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TOM TAT: Trong bai bdo, tic gia dé xudt phirong phdp trich xudt
ddc trung hinh anh sw dung mé hinh mang no ron tich chdp cho bai
todn truy van hinh anh dwa trén ndi dung (Content-Based Image
Retrieval - CBIR). Muc dich ciia dé xudt lam giam khodang cdch ngit
nghia giiva cdc tinh ndng cdp thdp va tinh ndng cdp cao, tir do cdi
thién két qua ciia viéc truy van hinh anh. Mé hinh mang DenseNet
121 két hop ky thudt hoc chuyén giao thuc thi viéc hoc cach trich
xudt dic trung tie tdp co so dir liéu va sw dung kién thirc hoc dwoc
cho viéc trich xudt ddc trung hinh anh truy van. Thuc nghiém trén
tdp dix liéu Corel, phiong phdp dé xudt ciia tac gia dioc so sanh
Véi cdc cong trinh cong bé gan day, danh gid tinh hiéu qud va dp
dung diroc trong cac hé tim kiém hinh anh.

ABSTRACT: In the paper, the author proposes an image feature
extraction method using a convolutional neural network model for
the problem of content-based image retrieval (Content-Based
Image Retrieval - CBIR). The purpose of the proposal is to reduce
the semantic gap between low-level features and high-level
features, thereby improving the results of image querying. The
DenseNet 121 network model combines transfer learning
techniques that implement learning to extract features from a
database and using the learned knowledge for query image feature
extraction. Experimenting on the Corel dataset, the author's
proposed method is compared with recently published works,
evaluating its effectiveness and applicability in image retrieval
systems.

1. Giéi thiéu

Su phat trién nhanh chéng trong viéc thu
thap hinh anh va cong ngh¢ thong tin da tao
ra moOt lugng 16m cac tap dir li€u hinh anh. Do
do, viéc quan trong la 1am nhu thé nao dé tao
ra dugc mot hé théng xur ly higu qua cac tap
dit liéu 16n, dic biét 1a cac giai phap tim kiém
nhanh mot hinh anh trong tap dir li¢u 16n hay
con goi 1a truy van hinh anh dya trén noi
dung. Phuong phap nay duoc khuyén khich
ding dé vuot qua nhitng nhuoc diém cua
phuong thirc truy vin anh dya trén van ban

[14].

CBIR duoc sir dung dé tim kiém nhiing
hinh anh c6 ndi dung twong tu tap tu tap dir
liéu hinh anh véi mot hinh anh truy van cy
thé [15], [16]. CBIR 1a mét bude nén tang cho
nhiéu tng dung va c6 thé duge dung dé xu ly
mat lugng 16n cac cong viéc. Vi duy, khi tim
kiém trén cac trang web hodc trong mot co s&
dir liéu hinh anh 16n, ngudi ding ¢ thé gap
kho khan trong viée thé hién mong muébn cua
minh. V&i CBIR, diéu d6 duge goi 1a khoang
cach ngit nghia va n6 cé thé dugc giai quyét
bang cach cung cip hinh anh mau thay vi mo
ta bang van ban [11], [12].
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Nhin chung, mét hé thong CBIR bao gébm
mot s6 giai doan bét budc va mot sb giai doan
tuy chon. Giai doan dau tién trong CBIR la
dua hinh anh truy vin vao bdi nguoi ding.
Tét ca qué trinh xtr Iy dwoc ap dung cho hinh
anh truy vin déu dugc ap dung cho tit ca hinh
anh trong tap co s¢ dir liu va cung mot thi
tu [13]. Thong thuong, qua trinh nay duoc
thuc hién trén anh truy van khi nguoi ding
guri va duge goi 13 qua trinh truc tuyén; Qua
trinh nay cting dugc thuc hién trén tap co s¢
dir liéu truoc do6 va dugc goi 1a qua trinh
ngoai tuyén. Mot qua trinh xir ly tiy chon c6
thé bao gdm trong hé thong CBIR 1a tién xtr
ly, qua trinh c¢6 thé bao gdm thay doi kich
thudc, phan doan, x6a nhiéu, v.v. Giai doan
trich xudt thong tin dugc thuc hién sau giai
doan tuy chon trén, day la giai doan quan
trong nhat giup chuyén doi khai niém tryc
quan thanh dang sé. Cac dac trung duoc trich
xuit ¢6 thé ¢ dang dac trung cap thip (mau
sdc, hinh dang, cAu tric, thong tin khong
gian). Mot giai doan tuy chon khac sau trich
xut dic trung la chudn hoa hoic phan 16p.
Giai doan cudi ciing 1a do d6 tuong dong giita
ddc trung trich xudt cua hinh anh truy van va
tat ca hinh anh trong tap co sé dir lidu dé truy
vén nhiing hinh anh lién quan nhat. Phan hoi
lién quan la mot giai doan kha thi giup nang
cao d¢ chinh xac két qua théng qua sy can
thiép cia con ngudi bing cach quyét dinh
hinh anh tra vé ¢6 lién quan hay khong lién
quan.

2. Cong trinh lién quan

Nam 2015, Shrivastava [1] da d& xuat mot
hé thong CBIR v&i mét cdu tric truyén thing
gdém 3 giai doan dé truy van hinh anh. Giai
doan déu tién, dya vao dic trung mau sic ldy
ra N hinh anh phu hop tu tap co so dit liéu
gdbm M hinh anh. Téc gia sir dung biéu dd
mau dé tinh toan ddc trung mau sic. Giai
doan 2, léy ra P hinh anh lién quan tr N hinh
anh (¢ giai doan 1) dya trén dac trung két cAu
st dung bd loc Gabor. Giai doan cudi cung,
sit dung b md ta Fourier dé tinh toan dic
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trung hinh dang va truy van 1ay ra K hinh anh
lién quan tir P hinh anh (6 giai doan 2). Theo
phuong phap nay, phan hoi lién quan
(Relevance feedback) ¢6 thé dugc ap dung dé
thay ddi cac gia tri N, K, P dé cai thién do
chinh x4c. Hé thong dugc kiém tra trén hai
tap dir liéu Corel va CIFAR voi do chinh xac
twong tng 1a 0.7690 va 0.8590. Tuy nhién, hé
thong dé xuat chua sir dung giai doan phan
loai hinh anh dya trén thong tin khong gian.

Nam 2016, Anandh [2] da dua ra mot hé
théng CBIR duya trén sy két hop ctia mau séc,
két cdu va hinh dang. Tuong quan ty dong
mau séc, bién d6i Gabor, bién ddi Wavelet da
duoc st dung dé trich xuat mau séc, hinh
dang va két cau. Nhom tac gia da sir dung
khoang cach Manhattan dé tinh toan d6 twong
ddng giita hinh anh truy van va hinh anh
trong tap co s¢ dir licu. BY chinh x4c trung
binh thu duoc tuwong ung 0.8300, 0.8800 va
0.7000 1an luwot cho cac tap co s& dit liéu
Corel, Li va Caltech101. Han ché chinh cta
hé thdng 1a d6 phuc tap tinh toan ting do két
hop nhiéu dic trung.

Niam 2018, Sajjad [3] d& xudt mot hé thong
CBIR bit bién voi xoay két cdu va thay doi
mau sic. Hé théng dé xuét dua trén viéc ndi
dic trung mau sic v6i dic trung két cdu dé
tao thanh véc-to dac trung vai kich thudce
360. Dé trich xuat dic trung mau sdc, hinh
anh duoc chuyén ddi vé khong gian mau
HSV va lugng tir hoa thong qua biéu dd mau.
Dé bat bién voi nhiing thay doi do sang, tac
gia chi sir dung kénh mau HUE va Saturation.
Mau nhi phan cuc bd xoay (rotated local
binary pattern — RLBP) duoc ding dé trich
xuit dac trung két cau bat bién xoay. Hé
théng dé xudt dugc danh gia thong qua thuc
nghiém trén corel voi @6 chinh xac 1a 0.8777.

Nam 2019, Sezavar [16] da d& xuét tiép
can truy véan hinh anh dua trén noi dung st
dung CNN dé trich xuat ddc trung cip cao.
Céc 16p cubi ciia AlexNet [17] dugc ding dé
trich xuét ddc trung do 16p cudi cia nd co
véc-to déc trung nho nén giam dugc chi phi



tinh toan. P& xuat nay duoc kiém thir trén cac
tap dit liéu ALOI, Corel va MPEG-7, két qua
thu dugc tde do truy van tét. Mac du vay, dai
dién khong gian nhd nén thu dugc do chinh
xéc thap hon so v&i cac hién nghién ciru cliing
thoi diém.

Zheng [4] da dé xuét hé théng CBIR hoan
thién dua trén VGGNet, tac gia st dung CNN
dé trich xuét dic trung, st dung tap dir ligu
truong hap dan va nhan diém twong dong
thay cho viéc dung nhan thong thuong. HE
thdng dé xudt thu dugce do chinh xac 0.9620,
0.9410, 0.8850 trén cac tap dir li¢u tuong Gng
la Oxford Paris, Holidays va Caltech 101.
Tuy nhién, hé thong mat nhiéu thoi gian dé
xdy dung tap dit liéu truong hap dan va can
cai thién téc do hon trong quéa trinh huin
luyén va kiém thir. V6i d& xudt nay tac gia
chua thuc nghiém trén tap dir liéu Corel.

Nam 2021, bang cach két hop nhiédu ky
thudt hoc may nhu k-NN, CNN hoac Kkét hop
k¥ thuat hoc may vdi mot cAu tric dit lidu va
cac nhom dac trung hinh anh trén cac by anh
COREL, Wang, CIFAR-100, Caltechl01,
Nhi va cong su [5] da thuc hién, phuong phap
phan 16p hinh anh bang cach két hop ciu trac
cay C-Tree va thuat toan phan 16p k-NN tai
nut 1a trén C-Tree da thu dugc két qua kha
quan. Trong cong trinh nay, céc tac gia da
thuc nghiém trén bo anh Corel va Wang voi
hiéu sudt phan 16p 14 0,7302 va 0,6894.

T phan tich cac cong trinh lién quan cho
théy mo hinh truy van anh dua trén véc-to dic
trung dugc danh gia 1a kha thi va hiéu qua
thoi gian gan ddy. Trong bai bao ndy, chiung
t6i tiép can theo phuong phap trich xuat véc-
to déc trung theo cac k¥ thuat khac nhavu. T
d6, ching t6i thuc nghiém trén bd dir liéu anh
Corel dé minh chtng cho mé hinh tim kiém
anh tuong ty dya trén k¥ thuat trich xuét véc-
to dac trung két hop két cau hinh anh 1a higu
qua.

Doéng gop cia bai bao gdm: (1) Trich xuat
dic trung két cdu caa hinh anh dya trén mau
nhi phan cyc bg; (2) Sir dung mo hinh mang
no ron tich chap trich xuat dic trung cap cao
dé tao véc-to dac trung cho hinh anh; (3) Dé
xuat md hinh tim kiém anh tuong tu dua trén
vée-to ddc trung da trich xudt; (4) Xay dung
thue nghiém tim kiém anh tuong ty dua trén
vée-to dic trung va so sanh vGi mot sb cong
trinh cung b dur liu.

3. Mé hinh @@ xuét

Tac gia sir dung md hinh mang hoc chuyén
giao DenseNet 121 vdi b trong s6 da duge
huin luyén trén tap dir liéu ImageNet [9] dé
trich xuat thong tin dic trung mirc cao, két
hop véi mau nhi phan cuc bo (Local binary
pattern — LBP) dé trich xudt két cau hinh anh.
LBP cung cép ciu tric thong tin ctia cac diém
anh muc @0 xam. Tinh toan cia LBP don
gian, n6 khéng nhay cam véi sy thay doi ciia
murc d§ xam ma nhay cam voi nhiéu. Viéc két
hop déc trung nay gitp qua trinh trich xut
thu duge chi tiét cac dic trung. Véc-to dac
trung duoc ndi tir két qua cua hai qué trinh
trén c6 d6 dai 50186 (véi trich xuit DenseNet
121 ta thu duoc véc-to ¢6 do dai 50176, LBP
thu dugc vée-to c6 do dai 10). Mo hinh dé
XuAt sau day duoc goi la DeLBP-CBIR.

Mo hinh hoat dong dya trén cac giai doan
khéc nhau nhu trich xuét dac trung, so sanh
do tuong dong. O pha dau tién, moé hinh
DenseNet 121 dugc khoi tao dé trich xuét dac
trung cho hinh anh trong tap dir liéu huin
luyén. Pha tht hai, m6 hinh thuc hi¢n viéc
trich xuit ddc trung hinh anh truy van. Pha
cudi, hé théng thuc hién viéc so sanh do
tuong dong gitta véc-to dac trung cta hinh
anh truy van va céc véc-to dic trung ctia hinh
anh trong tap dir liéu dé cho ra két qua cac
hinh anh c¢6 d6 twong dong vé6i hinh anh truy
véan (Hinh 1).
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Hinh 1. Qua trinh xir Iy ciia mé hinh truy van hinh anh dva trén ndi dung.

3.1. Hoc sdu (Deep learning - DL)

DL la mt nhanh nhd ctia hoc may, nhan
dugc rit nhiéu quan tdm thoi gian gan day
trong viéc xir Iy cac bai toan thue té. Cau tric
cua DL chira cac thuat toan hoc may duoc thiét
ké tir viéc 14y cam hing ctia bd ndo con ngudi.
Nhiing thuét toan dugc td chue va van dung
thong tin bang cich dua chung qua cac giai
doan thé hién va chuyén ddi. Su thanh cong
cua nhitng thuat toan hoc siu da tao cam hirng
cho viéc img dung né vao hé théng CBIR dé
lam giam khoang cach ngit nghia. C4u tric ctia
DL lam n6 c6 kha nang anh xa dit liéu cua 16p
dau vao dén 16p ddu ra ma khong phy thude
nhiing dac trung con ngudi cung cap [6].

Thuét toan DL bao gdm mang no ron tich
chap (Convolutional neural network — CNN),
mang no ron sau (Deep neural network —

Convolution

DNN), mang tin sau (Deep belief network) va
hoc may Boltzmann. CNN da thé hién duoc
hiéu suét vuot troi trong cac ing dung thi giac
may tinh nhu nhan dién khuén mat, phat hién
dbi tugng va phan doan ngir nghia [7] va dac
biét trong hé théng CBIR. CNN chira ba loai
16p: 16p tich chap, 16p gop va 16p két ndi day
du (Hinh 2). Cac bd loc dugc ap dung cho hinh
anh dau vao thong qua cac 16p tich chap dé hoc
cac dac trung trong khi d6 chirc néng cua 16p
trung gian (16p gop) 1a lam giam d¢ 16n cta ddu
vao. Lép két ndi day du du doan nhan ctia hinh
anh d4u vao. CNN bat bién v6i phép dich, thay
d6i ty 18 va phép quay 1am cho né tré nén c6
gi4 tri d6i voi cac tmg dung thi giac may tinh.
CNN duya trén dir ligu da dugc gan nhan [7],
day duoc xem la mot han ché cua no. Piém
khac biét nira 1a CNN khong yéu cau trich xuat
tinh néng thu cong [8].
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Hinh 2. Ciu tric chung ciia mgt CNN.

3.2. M6 hinh DenseNet 121

Trong bai bao nay, mo hinh DenseNet 121
dugc ap dung cho viéc trich xuét dic trung
hinh anh trong tép co s¢ dir liéu va hinh anh
truy van. M6 hinh DenseNet 121 chira 121 16p,
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bao gdbm mot sé thanh phan giéng nhu phién
ban DenseNet khac: Cac 16p bottleneck, cac
16p chuyén d6i va cac khdi dense:



Lép bottleneck: 16p nay gitip giam tham sd
clia cac ban d6 dac trung (feature maps) trudc
khi 4p dung cac phép tich chap kich thudc 16n.

Bottleneck c6 thé duge biéu dién nhu sau:

Bot(x) = Re(BN(Conv1x1(x)))

Khoi day diic (dense block) va l16p chuyén
doi (transition layer): mdi khéi day dac gdom
nhiéu 16p lién két mat thiét voi nhau, cac khdi
day dic thuong két thiic bang cac 16p chuyén
d6i dé giam kich thudc cia ban do dic trung
va kiém sodt sd luong ban dd dac trung dugc
truyén dén khoi day dic tiép theo. Lop chuyén
ddi 6 thé duoc biéu dién nhu sau:

Tran(x)=Re(BN(Convix1(x)))
Tran(x)=AvgP (x)

x: 1a du vao cua 16p
Convl1x1(x): thé hién phép tich chap 1x1
BN: dai dién cho qua trinh chuén hoa dit liéu
Re: lam ham kich hoat Rectified Linear Unit
AvgP: 1a 16p ap dung phép gop trung binh
Két néi day dic (Dense connective): mdi 16p
trong khoi day dac nhan dau vao tu tat ca cac
16p trude né. Pidu nay cé thé duge bidu dién
nhu sau:

xk = Hi ([Xo, X1, ..., Xk-1])
Trong dé:
xk: 1a dau ra cua 16p thu k
Hk: dai dién cho ham kich hoat cta 16p thir k
[x0, x1, ..., xk-1]: 1a su két hop cua cac ban dd
dac trung tur tat ca cac 16p trudc d6 dén k — 1

Trong do:
Layers Output Size DenseNet-121 DenseNet-169 DenseNet-201 DenseNet-264
Convolution 112 x 112 7 x 7 conlv, stride 2
Pooling 56 x 56 3 x 3 max pool, stride 2
Dense Block 56 x 56 1 x 1 conv ol 1 x 1 conv - 1 x 1 conv 56 1 x 1 conv "
(0 L 3 x 3 conv L 3 x3conv | L 3 x3conv L 3 x 3 conv
Transition Layer 56 x 56 1 x § conv
(1)) 28 x 28 2 x 2 averagd pool, stride 2
Dense Block 28 x 28 [ 1x 1conv <12 [ 1x1conv ] <12 [ 1x1conv < 12 [1x1conv < 12
(2) L 3 x 3 conv | 3 x3conv | [ 3 x 3conv L 3 x 3 conv
Transition Layer 28 x 28 1 x §conv
(2) 14 x 14 2 x 2 averagg pool, stride 2
Dense Block 14 x 14 1 x 1 conv 24 1 x 1 conv %12 1 x 1 conv x 48 1 x | conv « 64
(3) | 3 x 3 conv | 3 x3conv | | 3 x 3conv | 3 x 3 conv
Transition Layer 14 x 14 1 x § conv
(3) Tx17 2 x 2 average pool, stride 2
Dense Block [ 1x 1conv 1 x 1 conv 1 x 1 conv 1 x | conv
T Tx7 sl I3 el B il BT il £7
(4) L 3 x 3 conv L 3 x 3 conv 3 x 3 conv L 3 x 3 conv
Classification 1 x1 7 x 7 global average pool
Layer 1000D fully-connected, softmax

Hinh 3. CAu triic ciia mé hinh DenseNet.

3.3. Mdu nhj phén cuc bj (LBP)

LBP 1 thuét toan mé ta céu tric cuc bd cua
hinh anh bang cich so sanh mdi diém anh
(pixel) v6i cac diém anh xung quanh. Thuat
toan duoc phat trién dé trich xut thong tin troi,
gitp cho bai toan phén 16p dat d6 chinh xac cao
hon. V&i mot diém éanh trung tdm c6 toa do (X,
Ve), mét tap nhi phan co6 thur tu duge xac dinh
1a LBP thu dugc bang cach so sanh gia tri mau
xam cua diém anh trung tim (xc, yc) v6i tam
diém anh xung quanh.

7
LBP(xc,ye) = »_ S(in — ic)2"
n=>0

Véi ic thé hién gia tri cia diém anh trung
tam, i, lan luot 1a gia tri ctia 8 diém anh xung
quanh. LBP duoc ching minh 1a bat bién voi
bét ki chuyén d6i mirc xam don diéu nao va ma
nhi phan lan can gitr nguyén sau khi chuyén
doi.

o li, —i. >0
Slin —ic) = { 0, — i, < 0

Hinh 4 1a vi du minh hoa cach tinh LBP v&i
ngudng xt 1y 12 8 diém anh xung quanh. Hinh
4a) dua ra mot ving anh gdm 9 diém anh. Hinh
4b) dua vao cong thic (2) so sanh gia tri cua
diém anh trung tdm va cac diém anh xung
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quanh, cho ra két qua S tai diém anh la 1 hodc
0. Hinh 4c) dya vao cong thic (1) ta tinh duogc:

LBP = 0%20 + 0%2' + 1#22 + 0%2° + 1%2% +
1%2° + 1%20 + 0*27 = 116.

78 | 89 | 145 0 0 1 1 2 4
91 | 98 | 143 0 1 8 16
99 | 123 | 34 1 1 0 32 64 | 128

a) Gid tri diém anh  b) Tdp gid tri nhi
mic xdm phdn

¢) Tap gia tri 2"

Hinh 4. Minh hoa miu nhi phan cuc b
4. Thue nghiém
4.1. Cai ddt thwc nghiém
Hé théng dé xuét duoc thuc nghiém trén bff)
dir liéu Corel [10]. Moi anh dugc trich xuat
thanh mét véc-to dac trung vai d6 1on 50186
va thuoc mot phan 16p. Thuc nghiém duogc

(f) Flower (g) Food

thuc hién dua trén ngén ngit 1ap trinh Python.
Chu hinh may tinh thuc nghiém: Intel(R)
CoreTM 15-5200U, CPU 2.2GHz, Ram 16G va
hé diéu hanh Windows 11 Professional.

Tap co so dir liéu Corel gém 1000 anh duoc
chia thanh 10 chu d& (Hinh 5): beach, bus,
castle, dinosaur, elephant, flower, horse, meal,
mountain, peoples. Trong thuc nghiém nay,
viéc truy van thuc hién so sanh do twong dong
dua trén chi sé tuong dong cosin gitra cac véc-
to ddc trung. Hai anh dugc goi 1a tuong dong
néu do twong dong nhé hon mot gia tri ngudng
€ cho trude. S6 lwong anh twong ddng dugc 1iy
dwa trén cac anh duogc lay TopK céac anh truy
van d¢ tinh d6 chinh xé4c (precicion) va do phu
(recal).

ephant

(h) Horse (i) Monument  (j) Mountain

Hinh 5. Minh hoa tip co sé dir li¢u Corel.

4.2. Pdnh gid higu suit

Cac phuong phap thong thudng nhat ding
dé danh gia hiéu suét cua hé thong CBIR la
d6 chinh xac (Precision — P), d¢ phu (Recal —
R). Sir dung ma tran nham 1an (Bang 1) ta c6
thé thu dugc do chinh xac va do phu dya vao
cong thtrc (1) (2).

Bang 1. Ma tran nhiam lin.

Lop du doan (Predicted Class)

Lép True (T) False (F)
thyete ey TP FN
(Actual
Class) False (F) FP TN
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Precision (P) = TPT:’FP (N
TP
Recall (R) = TPTFN 2)

Trong do6: TP: True Positive; FN: False
Negative; TN: True Negative; FP: False
Positive.
4.3. Két qud thwe nghiém

Két qua thuc nghiém trén nhom hinh anh
thudc foods thu duwoc dd chinh xac 0.860,
0.855 va 0.840 twong tng trén Top10, Top20
va Top30 (Bang 2). P4i voi nhom hinh anh
thudc horses thu duge do chinh xac 1.000,
1.000. va 0.990 (Bang 3). Trong dé nhom
foods c6 6 hinh anh dat d6 chinh xac tuyét



dbi, nhom horses & Topl0 va Top20 tat ca
hinh anh d€u c6 do chinh xac truy van tuy¢t
doi, diéu nay cho thay vi¢c trich xuat thong

tin bac cao két hop két cau hinh anh mang lai
hi¢u suat cao cho truy van hinh anh dua trén
ndi dung.

Bing 2. Két qua trén tip hinh anh foods.

Hinh dnh Topl0 Top20 Top30
P R P R P R
900.jpg 0.900 0.100 0.800 0.178 0.833 0.278
901.jpg 0.500 0.056 0.600 0.133 0.567 0.189
902.jpg 1.000 0.111 0.950 0.211 0.933 0311
903 jpg 1.000 0.111 1.000 0222 1.000 0.333
904.jpg 0.300 0.033 0.300 0.067 0.267 0.089
905.jpg 0.900 0.100 0.900 0.200 0.800 0.267
906.jpg 1.000 0.111 1.000 0.222 1.000 0.333
907.jpg 1.000 0.111 1.000 0.222 1.000 0.333
908.jpg 1.000 0.111 1.000 0222 1.000 0.333
909 .jpg 1.000 0.111 1.000 0.222 1.000 0.333

Trung binh 0.860 0.096

0.855 0.190 0.840 0.280

Bang 3. Két qua trén tap hinh anh horses

. . Topl0 Top20 Top30
Hinh anh P R P R P R
700.jpg 1.000 0111 1.000 0.222 1.000 0.333
701.jpg 1.000 0111 1.000 0.222 1.000 0.333
702 jpg 1.000 0111 1.000 0.222 1.000 0.333
703 jpg 1.000 0.111 1.000 0.222 1.000 0.333
704 jpg 1.000 0111 1.000 0.222 0.933 0311
705 jpg 1.000 0111 1.000 0.222 0.967 0.322
706.jpg 1.000 0111 1.000 0.222 1.000 0.333
707 .jpg 1.000 0.111 1.000 0.222 1.000 0.333
708.ipg 1.000 0111 1.000 0.222 1.000 0.333
709 jpg 1.000 0111 1.000 0222 1.000 0.333
1

Trung binh 1.000 111

<

.000 0.222 0.990 0.330

Két qua téng hop trung binh cdc nhém
hinh 4nh va trung binh cua toan tap co s¢ dit
liéu Corel thuc nghiém trén dé xuét cua tac
gia thu dugc vai 0.938, 0.934 va 0.924 tuong
tmg v6i Top10, Top20, Top30 (Bang 4). Két
qué so sanh véi mot s6 nghién ciru cing linh

vuc (Bang 5), voi d chinh xéc thu dugc
0.938 cho toan bo tap dit licu Corel, day la
mot hiéu sudt khd cao so voi cac nghién ctru
cung linh vyce. Va véi hiéu suat nhu vay co
tl}é sir dung dé trién khai ing dung trén thuc
te.

Bang 4. Két qua trung binh theo nhom hinh dnh

Nhom Topl10 Top20 Top20
hinh énh P R P R P R
Beaches 0.720 0.080 0.720 0.160 0.697 0.232
Bus 1.000 0.111 1.000 0.222 1.000 0.333
Dinosaurs 1.000 0.111 1.000 0.222 1.000 0.333
Elephants 1.000 0.111 1.000 0.222 1.000 0.333
Flowers 1.000 0.111 1.000 0.222 1.000 0.333
Foods 0.860 0.096 0.855 0.190 0.840 0.280
Horses 1.000 0.111 1.000 0.222 0.990 0.330
Monuments 0.950 0.106 0.945 0.210 0.927 0.309
Mountains ... 1.000 0.111 0.995 0.221 0.993 0331
People ... 0.850 0.094 0.825 0.183 0.797 0.266

Trung binh 0.938 0.104

0.934 0.207 0.924 0.308
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Bang 5. Két qua dbi sanh véi nghién
ctru cung linh vue.

Nghién ciru P chinh xac

Shrivastava [1] 0.769
Anandh [2] 0.830
Sajjad [3] 0.877
Nhi, Nguyen Thi Uyen [5] 0.730
DeLBP-CBIR 0.938

RN L

Két qua minh hoa truy van hinh anh dya
trén hé théng CBIR d& xuit cho flowers,
dinosaurs va horses (Hinh 6). Hinh 16n & trén
1a hinh truy van, 20 hinh anh nhé & dudi 1a
hinh twong tu dugc dua ra tir két qua truy van.
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Hinh 6. Minh hoa két qua truy van tryc quan.

5. Két luan

Chung t61 da thyc hién viéc trich xuat dic
trung két cau cua hinh anh dua trén cic LBP
két hop véi dac trung muc cao tir DenseNet
121, tir 6 4p dung vao bai toan truy van hinh
anh. Viéc trich xuit dac trung da thyc hién
trén cc bd anh théng dung Corel, dong thoi
ap dung tim kiém anh tuong dong dua trén
md hinh da dé xuat.

Theo thyc nghiém cho thiy, phuong phap
trich xuét dac trung ap dung cho bai toan tim
kiém anh 12 hiéu qua va c6 do chinh xéac cao,
cu thé 12 93.80% trén tap co s¢ dit liéu Corel.
Viéc thuc nghiém trén bo anh thong dung
Corel da minh chirng tinh kha thi cia mo hinh
dé xuat va c6 thé ap dung trén cac hé thong
dir liéu da phuong tién.

Hudéng nghién ctu trong tuong lai cua
ching t6i‘ la phan cum bo dir lié}l véc-to dac
trung nham tang toc do tim kiém hinh anh
tuong dong. Thay vi so sanh d¢ twong dong
cua hinh anh truy van véi toan by hinh anh
trong tap co sé dir liéu, ta chi can so sanh do
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tuong déng gitta hinh anh truy véan voi cum
dir li¢u hinh anh twong dong.
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