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Tom v t: Bai bdo nay nghién civu tong quan vé cdc ky thudt dé sinh chii thich cho dnh nhuw
chu thich anh dva trén truy xudt thong tin, dwa trén khuon mau va ddc biét chii thich hoc dwa
trén ky thudt hoc sau da mang lai cuéc cach mang trong sinh chu thich cho anh. Ngoai cdp nhat
cdc nghién ciu mdi ra, bai bao con gioi thi¢u cac tdp dir liéu phuc vu hudn luyén va kiém thir hé
thong sinh chu thich, cac logi do do phé bién dé danh gia hiéu qua sinh chii thich cho anh. Phan
két lugn bai bdo dé xudt mét sé huwdng nghién civu vé linh viee chii thich anh ma cdc nha nghién
civu ¢6 thé di sau tim hiéu.

T khoa: Chu thich cho anh, truy xudat thong tin, khuon mau, hoc sdu, hudn luyén, kiém
thit, bo dir liéu, do do.

IMAGE CAPTIONING: A SURVEY OF METHODS, DATASETS, EVALUATION
METRICS

Abstract: This article studies an overview of techniques to generate captions for images
such as image captioning based on information retrieval, based on templates and especially
based on deep learning, which has brought a revolution in generating captions for photos. In
addition to updating the new studies, the study also introduces datasets for training and testing
the image captioning system, common metrics to evaluate the efficiency of images captioning.
The conclusion of the article proposes some research directions in the field of image captioning
that researchers can study further.

Keywords: image captioning, information retrieval, template, deep learning, test, datasets,
metrics

GIOI THIRU

“MOt blic tranh d ng gi hon ngan 100 n i” 1 mdt cdu ngan ngy trong nhiéu ngdn ngy, co
nghta 1 nhyng y twing phitc tap, ddi khi la nhiéu y twiing co thé dugc truyén tai bang mot hinh
anh ttnh duy nhét, truyén dat y nghta hohc ban chét clia n6 hiu qua hon 1a chi moé ta bang 10 néi.

Trong cudc séng chung ta bat ghp rat nhidu hinh &nh ty cic ngudn khac nhau nhw s ch,
b o, so d0, tai liéu, hinh anh da phuong tién, ... con nguoi co thé nhan dang va hi€u hinh anh d
mOt cach ti nhién dé dang hon rét nhiéu khi may tinh 1am cong viéc nhén dang d .

Chu thich &nh — IC (Image Captioning) 1a mot lfnh viic méi kit hop giya thi giac may tinh
— CV (Computer Vision) va xt 1y ngén ngy ti nhién (Natural Language Processing). Chu thich
anh 1a viéc mdy tinh t4 dOng tao ra cac cum ty hohc cau hop 1y vé mht ngdn ng¥ va trung théic vé
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mht ng¥§ nghfa mod t4 ndi dung clia mot hinh &nh cho tredc. Cha thich &nh Ia Ifnh viic dwgc cac
nha khoa hoc quan tAm nghién clru gan day va d dat duoc nhiéu kKt qua quan trong.

Bai bdo nay ching t6i nghién clru nhyng thanh tlu cla cac nha khoa hoc trén th gidi hién
nay vé ltnh viic Cha thich dnh dong thoi chi ra nhyng han ch¥ va thach thic hién tai va trong
twong lai.

NOI DUNG

1. C ¢ phuong ph p sinh chu thich &nh

C ¢ phwong ph p sinh chu thich dnh c¢6 thé dwgc chia thanh 3 loai nhw dwégi day:

1.1. Cha thich &nh dda trén truy xudt thong tin (retrieval-based method)

Mot loai phuong ph p chi thich hinh dnh ph6 bin ban dau la dda trén truy xudt. Dua ra
moOt hinh anh truy vén, ¢ ¢ phuong thirc dia trén truy xudt sk tao chu thich bang cach truy xuét
mdt hohc mot tap hop cac cau ty nh- m cau duogc chi dinh trwde. Chu thich dwgc tao c6 thé 1a mot
cau d ton tai hohc moét cau duoc tao ty nhyng cau d truy xuat.

Trong nghién ctu [1], Farhadi thikt 1ap mo6t bd ba (d6i twong, hanh dong, ngy canh) tao
thanh khong gian lién kbt cac hinh anh va cau. Bva ra mot hinh anh truy vén, mé hinh anh xa no6
vao khong gian lién kKt bang cach gidi Trudng ngyu nhién Markov va st dung ph p do do trong tii
Lin dé x c dinh khoang cach ngy nghfa giya hinh anh nay va mai cau hién ¢ dwoc trinh phan tich
ct phap Curran phén tich ct phap. Cau gan nhét v&i hinh dnh truy van dugc 1dy lam cha thich.

Trong nghién clru [2], d€ tao chu thich cho mdt hinh &nh, trivdc tién tac gia st dung cac bo
md t& hinh &nh toan cuc dé truy xuat mot tdp hgp cac hinh &nh ty mot b0 swu tap cac blrc anh co
chu thich 1 quy mé web. Sau d , ho st dung ndi dung ngy nghfa cla cac hinh anh dugc truy xuét
dé thic hién x¥p hang lai va sl dung chu thich clia hinh &nh trén cting 1am mo ta clia truy van.

Trong nghién clru [3], tAc gid xem chu thich hinh &nh nhi mot nhiém vu xKp hang. Cac tac
gia st dung k¥ thuét phan tich st tvong quan chinh tdc ham nhan (Kernel Canonical Correlation
Analysis) d€ chibu cdc muc hinh dnh va van ban vao mét khong gian chung, noi ¢ ¢ h nh anh va
cha thich twong (ng clia ching ¢6 mo0i tuong quan toi da. Trong khong gian chung m&i, do
tirong ddng cosine giya hinh anh va cau dwoc tinh to n dé chon ¢ ¢ cau duoc xKp hang cao nhét
d ng vai tro mo ta hinh anh truy véan.

Trong [4], Gupta sl dung bd cong cu Stanford CoreNLP dé x( 1y cic cau trong bd dy liéu
anh - chi thich dé 1ay danh sach cac cum ty cho m3i hinh anh. D€ tao md ta cho mot hinh anh,
viéc truy xudt hinh anh trudc tién duoc thic hién dda trén ¢ ¢ tinh nang h nh anh toan cuc dé
truy xudt mot tdp hop cac hinh anh cho truy van. Sau d , mot mo h nh dugc huén luyén dé xac
dinh cac cum ty lién quan duoc st dung dé chon cac cum ty ty nhyng cum ty duoc lién kKt voi
hinh anh duoc truy xudt. Cudi cing, mot cdu mo ta dugce tao ra dda trén cac cum ty cé lién quan
d chon.

1.2. Cha thich anh dda trén khuén myu (template-based method)

Trong ¢ ¢ phwong ph p dda trén myu, cha thich hinh dnh dwoc tao thong qua mét quy
trinh bi rang budc vé mht ct phap va ng¥ nghfa. Théng thwong, dé st dung phwong ph p dia
trén myu, tride tién can phat hién mot tdp hop cac khai niém tric quan cu thé. Sau d , duoc kit
nGi thong qua cac myu cau hohc quy tac ng¥ phip ngon ngy¥ cu thé hohc thuét toan t6i vu h a td
hop dé soan cau.

Trong nghién ctru [5], Yang si dung b0 tl¥ (danh ty-ddng ty-canh-gidi ty) 1am myu cau. DEé
md ta mot anh, dau tién nhom tac giad s dung cac thuat to n do t m dé wéc lvong ¢ ¢ ddi twong
va cénh trong &nh. Sau d , st dung mdt m6 hinh ngén ngy dugc hudn luyén qua Gigaword
corpus3 dé x c¢ dinh dong ty, cAnh va gidi ty co thé dugc str dung dé soan cau. Vi xac sudt cla
tit ca cac phan tl dwoc tinh toan, bd ti¥ t6t nhét thu dwgc bang cach st dung suy ludn Mo hinh
Markov &n. Cudi ciing, mé ta hinh anh dwoc tao ra bang ¢ ch dién vao céu tric cau duoc cung
cép bii bo tir.
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Kulkarni si dung Trwdng ngyu nhién c6 diéu kién dé& x ¢ dinh ndi dung hinh anh sk dwoc
hién thi trong chi thich hinh anh [6], [7]. Theo d , ¢ ¢ n(t cla do thi tvong (ng vaéi ¢ ¢ doi
twong, thudc tinh doéi twong va mdi quan hé khong gian giya ¢ ¢ d6i twong. Noi dung hinh anh
can md ta dugc xac dinh bang cach thiic hién suy luan Trudng ngyu nhién ¢ diéu kién. Dau ra
clia suy luan dugc st dung dé tao mo ta da trén myu cu.

Li st dung cac mo hinh triic quan dé trich xudt thong tin ng¥ nghfa bao gdm ¢ ¢ doi twgng,
thulc tinh va cac m0i quan hé khong gian [8]. Sau d , ho x ¢ dinh m0t bd ba dinh dang ((adj1,
obj1), prep, (adj2, obj2)) d€é ma héa kit qua nhan dang. D€ tao md ta vGi bd ba, dy liéu n-gram
quy md web, c6 kha nang cung cép s lvgng tan suét cla cac chudi n-gram, dwgc sir dung dé
thlc hién 14a chon cum ty, thu thdp cdc cum ty Ung vién c6 thé tao nén bd ba. Sau d , hop nhat
cum ty duoc trién khai d€ st dung 18p tr nh ddng nham tim ra tp hop cum ty tuvong thich t6i wu
dé d ng vai tro mo ta hinh &nh truy vén.

Mitchell st dung céc thudt toan thi gidc m y tinh dé x( Iy mot hinh anh va thé hién hinh
anh nay bang cach st dung bd ba (d6i tvong, hanh déng, mdi quan hé khong gian) [9]. Sau d |
ho xay diing mo ta hinh anh nhu mt qua trinh tao cay dda trén kKt qud nhén dang hinh &nh.
Thong qua cum danh ty d6i tvong va sép xbp thir ti, tic gid x ¢ dinh ndi dung hinh &nh cin miéu
td. Sau d , cdy con duoc tao cho danh ty doi twong, dugc st dung thém dé tao cay day du. Cudi
cung, mdt mo6 hinh ngdén ng¥ b t qu i duoc sl dung dé chon mot chudi ty ¢ ¢ cay day du duoc
tao lam mo ta cla hinh anh.

Ushiku trinh bay m0t phwong ph p goi la khong gian con chung cho mé h nh va tinh tvong
t4 dé hoc cac bd phan loai cum ty triic tifp cho cac hinh anh chu thich [10]. Cu thé, cac tac gid
trich xudt cac ty lién tuc ty cha thich huan luyén duéi dang cum ty. Sau d , ho anh xa ¢ ¢ dhe
di€ém hinh &nh va dhc diém cum ty vao cung moOt khong gian con, trong d phan loai da trén mo
hinh va dda trén s4 tong dong dwgc tich hgp dé tim hiéu bd phan loai cho tyng cum ty. Trong
giai doan suy luan, cac cum ty wdc tinh ty mot hinh &nh truy van duoc kit ndi bang cach st dung
tim ki¥m chum nhiéu ngan dé tao mo ta.

Chu thich hinh &nh dda trén myu c6 thé tao ra ¢ ¢ cau ding vé mht ct phap va cac mo ta
thuong phu hop hon véi ndi dung hinh anh so véi cac mo ta dla trén truy xudt. Tuy nhién, do
viéc tao mo ta dla trén myu v6i s6 luong mo hinh ¢ sun thudng nhd, nén han ch¥ pham vi bao
ph0, tinh sang tao va dd phlic tap cla ¢ ¢ cau dugc tao ra. Hon nya, so v&i cha thich do con
ngUrdi vikt, viée st dung cac myu cling nhéc 1am céu trac chinh cda cau sk khikn cac mo ta dwoc
tao ra kém t4 nhién hon.

1.3. Cha thich dnh dda trén ky thuat hoc sau (Deep neural network based image
captioning)

Nhom chu thich anh dda trén k¥ thudt hoc sdu dugc phan chia lam hai nhém chinh: Ma hoa
tric quan (visual encoding) va M6 hinh ngdén ngy (Language Model) (xem hinh 1). Nhyng
nghién cu d cai thién d ng ké hiéu nang mé h nh: ty ¢ ¢ dé xudt dla trén hoc sau dau tién ap
dung mang no ron hoi quy (RNN - Recurrent Neural Network) cho d4n nhyng dot pha cla mo
h nh transfomer va phuong ph p tikp cén tda BERT (Bidirectional Encoder Representations
from Transformers) v&i co chi “td chi y”. Bong thoi, d gidi dwgce quykt thach thire trong viée
xdy ding céc giao thirc va chi s0 d nh gi ph hop dé so sanh kKt qua v6i cac chi thich do con
nguoi tao ra.
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Cha thich anh dwa trén ky thuat hoc sau (Deep neural network based
image captioning

Ma héa trirc quan (visual encoding) M6 hinh ngén ngir (language model)
- Pic trung mang CNN toan cuc - MO hinh dua trén mang
(Global CNN Features) RNN/LSTM
- Ludi dic trung mang CNN - M6 hinh ngén nglt tich chép
(Grid of CNN Features) (Convolutional Language Models)
- Cac vung truc quan (Visual - M6 hinh dwa trén kién tric
Regions) Transformer (Transformer-based
- Mi hoa dya trén d6 thi (Graph- Architectures)
based Encoding) -

Hinh 1. Cac phuwong phap mo ta anh dya trén hoc sdu

1.3.1. Ma hoa truc quan (Visual encoding)

1.3.1.1. Bhc trung mang CNN (Convolutional Neural Network) toan cuc (Global CNN
Features)

Vi st ra doi clla CNN, cac mo hinh st dung dau vao tréic quan d dugc cai thién vé mht
hiéu suét. Buéc ma hoa tric quan cla chu thich hinh anh cling khéng ngoai 1€. Trong cong thirc
don gian nhat, viéc st dung mét trong nhyng 10p cudi cting clia CNN dé trich xut cac biéu dién
cép cao, sau d duwgc sir dung lam dau vao cho mé hinh ngdén ngy. Bay la ¢ ch tikp can duoc st
dung trong bai b o “Show and Tell” [12], trong d dau ra clla GoogleNet dugc dwa vao trang
thai an ban dau clla md hinh ngdn ngy. Karpathy d st dung ¢ ¢ tinh nang toan cau dwgc trich
xudt ty AlexNet lam dau vao cho mdt mo hinh ngdén ngy. Mao va Donahue thém ¢ c tinh nang
toan cau dugc trich xuét ty mang VGG (Visual Geometry Group) tai m3i bu@c thoi gian clla mo
hinh ngoén ngy.

Cac dhc trung mang CNN toan cuc sau d d dugc st dung trong rat nhiéu moé hinh chu
thich hinh anh. B ng chu y, Rennie [13] d gi¢i thiéu mo6 hinh SC (Self-Criticle), trong @ h nh
anh dugc ma hoa bang ResNet-101, giy nguyén kich thuwdc ban dau clia ching. Céc cach tikp can
khac [14], [15] tich hop cac thudc tinh hohc the cép cao, dugc bifu dién dudi dang phan phdi xac
sudt trén cac ty phd bikn nhat cla chi thich huén luyén.

Uu diém chinh cla viéc st dung cac dhc trung mang CNN toan ciu ndm 1 tinh don gian va
nhd gon cla biéu dién, bao gdm kha nang trich xudt va cd dong thong tin ty toan bd dau vao va
xem xét boi cdnh tOng thé clia hinh dnh. Tuy nhién, mo h nh nay cling dyn d¥n viéc nén thong tin
qua mUrc va thiku do chi tikt, khihn mo hinh kho tao ra mo ta chi tikt.

1.3.1.2. Lwéi dhe trvng mang CNN (Grid of CNN Features)

Do cac han ch} clia bi€u dién toan cuc, hiu hlt cac cach tibp can sau day d lam ting mirc do
chi tit clla ma hoa hinh &nh. Dai va cOng st [16] d si dung cac ban do kich hoat 2D thay cho cac
vecto dhc trung toan cau 1D dé dua tric tifp cdu trac khong gian vao mo hinh ngdn ng¥. Cam
hirng ty m6 hinh dich m y, co chi chd y duoc str dung cung cép cho mo hinh khAnangm h ac ¢
dhc diém hinh &nh thay doi theo thoi gian, cho phép tinh linh hoat cao va do chi tikt t6t hon.

1.3.1.3. Céc vung tric quan (Visual Regions)

Tric giac st dung st ni bt bat ngudn ty khoa hoc than kinh, diéu nay goi y rang bd nio
clia chung ta tich hgp qua trinh 18p luén ty trén xubng v&i lubng tin hiéu hinh anh ty dudi 1én. LY
trinh ty trén xubng bao gbdm di do n dau vao giac quan sdp toi bang cach tan dung kikn thirc va
khuynh huéng quy nap clia chung ta, trong khi 10 trinh ty dwdi Ién cung cép céc kich thich thi
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gi ¢ diéu chinh cac di do ntrwéc d . SU cha y b0 sung c6 thé duwgc coi 1a mot hé thOng ty trén
xubng. Trong co ch¥ nay, mo hinh ngdn ngy dd do n ty tibp theo trong khi tham gia vao luéi
tinh nang, ¢ dang hinh hoc khéng phu thudc vao ndi dung hinh anh.

Theo cach tikp cén nay, mang Faster R-CNN [17] duoc st dung dé phat hién ¢ ¢ déi
twong, thu dwge mot vecto dhc trung gdp cho tyng vung. Mot trong nhyng yKu t0 chinh cla
phuong ph p nay ndm trong chibn luvgc huén luyén trede clia n , trong d mot bd ha tro tinh
toan mat mat dwgc thém vao dé hoc cach di do n ¢ ¢ 16p thude tinh cung voi cac 16p doi twong
trén b0 dy liéu Visual Genome. Diéu nay cho phép mo hinh dd do n mot tap hop phat hién day
dhc va phong phu, bao gdbm ca dbi twong ndi bat va vang theo ng¥ canh, déng thoi hd trg viée
hoc cac biéu dién tinh ning t6t hon.

1.3.1.4. Ma héa dda trén do thi (Graph-based Encoding)

Dé cai thién hon nya viéc ma hoa cic ving hinh dnh va mdi quan hé cla ching, mot s6
nghién cltu xem xét st dung ¢ ¢ do thi duoc tao trén cac ving hinh anh dé lam phong pha thém
bifu dién bang cach bao gbm cac kKt ndi ng¥ nghfa va khdng gian.

N3 lic dau tién theo nghfa nay la cla Yao [18], tilp theo 1a Guo [19], ngudi d dé xudt st
dung mang tich chap do thi (GCN) dé tich hop ca mdi quan hé ng¥ nghfa va khdng gian giya ¢ ¢ ddi
twong. Biéu d6 mbi quan hé ng¥ nghfa thu duoc bang cach ap dung mot trinh phan loai dugc huén
luyén trudc trén Visual Genome dé dti doan mot hanh dong hohc tuong t ¢ giya cac chp d6i twong.

Tép trung vao viéc mo hinh héa cac mbi quan hé ngy nghfa, Yang [20] d dé xudt tich hgp
cac tién dé ngy nghfa d hoc duoc ty vin ban trong ma hoa hinh anh bang cach khai thac biéu
dién dua trén do thi cla ca hinh anh va cau. Biéu dién duoc st dung 1 biéu dd canh, ttrc 1a do thi
¢ hudng kbt n6i ¢ ¢ d6i twong, thudc tinh va quan hé cla chung. Shi [21] biéu dién hinh anh
dwdi dang do thi quan hé ngy nghfa nhung dé xudt huén luyén mé-dun chiu trach nhiém dd do n
cac nut vi ngy tric tikp trén chu thich théc thay vi trén b0 dy liéu bén ngoai.

M h a d6 thi mang d¥n co chl tan dung m6i quan hé giya ¢ ¢ doi twong duoc phat hién,
cho ph p trao ddi thong tin trong cac nit lién ké va do d theo cach cuc bd. Hon nya, n6 cho phép
tich hgp thong tin ngy nghfa bén ngoai. Mht khac, viéc xay diing cau tric do thi theo cach thl cong
c6 thé han chf st tvong t ¢ giya ¢ ¢ dhc trung tric quan. Day la noi ti cha ¥ to ra thanh céng hon
bang cach kKt nbi tat c& cac yKu t6 vOi nhau trong mot biéu dién do thi hoan chinh.

1.3.2. M6 hinh ngon ngir (Language Model)

1.3.2.1. M6 hinh d4a trén mang RNN/LSTM (Recurrent Neural Network / Long Short-
Term Memory)

Vi ngdn ngy c6 cdu trac tudn td, RNN phu hgp dé tao ra cac cAu. LSTM 1a mot bifn thé
khéc phuc mt s6 han ch¥ clia RNN, v6i co chf chu y b6 sung, dwoc st dung ph6 bikn trong mod
hinh héa ngén ngy.

DE nbi cac ty vao cac viung hinh anh, Lu [22] d Kkt hop mOt mang trd gilp diéu chinh co
chf cht y dda trén ndi dung. Bhc biét, trong qua trinh tao cau, mang d4 do nc c vi tri trong cha
thich, sau d ¢ c vi tri nay sk dugc 18p day béng cac 16p ving hinh anh. B&i voi nhyng ty khong
triic quan, mot “linh canh triic quan” (visual sentinel) dwoc st dung lam nén tang gid.

Ke [23] d gi6¢i thiéu hai mo-Gun phan xa: mo-dun thi nhét tinh toan méc do lién quan
giVa c4c trang thai an ty tat ca cac ty dwgc di do ntrong qu khit va ty hién tai. Mo-dun thi hai
cai thién cu trac ct phap clia cdu bang ¢ ch hudng dyn qua trinh tao cau bang thong tin vi tri
chung cla ty.

Huang [24] d dé xudt mOt co chl thoi gian cha y thich (ng, trong d bd gidi ma c6 thé
thiic hién mot s6 bude cha ¥ tuy y cho mai ty dugc tao, dugc x ¢ dinh bili m0t mang tin cdy trén
LSTM 16p thit hai.

MOt s6 nghién ctu kh ¢ d st dung td cha y thay cho cha y cOng thém trong cdc md hinh
ngon ngy dia trén LSTM, LSTM tang cudng bang “chd y trén chi y”, tinh to n mot budce cha y
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khac trén s4 chu y tréic quan, tdng cvdng khd nang t4 cha y voi ¢ ¢ twong t ¢ thi hai va cai thién
ca ma hoa hinh &nh va mé hinh ngdén ngy.

1.3.2.2. M6 hinh ngén ngy tich chdp (Convolutional Language Models)

M6 hinh ngon ng¥ tich chdp dwgc dé xudt bini Aneja [25], st dung mot vecto dhc trung
hinh anh toan cau dugc kit hop véi cac ty nhing va dugc cung cap cho CNN, hoat dong trén tat
cé cac ty song song trong qu tr nh dao tao va suy luan tuan td. Convolutions dugc che bén phai
dé ngan mo h nh s dung thong tin clia cac ty trong twong lai. Mhc du c6 101 thY rd rang cla huén
luyén song song, viéc sl dung toan t( tich chap trong cdc mo hinh ngoén ngy d khoéng trit nén
pho bifn do hiéu suét kém va st ra doi cla kiKn tric Transformer.

1.3.2.3. M6 hinh dda trén kifn trac Transformer (Transformer-based Architectures)

MO h nh chi y day da (fully-attentive paradigm) dugc dé xuét biti Vaswani va cOng st
[26] d thay ddi hoan toan quan diém vé mo hinh ngdn ngy. Ngay sau d , mo6 h nh Transformer
d trit thanh nén tdng cla nhyng bwdc dot pha khac trong NLP, chyng han nhv BERT [27] va
GPT [28], va kilin tric tiéu chudn cho nhiéu tac vu “hi€u ngdén ngy”. V chi thich h nh anh c6 thé
duwgce xem la moOt van dé theo trinh td, nén kikn trdc Transformer cling d dwoc st dung cho
nhiém vu nay. B0 gidi m Transformer ban daud dugc st dung trong mot s6 mé hinh chu thich
hinh 4nh ma khong can stra doi kikn tric d ng ké. Bén canh d , mot sO bikn thé d duoc dé xuat
dé cdi thién viéc tao ngdn ngy vam h a tinh nang tréic quan.

Li [29] dé xuét co ch tao cOng cho toan tlr chl y ch 0, diéu khién ludng thong tin hinh dnh
va ng¥ nghfa bang cach kt hop va diéu chinh cac bifu dién ving hinh &nh v&i cac thudc tinh
ng¥ nghfa d¥n ty mot trinh gén the bén ngoai. Ji [30] tich hop mot co chl kiém tra ng¥ canh dé
diéu chinh anh huiing clia biéu dién hinh &nh toan cuc d6i v&i mai ty dugc tao, duge mo hinh
hoa thong qua s chi y clia nhiéu dau attention (MultiHead). Cornia [31] dé xudt tinh d¥n tit ca
cac 10p ma hoa thay vi chi thic hién cha ¥ chéo trén 16p cudi ¢ ng. DE dat dwgc muc tiéu nay, ho
d ph t minhrabd gidi ma dang ludi, chira toan tl dang lu¢i diéu chinh phand ng g p.

H. Pavin (2023) [32] Thikt k§ mang sinh dda trén transformer nhv mdt hudng murc ty
(word-level) d€ sinh ra ty tifp theo dla trén trang thai hién tai. Sau d hudn luyén khong gian
ngam dé hoc cach sap xKp chu thich va &nh vao cuing mdt khong gian nhing, rut ra m6i quan hé
giya &nh va cha thich. Cu0i cung thikt k§ mang 14da chon nhv Ia 1 hwéng mic cau (sentence-
level) dé d nh gi ty tikp theo bang ¢ ch g n diém thich hop cho phén chu thich thong qua khong
gian nhiing. Nhom nghién clru b0 sung thém ba thanh phan Self-Eliminator Module (SEM),
Mask Attention Weight (MAW), Multiple Attention Distribution (MAD) dé tang hiéu qua mo
hinh. Nhém nghién clru thir nghiém trén hai b0 dy liéu chuan 13 Microsoft COCO va Flickr30K.

2. Tép dy liéu va phuvong ph p d nh gi

2.1. Tap dy liéu

DY liéu 12 nén tang cla tri tué nhan tao. Con nguwdi ngay cang phat hién ra rang c6 thé tim
thdy nhiéu dinh luat kho tim ty mot lugng 16n dy liéu. Trong tac vu tao chi thich hinh &nh, can
str dung cac bd dy liéu dé chay th(r nghiém. Nhom nghién cltu c6 thé sl dung mdt hohc hai b dé
th(r nghiém va d nh gi mo hinh clla minh. M6t s0 bd d¥ liéu phd bifn hién nay: MSCOCO,
Flickr8k, Flickr30k, PASCAL 1K, Al Challenger Dataset va STAIR Captions.

Badng 1. Mét s6 tdp dit liéu chii thich anh

Dataset Train Valid Test
MSCOCO 82783 40504 40775
Filckr8k 6000 1000 1000
Filckr30k 32783 1000 100
PASCAL 1K 1000
AIC 210000 30000 30000
STAIR 82783 40504 40775
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Trong cac bd dy liéu trén thi hai bd dwgc st dung nhiéu hon cé la:

Flickr30k: bao gbm 31783 &nh ty Flickr bao phu rdng ¢ ¢ hanh ddng cla con ngudi, mai
anh c6 5 chi thich. B6 dy liéu Flickr30k do cOng dong cic nha nghién clru vé thi giac may tinh
xdy diing va phat trién.

MS-COCO: tap dy liéu nay phirc tap hon do chira nhiéu doi twgng, nhiéu nén va m6i quan
hé da dang. No chira 82783, trong d 40504 anh cho huén luyén va xac thic, 40775 anh cho th(
nghiém. B dy liéu MS-COCO do nhém nghién ctru thube tdp doan Microsoft tao ra va chia s¢€
v(i cng dong nghién clru.

2.2. Phuong ph p d nh gi

Trén thic th, cach tric quan nhat dé x ¢ dinh mrc d0 mot cau duoc tao ra mo ta ndi dung
cla hinh anh t6t nhu th§ nao 1a dda vao ph n do n tric tikp cla con ngwdi. Tuy nhién, v d nh
gia clia con ngudi doi hdi mot lvgng 16n nd 1tc khong thé tai st dung, nén rat kh  dé min rong
quy mo. Hon nya, d nh gi cla con nguoi von mang tinh chl quan khin n6 c¢6 st khac nhau clia
ngudi d ng kh cnhau. Dod , ¢ ¢ chisd, phwong ph pd nhgi duoc dwa ra nham ti dong d nh
gia kKt qud tao cAu mo ta clia cac mo hinh.

Khi d nh gi k¥t qud tao cau, BLEU (BiLingual Evaluation Understudy), METEOR
(Metric for Evaluation of Translation with Explicit Ordering), ROUGE (Recall-Oriented
Understudy for Gisting Evaluation) va CIDer (Consensus-based Image Description Evaluation)
thuong duoc st dung lam chi s6 d nh gi . BGi v&i ndam chi bao, BLEU va METEOR danh cho
ban dich may, ROUGE danh cho tom tat ti dong va CIDEr danh cho chu thich hinh dnh. Chiing
do tinh nhét quan cla n-gram giya ¢ ¢ cau dugc tao, diéu nay bi anh huiing bii tdm quan trong
va do him cla n-gram. Dong thoi, cA bon chi s6 ndy déu co6 thé duoc tinh toan triic tikp bang
cong cu d nh gi MSCOCO. (B6 cong cu d nh gi MSCOCO la COCO Evaluation ToolkKit.
Coéng cu nay cung cdp cac phwong ph p dé danh gia chét lvong clia cdc md hinh mé td anh dda
trén ¢ c¢ tiéu chi nhv BLEU, METEOR, ROUGE, va CIDEr. COCO Evaluation Toolkit gitp
cung cdp mOt cach tiéu chudn dé do ludng hiéu suét clia cac mo hinh mo td anh, lam cho qua
trnhsos nhvad nhgi kKt qua trit nén cong bang va ddng nhét trong cdng ddng nghién clru.)

BLEU [33] 1a st dung cac cum ty ¢ dd dai thay d6i clia mOt cau (ng vién dé khép voi céac
cau tham chibu dé do lwong mic do gan gli cla ching. N6i cach khéc, s liéu BLEU dugc xéac
dinh bang cach so sanh mot cau Ung vién v&i cac ciu tham chiku tinh bang n-gam. Diém s
unigram (BLEU-1) thé hién m(c d6 phu hop, trong khi diém s6 n-gram cao hon thé hién mic do
lvu lo t cla cau.

METEOR [34] la thwéc do d nh gi béan dich may t4 dong. TruGc tién, nd thic hién khép
unigram tOng quat giVa cau (rng clr vién va cau tham chiku, sau d tinh diém dda trén kit qua
kh&p. Viéc tinh to n lién quan din do chinh xac, thu hdi va sap xKp cac ty phu hop. Truong hop
c6 nhiéu cau ddi chibu th diém cao nhét trong s6 ¢ ¢ cau dugc tinh doc 1ap dwoc 14y 1am kit qua
d nh gi cudi cung. Viéc gi6i thiéu chi s nay la dé gidi quykt diém yBu cla chi s6 BLEU, chi
duoc tao ra dda trén d6 chinh xac cla n-gram phu hop.

ROUGE [35] la vilit tit cla Recall-Oriented Understudy for Gisting Evaluation, dugc s
dung dé ti dong x c dinh chét lvong clia moOt ban tom tat van ban bang cach so sanh nd v6i cac
béan tém tét (ly tuiing) khac do con ngudi tao ra. Cac bién ph p dbm s6 lvong don vi nhu n-gram,
chudi ty va chp ty gi¥a ban tom tit do may tinh tao ra va ban tom tét ly tviing do con ngudi tao
ra. ROUGE gbm bén thuéc do ROUGE kh ¢ nhau: ROUGE-N, ROUGE-L, ROUGE-W va
ROUGE-S.

CIDer [36] 12 mOt mo hinh st dung st dong thuan dé d nh gi chét lvogng clia cha thich
hinh &nh. S6 liéu nay do lvdng mic do gibng nhau clia mdt cau do phuong ph p chd thich h nh
&nh tao ra vOi phan 16n ¢ ¢ cau do con nguoitao ra. N dat duoc diéu nay bang cach ma hoa tan
sudt clia n-gam trong cau Ung clr vién dé xudt hién trong cic cau tham chilju, trong d st dung
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trong s6 Tan sudt tai liéu nghich do tan s6 (Frequency Inverse Document Frequency) cho mai
n-gam. SO liéu nay dwoc thikt k§ dé d nh gi ¢ ¢ cau duoc tao theo cac khia canh vé ngy phép,
m(rc d0 ndi bat, tdm quan trong va dd chinh xac.

KXT LUAN

Chu thich anh la st kKt n6i cla hai lfnh vic thi giac may tinh (CV) va x& Iy ngdn ngy td
nhién (NLP), dang thu hit st quan tdm cla cac nha nghién cru. Chu thich &nh/video phéi gidi
quybt cac van dé cla cd hai Ifnh viic CV va NLP. Vi vdy, mhc d d dat dwgc nhiéu kbt qué quan
trong, né vyn la mOt van dé kha thach thirc. DOi v0i thi gidc may tinh, mang CNN d dem lai
thanh cong 16n nhw phan loai anh, phat hién ddi twong... Trong lfnh vic x& NLP, mo hinh
Transformer vGi co chf Attention d dem lai cac kbt qud SOTA (State-of-the-art) trong nhiéu
Itnh viic nhu chatbot, dich m y... Mhc du 4p dung cac tihn b0 cong nghé cla cd hai Ifnh vic,
Chu thich &nh vyn chua dat dugc cac kKt qua nhu mong mubn. Mot van dé gy cén tri rét 1on 1a
dy liéu. D€ co chét lvong nhan dang va cha thich anh cao thuong yéu cdu mot luong rat 1on dy
liéu dwoc cha thich, day 1a mot cong viée rat kh  khan va t6n kém. Khac véi NLP c6 thé dé dang
thu thap lwgng 16n dy liéu ty internet trong nhiéu Ifnh vic. Hon nya dy liéu file &nh thudng ¢
dung lvgng 16n, nén thuong khong dd tai nguyén dé huén luyén cidc mo hinh rdt 16n nhv GPT
trong NLP dwgc huén luyén trén hang TB (45TB) dy liéu van ban v6i 175 ty tham s0. Viéc khai
thac cac cong nghé SOTA nhat cla ca hai Ifnh viic nhv d néu trén, hohc giadi phap gidm dung
lvgng file &nh dé tang cwong dy liéu hudn luyén vyn 12 mot chl dé kha tiém nang cho sinh chu
thich &nh.

Ngoai ra, dy liéu anh bikn thién da dang hon réat nhiéu so v6i dy liéu tikng ndi hohc van
ban. Ngoai viéc gh p ¢ ¢ d6i trong, canh, mau sic, goc quay, tw thl..., chi mot ty “c i ghl”,
nhung ¢ rat nhiu ki€u gh¥ khac nhau trong thl gid¢i d6i twong anh. SO lvong ty ving trong
NLP la x ¢ dinh, nhung s6 lugng doi twgng trong thl gidi xung quanh gan nhu la v han. Do vay
viéc nhan dang dé chu thich cac doi twgng phong phu trong anh trong thl gidi thiic 1a rat kho
khan. Do d cén nhiéu nghién clru va thir nghiém hon nya dé sinh cha thich anh c6 thé 4p dung
duoc trong th gidi thiic m6t cach chan thic hon.

Mot s6 hwéng nghién clru cho cac nha khoa hoc 1a viéc khai thac cdc mo hinh cla cong
nghé hoc sau tién tikn hién nay, dhc biét 1a cong nghé CNN trong phan loai/ phat hién doi twong
va co chi Attention cho mé hinh ngén ng¥, ap dung cho Chu thich &nh véi ¢ ¢ ddi twvgng phong
phua 1a m6t hudng di thit thiic va nhiéu hra hen, khong chi du¢i goc do phurong ph p ludn ma
con cd trong cac Ung dung trong th¥ gidi thiic véi mudn van ¢ ¢ doi twvgng kham pha trong moi
treong xung quanh. Thém vao d , ching ta cling thdy rang, dé dat hiéu qua t6t hon, cin xem xét
cac van dé trong boi canh tong thé hon, ty d¥ liéu hudn luyén tdi kifn tric moé hinh. Kikn tric
transformer da nhiém v@i cac nhiém vu nhan dang va mo ta canh v6i ¢ ¢ doi twogng méi, cac
nhiém vu mé t& cac cau khac nhau trong mé ta doan hinh &nh, c6 1§ sk 1a mé hinh phu hop dé
xem xét va gan kKt ¢ ¢ lfnh viic SOTA clia CV va NLP v6i cac d¥ liéu dé dang thu thap dwoc ty
internet. Trong cac nghién cltu vé chu thich dnh, nfu xem x t ¢ ¢ dhc trung &nh ma khong tinh
d¥n ngy canh c6 thé dyn dn mo ta sai lam. Mht khac, trong cdc md hinh, mo ta con y§u vé x Iy
tho1i gian thic, d la huéng min cho cac nghién clru sau nay.
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