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Tém tit: Trong bai bdo niy, mot clu tric KD-Tree (k - Dimensional Tree) céi tién dudc xdy dung nhim phan 16p dit
liéu hinh 4nh va ting dung cho bai todn tim kiém anh tuong tu goi 12 CKD-Tree (Classification k-Dimensional Tree). Qua
trinh xdy dung cAu tric CKD-Tree dugc thuc hién theo phuong phap hoc ban gidm sat 1am co s& cho qud trinh phan 16p
dif liéu hinh 4nh tai cdc nit trong, dong thdi gom cum dit lidu tai cac nit 1. K&t qua phan 16p nay dugc ap dung cho
qué trinh tim kiém tip 4nh tuong tu tf mot anh dau vao sau khi trich xuét véc-to dic trung. PE minh ching cho co s6
ly thuyét da dé xuét, ching toi tién hanh xay dung ciu tric CKD-Tree thyc nghiém trén bd anh COREL (gom 1000 dnh,
10 phdn 16p) va bd anh Wang (gom 10800 dnh, 80 phdn Idp). Két qua thuc nghiém truy vin anh dudc so sanh véi cic
cong trinh khac cuing bd dit liéu nham minh chiing phucng phap dé xuét ciia ching toi 1a hiéu qua va ap dung tt trong

cdc hé tim kiém dit liéu da phuong tién.

Tw Khéa: CKD-Tree, image classification, image retrieval, similar smage.

In this paper, an improved KD-Tree (k - Dimensional Tree) structure is built to classify image data and applied to the
similar image retrieval which called CKD-Tree (Classification k-Dimensional Tree). The CKD-Tree structure is built
on the semi-supervised learning method. It is not only the background of the process of classifying image data at the
inner nodes but also clustering data at the leaf nodes. This classification result is applied to retrieval the similar image
set from an input image after extracting the feature vector. Proving for proposed theorem, we had experimental research
of CKD-Tree structure on the COREL (including 1000 images, 10 subclasses) and Wang image set (including 10800
images, 80 subclasses). The experimental results of image retrieval evaluated with the recently published methods on
the same dataset. This proof shows that our proposed method is effective and appropriate for multimedia data retrieval

Title: Image Classification Using Kd-Tree for Image Retrieval Problem
Abstract:
systems.
Keywords:  CKD-Tree, image classification, image retrieval, similar image.

I. GIOI THIEU

Ngay nay, cic phuong phap tim kiém anh dugc thuc hién
bdi nhiéu cong trinh nghién ctu; trong d6 tim kiém 4nh dua
trén ndi dung CBIR (Content-based Image Retrieval) [3, 6]
12 phuong phap tim kiém dua trén cac dic trung cip thp
nhu mau sic, hinh dang, két clu, v.v.. Bai toan tim kiém
4nh da trd nén cép thiét d6i v6i con ngudi vi dude ting dung
trong nhiéu linh vuc nhu: y &, gido duc, gii tri, dia ly, Gng
dung y sinh, v.v.. Su phat trién ctia cdc thiét bi dién tif nhu
camera, smartphone, v.v. da 1am cho 4nh sb gia ting nhanh
va tré nén quen thuodc, gan giii v6i cudc sdbng con ngudi.
Diéu nay da mang lai nhiéu co hdi va thach thic cho linh
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vuc tra ciiu anh. Vi vdy, nhiéu hé tim kiém anh da cong
bb [2, 3, 4, 5] nhim ung dung vao nhiéu linh vuc trong
doi sdng va nang cao hiéu suit truy van anh. Bai todn tim
kiém anh tuong ty 12 mot trong nhiing vin dé quan trong
cia hé théng tra ciu dit liéu da phuong tién dudc nhiéu
nhém nghién ctiu quan tam [6, 7]. Trong céch tiép can cda
chiing t6i, mot ky thuét phan 16p d@ liéu hinh anh dua trén
cAu triic KD-Tree cai tién nham tao ra mot qua trinh phan
16p dit liéu theo mo hinh ciy; dong thdi ting dung cho bai
toan tim kiém &nh tuong tu.

Doéng goép clia bai bio gom: (1) P& xuit phuong phap
phan 16p dif lidu dua trén ciu tric CKD-Tree; (2) Dé xuat



cdc thuat todn xay dung cu tric CKD-Tree; gan nhin cho
nit 14; huln luyén trong s6 va thuat toan tim kiém tap anh;
(3) Pé xuit md hinh tim kiém anh tuong tu dua trén chu
tric CKD-Tree; (4) Xay dung thuc nghiém va chiing minh
tinh diing dan ctia phuong phap dé xuét dua trén bo di liéu
COREL [26], Wang [27].

Phan con lai ctia bai bdo gdm: Phan II, khao sat va phan
tich uu, nhuge diém clia mot sd cong trinh lién quan. Phan
III, trinh bay thuit toan xay dung ciu tric CKD-Tree, gn
nhan nit 14 va hudn luyén trong s6. Phan IV, trinh bay
mo hinh truy vin 4nh va thuit todn tim kiém 4nh tuong
tu dua trén ciu tric CKD-Tree. M6 ta dif liéu, xdy dung
thuc nghiém va két qua dugc danh gia trén b anh COREL
(1000 anh) va bo dit liéu Wang (10800 anh) dudc trinh bay
trong phan V; Phan VI 1a két luan va huéng phat trién.

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Phan 16p anh va ting dung cho bai toan tim kiém &nh
tuong tu di dudc nhiéu cong trinh thuc hién véi cic k¥
thuat hoc mdy khéc nhau: phan 16p bing thuat toan tim kiém
lang giéng gin nhit k-NN (k-Nearest Neighbors) [10, 13];
phan 16p bing ky thuat SVM (Support Vector Machines)
[9]; phan 16p bing Naive Bayes [14]; phan I6p theo ciu
triic cay nhu cdy quyét dinh (Decision Tree), ciy tim kiém
da chiéu (KD-Tree) [10, 12], v.v..

Yugian Zhang va cdng su (2016) [8] st dung phuong
phdp phan chia ving dnh d€ phdc thdo va nhan dién khudn
mit. Trong cong trinh nay, cAu tric KD-Tree dugc xay dung
trén tip anh phan viing nhim phén 16p va luu trit dit lidu.
Cay KD-Tree dudc xdy dung theo ciu tric chi muc nhim
giam thoi gian tim kiém dong thoi

Két qua nhan dién khudén mit véi thuit toan tim kiém
lang giéng k-NN. Thuc nghiém trén b dnh khudn mit phac
thao CUFS (Chinese University Face Sketch) chiing minh
rang phuong phap dé xuit cla tic gia la hiéu qua. Tuy
nhién, cu tric KD-Tree xiy dung theo mo hinh phan 16p
dit liéu chua két hop cac ky thuat hoc mdy nhim ting hiéu
suit nhan dién khudén mit.

Dan Gao va cong su (2018) [9] thuc hién mdt so sanh
gitta k¥ thuat phan 16p dit liéu 16n bing thuat todn SVM két
hop céu triic KD-Tree cho bo dit liéu SDSS (Sloan Digital
Sky Survey) va 2MASS (Two-Micron All Sky Survey). Xét
téc dd va do chinh xdc thi viéc phan 16p theo KD-Tree mang
lai hiéu suit cao hon so véi ky thuat SVM. Bén canh do,
nhiing phan tif phan loai sai cia SVM va KD-Tree 1a tring
kh6p nhau. Diéu nay chiing té ring phuong phap phan 16p
dit liéu bang ciy KD-Tree 1a hoan toan kha thi va hiéu qua,
c6 thé so sdnh véi cac phuong phdp phan 16p trudc day.

Wenfeng Hou va cdng su (2018) [27] da thuc hién mot
phuong phap phan 16p dit li€u va dp dung cho bai todn
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tim kiém 4nh bing cach két hop thuit toan tim kiém ldng
giéng k-NN va céu tric KD-Tree. Trong cong trinh nay,
tac gid két hop thuat todn k-NN va clu tric KD-Tree dé
xdy dung cdy k-NN-KDTree theo md hinh phan 16p bing
phuong phdp hoc ban gidm sat. Tai mdi ting trén ciy lan
luot chon mdi chiéu xg,x1,...,x; dai dién trong véc-to
f(x0,x1,...,x¢) lam co s cho qua trinh so sanh va xay
dung cdy nhi phan. Két qua thuc nghiém so sdnh hiéu suét
tim kiém v6i phuong phdp chi ding thuat toin k-NN trén
cdc bo dif liéu anh ching minh ring su két hop k-NN va cay
KD-Tree da mang lai hiéu qua cao; dong thoi so sanh thdi
gian huin luyén trén cdc b 4nh thi két qua dé xuit phuong
phap két hop k-NN-KDTree chi biang % so véi phuong phap
chi dung thuit toan k-NN.

Fengquan Zhang va cong su (2019) [11] da thyc hién
mot phuong phip d6i sanh hinh anh bang cich xy dung
cAu triic Vocabulary-KD; ting dung cho cic bo dif liéu ting
trudng; dong thdi cai thién thoi gian tim kiém. Cubi ciing
tac gid dé xuit gidi phdp da tién trinh song song cho qua
trinh xiy dung va tim kiém dong thdi dua trén ciu tric
Vocabulary-KD. Tuy nhién, tic gid chua dé cip dén qud
trinh xay dung ciu triic Vocabulary-KD theo phuong phip
phan 16p v6i da tién trinh nham ting hiéu suit tim kiém tit
két qua phan 16p.

Reid Pinkham va cong su (2020) [26] da thuc hién mot
phuong phdp t6i wu héa bd nhé va hiéu suét truy van céc
d6i tugng 3D bing hinh 4nh theo phuong phép tim kiém
lang giéng k-NN két hop ciu tric KD-Tree. Trong cong
trinh ndy, nhém tic gid da thuc hién t6i uu héa thdi gian
truy vén, ting kha ning luu trit biang cach thuc hién da tién
trinh song song, két hop tim kiém theo ciu tric KD-Tree;
v6i kién tric nay dé 4p dung cho cdc loai dit liéu ting
trudng da chiéu.

Tit cdc cong trinh nghién cifu cho thiy phuong phéap phan
16p dit lidu hinh 4nh sit dung céc ky thuit hoc may két hop
véi clu triic KD-Tree 1a hoan toan kha thi, hiéu qua. Tuy
nhién, cdc cong trinh ndy hau hét thuc hién phan 16p dit
liéu hinh anh dua céu tric KD-Tree chua két hop thém cac
ky thuat hoc may hoic chua thuc hién phan 16p nhiéu lan
cho mot dbi tugng theo phuong phdp hoc siu nham ning
cao do chinh xdc. Trong bai bdo nay, ching toi dé xuét
mot phucng phdp phan 16p dit liéu hinh anh theo m6 hinh
dang cay goi la ciu tric CKD-Tree, dong thdi thuc hién tim
kiém tap &nh tuong tu dua trén cu tric da xdy dung. Ciu
tric CKD-Tree dé xuit gdm céc véc-td trong sb dudc luu
trit tai cac nadt trong va di liéu hinh anh dugc luu trit tai
nit 14 tao thanh cdc phan cum. Ciu tric CKD-Tree 12 mot
dang phan 16p dit liéu da tAng nhdm phan 16p nhiéu lan cho
dbi tugng theo md hinh Deep Learning, tai mdi nhanh trén
CKD-Tree thuc hién mot 1an phan 16p. Viéc phan 16p nay
diing dé phan cum dit liéu va cé thé phat hién dugc cic cum
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lan can trong tim kiém tap anh tuong tu. Piém méi trong
bai bdo nay 1a xdy dung ciu tric CKD-Tree theo phuong
phép phan 16p. Niit gbc va cédc niit trong chi Iuu mot véc-to
trong s& ban dau 1a ngiu nhién, sau d6 dudc huin luyén
nhiam thuc hién qua trinh phan 16p nhiéu 1in cho dbi tugng
tai cc ting trén cdy. Nut 14 luu trif tip anh tuong tu goi la
cdc cum tuong dong. Trong khi dé ciu tric KD-Tree dudc
cong bd bdi cic cong trinh trude diy dit lidu dudc luu tai
tit ca cdc miit trén cdy hodc chua thuc hién phan 16p cho
d6i tugng nhiéu l1an. Pong thdi, qua trinh huin luyén trong
s6 tai cdc niit trong theo phuong phap Gradient nham gidm
sai s& phan 16p hinh anh dugc thuc hién song song v6i qua
trinh xdy dung ciu tric CKD-Tree.

III. PHUGNG PHAP XAY DUNG CAU TRUC CKD-
TREE

1. M ta chu tric CKD-Tree

Chu tric CKD-Tree dugc xdy dung dua trén ciy KD-
Tree nguyén thiy [1] 12 mot cAy nhi phan, cin bang bao
gdm: Mot niit gbe (Root), tap niit trong {iNode} va tap niit
14 {LNode}. Ban dau, ciu tric CKD-Tree dugc tao ra véi
mot khung cdy, nit gbc va niit trong luu trit véc-td trong
s6, nit 1a luu trit dit lién hinh anh véi bo dit liéu huin
luyén (70% bd anh thuc nghiém COREL, Wang). Mot niit
khong phéi 12 nit 14 chia cdy CKD-Tree thanh hai phan goi
la cdy con trdi va ciy con phai. Mdi nit trong (iNode;)
luu trit mot véc-to trong sd n chidu w; = (X1, X2, . . ., Xin)-
Gia tri du ra y; tai mdi iNode; khi truyén vio mot véc-to
fi = (xj1,xj2,...,xj,) dudc xac dinh bdi cong thic (1).
Trong d6, ham truyén Sigmoid(x) dudc sit dung nham gidi
han mién gia tri dAu ra tai mdi iNode; xac dinh bdi cong
thitc (2); Vi CKD-Tree la cdy nhi phan, cin bing nén tai
mbi niit trong ctia CKD-Tree gia tri diu ra dugc 1am co sé
d€ xic dinh duong di tiép theo thudc mot trong hai nhanh
con trdi hodc phai. Do d6 ham d4u Sign(y;) dudc 4p dung
ngay tai mdi iNode; xac dinh bdi cong thic (3). Dong thoi
tai m&i nit trong iNode; dudc rang budc bdi mdt ngudng
t 1a diéu kién xdc dinh s6 nhanh trén CKD-Tree.

vi = Sign(Sigmoid(w; * f; —t) — 1) (1) 1)
. . 1
Sigmoid(x) = 5o )
sign(y = {7 >° 3)
1gnl\y;) =
gy — l,yi <0

Trong qua trinh tao cdy CKD-Tree, ham Sigmoid(x)
dudc st dung nham xdc dinh gia tri dau ra tai mdi iNode;,
sau d6 thém ngudng ¢ bang 0.5 1a hing s gitip tao cdy nhi
phan, can bing trong mién gia tri [0..1]. Bén canh d6, ciu
tric KD-Tree trong cong trinh [18] xdy dung theo phuong
phin cum, trong d6 nit cha luu gid tri trung binh trén mdi
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nhénh, diéu nay din dén hiéu suit gom cum trén ciy chua
cao, d6 1a diém ton tai cia cong trinh nay va phuong phap
xdy dung CKD-Tree 1a mot ci tién hiéu qua.

Xét ham dau theo cong thic (3) néu y; > 0 thi f; qua
nhanh phai; ngudc lai f; qua nhdnh trai; xdc dinh dudng di
cho véc-to f; tai iNode; nhiam tim nhanh con thudc ting
ké tiép trén cdy, qud trinh nay dugc mo ta nhu Hinh 1.

- T = 0 X X))

Hinh 1. M6 ta xdc dinh nhdnh con tai iNode;

Vi gid tri dau ra tai cic iNode; thuoc mién [0..1] nén
cong thiic (1) phai gi6i han hai 1an gia tri t d€ mién gid tri
cia ham dAu tai cong thic (3) phan biét gia tri am, duong
lam cd s xét f; theo nhdnh con trai hodc con phai tai cac
niit trong. Ham truyén Sigmoid(x) = o-(x) c6 mot sb tinh
chit: 1) Mién gid tri 1a [0..1]; 2) Ham Sigmoid(x) ting
lién tuc trén mién [0..1]; 3) Gid tri dao ham ton tai véi moi
diém thudc mién [0..1] gidp giam chi phi huin luyén trong
s0.
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Hinh 2. Minh hoa véc-td trong s6 tai iNode;

Véc-to w; = (Xi1, X2, ..., Xin) 12 trong s6 dude luu trit
tai iNode; dudc minh hoa nhu Hinh 2. Céc thanh phan tai
mot nit va mdi quan hé gilta cac nit trén cdy CKD-Tree
dudc mé ta nhu sau:

1) Root la nit khong c6 nit cha, Iuu trit mot véc-td trong
s6 (wq), c6 hai nit con trdi (left), phai (right) va c6 mot
muc trén ciy (level) : Root =< wy, left,right,level >
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Hinh 3. Minh hoa qud trinh phan 16p trén CKD-Tree

2) iNode; la nut trong c6 mdt nut cha (parent);
luu trii véc-to trong s6 (w;), hai nit con trdi (left),
phai (right) va c¢6 mdt muc (level) iNode; =<
parent,w;,left,right,level >

3) LNode; la nut 1la c¢c6 mot ndt cha (parent),
khong c6 nat con; luu trid tdp véc-td ddc trung hinh
anh fi, f5,..., fx; c6 mot mic (level) va mdi niit 14
LNode; dudc gan mot nhan label LNode; =<
parent, fi,..., fx,level,label >

4) Hai nut iNodei va iNodej goi la hai nut anh
em néu ching c6 cing mdt niit cha: iNodei.parent
iNodej.parent

5) Hai nit iNodei va iNode; goi la cha con néu
iNode;.parent = iNode; hodc iNode;.parent =iNode;

6) Hai nit iNode; va iNode; goi la dong cap néu
iNode;.level =iNode;j.level

2. Nguyén tic xay dung cAu tric CKD-Tree

Trén cd s6 cic thanh phan cia CKD-Tree, qud trinh xay
dung dudc thuc hién theo cic nguyén tic va cdc rang budc
sau:

a) Khéi tao chiéu cao cdy bing & thi sb mit gbc NumRoot
= 1; s6 niit trong Num;Node = 2V 4. +2P71 g6 nit 14
t6i da trén cdy 1a NumLNode = 2"

b) Tai mdi iNode; luu trii véc-to trong sb khdi tao
iNode.w; = (i1, Wi2, ..., Wi,). Ban diu cic véc-to trong
s6 w; dudc khéi tao ngiu nhién, sau d6 dugc huin luyén
theo phuong phap giam sai s trung binh ty 1& phan 16p tai
cac nut 1a. Qua trinh tao cdy cho cac bo dit liéu anh khac
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nhau thi bo trong sb nay sé khic nhau.

¢) Phdn tif f; dugc thém vao CKD-Tree bdng cich duyét
tlf nit gbc dén cdc tang nit trong dé tim vi tri va luu trit
fj tai LNodey. Tai mdi nit iNode; trén ciy, xdc dinh gia
tri dau ra y; bdi cong thic (1)

d) Xéc dinh dudng di cho véc-to f; tai mdi iNode;: Néu
gid tri y; > 0 dudng di ctia véc-to f; qua nhanh phai; ngugc
lai duong di cla véc-to f; qua nhdnh tréi.

e) Cac budc (3) va (4) lip lai dén tang cudi cung kiém tra
dung nut 14 thi ghi f; vao LNodey.

Dua trén md ta cac thanh phin va nguyén tic xay
dung, ciu tric CKD-Tree dudc minh hoa nhu Hinh 3,
trong d6 Classification Vectors la tdp véc-td phan 16p
W =< wg, wa, ..., Wy >, Clustring la mét cum nut 14, out
= y; la gia tri dau ra tai cic iNode;. Qu4 trinh phan 16p
cho mot dbi tugng dugc thuc hién theo nhiéu tang tai cic
niit trong (iNode;) cia CKD-Tree va cudi ciing thuc hién
gom cum tai cdc nit Id trén CKD-Tree, mdi niit 14 13 mot
cum chita cic anh tuong tu.

3. Thuat toan xay dung CKD-Tree

Thuit toan xdy dung ciu triic CKD-Tree — CKDT

Pé xay dung chu tric CKD-Tree, ban dau
khéi tao bo trong s& ngiu nhién Wy, =
Wii0s Wirts - Wiep 2 Wi = (Wio, Wit ..., wix);i =0, ...

Tap véc-to F = f;: fi = (xi0,Xi1,---Xik);0=0,...n cla
tap dif liéu anh da duoc trich xuit nhu dugc mo ta Phan
V.1, mbi véc-to dic trung gdm 81 chiéu, gia tri ngudng ¢
bing 0,5 1a hing sd khong ddi theo trong cong thic (1).
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Thuat toan 1: Thuit todn CKDT

Thuit toan 2: Thudt todn gdn nhan - SL2L.

1 Pau vao: Tap vector F = f; : f;
0,...n

(%0, Xi15 - - - Xig)si =

2 B trong s6 khdi tao Wiy = Wiz0, Wirts - Wi
Wkli = (Wio,wil,...,wik);i =0,...}’l
3 Pau ra: Cay CKD-Tree
4 Function CKDT (F,W;,,1)
5 begin
6 int #; CKD-Tree = ¢; NumiNode = 0;
7 MaxNumLNode = 2h;
8 fori=0to h—1 do
9 ‘ NumiNode = NumiNode + 2}
10 end
11 for j =0 to NumiNode do
12 | iNodej =g;
13 end
14 | for k = NumiNode +1 to 2" —2 do
15 | LNodey =g;
16 end
17 foreach (Wy,;) do
18 | iNode;.w; =wp;
19 end
20 foreach (f; € F) do
21 foreach (iNode;) do
22 T = Sigmoid(wy; * fj +1) ;
23 if (Sign(T + t)) > 0) then
24 CKD — Tree = CKD — Tree U
CKDT(fj, CKDT right,1);
25 end
26 else
27 CKD — Tree = CKD — Tree U
CKDT(f;,CKDT.left,1) ;
28 end
29 end
30 if LNode;.leaf = true then
31 | Insert(fj,LNodey);
32 end
33
34 end
35 return CKD-Tree;
36 end

Ménh dé 1: Do phic tap clia thuat toan CKDT 1a O (n
h), n 1a s6 véc-to xay dung cay va h la chiéu cao cay CKD-
Tree.

Chiing minh: V6i mdi véc-to thuoc tip n phan ti cin
thém vao cidy CKD-Tree, thuit toan CKDT lan lugt duyét
qua tit cd cdc tang tit gbc dén 14 véi chiéu cao h. Do do,
do phtc tap cua Thuit toan CKDT 1a O(n * h)

4. Thuat toan gan nhan nut la

Niit 14 LNode; Iuu tap véc-to dic trung thuoc nhiéu phan
16p. Vi vay mdi nit 14 LNode; can dugc gan mot nhan
(label) theo s6 phan tit thuoc phan 16p nhiéu nhét.

Budc 1: M6i niit 14 LNode; dém tin s6 xuit hién cla tit
ca cic nhan trong bd anh. Nhin nao khong xuét hién trong
LNode; thi gan tan s6 xut hién bang 0.

Buéc 2: Bifu dién tin sd xuit hién cdc nhin Label;
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1 Pau vao: Cay CKD-Tree, ListLabels, ListLNode
2 Phu ra: Tap nit 14 LNode da gan nhan {ListLN-
odeAddedLabel}
3 Function SL2L (CKD-Tree, ListLabels, ListLNode)
4 begin
ListLNodeAddedLabel = null;
foreach LNode; in ListLNode do
foreach Label; in ListLabels do
| TS =Count(Labelj, LNode;);
end

C w9 & !

end

for i =0 to n do

for j =0 to m do
MT (n,m)
CreateMatrix(NumberLabel, Number LNode);

end

10
11
12
13

14
15
16
17
18

end
for i =0 to n do
for j =0 to m do

repeat
SearchMax = VT; j;
MaxLabel = Value (VT; ;);
LNodej.Label =
SetLabel(LNode , Label;, MaxLabel) ;
ListLNodeNotAdd =
ListLNode-{LNodej} ;
ListLabelNotAdd =ListLabel-{Label};
foreach (Labely in LNodey) do
| VI(k,j)=0;
end
foreach (LNodey, in ListLNodeNotAdd) do
| VT(i,k)=0;
end
until (VT; ; =0)

19 end
20
21

22 end

end
return ListLNodeAddedLabel

theo tiing mit 14 LNode; bdi ma tran MT(n,m) : {n
NumberLabel;m = NumberLNode}

Budc 3: Tim gid tri 16n nhat cia ma trdnM7T (n, m) 1a VT; ;
tai dong Label; va cot LNode ;. Gan nhan Label; cho nut
14 LNode; 1a gia tri LNode;.Label = Value(VT; ;)
Budc 4: Chuyén céc gia tri thudc dong i va cot j thanh 0
Budc 5: Lip lai Bude 3 va Budc 4 cho dén khi gan hét
tap cdc nhan Label; cho tap nit 14 LNode;

Thuit to4n gan nhan ndt 14 - SL2L: D€ thuc hién gin nhan
cho niit 14 t6i wu nhét, ky thuat ding ma trin luu trif tan

s6 xuit hién cta anh theo label tai cic nit 14.

Ménh dé 2: o phiic tap ciia thuat toan SL2L 1a O (I xk)
v6i 1 1a s6 nhin cia tap dif liéu anh, k s6 niit 14.
Chitng minh: Thuat toan SL2L duyét qua k nit 14. Moi
nhan 1 trong tap dif liéu can dugc duyét dé gan cho cic 14.
Do d6, do phiic tap cua Thuét toan SL2L la O(I * k).



5. Huan luyén trong so

Sau khi xiy dung ciy CKD-Tree ban dau véi bo trong
s6 ngiu nhién thi hiéu suit phan 16p 4nh chua cao, vi viy
can huén luyén bd trong sb tai cdc mit trong nhim ting
hiéu suit phan 16p cho mot anh dau vio. Qua trinh huin
luyén trong sb theo mo hinh cay CKD-Tree st dung dao
ham tai méi nit trong cla ciy. Céng thic dao ham ctia ham
Sigmoid(x) xac dinh tai cong thic (4).

e—x
Sigmoid' (x) = ———
§ (140
L e @

T l4eFl4e™

=o(x)-ok)

Wi = (Wi1, Wiz, ..., Win) 12 véc-to trong s6 tai iNode;,
thuc hién cAp nhat gid tri véc-to trong sd bang ham o (x) =
o(W; = f; —t) va n = const theo cong thic (5).

Wi =W; — Sign(o(W; = fi — 1) — 1) s s o (W; * f; — 1)

# (L—o(W;* fi —1))
(%)

Sau khi thuc hién gdn nhan cho tit ci cdc nit 14, tinh
tdng sai sd phan 16p theo cong thiic (6).

P = AVG(Z (fki))

S ont) ©

Trong do:

S (fxi) 1a sb véc-td sai nhdn thudc nit LNode;
S (fini)la s6 véc-to thudc niit LNode;. Mbi lan cap nhat
véc-to trong sd theo cong thiic (5), tinh tdng sai s6 phin
16p theo cong thiic (6). Néu P, < P; thi chon phuong 4n
cp nhit véc-to trong sd mdi; ngudc lai gitt nguyén trong
s6 va chon véc-to khic d€ thuc hién diéu chinh trong sb.
Két qua huin luyén bo trong s6 v6i bo anh COREL, chiéu
cao cdy bing 4 minh hoa bdi Hinh 4.
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Hinh 4. B6 véc-to trong sb di huén luyén trén tap &nh COREL

DE t6i uu qud trinh huin luyén trong sd, cin theo mot
s6 quy tac sau:
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Tip 2020, S6 1, Thing 6

Quy tdc 1: Uu tién chon véc-to ¢6 vi tri sai gan tang 14
nhét dé diéu chinh.

Quy tdc 2: Mubn diéu chinh mot véc-td t f; t nhdnh
trdi sang nhanh phai (hodc ngudc lai) tai vi tri thi chon véc-
tor ¢6 gié tri |Sigmoid(W; * f; — t)| nhd nhat trong s6 cac
véc-to sai dudng di tai vi tri ndy dé thuc hién diéu chinh.

IV. MO HINH TIM KIEM ANH DUA TREN CAU
TRUC CKD-TREE

1. Mb hinh truy vAn anh

Mo hinh truy vin anh dua trén ciu triic CKD-Tree dugc
mo ta trong Hinh 5, goi la CBIR-CKDT (Content Based
Image Retrieval -Classification KD-Tree). Hé truy vin gdom
hai pha: 1) Pha tién xit ly trich xut dic trung bd anh va xay
dung ciu tric CKD-Tree; 2) Pha truy véan thuc hién trich
xuét dic trung anh dau vao, sau d6 thuc hién tim kiém trén
cAu tric CKD-Tree d€ trich xuit tip anh tuong tu.

« Pha tién xt&t Iy: Xy dung cu tric CKD-Tree

a) Trich xult vec-to dic trung cda tap dif liéu anh tao
co s6 dif liéu ban dau, viéc trich xuit dic trung dua
trén cac dic trung cAp thip cla anh nhu mau sic,
dién tich, vi tri, bé mit, dudng bién clia d6i tuong
anh, v.v.. Két qua ctia qud trinh trich xuft dic trung
anh 1a tap cic véc-td dic trung c6 81 chiéu va nhan
16p.

b) Xay dung céu tric CKD-Tree nhidm luu trit dif liéu
hinh anh tai nut 1a. Phan 16p dit liéu tai cac nut trong.

« Pha truy vAn: Thuc hién tim kiém tip anh tuong tu
¢) Trich xuit vec-to dic trung anh can truy van.
d)Truy van trén cdy CKD-Tree dé tim tap anh tuong
tu bang thuat toan tim kiém SCKDT.

e) Két xuit tap anh tuong tu véi anh truy van la tap
anh thudc mit 14 chita dnh dau vao.

2. Thuét toan truy van anh dua trén ciu tric CKD-
Tree

Tir mot 4nh dau vao I; sau khi thuc hién trich xuét vec-to
dic trung f;, qua trinh thuc hién tim kiém tip anh tuong
tu cia 4nh I; theo cic budc sau: 1) Duyét tir nit géc cho
véc-to f; di qua niit trong tai mdi tang clia cdy CKD-Tree,
tinh gi4 tri diu ra y; theo cong thic (3) tai mdi iNode;; 2)
ki€ém tra néu y; > O thi thyc hién tim kiém f; qua nhanh
phéi ctia iNode;; 3) ngudc lai y; < 0 thi thuc hién tim kiém
fi qua nhéanh trai cta iNode;; 4) Khi duyét hét cic ting
nit trong, ki€ém tra dén nit 14 va trich xuit tip anh tuong
ty chinh 1a tap anh luu trd tai nut 1a chda f;.

Ménh dé 3: Do phiic tap ctia thuit toan SCKDT 14 O (h);
trong d6 4 1a chiéu cao ctia cly CKD-Tree.



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

(1)

@—>

fi=(Xiqs---sX,

in)

Trich xuét

—(4)—)| Truy van

Hinh 5. M5 hinh tim kiém &nh dua trén ciu triic CKD-Tree

Thuét toan 3: Thuat todn truy vin anh_SCKDT.

1 Pau vao: Véc-to dic trung f; cla anh I; , CKD — Tree

2 PAu ra: Tap anh tuong tu SI cua anh I;

3 Function SCKDT (f;, CKD-Tree)

4 begin

Result = ¢ ; double t = 0.5

foreach f; do

foreach iNode; do

S = Sign(Sigmoid(Product(iNode;.w;, f;) —
t)—t)

if S > 0 then

10 | SCKDT f;,CKD —Tree.right ;

11 end

12 else

13 | SCKDT f;,CKD —Tree.left ;

end

® N N !

15 end
16
17
18 |

19 end
20
21
22 end

end
if Lnode;.leaf = true then
Result = Result ULNode;. f; ;

return Result;

Chirng minh: Thuit toan SCKDT duyét qua cac nut tu
gbc dén 14, cdy CKD-Tree la cdy can bing nén thuit toan
SCKDT duyét qua chiéu cao h ctia ciy. Do d6, d phiic tap
cua thuat toan SCKDT la O(h)

V. THUC NGHIEM
1. Trich xuéit dic trung hinh anh

Trong bai bdo nay, chiing tdi tién hanh thuc nghiém véi
bo dit liéu anh COREL, Wang. Pau tién, cic hinh dnh dudc
trich xuat thanh véc-to dic trung 81 chiéu lam co sé xay
dung cAu triic CKD-Tree ciing nhu 1am dif liéu dau vao cho
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anh truy vin. Cic dic trung cp thip chiing tdi st dung gdm
mau sic, hinh dang, két ciu, v.v.. D€ trich xuit dic trung
hinh 4nh, dAu tién chiing tdi thuc hién phan doan anh nham
chia mot 4nh thanh nhiéu viing nhé giip dé trich xuit dic
trung. Sau d6 cic phuong phap trich xuit dic trung mau
sic, hinh dang, két cAu [25] dugc thuc hién.

Phin doan anh (Image Segmentation): Phan doan anh
1 cong viéc diu tién trong trich xuit dic trung. Viéc phan
doan anh mau dudc thuc hién bang cach phan chia hinh anh
thanh cdc viing riéng biét nhau d€ tir d6 trich xut dic trung
trén m&i ving. PE thuc hién duge didu nay, ching t6i dé
xuét phuong phdp phan viing dua trén d6 tuong phan, nghia
12 viing nao c6 do tuong phan thip 1a hinh nén, viing nao
c6 dd tuong phan cao 1a hinh d6i tuong. Tuy nhién, viéc
phan biét hinh nén va hinh dbi tugng sé bi nhap nhing
trong mot s6 hinh anh c6 xu huéng ngugc lai nén ching
t6i st dung hai loai 4nh d6i xing nhau giita hinh nén va
hinh d6i tugng. Pong thdi, d€ lam gidm do nhiéu gilta cac
viing qud sang hoic qué toi, mot sé6 diém anh nim trong
viing 14an cin cla gia tri 16n nhét va gia tri nhd nhét cta
do tuong phan thi dudc quy vé gid tri tuong duong [25].

Diic trung mau sic (Color): Mau sic 12 mot trong nhitng
dic di€ém quan trong nht trong trich xuét dic trung cap thap
hinh &anh. Mau sic c6 mbi quan hé chit ché véi cic anh
db6i tugng anh va anh nén. Pic diém ctia mau sic 1a khong
thay ddi dbi véi kich thuée vh huéng ctia ddi tuong [23].
Do d6, mau sic dé dang phan tich va trich xuit bang cach
stt dung md men mau (Color Moment), biéu d6 mau (Color
Histogram), khong gian mau (Color Space), v.v.. Trong bai
bdo nay, chiing toi thuc hién trich xuit dic trung mau sic
theo MPEG-7 gdém 25 thudc tinh.

Dic trung hinh dang (Shape): Hinh dang ddi tugng 1a
mot trong nhiing dic trung co ban trong dic trung cip thap



clia hinh anh. Pic trung hinh dang dudc st dung dé€ phat
hién cic ddi tugng tuong tu tif co s& dit liéu ma khong phu
thudc vao vi tri, géc quay hay su co gidn ctia déi tuong anh
[22, 24]. C4c phuong phép trich xuét dic trung hinh dang
thuong dugc chia thanh hai loai: dya theo dudng bién va
dua theo ving anh. Ky thuat xac dinh dudng bién dbi tuong
c6 thé dung Gradient va phuong phap Laplacian. Vi vy,
d€ trich xuét cac dic trung theo hinh dang, truéc hét cic
dbi tuong anh can phai dudc phan doan thanh nhiing thanh
phan c6 cung tinh chét tuong dong dua trén dudng bién hay
cac vung lan can. Sau d6 st dung cac ky thuit phat hién
dudng bién anh dé€ xic dinh hinh dang cho d6i tuong da
dugc tich ra khoi hinh nén [21]. Trong bai bdo niy, ching
t6i st dung phuong phap phat hién bién di tugng bing
phép bién d6i LoG (Laplacian of Guassian) [19] cho anh
mau. Phép bién d6i LoG bét bién dbi véi su bién d6i cudng
do anh ciing nhu su bién d6i ti 1¢, phép quay, phép bién
déi affine. Vi vy, gi4 tri Gaussian dugc x4c dinh bsi cong
thuc (7).

)

2+ 2
G (x,y,0) = - y)

X exp (— 3 o2

2no?
Vé6i o 1a dao ham chudn, bi€u dién khong gian ty 1&
Gaussian L(x,y, o) cua anh f(x,y) theo cong thic (8).

L(x,y,0) = f(x,y) * G(x,y,0) ®)

Trong codng thuc (8), phép toan * la phép tich chip
(convolution); (x, y) 1a toa do di€ém 4nh. Toén tif Laplacian
V? dugc tinh toan theo cong thic (9).

e

0xr  9y*?

Toé4n tif LoG dugc tinh todn dau tién va sau d6 dugc dbi

sanh véi anh d€ tao ra biu dién khong gian ty 18 LoG theo
cong thuc (10).

+

©))

ViG(x,y) = (10)

xz+yz—20'2 )c2+y2
20" o (_ et )

Phuong phap LoG nhiam xdc dinh dudng bién, dic trung
ctia d6i tuong dudgc trich xuét gdbm chu vi d6i tuong, vi tri
tuong dbi clia cac dudng vién.

Ngoai ra, d€ nhan dang dbi tuong dua trén bién va lam
min bé mit, phép loc Sobel [20, 21] dudc st dung. Phép
loc Sobel 1a toan tif Gradient dya trén viing lang giéng 3x3.
Miit na tich chap cho todn tii Sobel trén 4nh sb ty 1& xam
Sobelx va Sobely dugc xac dinh trong cong thic (11).

-1 -2 -1 -1 0 1
Sobelx =10 0 0] Sobely=|-2 0 2| (11)
1 2 1 -1 0 1
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Céc vi tri trén hai mdt na dugc ap dung riéng biét trén
4nh du vao d€ tao hai thanh phan Gradient Gx va Gy theo
huéng ngang va doc tuong ung theo cong thic (12), (13).

L

1]

[

Il
(98]

Gx Sobelxi,j.fx+1_2.y+j_2 (12)

Il
~.
Il

I
w
~.

Il
w

Gy= Sobely; j.fx+1-2.y+j-2 (13)

i=1 j

Lic nay, vi tri cia anh dau vao f dugc thé hién trong
cong thitc (14), trong d6 truc 1a cdc vi tri nim ngang va
truc 1a cac vi tri thang ding.

x-Ly-1) (x-1,y) (x—-1,y+1)
()C,y - l) (X, y) ()C,y+ 1) (14)
(x+1Ly+1) (x+1,y) (x+1,y+1)
Do 16n Gradient dugc tinh bdi cong thic (15).
G [f(x,9)] =/Gx> +Gy? (15)

Bang I
CAC GIA TRI TRICH XUAT VEC-TO PAC TRUNG CUA HINH ANH

Mo ta diac trung
Dic trung mau sic theo MPEG-7
Phép loc tan s6 cao dé ldy anh duong nét

So gia tri
25

Phép loc Gaussian d€ nang cao cudng do anh
Dic trung cudng dd cic diém anh theo lang giéng
Dic trung cudng do cla dbi tugng

Pic trung cudng do cla hinh nén

Dic trung dién tich déi tugng

béc trung hinh dang cta dudng bién anh

N — —= O O © O ©

Dic trung vi tri tuong db6i clia dbi tugng theo truc
X, Y

Dic trung vj tri tuong ddi clia hinh nén theo tryc 2
X, Y

Dic trung chu vi clia dbi tugng 1
Pic trung chu vi cla dbi tugng theo phép loc 1
Sobel

Dic trung cudng dd cic di€ém anh theo lang giéng 1
dua theo phép loc Sobel

Dic trung chu vi clia dbi tugng theo phép loc 1
Laplacian
Dic trung dudng nét anh theo phép loc Laplacian 1

DéE xdc dinh vi tri tuong d6i cda ddi tugng theo truc
X va truc Y, ham khoang céach trong tam CDF (Centroid
Distance Function) dugc st dung. CDF tinh toan khoang
cach tir tam (xo, yo) dén cdc diém dudng vién ctia mot hinh
dang va dugc biéu dién bang cong thiic (16).

F(n) = A (x(n) = x0) + (y(1) - y0)°

Tt co s6 1y thuyét, mdi anh dudc trich xuét thanh vec-to
dic trung 81 chiéu véi cdc thanh phan va sb gid tri dugc
mo ta trong Bang I.

(16)
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2. Mai truong xdy dung thuc nghiém

Thuc nghiém trich xuit dic trung va hé truy vin CBIR-
CKDT dugc xay dung trén nén ting dotNET Framework
4.5, ngdn ngit 1ap trinh C#. Céac d6 thi dugc xay dung
trén Mathlab 2015. CAu hinh mdy tinh: Intel(R) Core™
i5-5200U, CPU 2.2GHz, RAM 16GB va hé diéu hanh
Windows 10 Professional. Chiing toi tién hanh thuc nghiém
trich xuit véc-to dic trung cho bo dif liéu COREL va bd
anh Wang dugc minh hoa bdi Hinh 6. Quad trinh xdy dung
cdy CKD-Tree dugc minh hoa & Hinh 7. Cay CKD-Tree
dugc xay dung (Create CKD-Tree) xac dinh bdi chiéu cao
(Height of CKD-Tree), sb nhanh (Number of Brand) va mot
ngudng (Bias). Hinh 8 1a giao dién tim kiém anh tuong tu
cho 4nh 450.jpg bd COREL, Hinh 9 1a két qué trich xuét
tap anh tuong tu clia anh 450.jpg dau vao.

% Extract Feature

V4
(b)

(9)

0.0064129357888323. 0. 0, 0.010813725190995. 0. 0. 0. 0. 0, 0.0386262601601204, 0.00581886247342346. 0, 0.
0.0508845281329793, 0.0146895758944466, 0, 1.01728364918931E-05, 0.00349945575324768, 0.226396476129439, 0,
0.0135196996978668, 0, 0. 0, 0.627328307952106, 0.85541 1764705882, 0.867176470588235. 0.874156862745098,
0.889882352941177, 0.889862352941177. 0.889058823529412. 0.899176470588235, 0.498313725490196. 0.835411764705882.
0.9085693359375, 0,495447701263636, 0.502038733710073, 0.530899840457109, 0.458226517280721.0. 0. 0. 0.

0.889882352341177. 0.833058823529412. 0. 0.498313725490196, 0.885411764 705882, 0.8554 11764705832, 0.867176470588235,

ancs reres

@ COREL O Wang

Hinh 6. Véc-to ddc trung anh 450.jpg bd COREL

Két qua trich xuét véc-to dic trung ctia anh 405.jpg
bd anh COREL dugc thé hién bing 8 &nh dugc mo ta
trong Hinh 6 gom: (a) anh gbc; (b) anh mit na ddi tugng
(ForeGround); (c) 4nh dbi tugng; (d) hinh nén 4nh géc; (e)
4nh dudng bién ddi tugng theo phép loc Laplace cho dnh
mit na di tugng; (f) anh dudng bién dbi tuong va van anh
bé mit d6i tuong theo phép loc Sobel; (g) Anh dudng nét
cia anh gdc theo phép loc Laplace va Gaussian; (h) anh
phép loc thong cao cho anh gbc.

B Bang II
HIEU SUAT TIM KIEM CUA HE
TRUY VAN ANH CBIR-CKDT
Tap anh  D§ chinh Do phu D) dung  Thoi gian
xac trung trung hoa truy van
binh binh trung trung

binh binh (ms)

COREL 0,7640 0,6878 0,7188 38

‘Wang 0,7327 0,6508 0,6869 87
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1% Create CKD-Tree N - 0O %

0.00841293577688323, 0, 0, 0(0.032195159, 0.005026606,
0.010813725130995, 0, 0,0, 0,0, 0.007273336, 0053432609,
0.0386262601601204, 0.00581886247342346, 0, 0017624563, 0.00980031,
0, 0.0508845281329793, 0.0146895758944466, |0.059426596, 0.038658524,
0, 1.01728364919991E-05, 0.020265684, 0.039412447,
0.00349945575324768, 0.226396476129439, 0. |0.062919383, 0.059214705,
0.0135196996978668. 0. 0, 0. 0.046135016, 0.041835525,
0.627328307952106, 0.855411764705882, 0.023173379, 002901474,
0.867176470586235, 0.874156862745098, 0.015170726, 0.010143437,
0.689882352941177, 0.88988235294 1177, 0.042721367, 0064512668,
0.869058823529412, 08991764 70588235, 0.006183122. 0.011103099,

Height of CKD-Tree [4 | OcoreL oot 1 No.iNode 15
Threshold (Bias) |05 | Owag  Mo.lNode 16 Classfication Pefomance 2%

Nrtrd i sewes

Hinh 7. Xay dung ciu tric CKD-Tree

% Irnege_Betrieval o w

000841255387 7338203, 0, 0, 0.010813728150558, 0, 0
0,0, 0, 0 CREEE0 601204, 0DO5E 128504 TI4 2046,
0. 0. 0 Cs0aR45331 329793, 0.014EEFGTIEMA466. 0.
0172864319991 E05. 0 DOJ435455 75324 768,
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Hinh 9. Tip anh tuong ty cla anh 450.jpg b0 COREL

Hé truy vAn anh CBIR-CKDT thuc hién truy vin (Re-
trieval On CKD-Tree) anh dau vao (Load Image) va két qua
tap anh tuong tu; dong thoi thuc nghiém toan bo di liéu
(Retrieval On CKD-Tree Testing). Két qua thuc nghiém trén
bd anh COREL va bd anh Wang dugc trinh bay trong Bang
II cho thiy hiéu suét truy van trén bo COREL cao hon bd
dit lieu Wang va thdi gian truy vAn trén bo anh COREL
nhanh hon bd anh Wang 14 vi c6 su khic nhau chiéu cao
cdy CKD-Tree.
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Hinh 10. Precision-Recall va duong cong ROC b0 anh COREL

Bang Il
SO SANH HIEU SUAT TRUY VAN GIUA CAC
PHUONG PHAP TREN CAC BO DU LIEU

Bang IV
SO SANH THOI GIAN TRUY VAN GIUA CAC
PHUONG PHAP TREN CAC BO DU LIEU

Phuong phap B) dur liéu Do chinh xac
trung binh
B_SHIFT , 2016 [15] COREL 2%
CBIR-CKDT COREL 76,4%
P. CHHABRA, 2020 [16] Wang 63,2%
CBIR-CKDT Wang 73,27 %

3. Panh gia két qua thuc nghiém

Két qua thuc nghiém truy van anh ctia hé¢ CBIR-CKDT
dudc minh hoa béi Hinh 10, Hinh 11 va Hinh 12. Mbi
dudng cong trén dd thi md td két qua dd chinh xdc
(Precision) va do phi (Recall) thudoc mot chi dé trong bd
dit liéu. Pudng cong ROC (ROC Curve) cho biét ty 1& két
qua truy van ding (True positive rate) va két qua truy van
sai (False positive rate). So sanh hiéu suit truy van gitta cic
bd dit liéu trén tiing bd anh COREL, Wang minh hoa bdi
Hinh 13, Hinh 15. Thdi gian truy van trén hé CBIR-CKDT
dugc minh hoa bdi dd thi Hinh 14, Hinh 16.

Hiéu suét va thdi gian truy van trén hé CBIR-CKDT dudc
so sanh v6i cong trinh [15, 16] cho thiy hé truy van &nh
CBIR-CKDT cao hon vé dd chinh xdc va do phi. Do phi
ctia hé B_SHIFT thép la do tic gia chi 14y top 20 anh trong
bd dit liéu truy van. DPong thdi d6 chinh x4c trén hé CBIR-
CKDT cao hon phuong phap B_SHIFT va P. Chhabra do:
1) CBIR-CKDT thyc hién phan 16p anh trude khi gom cum
dé€ tim tap 4nh tuong tu; 2) CBIR-CKDT phan 16p cho d6i
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Phuong phap Bo du liéu Thoi gian truy
van trung
binh (ms)

B_SHIFT , 2016 [15] COREL 55244

CBIR-CKDT COREL 37

P. CHHABRA, 2020 [16] Wang 144
CBIR-CKDT Wang 87

tugng nhiéu 1an tai cdc nit trong ctia CKD-Tree theo md
hinh Deep Learning; 3) CBIR-CKDT xay dung ciu tric dit
liéu luu trit anh s6. Tuy nhién, cong trinh [16] khi thuc hién
trich xuat dic trung véc-to véi dic trung SIFT, do dai 8 thi
dd chinh xac 1a 86,2%. Do d6, két qua trich Xuat dac trung
hinh dnh déng mdt vai trd quan trong trong nang cao hiéu
suit truy van dnh. Bén canh d6, thdi gian truy van trung
binh ctia CBIR-CKDT thip hon 1a do qua trinh tim kiém
thuc hién theo so d6 hinh cay KD-Tree dugc ré nhanh tai
cdc tang nén thoi gian tdi uu.

VI. KET LUAN VA HUGNG PHAT TRIEN

Trong bai bdo nay, ching toi di dé xuit mot phuong
phép phén 16p dit liéu hinh &nh bing cdy KD-Tree cai tién
va 4p dung cho bai to4n tim kiém anh tuong tu 13 hoan toan
kha thi va hiéu qua. Pay la mot tinh méi trong qué trinh
xdy dung cu tric CKD-Tree theo phuong phap phan 16p
dit liéu d€ hinh thanh cic cum tuong dong, qué trinh nay
da tich hop phuong phép hoc ¢ gidm sit (huin luyén trong



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

= R
e A%%f

0.95

o

o0 o

a ©
' ;

o

precision
(=]

0.75

1Premsmn-ReII on Wan (01-40) dataset

0.65 ! : '
0.2 0.4 0.6

recall

0.8

ROC curve

true positive rate

Wang (01-40)| |
—baseline

0.2 04 06 0.8 1
false positive rate

Hinh 11. Precision-Recall va dudng ROC bd anh Wang (1..40)

18-+t

0.95|

091

0.85

0.8

precision

0.75|

0.7

0.65 |

0.6

Premsmn-RecalI on Wang (41 -80) dataset

0.4 0.6 0.8

recall

ROC curve

e
3

o
(=]
s

true positive rate
o
o

Wang (41-80)
—baseline

0.4 0.6 0.8 1

false positive rate

0 0.2
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s6 trong xay dung mo hinh ciy), ban gidm sat (tf mo hinh
KD-Tree, thuc hién tim kiém anh theo niit 14 dé ra tap anh
tuong tu) va khong gidm sit (gom cum theo trong sb tai
nit 14 sau khi huén luyén trong s6). Hé truy vin 4nh CBIR-
CKDT da thuc nghiém trén bd anh COREL, Wang dugc
danh gia dua trén do chinh xac, do phd va do dung hoa
v6i bo anh COREL lan lugt 1a: 76,04%, 68,78%, 71,88%
va bo anh Wang la: 73,27%, 65,08%, 68,69%. Hudng phat
trién tiép theo ctia ching t6i 1a xdy dung mot ciu tric KD-
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Tree da nhanh, cin bang 4p dung cho cic tap dif liéu ting
trudng theo phan 16p va khong gidi han sé phan 16p ban
dau. Dong thoi thuc hién bai toan tim kiém anh theo ngit
nghia.

LOI CAM ON

Chung t6i xin tran trong cam on Khoa Cong nghé thong
tin — Trudng Pai hoc Khoa hoc - Pai hoc Hué, nhém nghién
ctu SBIR-HCM da gép y chuyén mon cho nghién ctiu nay.
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