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TOM TAT

Trong bai bao nay, mot khao sat vé danh gia hiéu suat truy van anh trén mot s
bién thé KD-Tree dwoc trinh bay. C6 nhiéu bién thé KD-Tree duoc sit dung cho cac
bai toan vé xt ly dit liéu khéng gian da chiéu trong d6 ¢6 dir liéu anh s6 nhuw
Randomly Projected K-d Trees, Buffer k-d Trees, Progressive k-d Tree v.v. Trong
d6, k-NN KD-Tree va Distributed KD-Tree 1a hai bién thé dwoc khao sat vé
phuong phap xay dung, tim kiém va dénh gia hiéu suét truy van anh thyc nghiém
trén bdo anh COREL, Caltech256 vdi mot cai tién vé cau triuc KD-Tree duwoc dé xuat
trong cac cong trinh da cong b6 trudc day boi chung t6i goi 1a CB KD-Tree. Cudi
cung, mot s6 wu nhuoc diém trén cdc bién thé KD-Tree duoc danh gia dé€ c6 nhitng

cai tién ti€p theo nham nang cao hiéu suat truy van anh.

Tw khoéa: Bién thé KD-Tree, hiéu sudt truy van, KD-Tree, truy van anh.

1. MO PAU

Quan ly dit liéu anh s6 1a mét linh vuc nghién ctru chuyén sau vé co so dix liéu
da phuong tién trong nhitng thap nién gan day. Dit liéu anh so gia tang theo thoi gian
cting la mot thach thirc cho van dé luu trit va tim kiém. D€ giai quyét van dé nay, su ra
doi cta cac cau trac dit liéu da chiéu, da chi muc la can thiét d€ nang cao hiéu suat luu
trit cling nhu cai thién thoi gian tim kiém [8]. Vi vay, cdu truc dit liéu da chiéu déng
mot vai tro quan trong va anh huong 16n dén hiéu suat bai toan truy van anh.

Cac hé tim kiém anh dwgc thuc hién boi nhiéu cach ti€p can khac nhau nham
mang lai hiéu suét cao ddp iing nhu cau nguoi dung. Trong nhiing thap nién gan day,
cac cong trinh tim kiém anh mang lai hiéu suat cao phai ké dén do6 la su tich hop cua

nhiéu ky thuat hoc may vao mét cau tric dit liéu nham nang cao hiéu suat vé do chinh
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xac, cai thién thoi gian tim kiém va tang kha nang luu trir d€ dap tng nhu cau gia tang
dt liéu anh s6 theo thoi gian. Trong cac phwong phap thiec hién bai toan tim kiém anh
thi cau trac di liéu lvu triv la mot van dé dugce nhiéu nhom nghién ctru quan tam dé
cai tién va phat trién. Trong d6, cau truc dir liéu dang cay co rat nhiéu cong trinh da
cong bo, dac biét 1a cac bién thé ctia KD-Tree, R-Tree, S-Tree, v.v cung v6i nhiéu cai
tién khac da duoc nhiéu cong trinh cong bd trong thoi gian qua [8]. Trong bai bao nay,
chung t6i thuc hién mot khao sat vé tinh hiéu qua cua cac hé tra ctru anh dua trén cac
bién thé KD-Tree nham minh chting, danh gia tinh kha thi va so sanh hiéu suét cho bai
toan truy van anh, dong thoi so sanh véi mot bién thé KD-Tree ma ching toi dé xuat.

2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Cac nghién ctru vé ciu truc KD-Tree cho bai toan xw ly dir liéu da chiéu no
chung va bai toan tim kiém anh noi riéng da cé nhiéu cong bd voi két qua kha quan
trong nhitng thap nién vira qua. Trén co so KD-Tree nguyén thuy [1], mét s6 bién thé
KD-Tree duoc xay dung va ting dung cho bai toan truy van anh duoc danh gia 1a kha
thi, hiéu qua va mang tinh thoi sy, cu thé la:

N. Puviarasan va cong su (2015) [2] d& thuc hién bai toan truy van anh dua trén
c&u tric KD-Tree dé xay dung cdu trtic Index KD-Tree nham luwu trit tap anh c6 kich
thuwde 16n, dong thoi két hop véi cac loai dac trung hinh anh dé€ danh gia cac két qua
thuc nghiém trén bd anh COREL. Trong cdu tric Index KD-Tree, tac gia quan tam dén
viéc chen nut vao cay, sau dé thuc hién qua trinh tim kiém trén cay theo vung khong
gian gan nhat voi diém truy van theo phuong phap lap chi muc. Céng trinh nay duoc
danh gid 1a hiéu qua cho bai toan luu trit tap di liéu 16n, thoi gian truy van nhanh va
kha thi cho bai toan tim kiém anh theo ndi dung.

Y.H. Sharath Kumar va cdng su (2015) [6] dé xudt mo6 hinh tim kiém anh theo
ndi dung dua trén ciu tric KD-Tree dugc dé xudt va danh gia la hiéu qua gom hai pha:
Pha huén luyén gom: (1) Tap dix liéu anh duoc phan doan; (2) trich xuat dac trung; (3)
xay dung cau tric Indexing KD-Tree; (4) Xay dung hé tri thic. Pha truy van dya trén
anh phat thao gom: (1) BDau vao la mot anh phat thao; (2) trich xuat dac trung; (3) thuc
hién truy van dua trén hé tri thiic da xay dung tir cau trac Indexing KD-Tree, dong
thoi dua vao véc-to ddc trung cta hinh anh phat thao dé€ ddi sanh chon ra tap két qua
truy van tot nhat. Sau khi xay dung cdu tric chi muc Indexing KD-Tree 1a mot hé tri
thire d€ ap dung cho bai todn truy van anh, qua trinh tim kiém va d6i sanh dwoc thuc
hién thém mot budce loc ra nhitng két qua tdi wu nhat. Pay 1a mot vu diém so vodi cac
cong trinh tim kiém truc ti€p trén ciu tric KD-Tree gitp nang cao hiéu sudt. Tuy
nhién, d€ xay dung hé tri thitc nay thi phai ton moét lwong chi phi nhat dinh.

Fengquan Zhang (2019) [4] va cong sy da thuc hién xdy dung ciu trac
Vocabulary-KDTree nham thién hién bai todn d6i sanh hinh anh. Trong cong trinh nay,
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nhém tac gia da thuc hién hai qua trinh: (1) phan cum di liéu hinh anh theo tinh chat
twong dong; (2) d6i sanh di liéu triee tuyén voi mot anh dau vao. Cau tric Vocabulary-
KDTree duwa trén dic trung SIFT (Scale-Invariant Feature Transform) bang cach diéu
chinh trong so tai cac nat trén ciy. Cau trac Vocabulary-KDTree duwgc chia thanh 2
nhom: (1) nhém chta cac ddc trung hinh anh; (2) nhom cac nat 14 cung véi viée diéu
chinh céc trong s0 lién quan qua trinh hudn luyén d€ xay dung cay. Mo hinh truy van
anh dwoc thuc hién theo hai pha: Pha offline, moi hinh anh sau khi trich xu4t dic trung
duoc d6i sanh va gom cum véi cau truc KD-Tree; tit d6 xay dung cay Vocabulary KD-
Tree va thuc hién gom cum lai trén cau trac nay. Pha online, m¢t anh dau vao sau khi
trich xuat dac trung duoc so sanh dac trung nay véi cau truc Vocabulary KD-Tree, tim
ra tit khoa lam co s so sanh véi ddc trung da trich xuat. Cu6i cung loc bo nhiing bat
thuong trong két qua tim kiém va tra vé két qua tot nhat.

Y Narasimhulu (2021) [7] da dé xudt mot mo hinh phéan 16p hinh anh dya vao
KD-Tree. Trong mo6 hinh nay, tit mot tap d@ liéu 1on chwa phan loai duoc thuc hién
xay dung tap di liéu Coresets trén co so thuat toan dé xuét ctia tac gia. Sau dé dwa vao
thuat toan xay dung KD-Tree d€ hinh thanh cay KD-Tree chita tap di liéu nay. Tt mot
anh dau vao thuc hién tim kiém trén cau tric KD-Tree bf?mg thuat toan tim kiém theo
s0 lang giéng nhiéu nhat lam cdn ¢t xac dinh phan 16p cho hinh anh. Cudi cung, tac gia
dung thang do khoang cach dé€ thuc hién phéan 16p cac tap d@ liéu hinh anh huin
luyén. Trong cong trinh nay, cdy KD-Tree duoc st dung truc tiép dé€ luu trit dix liéu va
phén 16p cho mot anh dau vao vdi két qua tdt ma khong mat nhiéu chi phi trung gian.
Day la mot mé hinh duwoc dé xuat cho bai toan phan 16p anh dya vao cau truc KD-Tree
duoc danh gia la kha t6t.

Sumeet Gill va cong su (2021) [8] da tém tét cac bién thé KD-Tree. Trong do,
dua vao chiic nang hay tinh chét cua tap di liéu thye nghiém; cac thao tac thuc hién
trén cdy ma nhiing cong trinh nay dé xuat ky thuat xay dung bién thé teong ting, bao
gom: Movies (2009) 1a mot cdu tric chi muc da chiéu d€ luu triv cac ddi tuwong co tinh
chat chuyén dong theo thoi gian nhw video, yéu cau cac ky thuat lap chi muc, luu triv
va truy van trén cac tap dit liéu 16n. Movies dap tng nhu cau cap nhat dit liéu nhiéu,
thoi gian truy van thap. Vi vay, Movies xt ly t8t cho cac ddi tuong chuyén dong bang
cach xét cac anh chup xung quanh d6i tuong chuyén dong dé€ du doan tinh chat va
hanh dong cta d6i tuwong can khao sat. Randomly Projected K-d Trees (2011) va
Squarish kd Trees (2010) 1a mot ky thuat xay dung nhiéu cay KD-Tree thanh ring
ngau nhién dé¢ tng dung cho bai toan truy van anh da d8i twong. Relaxed KD Tree
(2010) la mot bién thé caa KD-Tree, linh hoat va thich ¢ng t6t cho cac thao tac cap nhat
dir liéu thuong xuyén trén cau trac KD-Tree. Buffer k-d Trees (2014) la mot cdu trac
KD-Tree duoc xay dung trén co s& két hop ky thuat tim kiém lang giéng va chu trong
bd nhé GPUs (Graphics Processing Units) trong xt ly hinh anh. Progressive k-d Tree
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(2017) 1a mdt c&u tric cai tién tir KD-Tree ¢§ dién bang cach st dung thuat toan tim
kiém lang giéng k-NN trong truy van d liéu.

Trén co s6 cac cong trinh truy van anh st dung cau tric KD-Tree, mot sd bién
thé duwoc thuc hién cho bai toan truy van anh. Mdi cong trinh ¢ nhitng wu va nhuoc
diém riéng can cai tién. Vi vay, trong bai bao nay mot s6 khuyén nghi dwoc trinh bay
dua trén cac bién thé KD-Tree, tir d6 dé xudt mot sd cai tién d€ nang cao hiéu suat tim
kiém anh dwa trén cau tric KD-Tree.

3. MOT SO BIEN THE KD-TREE CHO BAI TOAN TRUY VAN ANH

Cau truc KD-Tree nguyén thuy duoc Bentley (1975) [2] dé xuat 1a mot dang cay
tim kiém nhi phan, biéu dién cic diém trong khong gian da chiéu gdom mot nut goc, cac
nut trong va nhiéu nut 1a. Mot nut khéng phai 1a nat 14 chia khéng gian thanh hai
phan, phan cac diém 6 bén trai ctia khong gian nay biéu thi bang ciy con trai va cac
diém & bén phai biéu thi bang cay con phai. Cay KD-Tree dung dé biéu dién dit liéu da
chiéu va duoc luu trir tai tat ca cac nut trén cay. Trén co sd nay, mot so bién thé KD-
Tree duoc xay dung va ap dung cho bai toan truy van anh, cu thé la:

k-NN KD-Tree la mot bién thé KD-Tree duwoc Abdulkadhem Abdulkareem va
cong su (2019) [5] dé xudt cho cho bai toan tim kiém anh theo ndi dung dwa trén cau
truc KD-Tree két hop thuéat toan k-NN. Qua trinh xay dung cau truc nay duoc thuc
hién theo hai pha: Pha huan luyén phan 16p di liéu hinh anh st dung thuat toan k-NN
d€ phan loai theo k lang giéng gan nhat. Pha phan 16p dugc tinh toan theo khoang cach
gan nhat dé€ tim lang giéng cuia phan tr dau vao trong tap dir liéu huan luyén. Vi vay,
dé tang hiéu suat tim kiém, sy két hgp k-NN va cdu truc KD-Tree d€ loai bo ngay lap
tiec mot s6 diém khong thoa diéu kién vi vung tim kiém xa hon cac diém lang giéng.

Cac ddc trung hinh anh duoc st dung la két cau (Texture) va hinh dang (Shape)
cua déi tuong trich xuat béng cach st dung mau nhi phan cuc bd LBP (Local Binary
Pattern) va biéu d6 huéng canh EHD (Edge Histogram Descriptor); Nén dit liéu bang
SVD (Singular Value Decomposition) dugc stt dung dé€ giam sd chiéu dac trung cua véc-
to hinh anh. Bién thé KD-Tree trong cong trinh nay duoc stt dung dé€ luu trit dit liéu
hinh anh tai cac nut 1a. Trong d6, qua trinh huan luyén tap dit liéu phan 16p trén KD-
Tree két hop k-NN nham lam giam do phtic tap tinh toan. Cu tric k-NN KD-Tree
duoc xay dung 1a qua trinh dé quy bat dau tir ntit gdc, sau d6 khi thém dit liéu vao cay
thi qua trinh phan chia thanh ntta cdy con trai va nita ciy con phai bang mit phang
phan tach tir nat goc dé€ tao thanh cay nhi phan can be‘“mg. Gia tri duoc chon lam mat
phang chia phan ving khong gian ntta cdy con la gia tri trung vi trong mién khong
gian cta k-NN KD-Tree. Vi vady, qua trinh xay dung k-NN KD-Treee nay dwoc tinh
toan gia tri trung vi va lap lai dé quy.
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Trong cong trinh nay, d€ giai quyét bai toan t&t hon giai thuat k-NN béng cach
stt dung cdu trac KD-Tree két hop k-NN nham phan chia khong gian déc trung thanh
cac phan vung khong gian dac trung; khi d6 qua trinh tim kiém sé loai bo cac vung
khong gian khong can thiét ngay lap tic boi vi phan vung nay xa hon so voi k lang
giéng ctia phan ti dang tim kiém. Két qua thuc nghiém duoc danh gia trén tap anh
COREL. Dau vao cho hé thdng la mot hinh anh truy van va co so dix liéu anh; dau ra la
tap anh tuong tw cho qua trinh truy vdn anh. Hé thdng dé xudt dugc danh gid bang
cach str dung cac gia tri do chinh xac trong khoang 0.43 —0.93 va d6 phu trung binh la
0.643 theo cac gia tri TopK. Cac gia tri cia do chinh xac trung binh la 0.7286 cho toan
bd hé thong. M6 hinh dé xuét cho hé thong nay gom: (1) Trich xuét dac trung hinh anh;
(2) Giam chiéu d liéu cho véc-to dac trung; (3) Luu trit 1én cau trac KD-Tree; (4) Truy
van tap anh tuong tu theo TopK d€ trich xuét tap anh twong tw voi anh dau vao.

Distributed KD-tree la mét bién thé KD-Tree duwgc Mahesha D M va cdng sw
(2021) [6] dé cap dén bai toan truy van anh theo ndi dung. Distributed KD-tree duoc
phét trién 1a c&u tric da nhanh, can bang trén co sd phét trién KD-Tree nhi phan.
Distributed KD-tree duoc xay dung trén co so phan tach nut goc thanh cac nhanh con
va dé quy. Gid tri phan chia nhanh con la truc c6 phuong sai 16n nhat. Qua trinh tim
kiém trén Distributed KD-tree dwgc thuc hién tir nat géc dén nut 14 dwa vao k lang
giéng cua phan tir tim ki€m dé€ xac dinh nat 14 chita tap anh tuwong tu véi anh dau vao.
Bén canh d¢, dit liéu luu tri trén Distributed KD-tree theo phwong phdap lap chi muc
€6 xac dinh trudc nén qua trinh tim kiém nhanh, hiéu qua.

Déi twgng hinh anh dwoc phan doan st dung ky thuat hop nhat vung (Region
Merging Technique). Sau d6, cac ddc trung nhu phép bién doi bat bién ty 1€ (Scale
invariant features transforms) va biéu d6 mau dwoc trich xudt. Cudi cung, thuat toan
PCA (Principal Component Analysis) dwoc st dung cho giam chiéu d@ liéu d€ luu triv
trén Distributed KD-tree. Két qua thuc nghiém trén bd anh Clatech256 voi két qua va
vuot troi hon dang ké so voi cac phuwong phap co so trudc day; dong thoi co thé ap
dung cho tap dit liéu quy mo 16n. Thuc nghiém duoc trinh bay theo phuwong phap 1dy
TopK két hgp vodi s chiéu dit liéu duoc lwa chon, dong thoi nhom tac gia con thuc
nghiém theo cach chia ty 1é tap Training va Testing bang nhiéu s8 liéu khac nhau d&
danh gia hiéu suat cho bai toan truy van anh. M6 hinh dé xuat ctia hé thong nay gom:
(1) Tién st ly anh; (2) Trich xudt dac trung SIFT, HOG; (3) Giam chiéu dit liéu bang
thuat toan PCA; (4) Xay dung cau trtc Distributed K-D tree d€ lvu triv d@t liéu hinh
anh va trich xuat tap anh twong ty véi anh dau vao dua trén Distributed K-D tree.

25



Ddnh gid hiéu sudt truy vin dnh trén cic bién thé’ KD-Tree

4. MO HINH TRUY VAN ANH DUA TREN CAU TRUC CB KD-TREE

Trén co so cdu trac KD-Tree nguyén thuy [1] va két qua da cong bd trong cong
trinh [10] tredce cua ching t6i. Cau trac CB KD-Tree xay dung va ap dung cho bai toan
tim kiém anh duoc danh gia la kha thi va hiéu qua trén cac bo anh thuc nghiém. Trong
cong trinh [10] cdu tric CB KD-Tree duwoc xay dung 1a cay da nhanh can bang, duoc
xay dung theo phuong phép phan 16p dit liéu hinh anh bang huan luyén tap véc-to
phan 16p tit nut géc dén cac tang cua nut trong dé€ hinh thanh phan cum tai nuat 1a.
Trong bai bao nay, cau truc CB KD-Tree duoc ké thira qua trinh xay dung nhuw hinh 1,
va tim kiém tir cong trinh [10]; sau d6 tién hanh thyc hién bai todn tim kiém anh theo
ndi dung thuye nghiém trén bo dix liéu COREL, Caltech256 d€ so sanh véi két qua truy
van v6i cong trinh [5], [6]. MO hinh truy van anh duoc dé xudt nhw hinh 2 gdom cac
budc: (1) Trich xudt vector ddc trung cho bo anh thuwce nghiém; (2) Luu trik tap véc-to
dac trung hinh anh trén CB KD-Tree; (3) Trich xuat véc-to dic trung cho anh can truy
van; (4) Tim kiém trén CB KD-Tree trich xuat tap anh twong tw véi anh dau vao.

W,
Y Tap Vector phan I&p = <Wgp,Wqp,....Whk>

ea ea ea ea ea ea eafy+ ea eafp+1 ea eafj+1
Leafq Leaf? Leaf3 Leafm Leafp Leafy Leafi+1|: |Leafp Leaf) Leafy| |Leaf]

Mot gom cum|
tai nat /a

Hinh 1. Cau triac CB KD-Tree
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Tap &nh trong tu
theo ndi dung

CB KD-Tree

Hinh 2. M6 hinh truy van anh trén CB KD-Tree

Bang 1. So sanh ddc diém cac bién thé KD-Tree

k-NN KD-Tree [5]

Distributed KD-Tree [6]

CB KD-Tree

Cay nhi phan cin bang.
Xay dung dwa trén KD-
Tree, dé quy qua trinh tach
nut goc va luu trie dir liéu
tai nat 1a. Pha hudn luyén
phén 16p boi thuat toan k-
NN; pha phan 16p anh theo
k lang giéng voi anh dau

vao.

Cay da nhanh, can bing. Xay
dung dua trén KD-Tree hinh
thanh cay chi muc. Qua trinh
tim kiém theo k lang giéng dé
tim dén nat 14 luu trix tap anh
twong tu va 1dy két qua theo
TopK.

Cay da nhanh, can bang. Xay
dung theo phuong phap
phéan 16p dit liéu. Phan 16p
anh theo tung tang tir goc
dén 14, di liéu luu tai nat 14
Pha hudn luyén CB KD-Tree
va pha truy van tim tap anh

teeong tu tai nut 1a.

Dac

Texture, Shape; giam chiéu

trung anh gom

déc trung bang SVD.

Déc trung trich xuat gom SIFT
va HOG, giam chiéu dac trung
béng PCA

bdc trung trich xudt goém
SIFT, Shi, Color HOG.

M6 hinh truy van gom: (1)
Trich xudt ddc trung; (2)
Giam chiéu dir liéu; (3) Luu
trt va hudn luyén k-NN
KD-Tree;

(4) Truy van trén k-NN
KD-Tree

MO0 hinh truy van gom:
(1) Tién x@ ly anh;

(2) Trich xuat dac trung;
(3) Giam chiéu dir liéu;

(4) Lwu di liéu trén
Distributed K-D tree va tim
tap anh tuong tu.

M6 hinh truy van gom:

(1) Trich xudt vector dic
trung; (2) Luu triz trén KD-
Tree; (3) Trich xuat ddc trung
cho anh truy vén; (4) Tim
kiém trén CB KD-Tree tap
anh tuong tu.
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Dt liéu thwc nghiém Dt liéu thuce nghiém Dt liéu thiec nghiém COREL
COREL Caltech256 va Caltech256

5. THUC NGHIEM VA DANH GIA KET QUA
5.1. Dit liéu va méi truong thwc nghiém

Trong cong trinh nay, di liéu thye nghiém trén co sé 1ay két qua so sanh trén
cdu trac CB KD-Tree vdi cac cong trinh [5, 6] la bd anh COREL va Caltech256 mo ta
trong bang 2. Mbi hinh anh duoc trich xuat mot vector dic trung gom 225 thanh phan
dd la: véc-to 225 chiéu c6 cac déc trung Color MPEGY (25 gia tri), SIFT MPEGY (25 gia
tri), SHI MPEG7 (25 gia tri), Color Newton (6 gia tri), HOG (36 gia tri), Sobel HOG (36
gid tri), Laplace HOG (36 gia tri) va High Pass HOG (36 gia tri).

Bang 2. M6 ta cac tap dit liéu anh thye nghiém

TT Téap anh SO luong anh S6 phan 16p
1 COREL 1,000 10
2 Caltech256 30,607 257

Moi truong thuce nghiém tim ki€m anh tuong tw CB-KDT duoc xay dung trén
nén tang dotNET Framework 4.5, ngoén ngit lap trinh C#. Cau hinh mdy tinh: Intel(R)
Core™ i5-5200U, CPU 2.7GHz, RAM 16GB va hé diéu hanh Windows 10 Professional.

5.2. Két qua thwc nghiém va danh gia

Xay dung cay CB KD-Tree minh hoa boi hinh 3. Két qua truy van anh 629.jpg
(COREL) minh hoa boi hinh 4. Két qua thuc nghiém trén by anh COREL, Caltech256
trén CB KD-Tree trinh bay trong bang 3.
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Hinh 4. Két qua tap anh twong ty v6i anh 629.jpg

Bang 3. Hiéu sudt truy van cac bd anh thuc nghiém ctia hé¢ CB-KDT

Tap anh DO chinh xac trung binh  D§ phu trung binh D dung hoa trung binh

COREL 0.7808 0.6998 0.7370
Caltech256 0.7192 0.7050 0.7120

Két qua truy van anh trén tdp COREL tix cong trinh [5] véi TopK = 100 thi d¢
chinh xac trung binh 1a 0.6430; Néu 1ay trung binh ctia cac TopK thi két qua ¢ bang 4.
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Bing 4. Két qua thuc nghiém trén by COREL trén cdng trinh [5]

TopK=40 TopK=50 TopK=100 T
Chiidé TopK=10 TopK=20 TopK=30 °P op rung

binh
Beach 0.8 0.8 0.766 0.725 0.68 0.57 0.723
Bus 1.0 0.95 0.966 0.975 0.88 0.90 0.945
Castle 0.9 0.85 0.833 0.675 0.62 0.62 0.749
Dinosaur 1.0 1.0 1.0 1.0 0.98 0.93 0.985
Elephant 0.5 0.4 0.3 0.35 0.38 0.43 0.393
Flower 1.0 1.0 0.966 0.925 0.9 0.89 0.946
Horse 0.8 0.8 0.56 0.535 0.5 0.50 0.615
Meal 0.8 0.8 0.666 0.675 0.6 0.51 0.675
Mountain 0.6 0.55 0.533 0.43 0.48 0.51 0.517
Peoples 0.90 0.85 0.76 0.675 0.66 0.57 0.735
Avg. Pre 0.83 0.80 0.735 0.697 0.668 0.643 0.7286
Cong trinh [5] dt liéu thuwe nghiém theo TopK =100 d€ so sanh nhw bdng 5.
Bang 5. So sanh hiéu sudt truy van trén by anh COREL theo TopK=100
Chu dé KDlejel\eI 5 CBKDT Chu dé KDkTTel\el 5 CBKDT
Beach 0.57 0.8041 Flower 0.89 0.8975
Bus 0.90 0.7210 Horse 0.50 0.6697
Castle 0.62 0.7484 Meal 0.51 0.7242
Dinosaur 0.93 0.9645 Mountain 0.51 0.7153
Elephant 0.43 0.7944 Peoples 0.57 0.7684
Trung binh 0.690 0.8065 Trung binh 0.596 0.7593

Cong trinh [6], thuc nghiém 14y 30 phan 16p c6 két qua to6t nhat dé trinh bay
trén by anh Caltech256 véi két qua trung binh la 0.89. Do d6, trong bai bao nay, chung
toi thuee hién 14y 30 phan 16p c6 két qua truy van tot nhat trén cdu trac KD-Tree da dé
xuat, dong thoi hé truy van CB-KDT chi thuc hién thyc nghiém trén tap véc-to dac
trung 225 chiéu gom cac loai dac trung SIFT, HOG va ciing chia ty 1é tap Training 30-
50-70 nhu cong trinh [6] da thuc nghiém. Lay theo cac gia tri TopK trén 30 chu dé anh
tot nhat va chia tap Training theo cac ty 1€ la 50% va 70%. Két qua so sanh nhu bdng 5.
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Bang 5. So sanh theo TopK trén 30 b anh thyee nghiém b Caltech256

TopK Ty 1€ Training Distributed KD-Tree [6] CB-KDT
TopK =30 50% 0.9007 0.9015
TopK =25 50% 0.8923 0.9120
TopK =30 70% 0.8977 0.9149
TopK =20 70% 0.8912 0.9308

Két qua truy van anh trén cung tap di liéu thwe nghiém COREL, Caltech256
véi 3 cdu truc mo rong tir KD-Tree cho thdy két qua trén CB KD-Tree cao hon cac bién
thé k-NN KD-Tree va Distributed KD-Tree bdi cac ly do sau: (1) CB KD-Tree xay dung
theo phuong phap phan 16p dit liéu hinh anh, c6 pha huan luyén trong sd nén qua
trinh diéu chinh véc-to phan 16p d€ thuc hién phéan 16p trudc khi gom cum trén CB
KD-Tree; (2) Qua trinh phan 16p cho mét d6i teong nhiéu lan tai cac tang trén CB KD-
Tree nén hiéu sudt phan 16p cao; (3) CB KD-Tree 1a cay da nhénh can bang, qua trinh
xay dung cay c6 kha ndng mo rong cho sd nut la 16n, hiéu suat luu trix va tim kiém kha
tot.

6. KET LUAN VA HUONG PHAT TRIEN

Trong bai bado nay, ching toi thiec hién mot khao sat nhdm danh gia hiéu suat
truy van anh trén cac bién thé cia KD-Tree. Mdi bién thé ctia KD-Tree déu cé nhitng
uwu va nhuoc diém riéng dé thich tng voi ting loai dit liéu ti€p can va hudng dén tap
d@ liéu muc tiéu. Dong thoi so sanh két qua theo cac cach 1dy TopK khac nhau d€ danh
gia hiéu sudt cac mo hinh tim kiém anh dwoc khao sat. Hudong phat trién ti€p theo cta
chung t6i la dé xudt mod hinh tra cu anh duya trén phuong phap xay dung cay KD-
Tree tich hop cac ky thudt hoc may dé€ cai tién hiéu sudt phan 16p hinh anh cho bai toan
tim kiém anh tuong tu.

LOI CAM ON

Tran trong cam on Khoa Cong nghé thong tin, Truong Dai hoc Khoa hoc, Dai hoc
Hué, nhom nghién ctru SBIR-HCM, Truong Dai hoc Su pham TP.HCM va Truong Dai
hoc Céng nghiép Thirc phdm Thanh phd H6 Chi Minh da ho trg vé chuyén mon va co
sO vat chat d€ nhom tac gia hoan thanh nghién cttu nay.
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ABSTRACT

In this paper, a survey of evaluating image retrieval performance on some KD-Tree
variants is presented. There are many KD-Tree variants used for multidimensional
spatial data processing problems including digital image data such as Randomly
Projected K-d Trees, Buffer k-d Trees, Progressive k-d Trees, etc. In which,
Distributed KD-Tree and k-NN KD-Tree are two KD-Tree variants that have been
investigated on construction techniques, search methods, and performance
evaluation of experimental image retrieval on COREL, Caltech256 image data sets.
An improvement on the KD-Tree structure proposed in previously published
works by us. Finally, some advantages and disadvantages of KD-Tree variants are

evaluated to have improvements image retrieval performance for next paper.

Keywords: KD-Tree variant, Retrieval performance, KD-Tree, Image retrieval.
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