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Abstract. Tém tit. Trong bai bédo nay chung t6i trinh bay mot cai tién cho cdy phan cum R-
Tree, ky hiéu la RG-Tree (Region Growth Tree), nhim nang cao hiéu qua tim kiém anh tuong
tw theo ndi dung. Trong cai tién nay, ching toi luu tri cac véc-to ddc trung ctia hinh anh trén
mbi nut 14 ctia cdy RG-Tree theo quy tic phan hoach da duwoc dé xudt. Cay RG-Tree c6 thé
téng truong nham luu trir cic viing dit liéu va phan bd trén cac nit 14 tao thanh cac cum dir
liéu. Viéc phan hoach nay duoc thuc hién phan bé cac phén tir cang giong nhau thi cang thudc
vé mot nhom cac nhanh con trén cay RG-Tree. Trén co so ly thuyét da dé nghi, mét mé hinh
tim kiém anh duwgc thiét k&€ dua trén cdy RG-Tree va duoc thuc nghiém trén cdc b anh
ImageCLEF. Cuéi ciing ching t6i tién hanh so sanh hiéu suét tim kiém véi mot s6 phuong
phép gan day trén cung bd dir liu.

Tt khoa: RG-Tree, CBIR, Similar Images, Similarity Measure, Image Retrieval
1 Gioi thiéu

Dé€ giai quyét bai toan tim kiém anh theo ndi dung (content-based image retrieval - CBIR).
Hai van dé can dwgc thuc hién bao gom (1) tao véc-to da chiéu nhdm mo ta dic trung noi dung
cap thdp ctia hinh anh, (2) xay dung mo hinh thwec hién tim kiém anh tuong tu dua trén dac trung
cap cao ctia hinh anh. Mot s6 ky thuét tao chi muc da chiéu cho tap cac véc-to dac trung nhu ky
thuat tao chi muc dua trén dic trung cap thap cua phan vung dir liéu anh [1, 8, 11], ky thuat lap
chi muc dwa trén dac trung khong gian va luwu trit trén cac cdy KD-Tree [7], Quard- Tree [14], R-
Tree [1, 2], v.v. Trong d6, ciy KD-Tree 1a mét cau trac luu trik chi muc dua trén phan ving khong
gian, cdy Quard- Tree, R-Tree la ciu truc luu tri chi muc dya trén phan vung dit liéu. R-Tree la
cay da nhanh can bé“mg va dit liéu dugc luu tai cac nat 14 dwoce dung dé€ phan vung dit liéu thanh
cac khéi ¢ thé 1ong nhau hodc chdong 1én nhau, duoc gidi thiéu boéi Guttman vao nam 1984 [5].
C4c cdu truc nay dugc tng dung hiéu qua trong viéc luu trit cing nhu tim kiém d liéu hinh anh
[1,9, 10].

Trong bai bao nay, ching t6i xay dung mo6 hinh phan cum dit liéu cho dac trung hinh anh

dua trén cady RG-Tree (mot cai tién cua cay R-Tree). Cay RG-Tree 1a cay tang treong va la mot mo
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hinh phan cum tu dong cac bo dit liéu dwra trén ki thuat phan cum k-Mean, k-NN theo m6 hinh

hoc ban giam sat.

2 Cdc cong trinh lién quan

Trong nhitng nam gan day, cdc hé thong tim kiém anh dwoc thuc hién boi nhiéu phuong
phép khac nhau va mang lai nhitng két qua tot. C. P. Singh va cong su da st dung phuong phap
do canh Sobel va dua vao do do twong ty d€ thuee hién tim ki€m anh trén cdu trac cay R-Tree [1].
Nam N.V va Bac L.H dé xudt phuong phap gom cum thuc hién trén ciu tric cay R-Tree [2]. N.
Amoda vaR. K. Kulkarni da dé xudt mot hé thong tim kiém hinh anh dya trén ving RBIR (Region
based Image Retrieval) [3]. Shama P.S, va cong su da dé xuat hé thong tim ki€ém anh dua theo noi
dung dua trén cdu truc cdy R*-Tree d€ xac dinh hinh anh thuc vat [4]. Van T.T. va cong su da gidi
thiéu mot phuwong phap cai tién cho hé tim kiém anh theo ndi dung dua trén chi ky nhi phan va
cay S-Tree [5]. Cac cong trinh nay duoc thuc hién boi nhiéu phuong phap va thuc nghiém trén

cac b dix liéu khac nhau va thu duoc cac két qua kha quan, cu thé la:

N&am 2011, Chandresh Pratap Singh da stt dung mot thuat toan do canh Sobel va d6 do ma
tran khoang cach d€ tim kiém anh twong tu dua trén cdu trtc cay R-Tree [1]. Nam 2012, Nam N.V
va Bac L.H da dé xuat mot thuat toan phan cum dua trén cay R-Tree [2]. Trong cac nghién ctu
nay két qua thuc nghiém cho thdy do chinh xac con phu thudc vao ngudng dit ra va phu thudc
vao cuong do anh, chua tiép can di liéu vé hinh anh va chwa thyc hién bai toan tim kiém anh

theo noi dung.

Nam 2013, Niket Amoda va Ramesh K Kulkarni da dé xuat mot hé thong tim kiém hinh
anh dua trén vung (Region based Image Retrieval- RBIR) sit dung khong gian mau HSV, phép
bién d6i Wavelet (Discrete Wavelet Transform DWT) va thuét toan gom cum K-Means dé€ phan
chia hinh anh thanh cac vung. D6 do Bhattacharyya dugc sit dung d€ tinh d6 tuong tu gitra cac
vung [3]. Nam 2015, Shama P.S, va cfng su da dé xudt hé thong tim kiém anh theo noi dung dua
trén cdu trac cay R*-Tree va d6 do Euclide d€ xac dinh hinh anh thyc véat [4]. Tuy nhién ca hai
cong trinh nay chua tao ra duoc ciu truc dit liéu luu trit dit liéu hinh anh nh3m nang cao hiéu

qua cho bai toan tim kiém anh theo ndi dung.

Nam 2017, Van T.T. va cong su da gidi thiéu mot phwong phap cai tién cho hé tim kiém
anh theo ndi dung dua trén chit ky nhi phan (binary signature) va cay S-Tree. Trong cong trinh
nay, nhom tac gia da dé xuat cai tién mot cau trac dir liéu cdy da nhanh va thuc nghiém trén bo
anh COREL [5]. Két qua thuc nghiém cho thdy phuong phap dé xudt giai quyét tot bai toan tim
ki€ém anh theo ndi dung. Tuy nhién, nhém tac gia chua két hop duoc cac dac trung cta hinh anh

dé tang do chinh xac cho qua trinh tim kiém.
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Nam 2019, Maher Alrahhal va Supreethi K.P dé xudt phuong phép truy van anh dya trén
ky thuat hoc 6 giam sat va st dung phuong phép 18y mau lang giéng cuc b (Local Neighbor
Pattern- LNP) [6]. Ngoai ra, m¢t s6 m6 hinh truy van anh ciing da duoc cong b6 nhu mo hinh
truy van anh dua trén cay phan cum ty can bf?mg C-Tree trén bo anh ImageCLEF, két qua thuc
nghiém c6 do chinh xéac la 65% va thoi gian truy van trung binh khoang 73 milli seconds [13]. Mt
mo hinh truy van anh dwa trén cay phan cum phéan cdp H-Tree cting duoc dé xuat va thuc nghiém
trén bo anh nay cho két qua c6 d6 chinh xac 1a 67% [14]. Ngoai ra, nhiéu cong trinh nghién cttu
vé tim kiém anh twong tw dua trén ciu trac dit liéu dang cdy nhu tao chi muc va cay chix ky [15];
truy van anh dua trén d6 do EMD va cay S-Tree [16]. M6 hinh truy van anh duya trén cay phan
cum da nhéanh can béang [17] v.v. ciing thu dwoc nhitng két qua kha quan.

Ttr két qua phan tich nhu trén cho thiy can phai tao ra mot cau trac dix liéu luu trix chi muc
mo ta cho hinh anh, dong thoi két hop cac phuong phap hoc may dé thuc hién bai toan tra cteu
anh. Do d6 trong bai bao nay, ching t6i ti€p can theo phuong phap t6 chitc va cai tién cay R-Tree
dé tao thanh cay RG-Tree nham luu trit dit liéu dic trung cdp thap cta tap dix liéu anh, dong thoi
truy van nhanh cac hinh anh tuong tu dua trén ky thudt hoc ban giam sat. M6 hinh duoc thuc
nghiém trén b6 anh ImageCLEF d€ minh ching tinh hiéu qua ctia m6 hinh truy van anh da duoc

dé xudt dua trén cau trac cdy RG-Tree.

3  Ciy phén cum dit liéu khong gian da chiéu RG-Tree

3.1 Cau trac cdy RG-Tree

Trong cay R-Tree, mdi ntit trong 1a mot viing khong gian hinh chit nhat hoic da giac chia
cac ving khdng gian con bén trong n6 va chita cac lién két dén cdc nit con. Mdi ntt trén cay cd
s6 phan t t3i thidu 1a m va s6 phan t t6i da 1a M. Mbi nat 1a 1a mot viing khong gian chita cac
lién két tro dén cac doi tugng dit liéu. Mbi nat 14 phan chia dit liéu thanh mot cum trong khong
gian k-chiéu [1]. Viéc loai bd mdt phan tr trén cay R-Tree c6 thé phai tai tao cdy lai tir dau vi néu
mot nut 14 c6 s8 phan tie bang m thi khi x6a phan tir &6 thi ntt 1a khong ton tai; phai 14y phan tie
con lai cia nut 14 d6 phan bé lai trén cay. Trong qua trinh tao mdt nuit trong cay néu nut d6 chua
vurot qua s& luong phan tir t&i da thi hai phan tir ¢6 van nam trong mot ntt 14. Piéu nay ¢6 nghia
la hai phan tr khac nhau ciing c6 thé ndm trén mot nut. Va nhu vay sai s8 ctia qud trinh truy van
6 thé xay ra. Viéc tim ki€ém sé chon theo hudng t6t nhat trén cay, tuy nhién trong truong hop
hudng t6t nhat van khong lién quan thi van phai chon mot ntt 14. Diéu d6 dan dén két qua tim

kiém c6 thé khong lién quan dén anh can tim kiém.

RG-Tree 1a mot cai tién cay R-Tree, 1a cay da nhanh gan can bang nham tng dung cho bai
toan tim kiém anh tuong ty. Viéc gom nhom dir liéu dwoc thuce hién trén tiing nuat cua cay RG-

Tree dwra vao d¢ do twong tu gitta cac véc-to dac trung anh va cdc ngudng ¢, 0 (0< € < 6<1) cho
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trudc nham tao ra mot cay da nhanh dé tang t6c do tim ki€ém anh va c6 do chinh xac cao. Cay RG-
Tree bao gobm mot ntit goc (root), tap cac ntt trong (inNode) va ntt 14 (lvNode). Mbi nut trong chira
céc lién két dén cac nut con tao ra duwong dan tir gdc dén 1a. Mbi nut 14 luu triv tap cac véc-to dac
trung cua anh. Cac phan t tai mdi ntt trong va nut 1a duwgc phan bo lan lugt theo ban kinh 6 va
e. Trong cay nut goc va nut trong chita véc-to tdm va cac lién két dén cac nat con; nut la chira tap

cac véc-to ddc trung cta anh.

Trong phan nay, chung t6i mo ta cau truc cdy RG-Tree d€ phan cum tap véc-to ddc trung
anh {fi, f3, ..., fu} . Cay RG-Tree dwgc mo ta nhu trong Hinh 1.

Root(fei, fe, fe3)

Ri(fens, ferz, fez) Ro(fez1, fe2) Rs(fs, f11, f12)

Ru(fi, fs, fo) || Rux(fz, fro, f13) || Raa(fs, fo, f7) || Rez(fs, fua, fis)

Hinh 1. Cay RG-Tree dang so d6 phan cip

Goi E =< f, id > lam{t thanh phan trong mot ntt trén cay, voi f = (vy,..,vy), id lan lugt
la vec-to dac trung anh, dinh danh cta anh. Cay RG-Tree luu trit tap cdc véc-to dac trung anh
T ={E; |i = 1,..N}, trong d6 N la s lugng anh trong bo dix liéu. Cay RG-Tree duoc dung d€ phan
cum tap cac véc-to dac trung ctia anh dua trén khoang cach Euclide.

Goi fi, fi Ian lwot la hai véc-to dédc trung cua hai anh I, J va € la mot s6 thue duong khé bé.

b6 teong tu duoc dinh nghia nhuw sau:

Pinh nghia 1. Hai anh I, ] dugc goi la trong tw nhau néu d(f, f,) < & Trong d6 d(f, f,)

la khoang cach Euclide gitta hai véc to ddc trung cua anh [ vaj.

Cay RG-Tree tao ra mot mo hinh phan cum tap cac vec-to dac trung anh nham phuc vu
cho bai toan tim kiém anh tuong tu. Két qua qua trinh tao cay la tap cac nut trong va nat 1a. Goi
< inkE;, links; >1a mot bd mod ta mot thanh phan cua nat trong voi [an luot 1a phan tie va lién két
dén nut ké can, < E;,id >1a mot bd md ta cac thanh phan ctia mét nut 14 véi lan luot 1a phan

tt va dinh danh anh. Cac nut cta cdy RG-Tree duoc dinh nghia nhw sau:
Pinh nghia 2. M4t cdy phan cum RG-Tree la mot cay da nhanh gom:

a) Mot nut gbc root lién két dén cac nhanh ké can: root = {< inE;, links; >,i = 1...t};
b) Mot tap nut trong: inNode = {< inE;,links; >,i =1..K}, inE =< f_, links >, thoa
A(fets forn) < 6, forr = 3 N fr
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c) Mot tap nat ld: lvNode = {< WE; ,id >,i = 1..K}, WE =< f,id > théa d(f;,f.) <e, f. =
1
1y,

Tai thoi diém ban dau, cdy RG-Tree chi gdbm mot nit goc chira cac lién két 1a réng. Sau d¢,
ting phan ti E; dwgc thém vao ciy d€ tao ra cac nhanh twong tng véi cac nat 14 trong cay dya
trén d6 do Euclide. Quy tic phan bd cac phan tr trén cay duoc dinh nghia nhw sau:

Quy tic phin bg phin tit trong cay:

Phén tw trong cay RG-Tree, bat dau thue hién tir nat goc va lan luot thuwe hién theo cac quy

tac sau:

Quy tac 1: Chon hudng di tlr ntit hién hanh dén cac ntt ctia nhanh k& can va chon nhanh
c6 khoang cach d(f;, f.;) ngan nhét.

Quy tac 2: Néu d(f;, f.;) < 6 thi di theo nhanh d6 va im nhénh con phtt hop tiép theo dén
khi gap nut 14, c6 3 treong hop sau day:

1) Néud(f;, f.;) < € thi dua phan t f; vao nat 14 hién hanh (nat 14 c6 tam f,;).
2) Néue <d(f;, f.;) < 0 thi tao mdt nut 14 méi (newLeaf) chira f; va mot ntit cha mdi lién
két dén nat 1a cd tam f,; va ntt newLeaf .

3) Néud(f;, fcj) > 6 thi tao mot nat newLeaf chita f; c6 cuing cha véi nut 14 hién hanh.

Quy tic 3: Néu d (fl-, fe ]-) > 0 thi tao mot nat newLeaf chita f; c6 cung cha véi nat 14 hién
hanh.

Vi dit liéu anh duwoc gia tang nhanh chéng, do d6 cay RG-Tree phai c6 kha nang tang
truong d€ phu hop cho viéc luu trit dit liéu anh. Pinh ly sau day minh chiing tinh tang truong
cta cay RG-Tree.

DPinh ly 1. Cay RG-Tree la cay ting truong theo hudng tir goc téi la.

Chitng minh: Theo Dinh nghia 3, mdi khi thém mot phan t& thi phan tir nay sé chon dwoc
mot hudng di phut hop va dwoc thém vao mét nat 14 hién tai hodc tao mot nuit 14 moi. Do d6, cay

RG-Tree la cay tang truong

MBbi phan ti dwoc [an lwot thém vao cay, do d6 can phai ton tai mot nat d€ chira phan tie
nay. Dinh ly sau day chirng minh tinh ton tai va duy nhat ciia mot nut trén cay RG-Tree luu triv
cac phan tu.

Pinh ly 2. Véi moi véc-to dic triong f cho trude ludn ton tai mot ntt trén cay chira f.

Chitng minh: goi f; la véc-to can thém vao mot nut trén cay RG-Tree. Theo Dinh nghia 3,
thiec hién quy tic tao cay thi phan t f; nay thudc vé mot nut 1a hién tai hodc tao mot nut 1a maéi

phu hop. Do d6, ta luén tim duoc mot ntat dé€ luu trix vec-to f; B
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DPinh ly 3. Mot véc-to ddc trung f; duoc luu trie trong mot nut 1a duy nhat trén cdy RG-
Tree.

Chitng minh: Gia st véc-to f; thudc vé hai nuat 14 [an luot ¢6 hai tam 1a f; va f,. Theo quy
tac 2 ctia dinh nghia 3 ta c6: d(f;, f.1) < e vad(f;, f.;) < € . Mt khac néu d(f;, f.;) = ¢ thi tao ra
mot nhdnh mai tie 1a cac ntt 14 khdng giao nhau. Do d6 diéu gia stit ban dau 1a vo ly. Vi vay mbi
phan ti f; chi dwgc luu trik trong mot nat 1a duy nhat m

Cay RG-Tree tao ra mot phan hoach da tang, do d6 khi tim mét cum ¢é ban kinh ¢ thi d6
chinh xac dat cao nhéat. Néu trong pham vi ban kinh 6, cay sé phan hoach vec-to dic trung vé
mot nhanh, va do d6 cac phan hoach sé ¢é xu hudéng déu dan vi cac phan tir qua khac biét nhau
s€ khong thudc mot nhanh cua cay, va nhu vay cay RG-Tree c6 xu hudng tir nhién trd thanh da
nhanh can bang.

3.2  Thudt toan xay dung cay

Hinh 2 dudi ddy mo ta cdu truc cdy RG-Tree bao gom mot nut goc, tap nut trong va tap
nut la. Mot nat 14 chira cac vec-to dac trung va dinh danh cta cac anh. Nut trong chira cac phan
tr la vec-to ddc trung ctia tam nut con. Trong bai bao nay chiing toi st dung véc-to trung binh

cla cac vector trong nut con.

struct Element_Node{
double [] f;
int id;
string label;
}
struct Node{
Element_Node [] E;
Node[] links;
int count;
Element_Node [] Element_parent;

Node parent;
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Internal Node Internal Node
Node center Node center
[ro]se [ser [ - [ sen] [fou] sew [ o] [ o]
Links Links
il e ] - [
il N il I i

A 4
Node center

Element_Nod
o] - T e v v
l f_vectorM1 idw | Ibmy :
Links
Node | Node Node l f_vectorM2 idma | Ibva
11 12 1
Internal Node
f_vectorMK iduk | Ibwc
v l Links
Element_Node Element_Node l Null l Null l l Null l
l f_vectorY1 l idyy [ Iby; l f_vectorz1 l idz][ Ibzy
- Leaf Node
f_vectory2 idy, | by, l f_vectorz2 l idu[ Ibz
[ o [wlm [ fwon ]
Links Links
l Null l Null l l Null l l Null l Null l l Null l
Leaf Node Leaf Node

Hinh 2. C4u truc cay phan cum chi muc RG-Tree

Thuat toan cip nhat tim cum

Qua trinh cap nhat tam cum dé€ tao ra mot duwong di tir nut géc dén nut 14 nh3m cai tién
thoi gian tim kiém anh ctia nguoi st dung. Do d6, viéc cap nhat nay duoc thuc hién tir mot nat
Node cho dén nut gbc va thuc hién dua trén Thuat toan UCRG nhu sau:

Thuat toan 1: UCRG
Pau vao: nut Node;
Déu ra: Cay phan cum RG-Tree sau khi cap nhat
Function UCRG (Node)
Begin
If (Node.Element_parent = null) then
fon=avg{ Node.E[i].f | i=1..count];
Node.Element_parent.f= fo;
EndIf

If ( Node.parent = null) then
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Node = Node.parent;
UCRG (Node);
EndIf
End

Ménh dé 1. Thuat todn UCRG c6 dd phtrc tap 1a O(M x h), v6i h, M 1an luot 1a chiéu cao va

sO phan twr t6i da trong mot nat cua cdy RG-Tree.

Chitng minh: Truong hop xdu nhat, Thuat toan UCRG phai cap nhat tim cum tir ntt 14 dén
ntt goc tic la phai duyét qua chiéu cao h. Mdi [an cap nhat tdm, Thuat todn UCRG duyét qua t&i
da M phan ti cua mdi ntt. Do d6, d6 phtec tap ctia Thuéat toan UCRG la O(M x h)m

Thuét toan chén mét phan tix vao cdy RG-Tree

Khi mot phan t Ei=<f;id> dugc thém vao cay RG-Tree, viéc chen duoc thyc hién bit dau
tle nat goc, lan lwot duyét qua tat ca cac nut con cua nut goc va tinh khoang cach Euclide cta
phéan t& Ei véi tung tdm cum, chon cum c6 khoang cach d,,;, = Min{d(fl-,fcj),j = 1..M}. Néu
dmin > 0 tao mot nhanh méi d€ luu phan te Ei nguoc lai thi di theo nhanh d6 va lan luot duyét
hét cac nhanh ctia cdy phan cum RG-Tree cho dén khi tim dwoc nutla. Sau d6, khoang cach phan
tee Ei dén tam nut 14 dwgc tinh néu d,;;,, < € thi chen vao nuat 14 d6 nguoc lai tao mot nat 1a moéi

dong cdp dé€ luu E..
Thuat toan 2: IRG

Piau vao: phan ti E;, nat goc root, gid tri ngudng ¢, 6
Dau ra: cdy RG-Tree sau khi thém phan ti E,
Function IRG(E;, root, ¢, 0)
Begin
Node = root;
If (Node = null) then
Initialize root = {linksy| links, = null; k = 1..n;};
Create new lvnode =< E;, links >, links = null;
root.links, = lvnode;
UCRG (lvnode);
Elself
i = argmin{euclide(Node.E[k].f,E.f),k = 1..count)};
d = Euclide(Node.E[i]. f,E:. f);
If (Node.links=null) then
If d < € then
Node.count = Node.count + 1;
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Node.E[count+1].f= Eif;
Node.E[count+1].id = Ei.id;
UCRG(Node);
Elself
If (d = £&&d < ) then
Create new lvnode =< Ey,, linksy, >, linksy, = null;

Ep.f = E.f;
Ey,.id = E;.id;

Create new innode =< Ej,, links;, >, links;, = lvnode
Node.links, = innode;

UCRG (lvnode);

Elself
Create new lvnode =< Ey,, linksy, >, linksy, = null;
Node.links.,nt+1 = innode;
Node.count = Node.count + 1;

UCRG(lvnode);

EndIf
EndIf
Elself

If (d <6)
IRG(E,, Node.linksy, ¢, 0);

Elself
Create new lvnode =< Ey, linksy,, >, linksy, = null;
Node.links oy nt4+1 = innode;
Node.count = N.count + 1;

UCRG(lvnode);

EndIf
EndIf
Return RG-Tree;
End

Ménh dé 2. Thuat todn IRG c6 d phtic tap 1a O(M x k), v6i h, M 1an lwgt 1a chiéu cao va sd

phan tt t6i da trong mot nut cua cdy RG-Tree.
Chitng minh: Thuat toan IRG Tan lwgt thuc hién duyét tir nut géc dén nat 14 do d6 duyét
qua chiéu cao h, mdi lan duyét qua M phan tit, mdi lan duyét Thuat toan IRG thuc hién phép cap
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nhat tam tte nat 14 dén nat goc tie la cap nhat qua chiéu cao h va duyét lai tdi da M phan tk. Do
do, Thuat toan IRG c6 do phtic tap la O(Mxh) B

Thuit toan x6a phian tit trén cdy RG-Tree

Céac phan tit chi nam o nut 14 ctia cay RG-Tree, néu ntit 14 d6 chi gom 1 phan tr thi nat 14
dé duoc xda va cap nhat lai tdm cho nut cha. Truong hop nut 1a d6 ¢6 nhiéu hon 1 phan tk thi
phén t bi x6a khoi nt va cap nhét lai tam cho nut 14. Thudt todn x6a mét phan tir duoc thuc

hién nhu sau:

Thuit toan 2: DRG
DPiau vao: phan tir E,, nut goc root, gia tri ngudng ¢, 6
Diu ra: cdy RG-Tree sau khi xda phan t E;
Function DRG (E;, root, €,0)
Begin
Node = root;
If Node = null then
Return null;
Elself
i = argmin{euclide(Node.E[k].f,E.f),k = 1..count)};
d = Euclide(Node.E[i].f,E.f);
If (Node.links=null) then
Node.count = Node.count -1;
Node.E= Node.E/{E.};
If (Node.count > 0) then
UCRG(Node);
Elself
UCRG(Node.parent);
EndIf
Elself
If (d<6)
DRG(E;,Node.linksy, ¢, 0);
EndIf
End If
End If
Return RG-Tree;
End.
Ménh dé 2. Thuét todn DRG c6 do phtic tap 1a O(Mxh), v6i h, M Tan luot 1a chiéu cao va sd

phan t t6i da cia mot nut trong cay RG-Tree.

40



jos.hueuni.edu.vn Tap 129, S6 24, 2020

Chitng minh: Thudt toan DRG dugc chitng minh twong tw thuat toan IRG. Do d6, Thuat toan
DRG c6 4 phtec tap la O(Mxh) ®

4  Tim kiém anh twong tw trén ciy RG-Tree
41 Dirliéu anh

MBbi anh sé& dugc chia thanh nhiéu viing nhau theo phuong phéap ctiia Hugo Jair Escalante
[25], mbi vung dugc trich xudt mot vec-to ddc trung bao gom ddc trung vung: dién tich, chiéu
rong va chiéu cao; dac trung vé vi tri; ddc trung vé hinh dang; dic trung mau sdc trong khong
gian RGB va CIE-Lab.

yoy

Hinh 3. Anh g&c va cic anh phén viing (20747.jpg)
Hinh 3 md ta mgt anh goc va 4 dnh ciia cdc viing thugc vé cdc I6p dnh: mammal-other, group-of-persons, plant, plant
ctia dnh 20747 .jpg trong tdp dnh ImageCLEF.

4.2  Thuat toan tra cttu anh twong ty trén cay RG-Tree

Ttr cay phan cum dit liéu RG-Tree da tao, ching t6i dé xudt thudt toan tra cttu anh tuong

tw. Qua trinh tim kiém anh twong tu duoc thuc hién trén cdy RG-Tree va dugc mé ta nhuw sau:
Thuat toan 4. RGIR

Piau vao: vec-to dic trung f; cia anh truy van I, cdy RG-Tree, gid tri ngudng ¢, 6.
Piu ra: tap anh tuong tu SI
Function RGIR(f; ,root, €,6)
Begin

Node = root;

If Node = null then

Return null;

Elself

i = argmin{euclide(Node.E[k].f,E.f),k = 1..count)};

d = Euclide(Node.E[i].f,E.f);
If (N.links=null) then
SI=Node.E;
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Return SI;
Elself

If (d <6)
RGIR(f; , Node. linksy, ¢, 0);
EndIf
End If

End If
Return SI;
End.

Ménh dé 4. Thuat toan RGIR ¢6 d6 phtc tap 1a 0(hxM), v6i h, M 1an lugt 1a chiéu cao va s&
phan t t6i da cia mot nut trong cady RG-Tree.

Chitng minh: Thuat todn RGIR Ian lwot duyét tir gdc dén 14, mdi lan duyét mot nut sé kiém
tra M phan ti ctia ntt d6. Vi vay, thuat toan RGIR ¢6 d6 phtc tap la O(hxM) B

43 Mo hinh truy vin anh

Pha 1: Tién xt ly

Image Database

Root(fa, fer, fes)

K-Means, k-NN | Rilfos, fir, fs) | | Rulfe, ) | | Ro(fs fir, fiz)

Trich xuét véc-to

fi=(v1, va, ..., Um)
dac trung

fr=(v1, v2, ..., Um)

fmton, w, rr D) [ Ruth f5 ) || Riz(f, fuo, fir) || Rut, fi, f) || Rafo fu, firs) |

Pha 2: Tim kiém anh

Trich xudt vécto | fu=(v1, v, ..., Uw)

fi=(v1, v2, ..., Um)

> Tim kiém anh

fiu=(v1, vz, ..., Um)

A4

Tap anh twong tw

Hinh 4. M6 hinh tim kiém anh theo néi dung dua trén cdy RG-Tree

Qua4 trinh tim kiém anh dwgc thywe hién gom hai pha, pha tht nhat thuc hién gom cum va
luu trit trén cay RG-Tree, pha thit hai thuc hién tim ki€m cac hinh anh teong tu. Qua trinh thuc

hién dwoc mo ta nhu sau:
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Pha tién xt ly: K&t qua ctia pha tién xt ly 1a xay dung duogc cady gom cum RG- Tree duya

trén vector ddc trung cta tap di liéu anh gom 2 bude nhu sau:

Budc 1. Trich xuat tap véc-to dac trung fi cua tap dix liéu anh.
Budc 2. Dua trén do do tuwong tu dé xudt va tao cau tric cdy gom cum chi muc voi mdi ntt

la ctia cdy RG-Tree la tap cac véc-to fi mo ta dac trung thi giac cua hinh anh.

Pha tim ki€m: Viéc tim kiém anh twong tu duoc thuc hién véi dau vao 1a moét hinh anh
truy van va dau ra la tdp anh tuong tu dua trén cdy gom cum chi muc RG-Tree. Qua trinh tim

kiém anh twong tw dwoc thuc hién theo cac bude nhu sau:

Budc 1. Trich xuat véc-to ddc trung cuia anh can truy van.
Budc 2. Thuc hién truy vén anh twong tu dua trén cdy RG-Tree.
Budc 3. Tra ctru tap anh tuong tu dua trén tap chi muc da duoc truy van.

5  Keét qua thyc nghiém

Pha tién xt¢ ly duoc thy hién trén may PC CPU 2.3GHz 8-core 9th-generation Intel Core i9,
16GB 2666MHz memory, 1TB flash storage. Pha tim kiém duoc thyc nghiém trén may PC CPU
Intel Core i7-6500U CPU @ 2.50GHz, 8.0GB RAM, hé diéu hanh Windows 10 Pro 64 bit. Két qua
thuec nghiém duoc danh gia trén bo dit liéu imageCLEF chita 20,000 anh, duoc chia thanh 276 16p
va luu trit trong 41 thu muc (tte thu muc 0 dén the muc 40); bo dit liéu cua kich thwdce 1.64 GB.
D€ danh gia hiéu qua cua phuong phap tim kiém anh, phan thuc nghiém duoc danh gia cac gia

tri gom: d¢ chinh xac (precision), d6 phu (recall) va d6 do dung hoa F-measure.

Finding similar images based on RG-Tree

Title  Group photo with a tapir at the Fatima Park
Notes

Location Puyo, Ecuador

Date 11 January 2005

D 20747jpg

Path  D:\Clustering)\Clustering\bin\Debug\saiapr_tc-1

159: mammal-other  120: group-of-persons

19t plant 191 plant

Hinh 5. Giao dién truy van anh dua trén cay RG-Tree
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X
Tip: Double click on an item to view its detail
e b
Hinh 6. Mot két qua truy van dua trén cdy RG-Tree
@ Figure 1 - o x
Flle Edt View insent Tooks Desitop Window Help -

DEES RN OPRLL- G 08 eD

0 02 04 06 08 1
faise positive rate

Hinh 7. Biéu d6 Precision-Recall va ROC ctia hé truy van trén cdy RG-Tree

Hiéu sufit thyrc thi ciia mé hinh tim kiém anh twong tw trén by anh TmageCLEF

o
o

o
o

o
3

o
@

e
n

==O==TRecall

o
=

==8-—Precision

o
w

® F-Measure

o o
[EEEEN

Cic gid trj hiéu suit (Recall, Precision, F-Measure)
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Cic chii dé trong b dir liéu ImageCLEF

Hinh 8. Gia tri trung binh cta Precision, Recall, F-measure ctia tap dit liéu ImageCLEF
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Bang 1. Hiéu suét truy van anh cta phuong phép dé xuét trén tap anh ImageCLEF

Tap anh S6 anh Precision Recall F-Measure
00-10 3790 0.7050 0.4555 0.5496
11-20 2198 0.7455 0.4809 0.5812
21-30 1742 0.7262 0.5142 0.5904
31-40 2573 0.6800 0.4355 0.5281

10303 0.7110 0.4659 0.5579

Béng 2. So sanh do chinh xac gitta cac phuwong phap trén b dit liéu ImageCLEF

Phwong phap Mean Average Precision (MAP)
Hakan Cevikalp, 2017 [18] 0.4678
C.A. Hernandez-Gracidas, 2013 [19] 0.5826
Nguyén Minh Hai, 2019 [14] 0.6753
Nguyén Thi Uyén Nhi, 2019 [13] 0.6510
Phwong phép dé xuat ctia chiing toi 0.7110

6 Kétluan

Trong bai bao nay, chung t6i da xay dung mot cau trac cay RG-Tree ap dung cho bai toan
tim kiém anh tuong tu theo noi dung. Day 1a mot cdu tric cai tién ctia ciy R-Tree nham nang cao
hiéu qua cho ky thuét lvu trit dit liéu trén cay va ap dung dwoc cho bai toan cd tap dit liéu tang
treong. Trong bai bao nay, cdy RG-Tree duoc cai tién tir cdy R-Tree va thyc nghiém trén bg anh
ImageCLEF c6 d¢ chinh xac la 71.10%, do phu 46.59%, d6 do dung hoa 55,79%. Két qua thuc
nghiém da duoc so sanh véi cac cong trinh khac trén cung mot tap dit liéu anh, dong thoi so sanh
v0i cac phuong phap dua trén cau tric luu trit cdy RG-Tree. Phuong phép dé xudt ctia ching toi
da lam tang dang ké hiéu suat truy van anh theo ndi dung. Hudng phat trién tiép theo, ching toi
sé can bang cay RG-Tree va ap dung phiong phap phan hoach ngit nghia hinh anh trén mdi nit
14 ctia cay dé€ tir d6 thue hién truy van anh trén co so tiép can theo ng nghia.

45



Lé Thi Vinh Thanh va CS. Tap 129, S6 24, 2020

Loi cam on

Chuing t6i tran trong cam on Khoa Coéng nghé théng tin, Truong Pai hoc Khoa hoc, Dai
hoc Hu€, nhém nghién cttu SBIR-HCM, Truong Dai hoc Sw pham TP.HCM va Truong Dai hoc
Cong nghiép Thuc phdm Thanh phd H6 Chi Minh da hé tro vé chuyén mén va co so vat chat dé
nhom tac gia hoan thanh nghién cttu nay. Nghién cttu nay do Truong Dai hoc Cong nghiép thuc
pham Thanh phé H6 Chi Minh bao trg va cap kinh phi theo Hop dong s6 147/HD-DCT.
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Abstract. In this paper, we present an improvement of R-Tree, denoted RG-Tree (Region
Growth Tree), to improve the efficiency of finding content-based similar images. In this
improvement, the feature vectors of the images are stored on each leaf node of the RG-Tree
by the proposed partition rules. RG-Tree can grow to store and distribute data areas on the
leaf nodes to create data clusters. The more elements are similar, the more elements belong to
one of the branches on the RG-Tree. We designed an image retrieval model on RG-Tree and
tested it on ImageCLEF image sets and compared it’s retrieval performance to several recent
methods on the same data set.

Keywords: RG-Tree, CBIR, Similar Images, Similarity Measure, Image Retrieval.

47



