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TOM TAT: Trong bai bao nay, ching toi tiép can Mot phirong phdp phan cum di7 ligu theo phan hoach trén mgt cdu tric cay
da nhdanh d@é &p dung tim kiém dnh nwong nr theo ngi dung, cau tric cay nay duoc goi 1a GP-Tree. Méi phan ti dit liéu duroc biéu
dién du6i dang mét vécto md td ddc trung cia hinh dnh va dwrge heu triv tai nat 14 cia cdy GP-Tree. Viée ting truong cia cdy dia
trén viéc tdch mit ld dé tao thanh nhanh con méi néu nhir sé leong phan tir tai mit dé \6n hon mét gié tri M cho truéc. Vi vay, cay
GP-Tree tdng truéng theo hiréng tir nlt géc dén nat 14 va tao thanh mét cdu tric cay phan cdp véi cac ndt trong cua cay chira cac
phan ti+ dai dién cho cac nit con ¢ muc tiép theo. Pé xay ding cdu tric cay ndy, chiing t6i thic hién cac phép toan bao gom: thém
phan ti#, tach nat 14, cdp nhdt cac phan i dai dién tir ld dén goc, tao nlit con Va tao niit dong cap. Tir do, ching t6i dwa ra mé hinh
va phuwrong phdp tim kiem dnh theo ngi dung ing véi mét anh truy vén cho trieée. Thiec nghiém dioc danh gid hiéu sudt trén cac bg
anh COREL, déng thoi so sanh két qua véi cac cong trinh khac gan ddy. Theo nhw két qud thuc nghiém, cdu tric cdy GP-Tree va mo
hinh truy vén dnh cia chiing tdi 1 hiéu qud va cé thé &p dung cho céc hé truy van dnh trong cdc linh vuc khac nhau.

Tir khoa: Truy van theo ngi dung (CBIR), GP-Tree, gom cum (clustering), anh twong t (similar image).

I. GIOI THIEU

Trong nhirg nam gan day, nhiéu cdng trinh nghién cau vé hé thdng truy van anh da duoc cong bb nham giai
quyét bai todn tim kiém anh twong tu trong cac h¢ dir ligu da phuong tién nhu tim kiém anh dua trén thuat toan K-
Means [13] hé truy van theo noi dung QBIC [6], Virage [19], Photobook [8], VisualSEEK [4], Netra [21], SIMPLIcity
[24], tim kiém anh dua trén hinh dang, mau Sac ciu trac, doi tugng dac trung [10, 11]. Truy van anh tuong tu duoc &p
dung trong nhiéu linh vyc khac nhau nhu y té, thoi trang, hé thdng giam sat dbi twong, hé thong thong tin dia ly, thu
vién s6... [2, 7].

Céc cong trinh da khao sat tap trung vao k§ thuat trich xuat dic trung, ky thuat déi sanh va tim kiém dya trén
cac dic trung, din dén tén kém nhiéu chi phi vé thoi gian va bo nhé khi déi sanh hai d6i twong hinh anh. Do d6, can cé
mot phuong phap tra cttu hinh anh tuong tu dya trén mot ciu tric di liéu trung gian dé ting hiéu suit truy vin. Mat
khéc, viéc tim kiém di liéu trung gian can sir dung cac phwong phap khai phé dit liéu dé tim ra tap dit liéu dai dién cho
hinh anh. Trong do, phuong phap phan cum la mot trong nhitng k§ thuét quan trong trong khai thac dit li¢u va da dugc
ng dung trong nhiéu hé thong tim kiém anh da duoc phat trién cho cac co so di lidu 16n, mot thuat toan tiéu biéu
trong phan cum phan hoach la K-Means [15].

Tuy nhién, két qua phan cum thu duoc tir thuat todn K-Means phu thudc vao viéc khai tao sé lwong cum ban
dau, diéu nay anh huong dén do chinh xac cua qué trinh phan cum, nghia 1a phu thuc vao s lugng tdm cum di dugc
chon ban dau. Ngoai ra, néu b sung phan tir mai vao cum thi thuat todn K-Means can phai duoc xac dinh lai tam cum
méi, didu nay 1am cho ton kém nhiéu chi phi trong qua trinh thyc thi. Bén canh do, néu di liéu ting trueong ngay cang
I6n thi viéc xac dinh trude sb luong tm cum ban dau 1a khéng phii hop bai vi ¢6 thé dan dén hai phan ti trong cliing
mot cum cé khoang cach khé 16n [22]. Do do, trong bai bao nay, chung tdi tiép can mot cau tric phan cum phéan hoach
dwa trén mot béan kinh 6 cho truéce. Vi sb lwong phan tir dir liéu ting truong nén mot sé cum duoc gidn nd cho dén khi
s6 lwong phan tir Ién hon M cho trudc dé tir d6 thao tac tach cum duoc thuc hién va tao thanh mot ciu tric cay phan
cap, dugc goi la GP-Tree.

Trong bai b&o nay, ching tbi stir dung mot gié tri ngudng 6 dé danh gia do tuong ty gitra cac dbi tugng dir ligu.
Khi dir liéu ting truong theo su gia tang cua sb luong hinh anh thi chdng t6i khdng can mat nhiéu thoi gian trong viéc
phan cum lai. Trén co s ndy, ching toi xay dung cau trdc phan cum phan hoach dya trén mot ban kinh 6 cho trudc.
Chung t6i da (tng dung thuc nghiém trén b anh COREL dé danh gia do chinh xéc va tinh kha thi cho nhirng dé xuét.

DPong gop cua bai bao bao gom: (1) Xay dung mét ciu tric cly phan hoach phan cip GP-Tree nham lwu trit di
liéu tai cac nit 14 cua cay; (2) Quy tic tao cum méi dya trén ngudng 6 nham phd hop véi bo dit liéu ting trudng;
(3) Pé xuit cac thuat tach cum khi sb lwong phan tir caa cum 16n hon M (M 14 hing s quy dinh); (4) Thuat toan tim
kiém anh tuong ty theo ndi dung dwa vao cau tric GP-Tree; (5) Xay dung mo hinh thyc nghiém va thyc thi trén mot bo
dir liéu pho dung nham minh chig tinh dting dan cua ly thuyét dé xuat.

Phan tiép theo ciia bai bao nay nhu sau: Phan I, dé cap dén cac cong trinh lién quan nham phan tich, danh gia
tinh kha thi cia phuong phap tiép can bai bao; Phan I, trinh bay chi tiét vé ky thuat tao cau tric cdy phan cap (GP-
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Tree); Phan 1V, m6 ta thyc nghiém va dénh gia hi¢u qua ciia phuong phap dé xuat nham chimg minh tinh ding dan cua
co so ly thuyét; Két luan va hudng phat trién dugc trinh bai ¢ Phan V.

II. CAC CONG TRINH LIEN QUAN

Trong nhitng nim gan day, c¢6 nhiéu nhém nghién ctu vé nang cao hiéu qua cho bai toan tim kiém anh nhu tim
kiém anh dya trén phuong phap danh trong s6 dic trung ving trén anh va ang dung ky thuat hoc khdng giam sét [6],
truy van anh dya trén ky thuat phan 16p bang may vécto hd trg SVM [8], truy van anh dya trén cau tric dir ligu cay S-
Tree [23], truy van anh theo ngit nghia dya trén md hinh phan 16p phan cap bang k¥ thuat mang no-ron hoc sau [7],
truy van anh theo noi dung sir dung k¥ thuat may vécto hd tro SVM [18]...

Niam 2015, A. Alzu’bi va cong su khao sat va danh gia tinh kha thi ciia hé truy van anh theo ngi dung CBIR.
Trong cong trinh nay, nhom tac gia da phan tich nhitng k§y thuat co so cho bai toan CBIR ddng thoi dé xuat cac dac
trung ctia hinh anh can phai co dé thuc hién qua trinh truy van anh. Cac ky thuat vé may hoc, khai pha dit li¢u cling
duoc gidi thiéu dé 1am co so xay dung bai toan truy van anh. Theo d6, nhom tac gia da giGi thiéu nhiéu bo dir lidu co
thé dugc ting dung dé xay dung cac hé thong truy van anh nham danh gia tinh hi¢u qua ciia timg phuong phap dé xuat.
Tir cdng trinh nay cho thay bai toan truy van anh theo noi dung va theo ngir nghia 1a mot bai toan kha thi va cé thé ap
dung cho nhiéu hé théng da phuong tién khéc nhau [1].

Niam 2016, A. L. Mane xay dung hé truy van anh bang céch trich xuat dac trung vé& noi dung cuaa hinh anh dong
thoi danh chi myc. Nhém tac gia da st dung bo anh COREL dé danh gia két qua thuc nghiém ciing nhu tinh higu qua
ctia phuwong phéap dé xuit. Tuy nhién, trong cong trinh nay tac gid thuc hién viéc danh chi muc ngir nghia trén co so chu
quan, khong c6 mot mé hinh phan loai tu dong nham wng dung tong quat cho nhiéu bo anh khac nhau [13].

Kusrini va nhom tac gia (2016) [17] d& xuat mot tiép can tim kiém anh theo noi dung dua trén dya trén ciu tric
cay quyét dinh két hop véi thuat toan phan cum K-Means duya trén cac dic trung vé mau sic va do tuong phan. Tuy
nhién, viéc phan cum tap anh dua trén d6 do Euclide giita cic anh theo dic trung mau sic va do twong phan chua tot
dan dén hé thong truy van tap anh twong tu anh truy van dat hiéu suat chua cao. Vijayarajan va cong su (2016) [30] da
thuc hién tra cau anh dyua tren ngir nghia cua anh. Tuy nhién, phuong phap nay chua thyc hién phan 16p noi dung hinh
anh tir cac dac trung mau sdc va dic trung khong gian dé tao cac tir khda nham thuc hién tra ctru; do d6 chua thuc hién
qué trinh tim kiém tir mot hinh anh truy vén cho trudc.

Niam 2017, Hakan Cevikalp va cong su da thuc hién bai toan tim kiém anh trén cac hinh anh c6 kich thuéc lén.
Trong bai béo nay, nhém tac gia da xay dung cdy phan cip nhi phan va may vécto hd tro dé phan loai cac I6p dbi tugng
thi giac cua hinh anh. Thuc nghiém cua bai béo dwoc ung dung trén bo dnh ImageCLEF dé danh gia d6 chinh Xac cua
phuong phap dé xuét. Tuy nhién, ciu trdc cay nhi phan trong bai bao nay chi dung dé phan 16p céc hinh anh, van chua
tao mot cu trac luu trir cho hinh anh. Do dé, toc do truy xuat va toc do tim kiém cua hlnh anh con han ché. Mt khéc,
trong cong trinh nay chua phén tich ciing nhu trich xuét ngir nghia thi giac cua anh truy van [8].

Wan va céc cong su (2017) [25] dé xuat mot tiép can tim kiém anh theo noi dung dya trén CD-Tree. Cac nit
trong CD-Tree dugc danh chi muc va sir dung thuat toan quay lui mot chiéu dé tang hiéu suat truy van tap anh tuong tu
cho anh truy van. Tuy nhién, toc do truy van trén cay chua tét do giai thuat quay lui trén toan bo cac nhanh cua cay.
Ciing trong ndm nay, Allani Olfa va cong su [29] d& xuét hé théng truy xuat hinh anh SemVisIR, két hop cac tinh niang
cap thip cua hinh anh va ngit nghia cap cao. Bo dit liéu hinh anh dwogc luu trit trong mot bidu dd mau duoc tao tu dong
bang cac thuat toan phan cum. SemVisIR dd mé hinh hoa cac khia canh truc quan caa hinh anh théng qua cac biéu db
ving va gan chiing cho cac médun Ontology duoc xay dung ty dong. Hé théng dugc trién khai va danh gia trén bo dit
liéu ImageCLEF.

Ouiem Bchir va cong su (2018) [26] da thyc hién truy van anh duya trén viéc trich xuét vécto dic trung cua doi
tuong ving dé thuc hién qua trinh phan hoach nham tang toc do tim kiém anh. Trong phuong phap nay, nhom tac gia
xay dung mot &nh xa ngir nghia gitra dac trung thi giac va ngir nghia cap cao. Nhom tac gia da thyc nghiém trén bo anh
ImageCLEF va cho thay tinh hiéu qua cua phuong phap dé xuat. Tuy nhién, trong cong trinh nay chua tao ra mot mo
hinh tim kiém trén mot cau tric phan cdp nham tang tinh hiéu qua vé thoi gian va do chinh xéc [6].

Fahd A.Algasemi va cac cong su (2019) [27] dé xuat mot tiép can tim kiém anh theo noi dung dya trén viéc
thong ké cac dic trung vé mau sac cua hinh anh trong khong gian RGB; phuong phép ket hop voi ky thuat K-NN vai
d6 do twong ddng Euclide dé xdc dinh tap anh tuong tu. Tuy nhién, phuong phap dé xuét chi méi thuc hién viéc tim
kiém tap anh tuong tu theo tuyén tinh, chwa t6 chirc mot cau tric dir liéu dé xac dinh tap anh lang giéng cho bai toan
tim tap anh tuwong tu.

Theo Shuang Jia va cong su (2020) [28], dé xuat mot tiép can tim kiém anh theo noi dung dya trén thuat toan
gom cum K-Means va tdi tir thi giac. Hé théng dé xuét dugc thuc hién bang cach gom cum céc anh dya trén thuat toén
K-Means, sau d6 trich xuat tap vécto tir thi gidc cua cac cum. Vi mdi anh truy van, hé thong s& xac dinh cum ¢ tdi tir
Xuét hién nhiéu tir ciia anh truy van nhat; sau d6 tién hanh trich xuat tap anh tuong tw cho anh truy van. Tuy nhién,
trong phuong phap nay cac tai tir 1a doc 1ap va chua phéan 16p duoc ndi dung cua hinh anh, nén viéc truy van mot anh
bat ky chura gan nhan s& dat d¢ chinh xac khong cao.
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Dua trén céc cong trinh nghién ctru di phan tich trén, phuong phap dwoc d& xuit trong chuyén dé nay duoc thyc
hién nhu sau: v6i mdi bo dir liéu hinh anh duoc trich xuét cac dic trung cap thap dé tir d6 1am co so thyc hién khai pha
dit liéu cho hinh anh; két hop giira ki thuat gom cum phan hoach K-Means va cau tric dit liéu ciy phan cum phan cap,
dugc goi 12 GP-Tree; dong thoi thuc hién phan I6p k-NN (k-Nearest Neighbor) nham tim kiém tap anh tuong ty ciia
mot anh truy van dau vao.

I11. CAY PHAN CAP GP-TREE
3. Cay phéan cum GP-TREE
3.1. Cdu tric cay GP-Tree

Trén co s& Cau tric cdy da nhanh va phuong phap phan cum K-Means, ciu tric cdy GP-Tree duoc xay dung
bang cach tach ndt 14 thanh hai ndt néu nhu sé lwong phan tir tai nat 14 d6 vuot trén gia tri M cho trude, ddng thoi tai
mdi Mot nut trong cac nut con cé thé duoc tao thanh dya trén mot ngudng 6, ngudng nay nham dénh gia do tuong tu
cua dir liéu. Nghia la, néu mot phan tir dir lidu c6 do sai biét tvong tu 16n hon ngudng 6 thi phan tir dir lidu do phai
thuoc vé mot nhanh khéc. Do d¢, cay GP-Tree tang truong theo hudng lava phat trién thanh cay da nhanh ma mdi mot
nat la Ia mot cum dit liéu gdm cac phan tir twong ty nhau. Trong bai bao ndy, cac phan tir dir liéu la cac vécto dic trung
cho mdi hinh anh va lan lugt dwogc luu trix trén cAy GP-Tree, tir d6 cac thao tac trén cay duoc thyc hién.

GP-Tree 12 mot cay da nhanh gdm mét nat goc, mot tap cac nit trong va mot tap cac ndt 1a. Mai nat |14 trong cay
GP-Tree chira cum céc anh twong tu. Viéc tao GP -Tree dua trén thao tac: tach nat, thém phan ti, tao nhanh con méi.
Qua trinh tim kiém anh duoc thuc hi¢n bang cch duyét tir nit goc va chon mét nhanh néu nhw phan tir dai dién cua
nhanh do6 c6 d6 twong tu gan nhét voi dir lidu anh truy van. Qua trinh nay dwoc thuc hién tuong tu nhung voi phan tir
nat con ké tiép néu nhu chua phai 14 nit 14; nguoc lai thi ndt 1a 6 chira tap anh twong tw vai anh truy van.

Dé xay dung cay GP-Tree, c4c phﬁn tur dir liéu ed tai nat 14 va phan tur dai dién cent tai n(t trong (nGt gc) duoc
xay dung dudi dang cac vécto cO n-chiéu va duge dinh nghia nhu sau:
Pinh nghia 1. Phan tir dit liéu ed va cent la cac vécto ¢ n-chiéu sao cho:
(1) Mdi phan tir ed 12 mot vécto (f, fo, ... o) v6i fi € [0,1]
(2) Moi phan tir cent 1a mot vécto (¢q, ¢y, ... ¢) V&I ¢; € [0,1] Va
¢; = Average({child. cent, },véi k = 1..K

centy | link,
node
centy | links »
centy | linky,
Y
child

Hinh 1. M6t cAu tric nut trong cta cdy GP-Tree

Trong Hinh 1, c&c phan tir dai dién cia cum nat con va céc lién két dén nat con ké tiép duoc mod ta dya trén mdi
cap phan tir (cent, link). Trong d6, mdi cent 1a mot vécto gdm cac gia tri 1a sé thuc nhim dinh huéng dudng di trong
qué trinh tim kiém nat 14 ph hop véi mdi vécto hinh anh dau vao; Mdi link lién két téi niit con ké tiép nhim xac dinh
vi tri nait 14 can tim.

ed, id,
leaf ed, id;
ed,, idy

Hinh 2. M6t cdu tric nit l4 trong ciy GP-Tree
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Hinh 2 mé ta mot cAu trdc ndt 14 bao gdm mot danh sach cac phan tir dit liéu, sao cho mdi phan tir di liéu 1a mot
cap giatri (ed, id) vGi ed la vécto dic trung cua hinh anh va id 1a dinh danh lién két v6i hinh anh thuc sy. Cap phan tu
(ed, id) chi xuat hién trong nut 14, do do, tai ntit 1a khong co6 truong lién két dén nut tiep theo.

Goi cent;, ed;, link;, id; 1an luot 13 phan tir dai dién, phan tir tai nut 14, lién két dén nut con ké tiép va dinh danh
hinh anh cta phﬁn’ﬁr dir liéu thr i tai mot nht trong cdy; m, N, L 1an luot 1a s6 lugng phan tr tai nit hién hanh, s6 lugng
cac nuat trong va so lugng cac nit 14 cua cdy. Khi do, cdy GP-Tree dugc dinh nghia nhu sau:

Pinh nghia 2. Cay GP-Tree la ciy da nhanh bao gom:

(1) Mot nat gbe root chira mot tap cac phan tir C={({cent;, link;) |i = 1..m}

(2) Mot tap nat trong N={p, |k = 1..N}, véi p, = {(centf, link[) [i = 1..m}, link} # null,

(3) Méttapnitla £={u, |l = 1..L}, v6i p, = {(ed}, id}) |i = 1..m}

=
=
=L

EEE‘

i

Blaia)
Bio
Bigg

Hinh 3. Mét ciu trdc cdy GP-Tree bao gdm nit géc, cac nut trong va cac nit 14

C4u trc cdy GP-Tree duoc md ta trong Hinh 3 bao gom mét nat géc lién két dén cac nat trong; NGt gbe va nat
trong luu trir cAc phan tir dai dién va lién két dén cac nat con ké tiép. M&i ndt 14 c6 mot con dudng di tir nlt gbc dua
trén cac phan tir dai dién va cac lién két tai cac nat trong. Do d6, qué trinh tim kiém maot nat 14 wng véi anh truy van
déau vao duoc dua trén qua trinh dinh huéng tai cac nit trong. Trén co s& ndy, tap cac anh tuong tu s& dwoc trich xuét
dua trén cac dinh danh hinh anh tai nadt la.

3.2. C&c thao tac xa ly trén cy GP-Tree
a. Cdp nhdt cdc nut dai dién

Khi thém céc phan tir dit liéu (ed, id) vao cay GP-Tree thi sé phan tir tai nut 14 thay di dan dén phan tir dai dién
bi thay ddi theo. Do d6, cic phan tir dai dién nay phai dugc cap nhat tir nit 14 t6i nit goc. Trong truong hop phét sinh
mot phan tir caa nat trong thi phan tir dai dién cua nat d6 ciing phai dugc cap nhat dén nat gdc. Thuat todn cap nhat
phan tir dai dién dwoc mo ta nhu sau:

Thuat toan UPCE

PAu vao: Mot nat Node (c6 thé 13 14 hoac nit trong), ciy GP-Tree

PAu ra: cay GP-Tree sau cap nhat

Begin

If(Node = Root) then
Return GP — Tree

Else
cent = Average {element;| element; € Node}
Node. Parent. centy,4qe = cent;
Node = Node. Parent;
UPCE(Node, GP — Tree);
EndIf

End
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b. Tach mét nit 14

Goi M 1a s6 phfin tur t6i da tai nat 14, néu sb phfin tlr tai mot nat 14 bat ky 16n hon M thi ntit 1a nay dugc tach
thanh hai nut 14 dong thoi tao ra mot nut cha lién két téi hai nit nay va nat cha tr¢ thanh nat con cta nut cha hién tai.
Hinh 4 m6 ta phuong phép tach niit dé tao thanh mdt nit trong mai lién két dén hai nat 14 sau khi tach nuat 14 ban dau.

Hinh 4. M6 ta phuong phép tach nat 14 trén cdy GP-Tree

Qua trinh tach nat la trén cay GP-Tree dugc mo ta nhu sau:

(1) Tim vécto v, va vy cdch xa nhau nhét trong cum Cj,

(2) Tao cum Cj, 4 €O tdm v, ; cum Cy , CO tam vy

(3) Liy v; € Cy: néu d(v;, Cy 1. center) < d(v;, Cy ,.center) thiv; € Cp, 1. Nguoc lai v; € Cy ,.

Trén co sé cac d& xuat nhu trén thudt toan tach nat 14 trén cdy GP-Tree dwgc md ta nhu sau:

Thuat toan SPLN
Pau vao: Cay GP-Tree, nat 1a L
PAiu ra: Cay GP-Tree sau khi tach
Begin
Tao 2 nt 1 rdng: Ly = null va L, = null
Tim ed,, ed, : Euclide(eds, ed,) = max{ Euclide(ed;, ed;)| i,j = 1..m}
Ly=Lg U edg
Li=L; U ed;
Foreach ed; € L do
If (Euclide(ed;, eds) < Euclide(ed;, ed,))

LS = LS V] edi
Else
Lt = Lt U edl‘
Endlf
EndForeach

Tao hai phén tir dai dién cho hai nat 1a Lgva L,
centg; = Average {ed;}: ed; € L
cent, = Average {ed;}: ed; € L;
Tao mot nit Node{ {(cent,, link),{ cent,,link.)}
Node.link, = L
Node.link, = L,
Tao lién két nit cha
centyo,qe = Average(centg, cent; )
L. Parent = L.Parent U centygge
L.Parent.centy,q.-link = Node
UPCE(L. Parent, GP — Tree)
Return GP — Tree;
End

¢. Thém mgt phan ti vao cay

Vi cly GP-Tree la cdy ting trudng bang cach thém mot phan tir vao nut 1a dya trén mot ngudng 8 cho trude nén
d6 do tuong tu d gitta phan tir can thém vai phan tir dai dién c6 cac truong hop Xay ra nhu sau:
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(1) Néu d < 6 thi phan tir nay thudc ndt |4 hién tai.
(2) Néud > 6 thi tao mot nhanh méi tai nat cha hién hanh va lién két dén nat 14 moi.

Thuat toan thém maot phan tir vao ciy GP-Tree dwoc mo ta nhu sau:

Thuat toan INSE

Pau vao: Cay GP-Tree, phan tir dit lidu (ed, id), ngudng 6
Piu ra: Cay GP-Tree
Begin
If (root is leaf) then
root = root U {ed,id)
If(root. count > M) then
SPLN (GP — Tree, Root)
EndlIf
Return GP — Tree
EndIf
Tim Node,,: Euclide(ed, cent,,) = min{Euclide(ed, cent;)| cent; € root}
If(Euclide(ed, cent,,) < 8) then
Goi dé quy INSE(GP — Tree, Node,,,{ed, id), 8)

Else
Tao nhanh méi
Node = Node U (ed, link,,)
Leaf = {{ed, id)}
Node. Link,, = Leaf
UPCE(Node,GP — Tree)

EndIf

End

d. Tqo cay GP-Tree

Viéc tao cay dugc thuc hién bang cach thém tirng phan tir (ed, id) vao trong cay GP-Tree. Qua trinh thém nay s&
thuc hién viéc tach nat va cay sé tang trudng dé chira bo dir liéu ban ddu. Néu sau khi thuc hién tao cay cho bo dir liu
ma dir liéu van tiép tuc tang truong thi viéc thém phan tr nay duoc thuc hién dya vao thuat toan INSE va thuat toan
UPCE. Vi vay, qua trinh tao cay duwgc mo ta qua thuat toan sau day.

Thuat todn GCGP_TREE

Pau vao: Tap dit liéu anh IMGDB, ngudng 6
DPAu ra: Cay GP-Tree
Begin
GP — Tree = null
Foreach({ed, id) € IMGDB) do
GP — Tree = INSE ({ed, id), GP — Tree);
EndForeach
Return GP-Tree
End

{Cl.center+

(C3.center+ | (C5.center+
Cé.center)/2 | C6. center)/2

Hinh 5. Mot vi du vé& cAu trdc trén cay GP-Tree
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d. Tim kiém dnh twong ne trén cay GP-Tree

Vé6i mdi vécto dic trung ed cia anh truy vin dwoc so sanh véi cac phan tir dai dién tai cac nat trong cay tir gbc
dén 14. Tai mdi nut trong cay thuat toén s& dinh huéng dén nhanh gan nhat véi phan tir ed theo do do Euclide, cho dén
khi tim dugc ndt 14 phd hop. CAc phan tir tai nat 14 nay 1a cac dinh danh ciia anh tuong tu véi anh truy van dau vao.
Thuat toan tim kiém trén cay GP-Tree dwoc mé ta nhu sau:

Thuat toan Retrieval IRGP

Pau vao: root, vécto dic trung ed

Pau ra: tap ¥ chira c4c id (dinh danh) cua cac anh twong tu.

Begin
If(root is leaf) then
V= {(ed;, id;) € root}
Else
Tim hudng di ngan nhat cent,,

: Euclide (ed, cent,,) = min{ Euclide (ed, cent;) v&i cent; € root}

Goi dé quy ham Retrieval _IRGP(root.link,,, ed)

Endlf
Return ¥;
End

IV. MO HINH TRUY VAN ANH

Cay GP-Tree

Trich xudt véc-to
dac trung

Giai doan 2: tim ki€m anh turong tr

£ 7| Trich xudt véctor
. = dac trung

Tao cay GP-Tree

Tap véc-to'dactrung

____________________________________________________________________________

Anh truy van

Hinh 6. M6 hinh truy v4n anh theo néi dung dwa trén cay phan cip GP-Tree

MG hinh thuc nghiém cua hé théng tim kiém anh theo noi dung dua trén cay GP-Tree duoc mé ta tai Hinh 6. Mo
hinh tim kiém anh gom hai pha: tién xir ly va tim kiém anh tuong tu.

A. Pha tién xir Iy

Buwéc 1: Phan doan va trich xuat vécto dic trung cua tap dit liéu anh.

Buwéc 2: Tao cay phan cum phan cap GP-Tree.

B. Pha tim kiém dnh twong tw

Buwéc 1: Trich xuat vécto ddc trung anh can truy van.

Buéc 2: Truy van vécto dac trung anh can truy van trong cdy GP-tree dé trich duoc tap anh twong ty.

Buéc 3: Két xuat cac anh két qua sip xép theo do do tuong tw V6i anh truy van.

5.1. Méi trwong thwc nghiém

V. THUC NGHIEM

Thyc nghiém dugc xay dung gom hai giai doan: (1) Giai doan tién xir Iy nham tao ra tap vécto dac trung cho tap
dix liéu hinh dnh, tao cay phan cum phan cap GP-tree trén tap cac vécto dua trén thuat toan da dugc dé xuét; (2) tim
kiém tap anh tuong tu. T4t ca cc (ng dung thuc nghiém duoc xay dung trén nén tang dotNET Framework 3.5, ngdn
ngit 1ap trinh C#. Thyc nghiém trén may PC CPU Intel Core i3-7100U CPU @2.40GHz,8.0 GB RAM, hé diéu hanh

Windows 10 Pro 64 bit.
5.2. Ung dung thuc nghiém

) Qué trinh thyuc nghiém dugc truy van trén trén cac b¢ anh COREL, Wang, ImageCLEF. Véi mdi hinh anh truy
van sé& tim ra cac hinh anh c6 d6 twong tw nhiéu nhat vai hinh anh truy van, tir d6 déi sanh vaéi danh muc chu dé hinh

anh nham danh gia do chinh xac ciia phuong phap.

H¢ thong gilp truy van anh, véi méi hinh anh truy van s& duoc trich

loc trén tap dir liéu anh va tim ra cac hinh anh c6 d6 tuong tu nhidu nhit véi hinh anh truy van.
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Hinh 7b. Mot két qua mau vé truy van anh tuong tu

5.3. Két qua thuc nghiém

Két qua thyc nghiém d6i véi phuong phap tim kiém anh dugc thé hién trén d6 thi mo ta hiéu suat truy van trén

b6 anh COREL dugc minh hoa, md ta do chinh xac (precision), do phu (recal

I) trong Hinh 8 twong Gng véi ting tap dir

liéu anh theo phan I6p. Mai dudng cong cua Hinh 8 mo ta d6 chinh xac va do pha caa tirng anh trong mdi chu dé thudce

tap dix liéu anh.

Hiéu suit truy van trén céc phan lép duoc md ta tai Hinh 9, thoi gian

truy van trung binh (theo milli giay) trén

bo anh COREL dugc mo ta trong Hinh 10. Trong do, mdi phan 16p anh duoc thuc hién viéc tim kiém anh tuong ty theo
mdi anh dong thoi chling i tinh thoi gian tim kiém va gié tri trung binh ciia d6 chinh xac.

Precision-Recall on COREL dataset

roc curve
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o
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Hinh 8. D thi m6 ta hiéu suét truy van trén b anh COREL
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Hiéu suat truy van trén bo anh COREL

=@=—ave. Precision ==@=Ave.Recall

Ae.F-measure

0.8

0.6

0.4

Beach Bus Castle

Dinosaur Elephant Flower

Horse Meal

Mountain People

Hinh 9. B thi md ta hiéu suat truy van trén cac phan I6p caa bé anh COREL

Thei gian truy van trung binh trén
bé anh COREL

2
1.3
1.6
1.4
1.2

1
0.8
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0.4
0.2

0

Beach Bus Castle

Dinosaur Elephant Flower

Horse Meal

Mountain People

Hinh 10. Thoi gian truy van trung binh (theo milli gidy) trén bo anh COREL

Céc gia tri vé hiéu suit, thoi gian tim kiém theo tirng chu dé va danh gia so sanh ciing dwoc trinh bay cu thé
trong Bang 2, Bang 3 va Bang 4. Theo nhu két qua thuc nghiém trong cac bang nay, phuong phap dé xuét cua ching
t6i cho bai toan tim kiém anh tuong tu 12 hiéu qua, trong d6 do chinh xac thap nhat 12 49,27 %, d6 chinh xac cao nhat
1a 100 %, do chinh xac trung binh 1a 69,84 %. Biéu nay cho thiy céc anh dbi twong dugc truy van tét hon so véi anh
thién nhién phong canh.

Bang 1. Bang md ta hiéu sut truy vin trén cac phan I6p cia b anh COREL

Phén 16p anh Ave. Precision Ave.Recall Ave.F-measure
Beach 0.533333333 0.48 0.505263158
Bus 0.782222222 0.704 0.741052632
Castle 0.586888889 0.5282 0.556
Dinosaur 1 0.9 0.947368421
Elephant 0.492666667 0.4434 0.466736842
Flower 0.713222222 0.6419 0.675684211
Horse 0.871888889 0.7847 0.826
Meal 0.662222222 0.596 0.627368421
Mountain 0.584888889 0.5264 0.554105263
People 0.748444444 0.6736 0.709052632

Bang 2. Bang md ta thoi gian truy vén trung binh trén bo anh COREL

Phin 16p danh

Ave.time (milli seconds)

Beach 1.540088
Bus 1.640091
Castle 1.800112
Dinosaur 0.380025
Elephant 1.372
Flower 1.7301
Horse 1.620093
Meal 1.490086
Mountain 1.680094
People 1.670093
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Bang 3. Gi4 tri hiéu suét, thoi gian truy van trung binh trén bo anh COREL

Ave. Precision Ave.Recall Ave.F-measure Ave.Time (milli seconds)
0.69843466 0.6282526 0.661008405 1.485668733

Dé minh chiing cho md hinh truy van anh theo ngi dung dé xuat 1a hiéu qua, chdng tdi so sanh két qua thuc
nghiém v&i mot s6 cong trinh gan day trén cung b dit liéu trong Bang 4.

Bang 4. So sanh higu suét truy vén gitra cac phuong phép trén bo dir liéu COREL

Phuong phap Ave. Precision
Relevance Feedback, 2004 [23] 0.68
A. Huneiti, 2015 [24] 0.5588
Bella M. I. T., 2019 [25] 0.6090
Phuong phip dé xuit 0.6984346

Theo nhu két qua phuong phap dé xuat, mo hinh truy van anh cua ching toi c6 tinh kha thi va ap dung hiéu qua
trong cac hé truy van anh theo noi dung trén nhiéu linh vuc khac nhau.

Két qua thuc nghiém cho thay, thuat toan cua ching toi da xay dung dugc chuong trinh tim kiém anh hiéu qua,
nghia la thoi gian tim klem nhanh va c¢6 d6 chinh xac cao. Diéu nay da minh chung tinh ding dan theo thyuc nghiém cua
cac phuong phap dé xuat va dap tmg duoc muc tiéu dé ra ban du bai bdo. Tir d6 cho thdy phuong phap tim kiém anh
tuong ty dua vao cdy GP-Tree cua ching toi 1a hiéu qua va c6 thé ap dung dé xay dung cong cu tim kiém anh dap ang
yéu cau ngudi dung.

V1. KET LUAN VA HUONG PHAT TRIEN

Trong bai béo nay, chling ti xay dung mot cau tric cay phan cum phan cap nham phan hoach dir li¢u dé tir do
&p dung cho bai toan tim kiém anh twong tw. Cac thuat todn tao cay GP-Tree di duoc dé xuit nham tao ra mot md hinh
tang truong dir liéu va phén hoach trén cdy theo phuong phap hoc ban gidm sat. Tu d6, mé hinh va phuong phap tim
kiém anh theo noi dung tng vai mot anh truy van cho trudc duoc dé xuat. Thuc nghiém dugce danh gia hiéu suat trén
cac bo anh COREL ddng thoi so sanh két qua véi cac cong trinh khac gan day trén ciing mot bo dit liéu. Theo nhu 1y
thuyét dé xuét va két qua thuc nghiém, ciu tric cdy GP-Tree cua ching toi 1a hiéu qua va co thé &p dung cho cac hé
truy van dir liéu da phuong tién. Huéng phat trién tiép theo cua bai béo nay thuc hién két ndi cac nut 1a dé tao mot do
thi lang giéng tai ting nut I cua cay GP-Tree, dong thoi mdi phan tir tai nut 14 dwoc két hop vaoi tdi tir thi giac dé phan
I6p va trich xuat ngit nghia cho mdi hinh anh dya trén mot ontology. Trén co s ndy, cac trong sé duoc danh dau trén
cac cung cua do thi tir mdi nat 14 cua cay dé tir 46 c6 thé tim kiém hiéu qua cac hinh anh twong tw vé& d6 chinh xéc.

LOI CAM ON
Nhom tac gid chan thanh cam on Truong Dai hoc Su pham TP. HCM, Trudng Dai hoc Cong nghiép thuc pham
TP. HCM la nhiing noi ho trg vé chuyén mén va co s¢ vat chat cho nghién cau nay. Chung i tran trong cam on nhom
nghién ciru SBIR-HCM d3 ho trg vé chuyén mdn gidp ching téi hoan thanh bai nghién cau nay.
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A METHOD OF PARTITIONING DATA ON A HIERARCHICAL TREE FOR THE PROBLEM
OF FINDING IMAGES BY CONTENT

Nguyen Thi Thuy Trang, Nguyen Minh Hai, Nguyen Van Tung, Nguyen Van Thinh, Van The Thanh

ABSTRACT: In this paper, we approach an analytical data visualization approach to partitioning over a structured multi-
branch tree, called GP-Tree. Each section data is represented as a vector descriptive feature of the image and is stored at the node
leaf of the GP-Tree. Foudation of the tree based on the head of split node to create a new sub-branch if as the number of quality at
that node that great more than a value for before. Thus, the GP-Tree grows in a direction from the node root to the node leaf and
forms a structure tree level with the nodes in the container tree representing the elements for the next level nodes. To build this part
structure, we perform math operations including: adding element, splitting the node leaf, updating the representative elements from
leaf to root, creating node, and creating peer. From there, we give model and method of searching for images by application content
with a given query image. The experiment was evaluated on the performance of COREL at the same time of the set of images to
compare the results with other recent works. As far as the empirical results, our GP-Tree structure and query model, | am efficient
and applicable to query systems in different domains.

Keywords: Query by content (CBIR), clustering, GP-Tree, similar image, ontology.



