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TOM TAT

Cung véi sy tién bo vuot bac ctia cong nghé internet va cac thiét bi ky thuat sd,
khoéi luong dir liéu hinh anh da gia tdng nhanh chdng. Do d6, viéc sit dung ky
thuat lap chi muc lvu trit dit liéu anh 16n da tro nén quan trong nhim nang cao toc
d6 tim ki€m anh. Trong bai bdo nay, mét khao sat vé cic bién thé R-Tree d€ 1ap chi
muc khong gian da chiéu ap dung cho bai toan tim kiém anh dwgc thuc hién. Pau
tién, cac bién thé cua R-Tree dugc trinh bay bao gom: R+Tree, R*-Tree, SS-Tree, SR-
Tree. Thit hai, ching toi gioi thiéu cac bién thé R-Tree ttng dung cho bai toan tim
kiém anh da duwoc cong bo trong nhitng thap nién gan day. Trén co sé d6, mot cau
tric RS-Tree dugc dé xudt dé€ ap dung cho bai toan tim kiém anh theo ndi dung.
Cubi cung, ching t6i tién hanh so sanh két qua thuc nghiém ctia cdu tric RS-Tree

va cdu tric SR-Tree trén cung bo dit liéu anh Wang.

Tw khoa: Rs-Tree; Bién thé R-Tree; Chi muc da chiéu; Truy van anh.

1. GIOI THIEU

Anh s8 ngay cang gia ting theo thoi gian va déng vai trd quan trong trong
nhiéu linh vyc nhu y t€, du lich, gido duc, nong nghiép, giai tri v.v. Cac tng dung st
dung nhiing loai dit liéu da phwong tién nhw hinh anh, am thanh, video... can phai luu
trtr mot khoi lwong 16n d@ liéu [1]. Vi vay, viéc 1ap chi muc hiéu qua nhing d@ liéu
khong gian da chiéu la can thiét gitp truy xudt dit liéu nhanh chéong dap ting thoi gian
thuwe. Quan ly dit liéu khong gian 1a mot linh vuc hoat dong nghién cttu chuyén sau
trong hon ba thap ky qua. D& hd trg cac d6i tuong khong gian da chiéu trong hé thong
co so dit liéu, can xem xét cac van dé bao gom mo hinh dit liéu khong gian, co ché lap
chi muc, x& ly truy van hiéu qua va moé hinh chi phi [2]. M6t trong nhiing phuong
phép truy xudt c6 anh huong nhat trong linh vuc nay 1a cau truc cay R-Tree [3] duoc
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Guttman dé xuat vao nam 1984 1a mét giai phap hiéu qua dé lap chi muc cac déi tuong
khong gian da chiéu. Ké tir d6, mot s6 bién thé ctia cau triuc R-Tree da duwoc dé xuat dé€
truy xudt hiéu qua hon va xt ly cac ddi twong trong khong gian da chiéu. Cac bién thé
ctia R-Tree dugc khao sat trong bai bdo nay ddp ting cac nhiém vu khac nhau nhw
nang cao hiéu suat truy van; mo rong vdi cac ting dung khac nhau. Cé nhiéu loai bién
thé duoc xdy dung d€ nang cao hiéu sudt truy van trong mién khong gian bao gém
truy van pham vi, truy van diém, truy van lang giéng gan nhat, truy van vung khong
gian... Mot s6 bién thé ctia R-Tree dwoc mé rong dé hd tro cac tinh nang bd sung. Bén
canh d6, mot s6 bién thé duoc phat trién d€ ap dung trong linh vuc truy vén anh.

Trong bai bao nay, mét khao sat vé cac bién thé R-Tree dugc trinh bay. Bén
canh d6, cac cong trinh nghién cttu dp dung cac bién thé ctia R-Tree trong linh vec truy
van anh dwoc gidi thiéu. Tk d6, mdt cau truc RS-Tree duoc dé xuat cho bai toan tim
kiém anh twong tu nham nang cao do chinh x4c truy van va cai thién thoi gian tim
kiém. Cudi cung, chung toi tién hanh thuc nghiém tim ki€m anh trén b anh Wang va
so sanh hiéu sudt truy van cua cdu trac R5-Tree va bién thé SR-Tree.

2. CAU TRUC R-TREE VA CAC BIEN THE
2.1. R-Tree nguyén thuy

Trong cdu tric R-Tree nguyén thuay, mdi nut trong Node la mot bo (MBR,p), trong
do, MBR (Minimun Bounding Rectangle) 1a mot viing khong gian hinh chit nhat chtta
c4c viing khong gian ntit con bén trong né va p 1a con tré lién két dén cc ntt con. Moi
nut 1a Leaf 1a mot bd (MBR, oid), trong d6, MBR vung khong gian hinh chit nhat chira d6i
teong dit liéu va oid 1a dinh danh d6i tuong. Mbi nut 14 Leaf trén cay c6 s6 phan tir t6i
thiéu 1a m va sd phan tx t6i da 1a M. Mdi ntt 14 phan chia dit liéu thanh mot cum trong
khong gian d-chiéu. Viéc loai bé mot phan ti trén cay R-Tree c6 thé phai tai tao cay lai
tir dau vi néu mot nit 14 ¢ s6 phan tir bang m thi khi x6a phan ti d6 nut 14 khong ton
tai va phai 18y phan tt con lai cia nat phan bd lai trén cay.

R-Tree la mot cau trac dit liéu cay dwogc st dung d€ lvu triv cac chi muc di liéu
khong gian mot cach hiéu qua. Céc tinh chat cua cay R-Tree: (1) Bao gom mot goc duy
nhdt, tap cac nat trong va tap cac nat 14; (2) Nat goc chira con tré dén vung 16n nhat
trong mién khong gian; (3) Cac nut cha chita cac con tro téi cac nat con trong d6 vung
clia cac ndt con nam bén trong viing ctia cac nit cha; (4) Cac ntt 14 chira dit liéu cac d6i
twong; (5) Nut g6c phai 6 it nhat hai ntt con trit khi né 1a mot nut 14; (6) Tat ca cac la
nam trén cing mot cap.

R-Tree nguyén thay c6 hai nhuoc diém quan trong: (1) Viéc truy xuat mot diém
trong cay R c6 thé dan dén viéc xét nhiéu duong dan tir goc dén 1a. Tinh chat nay c
thé dan dén suy giam hiéu suat, dac biét khi c6 sw chong 1dp ctia cac vung khong gian;
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(2) Céc viing khong gian lwu trit 16n c6 thé lam ting mc d6 chong 1dp, dan dén suy
giam hiéu suat khi thuc hién truy van vung, do khong gian trong.

Trén co sd cac vu nhugc diém cta cdu trac R-Tree nguyén thay, nhiéu bién thé
khac nhau ctia R-Tree duoc xay dung dé€ nang cao hiéu suét luu trit va taing do chinh
xac truy van. Cac bién thé ctia R-Tree dwoc sit dung pho bién trong linh viee truy van
d@ liéu da phuong tién dwgc trinh bay chi tiét trong phan 2.2

2.2. Cac bién thé cta cau triac R-Tree

Cac bién thé ctia R-Tree duoc phat trién dap ung cac nhiém vu khac nhau nhu
nang cao hiéu sudt truy van; mo rong voéi cac ing dung khac nhau. Tuy nhién, trong
bai bao nay, chtiing t6i chi thyc hién khao sat cac bién thé bao gom: R+-Tree, R*-Tree,
SS-Tree, SR-Tree ttng dung cho linh viec da phuong tién.

2.2.1. C4u trtiic R+-Tree

Bién thé R+-Tree [4] dwoc gidi thiéu d€ tang hiéu suat tim kiém, dic biét 1a cac
truy van diém. Chi phi tim ki€ém thap do giam s0 lwong truy cap dia can thiét d€ nhan
duoc két qua. Su chong 1ap khong gian va viing bao phu 12 hai yéu t& quan trong ddi
véi hiéu suat tim kiém. Khéi niém chinh ctia bién thé nay la khong ¢ su chong lap. D
dat duoc diéu nay, cac doi tuong duoc chen phai dugc chia thanh hai hodc nhiéu MBR,
diéu do co nghia la mot muc doi twong cu thé co thé dwgce sao chép va luu trir du
phong trong mot s6 niit. Néu ton tai mot hinh chit nhat dix liéu & cap thdp hon chong
lép v6i mot hinh chit nhat khéc, n6 sé dwoc phan tach thanh mét tap hop cac hinh chi
nhat con khong chong 1ap dong thoi lién két chting véi hinh chit nhat ban dau. Thuat
toan chen sé thém hinh chi* nhit vao nhiéu nut bz“ing cach chia thanh cac hinh ch nhat
con trong qua trinh chong lép. Viéc tim kiém duwoc thuc hién dé dang vi ¢ day tranh
duoc viée tim kiém nhiéu duong do chong 1ap.

2.2.2. Cau tric R*-Tree

R*-Tree [5] la bién thé ctia R-Tree, két qua thuc nghiém cho thdy R*-Tree vuot
troi hon trong viéc x& ly va hiéu sudt truy van. Cac thay doi trong R*-Tree so voi R-
Tree bao gom: (1) trong khi chon cay con, néu nut dang xét khong phai nut 14 va trd
dén nat 14 thi viéc moé rong chong lap t6i thidu dugce xem xét. Néu nit hién hanh 1a nat
trong khong ké 1a thi nat can mo rong dién tich it nhat sé dwgc chon. Diéu nay lam
tang hiéu suat ctia cac truy van ctra sO nho trén dir liéu khong dong nhat; (2) Viéc phan
chia dya trén gid tri bao gom dién tich, duwong bién va mic do chong 1ap; (3) Vi tach
nut la mot qua trinh tn nhiéu chi phi, nén dé han ché viéc tach nat phép toan chen lai
dwgc yéu cau. Diéu nay cai thién viéc st dung kha nang luu trit cua cac nat. Tuy
nhién, viéc tai cdu trac cay la moét hoat dong tdn nhiéu chi phi. Do d6, chi cé mét lan
goi lai phép toan chén duwoc phép cho mdi cap dd cua cay. Khi tran khong thé dwoc xtr
ly b?mg cach chen lai, viéc tach nut dwoc thuce hién.
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2.2.3. CAu trac SS-Tree

SS-Tree [6] 1a mot cau trac chi muc duoc thiét ké dé€ 1ap chi muc twong tw cta
d@ liéu diém da chiéu. Day la su cai tién ctia R*-Tree va cai thién hiéu suat ctia cac truy
vén lang giéng gan nhat bang cach thay d8i cac yéu t8 sau: (1) st dung cac hinh cau
gioi han thay vi cac hinh cht nhat gidi han; (2) SS-Tree stta doi co ché chen lai cua R*-
Tree. Tam cuta hinh cau la tam trung binh cta tat ca cac phan ti. Khi chén mot phan tw
méi, mot nhanh con ¢6 tdm gan nhét voi phan t mai sé duwgce chon. Khi mét niat hodc
mot 14 da day, R*-Tree sé chen lai mot phan cua cac phan tie cua né thay vi tach nut, trie
khi viéc chen lai da dwoc thuc hién trén cung mot cdp cay. Trong cau truc SS-Tree, viéc
chen lai cac phan ti trix khi viéc chen lai da duoc thuc hién tai cung mot nut hodc 14.
biéu nay lam gia tang su tai t6 chitc cau truc cay. Vi khoi cau duoc xac dinh boi tam va
ban kinh cta nd, nén né yéu cau it dung luong hon so vdi hinh chit nhat ¢6 gidi han
véi duong vién dudi va duong vién trén & moi chiéu.
2.2.4. Cau truc SR-Tree

SR-Tree [7] la sy két hgp R*-Tree va SS-Tree. Vung gidi han ctia SR-Tree duoc
xéac dinh bang giao diém ctia hinh cau gi6i han va hinh chit nhat giéi han. Viéc két hop
cac hinh chit nhat bao quanh cho phép cac ving lan can duoc phan chia thanh cac
vung nhoé hon so véi SS-Tree va giam chong 13p gitta cac viing. Diéu nay nang cao hiéu
suat trén cac truy van lang giéng gan nhat, dac biét la d6i voi div liéu cd chiéu cao va
khong dong nhat, c6 thé duoc ing dung trong viéc 1lap chi muc do twong tw hinh
anh/video. Khi cheén, SR-tree can cap nhat ca hinh cau va hinh chi* nhéat c6 gidi han.
Cach cap nhat hinh ch nhat tuong ty nhu trong R-Tree nguyén thuy, nhung dé xac
dinh hinh cau gidi han ctia nut cha, né phai st dung ca hinh cau giéi han va hinh chir
nhat gidi han ctia nut con. Do d6, viéc tao va cap nhat twong do6i phtrc tap va ton kém.
Bén canh d6, vi SR-tree chita ca hinh cAu va hinh chit nhat, nén kich thwée ctia né chic
chéan s& 16n hon nhiéu, dan dén van dé gidm fan-out ma c6 thé yéu cau nhiéu nat hon
d€ doc trén cac truy van, diéu nay rd rang anh huong dén hiéu suat.

2.2.5. So sanh wu nhwoc diém ctia cac bién thé R-Tree

Bang 1. So sanh gitra cac cau tric chi muc R-Tree

Cau trac ) . | Loaidi , , ,
chi muc Loai truy van lidu Tinh phtec tap Ung dung
Truy vén | Dirlié 181112 dunég E@?g tiiﬁmdulzy}::ogg Ung dung the gidi thyc
R-Tree e U et qhid, KHong 7€ %l nhu hé théng dinh vi,

vung. da chiéu. |phtc tap vé thoi gian trong

. P V.V.
treong hop xau nhat.
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Truy van Dir liéu w heu " on.g ¢ Sng a’p su bo6i tuong dir liéu da
R+-tree . w | dung khong gian hiéu qua hon| _ ..
vung. da chiéu. chiéu.

R-Tree.

Ung dung véi dit liéu &
dang diém va hinh ch
nhat, linh vuc da
phuong tién.

Chi phi trién khai cao hon cac
bién thé cidy R khac nhung
manh mé vé phan phéi di liéu.

Ré-t Truy van diém,| Dt liéu
-tree o o
truy van vung. | da chiéu.

Ung dung st dung céc
phwong phap truy céap

Truy van . , R .
N y ~ - 1.~ |Toi wu hoa khong gian, tuy
vung, truy van | Dt liéu

T \ hién van t&n chi phi : ‘A
S5-Tree KNN, Truy | da chiéu. nhien Vafl ton,c IR 1ceTo do str da chiéu, linh vuwc da
N i dung phép todn chen lai. .
van diém. phuong tién.
T A~ . . ’
ity | Dt | D0 PR 12 i hom cic ol 406 51O 6
SR-tree & Ty . |tric khéc do sit dung ca khéi P & phap HHy <ap

KI)IN, ."1:7ruy da chiéu. cau va khéi hinh chir nhat. da chleu,m Iinh vuc da
van diém. phuong tién.

3. UNG DUNG R-TREE CHO LINH VUC TRUY VAN ANH

Trong nhitng nam gan day, cac hé thong tim kiém anh duoc thuc hién boi nhiéu
phuong phap lap chi muc khac nhau va mang lai nhitng két qua t6t. Ky thuat lap chi
muc dya trén ddc trung khong gian va luu trit trén cac cay KD-Tree, R-Tree , v.v la
nhitng ciu truc cay ra doi kha sém va thu duoc nhiéu két qua kha quan [1, 2]. Trén co
sO nghién ctru vé cac ciu truc lap chi muc, nhiéu cong trinh da ung dung phuong phap
nay vao cac bai toan truy van anh dua trén ndi dung dwoc thye nghiém trén cac bo div
liéu khéac nhau va thu duoc cac két qua kha quan, cu thé la:

Abd Aziz va cong su (2018) da gidi thiéu mot phwong phép giam chiéu véc-to
dac trung hinh anh stt dung S-Map va thuc hién tim kiém tuong ty dya trén cau trac
chi muc R-Tree. Nhom tac gia st dung d6 do Euclid d€ do d0 tu gitta cac ddi tuong [8].
Shama, P. S. va cdng su (2015) da dé xuat mot hé thong truy van anh tuong tu st dung
cdu trac R*-Tree cho b¢ anh thuc vat. Thuc nghiém duoc thye hién trén 300 anh thuc
vat [9]. Alfarrarjeh va cong su (2020) da dé xuat moét 16p chi muc R*-Tree tng dung cho
bai todn tim kiém anh twong tu v6i dit liéu anh duong phd [10]. Tuy nhién, viéc truy
van mot ddi tuong dua trén cau tric R-Tree c6 thé dan dén viéc xét nhiéu duong dan
tr gbc dén 14. Didu nay c6 thé dan dén suy giam hiéu suat, dac biét khi c6 sy chong 1ap
cua cac vung khong gian. Trong cdu truc R*-Tree thuat toan chen lai phan t khi gdp
mot nt tran sé t& chiic lai cdy dan dén tang chi phi tao cay.
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Vanitha va cOng sy (2017) da dé xudt mot cau truc chi muc SR-Tree ting dung
cho hé thong tim kiém anh tuong tu theo ndi dung. Hé thong thuc hién trich xuat dac
trung mau sac, dac trung khong gian va luu triv véc-to dic trung trén cay SR-Tree. Sau
dd, quad trinh tim kiém anh dwoc thyc hién dua trén cay SR-Tree. Két qua thuc nghiém
trén bd anh Wang cho thay SR-Tree hoat dong hiéu qua hon cac cau trac lap chi muc
twong tu khac [11]. Tuy nhién, trong cdu trac cdy SR-tree khi chen phan ti can cap
nhat ca hinh cau va hinh ch nhat ¢ giéi han. Do d6, viéc tao va cap nhat twong doi
phtec tap va ton kém. Bén canh d6, mdi ntit trén cdy SR-Tree chita ca hinh cau va hinh
chit nhat, nén kich thwdc sé 16n hon nhiéu lam anh hwong dén hiéu suét truy van.

Tt viéc khao sat cc cong trinh trén cho thay rang c&u tric lap chi muc R-Tree
duoc van dung trong cac bai todn truy van anh theo ndi dung nham nang cao hiéu qua
va téc do truy van. Trén co s& d6 mot ciu truc cai tién cho bai toan tim kiém anh duoc
dé xuét trong phan 4.

4. MOT CAU TRUC CAI TIEN R-TREE CHO BAI TOAN TiM KIEM ANH
4.1. M6 ta cau trac RS-Tree

RS-Tree [12], mdt c&u tric cai tién ctia R-Tree, 1a cay da nhanh can bang tng
dung cho bai toan tim ki€m anh tueong tu. Viéc gom nhom dit liéu duoc thuce hién trén
tirng nuat cua cay RS-Tree dua vao do do twong ty gitta cdc véc-to ddc trung anh
ngudng O cho triéc nham tao ra mot cdy da nhanh can bang d€ giam thoi gian tim
kiém. Cay RS-Tree la cay phan hoach dir liéu khong gian bao gom: mot nut goc, mot
tap nat trong va mot tap nut 14. Moi ntt trong Swee trén cay la mot khdi cau MBS
(Minimun Bounding Sphere) bao phu tat ca khéi cau cac ntit thudc nhanh cay con. Moi
nut 1a Sir trén cdy gom mot tap cac thuc the, mdi thue thé spED la mot khoi cau chia
khong gian d6i tuwong dit liéu va dinh danh d6i tuong.

Trong phan nay, RS-Tree duoc dé xuat nham luu triv cac phan t& hinh anh trong
khong gian n chidu, moi phan tir spED 1a mot khéi cau c6 tAm &, va ban kinh 7, chira
véc-to ddc trung anh f = (0,0, Vs, ..., vq), Vi v; 12 didc trung cap thap thi i ctia hinh
anh. Cac nat trén Rs-Tree bao gom:

+ Nut trong Spoqe: 1a mot bo (MBS, p), trong d6 MBS la mét khoi cau o tadm G40
va ban kinh 7,,,4., p la con tré lién két dén cac nat con. Khéi cau nay bao phu cac khoi
cau ctia cac nat thudc nhanh cay con. Mdi ntt trong S,,,q. 6 s6 phan tir t&i thiéu 1a 2 va
toi dala N.

+ Nt 14 Sp,qf: 1a b (MBS, entity), trong d6 MBS la mot khéi cau c6 tam &j,,p va
ban kinh ry,,, chita mot tap thuee the entity véi mdi thuc thé spED 1a mot bd (MBS, oid)

trong d6 MBS 1a khdi cau c6 tam ¢, va ban kinh 7, chita khong gian d6i tieong, oid la
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dinh danh do6i tuong f = (v, vy, s, ..., v4). MOi nit 14 Stear €O 50 phan tit t6i dala M va
sO phan twr toi thiulam(l <m < M/z).

R8-Tree stt dung khoi cau d€ luu triv dit liéu vi cac ly do sau: (1) Viéc xac dinh
mot hinh cau chi phu thudc vao tam va ban kinh trong khi hinh ch nhat phu thudc
vao trong tam, duong bién trén, duong bién dudi; (2) Khi khong gian gian nd thi hinh
cau sé tinh toan it bién hon hinh cht nhat; (3) khi cap nhat tai mot nat, néu dung MBR
thi can phai tim tat ca cac hinh chit nhat dé€ xac dinh bién phai va bién trai bao phu cta
mot nut. Do d6, sé ton chi phi tim kiém va sap x&p. Trong khi dung SBR thi khong can
t6n kém cac chi phi nay; (4) Ap dung duoc nhiéu loai truy vdn bao gdom truy van vling,
truy van KNN, truy van diém, truy van khong gian.

4.2. Cac ni dung cai tién trén RS-Tree
4.2.1. Cai tién viéc bidu dién véc-to da chiéu thanh khéi cau khong gian

Cho hinh anh I c6 véc-to ddc trung f1 = (Wi Vys Uiy s V1g)- MOt kKhGi cAu MBS ctia
thuc thé spED duoc minh hoa tai Hinh 3 1a khdi cau chita chita d8i twong f, gom véc-to
tam ¢, va ban kinh r,,, dwgc mo ta nhu sau:

1) Tam khoi cau thuc thé:

Es‘p = (€11 €120 Cr3s - C1)
Voi¢; =max (0,v; —a;),j =1..d

Trong d¢6, a;, = v“/k,af2 = vfz/k, ey Opg = vfd/k, v0i k la tham s6, k = 2.

2) Ban kinh khoi cau thuyece thé:

d
1
rsp = a Z(Clj - vfj)z
=1

4.2.2. Cai tién phép toan thém phan tw

Qua trinh thém mot phan t&t spED vao mot nut 1a hién hanh Sjear, MOt NgLEONG 6
duoc dé xudt nham thuc hién gom cum cac ddi tuong twong dong duwoc minh hoa nhu
hinh 1. Néu dg(spED.C,,, Sieaf-Ciear) + SPED.7,, > 6 thi tao moét nhanh méi d€ luu phan
te spED, nguoc lai thém phan t spED vao nut 1a hién hanh. Diéu nay han ché viéc dua
cac anh c6 do tuwong tu khac xa nhau vao trong mot vung khong gian va han ché van
dé chong 1dp khong gian.
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Hinh 1. M6 ta thao tac thém mot phan ti vao nuat la

Viéc biéu dién véc-to da chiéu thanh khdi cau khong gian va thuat toan thém phan
ttr vao cay duoc ké thira tir cong trinh [12]. Trong bai bao nay, thuéat toan tach nut dwoc
cai tién va trinh bay trong phan 4.2.3

4.2.3. Cai tién phép toan tach nut

Thuat toan tach nuat trong céng trinh [12], viéc phan hoach tap cac phan te vé
hai nat con dwogc thue hién bé‘il‘lg cach Iira chon tuan tu ngﬁu nhién trong tap M-1 phan
te d€ phan phoi lan lwot vao hai nat con. Trong bai bdo nay, mot cai tién duoc dé xuat
nhim nang cao do chinh xac gom cum d liéu. Thuat toan tach nut dwoc cai tién nhu
sau: Tap M-1 phan tir sé duoc tinh d§ do sai biét so véi hai phan tir dwgc chon lam hai
tam cta hai nut méi. Trong quad trinh tach nat la thanh hai nat con, viéc lwa chon phan
tr spED phan phdi vao hai ntt 1a méi cho phu hop duoc thuc hién dya theo do sai biét
(ky hiéu la d);¢) dwoc minh hoa nhw trong hinh 2, phén tr ¢6 d6 do sai biét 16n sé duoc

chon d€ phan phdi trude.

Hinh 2. Minh hoa d¢ do sai biét ciia phin tir spED;

Trong Hinh 2, d6 do sai biét (dp,;;) ctia phan tt spED; so v6i hai phan t spED, va
spED, 1a hai phan t& dwgc chon lam tdm cta hai nut 14 mdéi s,; va s;, duwoc tinh nhu sau:
dpir = |dy — ds|, trong &6 d; = d(SpED;.Csp;, SPEDy. Espr), dy = dg(SPED;. &y, SPED,.Cyp). DO
sai biét cang 16n thi kha nang xac dinh phan ti thudc vé mot trong hai niit cang cao.

4.3. M6 hinh truy vin anh dua trén cau triic RS-Tree.

Mot anh can truy van I dugc trich xuat véc-to dic trung va thyc hién truy van trén
cau trac cay RS-Tree. Qua trinh truy van trén cay cho dén khi gdp duoc nut la thi tap
hop tat ca cac phan tee dix liéu trong nut 1a d6 duoc goi la mot tdp anh tuong tw cta
anh truy van. Sau d96, tap anh nay duoc sap x&p theo dd do twong tw d€ im ra cac anh
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twong tw gan nhat. Mo hinh truy van anh tuong tu theo ndi dung véi mot anh truy van
dau vao cho trude dua trén cay RS-Tree duwoc minh hoa nhu Hinh 3.

(MBS(E\.,,,,7;p1),oid(f1)),label,
il = (Y11, V12, V13, e Vim) o o
A L3> (MBS opa,Tupa) 0id (), label Lars| s .
f:n = (Vn1, Vn2s Un3s ooes Vnm)

(MBS (Eqpms Tupn ), 0id (), label,,

Tap anh twong tw @)
T

u - D e E D2 @

W oMW oEE e

e i s mmm 0o -
PR M MW W =W bzt
" = = - @ MW E .

MR ED RS =S

I m = m W mm e

" - m = EE e O m

j @ @ = D Em P oo

-“5’_’ fi = Vi1, Viz, Vizy ) Vi) _“"'|<MBS(Esm' Tspi ) oid( ?[)) }7"’

Hinh 3. M6 hinh tim kiém anh theo néi dung CBIR-RST dua trén cay RS-Tree

Qua trinh tim kiém anh dwoc thuc hién gom hai pha, pha thit nhét thyc hién gom
cum va luu tret dit liéu hinh anh trén cay RS-Tree, pha th hai thuc hién tim kiém cac
hinh anh twong ty va phan 16p ngt nghia cho anh dau vao. Qua trinh thyc hién dwgc
mo ta nhw sau:

Xay dung cdy phan cum. Qua trinh xay dung cay RS- Tree gom 2 budc nhu sau:
Budc 1. Trich xudt tap véc-to ddc trung f; cua tap di liéu anh.

Buéc 2. Biéu dién véc-to dic trung ctia tap dit liéu anh thanh khéi cau khong gian.
Budc 3. Cdu trac RS-Tree duoc tao ra chira cac véc-to f; ddc trung cuia hinh anh.
Tim kiém anh. Qua trinh tim kiém anh dwoc thiee hién theo cac buwde nhu sau:
Budc 1. Trich xudt véc-to déc trung ctia anh can truy van.

Budc 2. Thye hién truy van anh twong ty dua trén cau triuc khong gian Rs-Tree.

Budc 3. Tra ctru tap anh twong ty dua trén tap chi muc da dugc truy van.

5. THUC NGHIEM
5.1. Méi treong thuc nghiém

Pha tién xt ly dugc thu hién trén mdy PC CPU 2.3GHz 8-core 9th-generation
Intel Core 19, 16GB 2666MHz memory, 1TB flash storage. Pha tim kiém duoc thuc
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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 thuc nghiém

Trong bai bao nay, chiing t6i tién hanh thuc nghiém trén bé anh Wang goém
10.800 anh dugc chia thanh 80 phan 16p. Ung dung thiec nghiém dwoc minh hoa trong
hinh 4.

et 0.0684204026182537. 0, 0, 0.0929974064468322. 0. 0.

Jovran  Ownema (USSRt i - - - . - - = - m
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Hinh 4. Giao dién truy van anh trén ciu trtic RS-Tree

D€ danh gia hiéu qua ctia phuong phap tim kiém anh, phan thuc nghiém duoc
danh gia cac gia tri gom: do chinh xac (precision), d¢ phu (recall) va d6 do dung hoa F-
measure. Két qua thuc nghiém duoc thé hién nhw trong hinh 5. Mbi duong cong trén
d6 thi mo6 ta két qua truy van tit mét chu dé anh trong bd dir liéu Wang. Dong thoi,
duong cong tuong tng trong d6 thi ROC cho biét ty 1& két qua truy van dang va sai,
nghia 12 dién tich dwdi duong cong danh gia tinh dting dan ctia cac két qua truy van.

RS

Hinh 5. Precision-Recall va duong cong ROC cua b dit liéu Wang
Hiéu sudt truy van ctua thuat toan tim kiém anh tuwong tu dua trén cau tric RS-Tree

duoc biéu dién trong Bang 2
Bdng 2. Hiéu suat tim kiém cua hé truy van CBIR-RST trén bd dit liéu Wang

B0 dit liéu thyc . Avg. Avg.
A Avg. precision Avg. recall
nghiém F-measure query time (ms)
0-20 70.98% 64.55% 67.61% 57.28
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21-40 72.94% 65.82% 69.20% 46.69
41-60 74.98% 66.21% 70.32% 67.91
61-80 76.94% 68.18% 72.30% 70.28
Két qua 73.96% 66.19% 69.86% 60.54

Bang 3. So sanh d6 chinh xac gitta cac phuwong phap trén bo dit lieu WANG

Avg.
Phuwong phap Avg. precision Avg. recall
F-measure
J. Vanitha, 2017 [9] 75.80% 0.16% 26.42%
Phuong phap dé xuit 73.96% 66.19% 69.86%

Bang 3, trong cong trinh [9], nhém tac da st dung SR-Tree d€ luu trit di liéu
hinh anh. Tuy nhién, qua trinh chen trén SR-tree can cap nhat ca giéi han hinh cau va
hinh chir nhat. Do d6, viéc tao va cap nhat twong d6i phtc tap va tén kém. Do chinh
xéc 1a 75,8% nhung d6 pht khdng cao (16%) dan dén do dung hoa thap. Trong ciu tric
RS-Tree, mot hudng cai tién 1a dwa ra mot ngudng 6 € (0,1) dé€ lam phép loc nham gom
cum cac phan t& twong tu nhau, dong thoi ciu trac RS-Tree luu trit cdc phan ti anh
bang cac khdi cau phti hop véi viée truy van diém va truy van viing khong gian nham
toi wu hoa két qua truy van. Do d6, két qua truy van cua phuong phap dé xuat t6i vu
hon vé d¢ chinh xac va thoi gian truy van nhanh hon.

6. KET LUAN

Trong bai bao nay, chting t6i thue hién mot khao sat nham danh gid hiéu suét
tim kiém trén cay R-Tree va cac bién thé cua R-Tree dugc ap dung trong bai toan truy
van anh. Mbi bién thé caa R-Tree déu c6 nhitng wu va nhuwgc diém riéng dé thich tng
voi tung loai dit liéu ti€p can va hudng dén tap dit liéu khac nhau. Bong thoi cac bién
thé cay R-Tree dugc tng dung cho tiing bai toan cung v6i cac mod hinh tim kiém anh
duoc khao sat. Tt d6, mot cau trac RS-Tree duoc cai tién dya trén R-Tree d€ nang cao
hiéu suat truy van. Bén canh d6, mét mo hinh tim kiém anh st dung cdu trac RS-Tree
duoc dé xudt d€ 1lam co sd thuc hién ting dung thuc nghiém trén cac by anh khac nhau.
Két qua thuc nghiém trén bo anh Wang c6 d¢ chinh xac la 73.86%, d¢ phu 66,19%, do
do dung hoa 69,86%. Theo két qua thuc nghiém cho thay tinh hiéu qua so véi cac cong
trinh khac trén cung mot tap dit liéu anh. Hudng phat trién tiép theo cua ching toi la
ap dung cac phuong phap hoc mdy trén cau truc RS-Tree, dong thoi két hop cac cdu
tric khac dé nang cao d¢ chinh xac cho bai toan tim kiém anh.

113



MGt khdo st vé cdu triic R-Tree cho bai todn tim kiéin anh

LOI CAM ON

Chung t6i xin tran trong cdm on Khoa Cong nghé thong tin — Pai hoc Khoa

hoc- Dai hoc Hué, nhém nghién ctru SBIR-HCM da gép y chuyén mon cho nghién ctu

nay.

Chang t6i xin tran trong cam on Truong Dai hoc Ba Ria Viing Tau, Treong DH Su

pham Tp.HCM da tao diéu kién vé co s vat chat giup chung toi hoan thanh bai nghién

cirtu

[1].

[2].

[3].

[4].

[5].

[6].

7.

[8].

[9].

[10].

[11].

[12].

nay.

TAI LIEU THAM KHAO

Shaik Abdul Nusrath Begum, K. P. Supreethi, (2018). “A Survey on Spatial Indexing”.
Journal of Web Development and Web Designing Volume 3 Issue 1, pp. 1-25.

Y. Manolopoulos, A. Nanopoulos, A.N. Papadopoulos and Y. Theodoridis (2010). “R-Trees:
Theory and Applications”, Springer, London, pp. 117-125.

A. Guttman, (1984). “R-trees: A dynamic index structure for spatial searching”, Proc. ACM
SIGMOD Int. Conf. on Management of Data, Boston, MA, pp.47-57.

Timos K. Sellis, Nick Roussopoulos and Christos Faloutsos, (1987). The R+-Tree: A
Dynamic Index for Multi-Dimensional Objects, Proceedings of 13th International
Conference on Very Large Data Bases, pp.507-518.

N. Beckmann, H.-P. Kriegel, R. Schneider and B. Seeger (1990). The R*-Tree: An Efficient
and Robust Access Method for Points and Rectangles, Proceedings of the ACM SIGMOD
International Conference on Management of Data, pp.322-331.

White, D. A., & Jain, R. (1996). Similarity indexing with the SS-tree. In Proceedings of the
Twelfth International Conference on Data Engineering . IEEE, pp. 516-523.

Katayama, N., & Satoh, S. I. (1997). The SR-tree: An index structure for high-dimensional
nearest neighbor queries. ACM Sigmod Record, 26(2), pp.369-380.

Abd Aziz, Dewi Noorsyitta Azida Binti, Naoya Higuchi, and Takeshi Shinohara. "A Study
on Optimization of Similarity Search by R-tree using Dimension Reduction.” Information
Processing Society of Japan, (2018).

Vanitha, J., and M. SenthilMurugan. "An efficient content based image retrieval using
block color histogram and color co-occurrence matrix." International Journal of Applied
Engineering Research (2017), pp. 15966-15971.

Shama, P. S., K. Badrinath, and Anand Tilugul. "An Efficient Indexing Approach for
Content based Image Retrieval". International Journal of Computer Applications Vol.117,
No.15 (2015), pp. 11-18.

Alfarrarjeh, Abdullah, et al. "A Class of R*-tree Indexes for Spatial-Visual Search of Geo-
tagged Street Images". IEEE 36th International Conference on Data Engineering (ICDE).
IEEE, (2020), pp. 1990-1993.

Lé Thi Vinh Thanh, Van Thé Thanh, Lé Manh Thanh (2021). “Mot phuong phap tim kiém
anh hiéu qua dwa trén cau tric R-Tree”, Ky yéu Hoi thao Qudc gia vé Cong nghé thong tin

114



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
S6 chuyén san Cong nghé thong tin Tap 20, S6 1B (2022)

va ung dung trong cic linh vic (CITA2021), Dai hoc Da Néng, Nha xuét ban Da Nang,
ISBN: 978-604-84-5998-7, trang 259-271.

A SURVEY ON R-TREE STRUCTURE FOR IMAGE RETRIEVAL PROBLEM
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ABSTRACT

With the great advancement of the Internet and digital devices, the volume of
image data has been increased rapidly. Therefore, it has become important to use
indexing techniques to store and retrieve large image data to improve image query
speed. In this paper, a survey of R-Tree variants for multidimensional spatial
indexing applied to the image retrieval problem is performed. First, variants of R-
Tree are presented including R+Tree, R*-Tree, SS-Tree, SR-Tree. Secondly, other R-
Tree variants for image search problems published in recent decades will be
introduced. On that basis, an RS-Tree structure is proposed to use for the content-
based image retrieval problem. Finally, we compare the experimental results of the

Rs-Tree and the SR-Tree on the Wang image dataset.

Keywords: Image retrieval, Multi-demensional indexes;RS-Tree; R-Tree variants.
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