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Tém tat - Trong béo céo nay, chidng ti nghién ctu phwong phap dé md ta hinh anh mét cach chinh xac nay. Chiing tdi xay dwng md hinh
dwa trén kién tric co bdn CNN-RNN va st dung co' ché chi y tap trung vao nhitng diém dang chd y cta hinh anh khi mé ta. Hon niva, chiing
tdi thay dwa vao két qua nghién clru, chiing tdi thay rang viéc dw doan dau ra clia mé hinh co ban 1& dwa theo giai thuat tham lam, diéu nay
c6 thé bd qua céc két qua tét vé 1au dai. Chinh vi vay ching tdi da st dung phwong phap tim kiém Beam search dé tim kiém cac két qua tot
nhét ctia md hinh.Sau khi d& xay duwng mé hinh, chdng t6i ap dung két qua dé xay dwng hé théng tng dung mé ta méi trwéng xung quanh
cho ngwoi khiém thi.

T khéa: Tri tué nhan tao; mang hoc sau; miéu ta tw dong; CNN-RNN; co ché chi y; Beam search; ngudi khiém thj.

Abstract - In this paper, we do a research on how to automaticly caption an image with high accuracy. We build the model based on CNN-
RNN architecture and apply Attention machenism in focusing what is highlighted in the image when generating caption. We also apply Beam
search instead of Greedy search to maximize the chance of generating the best caption. We apply the result of the research in building a
mobile apply to assist the blind in visualizing the world.
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1. it van dé dung &p dung md hinh minh xay dung véi mong mudn
gilp may tinh c6 thé hiéu va md ta lai ngi dung cua
Hién nay, khoa hoc cong ngh¢ cting nhu tritu¢ nhan  mast hyc anh, giup d& ngusi khiém thi co thé hinh
taoq dang phat trien voi toc do rat nhaph, nhiéu san dung duoc thé gisi xung quanh.Nhiing diém chd y
pham, tng dung da duogc dwa vao cudc soNg gilip Nang  trong nghién cau cua chang toi :
cao nang suat va chat lwong cudc song. Mét trong

nhiing vai trd cua trf tué nhan tao 1a gitp may tinh hiéu - <&y dung md hinh mo ta hinh anh co ban va
duoc thé gidi xung quanh nhu hinh, &m thanh, ... Gan nhén xét nhugc diém cua mo hinh. .
day, van dé chd thich cho hinh anh da néi 1én nhu mot - Dya t_ré_n’ mo }ﬁn\h co tién’ Sff dung co che chdy
véan dé nghién ciru ndi bat trong linh vuc tri tué. N6 co de cal tien mo hinh mo tahinhanh. )
thé mo ta duge méi truong 6 cau tric phic tap xung  ~  CNung t0i thuc hién tim kiem nhimg dau ra tot
quanh chi bang vai cau don gian nhu con ngudi. Hién nhat cua md hinh bang cach phuong phap beam

nay da co rat nhiéu nghién ciru tap trung vao linh vuc search.
nay, c6 rat nhiéu dot pha tuy nhién van con nhiéu diém
han ché. Trong pham vi nghién ciru nay, chiing t6i chi
ra mot sé diém han ché con ton tai & md hinh mé ta
hinh anh ty dong va dé xuat phuong phap giai quyét
ching. Hon nira chung t6i cling thyc hién mot (ng

Bai bao nay c6 bd cuc nhu sau. Phan 2 trinh bay
téng quan vé ly thuyét céc kién tric sir dung. Phan 3
trinh bay két qua va so sanh. Phan 4 trinh bay ban
luan. Phan 5 trinh bay két luan. Phan 6 trinh bay tung
dung Assisstant.
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2. Co sé ly thuyét

2.1. M0 té hinh dnh véi kién trac CNN-RNN
2.1.1 Kién tric CNN:

Kién trac CNN duogc st dung nhiéu trong cac bai
todn lién quan dén xir Ii anh va trich xuat dic trung
ctia mot buc anh. Trong du an nay kién tric CNN
dung dé trich xuit dic trung cuia mot birc anhtl, roi tir
dac trung do6 sinh ra mot cau bao ham noi dung cua
btrc anh.

2.1.2. Kién triic RNN:

Kién tric RNN thuong duoc st dung trong cac kiéu
dir lieu chudi, c6 thir ty nhu (Video, Cau, ...), nhitng
kiéu dir liéu nay khong thé sur dung kién tric CNN
dugc. Bén trong mang RNN cé vong lap gilp mang
c6 thé ghi nhé nhitng kién thire da hoc trudc khi tiép
thu kién thirc méi, giéng nhu viéc ching ta dua vao
nhitng canh da dién ra dé hiéu duoc canh hién thoi caa
mot doan video.
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Hinh 1. Kién tric ciia mang RNN.

Kién trac RNN duoc sir dung ¢ dy an nay véi chic
ning dy doan tir tiép theo ciia mot cau cho trudc va
l3p lai qué trinh d6 dé duoc mot cau hoan chinh. Mot
han ché cua mang RNN 1a sau khi ghi nhé mot doan
kién thuc qua dai, thong tin s& bi mat mat, trong tu
Vi viéc ban xem dén cudi doan phim thi khong thé
nhé doan dau phim c6 gi. Vi vay mang LSTM (Long
Short Term Memory networks) ra doi gip khac phuc
tinh trang lang quén di véi nhitng doan dir lidu dai.

2.1.3. M6 hinh két hop CNN-RNN:

Trong du &n ndy chdng tdi st dung kién trac
ResNet152 dugc huan luyén trudc trén bo anh noi
tiéng ImageNet. Kién tric ResNet152(kién tric
Residual neural network!?) cuing véi bo anh ImageNet
da dat duoc ti 16 161 3.57% va dat giai nhit tai ILSVRC
2015 classification task.
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Hinh 2. Kién tric Resnet152.

Qua kién tric CNN nay ching ta trich xuét duoc
ddc trung cta buc anh, day la dau vao cua kién tric
tiép theo, kién tric LSTM (Nang cip cia RNN).
Mang LSTM nhén diu vao 13 vector dic trung cua buc
anh va mot phan cau da hoan thién, tu hoan thién cau
bang cach sinh tiép tuc nhiing tir tiép theo cho dén khi
gap tir khoa két thuc. Ban dau mang LSTM s& nhan
vao vector dic trung anh va tir khéa bit dau.
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Hinh 3. M& hinh két hop kién triic CNN-RNN
2.2. Sir dung co ché Attention trong md td hinh danh

Vién dé cua kién trc mé ta hinh anh chi st dung su
két hop CNN-RNN d6 1a viéc nim bét b6 cuc cua hinh
anh dé sinh ra cac tir khdc nhau trong cau mo ta.
Nguyén nhan cua viéc nay d6 la mdi tir trong cau
thudng chi md ta mot phan noi dung caia birc anh trong



khi véi mo hinh cii viéc du doan moi tir cia I5p RNN
déu dya trén toan bo dic trung trich xuit duoc tir 16p
CNN. Y tuong caa ching toi 1a 4p dung co ché
Attention da dugc nghién ctru trude day cia mé hinh
dich ngdn ngir do Dzmitry Bahdanau®® dé xuat vao
mo hinh md ta hinh anh, khi d6 mdi tir s& duoc du
doan tap trung vao mot sb dic trung cua bic anh ma
thé hién rd nhat noi dung cua no.

2.1.1 Kién tric #ng dung co ché Attention

Hinh 4. Kién tric iing dung co ché attention.

Thay vi giai ma bac anh thanh mot vector thuoc
tinh c6 2048 chiéu, mang CNN dugc tinh chinh dé giai
ma mot buc anh dau vao thanh 49 vector co6 2048
chiéu chira cac dic trung ctia birc anh. Cac vector nay
s& 1a dau vao cua lop attention, cling voi dau ra cua
I6p LSTM trudc d6 dé tinh toan dau vao cho 16p
LSTM tiép theo.

Co ché chi y - Attention c6 thé chia 1am 2 loai 1a
Global Attention®! (Luong’s Attention) va Local
Attention® (Bahdanau Attention). Tién hanh thyc
nghiém va so sanh két qua cho thay Local Attention
cho cau mo6 ta noi dung cua birc anh chinh xac hon so
véi str dung Global Attention cung véi do chi phi tinh
toan cua Local Attention ciing thap hon.
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Hinh 5. Co ché Local Attention.

Dudi day 1a cong thie tinh d6 quan trong ctia mot
vector thuoc tinh khi tién hanh sinh ra mot tir trong
cau mo ta:

ejt = farr (St-1, )

(D)

Trong d6 st1 12 16p an khi sinh ra tir trude do, hj 1a
vector thudc tinh dang xem xét. farr 1a mot té bao
neuron don gian:

fart = Vamn' * tanh(Uan * hj + Wan * 5t ) (2)

Dé dua vé phan phdi xac suét ching toi st dung
ham Softmax:

air = Softmax(ej) 3
Vector bdi canh Ct duoc tinh nhu sau:
T
Ci= z Wie hj (4)
j=1

Sau d6 16p LSTM s& nhan dau vao 1a C; va tir
trude d6 dé sinh ra tir tiép theo trong cau twong ty nhu
kién trac RNN da dugc dé cap ¢ trén.

2.3. Phwrong phap duwa dodn dau ra si dung Beam
Search

Tai mdi budc tim kiém két qua, chiing ta cung cap
cho mé hinh dac trung ctia bac anh va cdu mo ta trude
d6. Két qua du doan 1a x4c suat xuat hién cua tir tiép
theo duoc thé hién qua mot vector véi s6 chiéu 1a sé
lwong tir vung, gia tri 1a xac suat xuat hién tiép theo
cua tir d6. Vi vay véi cach tim kiém truyén théng (tim
kiém tham lam), tai mdi budc ching ta chi viéc lay tir
cO X4c Suat xuét hién cao nhat, thém tir d6 vao mé ta
va tiép tuc tim kiém tir tiép theo cho dén khi gap tur
khoa két thic.

Tuy nhién qua két qua thuc nghiém cho thay viéc
chi chon tir c6 xac suat xuat hién cao nhat da bo 15 di
nhiéu cau c6 trién vong hon 1a cdu duoc sinh ra. Bé
khic phuc tinh trang d6, Beam Search ra doi gilp
ching ta mé rong pham vi tim kiém, tranh viéc bo sot
nhiing cau c6 trién vong nhung khong dugc chon.
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Hinh 6. Tim kiém Beam Search véi beam width bang 2.



Y tuéng cua Beam Search Ia thay vi chon duy nhat
mot tir trién vong dé tao thanh cau (két thic qua trinh
tim kiém chi chon duoc mét cau) thi chiing ta s& chon
beam width tir tiép theo c6 xac suét cao nhét dé tao
thanh cau. Vay tai mdi budc tim kiém ching ta chi git
lai beam width cau tot nhat. Cho dén khi tim kiém két
thiic, chiing ta c6 dugc mot cly Xac sut, tir d6 c6 thé
nhan x4c sut trén mdi cAu va chon cau cd Xxac suat
cao nhat. Vi tich x4c suét thuong nho nén ham Logarit
thuong duoc sir dung. Beam width thuong dugc chon
tir 5 dén 10 dé dam bao thoi gian tim kiém khong qua
lau.

3. Trién khai va danh gia két qua
3.1. Bg di# ligu

Trong nghién cuu nay, ching téi dung tap dir liéu
Flickr 8k. Flirkr 8k 1a bo dix liéu gom hinh anh va chi
thich dung trong bai toan méd ta anh. N6 gom 8000 anh
trong d6 c6 6000 anh thugc tap huan luyén, 1000 anh
thuoc tap kiém thar va 1000 anh thugc tap danh gid.
Vi mdi anh s& ¢ 5 cha thich khac nhau.

Tat ca cac chu thich dwgc xu Iy dé dam bao d6 dai
cua chd thich 1a 39 tir. Ching tdi ciing xir ly phan chi
thich nhu dua céc tir vé dang viét thuong, loai bo cac
tir khéng xuat hién trén 5 lan, va thu dwoc tap tap tir
dién gdom 2632 tir.

Céc anh duoc dinh dang vé kich thudc 224x224 va
duoc chuin hoéa vé mién gié tri (-1,1) trude khi dua
vao cac mo hinh.

3.2. Két qud thu dwot

3.2.1 Két qua thu duwroc tir md hinh CNN-RNN
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Hinh 7. Gia trj ham mat mét cua tdp huan luyén va tap kiém tra
theo vong lap.
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Hinh 8. Gid tr; dg chinh xac cua tdp hudn luyén va tdp kiém tra
theo vong lap.
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Caption: a black and white dog runs through the grass

Hinh 9. Két qua thu duroc tir 1 anh trong tap thez nghiém.

400
600
800

1000

1200
a black and white dog jumps over a fence

400 600 1000 1400

Caption:

Hinh 10. Két qud thu dwoc tir 1 anh trong tdp thiz nghiém.

Két qua sau khi huan luyén cho d6 chinh xac cao,
mot sb anh cho ra md ta twong ddi chinh xac(Hinh 9.
Két qua thu duoc tir 1 anh trong tap thir nghiém.Hinh
9), nhung con nhidu anh md ta khong chinh xac(Hinh
10) nén can cai tién cach trich xuit ddc trung tir anh.

3.2.2 Két qua thu duwoc tir md hinh sir dung co ché
Attention

V6i md hinh sir dung co ché Attention, ching toi
thuc hién huan luyén trén tap huin luyén va thu duoc



gia tri ham loss theo tirng vong lip. Gia tri ham mat

mét thap hon khi so sanh vi md hinh CNN-RNN.
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3.3 So sanh cac mo hinh

Ching t6i thyc hién thir nghiém trén 4 anh thuoc
tap kiém dinh @€ so sanh do chinh xac va do tu nhién
cua cac mé ta duoc tao ra cho mdi anh.( Bang 1)

Prediction Caption: two people riding a small boat through it <end

Hinh 12. Két qud thu duwoc tir 1 anh trong tdp the: nghiém.

Anh

K&t qua tlr CNN-RNN

Két qua tir attention

Caption that

a football player is
holding a football

a football player in a red
and white uniform

guy in red and white
football uniform

a man is wearing a
blue shirt is wearing a
blue shirt

a man smiling in his
uniform with a closeup of
broadway

this man is smiling very
big at the camera

a group of people are
sitting on the street

the view of a dog in a
shopping cart down a hand

a man with a pug dog
bends over to pick
something off the sidewalk

A black dog runs
through the grass

a dog sniffing catching a
frisbee

two dogs are catching blue
frisbee in grass

Bdng 1. So sanh mét s6 két qua mé td hinh énh giita cdc mé hinh.




3.4 Pdnh gid két qud

3.4.1 Sir khac nhau giiza cac két qud thu diroc tir 2
mé hinh

Cau tric CNN-RNN Ia ciu triic nguyén so, sir dung
CNN dé trich xuat dac trung ctia ca bic anh vao mot
vector dic trung duy nhat dan dén tinh trang khéng c6
su chd' y vao mét chi tiét nao do6 tai mot ngir canh nhat
dinh. Qua mé hinh sir dung co ché Attention da khac
phuc duoc tinh trang nay, tai mdi thoi diém, mé hinh
s& hoc dugc cach dé chi y vao nhitng phan lién quan
dén viéc sinh ra tir ké tiép hon 1a cht y dén dic trung
cua ca buc anh. Tuy nhién hau hét nhitng mé ta sinh
ra c6 phan guong gao, chua ty nhién va gan véi ngon
ngir con ngudi Nhat.

3.4.2 Tai sao c6 nhiing két qua cua attention c6 diém
s6 BLEU®! cao hon nhiung vin khéng cé do tu
nhién?

Kién tric attention c6 vé cho do chinh xé4c cao tuy
nhién vi chi tAm vao d6 chinh xac ma loi mo ta co
phan guong gao, mot phan 1a do trong qué trinh x Ii
dir liéu da cat bo di nhirng tur it xuat hién.

3.4.3 Liéu md hinh cé thé mé td dwoc tat cd su vdt,
Suwr viéc?

M6 hinh duoc huan luyén trén bo dir liéu Flirck8k
gom 6000 anh huén luyén, tuy nhién van con han ché
vé s6 luong su Vat, sy viéc ma mo hinh d3 hoc duoc.
Dé san pham c6 thé thuong mai hoa can cé thoi gian
huan luyén mé hinh trén nhiing tap dit liéu I6n hon,
ddng thoi két hop hé théng feedback dé cai thién bo
dit liéu da hoc.

4. Két luan

Qua tirng budc cai thién, mo hinh tao md ta cho anh
da twong d6i hoan thién. Nhitng md ta sinh ra di co
d6 chinh xac trong di cao va ty nhién hon trong cach
dién dat. Tuy nhién, bo di liéu huan luyén hién tai 1a
tap Flickr8k, tuy sé lugng anh Ién nhung chua bao
quat dugc nhiéu sy vat, su viéc cua thé gisi xung
quanh. Vi vay con gap nhitng vat thé la ma md hinh
khong thé nhan dién ma md ta cho dung duoc. Viéc
nay c6 thé khic phuc & quy mé san pham bang cach
huan luyén trén cac bo dir lieu I6n hon (COCO
dataset, Flickr30k).

5. Gig¢i thigu @ng dung trg li a0 giip d6 nguwoi
khiém thi

Dé tiép can téi nguoi dung, mo hinh sinh mo ta anh
duoc trién khai dudi dang API va tng dung vao phan
mém tro If 40 trén dién thoai.

o~

O FlaskAPI < s '
( ) r 1 .

Hinh 13. M6 hinh #ng dung.

Ung dung Assistance dugc xay dung trén két qua
thu duoc sau nghién ciu. Ung dung duoc trién khai
dudi dang tng dung Android véi API sir dung Flask.
Ung dung c6 kha ning giao tiép véi ngudi ding bang
giong ndi, miéu ta canh vat xung quanh théng qua anh
duoc chup bang camera, nhan dién nguoi quen da
duoc dang ki khuén mat.

5:24PM Q

Assistant

pulled out

Hold to speak

Hinh 14. Giao di¢n chize nang mod ta hinh anh.

Ung dung giao tiép véi ngudi ding qua micro. Khi
cau ngudi dung noi cé tir “photo” thi ing dung sé nhan
mé camera dé chup anh. Anh sau khi chup s& dugc
gui 18n server thong qua Flask API va két qua nhan
duoc tir server sé 1a noi dung cua tim anh. Chirc ning
nay gidng nhu viéc camera thay thé cho mat ngudi dé
guan sat canh vat xung quanh va sau d6 sé miéu ta lai
cho nguoi dung théng qua loa.



Ngoai viéc miéu ta tam anh, wng dung con c6 thé

nhan dién nguoi quen théng qua viéc dang ki khuodn
mat (Hinh 15).

526PM Q B

Assistant

Sucessfully register.

That's Bhajan

Hold to speak

Hinh 15. Giao di¢n chize nang dang ki va nhdn di¢n khudn mat.

Tai ligu tham khao
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