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TOM TAT

Tim kiém anh 1a mot bai toan dugc quan tam va da co nhiéu phuong phap dugc cong bd
trong thoi gian gin day. Trong nghién ctru ndy, nhom tac gia xdy dung cdy BKD-Tree, 1a mot
cai tién ciia cdy KD-Tree, bao gdm: (1) luu trit cac di twong da chiéu tai nat 14 cua cay dé tao
ra mot md hinh phan cum trén co s¢ phuong phap hoc ban giam sat; (2) tao ra mdt cau triac
ciy nhi phan cin bang nhim ting hiéu suit cho bai toan tim kiém anh. Dua trén co s6 1y thuyét
dd dé nghi, nhom tac gia dé xuat mé hinh truy vin anh trén cay BKD-Tree dong thoi thuc
nghiém trén bd anh ImageCLEF (gdm 20.000 anh). Két qua thuc nghiém dugc so sanh véi
mot s6 cong trinh gén day trén cung bo dit liéu &é minh chtng tinh hiéu qua ciia phuong phap
da dugc dé xuat. Két qua thuc nghiém cho thay, phuong phap ctia nhém tac gia la hiéu qua va
c6 thé ap dung dugc cho cac hé thong tim kiém anh twong tu theo ndi dung.

Tir khéa: KD-Tree, d6 do twong tu, phan cum, anh tuong ty, truy van anh.

1. TONG QUAN

Dir liéu da phuong tién ting nhanh theo thoi gian da thuc day viéc nghién ctru va trién
khai cac phuong phap tim kiém anh [1]. Trong nhimng thap nién gan day, bai toan tim kiém
anh da duogc thuc hién boi kha nhiéu phuong phap nhu tim theo tir khoa TBIR (Text-based
Image Retrieval), tim theo ndi dung CBIR (Content-based Image Retrieval) hay tim theo ngit
nghia SBIR (Semantic-based Image Retrieval) va nhiéu cong trinh nghién ciru di cong b [1, 2].
Viéc tim kiém anh can thyc hién trén tap dit liéu 16n, do d6 viéc gom cum dit liéu theo cac chu
dé trong van dé tim kiém 1a mét yéu ciu quan trong ctia bai toan truy van anh. Ngay nay, nhiéu
phuong phap gom cum dir liéu duoc thyc hién bang nhiéu thuét toan khac nhau nhu: gom cum
dir liéu sir dung thuat todn Bees va ciu trac cay KD-Tree [3], gom cum dung lién két dong sir
dung cay KD-Tree [4]....

Tur thap nién 1980 da c6 nhiéu phuong phap truy van anh theo ndi dung dugc gidi thiéu
nhu QBIC, Photobook, Visual-Seek, MARS, El Nino, CIRES, PicSOM, PicHunter, MIRROR
Virage, Netra, SIMPLIcity [5]. Hau hét cac cong trinh nay tap trung vao k¥ thuét trich xudt
déc trung anh ma chua quan tdm dén x@y dyng mo hinh dir liéu nham giam khong gian luu trir
va tdng tdc do truy van. Bai bao nay dé xuit mot mo hinh phéan cum dit li¢u dya trén cdy BKD-
Tree dé 4p dung cho bai toan tim kiém anh tuong tu theo ndi dung.

Cay KD-Tree la mot cau tric di liéu dugc gi6i thiéu tir nhimg ndm 1970 dé danh chi
muc da chi€u, 1a mdt cau trac dir liéu phén ving khong gian t6 chire thanh nhig diém trong
khong gian k-chiéu [6]. Cay KD-Tree thudc dang ciy nhi phan tim kiém ma moi nat 13 mot
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véc-to K-chiéu. Mbi nut khong phai 1a nut 14 thi chia khong gian dit liéu thanh hai phéan trén
mat phang k-chiéu. Dya trén cdy KD-Tree nguyén thily nay, nhom tac gia xay dung cady BKD-
Tree cai tién 14 cay nhi phan can bang dé ng dung cho bai toan tim kiém anh va thyc nghiém
trén b anh ImageCLEF. Cay BKD-Tree cai tién dugc dung dé luu trir cac véc-to dic trung
thi giac cta hinh anh da phan doan. Viéc phan 16p di li€u duoc thyc hién trén tirng nit cua
cdy BKD-Tree dé tao ra mot cdy can bang nham hd tro cho qua trinh tim kiém nhanh va ting
d6 chinh xac.

Trong nghién ctru ndy, nhom tac gia hudng téi mot sé ndi dung, bao gdm: (1) Cai tién
cdy BKD-Tree tr¢ thanh cay nhi phan can bang nham luu trir vee-to déc trung thi giac cap
thap cta hinh anh; (2) Dé xuat thuat toan tao cay; (3) De xuat mo hinh tim kiém anh tuong tu
dua trén cay BKD-Tree; (4) D¢ xuét thuét toan truy van anh tuong ty theo ndi dung trén cay
BKD-Tree; (5) Xay dung thuc nghiém va so sanh két qua v6i mot sb phuong phép gan day
trén bd anh ImageCLEF.

Truy véAn anh dia trén ciu trac cdy 13 mot trong nhitng mé hinh dugc nghién ctru va tng
dung rong rdi hién nay [2]. Nam 2002, Otair da thuc hién mot khao sat vé tinh hiéu qua cua
viéc str dung cdy KD-Tree dé nang cao hiéu qua tim kiém anh [6]. Trong nghién ciru nay,
nhom tac gia da dé xuat md hinh VAM KD-Tree dé ting hiéu qua tim kiém anh dic biét 1a
giam thiéu thoi gian tim kiém trén cay. Két qua thuc nghiém trén tap dir hiéu gdm 10.115 anh
v6i luoc dd mau c6 4096 chidu. Véi cdy VAM KD-Tree c6 4096 chiéu, két qua ctia cong trinh
da cai thién duoc thoi gian truy van anh nhanh gip 3 lan so v6i cach tim kiém tuyén tinh [7].

Nim 2007, Redmond and Heneghan sir dung thuét toan k-Means két hop véi thut toan
Katsavounidis dugc thuc nghiém trén 36 bo dir li€u téng hop va 2 bd dir liéu cua UCI (UC
Irvine Machine Learning Repository) [8]. Két qua thuc nghiém da cai thién hiéu suat phén loai
dit lidu trén cdy KD-Tree dong thoi nang cao hiéu qua va giam do phirc tap cia thuat toan tim
kiém. Thuét toan dé xuét cai thién qua trinh phan cum, 1a co so cho viéc nghién ctru mo rong
cdy R+ Tree va cay Bkd-Tree [8].

Nim 2009, tac gia H. Al-Jabbouli d& dé xuat thuat toan Bees thuc hién gom cum trén tap
dir liéu mod dua vao cdu trac cdy KD-Tree [3]. Trong cong trinh ndy, nhom tac gia da khéc
phuc nhitng nhuge diém cua thut toan K-means, dong thoi két hop thuat toan K-means va C-
means dé tim ra phuong phap gom cum tdi wu goi 1a thuat toan Bees. Két qua thuc nghiém
trén nhiéu b dit liéu cho thiy thut toan Bees d co nhiu cai tién so voi thuat toan k-Means.
Niam 2011, Velmurugan & Baboo da dé xuat thuat toan tim kiém anh tuong tu theo ndi dung
dua trén cdy KD-Tree. Trong nghién citu nay, tac gia da két hop dic trung SURF (Speed up
robust feature) voi dic trung mau sic dé nang cao do chinh xac cho hé tim kiém anh véi két
qua dat dugc 88% [9].

Nam 2011, Zouaki & Abdelkhalak dua trén ciu tric cay KD-Tree da dé xuit mot mod
hinh truy vin anh bang cach 1ap chi muc cing v&i vi tri cia chung trong anh nhim giam kich
thudc cia ddi tugng, giam thoi gian tinh todn véi d do tuong tu sir dung khoang cach EMD.
Trong phuong phap nay tac gia da thuc nghiém mang lai két qua cao vé do chinh xéc [10].
Nam 2016, Jayashree Das va Minakshi Gogoi da dé xuat mot phuong phap 1ap chi muc va xay
dung hé thong truy van anh dya trén cady KD-Tree k-chiéu. Nhom tac gia da trich xuét dic
trung mau sac cua dbi tuong anh, sau d6 cdy KD-Tree dugc xay dung dya trén déc trung mau
sdc trich xuét dé lap chi myc. Phuong phap nay da giam dang ké thoi gian truy van anh trén
cdy KD-Tree. Két qua thuc nghiém dugc so sanh véi phuong phap 13p chi myc hinh dnh aé
tim kiém ma khong st dung cdy KD-Tree thi thoi gian tim kiém giam con O (log(n)) Két luan
cho thay cay KD-Tree c6 thoi gian tim kiém nhanh hon cdy t phan QuadTree va két qua tim
kiém trén cdy KD-Tree c6 do chinh xac cao hon [11].

Niam 2014, Logamani & Punitha da dé xuat mot phuong phap gom cum dit liéu dua trén
cdy KD-Tree vdi thuat toan k-NN [12]. Phuong phap nay so sanh vi cac phuong phap trude
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d6 thi thoi gian tim kiém trén cay giam dang ké [6]. Theo Logamani & Punitha nim 2014 da
dua ra mo hinh phan cum dir li€u dua trén cady KD-Tree. Nhom tac gia thuc hién gom cum dir
liéu bang phuong phap k-Means dong thoi xay dung cdy KD-Tree 1a mot cdy ting truong nén
viéc xay dung cdy mat nhiéu thoi gian nhung thich hop cho bai toan c6 dir lidu gia ting [12].

Nam 2015, Kumar & Pavithra da giéi thiéu mot mo hinh biéu dién va 1ap chi muyc cac
dbi L tuong can truy van. Trong nghién ctru nay, co s dir liéu dau vao rat 16n nén thoi gian truy
xudt lau. Mot giai phap cho ting toc qué trinh truy xuét 1a thiét ké mo hinh lap chi myc. Tac
gia da nghién ctru co ché lap chi muyc ctia cay KD-Tree cho hé thong truy xuat dir liéu dya trén
dic trung SIFT (Scale Invariant Feature Transform), biéu d6 phan 16p HOG (Histogram of
Gradients), biéu d6 hudng canh EOH (Edge orientation histograms) va hinh dang SC (Shape
context) [13].

Nam 2017, Cevikalpa et al. da dé xuat mot phuong phép truy van anh bang cach sir dung
cay nhi phan phéan cap két hop v6i may vecto hd trg chuyén dbi (TSVM). H¢ thong da duogc
trién khai va thuc nghiém danh gia trén bo dir liéu ImageCLEF, hi¢u suét truy van thu dugc
v6i d6 chinh xac 12 46,78% [14]. Cung thoi diém d6, nhém tac gia Jiu & Sahbi da dé xuit mot
phwong phap méi dé truy van anh. Trong phuong phap nay, tac gia da két hop mang nhiéu 16p
hoc sau dong thoi két hop k¥ thuat may hd tro vec-to (SVM) dé phén 16p hinh anh. Phuong
phéap nay duogc thuc nghiém trén bd dir li€éu ImageCLEF véi hi¢u suét truy van do chinh xac
la 59,70% [15].

Nam 2019 di c6 mot sb cong trinh truy van anh trén cay va thuc nghiém trén bd anh
ImageCLEF, cu thé 1a mé hinh truy van anh dua trén cdy phan cum ty can bang C-Tree [16],
v6i cay C-Tree nhom tac gia da thuc nghiém trén bd anh ImageCLEF gdm 7092 hinh anh truy
van thi két qua do chinh xéac 13 65%, thoi gian truy van trung binh 73.0605 ms. Bén canh do,
mot mo hinh truy van anh dua trén cdy phan cum phan cép H-Tree ciing thuc nghiém trén bd
anh nay v6i tong sb anh truy van 1a 7000 thi két qua d6 chinh xac 12 67% [17]. Ngoai ra, nhiéu
cong trinh nghién ctru vé tim kiém anh tuong ty dya trén ciu trac dit liéu dang ciy nhu tao chi
muc va cdy chir ky [18]; truy van anh dua trén d6 do EMD va cay S-Tree [2]. M6 hinh truy van
anh duya trén cdy phan cum da nhanh can bang [19] v.v. ciing thu dugc nhitng két qua kha quan.

Tir phan tich cac cong trinh lién quan cho thdy mé hinh truy van anh dya trén cau trac
cay la mot md hinh duoc danh gia kha thi va c6 tinh hi€u qua. Do d6 trong bai bao nay, nhom
tac gia tiép can theo phuong phép t6 chirc va cai tién cdy KD-Tree dé tré thanh cdy nhi phan
can bang BKD-Tree nham luu trir dit liéu dic trung cip thip cua tap dir liéu anh, dong thoi
truy van nhanh cic hinh anh tuong ty. Cudi cing, nhém tac gia thyc nghiém trén bo anh
ImageCLEF dé chimg minh cho mé hinh truy van anh dé xuét dwa trén cdu trac cdy BKD-
Tree 1a hiéu qua.

2.COSOLY THUYET
2.1. M ta cdy BKD-Tree cai tién

Cay BKD-Tree duoc xay dung 1a mot cau trac dir lidu luu trir tap dit liéu anh, phan cum
tur dong cac phén tir trén nut 14 va tim kiém phan tir trén cdy da xay dung, tr d6 thuc hién viée
cai tién qua trinh tim kiém anh tuong tu bang cach ting toc do truy xuat ma van dam bao do
chinh xac.

Cay KD-Tree nguyén thiy luu trit dit liéu tai tit ca cac nit ma mdi nut 1a mot véc-to k-chiéu.
Trong truong hop nady, ap dung cho bai toan co tap dir li€u tang trudng thi cdy KD-Tree s€
ting truong nhanh theo chiéu sdu va 1am cdy mat can bang. Do d6, cin xdy dung cdy
BKD-Tree can bang dé thoi gian tim kiém trén cac nat /d 1a gin nhu nhau. Nhom tac gia
cai tién thanh cdy BKD-Tree véi cac nut luu dit liéu 1a mot thanh phan X ciia véc-to
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Vip = (X0, , X1 «oy Xg—1) VOi K 12 chiéu cao ctia cay, dong thoi xay dung mo hinh tim kiém anh
twong tu theo ndi dung dua trén ky thuat td chire va luu trit dix liéu trén cay BKD-Tree cai tién
da dé xuat.

Cay BKD-Tree cai tién 1a mot cdy nhi phan can bang, dit lidu luu trit tai nat /d dung dé
phan cum, cac nut trong khong ding luu dit liéu ma chi dé phéan 16p. Tai mdi mirc cua nit
trong 1a mot gid tri phdn 16p, di tir mic thi nhdt dén mirc thir k s& hinh thanh véc-to k-chiéu
dé phan 16p dir liéu. Céu trac cdy BKD-Tree duoc xdy dung dung dé luu trit va truy van tap
anh twong tu ctia bd anh ImageCLEF. Trong bd anh nay, mdi anh chia thanh nhiéu ving, mdi
vung duogc trich xuit mot véc-to dic trung c6 m thude tinh. Vi vay, néu xay dung cdy BKD-
Tree twong (mg m chiéu thi sd niit /d trén cay 1a 2™, trong khi d6 by anh ImageCLEF dugc chia
thanh 276 phén 16p khac nhau. Vi vay, chiéu cao ciia cdy can thiét dé luu trir tap dir liéu la
log, 276 = 8.1. Do d6, nhoém tac gia chon 9 thudc tinh cua véc-to dic trung trén bd anh
ImageCLEF dé tién hanh xay dung cdy BKD-Tree c6 chiéu cao h =9 1a du dé luu tap dir lidu
thuc nghiém.

2.2. X4y dung ciu tric cly BKD-Tree

Cay BKD-Tree dugc xdy dung gdm mdt nut goc (root) va nhiéu nit trong (iNode), nit
gdc va nut trong ludn c6 2 nit con. Nat /¢ (IVNode) 12 noi luu dif li¢u dong thoi dong vai tro
de phan cym du liéu. Goi Vi = (xq, , X1 ..., Xx—1) la véc-to trung binh ctia bo dir liéu ban dau,
c4u trac nut gdc, nat trong va nat ld duogce dlnh nghia nhu sau:

Pinh nghia: Cay BKD-Tree ld mot cdy nhi phan can bang thoa man:

a) Nut goc 1a nat khong c6 nat cha va co t6i da 2 nut con left, right. Thanh phan
Cua nut goc 1a root =< x, left,right >. Trong d6, x = x,; left, right lan lugc
1a lién két dén cdy con trai va cdy con phai.
b) Nuttrong iNode =< x, ileft,iright >, véi x = x; 1a mét gia tri tai muc thir |
¢) Nutli lvNode =< f;, id; > la nut khong co nat con, trong do f;, id; 1an luogt 1a
véc-to dac trung va dinh danh cua anh thur i.
Trén co s& Pinh nghia cac nit trén cay, qua trinh tao cdy BKD-Tree dugc mé ta nhu sau:

Bud6c 1: Tai thoi diém ban dau cdy BKD-Tree chi c6 mot nit gdc root = @, voi mirc

l,b,=0

Buére 2: Tinh véc-to trung binh cua bd dit lidu ban dau V,, = (xo,, X1 -, Xg—1) Va gan

gi4 tri nut goc 1a root. x = x,

Bude 3: Gan gia tri tai mdi nat trong muc I; 1a x;

Budic 4: Vi moi vee-to f; = (Xjo, , Xj1 s Xj(k=1)) 14n Iuot so sanh gid tri x; (i = 0..m — 1)
Vi cac gid tri x; (i = 1..m — 1) trong cdy. Néu xj; > x; thi vec-to f; thudc
cay con bén phai; ngugc lai fj thude cy con bén trai. Qua trinh nay 13p lai cho
dén khi tim dugc nat 14 va f; dugc luu vao nut 14 do.

Trén co so Pinh nghia cac thanh phﬁn trén cay, nhom tac gia da xay dung cdy BKD-Tree
c6 chiéu cao h = m tai mbi nit trong ludn ton tai nat con trai va nat con phai, mic (m —1)cua
cdy tai mdi nut trong luu trit 2 nat /d. Bén canh do, chiu cao clia ciy con trai va chiéu cao cdy
con phéi h; = h, = m Vay BKD-Tree dugc xdy dung 1a mot cay nhi phan can bang.

Pinh ly: Véi mdi véc-to dic trung f; cua anh |, ta co:

a) Ton tai duy nhat mot nit /d trén ciy BKD-Tree dé luu trit véc-to f;. Véc-to dic
trung f; dwoc luu trir trén nit /d phai phit hop vé do do tuong tu.
b) Véc-to dic trung f; dwoc luu trit trén nut /d phai phu hop vé d6 do twong tu.
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Chirng minh:

a) Tinh ton tai: Vi BKD-Tree 1a ciy nhi phan can bang, dir liéu chi luu trit tai niit

ld. Do do, tai moi nut trong ctia cay BKD-Tree ludn ton tai mdt nhanh con tréi
hodc mot nhanh con phai dé véc-to f; tim dén vi tri cia ntt /d phu hop. Do do,
ludn ton tai mot nut la deé luu trit véc-to f;.
Tinh duy nhat: Duyét tir nit géc cua ciy, tai mdi nat trong cua ciy BKD-Tree,
ta chi chon dugc duy nhat mot hudng (trai hodc phéi) d€ tim vi tri luu trlt vec-to
dac trung f;. Do do, ta chi chon dugc mét ntt /a phu hop nhat dé luu trit vec-to
fi, nghia 1a vec-to f; chi thudc vé mot nut /a duy nhat.

b) Vi mdi lan thyc hién thém phan tir f; vao nat /g trén ciy BKD-Tree, ta phai duyét
ttr nit goc va tim nhanh gan nhat nén viéc chon nhanh ké can cé dé tuong tu gan
nhat (phu hop nhat). Do do, két qua qua trinh nay 1a tim dugc mét nat /d phu hop
nhat d¢ thém phan tir f; vao cay BKD-Tree.

2.3. Thuit toan tao cay BKD-Tree

Thudt toan tgo cdy - |IEBKT

Input: Tap phan tir £, cin thém vao ciy BKD-Tree
Output: Cay BKD-Tree

Function IEBKT (f,,, BKD — Tree, m)

Begin
BKD — Tree = @;
Vi = (xo,, %1 o, ) = avg {x;;: i=0..m—1; j=0..m—1}
root.x = xq; ly =0;
If (f,-xm < Vip.-xm) then BKD-Tree = BKD-Tree U IEBKT (f,.x;, BKD-
Tree.left, m+1)
Else BKD-Tree = BKD-Tree U IEBKT (f,,. x;, BKD-Tree.right, m+1)
EndIf
Return BKD-Tree;
End.

Ménh dé 1: Po phirc tap cia thuat toan IEBKT 1a 0(n). Vi n sé phan tir can thém vao cay
BKD-Tree.
Chirng minh:

Goi m, n 1an lugt 14 chiéu cao va s6 phan tir cin chén vao cdy. Véi mdi phan tir cin chén
vao cdy, Thuat toan IEBKT duyét qua m murc ciia cdy nhiam tim duoc nat /d phi hop dé chén
phan tir vao. Do d6, sb phép toan so sanh ciia thuat toan 1a m*n. Mic khac, n thuong 16n hon
nhiéu so véi m, vi vay d6 phuc tap ctia Thuit toan IEBKT 12 0(n) B

Nhim giam khéng gian luu trit va ting téc do truy van anh, bai bao nay xdy dung cu
tric cay BKD-Tree to chirc Iuu trit dif lidu tai cAc niit /d, cac nut trong dong vai trd trung gian.
Dir liéu dugc luu trir ¢ déy 1a cac vec-to déc trung f; cua anh | da phan doan. Trén moi viing
anh da phén doan, vec-to ddc trung vung dugc trich xudt dua trén cac dic trung thi giac nhu
mau séc, vi tri, hinh dang, két cAu v.v. Mdi vec-to dic trung thi gidc dugc gan nhén de mo ta
ndi dung thi giac cho timg ving dnh twong img. Nhu vay mdi hinh anh dugc trich xuat nhiéu
vec-to dic trung K-chiéu. Sau khi tao cdy BKD-Tree theo quy tic trén, bai toan tim kiém anh
tuong tu theo ndi dung dugc nang cao hi¢u qua v& hiéu suit truy vén va téc do tim kiém.
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2.4. Truy vén anh trén ciy BKD-Tree

MSi\émh trén bo ImageCLEF dugc chia thanh nhiéu ving va cac ving cta anh co6 thé
thudc nhiéu phén 16p khac nhau. Cac viing anh phan doan cta anh 18161.JPG gom 8 anh phan
doan duoc minh hoa nhu Hinh 1.

'Y g

i

Hinh 1. Anh gbc va 5 viing cua anh da phan doan

Trén c¢ s¢ thuat todn tao cdy BKD-Tree (IEBKT), qua trinh  truy van anh trén cay dugc
thuc hién bang cach: Mot anh gdm nhleu vung anh tuong tmg, moi ving anh dugc trich xuat
mdt véc-to dic trung, qua trinh truy van dé tim ra tip anh tuong ty ctia hinh anh can truy van
duoc thuc hién dua vao véc-to dic trung cua tung vung. Hé théng thuc hién tim kiém anh
tu(mg tu bang cach so sanh vec-to dic trung f; = (Xio, » Xi1 ) Xi(m—-1)) CUa mdi ving anh truy
van véi cac thanh phan tuong ung cua vec-to trung binh Vi, = (x¢,, %1 ..., X;) trén céy BKD-
Tree theo hudng tir nut géc dén nut /d va theo quy tic xay dung cay BKD- Tree d3 dé xut. Ket
qué ctia qué trinh nay 13 tap hop cac nut /d chira véc-to dic trung cta timg ving thudc anh can
truy van. Qua trinh nay minh hoa bing céu tric ctia m hinh truy van anh trén ciy BKD-Tree trong
Hinh 2.

Ving danh 1 Vec-to dac trung 1 BKD-Tree
Ving anh 2 Véc-to dic trung 2
Anh truy FEm Viing anh 3 Trich it Véc-to dic tnmg 3 || Tekitm
van on . > ) - ’
doan dnh wvéc-tor die
frume
lTru}' vin

Ving anh n Vée-to dac trung n Tép anh trong tw

Hinh 2. Cau triic cia mo hinh truy van anh trén cay BKD-Tree
3. XAY DUNG THU'C NGHIEM
3.1. M hinh truy vn anh
Tép anh tuong tu v6i anh can truy van | dugc tra ctru bang cach 1?1n luot duyét qua cac
nut to goc den ld dya vao gia tri f;. x;; cua véc-to ddc trung vung anh can truy van so sanh véi
gia tri tai mdi nit trung gian, néu Ji-xi < Vyp.2x; thi thye hién tim kiém sang nhanh trai va

nguoc lai. Qué trinh nay dé quy dén khi tim dén nut la thi dimg. Tép cdc nit /d c6 chira cac
véc-to ddc trung ving ctia anh | 13 tap anh twong ty can tim.
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Hinh 3. Mb hinh truy van anh theo ndi dung dua trén cdy BKD-Tree
3.2. Qua trinh truy vén danh dwgc mé ta nhw sau:
Budc 1: Trich xuét tap tap véc-to dic trung £, cua tap dir liéu anh ban dau.
Budc 2: Tir tap véc-to dic trung ndy, xay dung cdy BKD-Tree theo thuat toan da dé xuat.
Budc 3: Trich xuat véc-to diic trung anh can truy van va truy véan truc tiép trén cay BKD-Tree.

Budc 4: Sap xép tap cac anh twong tw v&i anh can truy van.

4. KET QUA THU'C NGHIEM
4.1, Cai dat thwec nghiém

Hé truy van anh theo ndi dung CBIR_BKD-Tree thuc nghiém trén b dit liéu ImageCLEF
luu trit trong 41 thu muc. Mdi anh dugc phan doan thanh cac ving dugc gan nhan, c6 mot
véc-to dac trung va thuéc mot phan 16p. Bo dir liéu anh ¢ 99.535 vung, dugc phan thanh 276
16p. Thuc nghiém truy van anh CBIR-BKD-Tree duoc xdy dung trén nén tang dotNET
Framework 4.5, ngon ngir lap trinh C#. Cac do thi duoc xay dung trén Mathlab 2015. Cau hinh
may tinh thuc nghiém: Intel(R) Core™ i5-5200U, CPU 2.2GHz, RAM 8GB va hé diéu hanh
Windows 10 Professional.

4.2. Panh gia két qua thuc nghiém

Két qua thyc nghiém duoc danh gia trén b dir liéu imageCLEF chira 20.000 anh. bé
déanh gid hiéu suat cua phuong phap tim kiém anh, phén thyc nghiém duoc danh gia cac gia tri
gom: d¢ chinh xac (precision), do phu (recall) va 0 do dung hoa F-measure. Cong thirc tinh
cac gia tri nay nhu sau:

|relevant images N retrieved images|

precision = - -
|retrieved images|

|relevant images N retrieved images|
recall =

|relevant images|
(precision X recall)

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

Trong d6, relavant images 14 tip anh twong tu v6i anh truy van va c6 trong tap dir liéu anh,
retrieved images la tap dnh da tim kiém dugc. Cac gia tri do chinh xac, do phu va ¢ dung hoa
duogc tinh theo ty 1€ % va dugc quy ddi thanh gia tri trén doan [0, 1]. Nhom tac gia da thu dugc
két qua thuc nghiém cho hiéu sut truy xuat hinh anh cia phuong phap dé xuét trén tap dit liéu
ImageCLEF trong Bang 1, ¢6 7079 hinh anh truy vén; trung binh ctia hiéu suit do chinh xéac
60,92%, d6 phii 49,84%, d6 dung hoa 53,49%, va thoi gian truy van trung binh 1a 28,15(ms).
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Hinh 4. H¢ truy van anh CBIR_BKD-Tree
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Bdng 1. Hiéu suét truy xuat hinh anh theo phuong phap dé xuét trén b dit liéu ImageCLEF

Chil dé S6 Trung binh 6 | Trung binh d6 | Trung binh do Thoi gian truy van
anh chinh xac phu dung hoa trung binh (ms)
00-10 | 1675 0,591724 0,461117 0,511076 27,565764
11-20 | 1674 0,638282 0,454543 0,522616 30,768464
21-30 | 1746 0,612864 0,483218 0,528895 27,575644
31-40 | 1984 0,594311 0,594797 0,577076 26,676857
AVG | 7079 0,609295 0,498418 0,534916 28,146682

File Edit View Insert Tools

Dede| RS

Desktop Window  Help -

9L 2| 0EH aDd

Precision-Recall on ImageCLEF dataset roc curve

precision

true positive rate

0 02 04 06

false positive rate

08 1
recall

Hinh 5. D6 thi Precision — Recall va duong cong ROC ciia h¢ CBIR_BKD-Tree trén dit liéu ImageCLEF

D6 thi clia gia tri Precision-Recall va duong cong ROC cho bg dir liéu ImageCLEF dugce
minh hoa béi Hinh 5. D4 thi nay cho thay dién tich nam dudi duong cong Precision-Recall chua
cao, do tinh chinh xac cua h¢ truy van nam tap trung ¢ vung 0.5 dén 0.7. Tuy nhién, c6 vai tap
anh cho d6 chinh xdc cao hon nam trong vung [0.8, 1.0]. {Do thi dudng cong ROC biéu dién cac

gia tri true positive va false positive, cac gia tri chi yéu nam tap trung trén duong baseline.

Hiéu suét thyc thi ciia hé théng trén tap dit liéu ImageCLEF
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Hinh 6. Trung binh Precision, Recall, F-measure hé CBIR_BKD-Tree trén tap dit liéu ImageCLEF
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Hinh 7. Thoi gian truy van trung binh hé CBIR_BKD-Tree trén tap dir liéu ImageCLEF

Céc d6 thi trong Hinh 6 va 7 mo ta gia tri trung binh cua d6 chinh xac, d6 phu, d6 dung
hoa va thoi gian truy van trung binh cta bo dir liéu ImageCLEF. Tt cac db thi nay cho thay,
tinh chinh xdc cua truy van nam ¢ murc trung binh, can cai thién thém dé nang cao hiéu suat
truy van. Do phu ctia truy van kha thip nén d6 dung hoa cua truy van chua cao. Tuy nhién, tc
d6 truy van kha nhanh cho thiy, hé thong truy van anh CBIR_ BKD-Tree duoc danh gia 1a kha
t6t vé thoi gian truy van.

Gié tri trung binh d6 chinh xac MAP ctia h¢ truy van CBIR_BKD—Tree duoc so sanh voi
cac phuong phap khéc trén cung b dir liéu ImageCLEF, thé hién trong Bang 2.

Bang 2. So sanh d¢ chinh xac gitra cac phuong phap trén bd dit liéu ImageCLEF

Phuong phap Gia tri trung binh d6 chinh xac (MAP)
H. Cevikalp, 2017 [14] 0,4678
M. Jiu, 2017 [15] 0,5970
CBIR_BKD-Tree 0,6092

Tu két qua so sanh ¢ Bang 2 cho thiy, hé truy van hinh anh CBIR-BKD-Tree c6 d6 chinh
xac kha t6t so vdi cac nghién clru gan day trong cung linh vuc trén cung bo dir lidu. Két qua nay
chimg minh rang, phuong phap dé xuat ciia nhom tac gia 1a hiéu qua va c6 kha ning phat trién.

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay, nhom tac gia di xay dung mot cau triic cdy BKD-Tree nhi phan cén
bang ap dung cho bai toan tim kiém anh twong ty. Nhom tac gia da dé xuat mo hinh truy van
anh dua trén cdy BKD-Tree va thuc nghiém trén bd anh ImageCLEF c¢6 d6 chinh xac la
60,92%, d¢ phi1 49,84%, d6 dung hoa 53,49%, va thoi gian truy van trung binh 14 28,15 (ms).
Két qua thyc nghiém da dugc so sanh véi cac cong trinh khac trén ciing mot tap dit lidu anh,
ddng thoi so sanh véi cac phuong phéap dua trén cu trac luu trr cdy KD-Tree. Thyc nghiém
cho thy tinh dang din va hiéu qua cua phuong phap dé xuit. Phuong phap dé xuit cua nhom
tac gia da lam ting dang ké hiéu suét truy van anh, dap tmg yéu cau ngudi dung. Tuy nhién,
viéc xay dung cdy BKD-Tree phu thudc nhiéu vao vec-to trung binh cuta tap dir liéu ban dau.
Do d6, huéng phat trién tiép theo ciia nhom tac gia 1a tao mot cdy chi muc véi mdi nat lién két
t6i mot phan tir clia bang tra clru, voi bang tra ctru nay dugc xay dung mot cach doc lap véi
cay BKD-Tree dé tir d6 ting tinh higu qua trong viéc phan 16p trén ciy BKD-Tree.
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Loi cam on: Trén trong cam on nhom nghién ctru SBIR-HCM va Truong Dai hoc Su pham
Thanh pho H6 Chi Minh da ho tro vé chuyén mon va co sé vat chat gitip nhom tac gia hoan
thanh nghién ctru nay.
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ABSTRACT
AN IMPROVEMENT OF KD-TREE FOR THE IMAGE RETRIEVAL PROBLEM

Nguyen Thi Dinh'", Le Thi Vinh Thanh?
Nguyen The Huu?, Nguyen Van Thinh?

'Ho Chi Minh City University of Food Industry
2Baria Vungtau University

*Email: dinhnt@hufi.edu.vn

Searching for images is a concerned problem and many methods have been published
recently. In this paper, we builded a data clustering model based on the KD-Tree to apply to
the image search problem, in which the improved BKD Tree tree includes: (1) storing multi-
dimensional data objects at the leaf nodes of trees to create a clustering model on the basis of
semi-supervised learning method; (2) creating a balanced tree structure to increase the
efficiency of image searching. Based on the proposed theory, we proposed the image query
model based on KD-Tree and simultaneous experiment on ImageCLEF dataset (including
20,000 images). Our empirical results were compared with several recent works on the same
dataset to demonstrate the effectiveness of the proposed method. The experimental results show
that our method is effective and can be applied to content-based similar image search systems.

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