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TOM TAT

Tim kiém &nh theo ndi dung la huwéng nghién ctru dang dwoc quan tam trong nhivng ndm gan day vi phuong
phap tim kiém nay c6 thé khéc phuc nhuoc diém cla phwong phap tim kiém dwa trén van ban mo ta 1a khéng bi anh
hwéng béi su thiéu hodc sai ciia van ban kém theo anh. Bén canh dd, cac phwong phéap hoc sau nhw mang noron
tich chap da chirng minh dwoc kha nang xt ly di¥ liéu Ién dac biét trong [inh vwe thi gidc may tinh va xt& ly dnh. Muc
tiéu cGa nghién ciru nay 13 giadi bai toan tim kiém &nh theo nédi dung va phuong phap dé giam thoi gian truy van anh
st dung mang notron tich chap. Béng théi, chung téi két hop phuong phap nay véi phuong phap sinh ma nhi phan
dé cai thién thoi gian truy van anh. Két qua thwc nghiém trén hai bo div liéu cifar-10 va mnist cho thay viéc st dung
mang noron tich chap két hop phwong phap sinh ma nhi phan trong tim kiém &nh dat dé chinh xac xap xi 89% va
98% va cai thién dang ké thoi gian truy van anh.

Tt khoa: Tim kiém anh theo noi dung, mang noron tich chap, sinh méa nhj phan.

Content-based Image Retrieval with Convolutional Neural Networks
and Binary Hashing Method

ABSTRACT

Content-based image retrieval has received great attention in recent years because this method overcomes the
disadvantages of the text-based image retrieval that is not affected by the lack of or wrong of the text attached to the
image. In addition, deep learning methods such as convolutional neural networks have demonstrated their ability to
process large-sized data, especially computer vision and image processing. The aims of this study was develop a
content-based image retrieval program and method to reduce image query time using the convolutional neural
network (CNN). Also, we combined CNN with a binary hashing method to improve image retrieval time. The
experimental results on CIFAR-10 and MNIST data sets showed that combining CNN with the binary hashing method
for content-based image retrieval achieved an accuracy of approximately 89% on CIFAR-10, 98% on MNIST and
significantly improved retrieval time.

Keywords: Content-based image retrieval, CBIR, convolutional neural networks, CNN, binary hashing.

cua Tap doan dit liéu thé giéi IDC nam 2016,

1. DAT VAN DE

Ngay nay, v6i su phat trién vugt tréi cia
cong nghé ky thuat sd va sy phd bién rong rai
cic thiét bi quay phim, chup anh din dén kho
dii liéu hinh dnh vé& nhiéu linh vuc khac nhau
nhu: y khoa, hé thong théng tin dia 1y, thu vién
s0, gido duc dao tao, gidi tri, mang x4 hdi.. cling
tang theo mot cach nhanh chéng. Theo bao cao

thé gi6i da tao ra 1.138 nghin ty hinh anh, gap
hon 700 14n so véi nam 2015 (Photoindustrie-
Verband e.V, 2016). Theo bao cao vé chia sé anh
trén toan ciu, Brandwatch d& tinh toan réng
mbi ngay c6 350 triéu hinh anh dugc chia sé qua
Facebook, 95 triéu hinh anh dudc chia sé qua
Instagram, 400 triéu trén Snapchat va 1,6 ty
hinh 4nh trén WhatsApp (Van Thé Thanh & Lé
Manh Thanh, 2016).
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Vi vay, nhu cau tim kiém anh hay truy xuat
dii liéu anh 12 mot nhu ciu tat yéu, va la mot
trong nhiing linh vyc nghién ctu thu hat sy
quan tdm nhat hién nay. Tim ki€m anh hiéu
mot cach co ban 1a tim nhiing anh trong co s dii
liéu anh c6 lién quan dén mot anh truy van
(query) cu thé. Hinh 1 mé ta so luge qua trinh
tim kiém anh. Bai toan tim kiém anh dugc chia
thanh hai 16p chinh (Van Thé& Thanh, 2017):
Tht nhat 13 tim kiém anh dua trén vin ban
TBIR (Text-Based Image Retrieval). Phuong
phap nay mat nhiéu thoi gian d€ mé ta chi muc
ctia hinh anh duéi dang van ban, c¢6 nhiéu han
ché vi tinh chti quan cia con ngudi va két qua
tim kiém sé khong chinh xac khi cac mé ta nay
bi sai s6t hoac khong tén tai. Vi du, Google
Images Search la mot trong cac céong cu tim
ki€m anh dudge st dung phd bién nh4t hién nay.
Coéng cu nay cho phép ngudi st dung nhap céc
ti khoa lién quan dén anh can tim va thuc hién
viéc tim ki€m théng qua viéc phan tich cac
meta-data va vin ban di kém véi anh. Phuong
phap nay cho két qua tuong déi tét, dap tng
nhu cdu cd ban cta ngudi st dung. Tuy nhién,
cac két qua tra vé sé khong dung véi yéu cau
dat ra khi cac meta-data di kém véi anh bi
thidu hodc sai s6t va khi nhiing ti khéa truy
van mang y nghia nhap nhing (Lé Minh Phic &
Tran Cong An, 2017). Tha hai 14 tim kiém anh
dya trén noi dung CBIR (Content-Based Image
Retrieval), ttic 1a tim tap hinh anh c6 noi dung
tudng tu v6i hinh anh cho truéc. Phuong phap
CBIR thuc hién tim kiém dua trén d#c trung thi
giac cia hinh anh, do d6 vudt qua dugdc han ché
cua phuong phap tim kiém TBIR. Véi phuong
phap CBIR, ci hai van dé trich xuat tu dong cac
dac trung thi giac va phuong phap danh gia d6
tuong tu gitia hai anh déu déng vai tro quan
trong, quyét dinh hiéu qua tim kiém. Vé van dé
tht nh4t, phuong phéap tim kiém anh theo noi
dung “truyén théng” thuong dua vao cac dic
trung truc quan nhu mau sic, két cdu, hinh
dang, dic trung cuc bo duge rut trich tit anh; do
d6 rat nhiéu hé théng truy van anh dua trén néi
dung da ra doi nhu: QBIC, VisualSeek,
WebSeek va BlobWorld... (Van Thé Thanh,
2017). Phuong phap nay c6 han ché& 1a khé xac
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dinh va chon ra dudc nhiing déc trung dai dién
cho anh dé viéc tim ki€m dat két qua tot.

Nhiing nidm gan day, cac phuong phap hoc
sau (Deep Learning) trong d6 c6 mang noron
tich chap (CNN) da dat dugc thanh cong to 16n
trong xu ly di liéu kich thudc 16n. N6 da duge
chting minh 1a rat hiéu qua trong linh vuc thi
gilac may tinh va xt ly anh nhu: phat hién ngusi
di bd (Luo va cong sy, 2014), phat hién khuon
mat (Li & cs.,, 2015), phidn loai hinh anh
(Ciressan & cs., 2012), tu dong t6 mau hinh anh
(Cheng, 2015).. va gin day cadc phuong phap
dya trén Deep Learning nhu CNN da dugc ap
dung vao bai toan tim kiém anh. Lecun & cs.
(1998) da dé xuat mang noron tich chap LeNet-
5 st dung dé nhan biét cac chii cai viét tay, va
da cho thdy d6 1a mo6t thuat todn rat thanh
cong. Sau do6, Krizhevsky & cs. (2012) da cai
thién thuat toan mang ndron tich chap, st dung
dau ra cta 16p tht 7 lam dac trung dé truy van
hinh 4nh va da dat dudc két qua tot trén tap dit
liéu ImageNet. Babenko & cs. (2014) da nghién
ctiu phuong phap cai thién hiéu suit truy van
anh bang cach st dung PCA dé nén cac dic
trung dugce trich chon nhé CNN. Mac da cac
cong trinh cua Krizhevsky & cs. (2012) va
Babenko & cs. (2014) cho thay khi sti dung CNN
vao viéc truy vadn anh cho d6 chinh xac cao
nhung viéc d6i sanh cac anh dugc thuc hién
trong khong gian Euclide dan dén chua hiéu
qua vé thdi gian tinh toan, trong khi y&u ciu
dat ra v6i mot hé thong tim kiém anh 14 phai
dua ra két qua nhanh chéng.

Xu4t phat ti nhiing van dé néu trén, trong
bai bio nay, chiing t6i sé giéi thiéu vé mang
noron tich chap (CNN) va phuong phap dua
trén mang noron tich chap dé trich chon dac
trung anh (goi 1a dic trung CNN) sau dé tiép
tuc thyc hién viéc sinh ma nhi phin (binary
hashing) dé bién cac dic trung nay thanh 1
vécto nhi phan c6 dd dai nhd, véctd nay duge
goi 1a ma nhi phin (hash code). Sau khi c6
dugc ma nhi phan cho tiing btc anh, viéc tinh
toan su tuong dong giiia cac btc anh sé trd nén
don gian hon vi s& chiéu thap hon va chi phai
lam viéc v6i cac toan ti nhi phan don gian, tu
dé6 cai thién dudc téc d6 tim kiém.
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Ghi chu: CSDL: Co s6 di liéu.
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Hinh 2. Hinh 4nh minh hoa b¢ dit liéu CIFAR-10

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu
2.1.1. D& liéu anh

Bo6 di liéu CIFAR-10 do Krizhevsky & cs.
(2009) thu thap gébm 10 16p déi tugng: plane, car,
bird, cat, deer, dog, frog, horse, ship va truck,
méi 16p gbm 6.000 anh mau c6 kich thude 32 x 32
pixel. Téng s6 ¢6 60.000 anh trong d6 50.000 anh
dugc st dung cho huan luyén (train), 10.000 anh

con lai duge dung cho kiém tra (test). Day 14 mot
bd co s6 dii liéu tuong doi khé vi anh nhd va doi
tugng trong cing mét 16p ciing bién d6i rat nhidu
vé mau sic, hinh dang, kich thuéc.

B6 di liéu MNIST do Lecun & cs. (1998) xay
dung 14 co s6 dit liéu bao gom cac anh da miic
xam cua 10 chii s6 viét tay ti 0 dén 9 da dudc
chuén héa vé kich thuée 28 x 28 pixel. By anh
gbm 60.000 anh diung dé huan luyén (train), va
10.000 anh con lai duge ding cho kiém tra (test).
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Hinh 3. Hinh dnh min

2.1.2. Céng cu

Ching t6i st dung maAy tinh cai hé diéu
hanh Windows 64-bit, Intel, Core™ 15-5200U,
CPU@2.20GHz, ngoén ngd  lap trinh
Matlab2016a, thu vién Caffe CNN (Jia, 2014).

2.2. Phuong phap nghién cttu

2.2.1. Mang noron tich chap

Vé6i mang noron truyén thdng (ANN) thong
thuong: nhan diu vao 1a mot vécto va chuyén
d6i né thong qua mot loat cac 16p 4n. Méi 16p 4n
bao gdm mét tap cac no-ron, trong d6 mdi noron
dude két noi ddy @t véi tdt cd cac noron trong
16p trude va cac ndron trong mot 16p khong co
bat ky két néi ndo véi nhau. Lép duge két noi
diy dua cudi cung dugc goi 1a 16p dau ra. Nhu
vay, v6i tap dit liéu gdm cac hinh anh cé kich
thude [200 » 200 x 3], mbi noron trong 1ép &n
d4u tién ctia mang sé c¢6 200 x 200 x 3 = 120.000
trong s6 ké&t néi. Diéu nay gay kho khin cho viée
hu#n luyén ANN trén ca hai yéu t&: chi phi dé
x4y duyng dit liéu hudn luyén 16n va thdi gian
huén luyén lau.

T thuc t& d6, mang CNN ra doi véi ¥ tudng
chinh 1a méi noron chi cAn két ndi t6i mot ving
cuc bd cia anh thay vi trén toan bd anh. Vé co
ban CNN 1a mot kiéu mang ANN truyén thing,
trong d6 kién tric chinh gdm nhiéu thanh phéan
dugc ghép néi véi nhau theo ciu tric nhiéu 16p
d6 1a: Convolution, ReLU, Pooling va lién két day
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da (Fully connected). Su sip xép vé s6 lugng va
thi tu gita cac 16p nay s€ tao ra nhiing mé hinh
khac nhau phu hgp cho cac bai toan khac nhau.

a. Ldp Convolution

Lép Convolution (Conv) la 16p quan trong
nhat trong ciu tric cia CNN. Hinh 4 m6 ta ly
thuyét va cach thiic Conv hoat dong trén mot di
litu dau vao duge biéu dién bing mot ma tran
hai chiéu. Phép tinh nay dugc thuc hién bang
cach dich chuyén mét ctia s6 ma ta goi 1a bo loc
(hay kernel) trén ma tran dau vao, trong d6 két
qua mdi 1an dich chuyén dudc tinh bang téng
tich chap (tich ctia cac gia tri gitia 2 ma tran tai
vi tri tuong tng), trong hinh 4 1a gia tri dau ra
khi dich chuyén bo loc c6 kich thude [3 x 3] trén
toan bo ma tran dau vao cé kich thude [7 x 7].

Trong trudéng hop téng quat, hinh anh c6
kich thuéc [W1 x H1 x D1], st dung K bd loc cé
kich thuéc [F x F], trong qua trinh xt 1y sé dich
chuyén cac bd loc trén toan bd anh véi bude dich
chuyén (stride) S (S dugc tinh bing pixel).
Trong mot s trudng hop dé can bing gita s6
buée dich chuyén va kich thude ctia &nh ngusi ta
c6 thé chén thém P pixel v6i mot gia tri cho
trude (thudng 14 0) xung quanh vién ctia anh khi
d6 ta dudc ma tran dau ra (feature map) la
[W2 x H2 x D2] trong dé:

W2 =(W1-F+2P)/S+1
H2=(H1-F+2P)/S+1
D2=K
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Hinh 5. Lép nhan chap thue hién nhan chip anh diu vao c6 kich thudc [227x227x3] v&i 96
b6 loc ¢6 kich thude [11x11x3], budc dich chuyén S = 4 pixel va P = 0. Tuong ing véi mbi bd
loc s& cho mét feature map cé kich thuéc 1a W2 = H2 = (227 - 11)/4 +1 = 55 § két qua dau ra

Lugc d6 chia sé tham s§ dude sti dung trong
cac 16p tich chap dé kiém soat s6 lugng tham s6.
Vi du trong 16p tich chap 6 hinh 3, c6 55 x 55 x
96 = 290.400 ndoron, mdi noron c6 11 x 11 x 3 =
363 trong s6 két néi va 1 bias. Nhu vay cé
290.400 x 364 = 105.705.600 tham s6. R& rang,
con s nay rét 16n. Chung ta c6 thé giam dang
ké s6 lugng tham s6 bing cach st dung cing bd
trong s6 va bias cho cac ndron trong cung
feature map. Véi luge d6 chia sé tham s6 nay,

16p Conv trong vi du cta ching ta bay gic chi c6
96 bo trong sb, véi tong s6 96 x 11 x 11 x 3 =
34,848 hoidc 34.944 tham sb (96 bias).

b. Lép ReLU

Lép ReLLU thuong duge cai diat ngay sau 16p
Conv. Lép nay st dung ham kich hoat f(x) =
max(0,x). Néi mot cach don gidn, 16p nay cé
nhiém vu chuyén toan bd gia tri Am trong két
qua 18y tit 16p Conv thanh gia tri 0. Y nghia cla
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cach cai d#t nay chinh 14 tao nén tinh phi tuyén
cho m6 hinh. Cé rat nhiéu cich dé khién mod
hinh trd nén phi tuyén nhu st dung cac
ham kich hoat sigmoid, tanh,.. nhung ham
f(x) = max(0,x) dé cai dit, tinh toAn nhanh ma
van hiéu qua (Krizhevsky & cs., 2012).

¢. Lop Pooling

Lép nay st dung mot ctia s6 trudt quét qua
toan bo anh, mdi 1an trugt theo moét buse dich
chuyén cho trude. Khac véi 16p Conv, 16p Pooling
khéng tinh tich chap ma thuc hién 14y mau. Khi
ctia s6 trugt trén anh, chi c6 mot gia tri dude
xem 13 gia tri dai dién cho théng tin anh tai
viing d6 (gia tri mau) dugc giit lai. Cac phuong
thic 14y mAu phé bién trong 16p Pooling la
MaxPooling (1ay gia tri 16n nhat), MinPooling
(14y gia tri nho nhat) va AveragePooling (18y gia
tri trung binh).

Véi ma tran dau vao cé kich thuée [W1 x H1
x D1], thuc hién toan ti pooling trén ctia s6 ¢
kich thudc [FxF] v6i bude dich chuyén S pixel ta
duge ma tran dau ra [W2 x H2 x D2] trong dé:

W2 = (Wi-F)/S + 1

H2 = (H1 - F)/S + 1

D2=D1

Hinh 6 1a vi du minh hoa vé st dung toan
ti pooling. Trong d6, hinh 6(a) phia bén trai la
cach thic 16p pooling xt 1y d6i v6i mot dau vao
c6 kich [224 x 224 x 64], ctia s8 c¢6 kich thudc [2
x 2], bude dich chuyén S = 2 khi d6 d4u ra thu
duge c¢6 kich thude [112 x 112 x 64]. Hinh 6(b)
phia bén phai mé ta chi tiét cach thtc hoat dong
clia max-pooling v6i F =2, S =2,

d. Lop lién két day du

Lién két day du 1a cach két néi cac noron &
hai 16p véi nhau trong d6 16p phia sau két néi
ddy du véi cac noron & 16p phia trudc né. Pay
ciing 14 dang két néi thuong thay 6 ANN, trong
CNN 16p nay thuong dudc st dung 6 cac 1ép
phia cudi ctia kién tric mang.

2.2.2. Ung dung mang noron tich chap vao
bai toan tim kiém anh

Nhu da dé cap & trén, phuong phap tim
kiém anh theo néi dung “truyén théng” thuong
dua vao cac dic trung truc quan nhu mau séc,
két cdu, hinh dang, dic trung cuc by duge rit
trich ti anh va thuong khéng hiéu qua trong
mét s6 truong hop. Vi du, luge d6 mau cé thé
duge dung dé miéu ta dic trung mau cta mot
anh. Tuy nhién, han ché& chinh caa luge d6 mau
l1a chua tan dung dudc thong tin khéong gian cta
cac vung anh. Diéu nay c6 thé din dén cac sai s6
khéng mong mudn nhu minh hoa trong hinh 7,
hai anh c6 cdu tric khac nhau nhung cé luge d6
mau giong nhau, ho#c trong trudng hop anh bi
léch nhu minh hoa trong hinh 8.

Trong khi d6 st dung dic trung dugc trich
chon bdi CNN c6 thé khic phuc duge nhiing han
ché& néu trén do st dung cac bd loc véi kich thude
khac nhau trugt trén anh, do d6 tao ra dugc
nhiéu dit liéu hon.

a. Kién tric mang CNN

Chiing t6i sti dung md hinh CNN do
Krizhevsky & cs. (2012) dé xu4t, m6 hinh nay
dugdc cung cdp san trong thu vién Caffe CNN
(Jia, 2014).

224%224x64 : g
o Single depth slice
pool A al [ 11]1]2]4
"’ max pool with 2x2 filters
I| 5 6 T 8 and stride 2 6 8
I 3 | 2 IR 3|4
' | 1| 2 [FSE
224 downsampling ! RS '
. 112
224 y

Hinh 6. Vi du vé st dung toan ti pooling
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Nguén: Van Thé Thanh, 2017.

Hinh 7. Hai &nh khac nhau nhung cé cuing luge dé6 mau
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Hinh 8. S6 8 & cac vi tri khac nhau trong anh
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Hinh 9. M6 hinh mang CNN do Krizhevsky va cac cong su (2012) dé xuat

Trong kién tric trén, 16p nhan chap tha
nhét thuc hién loc anh dau vao cé kich thuée
[227 x 227 x 3] b6i 96 bd loc c6 kich thude [11 x
11 x 3] véi bude dich chuyén S = 4 pixel, P = 0
két qua thu duge dau ra cé kich thude [55 x 55 x
96]. Lép nhan chap tha hai thuc hién loc dau
vao c6 kich thuéce [55 x 55 x 96] bdi 256 bd loc cb
kich thude [5 x 5 x 96] véi bude dich chuyén
S =1 pixel, P = 2 va thu dugc ddu ra cé kich
thude [27 x 27 x 256]. Tuong tu v6i cac 16p nhan
chap khac. Cac 16p pooling st dung toan tu
maxpooling véi clia s6 ¢6 kich thuée [3 x 3] va
buée dich chuyén S = 2.

Sau khi mang dugc huin luyén, dau ra ctaa
16p FC7 duge st dung nhu vécto dic trung cua
anh va dudc st dung cho bai toan tim ki€m anh.
Véi anh truy van I, va tap co sé dit liéu anh P,
goi V, va ViP tudng tng la cac vécts dic trung
cua anh truy vén I, va caa anh Ii trong tap P.
Chiung t61 xac dinh mic d6 tuong tu gitia I, va I;

la khoang cach Euclidean gitia hai vécto dic
trung tuong Ging cua ching.

s, =[v, -V M

Khoang cach Euclidean cang nhdé thi mtc
do giéng nhau cua hai anh cang cao. Dua vao
khoang cach nay c6 thé xac dinh dugc top k hinh
anh gidng véi anh truy van nhat.

b. Nang cao hiéu qua tim kiém anh

Viéc st dung dau ra cia l6p FC7 lam vécto
dic trung cho thay két qua tim kiém anh tét.
Tuy nhién, né khéng hiéu qua trong hé thong
tim kiém anh véi co s6 dit lidu 16n do viéc tinh
khoang cach Euclidean trén cac vécto chiéu cao
mat nhiéu thdi gian. D& cai thién thoi gian truy
xuét hinh &nh, mdt cach don gian 1a chuyén ddi
cac vectd dic trung ctia anh thanh dang nhi
phan. Khi d6 viéc so sanh do6 gidng nhau cta hai
hinh anh c6 thé dugc thuc hién nhanh chéng
bing cach st dung khoang cach Hamming.
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five ConV layers

Hinh 10. M6 hinh mang CNN sau khi chén 16p an H

Pé thuc hién § tudng nay, ching téi chén
thém mot 16p 4n H sau 16p FC7 va 16p ra FC8 la
phan loai softmax tng véi 10 16p dit ligu dé phu
hop véi cac bd dit liéu ma ching toi st dung dé
thuc nghiém. Cac noron trong 16p H dugc két
noi day du véi cac noron 6 16p trude va 16p sau
va dudc kich hoat bdi ham truyén sigmoid. Cac
trong s0 lién két tu 16p thi nhat dén 16p FC7
dudc 14y t mang CNN da dudc huin luyén
trude do, trong s6 két néi tu 16p FC7 t6i 16p H va
tu 16p H dén 16p FC8 ban dau dudc khdi tao
ngiu nhién va dude cap nhat trong qua trinh
huén luyén mang.

Do cac noron trong 16p H st dung ham
truyén sigmoid nén dau ra ctua lép H ky hiéu la
O(H) 1a cac gia tri trong khoang {0,1}, dé dua vé
dang ma nhi phan ching t6éi thuc hién phan
ngudng cho mdi bit j = 1,.., h (véi h 1a s& noron
trong 16p H) nhu sau:

- {1 néu O/(H) > 0,5

0 néu ngudgc lai

2

Goi P={I,,1,,..,1} 1a tap co sG dit liéu
anh bao gdm n anh, ma nhi phan tuong tng
cuaa tap anh duge ky hiéu 1la Py = {H,, H,,...,
H,_} véi H;, € {0, 1}*. Cho mdot hinh anh truy
van I, v6i ma nhi phan tucong tng la H,
Ching téi xac dinh mtc d6 tuong tu gitia I, va I
la khoang cach Haming gitta H, va H;,

2.3. Két qua thuc nghiém
2.3.1. Phuong phap danh gia

Vé6i mdi bd dit liéu, ching téi st dung

10.000 anh trong tap test lam anh truy van. Véi

mot anh truy van q va mot phép do dd tuong tu,
ching t6i tinh d6 do tuong tu gifia anh truy vin
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va tting anh trong tap train, sau dé6 lay ra 1.000
anh c6 d6 do tuong tu cao nhit dé danh gia do
chinh xac cua viéc tim kiém bang mot do do
Precision nhu sau:

1.000

Y Rel(i)

i=1
1.000

Trong d6 Rel(i) biéu thi su lién quan gitia
anh truy vdn q va anh dudc xép thié hang i
trong s6 1.000 anh dudgc 14y ra. O day, ching t6i
st dung nhéan 16p cua anh dé do mtc dd lién
quan. Rel(i) = 1 néu anh truy van q va anh thi i
thudc cting mot 16p va bing 0 néu ngudc lai.

3)

Precision =

Thoi gian truy van 1a thoi gian trung binh
dé tinh do do tuong tu gitia anh truy vin va
tting anh trong tap train.

2.3.2. K6t qué thuc nghiém

Chting t61 thuc nghiém cac truong hop: (1)
St dung dau ra cua 16p FC7 lam dac trung anh,
khi d6, mdi anh s& duge biéu dién bing vécts co
d6 dai 4096 va st dung khoang cach Euclidean
dé do d6 tuong tu gitta hai anh; (2) st dung
phuong phap sinh m& nhi phan véi s6 ndron
trong 16p 4n H 14n lugt 1a 16, 32, 48, 64 va 128
chinh 1a d6 dai ctia vec-to déc trung (hash code),
trong trudng hdp nay, ching téi st dung khoang
cach Hamming dé do d6 tuong tu gitia hai anh.
Két qua thuc nghiém dudgc cho trong bang 1.

Két qua thuc nghiém cho thay viéc st dung
mang CNN vao bai toan tim ki€m anh theo noi
dung cho két qua tim kiém véi d6 chinh x4c cao,
tuy nhién thdi gian truy van kha lau. Viéc ap
dung mang CNN két hgp véi phuong phap sinh
ma nhi phan khéng nhiing lam ting hiéu suat
tim ki€m ma con cai thién rat nhiéu vé thoi gian
truy van anh.



Nguy&n Thi Huyén, Tran Thj Thu Huyén, Vi Thi Lwu

Bang 1. K&t qua thyc nghiém

B6 di¥ liéu Do dai vécto dac trwng b6 do D6 chinh xac (%) Thoi gian truy van (giay)
CIFAR-10 4096 Euclidean 87,48 17,43
16 (bit) Hamming 89,77 0,02
32 (bit) Hamming 89,72 0,04
48 (bit) Hamming 89,74 0,06
64 (bit) Hamming 89,79 0,07
128 (bit) Hamming 89,79 0,13
MNIST 4096 Euclidean 98,12 15,32
48 (bit) Hamming 98,31 0,05
128 (bit) Hamming 98,43 0,11
Anh truy
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Hinh 11. Top 10 anh két qua tim ki€ém anh trén bo dir liéu CIFAR-10
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Hinh 12. Top 10 anh két qua tim ki€m anh trén bo dir liéu MNIST

505



Tim kiém anh theo ndi dung dwa trén mang noron tich chap va phwong phap sinh ma nhj phan

3. KET LUAN

Khi sti dung mang CNN trén tap hai tap di
lieu CIFAR-10 va MNIST cho két qua tim kiém
v6l 0 chinh xac cao (~ 87% trén bo di liéu
CIFAR-10 va (~ 98% trén bo dit liéu MNIST)
nhung thoi gian truy van lau (trén 10 giay).
Thuc hién sinh m& nhi phan bing cach chén
thém mot 16p 4n vao mang CNN cho thdy thoi
gian truy vdn da giam dang ké con chua dén 1
giay. Nghién ctu nay da cho thdy viéc ap dung
mang CNN va phuong phap sinh ma nhi phan
dang dude quan tAm dé gép phan ning cao hiéu
qua cho cac hé théng tim kiém anh.
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