudi cung, 16p Softmax dugc str dung fié dy doan xac ‘Su’élt tir tiép theo,
tung budc sinh ra chuoi mo ta anh hoan chinh. Cau tric tong thé ciia mo hinh dé xuat dugc minh
hoa trong Hinh 5.

<Start> word1 word2 =<End=
Feature layer 256 units

Softmax Snﬂrmu: Snﬂrmu: Snﬂrmu:

S

Emhe-ddlng layer

Ealf]

Input Image

Pretrained CNN
InceptionV3

=<Start> word1 wordn

Hinh 5. Kién triic mé hinh lai CNN-LSTM dé xudt
2.3. Tap di# liu va thiét \gp siéu tham soé

Trude khi dua vao md hinh huin luyén, cac mé ta van ban trong tap Flickr8k dwoc xtr 1y qua
nhiéu budc nham chuan hoéa va dam bao tinh nhat quan dir li¢u. Toan bg vin ban dugc chuyén
thanh chit thuong, loai bo ddu cau va ky tu khong can thiét. Mdi ciu mé ta dugc token hoa thanh
chudi tir, sau d6 bd sung tir dic biét “start” & dau va “end” & cudi dé xac dinh rd ranh gidi cau
trong qua trinh sinh vin ban. Pé xay dung tir dién, chi cac tir Xuat hién tir 5 1an tré 1én trong tap
huan luyén duoc gitr lai, trong khi cac tir hiém dugc thay bang tir “unk” (unknown). Céac chudi
mo ta duge dém (padding) vé do dai c¢b dinh 1 34 tir — twong (ng véi do dai 16n nhat trong toan
b6 tap. Hinh 6 mo ta vi du vé dir liéu trong tap Flickr8k.

1) A brown dog chases something 2 man behind him threw
on the beach.

® 2) A man and a dog on the beach.

w== 3) A man is interacting with a dog that is running in the
opposite direction.

4) A man playing fetch with his dog on a beach.

5) A man walking behind a running dog on the beach.

1) A man doces skatcboard tricks off a ramp while ot
watch.

2) A skateboarder does a trick for an audience.

3) Boy dressed in black is doing a skateboarding j
with a crowd watching

4) Two dogs on pavement moving toward each other.

5) People watching a guy in a black and green baseball
cap skateboarding.

Hinh 6. Dir liéu trong tap Flickr8k

Mb hinh duoc trién khai trén nén tang Python 3.8 sir dung thu vién TensorFlow 2.10. Viéc huin
luyén duoc thyc hién trén GPU NVIDIA RTX 3060 véi b nhé 12 GB.

Céc siéu tham sb duoc diéu chinh dé sir dung cho mé hinh LSTM duoc dé xuét chi tiét tai
Hinh 7, mét s6 siéu tham s6 chinh dugc mé ta nhu sau:.

Batch size: 64.

Epoch: 10.

Kich thudc tap kiém thir: 25% tap huan luyén.
Mode: BLEU score.

Dit liu duoc chia thanh ba tap: 6.000 anh cho huan luyén, 1.000 anh cho kiém tra va
1.091 anh cho danh gia, dam bao khéng c6 su chdng lap gitta cac tp con. Quy trinh nay
gitip mo hinh hoc hiéu qua hon, déng thoi dam bao kha nang tai 1ap va so sanh két qua trong
céac nghién cuu lién quan.

Chién lugc huan luyén: M6 hinh sir dung ham mat mét sparse categorical crossentropy phu
hop cho cac bai toan phan loai da 16p voi nhan dau ra ¢ dang chi s6 nguyén. Ham nay danh gia
do léch giita phan phdi xac suat dau ra cia mo hinh va nhén thyc té, voi cong thirc:

£(y,9) = ~log(,)#(5)
trong d6 y € {0,1, ..., C — 1} 1a nhén thyc té (dudi dang chi s6), va § = [§o, V1, ..., Po_1] 12
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vector xac suit dau ra tir mé hinh (sau softmax). Gia tri mat mat dugc tinh bang log 4m cua xac
suat trong ng va&i nhan dung y, tor d6 hudng mo hinh toi wu hda dé€ gia tang xac suat dy doan
dang trong qua trinh huan luyén.

Layer (type) Ooutput Shape Param # | Connected to
Features_Input ( , 2048) 0 -

(InputLayer)

batch_normalization_94 ( , 2048) 8,192 | Features_Input[@][@]

(BatchNormalization)

Sequence_Input ( s> 33) 0

(InputLayer)

dense (Dense) ( » 256) 524,544 | batch_normalization 9..

embedding (Embedding) ( » 33, 256) 2,243,584 | Sequence_Input[e][e]

not_equal (NotEqual) ( s 33) @ | Sequence_Input[e][e]

batch_normalization_95 ( > 256) 1,024 | dense[@][@]

(BatchNormalization)

Istm (LSTM) ( y. 256) 525,312 | embedding[@][e],
not_equal[e][e]

add (Add) ( » 256) @ | batch_normalization_9..
1stm[@][0]

dense_1 (Dense) ( , 256) 65,792 | add[e][@e]

output_Layer (Dense) ( , 8764) 2,252,348 | dense_1[0][@]

Total params: 5,620,796 (21.44 MB)
Trainable params: 5,616,188 (21.42 MB)
Non-trainable params: 4,608 (18.00 KB)

Hinh 7. M6 hinh LSTM duoc dé xudt

Qué trinh ti wu hoéa dugc thuc hién bang thuat toan Adam véi learning rate khai tao 1a 0,001,
khong sir dung co ché diéu chinh learning rate theo epoch (scheduler). M6 hinh duoc huan luyén
v6i kich thudc batch 13 64 va tong sé epoch 1a 10. Kich thuéc batch duge dat 13 64 nhim can
bang gitra tc d6 huan luyén va kha ning xur 1y cua phan cting. S6 epoch 1a 10, dugc xac dinh sau
khi quan sat qua trinh huan luyén va nhan thdy mé hinh bat ddu hoi tu ma khong bi overfitting.
Tap kiém thtr dugc lay bang 25% cua tap huan luyén dé theo doi hiéu sudt mé hinh trong qua
trinh dao tao. Cudi cung, BLEU score duoc sir dung 1am thude do danh gia chét lugng mé ta sinh
ra, vi dy 1a chi s6 phd bién trong cac bai toan sinh ngén ngit tu dong. Két qua cu thé s& duoc
trinh bay ¢ phan sau.

Ngoai kién trac CNN-LSTM truyén théng, mé hinh dugc diéu chinh ky thut dé nang cao
hiéu suat: I6p Dense 256 don vi giap giam chiéu va déng bo véi LSTM; Dropout 0,5 tai 16p
Embedding nham han ché overfitting; va chuan héa chudi md ta véi token dic biét (“start”,
“end”) cting padding c6 dinh 34 tir dé dam bao tinh nhat quan. Cac diéu chinh nay tuy nho nhung
g6p phan cai thién kha ning téng quat hoa trong diéu kién tinh toan han ché.

3. Panh gia két qua

BLEU (Bilingual Evaluation Understudy) la chi s6 pho bién trong danh gia chét lwong sinh
mé ta van ban trong xir Iy ngdén ngir tw nhién, dac biét véi cac mod hinh nhu LSTM trong bai toan
sinh chu thich anh. BLEU- -n dugc tinh dya trén d6 chinh xac cua cac n-gram gitra c4u sinh va cau
tham chiéu, keém theo hé s6 phat do dai (brevity penalty) dé han ché mo hinh sinh ra cc ciu qua
ngan. Chi sb nay giup phan anh do tuong dong ngir nghia giita md ta do may tao ra va mo ta do
con ngudi viét [12].
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N
BLEU = BP - exp (Z " logpn) (6)

n=1
Trong do:
® p,: do chinh xac ctia n-gram bac n,
e wy: trong sb (V6i w,, = 1, thuong w,, = 1),
e BP: hé s6 phat do dai, xac dinh boi:
{ 1 néu c>r 7
BP = .
e ¢ neu c <r
Voi:
e C: dd dai cadu mo6 hinh sinh ra,
e r: d6 dai trung binh caa cau tham chiéu.
BLEU c6 thé duoc tinh voi cac mirc dd n-gram khac nhau, trong d6 BLEU-1 va BLEU-2 1a
hai bién thé co ban, tap trung vao su so khép cia cac unigram (1-gram) va bigram (2-gram).
BLEU-1 chi tinh d6 chinh xac ctia unigrams (1-gram), trc 1a su trung khép gitta cac tir don 1€
trong cAu mo hinh sinh ra va cau tham chiéu. Cong thic tinh BLEU-1 la:
¥V count(ngramy) (8)
N
Trong d6, N 14 s6 lugng cac tir trong cdu md hinh sinh ra, va count(ngrami) 1a s6 1an xuét hién
ctia ting unigram trong cdu tham chiéu.
BLEU-2 tinh d6 chinh xac cta bigrams (2-grams), tirc 1a cic cap tir lién tiép trong cau.
BLEU-2 khong chi xem xét cac tir don 1¢, ma con chu trong vao ngir canh cua cac tir trong cau.
Cong thuce tinh BLEU-2 la:

BLEU — 1 = Precision of unigrams =

BLEU — 2 = N counltv(bigrami) 9)

Trong d6, count(bigram,) 1& sb lan xuat hién cta mdi bigram trong cau tham chiéu. M6 hinh
dugc huan luyén trong 10 vong 1dp (epoch), va cac chi s6 BLEU-1, BLEU-2 duoc sir dung dé
danh gia mac d9 chinh xdc vé tir vung cling nhu kha nang duy tri nglt canh trong qua trinh sinh
mo ta anh. Gié tri BLEU cao cho thdy mé hinh tao ra cic cdu md ta gan véi mé ta chuan do con
ngudi Viét, phan anh kha nang hiéu va biéu dat noi dung hinh anh méot cach hiéu qua. Két qua chi
tiét duoc thé hién trong Bang 1.

Bang 1. Két qua sau huan luyén mé hinh LSTM

BLEU index Score
BLEU-1 0,39
BLEU-2 0,172

Dé danh gi4 hiéu qua ciia mo hinh mot cach khach quan hon, ching t6i tién hanh so sanh két
qua BLEU score voi mot sé mé hinh baseline va mé hinh tién tién trén cung tap di liéu Flickrsk.
Cu thé, theo nghién ctu cia Vinyals va cac cdng su [13], md hinh CNN-LSTM tiéu chuén dat
BLEU-1 khoang 0,63 va BLEU-2 khoang 0,42 trén Flickr8k. Trong khi d6, mé hinh dé xuét
trong nghién ctru nay dat BLEU-1 14 0,39 va BLEU-2 12 0,172.

Bang 2 trinh bay két qua so sanh mé hinh dé xuét voi cac phuong phép tiéu biéu khac trong
clng tac vu sinh chu thich anh. C6 thé nhan thiy mé hinh ViT-LSTM (Fine-tuned) dat gia tri
BLEU-1 = 0.42, cao hon so v6i CNN-LSTM (0.32) va Attention-based (0.37). Tuong tu, chi s6
BLEU-2 cua ViT-LSTM ciing nhinh hon so v6i hai md hinh con lai. K&t qua nay cho thiy viéc
khai thac dic trung hinh anh bang Vision Transformer két hop véi LSTM mang lai hiéu qua vuot
troi hon cac kién trac truyén thng.
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Bang 2. So sdnh két qud Véi cdc mé hinh khdc

M&b hinh BLEU-1 BLEU-2
CNN-LSTM [14] 0,32 0,17
Attention-based [15] 0,37 0,19
ViT-LSTM (Fine-tuned) [16] 0,42 0,23
Mb hinh dé xuét (InceptionV3-LSTM) 0,39 0,172

Mic du két qua con khoang cach so v6i cac md hinh ti wu, viéc sir dung kién trac don gian
V6i s6 lugng tham s han ché va diéu Kién tinh toan vira phai cho thdy mé hinh vin c6 kha ning
sinh ngdn ngit & mic co ban. Két qua nay mo ra tiém ning cai tién mo hinh thong qua viéc tdi wu
hoa siéu tham s hoic tich hop thém cic mé hinh ngén ngir manh hon nhu Transformer hoic
GPT trong cac nghién cuu tiép theo. Hinh 8 chi ra két qua ciia mo hinh LSTM trén tap dir liéu
kiém tra, cho thay d6 chinh xéac cao trong viéc sinh mé ta anh tir cac dic trung hinh anh dau vao.
Céac chi s BLEU dat duoc & muc dang ké, phan anh kha nang ctia mo hinh trong viéc tao ra cac
mo ta ngir nghia phu hop vai ndi dung anh. Vi du minh hoa trong hinh nay thé hién 6 cach thirc
mo hinh sinh cht thich dya trén cac dac trung hinh anh da dugc ma hoa.

Greedy: two black dogs play in the snow

BLEU-1 Greedy: 0.79985

BLEU-2 Greedy: 0.83018

Greedy: the dog runs on the beach
BLEU-1 Greedy: 0.79298

BLEU-2 Greedy: 0.82424

Greedy: little boy jumps from blue trampoline into pool

BLEU-1 Greedy: 0.69098

BLEU-2 Greedy: 0.73489

Hinh 8. Két qua thu duwoc tir tap kiém tra

Mic di mé hinh dat BLEU-1 va BLEU-2 ¢ mic chip nhan dugc, qué trinh danh gia dinh tinh
cho thay van ton tai mot sé 15i phd bién, dac biét trong cac anh c6 canh phuc tap hoac ngir nghia
khong r6 rang. Cu thé, mo hinh doi khi bo sot ddi tugng chinh (object omission), 1ap tur khong
can thiét (repetition), m6 ta sai nglr nghia (semantic drift), va kém hiéu qua vaéi anh nén phuc tap.
Nhirng han ché nay cho thdy kha ning mé hinh héa ngit canh con han ché, dong thoi goi mo
huéng tich hgp co ché chu ¥ (attention mechanism) trong cac nghién ctu tiép theo. M6 hinh hoat
dong tét vai cac anh c6 bdi canh don gian, chi thé rd rang. Tuy nhién, trong cac anh c6 nhiéu ddi
tugng hozc nén phic tap, mé hinh thudng bé sot thong tin chinh, mé ta sai ngit nghia hoic lap tir.
Vi dy, v&i anh “mdt bé gai choi bong trén bai ¢6”, mé hinh dy doan ding chu thé va hanh dong;
nhung voi anh “nhiéu nguoi di bo trén duong phd dong dic”, mé hinh mé ta thiéu hodc khong rd
hanh dong. Nhitng quan sat ndy cho thdy tiém ning ning cip moé hinh thong qua tich hop
attention hodc cac ki thuat xu Iy ngir canh sau hon.

4. Két luan

Bai bao nay trinh bay phuong phap két hop mé hinh hoc siu lai gitra mang CNN va LSTM
trong tac vu sinh mo ta anh tu dong. Trong d6, CNN dam nhiém vai tro trich xuat dac trung

http://jst.tnu.edu.vn 20 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(15): 12-21

khong gian tir anh dau vao thong qua kién tric InceptionV3 c6 d sau va tinh da ty I¢ cao, trong
khi LSTM duoc trién khai nhu mot bo giai mé tuan tu (sequential decoder) nham sinh chudi vin
ban mo6 ta dwa trén vector dic trung dau vao. Cau hinh mé hinh phan anh hudng tiép can
encoder—decoder ¢o dién nhung c6 diéu chinh phui hop cho mién thi gidc—ngon ngit.

Két qua thuc nghiém trén tap dir liéu chuan cho thiy hé théng co kha ning sinh mé ta & mirc
d6 chap nhan duoc vé mat ngir nghia va ca phap, v6i hiéu suit tét trén cac mau anh c6 bdi canh
don gian dén trung binh. Tuy nhién, mé hinh van cho thiy su suy giam dang ké vé d6 chinh xac
trong cac truong hop co ciu triic canh phuc tap hoic ngit nghia mo ho, phan anh gigi han trong
kha ning mo hinh hoa phu thudc ngir canh dai han va hiéu canh ngit nghia sau. Trong tuong lai,
hudng nghién ciu tiép theo sé& tap trung vao viéce tich hop co ché chu ¥ (attention mechanism) va
khai thac cac mo hinh ngon ngir 16n (LLMs) dé ting cuong kha nang hiéu ngir canh sau va cai
thién chét lugng sinh vin ban. Ngoai ra, viéc md rong bo dir liéu huan luyén va da dang hoa ngon
ngir mé ta ciing duoc xem 1a yéu té tiém ning nham nang cao tinh tong quat ctia md hinh.
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