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TOM TAT— Suy gidm thi lwc dnh hwdng dén hang triéu ngwdi trén thé gidi, gdy khé khian trong viéc tiép cin thong tin truc
quan. V&i sw phat trién cua thiét bi di dong, ddc biét 1a nén tdng Android, cac giai phap chuyén ddi hinh dnh thanh mé ta 4m
thanh dang tré nén phé bién. Tuy nhién, viéc tao ra cAc mé ta chinh x4c, gidu ngit canh va pht hop véi thiét bi di dong van 1a
mot thich thirc. Nghién ciru ndy dé xuit moét mo hinh chu thich dnh dwa trén kién tric encoder-decoder, két hgp Swin
Transformer dé trich xuat dic treng hinh dnh va Transformer Decoder dé sinh chi thich. M6 hinh dwoc hudn luyén trén cac
tap dit liéu chuidn MS COCO, Flickr30k va tinh chinh véi div liéu tiéng Viét KTVIC. Thwc nghiém cho thdy mo hinh dat hiéu
sudt cao trén cac d6 do BLEU, METEOR va CIDEr. Bén canh mo6 hinh, ching t6i cling xdy dwng mot rng dung Android tich hgp
chitc ning chi thich dnh va chuyén vin ban thanh giong néi, hé tro ngudi khiém thi ti€p can théng tin hinh anh theo thoi
gian thwc, hoat dong 6n dinh v&i tdc dd xir Iy phtu hop trong diéu kién st dung thuc té. K&t qua nay cho thiy tiém ning trong
viéc cai thién kha nang tiép cin thong tin trwc quan cho cong dong nguwoi khiém thi.

Tir khéa— Chu thich dnh tw dong, md hinh Encoder-Decoder, Swin Transformer, Transformer Decode, (rng dung hé tro
ngudi khiém thi.

I. GIO'1 THIEU

Theo thdng ké clia T6 chirc Y t€ Thé gidi (WHO) vao thang 8 nam 2023, c¢6 khodng 2.2 ty nguwoi trén toan cau bi
suy giam thi lwc hodc mu 10a, gdy anh hwdng nghiém trong dén kha ning ti€p cin théng tin, giao ti€p va hoa
nhép x4 hoi cha ho [1]. Trong mdt thé gi¢i ngdy cang phu thudc vao thong tin truc quan, viéc thiéu kha ning
nhén thiec hinh anh tré thanh rao can 1én ddi véi ngwoi khiém thi trong hoc tap, lam viéc va sinh hoat hang ngay.
Diéu nay thic ddy nhu ciu phat trién cac cong nghé, hé théng hé trg gitp chuyén d6i thong tin thi gidc sang cac
dinh dang dé ti€p can hon nhw vin ban hoic 4m thanh. Mot trong nhitng hwéng ti€p can dé giai quyét van dé nay
la bai todn chd thich anh (Image Captioning)-bai todn két hgp giita thi gidc may tinh (Computer Vision) va xt ly
ngdn ngtt tw nhién (Natural Language Processing), v&i muc tiéu tw dong sinh ra cdc mé ta bang vin ban ngin
gon, chinh xac va mach lac tir ndi dung hinh anh dau vao [2]. V&i kha ndng md ta ndi dung hinh dnh bang ngon
ngit tw nhién, chd thich dnh cé nhidu &ng dung thwc t&€ nhw hd tro cai tién hé théng xe tuw 1ai [3], phan tich video
gidm sat [4], hd tro chdn do4n va ké don thudc tw dong tir dnh y khoa [5], phan tich dit liéu giao théng [6], chdn
doan bénh cay trong [7], kiém duyét ndi dung [8], an toan lao ddng [9], dic biét 1a hd tr¢ ngudi khiém thi tiép
cin thong tin hinh anh théng qua hé théng chuyén ddi hinh anh thanh van ban va giong néi [10, 11].

Gan day, nhiéu mo hinh chu thich &nh dwoc xay dung theo khung encoder-decoder. Trong do6, encoder thuwong
stt dung mang no-ron tich chp (CNN) dé€ trich xuit dic trung hinh dnh. Phan decoder st dung mang RNN hoic
LSTM dé tao ra cAu mo ta [12] [13]. CNN chi yéu tip trung vao dic trung cuc bd thong qua cac 1op tich chap. Do
do6, moé hinh khé hoc dugc quan hé khdng gian hodc ngit canh téng thé. Diéu ndy lam gidm kha ning nidm bit
quan hé phirc tap giita cac d6i twong trong anh. Han ché nay c6 thé anh hwdng dén do chinh xac cta chd thich.
Bén canh d6, LSTM can xt¥ ly tuén tw nén tdc dd huin luyén kha chAm. M6 hinh ciing dé gdp van dé triét tiéu hoic
bung nd dao ham. Ngoai ra, LSTM thiéu co ché tap trung vao vung anh quan trong. Hé qua 1a mé hinh dé tao ra
chd thich thiéu chinh x4c hodc thiéu chi tiét.

Transformer [14] di tao ra budc dot pha 1én trong x ly ngdn ngit ty nhién. Tr d6, nhiéu nghién ctru chi thich
anh da thay thé LSTM bang Transformer Decoder trong vai tro bo gidi ma. Nguyén nhan 13 vi Transformer hé trg
huén luyén song song va dat hiéu suit tét. Kha ning nay dic biét hitu ich khi lam viéc v&i tap anh c6 quy mo 16n.
Bén canh d6, cic md hinh phan loai anh dwa trén Transformer nhw Vision Transformer (ViT) [15] va Swin
Transformer [16] dwgc dé xuit. Nhirng kién tric ndy gidp ting cwong kha ning trich xuit dic treng hinh anh.
Chung cho phép md hinh hoc quan hé toan cuc gitta cic ving anh khac nhau. Nh¢ vay, nhiéu cdng trinh da ap
dung Transformer vao bai todn sinh mo ta &nh. Cach ti€p cin nay nhdm khic phuc cac han ché clia md hinh
CNN-LSTM truyén thong.

Tl nhitng han ché da néu, mét mo hinh chi thich dnh theo khung encoder-decoder dwgc dé xuit. Trong mé hinh
nay, Swin Transformer ddm nhiém vai trdo ma héa dic trung tir &nh d4u vao. Transformer Decoder dwgc st dung
d€ sinh mo ta hinh anh mot cach chinh xac va mach Swin Transformer 1a bdn mé rong tir Vision Transformer v&i
thiét k& chia ctra s6 dich chuyén. Thiét ké nay gitip md hinh nhéin dién chi tiét t6t hon & cdc mic dd khong gian
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khéc nhau. Transformer Decoder st dung self-attention d&€ ndm bat théng tin ngit canh trong qué trinh sinh cau.
Mo hinh dwoc hudn luyén trén ba bd dir liéu: MS COCO [17], Flickr30k [18] va KTVIC [19]. KTVIC 1a tip dir liéu
tiéng Viét cho muc tiéu tng dung ngwdi Viét Nam. Sau khi huin luyén, mo hinh dwgc tich hop vao mét tng dung
Android hd tro ngwdi khi€ém thi. Ngwoi diung c6 thé chup anh va nhin mo6 ta bing Am thanh qua tinh ning
chuyén vin ban thanh giong néi. Toan b qua trinh dién ra nhanh chdéng, thuan tién va phu hgp véi didu kién st
dung thyec té.

DPong gbp chinh ctia bai bdo nay bao gom:

e Deé xuit md hinh két hop Swin Transformer va Transformer Decoder nhdm nang cao dd chinh xac
chu thich anh, tin dung co ché ty chi ¥ (seft-attention) manh mé ctia kién tric Transformer.
e Thuwc nghiém trén tip dir liéu chudn MS COCO va Flickr 30K cho thdy m6 hinh chd thich dnh dé xuit
c6 dd chinh xac vwot tréi trén cac dé do phd bién so v&i cac cong trinh cong bo gan day.
e  Phat trién &ng dung di dong Android tich hgp mé hinh chu thich anh va cong nghé Text-to-Speech
v(i giao dién than thién, hd tro ngwoi khi€m thi ti€p cin théng tin hinh &nh mot cach thuin tién va
hiéu qua.
Phin con lai cha bai b4do dwoc td chirc nhw sau: phin 2 trinh bay cic cong trinh nghién cttu lién quan; phin 3 mo
ta chi ti€t phwong phap dé xuit; phan 4 trinh bay thuwc nghiém va phan tich két qua; cudi ciing, phan 5 dwa ra két
ludn va dinh huwéng nghién ctru trong twong lai.

II. CONG TRINH LIEN QUAN

Cac nghién ctru ban dau vé chi thich anh theo tiép cin hoc sau thwong dua trén viéc trich xuit dic trung bing
CNN. CNN dwoc dung dé trich xuit thong tin hinh anh, sau d6 dwa vao m6 hinh ngén ngit nhw RNN hodc LSTM dé
phét sinh ch thich. Show and Tell [12] 14 mot vi du tiéu biéu, két hgp CNN va RNN trong md hinh encoder-
decoder. Phwong phap nay gidp tao md ta tw dong cho anh d4u vao. Show, Attend and Tell [20] m& rong mo hinh
v&i co ché attention dé tip trung vao vung anh quan trong. Azhar va céng sw [21] s& dung CNN dé€ trich xuit dic
trung toan cuc ctia hinh anh. Thém vao dé, mang phat hién doi twong dwoc két hop dé 14y thong tin ving anh chi
tiét. Sau do, dic truwng toan cuc va vung dwgc dwa vao LSTM véi co ché attention dé€ sinh chi thich. Tiép noi
hwéng nay, Patwari va cong sw [22] dé xuit kién tric encoder-decoder khac. CNN Inception-v3 dugc dung lam
encoder, GRU lam decoder v&i tich hgp attention. M hinh dwoc hudn luyén trén MS COCO va danh gia bang
BLEU tir 1 dén 4. K&t qua cho thiy hiéu qua ctia phwong phap so véi cdc mé hinh treée dé. Xie va cong sw [23]
két hop Faster R-CNN dé trich xuit dic treng vung d6i twong. Pac trung ving dwoc dwa vao Bidirectional LSTM
dé€ sinh m6 ta dnh. M6 hinh dwgc thir nghiém trén Flickr30k va MS COCO véi dd chinh xac cao. Két qua virot mot
s6 md hinh baseline da cong bo trwdc dd. Tuy vay, phian 16n cdc mo hinh trén chi dung CNN huin luyén truwdc dé
trich xudt dic trung. Diéu nay khién mé hinh khé hoc sdu méi quan hé giira cic viing trong anh. Do d6, mé hinh
gap kho khian khi can biéu dién ngit nghia hinh anh mét cach toan dién. LSTM ciing ton tai han ché trong huin
luyén tuin tw va gip vin dé vé gradient. Viéc triét tiéu hodc bung nd dao ham 1am giam hiéu qua cha qua trinh
sinh chu thich.

Do cidc mé hinh két hgp CNN va LSTM con ton tai nhiéu han ché, nhiéu nghién citru di chuyén sang st dung
Transformer. Transformer dwoc xem 1a mét lwa chon tiém nidng cho bai toan chd thich dnh. Wang va cdng sw
[24] d3 phat trién mdt mé hinh s& dung Transformer thay cho kién triic CNN-LSTM. Muc tiéu ctia mé hinh 12 cai
thién dé chinh x4c va kha nang tong quat hoa. Yang va cong sw [25] dé xuit Transformer c¢é kha ning nhin biét
ngit cAnh d€ ting hiéu suit sinh mo ta. Cornia va cong sw [26] gidi thiéu Meshed-Memory Transformer véi cac
két néi dang lwdi tich hop bd nhé. Ciu tric nay gidp mo hinh hoc dwoc quan hé phirc tap gitra cac viung trong
hinh dnh. M6t s6 cdng trinh gan diy da 4p dung Transformer Decoder vao &ng dung hd tro ngudi khiém thi.
Abubeker va cdng sw [27] st dung Transformer Decoder két hop encoder 1a mang Inception. Harshitha va cong
su [28] thay thé encoder bang EfficientNet dé trich xuit dic trung dau vao. Nhitng mé hinh nay cho thiy tiém
ning trong cac hé théng hd trg tiép can hinh anh.

Manay va cong sw [10] da phat trién mdt mé hinh ch thich dnh dwa trén GRU. M6 hinh nay dwoc trién khai
thanh ng dung Android h tro ngwdi khiém thi nhan biét moi trudmg xung quanh. D€ str dung, ngwoi dung phai
thuc hién nhiéu thao tac thi cong. Cac bwdc bao gom mé khda dién thoai, bat Google Assistant va goi 1énh dé
kh&i chay rng dung. Sau d6, ngwdi dung cin chup dnh d& mo hinh xtt 1y va tao chu thich. Quy trinh yéu ciu nhiéu
1énh diéu khién, gy bit tién cho ngudi khiém thi. Trong mot nghién ciru khac, Kavitha va cong sw [11] cling dé
xuit méd hinh hd tro twong twr. 'ng dung nay chup anh qua camera va tao mo ta bang mé hinh hoc sau. Cht thich
sinh ra dwgc chuyén thanh giong néi va phat lai cho ngwoi dung. M6 hinh dwoc huin luyén trén tap div liéu MS
COCO gbdbm anh va chu thich. Pic trung anh dugec trich xuit bang EfficientNet-B3 va dwa vao mang RNN. Tuy
nhién, mé hinh vin gdp han ché do st dung kién triic CNN-LSTM. Ngoai ra, (tng dung chi hd tro' ngdn ngit tiéng
Anh nén khéng phu hop cho da s6 nguwoi Viét.
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Qua qua trinh phan tich cic cong trinh céng bd trwdc diy, cé thé nhan thdy nhiéu mo hinh di dat dwgc nhitng
budc tién dang ké. Cac kién tric hoc sau gitip nang cao chit lwgng mo ta hinh anh theo thoi gian. Tuy vy, nhiéu
phwong phép van con nhitng han ché nhit dinh trong viéc ndm bt ngit nghia. Cu thé, cAc phwong phap dua trén
CNN va LSTM con gip khé khin trong viéc biéu dién ngit nghia toan cuc va duy tri thong tin ngit cadnh dai han.
Nguoc lai, Transformer cho thiy kha ning vwot troi vé biéu dién va hoc quan hé dai han. Tuy nhién, cic nghién
ctu nay chu yéu dworc trién khai trong moéi trueong thir nghiém. Mit khic, cac tng dung danh cho nguwoi khiém
thi chwa thin thién trong thao tac st dung. Xuit phat tir nhirng han ché dé, nghién ctru nay dé xudt mot moé hinh
ma&i. M6 hinh két hop Swin Transformer va Transformer Decoder dé sinh mé ta anh. Dic biét, mo hinh dwoc tich
hop vao ng dung Android hd tro ngwdi khiém thi. Ngudri dung c6 thé chup anh va nhan mé ta bing 4m thanh
mot cach thudn tién. Gidi phap dé xuit hwdng tédi kha nang &ng dung thuc té cao va cai thién trai nghiém ngudoi
dung.

III. PHUONG PHAP DE XUAT

Nghién cru nay dé xudt moét phwong phap xay dung mé hinh cha thich 4nh dwa trén kién tric hoc siu. Déng
thoi, mot ing dung hd tro nguwdi khiém thi ti€p can hinh anh ciing dwoc phat trién. ('ng dung két hop mé ta anh
tw dong va chuyén van ban thanh 4m thanh d€ phat lai. Phwong phdp goém hai thanh phan chinh hoat dong bé
tro 14n nhau. Thanh phan thir nhat 13 (A) mé hinh sinh ch thich anh st dung kién tric Transformer. Thanh
phan th hai 12 (B) ttng dung Android hd tr¢ ngudi khiém thi mé ta ndi dung hinh anh.

A. MO HINH CHU THICH ANH SU’ DUNG TRANSFORMER

Kién tric Swin Transformer st dung trong nghién cru nay bao gém cac thanh phan chinh nhw SwinV2-Large, co
ché& Multi-Head Self-Attention va Deterministic Autoencoder nhim trich xut dic trung thi gidc hiéu qua theo
c4u tric phan cdp. Trong khi d6, Transformer Decoder dwoc ciu thanh tir cdc khdi Masked Multi-Head Attention,
Cross-Attention, Feed-Forward Network, Normalization va 1&p tuyén tinh, ddm nhiém viéc sinh chd thich tir dic
trwng anh. Viéc lwa chon kién tric ndy nhdm khai thac t6i wu kha niing cta Transformer trong viéc xt ly dong
thoi thong tin thi gidc va ngon ngit, tir d6 tao ra cdc mo ta chinh xac va ngir nghia mach lac.
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1. B0 MA HOA HINH ANH
Swin Transformer 13 mot kién triic Transformer phan cip dugc dé xuat béi Liu va cong sw [16], nham khic phuc
cac han ché cua Vision Transformer trong xt ly anh c6 d6 phan gidi cao, nhw chi phi tinh todn 1&n va thiéu kha
nang khai thic dic treng cuc bo. Thay vi tinh attention toan cuc, mé hinh s dung co ché self-attention trong cac
ctra s6 khong chong lap, két hop véi clra s6 dich chuyén (shifted windows) gitta cac ting lién tiép d€ dam bao
kha nang trao déi thong tin giltra cac vung anh 1an cin. Ngoai ra, Swin Transformer con dp dung kién tric phan
cap, trong d6 do phan giai khong gian gidm dan va chiéu dic trung ting dan qua tirng giai doan, twong tw nhw
kién triuc CNN.
Hinh 2 minh hoa téng quan kién tric Swin Transformer, bao gébm bdn giai doan xt ly. Cu thé, véi anh dau vao
1 € RF*XW>3 ([ 13 chiéu cao, W 1a chiéu rong cia dnh), mé hinh chia anh thanh cac patch khong chong l3p kich
thwdc 4 x 4, sau d6 4nh xa mdi patch thanh vector nhing qua 1¢p chiéu tuyén tinh, tao ra ma tran dic trung dau
vao X € RV*P, trong d6 N = % va D 12 sé chiéu khong gian nhing. Qua bon giai doan xir 1y, s6 lwong patch
giam bén lan tai méi tAng, trong khi chiu dic trung ting lén.
DPAiu ra cudi cing cia bd ma hoa 1a ma tran dic trung:

F, = SwinTranformer(I) € RN *P’,
Trong d6, N'(nho6 hon rit nhiéu so véi N) 1a s6 patch sau khi gidm d6 phan gidi (downsample) théng qua cac
tang patch merging, D' 1a s6 chiéu cta véc-to dic trung cudi cung. Cac dic trung nay sau d6 dwoc dwa vao bd giai
ma ma ngdn ngir d€ phat sinh chi thich cho hinh anh.
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Hinh 2. Kién triic téng qudt ctia Swin Transformer. Méi stage gdbm mot sé khéi Swin Transformer Block, dwoc chén gitva cdc 16p
gop patch (Patch Merging) dé gidm kich thwéc khdng gian va tdng chiéu ddc trung.
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2. BO GIAI MA TRANSFORMER

Sau khi m4 héa hinh anh thanh vector dic trung F;, Transformer Decoder dwgc st dung d€ phat sinh chu thich.
Decoder hoat dong theo co ché sinh tuan tw c6 diéu kién (auto-regressive), trong dé tirng tir dwoc sinh ra dwa
trén cac tlr treéc d6 va dic trung anh dd ma hoéa. M6 hinh dp dung co ché Multi-Head Attention va Cross-

Attention d€ t6i wu héa viéc két hop théng tin hinh dnh va vin ban.
B0 giai va nhén hai dau vao chinh: (1) tip dic trwng cia dnh dau vao tir bd ma héa F, € RN *D’ (dong vai tro Key
va Value trong Cross-Attention), va (2) chudi cic token da dwoc sinh ra treéc d6 Y = (v, V3, ..., Ye—1), chudi ndy
dwoc dua qua lép nhing tir vieng va ma hoéa vi tri.
Kién tric bd gidi ma gom 3 thanh phan chinh: (i) Lép nhing tir vieng (Token Embedding) d€ 4nh xa cac token
vao khéng gian vector nhing (ii) L&p ma héa vi tri (Positional Encoding) c6 chitc nang thém thdng tin vi tri vao
tirng token nhung, gitp mo6 hinh ndm bat th ty tir trong chudi, va (iii) C4c khoi Transformer Decoder, mdi khoi
gom ba co ché chinh:

e Masked Multi-Head Self-Attention: Ap dung attention giita cc tir da sinh, dong thoi stt dung mit na

d€ ddm bao mé hinh khéng nhin thiy cic tir twong lai.

KT
MaskedMultiHeadAttention(Q,K,V) = softmax (\Q/? + M> |4
K

Trong d6, Q, K,V lan luot 1a cac ma tran Query, Key, Value duoc sinh ra tir cac token dd co; M 1a ma tran
mit na (masked), che céc tir phia sau dé dam bao mo hinh khong nhin thay; dj 1 s6 chiéu ctia véc-toc key,
duogc stir dung dé chuin hoa dot-product nham én dinh gia tri d4u vao cho ham softmax.

e  Cross-Attention: lién két dic treng hinh anh tir bd ma héa véi cac token dang dwoc sinh ra.
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. QK™
CrossAttention(Q,K,V) = softmax %4

Vg
Véi, Q la chudi token dang sinh ra, K, V tir dit trung hinh anh F,.
e Feed-Forward Network (FFN): ting cwdng kha nang biéu dién phi tuyén cia mé hinh:

Véi Wy, W, 1a cdc ma tran trong so; x;, x, 1a cac hé s diéu chinh (bias), x 14 dau vao tir Attention.
Tai mdi thoi diém t, bd gid méa sinh ra mot phan phdi xac sudt trén toan bd tap tir vieng, ky hiéu la:

Pyely1s o Ye-1, F)

Trong d6, mdi gia tri trong phan phdi thé hién xac suit clia mot tir cu thé dugc chon 1am tir k€& tiép. Tir c6 xac
suit cao nhit sé dwoc chon dé sinh ra tai buwdc tiép theo. Qua trinh sinh chd thich két thic khi mé hinh tao ra
token két thic ciu.

B. XAY DUNG U'NG DUNG CHU THICH ANH

Sau khi hudn luyén mé hinh chd thich anh s dung kién tric Swin Transformer V2 két hgp Transformer
Decoder, chung tdi trién khai mé6 hinh vao mét trng dung di dong nhdm hd tro ngwoi khiém thi trong viéc nhan
dién va tiép cin théng tin hinh dnh théng qua mo ta ngdn ngir. Kién tric tong thé ctia hé thdng dwoc minh hoa
trong Hinh 3. Hé th6ng &ng dung bao gdém hai thanh phin chinh: (i) ®ng dung frontend chay trén thiét bi
Android va (ii) may cht backend dam nhiém xtt I va sinh chu thich. Anh dwoc chup truc tiép tir thiét bi di dong
sé& dwoc glri d&n may chi thong qua API dwoc xay dung bang FastAPI, trong d6 ngrok va uvicorn dwoc sir dung
dé€ dam bao két néi linh hoat trong moi trwedng phat trién. Tai backend, anh d4u vao dwgc dwa vao mé hinh da
huén luyén dé€ sinh chd thich dang van ban, sau d6 dwoc tra vé thiét bi ngwdi dung va chuyén déi thanh 4m thanh
thong qua thw vién flutter_tts tich hop trong Android.

l (4)

Select Language FastAPI Model

Vietnamese /English Request ,uvicorn, ngrok Server : +
——————|Input Image A g (SwinV2

— (1) @ ' (3) | Transformer)

—» Caption

Caption +
Audio #)

(8)

Hinh 3. Kién triic ttng dung chii thich dnh hé trg' nguwoi khiém thi

V6i muc tiéu t8i wu kha nidng ti€p cin cho ngwoi khiém thi, giao dién ngwoi dung dwoc thiét k€ toi gian, st dung
nén tdi va chit sding nham ting dé twong phan, ddng thoi hd tro dieu hwéng bing Am thanh va thao tac cham don
gian. Ngay khi khéi dong, tng dung tw dong phat huéng dan st dung bing giong néi. Cac chirc nang chinh nhw
chup anh, thay dgi ngdbn ngir (tiéng Viét/ tiéng Anh) va nhin mé ta anh déu c6 thé thwc hién théng qua thao tac
mot hodc hai 1an cham, khéng yéu ciu thao tac thi gidc. Ngwoi ding cé thé thay d6i ngdn ngit bang cach gitr tay
trén man hinh trong vai gidy. Cach thao tac nay phu hop khi khong c6 giao dién hién thi trwc quan. Toan bo qua
trinh xtt Iy dwoc thwc hién theo thoi gian thuwc, khong c6 dd tré dang ké. Hé thong phan hoi nhanh va chinh xac,
dam bao trai nghiém st dung én dinh. Két qua cho thdy mdé hinh hoc siu c6 thé dwoc tich hop hiéu qua vao ng
dung thuc té. Gidi phap nay hitra hen hé trg ngudi khiém thi tié€p can thong tin hinh dnh dé dang hon.
IV. THU’'C NGHIEM

Duwa trén mo6 hinh di dé xuat, phan nay trinh bay qua trinh trién khai thwc nghiém nhidm danh gia hiéu qua cla
phwong phap théng qua cac d6 do phé bién trong bai todn chu thich anh. Cac két qua dinh lwgng va phan tich so
sanh véi cac phwong phép lién quan dwoc trinh bay chi tiét, bén canh d6 1a mét s6 minh hoa truc quan tir irng
dung di dong Android dwgc phat trién nham kiém chirng tinh kha thi ctia hé thdng trong diéu kién stt dung thuc
té.

A. DU LIEU VA THIET LAP THU'C NGHIEM
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Phan nay trinh bay chi tiét cac tip dir liéu dwoc st dung d€ huén luyén va danh gia mé hinh, ciing véi cac thong
s6 cai dit trong qué trinh thwc nghiém.

1. DU’ LIEU THY’C NGHIEM

Trong nghién cru nay, hai tap dir liéu chuin 1a MS COCO [17] va Flickr30k [29] dwoc sir dung dé danh gid mo
hinh. MS COCO géom khodng 123.000 &nh, con Flickr30k chira 31.000 dnh. M6i &nh trong hai tip dir liéu déu
dwoc gan kém 5 cAdu mé td khac nhau. D€ dam bao tinh nhit quan khi so sdnh v&i cic nghién ctru trwde, div liéu
dwoc chia theo cach chudn hoa. MS COCO dwoc tach thanh ba phin theo dé xuit ctia Karpathy [30]. Cu thé gom
82.783 anh huin luyén, 5.000 dnh kiém tra va 5.000 anh diung d€ xac nhin. Véi Flickr30k, viéc chia tach tuin
theo thiét 14p ctia [31] trong cac nghién ctru gn day. TAp nay gom 1.000 anh validation, 1.000 anh test, phan con
lai dung dé€ huin luyén md hinh. Di¥ liéu vin ban dwoc tién x ly d€ loai bé cac tir it xudt hién. Cac tir xuat hién
dwdi 5 1an déu bi loai khoi tip tir vieng. Sau x( 1y, tp tir veng ctia MS COCO con 10.010 tir. Flickr30k ¢6 7.414 tir
sau khi 4p dung cuing tiéu chi loai bd. Chiéu dai tdi da cia mot cAu mo ta trong ca hai tip la 16 tir.

Bén canh d6, bo dir liéu KTVIC [19] bing tiéng Viét cling dwoc sir dung nhdm danh gia kha ning tong quat hda
ctia mo hinh trong ngit cdnh ngén ngit ban dia. KTVIC bao gdbm 4.327 anh va 21.635 ciu chu thich dworc tao thu
cobng, phan anh cic tinh hudng sinh hoat doi thuwdng trong méi truedng thuwe té. Dac biét, bd dit liéu nay con dwoc
str dung dé thir nghiém hiéu qua ctia mé hinh khi tich hop vao tng dung di dong hd tro ngwdi khiém thi, qua dé
danh gi tinh kha dung va hiéu suit hoat dong ctia hé théng trong diéu kién st dung thuec tién.

2. CHI TIET CAI PAT

D& dam bao hiéu qua biéu dién va kha ning phat sinh chu thich tir &nh dau vao, mé hinh dwoc thiét k& vaéi cdu
tric encoder-decoder t6i wu héa dya trén kién tric Transformer hién dai. Thanh phin mi hoéa va gidi ma dwoc
ciu hinh chi tiét nhw sau:

BO ma hoa hinh anh trong mo hinh st dung bién thé swinv2-large-window12-192, mét kién tric hierarchical
transformer huin luyén trwéc trén ImageNet-22k va trién khai tir thw vién timm ctia pytorch. M6 hinh nay ap
dung co ché local self-attention v&i clra sO trweot 12x12 trén anh ddu vao 192x192 pixel. Pau ra c6 chiéu siu
1536 dwoc sdp x€p lai va tinh chinh bing multi-head self-attention d€ ting cwdng biéu dién khong gian toan cuc.

B0 gidi ma ngdn ngir Transformer Decoder: v&i s6 block = 8, s6 head = 16, s0 chiéu cho véc-to nhing tir 1a 1024,
s6 chiéu 16p FFN la 4096, dropout 0.1, ham kich hoat GeLU va st dung chién lwgc norm-first. Dic trung anh
trwde khi dwa vao decoder dwoc gidm chiéu bang Deterministic Autoencoder (DAEProjection) nham nén thong
tin trong yéu, toi wu theo ham mit mat MSELoss. Qua trinh huin luyén st dung AdamW v&i learning rate
3x107* weight decay 0.01 va chién lwgc diéu chinh CosineAnnealingWarmRestarts. M hinh két hop mixed
precision training v&i GradScaler, va t6i wu béi tong hop hai ham mat mat: CrossEntropyLoss (cho sinh ngdén
ngit) va MSELoss (cho DAE) cung véi cac ky thuit nhw gradient clipping, khi tao trong s6 cé kiém soat, va
DataParallel d€ t8i wu hiéu sudt huin luyén.

B. PO PO PANH GIA

Hiéu qua ctia md hinh chi thich &nh dwoc danh gia théng qua cac dd do chudn dwoc st dung rong rai trong bai
toan nay, bao gobm BLEU [32], METEOR [33] va CIDEr [34]. BLEU (Bilingual Evaluation Understudy Score) do
lworng mirc d6 khép n-gram gitra ciu sinh ra va ciu tham chiéu, thuong dwoc tinh theo BLEU-1, BLEU-2, BLEU-3
va BLEU-4 twong rng véi @0 dai n-gram tir 1 dé€n 4. METEOR (Metric for Evaluation of Translation with Explicit
ORdering) 12 mét cai tién so véi BLEU khi xem xét cac phép anh xa linh hoat hon nhw déng nghia, dang géc
(stem) va hoan vi tir. CIDEr (Consensus-based Image Description Evaluation) st dung TF-IDF ctia n-gram va tinh
diém dwa trén sw dong thuan gitra cac chu thich tham chiéu. M&i d6 do c6 cach tinh toan va danh gia két qua theo
cac khia canh khac nhau, tuy nhién tit cad déu c6 dic diém chung 14 gia tri cang cao cho biét hiéu suit sinh chd
thich cang tét.

C. KET QUA THU'C NGHIEM VA BAN LUAN

Hiéu qua ctia mo hinh chd thich 4nh dé xuit dwgc danh gid trén ba tip dit liéu gom MS COCO, Flickr30k va
KTVIC, véi cac do do phé bién BLEU-1, BLEU-4, METEOR va CIDEr. Két qua dwoc trinh bay trong Bang 1 cho thiy
mé hinh dat hiéu suit kha cao va dn dinh trén ca ba tip dit liéu, trong d6 két qua trén tdp MS COCO la tét nhit
véi BLEU-1 dat 72.5, BLEU-4 dat 30.3, METEOR dat 27.5 va CIDEr dat 85.2. Trén tap Flickr30k, m6 hinh dat
BLEU-1 la 67.3, BLEU-4 la 27.9, METEOR la 26.2 va CIDEr l1a 70.3. Déi véi tip dir liéu tiéng Viét KTVIC, mé hinh
van cho thdy kha ning tong quat hda t6t véi cac két qua BLEU-1 1a 65.2, BLEU-4 1a 21.5, METEOR 1a 26.9 va
CIDEr la 58.5, mac du tap dir liéu nay c6 quy mo nho hon va mang tinh ban dia héa cao hon.

Sw khéc biét hiéu suit cia mo hinh SwinV2-Transformer Decoder trén ba tip dit liéu (Bang 1) phdn dnh 4nh
huwdng truc tiép ctia quy mé, chit lwgng chi thich, cling nhw tinh chit ngdn ngit va ngit canh trong tirng tip. Cu
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thé& mo hinh dat két qua cao nhit trén MSCOCO v&i BLEU-4 = 30.3 va CIDEr = 85.2, do tap dit liéu nay c6 quy md
16m (82.783 anh huin luyén va 5.000 anh kiém tra), chd thich dwgc chuin héa cao va thdng nhit vé phong cach
ngdn ngit, giip mé hinh hoc dwoc phin b6 ngit nghia ré rang va phan héi t6t hon véi cac biéu dat quen thudc.
Trén Flickr30k, hiéu suat tuy thap hon mot chat (BLEU-4 = 27.9, CIDEr = 70.3) nhwng van giit & mitc cao, nho
ndi dung dnh da dang va chu thich mang phong cich dién dat tw nhién hon, tir d6 d4anh gia dwoc kha ning mo
hinh thich nghi véi sw linh hoat ngén ngit trong thwc té. Trong khi d6, trén KTVIC tap dit liéu tiéng Viét cé quy
m6 nhé hon nhiéu (4.327 &nh) va tinh dia phwong hoa cao, hiéu suit cia mé hinh giam nhe (BLEU-4 = 21.5,
CIDEr = 58.5), chti yéu do han ché vé s6 lwong miu huin luyén, ciing nhw cic dic diém ngit phap, tir vieng va
biéu dat vin héa dic thu cla tiéng Viét. Du vy, mo hinh van duy tri hiéu suit &n dinh, cho thdy kha ning téng
quat hoa tét ctia kién tric SwinV2 két hop Transformer Decoder khi chuyén d6i gitta cdc mién ngdn ngit va thi
gidc khac nhau. Nhin chung, sw chénh 1éch hiéu sudt gitra cic tip 1a hop 1y vé mit thong ké va phan anh tac dong
cta dic diém ngdn ngit, chat lwong dir liéu va pham vi biéu dat. M6 hinh dé xuit khong chi cho thiy hiéu qua néi
bat trén cac tap chuin tiéng Anh ma con khing dinh tiém ning mé rong (rng dung sang cic ngdén ngit khac.

Bang 2 so sanh hiéu suit gitta mé hinh dé xuit va mot s6 phwong phap chu thich anh baseline va tién tién trén
tap MS COCO. Két qua cho thdy mé hinh cla ching t6i vwot troi hon so véi cdc phwong phap baseline nhw Show
and Tell [12], Show, Attend and Tell (Soft/Hard Attention) [13] ciling nhu cac phwong phap gan diy nhw En-De-
Cap [22] va Bi-LS-AttM [23]. Cu thé, mé hinh dat BLEU-4 1a 30.3, cao hon ding ké so v&i mic 25.2 cia Bi-LS-
AttM va 24.3 cia En-De-Cap. Dong thoi, diém METEOR dat 27.5 va CIDEr 1a 85.7, déu cao hon so v&i cac phwong
phép so sanh. Nhirng két qua nay khéng chi xdc nhin wu thé ciia mo hinh dé xuit, ma con cho thay hiéu qua thuc
sw cta viéc st dung Swin Transformer lam backbone trong bai todn chu thich anh. Viéc két hgp ciu tric
attention da cip ctia Swin véi Transformer Decoder gitip mé hinh hoc dwoc thong tin khéng gian ngit canh siu
hon, tr d6 sinh ra cac chii thich rd rang, chinh xac va giau ngit nghia hon cac phwong phap so sanh trong bang 2.

Bang 1. Hiéu sudt cia phwong phdp chu thich dnh dé xudt trén cdc tdp div liéu thuc nghiém

Tap dir liéu BLEU-1 | BLEU-4 | METEOR | CIDEr

KTVIC 65.2 21.5 26.9 58.5
FLICKr30k 67.3 27.9 26.2 70.3
MS COCO 72.5 30.3 27.5 85.2

Bang 2. So sdnh hidu sudt giita cdc phwong phdp chil thich dnh trén tdp div liéu MS COCO

Phuwong phap BLEU1 | BLEU4 | METEOR | CIDEr
Show and Tell (2015) [12] - 27.7 23.7 85.5
Show, attend and tell (Soft-ATT) (2015) [13] 70.7 24.3 239 -
Show, attend and tell (Hard-ATT) (2015) 71.8 25 23.0 -
[13]
En-De-Cap (2021) [22] 70.6 24.3 - -
Bi-LS-AttM (2023) [23] 68.8 25.2 21.5 41.2
bé xuit ctia ching toi 72.5 303 27.5 85.7

Trén tip Flickr30k, nhw trinh bay trong Bang 3, mé hinh dé xuit tiép tuc dat két quéa cao hon rd rét so véi cac
phuwong phép baseline va gan diy. Cu thé, md hinh dat BLEU-1 1a 67.3 va BLEU-4 14 27.9, trong khi cac phwong
phép nhw Soft-Attention va Hard-Attention chi dat BLEU-4 I4n lwot1a 19.1 va 19.9. Twong tw, diém METEOR cda
mé hinh ching téi 1a 26.2, cao hon dang ké so véi mirc dudi 20 chia cdc phwong phap so sanh. Dic biét, trén do
do CIDEr, mo hinh d& xuit dat 70.3, vot xa cdc phwong phap nhu Xception va Xception v&i importance factor
[35], vOn chi dat Ian lwot 14 14.8 va 15. Cac két qua ndy cling c6 nhan dinh ring viéc st dung Swin Transformer
giup khai thac thong tin khong gian trong dnh hiéu qua hon, tir d6 giip Transformer Decoder tao ra cac chu thich
chinh xac va ngir nghia hon ngay ca trong b6i canh tip dir liéu da dang nhw Flickr30k.
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Bang 3. So sdnh hidu sudt giita cdc phwong phdp chil thich dnh trén tdp div liéu Flickr30k

Phwong phap BLEU1 BLEU4 METEOR CIDEr
Show and Tell (2015) [12] 66.3 18.3 - -
Show, attend and tell (Soft-ATT) (2015) [13] 66.7 19.1 19.49 -
Show, attend and tell (Hard-ATT) (2015) [13] 66.9 19.9 18.46 -
Bi-LS-AttM (2023) [23] 64.5 20.2 18.6
Xception (2022) [35] 39.9 6.2 12.3 14.8
Xception + importance factor (2022) [35] 39.8 6.1 12.9 15.0
bé xuit clia chling t6i 67.3 27.9 26.2 70.3

Tir cac két qua thwe nghiém cho thidy mo hinh chi thich dnh stt dung Swin Transformer va Transformer Decoder
c6 kha nang sinh mo ta chinh xac, mach lac va gidu ngit nghia. M6 hinh khong chi dat hiéu suit cao trén cac tap
dir liéu tiéng Anh chuin ma con cho thiy kha ning thich &ng t6t vdi dir liéu tiéng Viét, minh ching cho tinh linh
hoat va tiém ning ¢ng dung thuc tién cia phwong phap dé xuit.

Bén canh viéc danh gia hiéu qua mo hinh trén cac tip dit liéu chuin, ching t6i cling tién hanh thr nghiém tich
hgp mo hinh vao ng dung di dong chay trén thiét bi Android nhdm kiém chirng kha ning ng dung thuc té
trong béi canh hd tro ngwdi khiém thi. ’ng dung dwoc trién khai va danh gia trén thiét bi Samsung Galaxy Note
9 véi hé dieu hanh Android 10, bd vi xtr Iy Exynos 9810 va 6GB RAM.

13:02 R
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Hinh 5. Minh hoa két qud tao chii thich dnh trén itng dung Android: (a) Chi thich dwgc sinh b&i mo hinh dé xudt hudn luyén trén
tdp div liéu MS COCO, va (b) chi thich sinh b&i mé hinh twong tw nhwng hudn luyén trén tdp dir liéu tiéng Viét KTVIC.

Hinh 5 minh hoa két qua sinh chd thich anh trén ¢ng dung Android trong hai cdu hinh khac nhau: (a) sir dung
mé hinh huén luyén trén tip dir liéu MS COCO va (b) st dung mé hinh huin luyén trén tip dir liéu tiéng Viét
KTVIC. Trong ca hai trwedng hop, mo hinh déu nhan dién dwoc ngit canh chinh 1a cic san phdm trwng bay trén ké
hang, song chu thich bang tiéng Viét trong (b) thé hién tinh khai quat va phu hop hon véi ngir cdnh str dung tai
Viét Nam. 'ng dung cho th4y kha ning hoat dong 6n dinh, v&i thoi gian sinh chi thich trung binh tir 3 dén 6
gidy, phu thudc vao chit lwgng két ndi Internet, cho thdy dé tré & mirc chdp nhan dwogc trong méi treong st
dung thuc té. Tuy nhién, trong mot sé trwdng hgp anh sang yé&u hodc hinh 4nh bi md, mé hinh van gip khé khan
trong viéc nhan dién chi tiét chinh x4c, din dén sai léch nhe trong mo ta. Du vay, két qua thir nghiém budc dau
da chirng minh tinh kha thi va hiéu qua &ng dung cia md hinh trong cac tinh hudng thuc té.

D& ning cao hiéu suit trong twong lai, mot s6 hwéng cai tién bao gdbm: (i) t6i wu mo hinh cho cdc nén tang hoc
may di dong dé cai thién tdc dd xir 1y, (ii) tinh chinh kién truc d€ gidm thoi gian phan hoi, va (iii) tich hop cac
phién ban mé hinh nhe nhdm gidm chi phi tinh to4n va ting kha ning trién khai trong méi trudrng tai nguyén han
ché.
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V. KET LUAN

Bai bdo nay di trinh bay mot phwong phép chd thich anh hiéu qua dwa trén kién tric encoder-decoder, trong do6
Swin Transformer duwgc st dung 1am bo ma héa dé trich xuit dic treng hinh anh, con Transformer Decoder dam
nhiém sinh mo6 ta ngén ngit. M6 hinh dwoc huin luyén va danh gia trén ba tip dir liéu MS COCO, Flickr30k va
KTVIC, cho két qua vuot troi so véi cic phwong phap chid thich dnh kinh dién va hién dai trén ca bén dd do
BLEU-1, BLEU-4, METEOR va CIDEr. Dic biét, hiéu suit cao trén tip dir liéu tiéng Viét KTVIC cho thiy kha ning
tdng quat hda tét cia mé hinh trong ngit canh ngdn ngi ban dia. Bén canh danh gid dinh lwgng, mo hinh con
duoc trién khai thuc t€ vao mot trng dung di dong Android nhim hé trg ngwdi khiém thi tiép can thong tin hinh
anh thong qua mo ta bang giong néi. Két qua thir nghiém trén thiét bi thuc cho thiy tng dung hoat déng 6n dinh
va cho phan hoi nhanh trong cac diéu kién st dung tiéu chudn, cho thiy tinh kha thi cao ctia giai phap trong béi
canh thyc tién. Trong twong lai, cic hwéng nghién cru mé bao gdm: t8i wu hdéa mo hinh cho nén tang di dong dé
cai thién téc dd xir ly, tich hop cdc md hinh nhe hon nhdm gidm thiéu chi phi tinh toan, va két hgp thém théng tin
ngit nghia (semantic knowledge) d€ ning cao chit lwong mo ta trong cic tinh huéng phirc tap hon.

VL. LO'I CAM ON

Nghién ctru nay dwoc tai tro béi Ngudn ngin sach khoa hoc va cong nghé Trwdong Pai hoc Sw pham Thanh phd
H6 Chi Minh trong dé tai NCKH ctia sinh vién ndm hoc 2024 - 2025.
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IMAGE CAPTIONING FOR THE VISUALLY IMPAIRED USING TRANSFORMER

Nguyen Thien Khiem, Do Duc Dat, Nguyen Ngoc Hoai Tri, Vo Van Thinh,
Van Thanh Thich, Nguyen Van Thinh

ABSTRACT— Visual impairment affects millions worldwide, posing significant challenges in accessing visual information.
With the rapid development of mobile devices, particularly the Android platform, image-to-audio description applications
are becoming increasingly popular. However, generating accurate, context-rich descriptions that are compatible with mobile
deployment remains a considerable challenge. This study proposes an image captioning model based on the encoder-
decoder architecture, in which the Swin Transformer is employed to extract hierarchical visual features and a Transformer
Decoder is used to generate textual descriptions. The model is trained on standard datasets such as MS COCO and Flickr30k
and fine-tuned on the Vietnamese-language KTVIC dataset to enhance its applicability in local contexts. Experimental results
show that the model performs well on standard evaluation metrics including BLEU, METEOR, and CIDEr. In addition to the
model, we developed an Android application that integrates image captioning and text-to-speech functionality, enabling real-
time spoken descriptions to assist visually impaired users in accessing image content. The application demonstrates stable
performance and responsive inference time under practical conditions. These results highlight the potential of the proposed
approach in improving visual information accessibility for the visually impaired community.
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Keywords: Automatic Image Captioning, Encoder-Decoder Model, Swin Transformer, Transformer Decoder, Applications
for Assisting the Visually Impaired

Nguyén Thién Khiém 1a sinh vién
nganh Cong nghé thong tin, truwong
Pai hoc Sw Pham Thanh phé H6 Chi
Minh. Hién dang quan tim vé cac
nghién ctru trong linh virc hoc may va
ng dung.

Nguyén Ngoc Hoai Tri 1a sinh vién
nam ba nganh Cong nghé théng tin,
treomg Pai hoc Sw pham Thanh phd

Van Thanh Thich la sinh vién nganh
Cong nghé thong tin thudc treong Pai
hoc Sw pham Thanh phd H6 Chi Minh.
Hién tai dang quan tdm dén cic nghién
ctru trong linh vyc Tri tué nhan tao va
trng dung

P6 Pirc Pat 13 sinh vién nganh Cong
nghé thong tin, trwong Pai hoc Sw
pham Thanh ph§ H6 Chi Minh. Hién

:{g H6 Chi Minh. Hién dang quan tim va dang quan tidm va theo dudi cac
- theo dudi cic nghién cttru trong linh nghién ctru trong linh vyc Tri tué nhan

viyc Hoc may.

V6 Van Thinh la sinh vién nganh
Cong nghé thong tin, trwong Pai hoc
Sw pham Thanh phé H6 Chi Minh.
Hién dang quan tdm va theo dudi cac
nghién ctru trong linh viec Hoc may.

tao va rng dung

Nguyén Vian Thinh nhan bing thac si
nganh Hé théng thong tin tai Trwong
Pai hoc Khoa hoc Ty nhién - Pai hoc
Qudc gia TP. H6 Chi Minh nam 2012.
Hién nay, 6ng la nghién ctu sinh
nganh Khoa hoc may tinh tai Hoc vién
Khoa hoc va Cong nghé - Vién Han lam
Khoa hoc va Cong nghé Viét Nam,
dong thoi 1a gidng vién tai Khoa Cong
nghé théng tin, Trwong Pai hoc Sw
pham TP. H6 Chi Minh. Nghién ctru cua
ong tap trung vao tri tué nhan tao va
cac wng dung, ddc biét la hoc sau da
phwong thitc va cdc mé hinh ngdn
ngl-thi gidc, hwéng dén cac bai todn
nhu truy vin thong tin, chd thich anh
tw dong va hdi-dap dwa trén hinh anh.



