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TOM TAT

Suy giam thi lyc khién nguoi khiém thi gip nhiéu tré ngai trong viéc nhéan biét va tuong tac voi
moi trudng xung quanh. Nham hd tro khic phuc vin dé nay, nghién ciru dé xudt mot hé thng chu thich
anh ty dong hoat dong da nén tang. M6 hinh duogc thiét ké theo kién trac ma hoéa—giai ma, trong d6
DenseNet dam nhén vai tro trich xudt ddc trung hinh anh, con LSTM két hop v6i co ché chu y dé tao ra
mo ta ngdn ngit. Phuong phép duge huan luyén va danh gia trén hai bo dit liéu chuan MS COCO va
Flickr30K, vé6i cac d6 do phd bién nhu BLEU va METEOR. Két qua cho thay hé théng dat do chinh
xac cao hon nhidu phwong phap cong bb gan day. Ngoai ra, mot phién ban tmg dung chay trén Desktop
va thiét bi di dong cting dugc phat trién, cho phép sinh mé ta anh dudi dang 4m thanh, gop phan hd tro
ngudi khiém thi tiép can thong tin tryc quan.

Tir khéa: Chi thich anh tw dong, CNN, LSTM, co ché chu y, nguoi khiém thi.
1. GIOI THIEU

Suy giam hogc mét thi lyc do bénh 1y, tai nan hay tudi tac gay ra nhiéu tr& ngai cho ngudi khiém
thi trong sinh hoat hing ngay. Viéc khong thé quan sat truc tiép khién ho gip kho khan trong di chuyén
va giao tiép, dong thoi ¢6 xu hudng mong muon dugc ty 1ap thay vi phu thudc vao sy trg gitp. Trong
nhitng nim gin day, nhiéu nghién ctru da tap trung vao viéc nang cao kha nang tiép can thong tin cho
cong ddng ngudi khiém thi. Vi du, Binh Dién va cong sy [1] da gioi thidu mot sé cong cu hd tro nhu tir
dién n6i CLC MATA hay phan mém Happy Sun gitp luyén g6 phim va doc van ban. Cac giai phap nay
phan nao cai thién chat luong cudc song, song van thiéu nhiing cong cu cho phép nhan dién va twong
tac truc tiép voi moi truong thue té. Do d9, viéc nghién ctru va phat trién hé thong chu thich anh ty dong
duoc dit ra nhu mot nhu cau thiét yeu nham mang lai kha nang nhan biét canh vat cho nguoi khiém thi
mot cach doc 1ap va tu tin hon.

Chi thich anh 14 bai toan két hop giita nhan dang hinh anh va sinh vin ban mé ta twong tmg [2].
Muc tiéu cdt 16i ctia bai toan 1a tao ra cac chd thich ty nhién, ngin gon, dung ngit phap va phan anh
chinh x4c ngi dung hinh anh ciing nhu mdi quan hé giira cac ddi tuong. Pay 1a mot huéng nghién ciru
da nganh, gan két thi giac may tinh v6i xir Iy ngdn ngit tw nhién [3]. Nho dic tinh nay, cac phuong phép
chu thich anh da dugc Ung dung trong nhiéu linh vuc khac nhau, chéng han nhu hd trg chin doan y
khoa [4], nang cao kha ndng twong tac cia robot voi moéi truong [3], hay phuc vu nhan dién va giam sat
trong nong nghiép [5].

Cac phuong phap giai quyét bai toan cha thich anh c6 thé chia thanh hai nhom chinh: cach tiép
can truyén théng va cac phuong phap dya trén hoc sau [6]. Tir sau nam 2015, hudng tiép can dwa trén
mang no-ron hoc sau dan chiém wu thé nho kha nang | khic phuc nhiéu han ché ctia phuong phap truyén
thong [7-10]. Bac biét, cac mang CNN huén luyén sin nhu AlexNet, VGGNet, Inception, ResNet hay
DenseNet da chimg minh hi¢u qua trong viéc trich xut dic trung hinh anh cho nhiéu tac vu khac nhau.
MB&i kién tric c6 wu va nhuge diém riéng, song diém chung la khi mang du sau, dac trung thu dugc
thuong mang tinh khai quét va hitu ich hon. Tuy nhién, d¢ su quéa 16n c6 thé gay ra hién tuong triét
tiéu dao ham (vanishing gradient). DenseNet ra doi nhu mot giai phap khic phuc han che nay bang co
ché két ndi day dic, bao dam luong thong tin lién tuc gitra cac tang Song song do, su xudt hién cua co
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ché chu y da gitp bo giai ma tap trung vao nhimg ving quan trong trong anh, loai bo cac phan du thira
va nho vay cai thién chat lwugng mé ta [11].

Dua trén nhiing co s& da phan tich, nghién ctru nay dé xuit mot mo hinh chu thich anh tu dong,
trong d6 DenseNet dugc st dung d€ ma hoa dac trung hinh anh, két hgp véi mang LSTM c6 tich hop
co ché chu y ¢ giai doan giai ma nham cai thién d9 chinh xac cta cau mo ta.

Nhitng déng gop chinh ciia bai bao gom:
= Khai thac DenseNet dé rut trich hiéu qua cac dac trung da dang tir hinh anh;

= Xay dyng va huan luyén mang LSTM tich hop co ché chu y, gitp tap trung vao cac ving quan
trong trong qua trinh sinh cau chi thich;

= Phat trién mg dung da nén tang (may tinh va thiét bi di dong) hd tro nguoi khiém thi tiép can
ndi dung hinh anh théng qua 4m thanh theo thoi gian thuc.

B cuc bai bao dugc trinh bay nhu sau: Phan 2 thao ludn cac nghién ciru lién quan; Phan 3 mé ta
mo hinh dé xuat va kién truc Gng dung; Phan 4 thao luan qua trinh thyc nghiém va két qua dat duoc;
cuoi cung, két luan dugc dua ra 6 Phan 5.

2. CAC CONG TRINH LIEN QUAN

Trong nhiing ndm gan day, hudng nghién ctru chu thich anh dwa trén hoc séu voi c4u triic ma hoa —
giai ma da thu hut dugc nhiéu sy quan tim [3, 12]. Nhiéu mé hinh da duge dé xuét véi cac cach két hop
khac nhau giita mang no-ron tich chap va mang no-ron hdi quy. Mot s cong trinh tiéu biéu c¢6 thé ké dén
nhu: CNN trich xuét dic trung anh, sau d6 RNN chuyén déi dic trung nay thanh cau mé ta [13]; md hinh
str dung CNN trong vai tro bd méd hoa va LSTM cho giai doan giai ma [14-16]; phuong phéap dua trén
CNN, LSTM va Ontology dé sinh chii thich theo ving [9]; kién trac CNN két hop LSTM hai tang [17];
hay cach tiép can sir dung CNN két hop Transformer trong bai toan chin doan bénh cay trong [5].

Nam 2021, Nikhil Patwari va cong sy da gidi thiéu mot mo hinh dua trén CNN va LSTM, trong
d6 ddc trung hinh anh dugc rat trich bang Inception-v3 rdi dua vao GRU (phién ban rat gon ciia LSTM)
dé sinh chu thich v6i co ché cha y. Thir nghiém trén tap dit liéu MS COCO cho thdy mé hinh dat két
qua kha quan qua cac d6 do BLEU 1-4 [18]. Tuy nhién, nghién ciru nay méi dirng ¢ mic xay dung mo
hinh, chua c6 tng dung trién khai thuc té.

Cung thoi diém, Aditya Lumar Yadav va cong su dé xuat mo hinh két hop R-CNN dé phat hién
ving anh va LSTM dé tao chu thich cho timg ving [19]. Nam 2022, Smriti P. Manay ciing cac cong syt
phat trién hé thong dwa trén GRU va trién khai thanh ung dung Android hd tro nguoi khiém thi [20].
Mic du c6 tinh thyc tién, song viée sir dung tmg dung nay van doi hoi nhiéu thao tac bang lénh, gay bat
tién cho nguodi dung. Ciing trong nam d6, Hiba Ahsan va cong sy dua ra mo hinh chu thich anh da
phuong thirc, bo sung thong tin van ban xut hién trong anh vao qua trinh sinh cha thich [21]. M6 hinh
dugc thir nghiém trén tap VizWiz Captions, cho két qua kha thi nhung méi dimg & mirc mé hinh thir
nghiém, chua phat trién thanh ng dung hoan chinh.

Nam 2023, nghién ctru ctia nhém tac gia R. Kavitha tao chu thich hinh anh cho ngudi khiém thi
dua trén mang hoc sau [2]. Anh duoc chup thong qua camera, sau d6 s€ dugc nhan dang va phat sinh
chu thich bai mo hinh hoc sdu, tiép d6 tng dung s& chuyén chi thich dang van ban thanh am thanh va
tra vé cho nguoi st dung. Nghién cttu thyc nghiém trén bd dit liéu anh MS-COCO gém ¢6 anh va bo
chu thich dinh kém, trich xuat ddc trung anh bang EfficientNet-B3 lam dau vao dé huin luyén mang
RNN. Sau qua trinh huan luyén, mo hinh RNN dugc xay dung c6 thé dua ra cha thich cho mot anh dau
vao méi, ng dung st dung chu dudi dang am thanh. Cong trinh nay c6 han ché 13 mang RNN d& bj
mat mét thong tin khi cau chi thich qua dai.

Tdng quan cac nghién ciru trén cho thay chu thich anh bang hoc sau da dat dwoc nhiéu két qua dang
tin cay. Tuy nhién, phan 16n cong trinh méi dimg & mitc mé hinh hodc chi phét trién img dung di dong,
déng thoi nhiéu nghién ctru van sir dung bg dit liéu c6 quy mo han ché. Tir thyce té do, nghién ctru nay e
xuét mot md hinh chu thich anh theo khung méa hoa — giai ma, dong thoi phat trién ing dung da nén tang
v6i giao dién than thién va thao tac don gian, nhim hd trg nguoi khiém thi tiép can thong tin hinh anh qua
md ti bang 4m thanh theo thoi gian thyc.
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3. PHUONG PHAP DE XUAT

Phén nay trinh bay md hinh chu thich anh ty dong dugc xay dung dua trén DenseNet, LSTM va
co che chu y. Trén co s6 md hinh, mot kién triic ing dung da nén tang cling dugc dé xuat nham ho tro
ngudi khiém thi tiep can ndi dung hinh anh.

3.1. M6 hinh tao chu thich dnh tw dong

Bai toan duoc md ta nhu sau: ddu vao 1a mot anh I, dau ra 1a mot cau mo ta S. Cau S o thé xem
nhu mét chuoi tir {w}, trong d6 w, 1a tir sinh ra & budc thoi gian t. V6i tap huan luyén gom cic cip
anh—chu thich, mo6 hinh tham s6 8 dugc to6i vu bang cach cuc ti€u héa ham mat mat cross-entropy,
bieu dien & cong thuc (1).

N
L(O) == _log P(w, | I, W, W}, ... w,_;:0) (1)
=
Trong cong thuce (1), P la xac sudt cho biét kha nang sinh ra tir tiép theo w;, khi biét dic trung anh
va cac tu da sinh ra ¢ thoi diém trudce do.
_Trong bai bao nay, kién tric dé xudt tuan theo khung ma hoa - giai ma (encoder - decoder) (Hinh
1), gom ba thanh phan:
1. BO ma héa anh (Image Encoder): st dung DenseNet dé trich xudt ddc trung hinh anh.
2. Co ché chu y (Attention): tinh toan dong trong sb cho cac ving quan trong trong anh tai mdi
budc sinh tur.
3. B giai ma ngdn ngit (Language Decoder): LSTM két hop véi thong tin ngir canh dé phat
sinh chu thich.

Encoder Decoder

CNN (DenseNet) | —» Af:zg:";:" |3/ LSTM network >  Captions

\ 4

Input image

Hinh 1. Kién trac md hinh chu thich anh tu dong, trong d6 DenseNet duoc su dung nhu bd ma
hoa (encoder) dé rut trich dic trung tir anh; cac dic trung nay sau dé dwoc két hop véi co ché chu
¥ (attention module) va dua vao mang LSTM & giai doan giai mi (decoder) dé tao ra cau mo ta
(caption) cho anh déu vao.

3.1.1. B6 ma hoa hinh anh

Trong bai toan cha thich anh theo khung ma hoa - giai ma, viéc trich xuét ddc trung tir hinh anh
dong vai tro quan trong, vi dau ra cta né sé tré thanh dau vao cho mé hinh ngén ngit (decoder) nham
sinh cdu mo ta. DenseNet [1] 1a mot kién trac mang no-ron tich chap sau, 1an dau tién duoc gidi thiéu
boi Gao Huang va cong su vao nam 2017. Diém khéc biét cia DenseNet ndm & co ché két ndi day dic:
trong mot khdi Dense, mdi 16p khong chi nhan dir liéu tir 16p ngay trudc d6 ma con tir tt ca cac 16p
trude d6. Nho vay, mang hinh thanh mot ciu trac lién két day dic, trong d6 dau vao ciia mdi 16p 14 sy
téng hop cta toan bd dac trung da hoc dugc cho dén thoi diém hién tai.

DenseNet da chirng minh hi€u qua vugt trdi trong nhiéu tac vu cua thi giac may tinh, tr phan loai
hinh anh, nhan dang ddi twong cho t&i phan doan. Bén canh do, kién tric nay con han ché viéc tham s6
hoa du thira nho tai sir dung déc trung, chi hoc thém céac thong tin can thiét, dong thoi tang cuong kha
ning chdng hién tugng mat gradient trong qua trinh huén luyén. Xuét phat tir nhitng vu diém nay, nghién
ctru str dung DenseNet dé rit trich dic trung hinh anh 1am du vao cho mé hinh ngén ngir, véi muyc tiéu
cai thién d6 chinh xac cua cau chu thich.

Xét mot anh ddu vao I, ky hiéu x} 1a ban dd ddc trung dAu ra ting thtr [ cta anh I, qua mang
DenseNet, két qua x} nhu & cong thirc (2).

:Hl([x?,x},...,xj_l]) (2)
1

~ , 0 =17 27 A £ £ . , , 5 A 4
Trong cong thirc (2), [x P R | dé cap dén su két hop (concatenation) cua cac ban d6 dic
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trung (feature-maps) cua anh I dugc tao ra ¢ cac tang 0,1,...1 — 1, H, 1a ham téng hop bao gdm 3
hoat dong lién tiép: chuan hoa batch (Batch Normalization - BN), kich hoat phi tuyén ReLU va tich
chap 3x3 (Conv).

3.1.2. Co ché chii y

Co ché chu y dong vai tro xac dinh mirc d6 quan trong cta timg ving anh tai moi bude giai ma.
Thay vi coi tat ca cac ddc trung anh déu ngang nhau, mo hinh s& tw dong gan trong sd khac nhau cho
cac ving, nho vay tap trung nhidu hon vao nhing chi tiét lién quan nhét dén tir can sinh ra. T6 hop dic
trung duoc gan trong sd nay tao thanh mot biéu dién ngit canh dong (context vector), ky hiéu 1a &;, va
dugc cung cap lam dau vao cho bo giai mi ¢ bude t. Trong nghién ctru nay, chung t6i ap dung co ché
cha y do Xu va cong su [6] dé xuat, duogc trién khai theo cac budc sau:

— Tinh diém sb lién két (alignment score)

€= fatr (xv ht—]) 3)

Trong cong thirc (3), x; 1a dic trung cta ving anh thi i, va h,_; 14 trang thai 4n cta bo giai ma
tai thoi diém trude d6. Ham f;;; dugc tham s hdéa bang mot phép bien d6i tuyén tinh, nham wde lugng
murc d9 lién quan giita vung anh va tr can dy doan.

— Chuan hoa dé thu duoc trong sb chu y:

:L(et,l) ’Zat,i :1’ 0<at’i <1 (4)

Z eXp (ez,k ) !
k=1

t,i

Céc gia tri ay; thé hién xac suat phan bd chi ¥ trén toan bo cac ving anh.

— Tinh vecto ngit canh.

¢, = leat’i %)

Vecto ngit canh &; tong hop thong tin tir cac vung quan trong nhat, va s& duoc sir dung song song
v6i embedding tir va trang thai an trudc d6 trong qua trinh sinh chu thich bang LSTM.

3.1.3. B9 giai md ngon ngir

bé sinh ra chu thich tir chudi dic trung anh, nghién ctru nay str dung mang LSTM [24] thay cho
RNN truyen thdng [25]. LSTM duoc Iya chon vi ¢6 kha nang xir 1y cac quan hé phu thudc dai nho co
ché cong, qua d6 han ché hién tuong triét tiéu gradient thudng gap trong RNN.

Tai thoi diém t, diu vao ciia LSTM bao gém embedding tir hién tai x,, trang thai an cua budc
trude h;_q, cung vai vecto nglt canh ¢; thu dugce tir co ché cha y. Cac cong va bd nhé cua LSTM duoce
cap nhat theo cong thuec (6):

ip = §(Wyixe + Wyihe_q + Wi e + by)
fe = S(foxt + thht—l + ché\t + bf)
0r = §(WyoXe + Wiohey + Wyclt + by)
C~t = tanh(Wycxe + Wyche—y + Wee G + be)
C=fiOCy+iOC,
h’t = 0¢ @ tanh( Ct)

Trong cong thirc (6), § 1a ham sigmoid, O biéu dién phép nhan timg phan tir, con W va b 1a cac

tham so hoc dugc toi uu trong qua trinh huan luyén.

(6)

Sau khi cap nhat trang thai 4n h,, m6 hinh sinh tir tiép theo dua trén phan phdi xac suat p, trén tir
hién tai y, voi ham softmax nhu cong thirc (7).

Y, ~ p, = softmax(W,h,+b,) (7)

Qué trinh t6i wu dugc thuc hién béng thudt toan lan truyén nguoc theo thoi gian (Backpropagation
Through Time — BPTT) [26]. Trang thai an h, két hop véi ngit cdnh dnh va thong tin tir chudi trude d6
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gitip mo hinh tao ra chu thich nhat quén va phu hop vé mit ngit nghia.
3.2. Xay dung tng dung hd trg ngudi khiém thij chi thich anh

Duya trén mo hinh chu thich anh da dé xuat, nhom nghién ctru phét trién mot img dung da nén tang
nham hd trg ngudi khiém thi tiép can ndi dung hinh anh. Ung dung nay gdm hai phan chinh: (1) phién
ban Desktop cho phep nguoi dung nghe lai chu thich cta nhing hinh anh c6 san; (2) phién ban di dong
(mobile) cho phép chup anh tryc tiép bang camera va ngay 1ap tc phat noi dung moé ta, gitip nguoi
khiém thi nhan biét duoc khung canh xung quanh. Kién trac tong thé ctia img dung dugce minh hoa trong
Hinh 2, bao gdm ba thanh phan.

—  Client: 13 img dung phia nguoi ding, gdm 2 loai g dung trén nén tang Desktop va Mobile;

— Load Balancer: bd phén can béng tai, thuc hién diéu phéi va dinh tuyén yéu clu cia nguoi
dung (client) dén dung may chu (server) phu hop;

—  Server: gdm cac may chu thyc hién cac chtic nang twong tng, 1an lugt 13: application server
— thye hién cac chirc nang nghiép vu cua ung dung, trong d6, Google Translate API dugc sur
dung dé dich cau chu thich tir tiéng Anh sang tiéng Viét, text to speech ciia FPT Al dugc st
dung dé tao file am thanh tir cau chu thich; storage server — thuc hién luu trit hinh anh, cau
chu thich, cung véi file ghi &m cda cau chu thich; prediction server — sit dung mo6 hinh chu
thich anh d4 huén luyén ¢ phan trén dé du doan chu thich cho anh dau vao.

D P : Application Prediction : Image captioning
7| Server Server : model (LSTM)

Mobile || Lead L -
Balancer A - 5 Mo hinh
D i | Storage : chu thich anh
| Server : d4 huén luyén
Desktop
Client Server

Hinh 2. Kién trac tng dung hd trg ngudi khiém thi chii thich hinh anh

4. THUC NGHIEM VA KET QUA

Duya trén m6 hinh da trinh bay, phan ndy mo ta chi tiét qué trinh cai dt, dong thoi bao cdo két qua
dénh gia trén cac b dir liéu chuan. Ung dung da nén tang ho trg ngudi khiém thi cling dugc kiém ching
hiéu qua thong qua cac tinh huong thuc te.

4.1. Dir li¢u va thiét 13p thue nghiém
Qua khéo sat céc cong trinh gin day, c6 thé thy di lidu chu thich anh tiéng Vit chua pho bién.
Do d6, nghién ctru nay tien hanh huan luyén va danh gia trén hai bo dit liéu chuan la MS COCO [28]
va Flickr30K.
Khio st cac cong trinh trude day cho thiy ngudn dit ligu chi thich anh bang tiéng Viét con kha
han ché. Vi vay, nghién ctu nay tién hanh huan luyén va danh gid moé hinh trén hai b dir liéu phd bién
la MS COCO [28] va Flickr30K.
—  MS COCO: tap dir liéu nay chira 82.783 anh cho huin luyén va 40.504 anh cho kiém, mdi
anh ¢6 5 cau mo ta do con nguoi tao thu cong. Theo cach chia dir liéu cua Karpathy va Li
[28], bo nay dugc tach thanh 82.783 anh dung dé huan luyén, 5.000 anh cho xac thyc va 5.000
anh cho kiém thur. Sau budc tién xi 1y, tir dién con 10,010 tr (loai bd cac tir xuat hién dudi 5
lan), va chi€u dai toi da cua cau chu thich dat 1a 16.

—  Flickr30K: tap nay c6 31,783 éanh, mdi anh kém 5 cha thich. Dir liéu dwogc chia thanh 29,000
anh huan luyén, 1,000 anh kiém dinh va 1,000 anh kiém tra theo chuan cua [28].

Mb hinh duwoc trién khai bang Python 3.9 va PyTorch 2.0 cho qu trinh huan luyén, két hop voi
C#/.NET 6, Xamarin va Qt dé phat trién ung dung. H¢ thong chay trén Google Colab, str dung may chu
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ao Droppet lam backend. B ma hoa anh 1a DenseNet121 da huén luyén san trén ImageNet, trich Xuét
dac trung tir tang fc7 voi vector 1,024 chiéu. D6i véi mo hinh ngon ngir, LSTM co kich thude 4 an va
embedding déu bang 512, d¢ dai cau tdi da 1a 16. Huan luyén sir dung ham mat mét cross-entropy, toi
vu bang Adam [5] véi learning rate 0,0001, batch size 16.

4.2. Py do danh gia

Dé do ludong chat lrgng mo ta anh, nghién ctru nay ap dung cac d6 do ph(x)rbié'n gém BLEU [30],
METEOR ([31]. Cac chi s6 nay so sanh céu sinh ra v6i tap chu thich tham chi€u, phan anh d6 twong
dong ¢ nhicu mirc d¢ khac nhau. Piém s6 cao hon thé hién kha nang sinh chu thich chinh xac va tu
nhién hon.

4.3. Két qua thyc nghi¢m

Két qua trén tip MS COCO duoc thé hién & Bang 1, cho thiy phuong phép dé xuat dat BLEU-1
(B@1) dén BLEU-4 (B@4) lan luot 1a 72,1, 51,2, 37,5, 26,4 va diém METEOR (M) dat 24,1. Trén tap
Flickr30K, két qua trinh bay & Bang 2 véi BLEU-1 (B@1) dén BLEU-4 (B@4) lan luot 13 67,6, 47,8,
33,7, 24,3 va METEOR (M) dat 22,9.

Dé minh chimg cho hiéu qua ciia mé hinh, cac két qua nay duoc so sanh véi mot sé cong trinh
tiéu biéu trén cung bo dir liéu (Bang 3). Trong d6, nhom baseline gdm NIC, Hard-ATT, Soft-ATT va
mot phuong phép gan day 1a En-De-Cap-2021. C6 thé thay, phwong phap dé xuat dat két qua tot hon &
hau hét cac do do. Su vuot troi nay c¢6 dugc nho DenseNet trich xuét dic trung phong phu va co ché
chu y tinh toan dong gilp tap trung vao cac ving anh quan trong.

Ngoai ra, Hinh 4 minh hoa mot s6 két qua trén tap kiém tra, trong khi Hinh 5 va Hinh 6 thé hién
giao dién ng dung trén Desktop va thiét bi di dong. Céc vi du cho thdy cau chu thich phan anh chinh
xéac dbi tuong chinh va moi quan h¢ trong anh. Hé thong con tich hop Google Translate API dé dich
chu thich tir tiéng Anh sang tiéng Viét, mang lai tién ich tryc tiép cho nguoi khiém thi trong qua trinh
st dung.

Bang 1. Do chinh xac cta phuong phap dé xuét trén tap dit lisu MS COCO

S lwong anh | Huén luyén | Kiém dinh | Kiém tra B@! | B@2 | B@3 | B@4 M
82.783 72.783 5.000 5.000 72,1 51,2 37,5 264 | 24,1
Bdng 2. Do chinh xac cua phuong phap dé xuét trén tap dit liéu Flickr30K
S6 lwong anh | Huén luyén | Kiém dinh | S lugng anh | B@1 | B@2 | B@3 | B@4 M
31.783 29.000 1.000 1.000 67,6 | 478 33,7 | 243 22,9

Bing 3. So sanh do chinh xéac ciia phuong phéap d& xuit voi cac phuong phap trén tap dit lisu MS COCO

Phuong phép B@1 B@2 B@3 B@4 M
Show and tell (NIC)-2015 [1] 66,6 46,1 32,9 24,6 -
Show, attend and tell (Hard-ATT)-2015 [2] 71,8 50,4 35,7 25,0 23,0
Show, attend and tell (Soft-ATT)-2015 [2] 70,7 492 34,4 243 23,9
En-De-Cap-2021 [3] 70,6 41,1 36,7 243 -
D& xuit ctia bai béo 72,1 51,2 37,5 26,4 24,1
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Caption: a group of people standing around a tennis court
! Ground truth (GT) captions:

GT1: The people are posing for a group photo.

i GT 2: a large family poses for picture on tennis court

i GT 3: A group of young children standing next to each other.
GT 4: A group of people that are standing near a tennis net.

i GT 5: A group of kids posing for a picture on a tennis court.

Caption: a piece of chocolate cake on a plate

Ground truth (GT) captions:

! GTL: A piece of chocolate cake on a plate.

GT2: a yellow and white plate with a piece of chocolate cake
i GT3: a piece of a chocolate cake on a plate

! GT4: A piece of chocolate pie sitting on top of a plate.

GTS5: A slice of chocolate cake is on a small plate.

Caption: two giraffes standing next to a fence

Ground truth (GT) captions:

i GT1: Giraffes in their wood and grass zoo enclosure

{ GT2: A large giraffe looks at a smaller giraffe looking over a fence.
GT3: Two giraffe stand in an enclosure, on giraffe leans over the wall.
! GT4: Pair of giraffes exploring a large, airy zoo enclosure.

GT5: Two giraffes in a zoo enjoy a walk and a snack

Hinh 4. Mot s6 két qua minh hoa tir tdp anh kiém tra ctia phuong phap chu thich anh dé xuat

(’NG DUNG CHU THICH ANH TU BONG

m CHUP HiNH (G) B CHON FILE (F) 570 cHi THicK ()

Mét ngudi dan éng méc bd dé
mau den dang ludt séng

A man wearing a black suit is surfing

o) TIENG ANH ] [ o) TIENG ViET

Hinh 5. Giao dién va vi du vé két qua tao chu thich anh trén ng dung Desktop
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~

- oo 59031701
Ni dung sé xudt hién & day S Mét con ché vang chay trén dudng
i- - D)

Ayellow dog runs on the road

= D)

Hinh 6. Giao dién va két qua tao chu thich anh trén thiét bi di dong

5.KET LUAN

Nghién ciru nay tap trung xay dung mot mé hinh chi thich anh v6i muc tiéu hd trg ngudi khiém
thi nhan biét va hiéu dugc méi truong xung quanh. Phuong phép dugc dé xuat sir dung DenseNet dé riit
trich dic trung hinh anh, sau d6 két hop v6i mang LSTM c¢6 tich hop co ché cha y trong kién triic ma
hoéa—giai ma. M6 hinh duogc huan luyén va kiém chung trén hai b dir liéu chuan 1a MS COCO va
Flickr30K. Két qua thyc nghiém ching minh rang phuong phap mang lai murc cai thién dang ké vé do
chinh xac so véi cac md hinh tham chiéu va mot sé nghién ciru gan day.

Duya trén mo hinh nay, nhom nghién ciru ciing phat trién mot tmg dung da nén tang c6 kha ning
mo ta hinh anh theo thoi gian thyc tir camera hodc xtr 1y anh ¢6 sin. Ung dung cung cép giao dién than
thién, déng thoi hd trg chuyén ddi van ban thanh giong noi, tao diéu kién dé nguoi Kkhiém thi tiép nhan
thong tin dé dang hon. Tuy nhién, nghién ctru van tdn tai mot s6 han ché, dic biét 1a su phu thude vao
cong cu ciia bén thir ba, ciing v6i nhimng gidi han vé phan cimg khién tdc do xir Iy chura dat muc t6i wu.
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ABSTRACT

AUTOMATIC IMAGE CAPTIONING SYSTEM FOR VISUALLY IMPAIRED PEOPLE

Dinh Thi Man', Nguyen Van Thinh?, Tran Huu Quoc Thu?,
Nguyen Hai Yen'!, Nguyen Phuong Hac!, Tran Thi Van Anh!"”

'Ho Chi Minh City University of Industry and Trade
’Ho Chi Minh City University of Education
*Email: anhttv@huit.edu.vn

Visual impairment poses significant challenges for visually impaired individuals in recognising
and interacting with their surrounding environment. To address this issue, this study proposes a cross-
platform automatic image captioning system. The model follows an encoder—decoder architecture,
where DenseNet is used to extract visual features, while an LSTM network, combined with an attention
mechanism, generates natural language descriptions. The proposed method is trained and evaluated on
two benchmark datasets, MS COCO and Flickr30K, using widely adopted metrics such as BLEU and
METEOR. Experimental results demonstrate that the system achieves higher accuracy compared to
several recently published approaches. Furthermore, a practical application has been developed for both
desktop and mobile platforms, enabling the production of audio descriptions for images, thereby
enhancing accessibility to visual information for visually impaired users.

Keywords: Automatic Image Captioning, CNN, LSTM, attention mechanism, Visually Impaired.
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