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MOT PHUONG PHAP PHAN CUM DUA TREN CAY KD-TREE
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Tém tat. Trong bai bao nay, chting t6i trinh bay mot md hinh tim kiém anh dua trén phan
cum dir liéu bﬁ”mg cdy BKD-Tree, mdt cai tién cai tién ctia cdy KD-Tree, gom: (1) luu tri cac
ddi tuong da chiéu tai nat 1a d€ tao ra mot s phan cum trén co s6 phuong phap hoc ban giam
sat; (2) tao ra mot cu triic cay can bang nham ting hiéu suat cho bai todn tim kiém anh. Dya
trén co so ly thuyét d¢é nghi, m6 hinh truy van anh trén cady BKD-Tree duoc dé xuét va thuc
nghiém trén by anh ImageCLEF (gom 20.000 anh). Két qua thie nghiém cta chung t6i dugc
so sanh véi mot s§ cong trinh gan day trén cing bd dit liéu d€ minh ching tinh hiéu qua ctua
phuong phap da duoc dé xuat. Theo két qua thuc nghiém cho thay phuong phap cua ching
toi 1a hiéu qua va cé thé ap dung dugc cho cac hé théng tim kiém anh tuong tw theo ndi dung.

Tw khoa: BKD-Tree, d6 do twong tu, phan cum, anh tuwong tw, tim kiém anh
1 Gioi thiéu

Trong nhiing thap nién gan day, cung véi sw phat trién nhanh chéng cua kho di liéu anh,
cac ky thuat tim kiém ciing dugc quan tam nghién cttu va tap trung theo 3 hudng chinh: tim theo
tit khéa TBIR (Text-based Image Retrieval), tim theo ndi dung CBIR (Content-based Image
Retrieval) hay tim theo ngi nghia SBIR (Semantic-based Image Retrieval) [8], [9]. Trong tim kiém
anh, van dé gom cum dit liéu theo cac chu dé la mot yéu cau quan trong. Ngay nay, nhiéu phuong
phap gom cum dit liéu dugc thuc hién béng nhiéu thudt toan khac nhau, trong d6 ky thuat gom
cum st dung cay KD-Tree cho két qua kha tot.

Cay KD-Tree 1a mot ciu truc dit liéu duoc sit dung d€ danh chi muc da chiéu, la mot cau
tric dit liéu phan vung khong gian t6 chitc thanh nhiing diém trong khong gian. Cay KD-Tree
thudc dang cay nhi phan tim ki€m ma mdi nat 1a mot véc-to k-chiéu. Mdi nat khong phai 1a nat
l4 thi chia khong gian dit liéu thanh hai phéan trén mat phang k-chiéu. Dua trén ciy KD-Tree
nguyén thuy nay, ching t6i xay dung cay BKD-Tree 1a cay nhi phan can bang d€ ting dung cho
bai toan tim kiém anh va thye nghiém trén bo anh ImageCLEF. Cay BKD-Tree duwoc dung d€ luu
trit cac véc-to ddc trung thi gidc ctia hinh anh da phan doan. Viéc phan 16p di liéu duoc thuc
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hién trén timg nut ctia cdy BKD-Tree dé tao ra mot cdy can bang nham hd trg cho qua trinh im

kiém nhanh va tang d¢ chinh xac.

2 Cdc cong trinh lién quan

Nam 2002, Y. He va cong sw da khao sat sit dung cay KD-Tree trong nang cao hiéu qua tim
kiém anh. Nhom tac gia thwe nghiém trén bo dir liéu 10.115 anh. Két qua thu duoc la thoi gian
truy van anh nhanh gap ba Ian so véi cach tim kiém tuyén tinh [1].

Nam 2007, S. J. Redmond két hop thuat toan k-Means va thuéat toan Katsavounidis, thuee
nghiém trén 36 bo dw liéu tong hop va 2 bd dix liéu cua UCI (UC Irvine Machine Learning
Repository). Thuat todn nay da cai thién qua trinh phan cum, la co s& cho viéc nghién citu mé
rong cay BKD-Tree [15].

Nam 2009, H. Al-Jabbouli da dé xuat thuat todan gom cum dya vao cdu truc cay KD-Tree
[13]. Thuét toan nay khac phuc nhitng nhuoc diém ctia thuat toan K-means, dong thoi két hop
thuat toan K-means va C-means dé€ tim ra phwong phap gom cum t6i wu goi la thuét toan Bees.
Két qua thuc nghiém trén nhiéu bo dir liéu cho thay thuat toan Bees hiéu qua hon thuat toan k-
Means. Nam 2011, K.Velmurugan da dé xuat thuat toan tim ki€ém anh twong tu theo néi dung
dua trén cay KD-Tree bang cach két hop déc trung SURF (Speed up robust feature) véi dic trung
mau sic d€ nang cao do chinh xac cho hé tim kiém anh [2].

Né&m 2011, H. Zouaki va B. Abdelkhalak dwa trén cdu trtic cay KD-Tree da dé xuat mo6 hinh
truy van anh bang céch 1ap chi muc nham giam kich thuwdc ctia d6i twong, giam thoi gian tinh
todn, st dung khoang cach EMD. Két qua thuc nghiém cho d¢ chinh xac kha cao [6]. Nam 2016,
J. Das va cong su da dé xudt mot phuwong phap lap chi muc va xay dung hé thong truy van anh
dua trén cady KD-Tree k-chiéu bang cach trich xudt déc treng mau sic ctia d6i tieong anh. Phuong
phap nay da giam dang ké thoi gian truy van anh trén cay KD-Tree. Két qua thuc nghiém cho
thdy cay KD-Tree c6 thoi gian tim kiém nhanh hon ciy tit phan QuadTree va két qua tim kiém

trén cay KD-Tree c6 d9 chinh xac cao hon [7].

Nam 2013 M. Otair da dé xudt mot phwong phap gom cum dit liéu dua trén cay KD-Tree
v6i thuat toan k-NN. So sanh véi cac phwong phap truede do thi thoi gian tim kiém giam dang ké
[3]. Nam 2014 Logamani. K va Punitha. S. C da dwa ra mo6 hinh phan cum dit liéu dua trén cay
KD-Tree. Nhom tac gia thuc hién gom cum bang phwrong phép k-Means dong thoi xay dung cay
KD-Tree la mot cay tang trudong nén viéc xay dung cay mat nhiéu thoi gian nhung thich hop cho
bai toan c6 dit liéu gia tang [4].

Nam 2015, Y. H. Sharath Kumar giéi thiéu m6 hinh 1ap chi muc cic d6i tuong. Trong
nghién ctru nay, co so dit liéu dau vao rat 16n nén thoi gian truy xudt 16n. Mot giai phap cho tang
toc qua trinh truy xuat la thiét k&€ mo hinh 1ap chi muc. Céch lap chi muc ctua cdy KD-Tree cho hé
50


https://ieeexplore.ieee.org/author/37713774400
https://ieeexplore.ieee.org/author/37713773200

jos.hueuni.edu.vn Tap 129, S6 24, 2020

thong truy xudt dir liéu dya trén ddc trung SIFT (Scale Invariant Feature Transform), biéu d6
phéan 16p HOG (Histogram of Gradients), biéu d6 huéng canh EOH (Edge orientation histograms)
va hinh dang SC (Shape context) [5].

Nam 2017, H. Cevikalp da dé xuat phuwong phép truy van anh béng cach stt dung cay nhi
phan phan cdp két hop véi may vecto hd trg chuyén d6i (TSVM). Hé thdng thuee nghiém danh
gia trén bo dit liéu ImageCLEF. Hiéu sudt truy van thu dugc véi do chinh xac la 46.78% [18].
Cuing thoi diém d6, M. Jiu da dé xudt mot phuong phap méi dé truy van anh bang cach két hop
mang nhiéu 16p hoc sau dong thoi két hop ky thuat may hd tro vec-to (SVM) d& phan 16p hinh
anh. Phuong phap nay dugc thuc nghiém trén bo dir liéu ImageCLEF véi hiéu suat truy van do
chinh xac 1a 59.70% [19].

3  CAu trac ciy BKD-Tree

3.1 M0 ta ciy BKD-Tree, mot cai tién cuia KD-Tree

Cay KD-Tree la mot cay nhi phan ma dit liéu tai mdi ntt 1a mot diém k chiéu trong khong
gian, bao gom: mot nut goc, cac nut trong va nat ld. Nut goc la nut chi c6 lién két toi da dén hai nut
con va khong cé nut cha. Nut frong la nit c6 mot lién két dén nut cha, dong thoi lién két t6i da
dén hai nat con; nat Id la nat chi c6 mot lién két dén nut cha va khong co lién két dén nat con.
Mot nat khong phai la nit Id trén cay chia khong gian thanh hai phén, cac diém 6 bén trdi cua
khong gian nay biéu thi bang cay con trai va cac diém & bén phai khong gian nay biéu thi bang
cay con phai. Cay KD-Tree lvu di liéu tai tat ca cac nat, do d6 khi ap dung cho bai toan co tap
dit liéu téng truong sé lam cay ting truedng theo chiéu sau va ciy mat can bang. Vi vay, ching toi
xay dung cay BKD-Tree can bang 1a mot ci tién ctia cdy KD-Tree, d€ thoi gian tim kiém trén cac
nut ld 1a gan nhu nhau va dit liéu chi luu trix tai nat l4; dong thoi xay dung mo hinh tim kiém anh
twong tu dua trén ky thuat xay dung cay BKD-Tree cai tién da dé xudt. Cau trac di liéu nay tao
ra mot md hinh luwu trix tap dit liéu anh, phan cum ty ddng cac phan t trén nut I va tim kiém
phan t trén cay.

Cay BKD-Tree duogc xdy dung gom mot nut goc (root), cac nit trong (iNode) va cac nat ld
(lvNode). Nut ld 1a noi luu dix liéu dong thoi déng vai tro d€ phan cum dix liéu. Goi { fy, f2, ..., fn
} 1a tap véc-to ddc trung cta bo dit liéu anh ban dau. Trong d6 f; = (xjo,, Xj1 -» Xj-1)); Ve =
(Xtbos Xep1 -+ Xep(k-1)) 1a Véc-to trung binh ma moi thanh phan x.,,; 1a gia tri trung binh cta thanh
phén x;; thudc tap véc-to fj, cdu trc nit goc, nat trong va nut ld dugc dinh nghia nhu sau:

Dinh nghia: Cay BKD-Tree la m6t cay nhi phan can bang gom:

i. Nut goc la nut khong ¢ nut cha va c6 t6i da hai nut con left, right. Cau truc ctia nat
g0t laroot =< x,left,right >. Trong do x = xy; left, right lan luoc 1a lién két dén

cay con trdi, phai.
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ii. Nut trong iNode =< x, ileft,iright >, voi x = x¢,; 1a mot gid tri tai miec thie [

iii. Nut ld lvNode =< f;,id; > la nat khong c6 nut con, trong do f;, id; lan lwot 1a véc-to

dac trung va dinh danh ctia anh thit i.

Cay BKD-Tree dung d€ luu trit va truy van tap anh twong tw trén bd anh ImageCLEF duoc
xay dung chiéu cao m thi s6 nut ld trén cay la 2. B anh ImageCLEF duoc chia thanh 276 phan
16p khac nhau. Chiéu cao cta cay can thiét d€ luu trkr tap di liéu la log, 276 = 8.1. Do d6 ching
toi chon 9 thudc tinh cta véc-to dac trung anh dé tién hanh xay dung cay BKD-Tree. Minh hoa

cac budc xay dung cay BKD-Tree tir tap cac véc-to f;. Trong d6 f; = (x10, X11 -, X1(k-1)) Va Véc-to

trung binh th = (xtbg, Xtp1 +ors xtb(k_l)).

Budc 1: Khoi tao ntt gdc Root Bud6c 2: Qua trinh tao mtntt trong

Xtbo iNode

iNode

Budc 3: Qua trinh tao mdt nut 14

IvNode

fi

Root

Xtb0

Hinh 1. Minh hoa cac budc tao cay BKD-Tree

Twong tw, thém cac véc-to fy, f5, .., fg vOi cac gia tri cu thé, ta cd cdy BKD-Tree nhu sau:

Root

X0
iNode iNode

iNode

iNode

iNode

iNode iNode

iNode

IvNode

[oNode loNode  [pNode IvNode

loNode

lvNode

iNode

IvNode

o
fi £ £ b S 7

Hinh 2. M6t vi du vé cay BKD-Tree
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3.2 Xay dung cay BKD-Tree
Trén co s& Dinh nghia cac nat trén cay, qua trinh tao cay BKD-Tree dugc mo ta nhu sau:
Budc 1. Tai thoi diém ban dau cay BKD-Tree chi c6 mot nat goc root = @, muc [, = 0;

Budc 2. Tinh véc-to trung binh Vi, = (X440, X¢p1 -+ Xep(k—1)), AN gia tri nut goc 1a root. x =
Xtbo

Budc 3. Gan gia tri tai mdi nut trong muc [; 12 x5

Buéc 4. Véi moi vec-to fj = (Xjo, , Xj1 - » Xj(k—1y) 1an 1ot so sanh gia tri x;; (1 = 1... (k — 1))
VOi gia tri xg,; (i = 0...(k — 1)). Néu x;; = xy; thi vec-to f; thudc cay con bén phai; nguoc lai

f; thudc cay con bén trai. Qua trinh nay lap lai cho dén khi tim dwoc nut ld &€ luu trit véc-to f;.

Cay BKD-Tree c6 chiéu cao h = m, tai mdi nut trong ludn ton tai nut con trai va nat con
phai, & mtc (m — 1) mdi ntt trong luu trix hai nit Id. Bén canh d6, chiéu cao ctia cdy con trai va
chiéu cao cay con phai h; = h, = m. Vay BKD-Tree dugc xay dung 1la mét cay nhi phan can bé“mg,
cac phan tw trén cung mét nut 4 thi phu hop vé d do twong tu, nghia la cdc phan t& thudoc mot
nat ld c6 &6 twong tu nhiéu hon so véi cac phan tit khac nat ld. Moi véc-to dac trung f; ctia anh T
6 tinh chat sau:

DPinh ly. Ton tai duy nhat mot nat ld trén cdy BKD-Tree d€ luu triv véc-to déc trung f;.
Ching minh:

Tinh tén tai: Vi BKD-Tree 1a cay nhi phan can bang, dit liéu chi luu trit tai ntt 4. Do d9,
tai mdi nut trong ctia cdy BKD-Tree lu6n ton tai mot nhanh con trai hodc mot nhanh con phai d€

véc-to f; im dén vi tri ctia nut ld. Do d6, ludn ton tai nut ld d€ lvu trix véc-to f;.

Tinh duy nhét: Duyét tir ntit géc ctia cy, tai moi ntt trong thudc cdy BKD-Tree, ta chi chon
duoc duy nhat mot hudng (trai hodc phai) d€ tim vi tri luu trit vec-to ddc trung f;. Do d6, ta chi

chon duwoc moét nut ld d€ luu trik vec-to f;, nghia la vec-to f; chi thudc vé mot nat Id duy nhat.

3.3 Thuat toan tao ciy BKD-Tree
Input: Tap phan ti f,, can thém vao cady BKD-Tree;
Output: Cay BKD-Tree;
Function IEBKT (f,, BKD — Tree, m)
Begin
BKD — Tree = @;
Vib = (Xtbo, » Xep1 - Xept)s Xepi = avg {xj;: i =0..(m—1); j=0..(m— 1},
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1r00t. X = X¢po; Lo = 0;
If (f,. xp; < Vip. X1pi) then BKD-Tree = BKD-Tree U IEBKT (f,,, BKD-Tree.left, m+1)
Else BKD-Tree = BKD-Tree U IEBKT ((f,,, BKD-Tree.right, m+1)
EndIf
Return BKD-Tree;
End.

Ménh dé 1. Do phtic tap ctia thuét toan IEBKT la O(n). V&i n s8 phan tt trén cay BKD-

Tree.

Chtrng minh: Goi m, n Tan lugc 1a chiéu cao va sd phan ttr can chén vao cay BKD-Tree. Mbi
phan t f, can cheén vao cay, thuat toan IEBKT duyét qua m mic ctia cdy nham tim dwoc nut Id
phu hop d€ luu trit phan te. Do d6, s phép toan so sanh cta thuét toan la m*n. Trong truong
hop nay, chiéu cao cua cdy BKD-Tree gidi han la m = k (v6i k 1a mot sd cho trudce). Vay do phire
tap cua Thuat toan IEBKT la 0(n) ®

4  Truy vin anh dya trén cdy BKD-Tree

41 Mo hinh truy vin anh dua trén cdy BKD-Tree

Cac vung anh phan doan ctia anh 2092.JPG dwoc minh hoa nhu Hinh 3.

™ =

Hinh 3. Anh g&c va cic viing ctia anh da phan doan

Trén co so xay dung thuat toan tao cdy BKD-Tree (IEBKT), thuat toan truy van anh trén
cay duoc thiec hién béng cach: Moi vung anh dugc trich xudt mot véc-to dic trung, qua trinh truy
van d€ tim ra tap anh twong tu ctia hinh anh duoc thuwc hién dua vao véc-to dic trung tiing ving
cua anh can truy van. Hé thong thuc hién tim kiém anh tuong tw béng cach so sanh véc-to dic
trung f = (Xo,, %1 v, X(m-1)) CUQ mdi viing anh truy van véi cac thanh phan tuong tng ctia vec-
to trung binh Vi, = (X¢po, » Xep1 - » Xep(m—1)) trén cdy BKD-Tree theo hudng tir niit goc dén nut ld va
theo quy tac xay dung cady BKD-Tree. K&t qua ctia qud trinh nay 1a tap hop cc ntt ld chira véc-to

ddc trung cua ting vung thudc anh can truy van.
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Thuét toan IRBKD (truy van anh trén ciy BKD-Tree )
Input: Tap véc-to f; cta anh I,, cdy BKD-Tree
Output: Tap nut ld L; chita phén t f;
Function IRBKT (f;, BKD-Tree, m)
Begin
Result = @;
Foreach (f; € f) do
If (f; € leaf) then Result = Result U L;;
Elself
If (f;. xim < Vip. Xpm) then IRBKT (f;, BKD-Tree.left, m+1);
Elself IRBKT (f;, BKD-Tree.right, m+1);
EndIf
End Foreach
Return Result;
End.

Ménh dé 2. Do phtrc tap ctia thuét toan IRBKT la 0(log(n)). V&i n 1a s& phan dwoc luu triv
trén cay BKD-Tree.

Chitng minh: Thuéat toan IRBKT Ian luot duyét qua m muic cta cay tir nut goc dén nut 14
thi d6 phtic tap la O(m). Tai moi mukc trén cay thuee hién so sanh gia tri tai nit trong cua cay voéi
thanh phan thit i ctia vec-to f;. Hon nita BKD-Tree la cdy nhi phan tim kiém can bang, chiéu cao
la m =k (v6i k1a mét s cho trude). Do d6, véi cdy BKD-Tree c6 n phén ti thi dd phuic tap khi tim
kiém mot phan ti trén cay la 0(log(n)). ®

Mo hinh tim ki€m anh twong ty dua trén cdy BKD-Tree dugc dé xuat nhu sau:

55



Nguyén Thi Pinh va CS. Tap 129, S6 24, 2020

| Pha 1: Tign xi Iy

BED-TREE

|| Tapdi Tap véc-to ( Thuye hign
liéu anh ddc trung | gomecym

Pha 2: Truy vdn

L

Anh can Vée-to dic [ Thuc hin truy Tap anh
truy van trieng van tuong tw

Hinh 4. M6 hinh truy van anh theo néi dung dua trén cdy BKD-Tree
Pha tién xtt ly:

Budc 1. Trich xudt tap véc-to dac trung f, ctia bo dir liéu anh, modi véc-to dic trung c6 n

thanh phan, madi thanh phan la mét gid tri mo ta mot ddc trung ctia hinh anh.

Budc 2. Gom cum céac véc-to déc trung f, trén cay BKD-Tree. Nghia 1a, moi véc-to déc trung
fo = (Xpo, » Xp1 +e) Xy(—1)), thanh phan x,,; duoc so sanh voi gia tri nat trong tai mie i. Néu x,,; =
Xp; thi f,, thudc cay con bén phai; ngwoc lai f, thudc cay con bén trai. Do d6, véc-to f,, duoc chon

huéng ngay ntt Id tai mdi mikc trén cay.
Pha truy van:

Buwdc 1. Vi mdi hinh anh truy van, trich xudt cac véc-to dac trung f,;. Trong do6 f,; 1a véc-

to c6 n thanh phan, mdi thanh phan la mot gia tri mo ta dac trung ctia anh phan doan.

Budc 2. St dung véc-to f,; truy van anh tuong tu trén cay BKD-Tree. Két qua ctia qua trinh

truy van nay la mot tap Q; chira cac véc-to tuwong tw voi véc-to f;.

Budc 3. Truy hoi tp anh twong tu dua trén tap Q, tai budc 2. Sau d6 sap xép tap cac anh

twong tu véi anh can truy van.
42  Té chirc thuc nghiém

D¢ danh gia phuong phap ti€p can ctia bai toan trén co so cac thuat toan da dé xudt, ching
toi xay dung thuc nghiém trén b dit liéu ImageCLEF dwoc lvu tri trong 41 thu. M&i anh duoc
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phan doan thanh cac viing, c6 mot véc-to ddc trung va thudc mot phan 16p. Bo dit liéu ¢d 99.535
vung, phan thanh 276 16p.

Thuc nghiém truy van anh CBIR-BKD-Tree dugc xdy dung trén nén tang dotNET
Framework 4.5, ngén ngit 1ap trinh C#. Cac d6 thi duoc xay dung trén Mathlab 2015. Cdu hinh
mady tinh thwe nghiém: Intel(R) Core™ i5-5200U, CPU 2.2GHz, RAM 8GB va hé diéu hanh
Windows 10 Professional.

CBIR_BKD-Tree

Original Image Segmented Image
———— — e —

Image Retrieval

Hinh 5. Hé truy van anh CBIR_BKD-Tree

bé danh gid hiéu sudt cua phuwong phap, cac gia tri thuc nghiém gom: do chinh xac
(precision), 6 phu (recall) va d¢ do dung hoa F-measure. Cong thitc tinh cac gia tri nay nhw sau:

|relevant images N retrieved images)|

precision = . -
|retrieved images)|

|relevant images N retrieved images)|

recall = -
|relevant images|
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(precision x recall)

F — measure = 2 X —
(precision + recall)

Trong d6, relavant images la tap anh tuong tw voi anh truy van, retrieved images la tap
anh tim kiém dwgc. Céc gia tri d6 chinh xac, dd phu va d6 dung hoa dwgc tinh theo ty 1é % va

duoc quy doi thanh gia tri trén doan [0, 1]. Két qua thuc nhiém thé hién trong Bang 1.

Bang 1. Hiéu suét truy vén anh theo phuong phap dé xuét trén b ImageCLEF

e v Trung binh 40 | Trungbinh | Trungbinh d6 | Thoi gian truy vin
Chu dé | S6 anh ) i e . .
chinh xac do phu dung hoa trung binh (ms)
00-10 | 1832 0.598713 0.446594 0.503931 30.73533
11-20 | 1796 0.586611 0.434149 0.498994 29.60023
21-30 | 1957 0.615845 0.488197 0.544642 24.51016
31-40 | 2194 0.698048 0.520518 0.599148 27.50432
AVG | 7779 0.624804 0.472365 0.536815 28.08751

Duong cong ROC

I:recision-Recall cua BKD-Tree tren bo du lieu ImageCLEF
=

@

precision
true positive rate
o o o
(4]

0.2 0.4 0.6 0.8 E! 0.2 0.4 0.6 0.8 1
recall false positive rate

Hinh 6. D6 thi Precision, Recall, duong cong ROC ctua hé CBIR_BKD-Tree trén bd ImageCLEF

Db thi Precision-Recall bd dir liéu ImageCLEF cho thdy dién tich ndm duéi duong cong
Precision-Recall chura cao, do tinh chinh xac ctia hé truy van nam tap trung ¢ viing 0.4 dén 0.7.
Db thi dwong cong ROC biéu dién cac gid tri true positive va false positive cht yéu nam tap trung

trén duong baseline.
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> Hiéu suit thyc thi ctia hé thong CBIR_BKD-Tree trén tap dix liéu
é ImageCLEF
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Céc chu dé trong tap dir liéu ImageCLEF

Hinh 7. Trung binh Precision, Recall, F-measure hé CBIR_BKD-Tree trén tap dit liéu ImageCLEF

Céc d06 thi trong Hinh 6 va Hinh 7 mo ta gid trj trung binh cta d6 chinh xac, d6 phu, d6
dung hoa. Tir cac d6 thi nay cho thdy, tinh chinh x4c ctia truy van nam & muic trung binh, can cai
thién thém dé€ nang cao hiéu sudt truy van. B phu cta truy van kha thadp nén d6 dung hoa cta
truy vdn chuwa cao. Tuy nhién t6c d6 truy van kha nhanh, cho thdy hé théng truy van anh
CBIR_BKD-Tree dugc danh gid la kha tot vé thoi gian truy van. Gia tri trung binh d¢ chinh xac
MAP ctia hé truy van CBIR_BKD-Tree dugc so sanh véi cac phuong phap khac trén cung bo div
liéu ImageCLEF, thé hién trong Bang 2.

Béng 2. So sanh do chinh xac gitta cac phuwong phap trén b dit liéu ImageCLEF

Phwong phap Gia tri trung binh d¢ chinh xac (MAP)
H. Cevikalp, 2017 [20] 0.4678
M. Jiu, 2017 [21] 0.5970
CBIR_BKD-Tree 0.6248

Tw két qua so sanh & Bang 2, cho thdy hé truy van hinh anh CBIR-BKD-Tree c¢6 d6 chinh

xac kha tot so v6i cac nghién cttu gan day trong cung linh vuec trén thye nghiém cung bd dit liéu.

5 Kétluan

Trong bai bdo nay, chung t6i da xay dung mét cau tric cady BKD-Tree ap dung cho bai toan
tim kiém anh twong tw. Day la mot cai tién ctia ciy KD-Tree nguyén thily nham nang cao ky thuat
leeu trit dit lidu trén cay, dong thoi cai thién thoi gian tim kiém dén cac nat 4 gan bang nhau.
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Chung t6i da dé xudt mo hinh truy van anh dua trén cay BKD-Tree va thic nghiém trén bo anh
ImageCLEF c6 do chinh xac la 62.48%, d¢ pht 47.23%, d6 dung hoa 53.68% va thoi gian truy van
trung binh 1a 28.08 (ms). Két qua thuc nghiém da duwoc so sanh voéi cac cong trinh khac trén cung
mot tap du liéu anh, dong thoi so sanh véi cac phuong phap dua trén cau trac luu trit cay KD-
Tree. Thuc nghiém cho thay tinh dting dan va hiéu qua ctia phwong phap dé xudt. Huéng phét
trién ti€p theo ctia chiing t6i 1a tao mdt cay chi muc véi mdi nat lién két t&i mot phan tir ctia bang
tra cttu, voi bang tra cttu nay duoc xay dung mot cach doc lap voi cdy BKD-Tree d€ tir d6 tang

tinh hiéu qua trong viéc phan 16p trén cay BKD-Tree.
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Abstract. The paper proposes the data clustering model based on the BKD-Tree, an
improvement of KD-Tree for the image retrieval. This model includes: (1) storing multi-
dimensional data objects at the leaf nodes of the tree to create data clusters based on semi-
supervised learning method; (2) create a balanced tree structure to increase the efficiency of
image search. We use BKD-Tree to make experiment on ImageCLEF image set (including
20,000 images). Our experimental results are compared with several recent works on the same
data set to demonstrate the effectiveness of the proposed method. This shows that our method
is effective and can be applied to similar image retrieval systems by content.

Keywords: BKD-Tree, clustering, similar image, similar measure, image retrieval.
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