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TOM TAT

Tim kiém anh duya trén ndi dung 1a moét bai toan day thach thic dé€ tim kiém cac
anh lién quan tir mot khong gian luu trit 16n. Van dé dat ra la can phai c6 mot cau
tric lvu trir va danh chi muc cac ddc trung cua tap dir liéu anh d€ cai thién hiéu
suat tim kiém anh. Bai bao nay trinh bay mot s6 cac cai tién dua trén ciu trac R-
Tree cho bai toan tim kiém anh dé€ nang cao d¢ chinh xac va cai thién thoi gian tim
kiém. Dau tién, mot cdu triac RS-Tree dwoc cai tién dwa vao khdi cau khong gian
nham t6i wu héa khong gian luu trit va ting do chinh xac tim kiém. Thi hai,
phuong phéap k-Means duwoc ap dung dé cai tién thuat todn tach ntit nham nang
cao d chinh xac gom cum. Tht 3, mot cdu tric d6 thi lang giéng dwoc xay dung
tai tang nuat 14 ctia cay RS-Tree d€ nang cao d¢ chinh xac. Thuc nghiém dwgc tién
hanh trén cac tap dit liéu anh CUB-200-2011. Bai bao thitc hién so sanh va danh gia
hiéu sudt gitta cdc phuong phap; dong thoi so sanh két qua vdi cac cong trinh gan

day trén ctng tap dit liéu d€ minh chiing tinh ding dan ctia cdc phuong phép.

Tt khoa: RS-Tree; Image Retrieval, k-Means, CBIR, Neighbor Graph.

1. GIOI THIEU

Trong nhitng nam gan day, nho su phat trién vé cong nghé lién quan dén thiét
bi lwu trir va chup anh ky thuat s6 ma anh s6 da gia tang nhanh chdng. Vi vay, dé€ luu
trir va quan ly di liéu kho dit liéu hinh anh 16n moét cach hiéu qua la mot thach thirc
cho cdng dong nghién ctru. Kich thudce cua co s6 dit liéu 16n cling rat kho khan dé xa
ly va truy xudt hinh anh. Do d6, trong nhiing thap kj qua, c6 nhiéu phuong phap truy
xuat hinh anh tr co s¢ dit liéu 16n duwgc phat trién. Van dé chinh cia mét hé thong tim
kiém anh gap kho khan la 1am thé nao d€ xac dinh cac hinh anh lién quan véi anh truy
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van trong bd suu tap hinh anh két qua lon va da dang. D€ giai quyét van dé nay, dua
trén van ban va dua trén ndi dung la hai ky thuat dugc st dung pho bién dé tim kiém
va truy xuét trong co s& dit liéu hinh anh [1].

Trong bai bao nay chung t6i trinh bay cac phan tich két qua cai tién dua trén
cau truc R-Tree cho bai toan truy van anh theo néi dung. Cac cai tién bao gom: (1) Cau
tric RS-Tree dugc thiét k& dua trén R-Tree cho bai toan tim kiém anh nham nang cao
dd chinh xac va thoi gian tim kiém anh; (2) Mot cau trtc cai tién iRS-Tree duoc tao ra
bang viéc stt dung phurong phép k-Means cho thuat todn tach nit dé cai thién d6 chinh
xac gom cum; (3) Cau trac NBGraphRST la sy két hop RS-Tree va d6 thi cum lang
giéng tai tang nuat 1a cua cay dé€ tang do chinh xac tim kiém anh twong ty. Trén co so
nhitng ndi dung cai tién, ching toi thuc hién phan tich danh gia két qua cua cac
phuong phap d& minh chiing tinh dting dan ctia tling phuong phap cai tién.

2. CAC CONG TRINH LIEN QUAN

Trong nhitng thap nién gan day, nhiéu cong trinh da st dung cac phuong phap
khac nhau cho bai toan truy van anh theo noi dung d€ cai thién hiéu suét hé thong cu
thé nhw sau:

Nhiéu cong trinh da 4p dung cac ky thuat 1ap chi muc hinh anh nhdm nang cao
toc do tim kiém anh. Haldurai va cong su (2015) da dé xudt mét hé truy van anh tuong
tw theo ndi dung st dung cau trac cay R-Tree [2]. Vanitha va cong su (2017) da dé xuat
mot cau trac chi muc SR-Tree tng dung cho hé thong tim kiém anh tuong ty theo noi
dung. Hé théng thuc hién trich xuat dic trung mau sic, dic trung khong gian va luu
trit véc-to ddc trung trén cdy SR-Tree [3]. Shama va cong suw (2015) da dé xuat mot hé
thdng truy van anh tuong tu sit dung cdu truc R*-Tree cho bd anh thuc vat. Nhom tac
gia sit dung phuong phap ma tran dong xudt hién va phép loc Gabour dé€ trich xuat
dac trung anh [4]. Alfarrarjeh va cong su (2020) da dé xuat mot 16p chi muc R*-Tree
tng dung cho bai toan tim kiém anh twong tw véi dit liéu anh duong phd [5].

Bén canh d6 nhiéu cong trinh cling da ti€p can cac phuong phap hoc may dé ap
dung cho cac bai todn truy vdn anh nham nang cao dd chinh xac. Trong cong trinh [6]
dé xuat phuong phép tap trung bo mod ta tich chap chon loc SCDA (Selective
Convolutional Descriptor Aggregation), phuong phap nay tu dong dinh vi ddi tuong
chinh trong cac hinh anh chi tiét va trich xuat dac trung phan biét cho chung. Trong
SCDA, chi ¢6 mot md hinh CNN duwoc tién huan luyén (tir ImageNet) dugc st dung.
Két qua truy van voi top-1 dat 59.62%, top-5 dat 65.79%. Trong cong trinh [7] nhém tac
gia dé xuat mot mo hinh truy van anh dya trén mang CNN. Trong cong trinh nay mot
phuong phép tong hop mdi dua trén dac trung tich chap cé chon loc, duoc goi la
SGeM. Bén canh d6, nhom tac gia thiét ké mot so do lya chon dac trung dat dén kich
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hoat t6i da va dat ngudng thich hop dé chon cac bd mo ta cuc bd. Két qua truy van voi
top-1 dat 60.63%, top-5 dat 66.57%. Trong [8], Zeng, H. va cong si da phat trién mot
phuwong phap bam dé khoanh vung cac d6i tuwong phan biét chi tiét va tao ra cac ma
nhi phan hiéu qua. Nhom tac gia da thiét ké mot kién trac moi thye hién dong thoi viéc
hudn luyén cac vung cuc bo va tao ma bang bam. Két qua thuc nghiém truy van trén
bo dit liéu anh CUB-200-2011 v6i d6 chinh xac 69.07% (anh 16 bits) va 70.10% (anh 64
bits). Cac danh gia thuc nghiém trén mot s§ bo dit liéu anh chi tiét cho thdy ring
phuwong phap dé xuat dat duoc hiéu suat tot. Tuy nhién, phuong phap nay doi hoi ton
nhiéu thoi gian d€ huan luyén. Dong thoi, trong cong trinh nay chuwa dé xuit mot cau
trac dit liéu d€ leu triv hinh anh nham cai thién thoi gian tim kiém anh.

Trén co s& khao sat cac cong trinh lién quan, trong bai bao nay, chung t6i trinh
bay cac cac phuwong phap cai tién trén cau trac luu triv chi muc khéng gian RS-Tree ap
dung cho bai toan tim kiém anh. Phan tich va danh gia hiéu qua ctia cac phuong phap
cai tién va so sanh voéi cac cong trinh khac trén cing b6 di liéu CUB-200-2011.

3. CAC CAI TIEN DUA TREN CAU TRUC R-TREE
3.1. R-Tree nguyeén thuy

R-Tree 1a mot cdu tric cay can bang dong dung d€ phan cum dit liéu khong
gian da chiéu. Trong cau tric R-Tree nguyén thuy [9], mbi Node 1a mot bo (MBR, p),
trong d6, MBR (Minimun Bounding Rectangle) la mot viing khong gian hinh chit nhat
chtra cac vung khong gian ntt con bén trong nd va p la con tro lién két dén cac nuat con.
Mbi Leaf 1a mot bd (MBR, oid), trong do6, oid 1a dinh danh doi tuong. Moi Leaf trén cay
6 sO phan tr tdi thiéu la m va s6 phan ti t6i da la M.

Cac cdu truc 1ap chi muc da chiéu duoc st dung rong rai la R-Tree, R*-Tree, SS-
Tree va da duoc chiing minh la hoat dong kha t6t voi viéc phan doan dit liéu. Ky thuat
nay phan vung tap dit liéu da chiéu thanh mot khdi siéu hinh chit nhat thoé dé giup xay
dung cdu trac chi muc khong bi anh hwong nhiéu boi khong gian chét[10]. Ngoai ra,
céc cau tric chi muc dua trén R-Tree c6 thé hd tro ca dit lieu diém va di liéu khong
gian bang cach st dung phuong phap phan ving di liéu véi phan doan dir liéu dé
cung cap kha nang phan cum khong gian tot hon vi né khong yéu cau bat ky phép bién
d6i diém nao dé to chiic dit liéu khong gian [9]. Mic dit R-Tree, R*-tree va SS-tree hd
tro t0 chirc dit liéu khong gian, nhung viéc lua chon cau trtc 1ap chi muc hiéu qua bi
anh hudng rat nhiéu bdi mot s6 yéu t6 1a thudce tinh di liéu, phuong phap xay dung
dir liéu va loai truy van [10].

Trén co so ké thira cau tric R-Tree va cac bién thé ctia nd, mot cau tric cai tién
RS-Tree dugc trinh bay trong phén 3.2.
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3.2. CAu triic R5-Tree

RS-Tree dugc dé xuat trong cong trinh [14] nham luu trit cdc phan ti hinh anh
trong khong gian d chiéy, la cdy da nhanh can bang tng dung cho bai todn tim kiém
anh. Viéc gom nhom dit liéu duoc thuc hién trén tirng nat cta cay R5-Tree dya vao do
do twong tu giita cac véc-to déc trung anh ngudng O cho tredc nham tao ra mot cay da
nhanh can bing dé nang cao hiéu sudt truy van. Nt trong S,oq. 1a mdt bd (MBS, p),
trong dé MBS 1a mot khoi cau cd tdm ¢4, va ban kinh 7,44, p 1a con trd lién két dén cac
ntt con. Khdi cdu nay bao phu cac khdi cau ctia cdc ntt thude nhanh cay con. Mbi nat
trong S,,4e €O sO phan tr t6i da 1a N va t6i thiéu 1a 2. Nut 14 S, la bd (MBS, entity),
trong d6 MBS 1a mot khoi cau c6 tam &, va ban kinh 7, chita mot tap thuee thé entity
voi mdi thue thé spED 1a mot bd (MBS, oid) trong &6 MBS 1a khéi cau cé tam &, va ban
kinh 7, chita khdng gian d&i twong, oid 1a dinh danh d6i twong f = (vy,v,, v3, ..., vg).
M&i ntt 14 S,pq 6 s8 phan ti t6i da 1a M va s8 phan ti t6i thiéu lam(1 <m < M/ 2)-

3.3. Cau tric cai tién iRS-Tree

Viéc tach nat xay ra thuong xuyén sé lam chdm qua trinh tao cay. Do d6, dé
nang cao hiéu qua gom cum va cai thién thoi gian tao cay, chung ti xay dung cau tric
iRs-Tree, duwgc cai tién tir RS-Tree. Cac cai tién trong cau tric iR5-Tree bao gom:

Thtt nhéat, viéc thém mot phan ti spEDi vao iRS-Tree dwgc thuc hién theo cac
nguyén tic twong tu RS-Tree. Tuy nhién, khi gdp mot nut 14 day, thay vi thuc hién tach
nut, mot phan t xa tdm nhét ctia nat 1a hién hanh nhat ky hiéu spED, duoc chon dé
thém vao mot nat 1a khac ¢6 cung cha. Nut la dugc chon dé thém vao thdéa man hai
tiéu chi sau: (1) nut 1a dugce chon ¢6 s6 phan tr nhé hon M; (2) khoang cach Euclidean
ttr tam cta phan tk spED, dén tam ctia phan ti nat 14 dugce chon nhé hon hoac b.:?mg 0.
Truong hop c6 nhiéu nut la thda man hai tiéu chi trén nut 14 ¢6 khoang cach Euclidean
ngén nhat sé€ duoc chon. Nguoc lai, néu khong ton tai nit 1a nao théa man hai tiéu chi
nay thi thuc hién tach nat. Qua trinh thém phan tt iRS-Tree vao duwgc minh hoa nhuw
Hinh 1.

Hinh 1. Minh hoa viéc thém mdt phan tit vao cay.
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Trong Hinh 1, md ta qua trinh thém phan tit spED: vao cay iRS-Tree, Sias la nuit
la duoc Ipa chon dé thém phan ti spED:. Trong trueong hop nut 1a Seas day, phan ti
spEDx 1a phan tir xa nhat duoc chon dé€ thém vao nut la gan nhat Siean.

Tht hai, khi mét nut 1a bi tran, phuong phap k-Means duoc st dung dé€ thuc
hién tach nat thanh k cum (k > 2). Viéc nay nham t6i wu héa d6 twong ty ctia cac doi
twong khong gian trong mot cum, dong thoi giam thiéu do twong tu gitta cdc cum khac
nhau. Céc phan t& trong nut tran sé duoc phan hoach thanh k cum theo d6 do tuong
dong duoc minh hoa nhw Hinh 2.
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Hinh 2. Phép tach ntit trong iRS-Tree bang phuong phép k-Means
3.4. C4u trac d6 thi lang giéng NBGraphRST

Trong cong trinh [11] trinh bay vé cc dinh nghia co ban lam co sd nén tang cho
viéc xay dung mot ciu truc d6 thi lang giéng trén cay RS-Tree. Véi hai khéi cau nut 14
Sieaf1 (€1, 71), Siear2 (G2, 12) €O tdm Tan lwot la &, &, va ban kinh 1a r,, r,. Hai khoi cau Sie,s,
Siear2 801 1& chong 1dp khong gian, ky hiéu la Overlap(Sieas1, Sieass) Khi:

dist = dg(Sieaf1- C1r Steatz- €2) < Siear1-T1 + Siearz- T2/ (1)
vOi di 1a ham khoang cach Euclidean.

Gia st hai vUng Siear1, Siearz khong chong 1ap khong gian, khoang cach cua hai
vung khong gian Sicar1, Siearz, Ky hiéu la:

distyps = dg(Sieaf1- C1) Sieafz- C2) = Stear1-T1 + Sieafz-T2- (2)

Goi tap cac phan tr d6i twong dix liéu hinh anh 6 trong nut la:
Cspe= {SPED; € Sjear, i = 1..Sjeqs. count} (3)

Do do phan 16p ctia nuit 14 Sje4¢ 1a:

clasification(Sleaf) = {lable, | max{count(spEDi)},spEDi.lable = lable;}

(4)

Cac loai lang giéng ctia mot nut la bao gom:

(1) lang giéng overlap ctia nt 14 Sy.q 5 la tap hop:

No(Sleafk) = {Sleaf € SL\{Sleafk}|0Uerlap(sleafk:Sleaf)} ®)
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(2) lang giéng epsilon cia nt 14 Sieqp 1a tap hop:

Ne(Sieark) = {Stear € Si\{Siear}|distesy(Sicari Stear) < €} (6)
(3) lang giéng classes cta nat 14 Sy.q la tap hop:

Nc(Szeafk) = {Sieas € S|classification(Sieqs) = classification(Syqr)}  (7)

(4) lang giéng ctia mot nGt 14 Sy.qp,, ky hi€u Ny (Siearx), 12 i ctia tat ca cac phan ti

lang giéng overlap, epsilon va classes, nghia la:

Nn(sleafk) = No(Sleafk) U Ne(Sleafk) U Nc(Sleafk) (8)

Trén co so d6, mot do thi lang giéng ctia cac nut la dwoc tao ra trong qua trinh
tao cdy nham nang cao do chinh x4c truy van va dwoc md ta nhu sau: d6 thi lang giéng
ctua nat 14 Sy.qp 1a mot d6 thi ky hiéu 1a NBGraph(S,eqsi)t = {(V, E)}, trong do:

V= {Sleafk} u Nn('sleafk)/ E={(wv)}v= Sieafks Vi EV \ {Sleafk} (9)

4. MO HINH TONG QUAT CHO BAI TOAN TiM KIEM ANH
4.1. M6 hinh tim kiém anh

M6 hinh truy van anh theo n¢i dung trong cac phuong phap dé xuét dugc thuc
hién gom hai pha: Thit nhét 1a pha tién x& ly, cac hinh anh trong co sé d@ liéu hinh anh
duoc trich xudt véc-to ddc trung va thuc hién danh chi muc dya trén moét cdu truc div
liéu. Thit 2 1a pha truy van anh, tir anh dau vao hé thdng thuc hién tim kiém trén mot
cdu truc di liéu d€ tra vé tdp anh twong tw. M6 hinh duwgc minh hga nhw Hinh 3.

, Trich xuat dac trung @ Tép cac véc-to Céu trac chi myc RS-Tree | 1
1ap div ligu anh dac tring cap thap Iwu trie va gom cum div ligu |
:

__________________________________________________________________________________________________
——————————————————————————————————————————————————————————————————————————————————————————————————

| Pha 2: Truy vin anh m "
: "
' 1
' I
H Tap anh twong tw [ ‘
H dwa trén dac trieng cap thap {8) Truy van H
' '
, '
h ]

!
' !
' !
! @ Trich xuét dac treng - Véc-tor '
' hinh anh dau vao dac trwng cép 1hép '
' ¢ !
'

Hinh 3. M6 hinh tong quat cho bai toan truy van anh theo ndi dung
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Qua trinh tim kiém anh dwgc thuyce hién gom hai pha, pha tht nhat thyc hién
gom cum va luu trit di liéu anh trén cau trtc cay chi muc R5-Tree, pha thit hai thuc
hién tim kiém cac hinh anh twong tw cho anh dau vao. Qua trinh thyc hién duoc mé ta
nhu sau:

Xay dung cay phan cum. Qua trinh xay dyng cay gom cum dit liéu khong gian
RS- Tree dua trén véc-to déc trung ctia tap di liéu anh gom cac bude nhu sau:

(1) Trich xuéat tap véc-to dic trung f; cta tap dix liéu anh;

(2) Céu trac gom cum chi muc duoc tao ra dé€ luu trit cac vée-to f; mo ta dac
trung ctia hinh anh.

Tim kiém anh. Viéc tim kiém anh twong tu dugc thuc hién voi dau vao la mot
hinh anh truy van va dau ra la tadp anh twong tw dya trén cdy chi muc. Qua trinh tim
kiém anh tuong ty dwgc thuc hién theo cac budc nhu sau:

(1) Trich xudt véc-to dic trung cua anh can truy van;

(2) Thyc hién truy van anh teong tu dya trén cdu trac chi muc R5-Tree;

(3) Tra ctru tap anh twong ty dua trén tap chi muc da dwoc truy van.
4.2. Thuat toan tim kiém anh

Tt cay phan cum dit liéu khong gian R>-Tree da tao, mot thuat todn tra citu anh
twong tw theo ndi dung dwa trén cay RS-Tree duoc dé xuat. Qua trinh tim kiém anh
twong ti dugc thiec hién trén cay R5-Tree va dwoc mo ta nhu sau:

Thuit toan 1. Thuat toan tim kiém anh trén RS-Tree
Input: vec-to ddc trung spED cua anh truy van, cay RS-Tree
Output: tap anh twong tu SI;
Function: RSIR (Sy,, SpED)
begin
SNode = Snr
if (Syoge tro téi phan tk null) then
return null;
else
if (Sy khong phai 1a nut 14) then
Di theo nhanh gan nhat véi phan tir truy van ky hiéu Sy
RSIR (Syk, SPED);
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else
SI = {Cac phan t& anh tuong tu trong nut 1a hién hanh S; ., };
endif

endif

return {S1};

end.

Goi 1 la s6 phan tir cua tap dix liéu, M 1a sd phan tw tdi da trong mot ntt cua
RS-Tree. Thuat toan RSIR Tan luot duyét qua cac nut tir g6c dén 13, hon nita vi cay RS-
Tree 1 cAy can bang nén thuat todn RSIR duyét qua chiéu cao h ctia cay. Mbi lan duyét,
thuat toan RSIR phai so sanh véi M phan tir ctia mdi nat. M 1a hang s6. Do d6, d phtic
tap ctia thuat todn RSIR 1a O (logn).

5. THUC NGHIEM
5.1. Moi treong thuc nghiém

Pha tién xt ly duoc thu hién trén mdy PC CPU 2.3GHz 8-core 9th-generation
Intel Core 19, 16GB 2666MHz memory, 1TB flash storage. Pha tim kiém duwoc thuc
nghiém trén may PC CPU Intel Core i7-6500U CPU @ 2.50GHz, 8.0GB RAM, hé¢ diéu
hanh Windows 10 Pro 64 bit.

5.2. Ung dung va két qua thwc nghiém

Trong bai bao nay, ching tdi tién hanh thyc nghiém trén bo anh CUB-200-2011
gom 11.788 anh dwgc chia thanh 200 phéan 16p. Tuy nhién, trong bai bao nay chung t6i
chi thye nghiém truy van anh va tinh d chinh xac cho tap anh truy van gém 5000 hinh
anh c6 do chinh x4c t6t nhat. Dong thoi topk = 21 anh tuong tu sé duoc tra vé. Ung
dung thirc nghiém dugc minh hoa trong Hinh 4-7.
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0.155764705882353. 0. 0, 0.0711111111111111, 0.90407407407407,

Closs: _ |010.Red_winged_Blackbird 04375, 0.278388888888889, 0,125, 0, 0. 0, 0, 0.76478431372549, 0

image Database 0.0.0129411764705882, 1, 0. 0, 0. 0. 0.700980352156863,

O COREL O Oxford Flowers 17 O Oxford Flowers 102 0.139019607843137. 0, 0.156705882352941, 0.663058823525412

@ CuB-2011:200 O Visual Genome O Mscoco
Load Image NBGraphRST Retrieval | | Testing NBGraphRST | Close

Precision: 80.95%  Recal: 30.18% Fmeasure: 4397% Querytime fms): 142ms DONE!

Hinh 4. Mot giao dién truy van anh trén cu trac NBGraphRST
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Hinh 5, Hinh 6, Hinh 7 m6 ta két qua thuc nghiém trén bd anh CUB-200-2011
tng voi ba phuong phap dé xuat. Két qua cu thé nhu sau: d6i voi cau tric RS-Tree két
qua tra vé 13 anh tuong tu so v6i anh truy van trén tong s6 21 anh, dat d¢ chinh xac
61.90%; d6i voi cau trac iRS-Tree két qua tra vé 14 anh tuwong ty dat d¢ chinh xac
66.67%; cdu trac NBGraphRST két qua tra vé 17 anh tuong tu dat do chinh xac 80.95%.
Tt két qua cho thdy viéc cai tién dua trén cdu truc RS-Tree da nang cao duoc do chinh
xac truy van anh. Dac biét cdu trac két hop RS-Tree va do6 thi lang giéng da cho két qua
vuot trdi so voi hai phwong phép con lai. Tuy nhién dé€ tra gia cho diéu nay, thoi gian
truy van trén cdu triic NBGraphRST cham hon so v6i hai phwong phap con lai, nhung
van dam bao dugc thoi gian truy van 1a kha thi.

C4u trac iRS-Tree dat d6 chinh xac cao hon cau trtc RS5-Tree nho cai tién thuat
toan tach nit bang phuong phap k-Means. Ca ciu trtic RS-Tree va iRS-Tree trong qua
trinh tao cay, thuét toan tach nut xay ra thuwong xuyén. Do dd, c6 mét s6 phan ti dang
ly thudéc cum nay nhung do sai sO trong qua trinh tinh toan da thudc vao mot cum
khdac. Diéu nay dan dén khong tim kiém hét cac anh twong ty ctia anh truy van. Trong
c&u triic NBGraphRST, mdt cdu tric d6 thi lang giéng duoc tao ra tai tang nit 14 nham
tao diéu kién dé€ tap anh twong tu tra vé c6 d6 bao phu cao hon dong thoi nang cao
duoc do chinh xac truy van.

Hiéu suat truy van trung binh trén tap dit liéu CUB-2011-0200 ciia mo hinh tim
kiém anh tuong ty dua trén cau triac RS-Tree, iR5-Tree, NBGraphRST duoc biéu dién
trong Bang 1. D€ danh gia hiéu sudt moé hinh dé xuat, chiing t6i so sanh véi két qua caa
cac cong trinh lién quan trudc doé trén cung tap dix liéu dweoc mo ta trong Bang 2.

Bang 1. Hiéu sudt tim kiém ctia cac phuong phap truy van trén bo dit liéu CUB-200-2011

Phwong phap Avg. precision Avg.recall Avg.F-measure Avg.query time (ms)

CBIR-RST 65.45 29.45 40.62 49.27
CBIR-iRST 67.76 30.15 41.73 54.16
CBIR-NBGraphRST 78.66 36.75 50.10 114.89

Bang 2. So sanh d6 chinh xac gitta cac phwong phap trén cac by dix liéu

Phuwong phap Mean Average Precision (MAP)
Wei, X. S., 2016 [6] 65.80
Wang, Z., 2018 [7] 66.57
Zeng, H., 2019 [8] 70.10%
CBIR-RST 65.45
CBIR-iRST 67.76
CBIR-NBGraphRST 78.66
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Trong cong trinh, nhém tac gia dé xudt phwong phap SCDA cho bai toan truy
van anh. Két qua truy van véi top-1 dat 59.62%, top-5 dat 65.79%. Trong cong trinh [7]
nhom tac gia dé xudt mot mod hinh truy vén anh dua trén mang CNN. Tromg cong
trinh nay mot phuong phap tong hop mdi dua trén ddc trung tich chap c6 chon loc,
duoc goi la SGeM. Két qua truy van vdi top-1 dat 60.63%, top-5 dat 66.57%. Nhom
nghién cttu Zeng H. (2019) [8] sit dung phuong phap tim kiém anh trén mang CNN.
Trong cong trinh nay, mét phwong phap bam méi d€ truy xuat hinh anh chi tiét, dong
thoi khoanh vung cac vung phan biét va tao ma nhi phan. Két qua truy van dat do
chinh xac dat 70.10%. Tuy nhién, cac cdng trinh nay ton nhiéu chi phi d€ huan luyén,
dong thoi nhom tac gia chuwa dé xudt mot cau trac div liéu d€ luu trik chi muc da chiéu
ctia hinh anh nhdm nang cao t8c dd truy van anh. D&i véi cac phuong phap dé xuat cai
tién dua trén RS-Tree da dat do chinh xac kha cao véi top21, dac biét phuong phap két
hop d6 thi lang giéng va RS-Tree da dat duwoc do chinh xac vuot trdi so véi cadc phuong
phap con lai. Biéu d6 cho thay ap dung d6 thi lang giéng cho m6 hinh tim kiém anh la
hiéu qua cho bai toan tim kiém anh twong tu theo ndi dung.

6. KET LUAN

Trong bai bao nay, ching t6i da thuc hién phan tich cdc phuong phép cai tién
clia cau tric RS-Tree 4p dung cho bai toan tim ki€m anh nham nang cao hiéu qua truy
van. Cac phuong phap cai tién dugc tién hanh thyce nghiém trén bo anh CUB-200-2011
v6i dd chinh xac lan luot la 65.45%, 67,76% va 78.66%. Tt cac két qua phan tich cho
thdy rang cac cai tién trén RS-Tree da mang lai d6 chinh xéc tSt hon cho hé théng truy
van anh. Dac biét cdu truc NBGraphRST la sy két hop gitta cau trac RS-Tree va do thi
cum lang giéng da nang cao dang k&€ do chinh xac truy van. Dong thoi chung t6i ciing
thiee hién so sanh véi cac cong trinh lién gan day nham minh chitng tinh hiéu qua ctia
cac phuong phap dé xuat.

LOI CAM ON

Chung t6i xin tran trong cam on Khoa Cong nghé thong tin — Dai hoc Khoa hoc,
Dai hoc Hué da gop y chuyén mon cho nghién ctu nay. Chung t6i xin tran trong cam
on Truong Pai hoc Ba Ria Viing Tau, Truong PH Su pham Tp.HCM da tao diéu kién
vé co s0 vat chat giup chung toi hoan thanh bai nghién cttu nay.
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ABSTRACT

Content-based image retrieval is a challenging task to find related images from a
large storage space. The problem is that it is necessary to have a structure to store
and index the features of the image data set to improve the image retrieval
performance. This paper presents a number of improvements based on the R-Tree
for the image retrieval problem to enhance the accuracy and improve the retrieval
time. First, an improved structure named RS-Tree, based on space spheres, aims to
optimize storage space and increase accuracy. Second, the k-Means method is
applied to improve the node splitting algorithm to enhance clustering accuracy.
Third, a neighbor graph structure is built at the leaf layer of the RS-Tree to retrieve
with higher accuracy. Experiments were conducted on the image data set CUB-
200-2011. The paper compares and evaluates the performance among the methods;
and compares the results with recent works on the same data set to demonstrate

the correctness of the methods.

Keywords: CBIR, k-Means, Image Retrieval, Neighbor Graph, RS-Tree.
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