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TOM TAT

Trong bai bao nay, két qua tim kiém anh dwa trén mot s cai tién cdu trac KD-Tree
duoc trinh bay, phéan tich va danh gia. Trong do, cac cai tién cdu truc KD-Tree
gom: (1) cau tric KD-Tree nhi phan; (2) c&u triic KD-Tree da nhénh can bang; (3)
cau truc iKD-Tree; (4) cdu trac KD-Tree 16ng nhau duoc dé xudt va thwc nghiém
trén cac by anh COREL, Wang, Caltech-101, Caltech-256 véi do chinh xac va thoi
gian tim kiém trung binh la khac nhau. Diéu nay cho thdy, cac cai tién cdu truc KD-
Tree 1a phtt hop, ding dan trén co s cai tién nhitng han ché tir dé xuat trudc d6 dé
lam can ct cho cai tién tiép theo. Cudi cling, so sanh két qua tim kiém anh gitra cac
phuong phap thuc nghiém trén cung bo anh; dong thoi so sanh két qua thuec
nghiém cua tirng phuwong phap dé xudt véi cac phwong phéap khac.

Tw khéa: iKD-Tree, KD-Tree, KD-Treee 16ng nhau, tim kiém anh.

1. MO PAU

Mot trong nhiing phwong phap dé nang cao hiéu suat tim kiém anh trong tap
d@ liéu 16n 1a t6 chiic dit liéu hinh anh theo ciu tric dang cay hodc d6 thi. Hién nay, c6
nhiéu cdu triuc cay va do thi dwoc st dung cho bai toan tim kiém anh véi hiéu suat cao
nhu S-Tree [1], KD-Tree [2], d6 thi cum [3], v.v. Trong bai bao nay, cau trac KD-Tree ap
dung cho bai todn tim kiém anh dugc thuire hién va dé xuét cac cai tién nham nang cao
dd chinh xac, dong thoi giam thoi gian tim kiém d€ dap tng nhu cau nguoi dung.

Trong nhing thap nién gan day, mot s6 cong trinh tim kiém anh da mang lai
hiéu sudt cao, trong do6 co su tich hgp cta nhiéu ky thuat hoc mdy vao mot cau trac div
liéu nhdm nang cao hiéu sudt vé do chinh xac, giam thoi gian tim kiém va ting kha
nang luu trit d€ dap ing nhu cau gia tang dix liéu anh sd theo thoi gian. Trong bai toan

47



Dinh gid mgt s6’cdi tién cdu triic KD-Tree cho bai todn tim kiéin dnh

tim kiém anh thi cdu tric dix liéu lvu trir la mot van dé duoc nhiéu nhém nghién ctu
quan tam d€ cai tién va phat trién. Cau trac KD-Tree cing voi nhitng cai tién KD-Tree
da duoc cong bo trong thoi gian qua [4, 5, 6, 7] voi nhitng két qua kha quan. Trong bai
bao nay, chung t6i thuc hién mot danh gid, so sanh vé tinh hiéu qua cta cac hé tra ctu
anh duya trén cac cai tién cau tric KD-Tree nham minh chiing, danh gid tinh kha thi bai
toan truy van anh, dong thoi so sanh gitra cac cai tién KD-Tree ma chung t6i dé xuat
trén cung by anh thyrc nghiém.

Doéng gdp ctia bai bao gom: (1) Tong hop nhiing cai tién cdu truc KD-Tree cho
tim kiém anh; (2) thuc hién danh gia, phan tich nhting két qua thu dwoc dé€ xac dinh
tinh ding d4n, hiéu qua trong cac cai tién cau tric KD-Tree, tit d6 c6 nhitng dinh
hudng cai tién tiép theo; (3) so sanh két qua gitta cac cai tién dé xudt voi mot s
phuong phap khéc trén cling bo anh thuc nghiém dé khéng dinh tinh dtng dan trong
cac két qua thu duoc.

2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Cac nghién ctru vé cau trac KD-Tree ap dung cho bai toan xt ly dix liéu da
chiéu né chung va bai toan tim kiém anh néi riéng da cé nhiéu céng bd voi két qua kha
quan trong nhitng thap nién vira qua, mét s6 cong trinh d6 cu thé la:

Logamani. K va cong sy (2014) [8] da dua ra phuong phdp gom cum dit liéu
dua trén cay KD-Tree béng cach phat trién KD-Tree két hop ky thuat gom cum k-
Means cho luru trit va gom cum dit liéu. Trong do, tac gia da xay dung cay KD-Tree la
mot cay tang trudng dap ing nhu cau gia tang dit liéu. Phwong phap nay da ap dung
cho cac bai toan c6 tap dir liéu tang trudng cho két qua kha t6t.

N. Puviarasan va cong sw (2015) [9] da xay dung cau trtic Index KD-Tree nhdm
leu trie tap anh cd kich thudce 16n cho bai toan tim kiém anh thue nghiém trén bo anh
COREL. Trong d6, cdu truc Index KD-Tree tac gia quan tam dén viéc chen nut vao cay;
sau d6 thyc hién qua trinh tim kiém trén cay theo vung khong gian gan nhat véi diém
truy van dua trén phuwong phap 1ap chi muc. Cong trinh nay dwgc danh gia la hiéu qua
cho bai toan luu tri tap dit liéu 16n, thoi gian truy van nhanh va kha thi cho bai toan
tim kiém anh theo ndi dung. Y.H. Sharath Kumar va cong su (2015) [10] dé xudt mo
hinh tim kiém anh theo ndi dung dua trén cau tric Indexing KD-Tree. Sau khi xay
dung ciu trac chi muc Indexing KD-Tree 1a mot hé tri thirc d€ ap dung cho bai toan
truy van anh, qua trinh tim kiém va d6i sanh dwoc thyc hién thém mot bude loc ra
nhting két qua toi wu nhat. Bay la mot wu diém so véi cac cong trinh tim kiém truc tiép
trén cdu trac KD-Tree gitip nang cao hiéu sudt tim kiém. Tuy nhién, d€ xay dung hé tri
thirc nay thi phai ton mot lwong chi phi nhat dinh.
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Parikshit Ram va cdng su (2019) stt dung ky thuat tim kiém lang giéng k-NN
két hop cdu trtic KD-Tree. Viéc két hop nay nham cai tién hiéu sudt tim kiém bang cach
xay dung cay phan viing khong gian ngau nhién d€ thuc hién cac lwgc d6 tim kiém
theo cau trac KD-Tree [11]. Yewang Chen va cong su (2019) [12] st dung hai ky thuat
tim kiém lang giéng RNN (Range Nearest Neighbors) va NN (Nearest Neighbors) dua trén
cay KD-Tree. Ky thuat RNN nham giam cac tinh todn khoang cach khong can thiét
bang cach kiém tra vi tri ciia d6i twong dang xét nam bén trong hay bén ngoai viing 1an
can cua diém can tim. Ky thuat NN duoc sit dung dé giam cac nut truy cap du thtra
bang cach luu chi s8 truy cap cac diém lang giéng. Thuc nghiém chiing minh tinh hiéu
qua cta viéc két hop cac thuat toan tim kiém lang giéng RNN, NN va k-NN trén cay
KD-Tree la hiéu qua. Reid Pinkham va cong su (2020) [13] da thuc hién mot phuwong
phap t6i vu bd nho va tang t6c d6 tim kiém trén KD-Tree. Cau truc KD-Tree dugc xay
dung theo phurong phap phan chia dit liéu thanh cdc nhom nut: (1) nhom nuat dugc lvu
vao bé nhé dém nhdm tao diéu kién tim kiém nhanh, cidc nhém diém cé thé tii st
dung thanh cdc phan doan lién ké thuong xuyén trong bd nhé ngoai hd tro cho qua
trinh tim kiém; (2) qua trinh doc ghi trén bd nhd dém duoc thém vao dé€ thuc hién truy
cap ngau nhién dé chuyén thanh truy cap tuan tw; (3) xdy dung cady KD-Tree va tim
kiém duoc thuc hién xen ké vdi cac ludng truy cap du thira, bang thong duoc t6i uwu
héa nham h tro qua trinh tim kiém trén cay.

Trén co so khao sat cac cong trinh tim ki€m anh st dung cau tric KD-Tree két
hop mot s6 thuat toan gom cum, phan 16p da thu duoc nhitng két qua kha quan, mdi
cong trinh ¢6 nhitng wu va nhuoc diém riéng can cai tién. Vi vay, trong bai bao nay
mot s6 khuyén nghi duoc trinh bay dwa trén cac cai tién KD-Tree nham nang cao hiéu

suat tim kiém anh.

3. MOT SO CAI TIEN CAU TRUC KD-TREE

Cay KD-Tree nguyén thuy dwgc Bentley (1975) [14] dé xuat la mot dang cay tim
kiém nhi phan BST (Binary Search Tree). Trén co s6 phat trién cay BST véi mdi nut
trén cay luu trit mot diém khong gian da chiéu hinh thanh nén cdu trac goi la KD-Tree.
KD-Tree cling 1a cdu trtc cay tim kiém nhi phan bao gom mot nut goc (Root) cac nut
trong (Node) va ntt Id (Leaf). Tai mdi ntit chi c6 t8i da hai nhanh con, chia cay thanh hai
phéan géom cay con trai va cay con phai. Cau truc KD-Tree dugc ting dung hiéu qua
trong nhiéu linh vic nhu biéu dién co so dit liéu khong gian va thoi gian, biéu dién cac
hé co so dit liéu 16n (BigData) nham giam khong gian lwu trit va tim kiém nhanh, v.v.
Vi vay, cau trac KD-Tree luu trit duwoc dir liéu da chiéu, trong khi d6 da liéu da
phuong tién nhu video, hinh anh, v.v. sau khi trich xuédt 1a véc-to dac trung da chiéu
nén cau trac KD-Tree phu hop cho bai toan tim kiém anh.
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Trén co s KD-Tree duoc tng dung cho luu trie di liéu da chiéu; trong bai bao
nay, mot s6 cai tién cau trac KD-Tree duoc ap dung cho bai toan tim kiém anh gom:
Cau triuc KD-Tree nhi phén; cau trac KD-Tree da nhanh can béng; cau trac iKD-Tree va
cau trac KD-Tree 16ng nhau. Pong thoi, mot s6 két qua thwe nghiém dugc trinh bay, so
sanh va phan tich trén ting cai tién.

Cac thanh phan trén KD-Tree cai tién duoc mo ta nhu sau:

1) Nut gbc (Root) la niit khong c6 nut cha, luu trir mot vector trong s6 (wo), ¢d tdp nut
con trdi {left}, tap nut con phai {right} va thudc mic trén cay la 0 (level = 0). Ky
hiéu: Root = <wy, {left}, {right}, 0>

2) Nut trong (Nodei) 1a ntt trong cé mot nut cha (parent), luu triv mét vector trong s6
(wi), co tap nut con trdi {left}, tap nut con phai {right} va c6 mot mic trén cay
(level). Ky hiéu: Nodei = <parent, wi, {left}, {right}, level>

3) Naut ld (Leafi) la nat c6 mot nut cha (parent), khong c6 nat con, lwu trix tap vector
dac trung hinh anh {f;, f2, ..., fi}, c6 mot mutc trén cay (level) va duoc gan mot nhan
(label). Ky hiéu: Leafi = <parent, {fi, f, ..., fi}, level, label>
Quy tac chung d& xay dung cau tric KD-Tree cho tim kiém anh gom cac budc:

Buwdc 1. Khoi tao chiéu cao KD-Tree b.:;mg h, khoi tao s6 nhanh t6i da tai mdi nut
trong 1a b. Khi d6 s6 nut 14 tdi da trén KD-Tree dugc tao ra la b

Buéc 2. Khdi tao tap véc-to trong s8 ngau nhién vira du &€ phan b vao cac nut
trong Wiy =< Wg, .., Wp_y = W; = (Wig, oo, Wi )/ mdi véc-to w, lweu trit tai Node, .

Budc 3. Tai Node; khoi tao cac ngudng trai, phai w;.left = w;.right = 0.5 d€
KD-Tree can bang.

Buwéc 4. Lan luot cho véc-to f; duyét tir nut goc; gia tri dau ra cua véc-to f; tai
Node; dugc tinh theo ham truyén Sigmoid() va xac dinh duong di cho f; dén nhanh
thudc tang ké tiép.

Buwéc 5. Lap lai Budc 3, Budc 4 cho dén khi gap nut 14 leaf;, thi ghi f; vao leaf;

Dt liéu thye nghiém trén cac hé tim kiém anh CB-KDT, SB-KDT, SB-iKDT va
SB-NKDT duoc mo ta trong Bang 1.

Bang 1. M6 ta cac tap dit liéu anh thyc nghiém

TT Tap anh SO luwgng anh SO phan 16p
1 COREL 1,000 10
2 Wang 10,800 80
3 Caltech-101 1,344 102
4 Caltech-256 30,607 257

50



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
S6 chuyén san Cong nghé thong tin Tap 22, S6 1B (2023)

Moi treong thuc nghiém cac hé tim kiém anh tuong tw CB-KDT, SB-KDT, SB-
iKDT va SB-NKDT duoc xay dung trén nén tang dotNET Framework 4.5, ngon ngtt
1ap trinh C#. Cdu hinh may tinh: Intel(R) Core™ i5-5200U, CPU 2.7GHz, RAM 16GB va
hé diéu hanh Windows 10 Professional.

3.1. C4u trac KD-Tree nhi phin

Cau triuc KD-Tree nhi phan duoc xay dung gom: Mot nuit goc (Root), tap nut trong
{Node} va tap nat ld {Leaf}. Ban dau, cdu truc KD-Tree dugc tao ra véi mot khung cay,
ntt gdc va nut trong luu trit véc-to trong s8 khoi tao ngau nhién, nat 14 I trit dit lién
hinh anh thudc bo dit liéu thirc nghiém. Mot nut khong phai la nat 14 ¢ hai nhanh con
goi la nhanh con trai va nhanh con phai [4]. Cau tric KD-Tree nhi phan dwoc minh hoa
nhu Hinh 1.

¥ ¥ ¥ ¥

leafy learfy leafs leafs leafy leafic+1

Hinh 1. C4u tric KD-Tree nhi phan

Két qua thuc nghiém tim kiém anh trén KD-Tree nhi phan duoc trinh bay trong
Bang 2 [4].

Bang 2. Hiéu suét tim kiém ctia hé truy van anh CB-KDT [4]

Tap anh Do chinh xac Do phu Do dunghoa  Thoi gian truy van
trung binh trung binh  trung binh trung binh (ms)
COREL 0.7640 0.6878 0.7188 38.00
Wang 0.7327 0.6508 0.6869 87.00

3.2. C4u trac KD-Tree da nhanh cin bang

Cau tric KD-Tree da nhanh can bﬁmg dwoc minh hoa nhuw Hinh 2.
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.............................................................................................

Hinh 2. C&u trac KD-Tree da nhanh can bang

Phat trién KD-Tree tir nhi phan thanh da nhanh 1a nham giam chiéu cao cay
nhung van dam bao duoc s6 nut 14 can thiét cho tap anh thuwc nghiém. Vi vay, trén co
sO cau truc KD-Tree nhi phan da xay dung [4], cdu trac KD-Tree cai tién tiép theo la
cay da nhanh can bang gom mot ntt goc, tAp nut trong va nhiéu nat I4. Mdi nat khac
ntt ld c6 nhiéu nhanh con trdi va nhanh con phai. S8 nhanh con trai mdi nut trong va
nut goc 1a 16n hon 2.

Két qua tim kiém anh trén cac bo anh thuc nghiém dua trén cdu trac KD-Tree da
nhanh can bang duoc trinh bay trong Bdng 3.

Bdng 3. Hiéu sudt tim ki€m anh cua hé SB-KDT [5]

Tap anh D0 chinh xac Do phu Do dunghoa  Thoi gian truy van

trung binh trung binh trung binh trung binh (ms)
COREL 0.7998 0.7043 0.7484 96.77
Caltech-101 0.7101 0.6609 0.6846 122.25
Caltech-256 0.7020 0.6291 0.6627 136.89

3.3. Cau tric iKD-Tree

C4u trac iKD-Tree dugc minh hoa nhuw Hinh 3. Hé s6 ting khoang cach gitta hai
nhéanh con la «, thee nghiém dwgc chon 1a 0.001 [7].
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Hinh 3. Cau trac iKD-Tree

Muc dich tich hop thuat toan K-Means vao KD-Tree nham tang khoang céch giita
hai nhanh con tai mét nuit cha, d€ tir d6 tang d chinh xac gom cum tai mdi nat 14. Dya
trén cau tric KD-Tree da xay dung trong cdng trinh [5] 1a mot cAy da nhénh can bang.
Cdu trac iKD-Tree duoc xay dung bang cach két hop thuat toan k-Means trong qué
trinh chon nhénh di cho mdi véc-to dau vao. Ciu tric iKD-Tree gom cac thanh phan
gidng nhu cau tric KD-Tree da nhénh can bang [6]. Tuy nhién, qua trinh xay dung
iKD-Tree két hop voi thuat toan K-Means dé xac dinh duong di thudc nhanh tiép theo,
thuat toan k-NN duoc thiec hién phan 16p tai nut 4.

Két qua tim kiém anh trén cac b anh thuc nghiém dwa trén cau triac iKD-Tree
duoc trinh bay trong Badng 4.

Badng 4. Hiéu sudt tim kiém anh cua hé SB-iKDT trén cac by dit liéu [6]

Tap anh D0 chinh xac Do phu Do dunghoa  Thoi gian truy van

trung binh trung binh trung binh trung binh (ms)
Wang 0.8010 0.7404 0.7695 101.36
Caltech-101 0.7769 0.6915 0.7317 109.84
Caltech-256 0.7228 0.5828 0.6453 134.91

3.4.C4u tric KD-Tree 16ng nhau

Thay vi phai thém chi phi huan luyén ciu tric iKD-Tree thi mdt giai phap la cai
tién iKD-Tree thanh KD-Tree Iong nhau bang cach phat trién mot s& nit 14 thanh mot
cay iKD-Tree tuwong tw. Cau truc KD-Tree 16ng nhau minh hoa nhu Hinh 4.
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Hinh 4. C4u trac KD-Tree 16ng nhau

Cau truc KD-Tree 16ng nhau duoc xay dung gom hai giai doan: (1) Xay dung cau
tric iKD-Tree tir tap dit liéu ban dau; (2) phat trién mot s6 nut 1a trén iKD-Tree thanh
cay con SubTree cung chiéu cao va tinh chat v6i iKD-Tree dé hinh thanh ciu trac KD-
Tree 16ng nhau [7]. Muc dich cua viéc phat trién mot nat 1a thanh SubTree nhim tao ra
qué trinh phan 16p min hon va hiéu suat phan 16p t6t hon so vdi ciu tric iKD-Tree.
biéu kién dé€ phat trién mot nut 1a thanh cay con SubTree la:

1) SO phantk F={fi, f, ..., fi} ca nat Leafi 16n hon ngudng M (M = 200, 250, 400)
2) Nat la Leafj chira s6 phan 16p 16n hon ngudong N (N > 2)
3) Cay con SubTree tai Leaf; c6 chiéu cao h va s6 nhanh t6i da la b.

Két qua tim kiém anh trén cac bd anh thuwc nghiém duya trén ciu truc KD-Tree
Iong nhau duoc trinh bay trong Bang 5.

Bdng 5. Két qua hiéu sudt tim ki€ém anh cua hé SB-NKDT trén cac by di liéu [7]

Tap anh Precision Recall F-measure Time query (ms)
COREL 0.8120 0.7164 0.7612 109.49
Wang 0.8029 0.7083 0.7526 121.67
Caltech-101 0.7889 0.6688 0.7239 151.92
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SO chuyén san Cong nghé thong tin

4. DPANH GIA VA PHAN TiCH CAC KET QUA THUC NGHIEM

Bang 6 mo ta cac thanh phan va s6 chiéu cta véc-to ddc trung duoc trich xuat

trén cac hé thuc nghiém tng vodi cac cai tién cdu trac KD-Tree.

Bdng 6. Tong hop cac loai ddc trung trén cac thuc nghiém

Hé tim kiém anh Loai dic trung S6 gia tri
CB-KDT MPEG-7, Sobel, Shape, Texture, vi tri twong d6i, chu 81
vi d6i tuong, dién tich d6i twong
SB-KDT MPEG-7, Sobel, Shape, Texture, vi tri twong d6i, chu 81
vi d6i tuong, dién tich d6i twong
SB-iKDT SIFT MPEG-7, Shi MPEG-7, Color MPEG-7, HOG, 183
Sobel, Laplace
SB-NKDT MPEG-7, Sobel, Shape, Texture, vi tri twong d6i, chu 81

vi d6i tuong, dién tich d6i twgng

D& minh chiing nhitng dé xuét cai tién trén cau tric KD-Tree 1a ding déan 1a hiéu

qua cho bai toan tim kiém anh. Bang 7 - 10 trinh bay so sanh d¢ chinh xac va thoi gian
tim kiém trung binh trén cdc bd anh COREL, Wang, Caltech-101, Caltech-256 twong
tng voi cac cdu truc KD-Tree nhi phan, KD-Tree da nhanh, iKD-Tree va KD-Tree 1ong

nhau.

Bang 7. So sanh hiéu sudt gitra cac cdu trac dé xudt trén b anh COREL

Cau trac Do chinh b6 phu Do dung  Thoi gian truy vain
xac trung trung binh hoa trung trung binh (ms)
binh binh
KD-Tree nhi phan 0.7640 0.6878 0.7188 38.00
KD-Tree da nhanh 0.7998 0.7043 0.7484 96.77
KD-Tree I6ng nhau 0.8120 0.7164 0.7612 109.49

Bang 8. So sanh hiéu sudt gitra cac cdu truc dé xudt trén bd anh Wang

Ciu truc Do chinh b6 phu Do dung  Thoi gian truy vin
xac trung trung binh hoa trung trung binh (ms)
binh binh
KD-Tree nhi phan 0.7327 0.6508 0.6869 87.00
iKD-Tree 0.8010 0.7404 0.7695 101.36
KD-Tree 16ng nhau 0.8029 0.7083 0.7526 121.67
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Bang 9. So sanh hiéu sudt gitra cac cau truc dé xudt trén by anh Caltech-101

CAu tric D6 chinh Do phu Do dung  Thoi gian truy van
xac trung trung binh hoa trung trung binh (ms)
binh binh
KD-Tree da nhanh 0.7101 0.6609 0.6846 122.25
iKD-Tree 0.7769 0.6915 0.7317 109.84
KD-Tree I6ng nhau 0.7889 0.6688 0.7239 151.92

Bang 10. So sanh hiéu suat gitta cdc phuong phap dé xuét trén by anh Caltech-256

Cau trac Do chinh xac Do phtt Do dunghoa Thoi gian truy van
trung binh trung binh trung binh trung binh (ms)
KD-Tree da nhanh 0.7020 0.6291 0.6627 136.89
iKD-Tree 0.7228 0.5828 0.6453 134.91

Két qua so sanh ttr cac Bdng 7 -10, cho thay cac dinh hudng cai tién trén cau truc
KD-Tree 1a kha thi va hiéu qua, hiéu suat truy van anh trén cau trac KD-Tree long
nhau cao hon thi thoi gian tim kiém tang 1én do chiéu cao cia KD-Tree 16ng nhau tang
1én khi thue hién phat trién mot s6 nut 14 thanh cay con, chiéu cao KD-Tree 16ng nhau
tang 1én nén anh hudéng dén thoi gian tim ki€m trén ciu trac nay. Cau truc KD-Tree da
nhanh va iKD-Tree giup giam chiéu cao cay nén thoi gian xay tim kiém trén hé SB-
KDT ciing giam so v6i tim ki€ém trén KD-Tree nhi phan. Cac gia tri so sanh thoi gian
tim kiém trung binh trén mot bo anh gitta cac phuong phap dé xuat con chénh léch
nhau do chiéu cao cay dwoc xay dung trong cac thuc nghiém la khac nhau, dan dén
thoi gian tim kiém cling khac nhau.

Goi b 1a s6 nhanh tai mdi ntt can xay dung; h 1a chiéu cao cay; Time la thoi gian
xdy dung va huan luyén tiing cau trac. Bang 11 la cac tham s cta cac cai tién KD-Tree.

Bdng 11. Bang tong hop tham s6 xay dung va huan luyén cac cai tién KD-Tree

. KD-Tree nhi KD-Tree da . KD-Tree long
B6 anh N i iKD-Tree
phan nhanh nhau
b | h Time b h Time | b | h | Time | b | h Time
COREL 2 4 02545 3 2 0:3854| - - 2 2 0:35:56
Wang 2 7 05056 - - 3 4 1:10:54( 3 3 0:55:43
Caltech-101 | - - - 5 3 0444515 3 1:5843)| - - -
Caltech-256 | - - - 4 4 056324 4 211221 4 3 1:44:39
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P& minh chiing tinh ding dan trong cac cai tién KD-Tree, Bdng 12 — 15 thuc hién
so sanh d¢ chinh xac tim ki€m anh gitra cac dé xuat voi cac phwong phap khac.

Bang 12. So sanh dd chinh xac vdi cac cong trinh khac trén b anh COREL

Do chinh xac

Flusong phap trung binh
B_SHIFT, (Douik, Ali. et al.), 2016 [15] 0.7200
Shape and Texture Features, (Abdulkadhem, et al.), 2019 [16] 0.7286
ORB 8-dimensions with MPL (P. Chhabra et al.), 2020 [17] 0.6656
C-Tree (Nhi, N. T. U. et al. ), 2021 [18] 0.6777
CB-KDT (KD-Tree nhi phan) 0.7640
SB-KDT (KD-Tree da nhanh) 0.7998
SB-NKDT (KD-Tree 16ng nhau) 0.8120

Bdng 13. So sanh do chinh xac véi cac cong trinh khac trén bo anh Wang

Do chinh xac

Phuwong phap
trung binh
ORB and SIFT features (P. Chhabra et al.), 2020 [17] 0.6320
SBIR-CT (Nhi N.T.U et al.), 2021 [18] 0.6072
SVM (Das et al.), 2017 [19] 0.5590
8D-GLCM+GSF+ HSVCM (Bella & Vasuki), 2019 [20] 0.5970
CB-KDT (KD-Tree nhi phan) 0.7327
SB-KDT (KD-Tree da nhanh) 0.7810
SB-iKDT (iKD-Tree) 0.8010
SB-NKDT (KD-Tree 16ng nhau) 0.8029

Biang 14. So sanh d§ chinh xdc v6i cac cong trinh khac trén by anh Caltech-101

Do chinh xac

Phuong phap trung binh
CE and Valleys with SVM (Rajesh, M. B,, et al.), 2020 [21] 0.6314
CBIR Multi-trend Structure (Sathiamoorthy, S., et al.), 2020 [22] 0.6942
Feature Detector (Ahmed, K. T., et al.), 2021 [23] 0.6200
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CBIR with features (Soumya Prakash Rana, et al.), 2019 [24] 0.6450
SB-KDT (KD-Tree da nhanh) 0.7101

SB-iKDT (iKD-Tree) 0.7769

SB-NKDT (KD-Tree 16ng nhau) 0.7889

Bang 15. So sanh d6 chinh xac véi cac cong trinh khac trén by anh Caltech-256

Do chinh xac

Phuong phap trung binh
Visual Words FVFF (Mehmood, Z., et al.), 2018 [25] 0.4630
SVM (Uzma Sharif, et al.), 2019 [26] 0.4752
Ensembles of deep learning (Safa Hamreras), 2020 [27] (50 classes) 0.5726
CBIR (Khawaja Tehseen Ahmed), 2019 [28] (Topk = 25) 0.6985
SB-KDT (KD-Tree da nhanh) 0.7020
SB-iKDT (iKD-Tree) 0.7228

K&t qua so sanh do chinh xdc gitta cac cai tién trén ciu truc KD-Tree véi mot s6
phuong phap khac trén cung bo anh thyre nghiém COREL, Wang, Caltech-101, Caltech-
256 cho thdy cac dé xudt cai tién KD-Tree cho bai todn tim kiém anh c6 két qua do
chinh xdc cao hon mét s6 cong trinh da cong bé. Diéu nay cho thdy mdt s6 dé xudt cai
tién cau truc KD-Tree 4p dung trén cac bd anh nay 1a kha thi va hiéu qua.

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bdo nay, mot s8 cai tién trén cau triic KD-Tree nham nang cao dd
chinh xac tim kiém anh duoc trinh bay, danh gia va phan tich. Két qua phan tich uu,
nhuoc diém ciia mot s6 hé tim kiém anh CB-KDT, SB-KDT, SB-iKDT, SB-NKDT
dwgc thuce hién. Cac phuong phap cai tién KD-Tree dwgc so sanh trén cung mot bd anh
anh; dong thoi so sanh gitta phuwong phap dé xuat véi cac phuong phap khac. Dinh
hudng tiép theo ctia ching t6i 1a tich hgp thém cac ky thuat phan 16p hinh anh nhu
SVM, DNN, CNN dé€ nang cao hiéu suat phan 16p anh dau vao, tir d6 cai thién do
chinh x4c tim kiém anh dwa trén cau tric KD-Tree.

LOI CAM ON

Tran trong cam on Khoa Cong nghé thong tin. Truong Dai hoc Khoa hoc - Dai
hoc Hu€, Truong Dai hoc Su pham TP.HCM va Truong Pai hoc Cong nghiép Thuc
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pham Thanh ph& H6 Chi Minh da hé trg vé chuyén mon va co sd vat chat d€ nhém tac
gia hoan thanh nghién cttu nay.
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FOR IMAGE RETRIEVAL PROBLEM
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ABSTRACT

In this paper, image retrieval results based on some KD-Tree structural
improvements are presented, analyzed, and evaluated. Of which, the upgrades to
the KD-Tree structure include (1) binary KD-Tree structure; (2) balanced multi-
branch KD-Tree structure; (3) iKD-Tree structure; (4) The proposed and tested
nested KD-Tree structure on COREL, Wang, Caltech-101, Caltech-256 image sets
with different accuracy and average search time. This shows that the structural
improvements of KD-Tree are appropriate and correct on the basis of improving
the limitations from the previous proposal to serve as a basis for the next advance.
Finally, compare the results of image search between experimental methods on the
same set of images; at the same time, compare the experimental results of the

proposed method with other methods.

Keywords: KD-Tree, iKD-Tree, Nested KD-Tree, Image retrieval.
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