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Tém tat: Nang cao hiéu suit truy vin anh la vin dé dugc quan tim trong linh vuc thi gidc mdy tinh. Trong bai bdo nay,
mot phudng phéap két hop céu triic R-Tree va KD-Tree Random Forest dugc thuc hién nham nang cao hiéu suit phan 16p
va tim kiém anh. V6i mdi anh dau vao dudc phan 16p biang KD-Tree Random Forest; sau d6, ky thuit gom cum trén
R-Tree dudc thuc hién va tim kiém tip anh tuong tu. D€ thuc hién bai toan niy, phuong phap xiy dung KD-Tree Random
Forest két hop véi ciu tric R-Tree cling véi cac thuit toan xdy dung riing ngiu nhién, phan 16p va tim kiém 4nh dugc
dé xuét. Trén co s d6, mot mo hinh tim kiém anh dua trén sy két hop KD-Tree Random Forest va R-Tree dugc dé xuét.
Thuc nghiém dugc thuc hién trén cic bd anh COREL va Caltech101 nhiam dé ddnh gia tinh kha thi, hiéu qua ctia mo
hinh; dong thdi so sanh véi cic cong trinh khéc thuc nghiém trén cliing bo dif liéu va so sanh v6i két qua truy van anh
khi st dung mot ciu triic riéng 18. Theo két qui thuc nghiém cho thiy phuong phap dé xuét ctia chiing toi 1a hiéu qua va
c6 thé dp dung dudc cho cic hé truy vAn 4nh v6i nhiéu bo dit liéu khac nhau.

Tt khéa: KD-Tree, Random Forest, R-Tree, gom cum, phdn Idp, tim kiém dnh

Title: A Model of Combining R-Tree and KD-Tree Random Forest for Content-based Image Retrieval

Abstract:  Improving image query performance is a matter of interest in the field of computer vision. In this paper, a method
combining R-Tree and KD-Tree Random Forest structures is implemented to enhance the performance of im-age
classification and retrieval. For each input image is classified by KD-Tree Random Forest; then, the clustering technique
on R-Tree is performed and a similar image set is retrieved. To implement this problem, the method of construction KD-
Tree Random Forest combined with the R-Tree structure with the algorithms for building a random forest, classification,
and image retrieval. On that basis, an image retrieval model based on the combination of KD-Tree Random Forest and
R-Tree is proposed. Experiments were performed on the COREL and Caltech101 image sets to evaluate the feasibility
and effectiveness of the model; at the same time experiment is compared with other works on the same data set and
compared with image query results when using an individual structure. The experimental results show that our proposed
method is effective and can be applied to image retrieval systems for many sets of images in many different fields
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I. GIOI THIEU cao hiéu sut, 6n dinh thdi gian tim kiém ciing nhu t6i uu
héa khong gian luu trit 1a can thiét [1].
Phuong phap két hgp nhiéu k¥ thuat hoc mdy nhim nang
cao hiéu suét tim kiém anh 12 vin dé can dudc quan tim Khong gian luu trit anh sb 13 vin dé can dudc quan tim
trong linh vuc truy van anh va thi gidc mdy tinh. Bén canh va tbi uu nham ddp tng thuc trang gia ting anh s6 trong
d6, dit liéu da phuong tién ting nhanh theo thdi gian vé  bdi canh hién nay. D€ gidi quyét vin d& nay, mot sd ciu
sb lugng va thé loai 1a thach thic cho van d& luu trit, hiéu tric dit liéu nhu S-Tree [2], R-Tree [3], v.v. nhidm tbi uu
suit va thoi gian tim kiém. Vi vay, viéc tich hgp mot s6 ky khong gian luu trit anh s6 da dugc thuc hién da mang lai
thuat va phuong phap cho mdt hé truy van dnh nhim nang nhiing két qua kha quan. Trong bai bdo niy, mot ciu tric
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R-Tree dugc ting dung cho qua trinh gom cum du liéu thanh
cdc cum tuong dong va 4p dung cho bai toan tim kiém anh
dugc dé xuét. Bén canh d6, phan 16p di liéu hinh anh 1a
giai doan diu, dong thdi gép phan nang cao hiéu suit cho
bai todn tim kiém &nh tuong tu. Hién nay, c6 nhiéu k¥
thuat phan 16p hinh 4nh dugc ddnh gid v6i hiéu suit phan
16p kha cao nhu CNN, DNN, k-NN, v.v. Tuy nhién, huéng
tiép can md hinh phan 16p bang KD-Tree 1a mot cai tién
trén KD-Tree da mang lai hiéu suét phan 16p on dinh, dong
thdi 4p dung cho bai toan tim kiém anh hiéu qua [16, 26].
Do d6, trong bai bdao nay mdt phuong phdp phan 16p anh
s6 bing KD-Tree Random Forest dudc thuc hién dua trén
co sd xay dung nhiéu céu triic KD-Tree dong thoi d€ hinh
thanh qua trinh phan 16p anh bing riing ngiu nhién. Bén
canh d6, gom cum trén R-Tree 1a mdt phuong phap ning
cao hiéu qua tim kiém anh [15]. Vi vdy, muc tiéu clia bai
bdo nay 1a thuc hién su két hop nhiing diém manh ctia ciu
triic KD-Tree va R-Tree nham nang cao hiéu suét tim kiém
anh can dugdc thuc hién.

Doéng gop clia bai bio gom: (1) P& xuit phuong phap
két hop céu triic R-Tree va KD-Tree Random Forest cho bai
toan tim kiém anh; (2) P& xuit mo hinh tim kiém anh dua
trén k¥ thudt phan 16p KD-Tree Random Forest va gom cum
R-Tree; (3) Panh gi4, so sanh hiéu suét truy van anh trén
cac phuong phap khac cung bd anh thuc nghiém COREL
[4], Clatech101 [5].

CAu tric cda bai bdo gdom: phan II trinh bay cic cong
trinh lién quan vé gom cum trén R-Tree, phan 16p anh bing
KD-Tree va riing ngiu nhién; phan III dé xuit mo hinh
tim kiém anh dua trén su két hop cta céu tric KD-Tree
Random Forest va R-Tree; phan IV trinh bay ciu triic va
phuong phdp xay dung KD-Tree Random Forest, xay dung
va tim kiém trén R-Tree cho bai toan tim kiém anh; phan
V thuc nghiém va dinh gid két quéa trén bo anh COREL,
Calterch101; két luan va hudng phat trién dudc trinh bay &
phan VL

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Phén 16p va gom cum ludn dugc s dung cho bai toan
tim kiém anh vi sut 4nh hudng két qua ctia cdc qud trinh nay
dén két qua tim kiém anh 1 kha 16n. Hién nay, c6 nhiéu
cong trinh tim kiém 4nh da st dung cac ky thuat phan 16p
va gom cum nhu CNN, DNN, k-NN, k-Means, v.v Két hop
v6i ciu tric R-Tree, KD-Tree da mang lai hiéu suét cao tiéu
biéu 1a:

Yugian Zhang va cong sy (2016) [6] da st dung phuong
phdp phin chia viing 4nh d€ nhén dién khuon mit st dung
cAu triic KD-Tree. Tai pha huin luyén, méi anh dugc chia
thanh nhiéu ving; ciu tric KD-Tree dugc xdy dung dua
trén tap anh phan ving nhiam phan 16p va luu trit tdp dnh
huén luyén. Tai pha kiém thir, méi anh dudc chia thanh
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nhiéu ving va ciu tric KD-Tree dudc st dung trong qué
trinh tim kiém theo k lang giéng gin nhit bing cich d6i
sanh cdc ving anh tim kiém véi anh gdc bang thuit toan
k-NN. Cong trinh nay dugc danh gi 1a su két hop gitta cu
tric KD-Tree va thuat toan k-NN di mang lai hiéu suit cao
hon so véi chi dung mét ky thuat don 18.

Fatin Zaklouta va cdng sy (2011) [17], da thuc hién danh
gid hiéu suit phan 16p anh dén giao thong bang KD-Tree
va rling ngau nhién dé€ phan loai bién bdo giao thong biang
cach st dung dic trung biéu do kich thuée khac nhau bang
déac trung HOG (Histogram of Oriented Gradients) va phép
bién ddi khoang cach (Distance Transforms). Cic tic gia st
dung tap dit liéu 4nh bién bdo giao thong ctia Diic gdm 43
16p va hon 50.000 hinh anh. Trong bai bdo nay, su két hop
ctiia bd phan loai KD-Tree véi dac trung HOG va Distance
Transforms thi ty 1& phan loai I1én t&i 0.97 va 0.8180. Két
qua nay dudc danh gia 1a kha cao va c6 kha nang mé rong
cho cdc hé phan loai dnh khéc.

Weishi Man va cong su (2018) [18] da thuc hién mét cai
tién trong thuat toan tich it riing ngau nhién d€ niang cao
hiéu suét phan 16p hinh anh bing cach két hgp md hinh
phén tich thudc tinh riing ngiu nhién ID3 va CART. Thd
nhét, tinh hop 1 ctia m6 hinh Kim tu thdp khong gian dudc
xac minh dya trén mo hinh tdi tir (Bag of Words). Thu hai,
thuat toan tich nit ctia riing ngau nhién dudc cai tién. Cubi
cung, hiéu qua va do chinh xic ctia thuat todn dé& xuét dudc
minh ching théng qua so sanh thuc nghiém trén b di li€u
hinh 4nh Caltech101 v6i hiéu suét cao, diéu nay cho thiy
phan 16p anh bang riing ngiu nhién la mdt phuong phap
ding dan, hiéu qua.

Vanitha J., Senthilmurugan M. (2018) [7] da d& xut mot
cAu tric cdy chi muc SR-Tree (Sphere Rectangle Tree) 1a
su két hop giita ciy SS-Tree va cdy R-Tree d€ luu trit dit
liéu hinh 4nh dang chi muc. Mot hé théng truy van anh
dua trén ndi dung st dung ciu triic ciy SR-Tree dudc thuc
nghiém trén cdc bd anh véi két qua dudc dinh gid 1a kha
quan. Cung thdi diém nay, Arpitha Y.C va cong su (2018)
[8] da d& xuét mot cach tiép can bai toan x{ ly hinh 4anh da
chiéu bang cich sit dung céu tric R-Tree, trong d6 cac d6i
tugng hinh anh da chiéu dudc luu trit theo phuong phéap chi
muc. Trén co s& ndy, mot phuong phdp tim kiém cac dbi
tugng trong mot ving cho truée va tim kiém lang giéng
gan nhét dua trén cay R-Tree dugc thuc hién di mang lai
két qua tot.

Bén canh d6, Xinlu Wang va cong su (2019) [9] da dé
xuit mot phuong phap truy van dong trén ciu tric R-Tree,
céc tam cum dong dudc t6i uu héa dua trén cAu tric R-Tree.
Bing cach chon mot tim cum t&i wu héa, phuong phap nay
t8 chic luu dif liéu cing mot khong gian con thanh cling
cdy con va xiy dung mot ciy chi muc R-Tree. Két qua thuc
nghiém cho thiy phuong phip dudc dé xuét cdi thién tinh
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on dinh ctia hé théng va hiéu qua cao, dong thdi ing dung
cho hé thdng tra cifu thong tin bénh vién.

Trén cd sG cac cong trinh nghién cuu lién quan, nhém
tac gid Nguyén Thi Pinh va cong su [16, 26] da thuc hién
mot phuong phap phan 16p dit liéu bang KD-Tree va dp
dung cho bai todn tim kiém anh tuong tu. Trong nhiing
cong trinh nay, nhém tac gia da thuc nghiém trén cac bod
4nh COREL, Wang, image CLEF véi hiéu suit kha cao.
Qua trinh xiy dung KD-Tree theo huéng tiép can phan 16p
dit liéu d€ hinh thanh céc phan 16p tai nit 14. Pong thdi
nhom tac gia L& Thi Vinh Thanh va cong su [15] da thuc
hién mot phuong phap gom cum trén R-Tree cho bai toan
tim kiém anh da mang lai hiéu suit cao khi so sinh véi
cac cong trinh khac cung linh vuc. Nhom tac gia da thuc
hién cai tién cAu triic R-Tree nhim nang cao kha ning md
rong khong gian luu tri, t6i vu thoi gian tim kiém.

Tt nhitng cong trinh da khdo sit cho thiy cac loai dic
trung co ban nhu mau sic, hinh dang, két ciu, dudng vién
dugc st dung khd phd bién va mang lai hiéu suit cao. Tuy
nhién cic cong trinh nay chua quan tim dén vén dé t6i uu
kha luu trii. Vi vay, trong bai bao niy mot s6 dic trung sau
khi trich xuét véc-td dugc phan 16p bing KD-Tree Random
Forest, sau d6 gom cum trén R-Tree dé &n dinh thdi gian
tim kiém va ting kha ning luu trit dap ting nhu ciu ngay
cang gia ting dit liéu 4nh s6. Phuong phap két hop giita ky
thuat phan 16p 4nh bing riing ngiu nhién trén co s§ xay
dung nhiéu KD-Tree dong thdi; sau d6 tiép tuc gom cum
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trén R-Tree dia mang lai hiéu suit tim kiém cao, thdi gian
tim kiém &n dinh va 4p dung cho cdc bd anh c6 tinh chit
khac nhau véi hiéu qué cao.

III. MO HINH TIM KIEM ANH DUA TREN R-
TREE KET HOP KD-TREE RANDOM FOREST

D& minh ching cho co sé ly thuyét dé xuit, mdt mo
hinh tim kiém anh két hop ciu tric R-Tree va KD-Tree
minh hoa bdi Hinh 1. Trong d6, cAu tric KD-Tree dudc
st dung cho qud trinh phan 16p hinh 4nh, tif phan 16p dé
thuc hién gom cum trén R-Tree dé trich xuét tip anh tuong
tu tai nit 14 va dudc ké thita tir cong trinh [15, 16]. D&
thuc hién mo6 hinh nay, cic thuit toan dé xuit gom: (1)
thuat todn huin luyén KD-Tree; (2) thuit toan xdy dung
KD-Tree Random Forest; (3) thudt toan phan 16p anh bing
KD-Tree Random Forest; (4) thudt toin gom cum bing
R-Tree; (5) thuit toan tim kiém anh tuong tu trén R-Tree.

Mo hinh truy van anh dua trén ciu tric R-Tree két hop
KD-Tree Random Forest gdm pha tién xt ly va pha truy van
4nh véi cac budc nhu sau: (1) Trich xuat dic trung cho tap
di liéu thuc nghiém thanh tap véc-td dic trung; (2) Xay
dung va huin luyén ciu tric KD-Tree Random Forest tit
tdp véc-td dac trung theo phuong phap Bagging; (3) Phan
16p 4nh bing céu triic KD-Tree Random Forest theo cd ché
phiéu bau d€ trich xuét tén phan 16p anh; (4) Gom cum dit
liéu trén R-Tree da xay dung sau khi thyc hién phan 16p;
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(5) Trich xuét véc-to dic trung cho anh dau vao; (6) Truy
vén trén R-Tree d€ trich xut tip anh tuong tu véi dnh dau
vao.

IV. CAU TRUC KD-TREE RANDOM FOREST VA
R-TREE

Thuét toan 1: Huin luyén KD-Tree

1 Input:Bo Véc-to InitWeight, chiéu cao h, b nhanh
2 Output: Trained-KD-Tree

3 Function: TKDT (InitWeight, h, b)

4 begin

5 Init-KD-Tree = 0;

6 while Pj< P; do

7 Xay dung Init-KD-Tree v6i bd Véc-to InitWeight,
chiéu cao h, b nhénh;

3 Gan nhan cho cac nuat 1a trén Init-KD-Tree;

9 Pi = Tinh hiéu suit phan 16p trén Init-KD-Tree;

10 Xac dinh dudng di sai cda nhiing véc-to fi trén
Init-KD-Tree;

Xac dinh dudng di ding cla nhing véc-ts fi bi
sai dudng di;

Tim vi tri Node; lam sai dudng di cta vectd fi;

TrainVéc-to = Diéu chinh véc-to luu tai Node;
dé f, ding dudng di;

Tao lai Trained KD-Tree theo b TrainVéc-to;

Gan nhan cho cac nut 14 trén Trained-KD-Tree;

Pj= Tinh hiéu sut phan 16p sau khi diéu chinh
véc-td tai Nodei;

1

12
13

14
15
16

end
Véc-t6 = TrainVéc-to; return Trained-KD-Tree;

17
18
19 end

Chu tric dit liu luu trit 12 d6i tuong gidp tdi uu héa
khong gian luu tri¥, gidm thdi gian tim kiém va 4nh hudng
truc tiép dén hiéu suét truy van anh. Trong bai bdo nay, mot

32

phuong phép két hop gitta hai cAu tric R-Tree va KD-Tree
Random Forest d€ thuc hién gom cum va phan 16p cho bai
toan tim kiém anh dugc thuc hién.

1. Chu tric KD-Tree cho phan 16p hinh anh

Dua trén tinh chit cdy KD-Tree nguyén thiy [10] va ké
thira tir cong trinh [16, 26], trong bai bdo nay ciu tric KD-
Tree phan 16p dugc xdy dung 1a mot ciy da nhanh can bang,
gdm mot nit gbc luu trit véc-to phan 16p (wo); tip nit trong
Node, mbi niit trong Iuu trit mot véc-to phan 16p (wik) va
tap nut 1a Leaf, mdi ndt 14 chita nhidu véc-to hinh anh F
= fi, f ..., fr. Sau khi xdy dung céu triic KD-Tree phan
16p tai mdi niit 14 12 mot phan 16p chifa tip véc-to hinh 4nh
thuoc nhiéu phan 16p khac nhau. Ciu tric KD-Tree déng
vai trd phan 16p cho anh dau vao tif nit gbc dén nit 14 va
qua trinh phan 16p trén KD-Tree dudc minh hoa nhu Hinh
2.

Do phiic tap ctia thuat toan TKDT (Huin luyén KD-
Tree) 12 O(p*h*n). Trong d6 p 1a s lan diéu chinh véc-to
trong sb; h 1a chidu cao cdy (hing sb); n 1a s6 phan ti
tham gia vao qud trinh xdy dung cdy. Qua trinh huin
luyén ciu tric KD-Tree dudc thuc hién thong qua sb lan
cap nhat trong s6 dé tao ciy. Do d6 do phic tap ctia thuat
toan TKDT la do phic tap clia s6 1an tao cdy. Vi vay, do
phtc tap cua thuit toan TKDT la O(p*n).

2. Xay dung cau tric KD-Tree Random Forest bi“mg
ky thuat Bagging

D€ nang cao hiéu suét phan 16p cho anh du vio, trong
bai bdo niy mdt ciu tric KD-Tree Random Forest dudc
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xdy dung v6i ky thuat Bagging dudc dé xuit. Trong do,
KD-Tree Random Forest 12 cAu tric gdom nhiéu KD-Tree
dugc xay dung doc 1ap va huin luyén d€ hinh thanh mo
hinh phan 16p bang riing ngau nhién.

Rimg ngiu nhién 12 mét trong nhitng ky thuat phan 16p
hinh 4nh hiéu qua bdi su két hop cic két qua dinh gid
khéach quan tif nhiéu mé hinh phan 16p doc 1ap. Qud trinh
xdy dung riing ngiu nhién két hop véi ky thuat Bagging
dugc nhiéu cong trinh di cong bd véi két qua phan 16p
anh kha quan [19, 20, 21]. Trong bai bao nay, mdt phuong
phép két hgp riing ngiu nhién trong d6 méi bd phan 16p 1a
mot ciu tric KD-Tree dudc xay dung vé6i ky thuat Bagging
nhiam nang cao hiéu suit phan 16p hinh dnh du vao. Ring
ngau nhién ducc tng dung khd nhiéu vao cdc cong trinh
phan loai dit liéu, phan 16p hinh anh [18, 23] bdi hiéu suét
phan loai d6i tuong cao hon mot sd ky thuat hoc may don
1€ nhu k-NN, CNN, ANN, v.v. Tuy nhién chi phi thoi gian
xdy dung va huin luyén md hinh phan loai bing riing ngiu
nhién la kha 16n. Trong bai bdo nay, trén co sé xay dung
KD-Tree Random Forest nhim phén loai di tugng hinh dnh
bing mot md hinh két hop dé thuc hién phan loai hinh dnh
qua nhiéu ciu tric KD-Tree doc 1ap, riing ngdu nhién can
dugc xay dung. Két qua phan 16p hinh anh bing mo hinh
riing ngau nhién dua trén KD-Tree Random Forest bing ky
thuat Bagging 4p dung cho bai todn tim kiém anh dugc
danh gia la hiéu qua.

Trong cong trinh [16, 26] viéc phan 16p anh bing céu
triic KD-Tree 1a thuc hién phan 16p cho dnh dau vao bing
mot cAu tric KD-Tree nén hiéu suit phan 16p chua thuc
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sut khach quan. Do d6, k§ thuat phan 16p anh bang nhiéu
ciy KD-Tree d€ d4m béo tinh khach quan cho ngudi ding
va nham nang cao hiéu suét phan 16p 1a thuc su cin thiét.
D€ thuc hién diéu nay, riing ngiu nhién dudc xiy dung bdi
nhiéu cay KD-Tree d€ thuc hién phan 16p dong thsi cho
4nh dau vao. Sau khi thuc hién phan 16p trén tiing ciy KD-
Tree, phuong phap bd phiéu bau dé 14y sb dong cho két
qua phan 16p bang riing ngiu nhién.

Thuit toan 2: Xiy dung KD-Tree Random Forest

1 Input:Traning set S, Number of KD-Tree B;
2 Output: KD-Tree Forest

3 Function: RF-KDT (S,B)

4 begin

5 foreach x € X do

6 S; = a bootstrap sample from S;

7 h; = Create KD-Tree(S;, Wi;, h, b);
8
9

KD-TreeForest = KD-TreeForest;
U hg;

end

return KD-Tree Forest;

12 end

Trong bai bdo ndy, riing ngiu nhién dudc xay dung la
tap hop nhiéu cdy KD-Tree nhim thuc hién phan 16p nhiéu
lan cho mot anh diu vao (I) dua trén cidc md hinh phéan
16p riéng biét va thuc hién song song. Minh hoa riing ngau
nhién KD-Tree RandomForest va ky thuit Bagging dudc
minh hoa trong hinh 3 gdm cic budc: (1) Xay dung bd
Data Radom (Data;); (2) Xay dung KD-Tree cho tiing bd
Data;; (3) Tap hgp B cay KD-Tree hinh thanh KD-Tree
Random Forest.
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Do phic tap cua thuét toan RF-KDT (Xay dung KD-Tree
Random Fores) 1a B* O(k*h); trong d6 B 1a s6 cdy KD-Tree
can xay dung va O(P) (P = k*h) 1a do phic tap cho xay
dung mot cay KD-Tree c6 k phan tif va chiéu cao h. Vay do
phiic tap ctia thuat toan RF-KDT la O(B*P), vi B la hing
s6 nén do phifc tap cta thuat toin RF-KDT la O(P).

3. Phan 16p anh b%ng KD-Tree Random Forest theo
6 ché phiéu bau

Su két hgp nhiéu ciu tric cdy phan 16p KD-Tree dé
xdy dung ring ngiu nhién nhim thuc hién phan loai d6i
tugng qua nhiéu ciu tric KD-Tree khac nhau. M&i hinh
4nh dudc phan 16p bang nhiéu cidy KD-Tree sé c6 nhiéu
hon mot két qua nhin 16p. Do d6, két qua phan loai dudc
thuc hién thong qua co ché phiéu bau dé mang lai hiéu
qua phan 16p t6t hon cho tip 4nh don dbi tugng ciing nhu
4nh da ddi tugng [21, 22]. Trong bai bdo niy, mot phuong
phap phan 16p bang KD-Tree Random Forest theo co ché
phiéu bau dugc d& xuét va thyc hién. Mot dnh dau vao
dugc thuc hién phan 16p bdi nhiéu ciy KD-Tree, két qua
phéan 16p trén mdi cdy 1a mot phan 16p cho anh dau vao.
Do d6, can thuc hién bd phiéu bau dé€ tim s6 phan 16p
giébng nhau 13 nhiéu nhit cho anh I bdi riing ngiu nhién.
Sau khi thyc hién phiéu bau thi phan 16p cho anh I la
phan 16p c6 phiéu bau nhiéu nhét. Cong thic phiéu bau dé
chon phan 16p cudi cung (Final Class) cho anh du vao I la:

FinalClass(I) = max(number of voting I in Random
Forest)
Trong trudng hop 4nh dau vao thudc m phan 16p khac
nhau, k§y thuat phiéu bau sé dudc thuc hién liy két hop m
phan 16p c6 s6 phiéu bau cao nhat.

Thuét toan 3: Phan 16p dnh bang KD-Tree
Random Forest theo co ché phiéu bau

1 Input:vetor f; of image /
2 Output: Final class name of image /
3 Function: CKDFYV (f;, KD-Tree Forest)

4 begin

5 Khéi tao N KD-Tree cho riing ngiu nhién (KD-Tree
Forest);

6 foreach KD-Tree[i] in KD-Tree Forest do

7 | Phén 16p anh I theo timg KD-Tree[i];

8 end

9 FinalClass(I) = Phan 16p dudc chon theo phiéu bau
nhiéu nhit;

10 return FinalClass(/);

11 end

Do phiic tap cua thuit toan CKDFV 1a O(N*h*k). Trong
d6 B 1a sb cay KD-Tree trong KD-Tree Forest; i 1a chiéu
cao cay KD-Tree va k 14 s6 nhdnh tbi da trén KD-Tree. Vi

B, h, k 1a nhiing hang s nén dit T = B*h*k. Viy do phiic
tap cta thuat toan CKDFV 1a O(T), T 1a hing sb.

4. Chu tric R-Tree gom cum dit liéu

Qu4 trinh gom cum cic vée-td dic trung dua trén ciu
tric RS-Tree [13]. Trong cong trinh nay, tic gia dé& xuét
mot chu tric cdy d€ gom cum va luu trit cic véc-to da
chiéu: RS-Tree, mot ciu tric cii tién ctia R-Tree, 1a cy da
nhanh cin bing ting dung cho bai toan tim kiém &nh tuong
tu. Cay RS-Tree la cdy phan hoach dit liéu khong gian bao
gdm: mot nit gbc, mot tap nit trong va mot tap nit 4.
RS-Tree dudc dé xudt nhiam lwu trit cdc phan tit hinh dnh
trong khong gian d chiéu, mdi phan tif spED 1a mot khoi
cau cé tim _c)x p va ban kinh r,,, chiia véc-to dic trung anh
= (V1. Vi2s s via), Vi vy 12 diic trung cAp thip thd i
ctia hinh 4nh 1. Cic niit trén RS bao gém: Niit trong S,,pqe:
12 mot bd (MBS,p), trong d6 MBS 1a mot khoi cau c6 tim
C node Va ban kinh r,04., p 12 con trd lién két dén cac niit
con. Khéi cau nay bao phii cic khéi ciu ciia cic niit thudce
nhénh cy con. Mdi nit trong S,,,qe c6 s6 phan tif toi thiéu
12 2 va tbi da 1a N. Nut 14 Siear: 1a b0 <MBS, element>,
trong d6 MBS 1a mot khéi ciu c6 tam Clea f va ban kinh
Fleay chita mot tap thuc thé element v6i moi thuc thé spED
12 mot bd <M BS, oid> trong d6 MBS 1a khéi cau c6 tim
_c)X,, va ban kinh ry, chita khong gian dbi tugng, oid la
dinh danh déi tuong f; = (vi1,vi2, .. via). MBi nit 14
Sieay €6 s6 phan t t0i da la M va s6 phan td t6i thiéu 1a
m(l<m< M/2).

5. Xay dung cAu tric RS-Tree

Khi mot phan tii spED = <MBS(Csp,rsp)if>
dugc thém vao ciy RS-Tree, viéc chén dudc thuc hién
bt dau tr ndt gbc, 1an lugt duyét qua tit ca cdc
nit con cda nit gbc va di theo nhdnh c6 khoang
CEleh dmin{dE(Sm,de._c)m,de,spED.?S,,),j\z 1..N}, cho
dén khi tim dugc nut la. Sau d6, phan t& spED;
dugc phan phdi vio nit 14 hién hanh théa diéu kién
dE(spED._c)sp, Szeuf-7leaf)<9- Ngudc lai, mot nit 14 méi
Snewleay dudc tao cung cha véi nit 14 hién hanh dé luu
phan tit spED. Qu4 trinh xdy dung cu tric RS-Tree theo
cdc khdi cAu nham giam khong gian luu trit so véi phuong
phdp xdy dung theo khdi hinh chit nhat, diy 1a mot cai
tién ctia bai bdo st dung ciu tric RS-Tree cho tim kiém
4nh. Thuat todn xay dung RS-Tree dudc trinh bay nhu trong
Thuét toan 4.

Goi n 1a s6 phan ti clia tap dif liéu, M 12 sb phan tir tdi
da trong mot mit ctia RS-Tree. Thuat toan CRST lan lugt
thuc hién duyét tif nit gbc dén nit 14, mdi 1an duyét qua



Thuét toan 4: Xay dung RS-Tree

1 Input: Nit Sy, ngudng M va phan t dit liéu SspED

2 Output: Ciy RS-Tree sau khi thém phan ti

3 Function: CRST (Sy.spED)

4 begin

5 if (Sy khong phdi niit 1d) then

6 Chon nhéanh gin véi phin tif dudc thém vao theo
dd do Euclidean cho dén khi gip dugc niit 14
hién hanh Sy,

se
8 if (Spcr: €6 56 phdn tit nhé hon M) then
Tinh khoang cdch Euclidean d
Euclidean(SspED.?, SLcr,._c))+SspED.r;
if (d < 6) then
Thém phén tit Sspep vao nit 1d Szers;
Cap nhat tdm cum;
else
Tao mot nut 14 méi Sz ey cung cha véi
nadt 14 hién hanh;
Thém phén tit SspEp vao nit 1d méi
SLnew:
Cap nhat tdm cum;
end
se
| Thuc hién tach nit 14 Sjeq rx;
end

10
11
12
13

14

15
16
17 e
18
19
20
21
22 end

end
return RS -Tree;

M phan ti, mbi 1an duyét thuat toan CRST thuc hién phép
cap nhat tim va tich nit tif nit 14 dén nit gbc. M 1a hing
s6. Do do, thuat toan CRST c6 do phic tap 1a O(logn)>.

6. Cai tién tach niit trén RS-Tree

Thuat toan tach nut trong cong trinh [13], viéc phan
hoach tip cdc phan ti vé hai nit con dudc thuc hién bang
cch Iva chon tuan tu ngiu nhién trong tip M — 1 phan ti
dé€ phan phdi 1an ludt vao hai niit con. Trong bai bdo nay,
thuat toan tach niit dudc cai tién nhu sau: tip M — 1 phan
tli s& dudc tinh do do sai biét so v6i hai phan ti dudc chon
lam hai tdm cta hai ndt méi. Trong qua trinh tach nut 14
thanh hai nit con, viéc Iya chon phan ti spED; phan phi
vao hai nut 14 méi cho phu hgp dugc thyc hién dua theo do
sai biét (ky hiéu la dp;s) dugc minh hoa nhu trong Hinh
4, phan tif c6 do do sai biét 16n sé dudc chon dé phan phbi
trudc.

Trong Hinh 4, do do sai biét (dp;r) cua phan ti
spED; so v6i hai phan t& spED; va spED, la hai
phan ti dudc chon lam tAm cda hai nit 14 méi SLeafl
va Srearr dudc tinh nhu sau: dp;r |dy — d»,
trong d6 d; = dE(spEDl-.?S,,i,spEDk.—c)s,,k),d2 =
dE(spEDi._c)S,,i,spED,.?)X,,t). Do sai biét cang 16n thi
kha ning xic dinh phan tif thudc vé mot trong hai nit cang

cao.
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Hinh 4. M0 ta thuat todn tach mit dua vao do do sai biét

D¢ thuc hién tach mit 14 thanh hai nit con, hai khéi cau
SspEDk» SspED: Xa nhau nhét trong nut tach sé dugc chon
dé 1am tam khdi diu hai nit con. Viéc chon hai tim dudc
thyc hién theo Thuét toan 5.

Thuit toan 5: Lua chon hai phan tif 1am tim hai
nut con
1 Input: Nut 14 SI;ean .
2 Output: Hai khoi cau phan t& spEDy, spED;
3 Function: SelectedSpEDs (Spcqf)
4 begin
Khéi tao dermax = 0;
Khéi tao spEDj. = null;
Khéi tao spED; = null;
for Duyét cdc phdn tit trong niit ld Sy .4 r do
Tinh khoang cich Euclidean;
Chon phin \th xa tim nit 14 Syeqf nhit gin gia
tri cho phan t& spEDy;

© ® 9 wn

end

SLeaf = SLeaf‘sPEDk;

for Duyét ca’f phan t trong niit ld Speqy do

Chon phan td xa phan td spED} gan cho
SpEDy;

end
return {spEDy,spED;};

15
16
17

end

DE phan phdi cdc phan ti vao hai nit 14 dudc t6i uu, cic
phan ti trong danh sach nit 14 cin tich dudc sip xép theo
dod do theo do sai biét, thuat toan dudc trinh bay nhu trong
Thuét toan 6.

Sau khi lua chon dudc hai phan ti khdi cAu lam tim cla
hai niit 14 dugc tich ra, cdc phan tif con lai 1an lugt dudc
phan phdi vao hai nit da tach. Qua trinh phan phdi dugdc
thuc hién quy tic chon nhdnh t6t nhit. Thuat toin phan
phdi cic phan tif dudc trinh bay nhu trong Thuét toan 7.

Nt Szeqr bi tran duge xi ly bing cach tao hai nit méi
Sreaf1s SLeaf2, cung muic v6i Sreqr, phdn ving M + 1
phan ti vao hai niit. Khi qua trinh phén tich xay ra c6 thé
lan truyén dén niit trong, thuc hién tach niit trong. Qu4 trinh
nay c6 thé lan truyén dén nit gbc, khi nit gbc day mot niit
gbc méi sé dudc tao ra. Thuit toan tach nit 14 dudc trinh
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Thuét toan 6: Sip xép cac phan tir theo do do
sai biét

1 Input: Ba nit 1a SLeafs SLeafls SLeafZ
2 Output: Danh sich cdc phan tit sau khi sip xép Sr.sors
3 Function: SortListSpED (SreafsSLeaf1-SLear?2)
4 begin
for Duyét cdc phan ti trong niit ld Sp.eq r do
Tinh cédc khoang cich Euclidean
d\=Euclidean(Speaf1.¢,Speaf.SpED|[i] C);
dy=Euclidean(Speaf2¢,Speaf.SpED[i]7C);
Tinh d6 do sai biét; d; |dy — dyl;
Pua cdc phin tif vio danh sich Listgy;
Ll'SZSL‘Add(SLeaf.SpED [i],di);

® N & Wn

9 end

10 Sép xép cac phin ti theo dd do sai biét; Sz sorr =
Listgy .Sort;

return Sy 0,13

11
12 end

Thuét toan 7: Phan phdi cic phan tif vao hai nuit
14

1 Input: Ba nut 1a can tach SLeaf’ SLeufl’ SLeufZ

2 Output: Céc niit sau khi phan phdi xong

3 Function: DistributeSpED (SLeafaSLeafl aSLeafZ)

4 begin

5 Khdi tao

6 Stemp = SorlLiStSpED(SLeaf,SLeafl,SLeafz);
7 while (Stemp == 0||Spear1-size!

=M-m+
1||SLea)‘2 size!l =M — m+1) do
8 Tinh khoang cdch Euclidean dén tim cda hai nut
1& Speaft> SLeaf2s
9 if (Euclidean(SLeafl._c),spED._c> <

Euclidean(SLeafz.—c),spED.—c))) then
Dua phan tif spED vao nit 14 Syeqr1;
Cép nhat tam;

else
Dua phan t&f spED vao nit 1d Syeqf1:
Cap nhat tam;
Stemp = Stemp -
end

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24 end

{spED};

end

if (Spear1-size==M —m +1) then
‘ SLean = SLeafZ U Stemps

else
‘ SLeafl = SLeafl U Stemp;

end

return {SLeafls SLeaf2};

bay nhu Thuét toan 8.

Goi n 1a s6 phan ti cla tap di liéu, M 1a sé phan ti
tdi da trong mot mit RS-Tree. Khi thuc hién tich niit,
trong trudng hop xAu nhét, Thuit toan SplitLeafRST phai
tach tir nit 14 dén nit géc. Moi lan tach nit, Thuat todn
SplitLeafRST phai thuc hién M phép so sinh dé phan bd
vé k-cum. Mit khic, mdi lan thuc hién tich nit, trong
truong hop xau nhat Thuat toan SplitLeafRST phéi goi dé
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Thuat toan 8: Thuit todn tdch nut 14

1 Input: Nit 1a can tich Szq ¢
2 Output: Ciy RS-Tree sau khi tich
3 Function: SplitLeafRST (Sp.q5)
4 begin
Tao nut 14 SLeafl, Tao nut 14 Sz eqp2;
Chon hai phan tit xa nhau nhét trong nt 14 S Leafs
SelectedSpEDS( Speq f);
Dua spEDy vao nit 1d Speq 13
Cép nhat tdm va ban kinh;
Dua spED; vao nut 1a Speq2;
Cép nhat tdm va ban kinh;
X6a hai phan tit nay ra khoi Syeq
Goi ham sip xép cdc phn tit theo do do sai biét;
SLsort = SortngtspED(SLeaf SLeafl SLeafZ)
Goi ham phan phéi cic phan ti vao hai nit;
DistributeSpED(S Lsort:SLeaf1:S Leaf2);
SLpr = Sme .parent;
if (S6 phdn tik niit cha Sy, pr 1hé hon N) then
| Cap nhat tm miit cha;
else
| Tich mit cha;
end

e ® 9 & wn

10
11
12
13
14
15
16
17
18
19
20
21
22
23 end

quy tif nit 14 dén nit gbc. M 1a hing sb. Do d6, dd phiic
tap ctia Thuat toan SplitLeafRST 1a O(logn)>.

7. Tim kiém anh twong tu dua trén R-KD-Tree

Tir ciy phan cum dit liéu khong gian RS-Tree da tao, mot
thudt toan tra ciu anh tuong tu theo ndi dung dua trén cay
RS-Tree dugc dé xuit. Qua trinh tim kiém &nh tuong tu
dugc thuc hién trén cdy RS-Tree va dugc mo ta nhu Thuét
toan 9.

Thuét toan 9: Thuit todn tim kiém 4nh trén
R-KD-Tree

1 Input: Pic trung anh truy vin spED, RS Tree
2 Output: Tap anh tudng tu SI
3 Function: RSIR (Sp,, spED)
4 begin
SNode = SNr; R
if (Snode tro tdi phan ti null) then
| return null;
else

- S

if (Syx khong phdi ld it ld) then

Di theo nhanh gin nhit v6i phan ti truy vin
ky hiéu Syx;

RSIR (Snyg, spED);

11
12
13

else
SI = {Céc phan tit anh tuong ty trong miit 14
hién hanh Sy .,;};

14 end
15
16

17 end

end
return S/;




Béng 1
MO TA CAC THAM SO THUC NGHIEM

Tham so COREL  Caltech-101
M 120 100
m 1 1
N 20 25
6 0.078 0.085
Topk 80 50-100
Thoi gian xdy dung 0.41 2.79

ciy RS-Tree (gid)

Goi n 1a s6 phan ti cta tip dif liéu, M 1a s6 phan ti t6i
da trong mot nit ciia RS-Tree. Thuat toan RSIR lan lugt
duyét qua cac niit tir gbc dén 14, hon nita vi cay RS-Tree la
ciy can bang nén thuat toan RSIR duyét qua chiéu cao A
clia cdy. Mbi 1an duyét, thuat toan RSIR phai so sanh véi
M phin ti ciia mdi mit. M 1a hing sb. Do d6, do phiic tap
cta thuat toan RSIR 1a O(logn).

V. THUC NGHIEM
1. Mo ta dur liéu thuc nghiém

D€ danh gia hiéu ning clia cac hé thdng truy van anh, mot
s6 bo dif lidu 4nh tiéu chuin dugc st dung cho qua trinh
thuc nghiém géom COREL, Caltech101. Bd anh COREL
g6m 1,000 anh JPEG chia thanh 10 cht d& khac nhau. Mbi
chd dé gom 100 4nh. Bo 4nh Caltech-101 gdm 9,144 dnh
JPEG chia thanh 102 chi d&. Mdi chi d& chia tir 40 dén
800 4nh. Mbi 4nh c6 kich thuéc tit 200 — 300 pixels. Mbi
hinh anh dudc trich xuét thanh mot véc-to dic trung c6 81
thanh phan. Qu4 trinh trich xuit véc-to dic trung dugc ké
thira tir cong trinh [16]. D li€u thyc nghiém trong bai bdo
nay khong cé rang budc thém so véi cac cong trinh khac
thuc nghiém trén cung bd anh.

2. Thuc nghiém va danh gia

Trong bai bdo nay, cic tham sb M, m, N, 6 dudc tién
hanh thuc nghiém dé lua chon gid tri nhim ning cao do
chinh xdc truy vin. Goi nMax;,cass 12 s6 phan tit t6i da
trong mot phan 16p. Chung t6i thuc nghi€ém chon M €
[(nMaxinciass — @ nMaxipeiass + @], a 1a hing sb6; N €
[2, M]. Ngudng 6 d€ danh gid do tuong tu cdc phan ti
thuoc mot cum. S6 phan i ctia mdi phan 16p xp xi 10%
ctia bo di liéu. Do do, ching t6i thuc nghiém gia tri 6 €
[0.1 = 4,0.1 + u],p € [0,0.05] 1a hé sb hoc. Thong qua
qua trinh thuc nghiém, cic tham sb tdi uu dudc lua chon
sao cho hé théng dat dudc do chinh xic tot nhit dugc trinh
bay nhu Bang I.

Viéc lua chon tham sb trong qud trinh thuc nghiém phu
thudc vao tap dif liéu bao gdm: (1) s6 cic phan tir dif liéu
mau trong mot phan 16p; (2) s lugng phan ti trong tip dit
liéu anh. S6 phan ti trong mot phan 16p cang 16n thi tham

Tip 2022, S6 1, Thing 6

s6 M cang 16n. S6 lugng phan td trong tap di liéu 16n thi
N cang 16n nham han ché chidu cao ctia ciy gitip giam
thoi gian tim kiém. Ngudng 6 phu thudc vao do tuong tu
clia cdc phan tif trong mot phan 16p, néu cic phan td trong
mot phan 16p cang gan nhau thi ngudng 6 cang bé. TopK
cang 16n do chinh x4c cang thip, do phi cang cao. Tham
s6 TopK dudc lua chon sao cho do do dung hoa dat t6t
nhét.

Thuc nghiém tim kiém anh tuong tu dua trén clu tric
R-Tree két hgp KD-Tree Random Forest dudc minh hoa bdi
hinh 5. Hé truy vin anh RKDT dua trén két qua phan 16p
4nh dau vao (Load Image) bang KD-Tree Random Forest
(Image Classification on KD-Tree Random Forest), sau khi
da xay dung va huin luyén mo hinh phan 16p bing ring
ngiu nhién 13 nhiéu ciu tric KD-Tree (Create KD-Tree
Randm Forest). Sau khi thuyc hién phan 16p cho anh dau
vio 1a qud trinh gom cum bang R-Tree (Clustering on R-
Tree). Dua trén két qua gom cum tif R-Tree dé tim kiém va
trich xuit tdp anh tuong tu vdi anh dau vao sau khi trich
xuit véc-to dic trung.

7 RKDT Retrieval _ o o
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Image DBs Precision 93.00% F-measure 87.32%

Recall 82.30% Query Times 2528 (ms)

@ COREL
Create KD-Tree Random Forest Image Classffication on KD-Tree Random
Load Image Clustering on R-Tree Retrieval on R-KD-Tree
Feterton D Tee Teur |

O Caktech101

Hinh 5. Hé truy vin dnh RKDT

Két qua tim kiém tap 4nh tuong tu v6i dnh dau vao (anh
588.jpg bo COREL) dugc minh hoa bdi Hinh 6.
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Hinh 6. Két qua truy vin 4nh 588.jpg (COREL)
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Precision-Recall on COREL dataset
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Hinh 8. Biéu dd Precision, Recall va ROC bd anh Caltech101
) Béng 11 R COREL, Caltech101 v&i d6 chinh xac (Precision), dd phu
HIEU SUAT PHAN LOP ANH BANG (Recall) va d6 dung hoa (F-measure), thdi gian truy van
KD-TREE RANDOM FOREST < L, . . e en
trung binh cua céc bd anh (Time query) tinh theo mili gidy
B dit liéu S6 anh  Hiéu suat phan 16p (ms) dugc trinh bay trong Béng III. Két qua nay cho thiy
COREL 1,000 0.8972 hiéu sut tim kiém 5n cic hd A - 14 - oA
’ iéu suat tim kiém anh trén cac bd anh khi két hgp hai cau
Caltech101 9,144 0.7705 i : P

Sau khi xdy dung va huin luyén mo hinh phan 16p anh
bing KD-Tree Random Forest két qui thuc nghiém phan
16p béng ritng ngiu nhién dugc trinh bay trong Bang II.

Két qua thuc nghiém tim kiém 4nh trén cic bo anh
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tric nay la cao hon so véi cac cong trinh st dung riéng 1&
tliing ciu triic trong cong trinh [15, 16].

Két qua thuc nghiém trén cic bd anh COREL, Cal-
tech101 dugc minh hoa bang biéu dd ROC thuc hién trén
Matlab 2015 dudc trinh bay nhu Hinh 7 — Hinh 8.

Bang IV, trinh bay so sanh thuc nghiém tim kiém anh
hé truy vin RKDT trén tiing bo dit liéu véi cic cong trinh



. Bang 111
HIEU SUAT TRUY VAN ANH TREN HE RKDT
Bo anh  Precision Recall F-measure Query time
COREL 0.8101 0.7344 0.7703 33.16
Caltech101  0.7354 0.7020 0.7183 98.12
Bang IV

SO SANH HIEU SUAT TRUY VAN VOI CAC
PHUONG PHAP KHAC TREN CUNG BO ANH

Phuong phap Tap anh Precision

B-SHIFT (2016), [11] COREL 0.7200
k-NN KD-Tree (2019), [12] COREL 0.6430
ORB 8-D with MPL (2020), [24] COREL 0.6656
RKDT COREL 0.8101
BDIPs, GLCM - Caltech101 0.6314

SVM (2020), [13]
MTSD, (2020), [14] Caltech101 0.6942
Feature Detector (2021), [25] Caltech101 0.6200
RKDT Caltech101 0.7354

khéc 14 cao hon béi cic yéu tb: (1) hé truy vin RKDT da
két hop dudc céu tric R-Tree v6i KD-Tree nén phat trién
nhiing wu diém tif hai ciu triic nay; (2) Qua trinh phan 16p
trén KD-Tree Random For-est truéec khi gom cum trén R-
Tree da gép phan ning cao hiéu suit truy vin anh. Pong
thoi, két qua thuc nghiém bo dnh COREL cho thiy su két
hop ciu triic KD-Tree va R-Tree di mang lai hiéu suit tim
kiém anh cao hon so Vi cic cong trinh di cong bd bdi
chiing t6i da cong bd trude day khi chi ding mot cu tric
KD-Tree hodc R-Tree riéng 18 [15, 16].

Hinh 9 va Hinh 10 biéu dién hiéu suét thoi gian truy van
trung binh cho tiing phén 16p trén cac bd anh COREL va
Caltech101.

Thoi gian truy vAn trén bd COREL (ms)

Beach Bus Castle  Dinosaur Elephant  Flower  Horse Meal  Mountain  Pcoples

Hinh 9. Thoi gian truy vAn trung binh cda bd 4nh COREL

Trong bai bao nay, két qua hiéu suit truy van anh dudc
thuc hién so sianh v6i mot s6 cong trinh khac trén cung
bd anh thuc nghiém nhung khong so sanh chi phi thoi
gian huin luyén mo hinh phan 16p vi cAu hinh mdy tinh
khong dong nhit. Pong thdi, chi phi huin luyén mo6 hinh
phan 16p KD-Tree Random Forest chi thuc hién mot lan
va sau d6 dugc thuc thi nhiéu 1an véi bo trong sé da huin
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Thoi gian truy vén trén bo Caltech101 (ms)

axcordion

Hinh 10. Thdi gian truy vAn trung binh ciia bo anh Caltech101

luyén. Két qua thai gian truy van anh trung binh trén cdc
bd anh COREL, Cal-tech101 cho thdy phuong phdp phan
16p anh bing KD-Tree Random Forest 1a hoan toan kha
thi va hiéu qui. Tir két qua phan 16p nay thuc hién gom
cum trén R-Tree di mang lai hiéu suét truy van anh dugc
danh gia 1a kha cao.

VI. KET LUAN VA HUGNG PHAT TRIEN

Trong bai bdo niy, mot md hinh truy van anh c6 su két
hop chu tric R-Tree vdi KD-Tree Random Forest dugc dé
xuét va thuc nghiém trén céc bd dnh COREL, Caltech101.
Su két hop hai cAu triic dudgc xay dung theo hudng tiép can
gom cum va phan 16p di gép phan ning cao hiéu suit tim
kiém anh vi phit huy dugc nhiing uu di€ém cda tiing ciu
triic va bd trg cho nhau. Thuc nghiém truy van 4nh trén céc
bd anh COREL, Caltech101 v6i d6 chinh xac trung binh
tuong ung la 0.8101, 0.7354. Trong c6ng trinh nay da cai
tién nang cao hiéu suit cho qué trinh phan 16p bing KD-
Tree Random Forest truéc khi gom cum va tim kiém trén
R-Tree. Pinh huéng phit trién tiép theo ctia chiing toi 1a
tir két qua phan 16p bang KD-Tree Random Forest két hop
céi tién R-Tree va dd thi lang giéng dé nhim thuc hién truy
van trén ontology nhim ning cao hiéu suét cho bai toan
tim kiém 4nh theo ngit nghia va d4p dung cho nhiéu bo dit
liéu nhim da dang tap 4nh thuc nghiém.

LOI CAM ON

Chiing toi xin trin trong cam on Khoa Coéng nghé
thong tin — Trudng Pai hoc Khoa hoc - Dai hoc Hué, nhém
nghién cttu SBIR-HCM da gép y chuyén mon cho nghién
cttu nay. Chung tdi xin tran trong cam on Trudng Pai hoc
Su pham TP.HCM da tao diéu kién vé co s vat chét gitip
ching t6i hoan thanh bai nghién cdu nay.
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