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TOM TAT: Trong bai bao nay, chung t6i trmh bay mgt 56 két qua vé vie xdy a'ng hé truy van va trich xudt ngit nghia hinh dnh
SBIR (Semantic-based Image Retrieval) trén co sé cdu triic cay phan cum phén cip H-Tree (Hzemrch:cal—Tree) Céu triic dit lidu
nay dwge tao ra dya trén phuo'ng phdp phén cum phan cdp cée vée-to die trung thi gide cia hinh dnh. Vi vdy, céu trie cdy H- Tree
duge xdy dung trén co s¢ cdc thao tic nhu thém, xoa, clp nhdt; cfong thoi phuong phdp truy vén va trich xudt ngit nghxa diepc dé
xudt. Pé minh chimg tinh dung din cia co s6 Iy thuyet di dugc de nghi, chiing 15 thiét ké mé hinh va xdy dyng vung dung thiee
nghiém truy van dnh ngit nghia trén b¢ dit liéu dnh ImageCLEF. Nhém déinh  gid higu qud cia phwong phdp dé xudt, két qud thic
nghiém dugc so sanh véi mét. 56 ket qud ctia cdc cong frinh d@ dirgc cong bi gan ddy trén cimng bg diF liéu. Theo két qud so sanh,
phiwong phdp ctia ching t5i @é xudt cé tinh kha thi vi dat dwoc hiéu qué cao.

Tie khoa: Hierarchical clustering, Similar images, Similarity measure, Image retrieval,

1. GIGI THIEU

Dit liéu da phuong tién ngay cang dwgc phét trién nhanh chong v& mit s6 lugng va kich thudc. Theo
WordStream, ndm 2019, moi ngay c6 8.95 triéu anh. video duoc chia sé trén Instagram va cho dén nay c6 hon 40 ty
hinh 4nh. Theo thong ké ciia Google, khoang 93 triéu inh dugc tao ra mdi ngiy ké tir 2014; theo nhu Gxgaom nam
2017, mdt ngudi trung binh tao ra 630 &nh trén dién thoai; cling theo Mylio, ndm 2017, mdi nim mét ngudi tao ra it
nhét 1000 anh, mi nim tao ra it nhit 1 nghin ty hinh anh,... Tir 46 cho thiy kich thuéc ciing nhr sé lwong anh ngay
cang dwgc gia ting nén cin phai cb c4c hé thong truy vAn anh s6 tr dong trén cic thiét bi ciing nhu trong cac hé thong
da phuong tign. Do d6, bai toén tra ciru anh @& tim ra tap 4nh twong tr va trich xuft ngit nghia hinh anh 13 mét bai toén
quan trong trong cac hé théng da phuong tién va phtt hop véi xu thé ciia x& hoi hién dai. Trong bai bao nay, ching t6i
daeé xuat mdt phuong phép tra ctru dnh trén co s& k¥ thudt khai phé dit li¢u phan cum phén cép dé tir d6 xay dung mét hé
truy vin anh theo hudng tiép can ngif nghia.

Cb hai vAn d& chinh yéu khi thuc hién bai toan truy vin anh d6 13 md ta ndi dung thi gide cia hinh anh va xiy
dung dif liéu md t4 cho ndi dung thi gidc duo*l dang chi muc. Tir 46, bai toan tra ¢l dnh ‘duge thyc hién ciing nhu viée
gla ting tbc 46 va do chinh xéc khi tim kiém hinh anh trong céc hé théng da phuong tién c6 tip dit lidu anh 16m. ‘E)m
vé6i bai toan tim kiém anh theo ngit nghia SBIR, hai van dé trén van phai dugce thyc hién vi ban chit qua trinh truy vén
c6 dAu vao 13 mot hinh anh tuy nhién cin bé sung hai vAn d& bao gbm chuyén d6i anh truy vén tr& thanh nglf nghia md
t4 vi dua trén ngit nghia m6 ti nay dé tim kiém céc hinh 4nh trén mét Ontology cho trude ciing nhu tim cdc ngit nghia
mb ta cho tip anh trong tr.

Theo nhifmg phan tich nhw trén, ching t6i x4y dung mét hé thong truy vin anh theo tiép can ngir nghia trén co
s& xAy dyng mét cau tric dir ligu cdy phén cum phén cp; chu triic - ndy duge goi 1a cdy H-Tree. Pé tao ra cu tric dit
ligu nay, chung t6i dua trén k¥ thudt hoc bén gidm sat dong thoi ket hop phuong phép phén cum phén hoach va phén
cum phan cap Céy phén cum phén cip H-Tree 1a m§t md hinh dé phan hoach tw déng céc bd dir liéu dong théi ¢b thé
ting trréng sb nhanh nhim d4p tmg nhu ciu gia ting dit 1iéu hinh anh.

Péng gbp clia bai bao gbm: (1) Xay dyng mét chu tric cay H-Tree da nhanh nhim tao ra m§t mé hinh phén loai
dit liéu cling nhu gitip qua trinh tim kiém dugc higu qua vé toc d6 va @9 chinh xac; (2) D& xuét mdt md hinh truy van
anh theo t1ep cin ngit nghia d& tir 46 4nh xa dic trung thi giac chp thap tr thanh ngdn ngr thi gidc cap cao; (3) Dé xuit
céc thuft todn tao cay H-Tree ciing nhw thudt toan tim kiém anh; (4) Két horp phuong phap phén cum phén hoach va
phan cum phén cp cp trén co so thuft toan K-Mean nhém tao ra mt md hinh phén hoach dit liéu bing cay H-Tree;
(5) Xay dung mét hé truy vén anh theo ngit nghia ma dit liéu d4u vio 13 mét anh truy vén.

Phin con lai ciia bai béo duge t8 chirc nhwr sau. thm 2, gi6i thiéu cdc cong trinh lién quan, nhim phén tich wu
khuyét diém nhimg céng trinh d& c6 va dua ra cach khic phuc ciing nhu phan tich tinh kha thi cia hu‘o‘ng tiép can cha
bai bao. Phan 3, md 4 qué trinh xay dyng cAu tric ciy phan cum _phén cap H-Tree. Phén 4, x4y dung md hinh cho bai
toan truy vén 4nh theo tlep cén ngit nghia sir dung ciy H-Tree. Phén 5, xiy ding 1 img dung thuc nghiém va danh gié két
qué dira trén co s& 1y thuyét d3 @& nghi. Phin 6, dua ra két lugn va huéng phét trién.
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II. CAC CONG TRINH LIEN QUAN

Trong nhitng ndm gan dAy, c6 nhiu nhém nghién ciru v& ning cao hiéu qua cho bai toén tim klem anh theo ndi
dung va theo ngir nghia nhur tim kiém anh va phan tich ngit nghm dua trén phuong phép danh trong s6 dic trung ving
trén anh va tmg dung k¥ thuét hoc khong gidm sét [1], truy van 4nh dya trén k§ thuft phén lop bing méy vécto hd trg
SVM][2], truy van énh dua trén chu triic dit ligu cay S -Tree [4], truy vén anh theo ngit nghia dya trén mé hinh phén 16p
phan cap bang k§ thugt mang noron hoc séu {5], truy vén anh theo néi dung va trich xufit ngit nghfa sir dung k¥ thuat
may vécto hd trg SVM [6], truy vin theo ngit nghia hinh anh dya trén k§ thudt phin lop cic ving dic frung cia anh
[7], truy van ngit nghia dua trén k§ thudt phin 16p ddc trung thi gidc cita hinh 4nh [8],..

Nam 2015, A. Alzu’bi va cdng sy khao sat va danh gia tinh kba thi cia hé truy v'fm anh theo ndi dung CBIR va
theo ngir nghia SBIR. Trong cong trinh nay, nhém tac gia da phan tich nhiing ky thuat co' s¢ cho bai todn CBIR va
SBIR dbng thoi d& xuét cdc diic trung cha hinh anh chn phai c6 d& thie hién qua trinh truy vén anh. Céc k¥ thust vé
méy hoc, khai pha dit ligu cling duge gidi thiéu aé Jam co s&r xay dung bai toan truy vén anh. Theo d6, nhém tac gia di
gi6i thidu nhidu bo dit lidu cd thé dwoc tmg dung dé xay dung céc hé thc)ng truy vin anh nhim d4nh gia tinh hiéu qua
cha timg phurong phap dé xuft. Tir cng trinh | nay cho thiy bai ton truy vén anh theo ndi dung va theo ngit nghia 13
mdt bai toan kha thi va cé thé ap dung cho nhiéu hé théng da phuong tién khac nhau [3].

. Ném 2016, Van T.T. va cfng sur dé gi6i thi€u mdt phuong phap céi tién cho hé 'rruy van anh theo ndi dung.
Trong cong trinh nay, nhom tic gia da @& xudt cai tién mot chu triic dir lidu cdy da nhanh va thie nghiém trén bd anh
COREL. Tuy nhién, trong céng trinh ndy, nhom tac gi chua phan tich ngu nghia hinh anh, cay S-Tree chua thé luu trix
chi muc va chit tthh cia hinh anh ddng thdi nhom tic gia chua tao ra cau truy vn SPARQL dé thyc hién hé truy van
theo tiép can ngit nghia cia hinh anh [4].

Nim 2016, A. L. Mane xdy dung hé truy vAn anh theo tiép cin ngit nghia bang cach trich xuét dic tnmg v& néi
dung cda hinh anh ddng thdi danh chi muc. Tir d6, tic gla thyc hién phan logi chi muc thanh céc phan 16p ngir nghia
khéc nhau duya trén k§ thuat tir dién dit lidu, Nhém tac gia 4d sir dung b6 anh COREL @& danh gia két qua thyc nghiém
cling nhu tinh hidu qua cha phrong phép @& xuét. Tuy nhién, trong céng trinh ndy tic gia thye hién viée d4nh chi muc
ngir nghia trén co s& chit quan, khéng c6 mdt md hinh phén loai tr déng nhdm g dung tong quat cho nhidu bd anh
khac nhau [8].

Néim 2017, Hakan Cevikalp va cOng sy da thyc hién bai toén tim kiém anh trén cac hinh anh cé kich thudc 16n.
Trong bai béo niy, nhém téc gia da xay dung ciy phan cip nhi phan va mdy vécto hd trg aé phan loai céc 16p dbi tucmg
thi gidc cua hinh anh. Thuc nghiém ctia bai bao duge ing dung trén b9 anh ImageCLEF d& danh gia 46 chinh X4c cia
phuong phap @& xuat. Tuy nhién, céu tric ciy nhi phén trong bai béo ndy chi ding d& phan 16p céc hinh ank, vin chua
tao mot cAu trac hru tri cho hinh anh. Do d6, tbe do truy xudt va toc 46 tim kiém cia hink anh con han ché. Mat khac,
trong cong trinh ndy chwa phén tich cling nhwr tnch xufit ngit nghia thi gidc ciia anh truy vén [2].

Nim 2017, Zahid Medmood va cong sy thuc hién bai tosn tim kiém anh dya trén ndi dung va phén tich ngit
nghia. Tir 46, nhém tac gia ung dung ky thudt vécto nr thi gidc BoVW nhim mé ta ngit nghia thi glac ctia hinh anh.
Trong cdng trinh nay, nhom tac gid ing dung k¥ thudt tir dién dit lidu dé 4nh xa gilfa nglt nghia thi gidc bac cao cua
hinh 4nh v dic trung cp thip. Nhém tic gia da thyc nghiém trén b9 dnh COREL nhidm minh chimg tinh hiéu qua vé
d6 chinh xac ciia phwong phép. Tuy nhién, trong cdng trinh nay tac gla chua x8y dgng mdt mé hinh tim kiém ciing nhu
chra tao ciu truy vén SPARQL nham thuc hién bai toin tim kiém va tra ciru ngit nghia hinh anh [6].

Nam 2017, Ritika Hirwane gi6i thidu bai béo vé truy vén anh theo tiép can ngit nghia. Tic gia da gi6i thigu cac
k¥ thust v& phan héi lién quan, phan lcp va danh gi4 d6 do ngi nghia nhim xiy dung mé hinh truy vAn ngit nghia cho
hinh anh. Trong cdng trinh nay, téc gid chi 4p dung céc k§ thuét khai phé dit liéu, khéng sir dung cac md hinh tim kiém
& néng cao hiéu qua cho bai toan tim kiém anh theo tiép cin ngit nghia [7].

Ném 2018, Ouiem Bchir va cdng sy di thyc hién truy vén anh dya trén viée trich xuét vécto dic trung cha dbi
twong ving dé thyc hién qua trinh phin hoach nhim ting tbc db tim klem anh. Trong phuong phéap niy, nhém tac gid
xdy dung mot anh xa ngir nghia giira d3c trung thi gidc va ngit nghia chp cao. Nhom thc gia da thie nghiém trén b anh
ImageCLEF va cho théy tinh hiéu qué cua phuong phap ¢ dé xuét. Tuy nhién, trong cbng trinh nay chira tao ra mft md
hinh tim kiém ciing nhw chira x4y dung qua trinh trich xudt va truy vAn ngit nghia trén mét ontology cho trxée [1].

Nim 2019, Bjorn Barz va cdng su ing dung mang noron hoc sdu d¢é phén 16p hinh dnh vi d4nh gia d¢ tuong ty
gitra hai 4nh trén co s& d¢ do ngit nghia. Trong cong trinh ndy, nhém tic gid cling dé thuc hién trén by dnh ImageCLEF
nhim dinh gid tinh hiéu qua d§ chinh xac cha phwong phép & xuit. Tuy nhién, trong ¢dng trinh nay khdng xay dumg
mé hinh tim kiém nhim ting t8c d4 cho bai to4n truy vin 4nh twong ti theo ngit nghia [5].

Tir céc cong trinh 44 cng bo cho thiy bai toan tra cfm anh cb nhidu quan t4m ciia cic nhém tac gid. Hon nita,
viée dp dung cay phén cym phén cap dé thyc hién tim kiém anh tuong ti theo ngit nghia 13 mdt hudng ticp cén co tinh
kha thi va nhidu thach thic.

Trén co s& ké thira tir cac cong trinh d3 c6 va khac phye nhing han ché ciia cac phuong phap lién quan dé cong
b, ddng thi tao ra mdt hé truy vén anh theo ngit nghia nhim ning cao hidu qua tim kiém, chimg t6i & xuét mét mé
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hinh truy vén &nh bing cach tao ciy phan cum phan cdp cac vécto ddc trung thi gidc cép thip véi céc thao tac thém,
x6a va quan hé khéng gian ciia hinh dnh nhim ning cao hiéu suft cho qué trinh tim kiém anh tlmng ty. Ngoai ra, ching
t6i cling d& xuét m6t phuong phap tra ciru dnh theo huéng tiép can ngit nghia. Phuong phép ndy dwa trén co s& ky thudt
khai pha di liéu dudi dang phén cum phén cdp va phan cum phan hoach d& tir d6 tao ra mdt mé hinh tim kiém dudi
dang cau tric ciy H-Tree.

. III. CAY PHAN CUM H-TREE
A. Cau trisc cily phin cum H-Tree )

H-Tree 1a mdt ciy da nhanh gdm mét nit gbc, mdt tp cdc nit trong va mot thp cAc mat 14. M3i nit trong cdy H-
Tree chira mdt tép vécto dic tnmg cua Anh. Viéc tao cdy H-Tree dua trén thao tic thém, x6a, sira cac nat. Qué trinh tim
kiém 4nh duoe thie hién tir niit goc va chon mdt nhénh trong cay, sau do tong hop céc vécto ddc trung tr nit goc dén
niit 14. Trén co s& két xudt dinh danh URI ciia hinh anh, cung v6i meta-data ciia hinh anh d6, tip anh twong tir va ngit
nghfa cia hinh anh dwoc trich xuit. Céy H-Tree hm triv cac vécto dic trung v clia mot ving trén mot anh va thuge vé
mot phin tir E ctia mdt niit trén cdy. Phén tit E dugc dinh nghia nhu sau:

Pinh nghia 1. Goi v, 1, id ldn lept 1a vécto dic trung, phén Iop ngit nghia ciia mét ving trén dnh va dink danh ciia
hinh anh, ta c6: E =< v,l,id >

Véiv=(vy,..,7) 1a vécta dic trung cha mdt ving trén anh; I € {I;,1,,..., L, };m,n 1An hrot 13 s phan 16p
nhin ngit nghia va s6 dic trung ctia m§t ving trén anh, id 13 dinh danh cia hinh dnh tvong mg.

Chy H-Tree duge t& chirc theo ciu triic phan cum phén cip dva trén khoang cich Euclide ¢ gom cum tap céc
vécto dic trung ving clia hmh anh. Do 4o, cay H-Tree luu trit t8p cac phan tr md td ving anh T = {E; =< v, [;, id >
li = 1,..,N}, trong 6 N 14 s hugng cac ving trong tap anh.

Cay H-Tree tao ra mft md hinh phén cym tap céc vécto dic trung nhim phuc vu cho bai toén tim kiém anh
tuong ty. K&t qua ciia qué trinh tao cdy 1a mét tip céc nit sao cho mdi nit chira tip phén tir g mb ta vung anh cha tip
anh ban din I= {p.k ]k =1.. K} voi p, =< Ey, centy, linksy, >, trong 46 K, centy, linksy Ian lwot 14 s6 hrong nit,
tam va lién két tai nat thir k trong cay H-Tree. Cac niit trong cdy H-Tree dugc dinh nghia nhw sau:

Pinh ngh‘i’a 2. Goi H-Tree Id mt cGy phdn cum phdn cdp, ta cé:
a) Nit gbe gbm mot tdp cdc lién két dén cdc nhanh ké cén: root = {links;|i = 1..t)
b) Nut trong: Node={,uk =< Ey, centy, links, > ]k = 1..K}, links, # null;
¢) Nutld: Node = {1, =< Ey, centy, linksy, > |k = 1..K}, links, = null;
d) Hai niit duwoc goi la dong cap néu cé cimg 1 mit cha.
e) Nitp_Node goi la cha ciia miit c_Node néu mit p_Node c6 mpt thanh phén lién két dén c_Node.

Tai thoi didm ban ddu, cay H-Tree 12 rfng, tirc 12 chi gdm mot niit gbc chira cac lién két 1a rong. Sau d6, timg
phén tir E; dwoc thém vao ciy dé tao ra cic nhanh twong {mg vé&i cac nit trong ciy. Trén co s& d6 do Euclide, phén tir
E; duge phén bé vao céc nit trong clly. Goi d(vy, centy) 1a khoang cach Euclide gilta vécto déc trumg ving v; v4i tim
centy, khoang cich ndy duge chuén hoa trong mién gi4 trj [0,1] boi vi timg thanh phan cla vécto dic trung duge
chuén hoa trong mién gid tri [0,1]. Goi hai ngudng khoéng céch giira hai vécto déc trung lin luot ld &, 0, v6i 0 < £ <
¢ < 1. Quy téc phén bé dugc dinh nghfa nir sau:

Dinh nghia 3. Quy tdc phén bd phén ti trong cdy H-Tree, bdt ddu thuc hién tir nit goc va lan heot thyc hién theo cdc
quy tdc sau:

a) Chon huodmg di tir nut hién hanh dén cdc nit cila nhdnh ké cdn va chon nhanh co khodng cach d(vi, vcj)
ngan nhat.
b) Néu d(vi, vcj) < & thi v; dugc thém vdo nut hién tai, tirc la niit c6 tém la v,;.

c) Néue < d(vi, Ve ,-) < o thi v; diwgc thém vdo mit con ctia nit c6 tdm Ia ;. Qud trink tim kiém mit con phix
hop dwpe thue hign lai tir quy tic (a).

d) Néu d(vi, Vg j) > o thi khéi tao mdt niit méi dong cdp véi miit c6 tim v, 4

Vi dit lidu anh drgc gia ting nhanh chéng, do d6 ciy H-Tree phai c6 kha ning ting truéng dé phi hop cho viée
luu trit dit liéu 4nh. Dinh 1y sau ddy minh chiing tinh ting trudng cua cidy H-Tree.

Binh 1y 1. Cay H-Tree I cdy ting trudng theo hudng tie goc ti 14.

Chimg minh: theo dinh nghia 3, m?‘)i khi thém mét phén tir (theo dinh nghia 1) thi phin tir ndy dwoc thém véo nit hién
tai, hodc nat con, hodc tai mit méi déng cap véi mot nlt phu hop. Do @6, ciy H-Tree 14 cly ting truéng M
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B. Cai dit ciu tric cdy
Trén co s¢ dink nghia 1 mdt nit trén cdy H-Tree duge mb ta nhw trong Hinh 1 trong dé:

Elements 13 tap cic thanh phén E; trong mét Node.
Node center I3 tdm cla Node.

Links 13 tap cdc lién két dén cac mit con clia mit hién hanh, néu 12 nit 14 thi cAc 1ién két s& trd dén null.

Elements

F_vertord idy

F_vectorz ide

[ veqon [N
Node centar

Slole]-]=1

Links

Noda i Node Node l
Y 2 i

Hinh 1. M3 ta ciu tric clia mdt nitt trén cay H-Tree
Theo dinh nghia 2, ciu tric cia ciy H-Tree s& dirgc mo ta nhu trong Hinh 2.
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Hinh 3. Mjt md hmh ciy phn cum phan cip H-Tree Hinh 4. M4t md hinh dang phéng ctia cdy H-Tree

Tai Hinh 3 va Hinh 4 mé t4 ve chu triic cAy phén cum phén cdp H-Tree dudi dang phan cép va dang phéng.
Phueong phép tao ciy phin cym phan cip H-Tree duge thuc hién theo cic bude nhw sau:

Bugrc 1: khéi tao nit gbe gdm céc lién két 1a rdng nhim lién két c4c nhénh trong ciy H-Tree.
Buére 2: 14n luot chon ting vécto dic trung trong b dit ligu dnh dé dua vao ciy H-Tree theo dinh nghia 1 va 2.
Buéce 3: v6i méi véeto dic timg v thém vao ciy H-Tree, ta thuc hién theo quy tic dinh nghia 3.

D. Cic thuit todn tgo cdy H-Tree '

1. Thém vécto dic trung trén cdy

Véi mdi vée-to dic trung v, ta tao mot phén tir E dé thém vao cy theo dinh nghia 1 va 2. Viéc thém phz"in twr E
vao mét mat phi hop dua trén mét 36 do cho trude theo dinh nghia 3.

Mdi phan tir dugc 1an lgt thém vao cy H-Tree, do d6 cin phai tdn tai mdt nit ¢& chira phan tr ndy. Pinh 1y sau
day chimg minh tinh tdn tai va duy nhét cia mot nit trén ciy H-Tree hru trit cic phén tir.
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Pinh )y 2. Cho I vécto dic trung v thi vécto ndy thudc vdo 1 niit trén cdy.

Chitng minh: goi v 1a vécto cin thém vao mdt nht trén ciy H-Tree. Theo dinh nghia 3, thuc hién quy tic tao ciy thi
phén tr ¥ nay thudc vé mdt niit hién hanh hofic mét nit con hodc mdt nit méi dong cap voi nit pha hop. Do d6, ta ludn
tim dwge mot nit ¢€ hvu trir vécto v B

Pinh 1y 3. Mot véc-to ddc trung v chi dupe heu trik trong mét nit duy nhdt trén cdy H-Tree.
Chitng minh: gia sit ¢6 2 vécto vy, v, cung thude mét nat. Khi d6, v;,V, 13 hai phin tir thubc cum clia mot nut. Suy ra:

d(v,,¢) =d(v,,c). Vi mdt nat 12 mét phan cum phing, do d6 v, =V, . Nghia la, mét vécto diic trung v chi dwoc luu trit
trong mét niit duy nhit trén ciy H-Tree M

Khi thyc hién phan b4 timg phin tir thi phan tir ndy phai thudc v& mot cum phit hop nhét. Tire 14, cdc phin i
trong cung mét cum s& ¢o6 46 tuong t nhiéu nhit theo d§ do d% dugc chon truée. Dinh 1y sau day chung minh tinh
phan bé phit hop mot phan tir trén ciy H-Tree.

Pinh Iy 4. Mpt vécto dic trng v dugc phin bé vao cum phix hop nhdt theo d do Euclide.
Chirng minh:

Trudng hop 1: vécto déc trung thude viao mit con cta nat hién hanh, nghia 13 d(v vq) < ¢ hay néi cich khac
ta tim dugc mét cum tai mot nit con c6 dé twong tir gin nhét.

Trudng hop 2: vécto dic trung thudc v& mét nit con, nghia 1a & < d(v vq) < ¢ hay ndi céch khac ta d3 tim
dwoc niit con sao cho d(v, vc) < &, v, 14 tAm clia nit con phi hop clia mit hién hanh, nghia 13 ta d& tim duge mot nit
con phtt hop nhét theo quy tic tai dinh nghia 2 va dinh nghia 3.

Trudng hop 3: néu tit ca cac khoang céch giita tAm va vécto v cua céc nat déu virgt ngudng cho trude, tirc 1a
cac niit hign tai trén ciy déu khong phu hop hay néi cach khac khéng n tai nit nao trén cdy c6 dic tinh gibng voi
vécto v, thi ta tao nit méi va 4p dung quy tic tai dinh nghia 3, it méi ndy s& chira cc phin tir khic ghn nhau va gin
vécto v. .

Tir 3 trudng hop trén ta c6 mot vécto diic tnmg v dwoc phin bd vao cum phit hgp nhit theo d§ do Euclidem

Déi véi chu tric ciy H-Tree, khi phén loai mét vécto dic trung, néu vécto niy thudc vé mot nhénh, thi nhanh dé
tlep tuc phéan hoach min hon tai cic nhanh ké cén. Néu khong thuge vé mot nhdnh hién hanh thi tao ra mét nhanh méi,
diéu ndy lam cho phén hoach tai céc nit ddng cip trd nén min hon, nghia 14 tinh ding dén ctia phan hoach cao hon.

Trong cay H-Tree, mft nlit co thé vira 1a 14 vira 13 nut trong, mit 14 co thé tr& thanh nit trong néu thém nhanh
méi. Cay H-Tree tao ra mdt phan hoach da ting, do d6 khi tim mét cum c6 ban kinh £ thi d6 chinh xac dat cao nhét.
Néu trong pham vi ban kinh o, ciy s& phén hoach vécto ddc trung v& mét nthanh, va do d6 céc phén hoach s€ ¢ xu
hudng déu din vi cac phén tir qué khac biét nhau s& khéng thuec mdt nhanh cia cly, va nhir viy ciy H-Tree c6 xu
huéng tir nhién tré thanh da nhanh cin bing.

Thuét toan thém mébt nit trén cdy duge thue hién nhur sau:
Thu#t todn 1: INE :
Péu vao: phin tir E, mit gbc root, gia tri ngudng ¢, o
Piéu ra: cdy H-Tree sau khi thém phin tir E
Function INE(E, root, €, 0)
Begin
NODE =root;
If NODE = null then
Initialize root = {linksy| links, = null;k = 1..n;};
Create new node =< E, cent, links >, links = null;
root.links, = node;
Else .
i = argmin{euclide(NODE.links.cent, ,E.v), k = 1..|NODE. links|)};
d = Euclide(NODE.links;.cent,E.v);
If d < & then
NODE links;.e = NODE.links;.e U E;
Elself d > £ and d < o then
INE(E, NODE.links;, ¢, 0);
Elself d > ¢ then
Create new node =< E, cent, links >, links = null;
NODE.linksyopE links+1 = node;
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Endlf
Return H-Tree;
EndIf
End

Ménh a& 1. Thudt todn INE c6 db phite tap 1a O(NxK), véi N, K ldn heot 1a s6 mit va sé phan tir t61 da cila mét mit
trong cdy H-Tree.

Chirng minh: Vi thuét toan INE thuce hién bing céch dé quy tir nut goc dén ntt 13, mAi 1An thuc hién s& tao ra mot it
hotic bd sung mét phin tir vao nit trong cdy, trong trudng hop x4 nhét 13 duyét hét cic nit cha ciy. M3i 1an duyét tai
mdt nit, thudt toan INE duyét qua K phéan tir dé tim nhénh ké c4n. Do d6 @ phirc tap cua thudt toén INE 12 O(NxK) B

2. Xda mét phin tit trén cdy H-Tree

Trong trudng hop mét phan tir bj phén loai vao mdt nfit nhung bi nhim &n, thi ta thye hign thao tac x6a phan tir
ndy trong céy H-Tree. Néu cum nay chi ¢6 mét phan tir, tirc 14 theo dinh nghia 3 v& nguyén tic tao cay, phén tir nay
van théa mén dleu kién ciia cay H-Tree, ta c6 thé khong x6a phin tir nay. Hoiic néu trong trudng hop x6a thi ta phin b6
lai tht ¢ cac phan tir cta cc nut con vao trong cdy H-Tree. Viéc phan b6 lai cac phén tr dwoc thuc hién gidng thust

to4n thém nhir trén. Do d6, chiing t6i khong trinh bay vén d& nay. Vi vay, thuit toin x6a mét phin tir dwgc thuc hién
nh sau:

Thuit toan 2: DNE

Piu vao: phin tir E, niit gbe root, gi tri ngudng &, o

Phu ra: ciy H-Tree sau khi x6a phan tir £

Function DNE(E, root, &, o)

Begin
NODE = root;
If NODE = null then
Return null;
Else
i = argmin{euclide(NODE.links.centy, E.v),k = 1.. |[NODE. links|)};
d = Euclide(NODE.links;.cent, E.v);
Ifd < g and [NODE| > 1 then
NODE.links; = NODE. links;\E;
Elselfd > g and d < ¢ then
DNE(E,NODE.links;, ¢,0);
EndIf
EndIf
Return H-Tree;
End.

Ménh dé 2. Thuds toan DNE cé dg phirc tap lé O(hxK), v6i b, K lan heot la chiéu cao va sé phén tir 16i da ciia mt nit
trong cdy H-Tree.

Chutng minh: Thudt toan DNE thyc hién goi d€ quy theo mét nhdnh cua céy, trong truong hop x4u nhét Ja duyét nhanh
¢6 chidu cao ctia cdy H-Tree, mdi lan duyét mot nat s& kiém tra K phan tir ctia nit d6. Vi vy, thuit toAn DNE c6 46
phtic tap 13 O(hxK) R

3. Cdp nhdt mét phén tir trén cdy H-Tree

Trong trudng hop mdt phan tir c6 théng tin bi sai 1gch, ta co the thuc hién cdp nhédt thong tin cho pha.n tr 6.
Quad trinh cdp nhat nay duge thuc hién bing cich tim kiém phén tir ¢An cép nhét va thay dbi thong tin cho phin tir d6.
Vi vy, thudt toan cip nhit mét phan té duge thire hién nhny sau:

Thuit tean 3: UNE
Piu vao: phﬁn tir Eyy4, phéin tir E o, 0t géc root, gia tri ngudng £, ¢
DAu ra: ciy H-Tree sau khi cdp nhat phén tir E,;4 thinh Epe,,
Function UNE (Egg, Enew, 7008, €, a)
Begin
NODE = root;
If NODE = null then
Return null;
Else
i = argmin{euclide(NODE. links. centy, E.v),k = 1..|NODE. links|)};
d = Euclide(NODE. links;.cent, E.v);
If d < ¢ then
NODE.links;.E,;q = NODE.links;. Epon;



508 TRA CUU ANH THEQ NGU NGHIA DUA TREN CAY PHAN CUM PHAN CAP

Elselfd > £ and d < ¢ then
UNE(E, 14, Enew, NODE. links;, &,0);
EndIf
EndIf
Return H-Tree;
End. :

Ménh d@ 3. Thudt toén UNE c6 d¢ phitc tap la O(hxK), voi h, K lén leot la chiéu cao va sé phan tit téi da cia mét nit
trong cdy H-Tree. A

Chimg minh: Tuong tu thuit toan DNE, thudt todn UNE thyc hién goi dé quy theo mét nhanh cta cdy, méi 1an duyét
mot nit s&€ ki€ém tra K phan tir clia mat d6. Vi vay, thuat toan UNE ¢ d¢ phiec tap 13 O(hxK) B

Iv. MO HINH TRUY VAN ANH
A. Dir li¢u énh '
MB3i 4nh s& dugc chia thanh nhiéu ving nhau theo phwong phdp cua Hugo Jair Escalante, m01 ving duge trich
xudt mot vécto dic trung bao gbm diic trung ving: dién tich, chiéu rong va chiéu cao; dic tnmg vé vi trf: g4 tri trung

binh va d§ 16ch chudn theo truc x va truc y; diic trung vé hinh dang; diic tnmg mau sic trong khong gian RGB va CIE-
Lab.

Vi du: Cho mét anh duge chia thanh céc ving nhr sau:

;41

Hinh 6. Anh géc vi cic 4nh phan viing (5001.jpg)

Hmh 6 m6 ta mdt anh gbe va 4 anh cia céc vimg thude vé cac 16p anh: sky-light, ocean-animal, horn, sidewalk
cta anh 5001 jpg.

B. Thudt todn trich xuit vécto tir va tdp énh tuwong tir

Tt cdy phé.n cum pl;?m cip H-Tree di tao, chﬁng~t6i d8 xuit f;huz,’it toén trich xuét vécto tir va tdp anh twong ty
1am co s cho viéc trich xuét ngit nghia hinh dnh. V&i moi anh truy van, thudt toan thyc hién tim kiém tdp arh twong tw
va trich xuét vécto tir dua trén tap anh tuong tir nay. Qua trinh trich xuft vécto tir va tdp anh tuong tw cin dim ra cum
trong cdy H-Tree c6 d6 tuvong ty gin véi dnh truy van nhét,

Thuit todn 4. IRHT
Piu vio: vécto dic trung v clia dnh truy vén Iy, nidt gbc root cha cay H-Tree, gid trj ngudng ¢, gia tri ngudng o .
PAu ra: tap anh twong tw ST ' '
Function /RHT (v, root, & a)
Begin
NODE = root;
If NODE = null then
Return null;
Else
i = argmin{euclide(NODE.links. centy, E.v},k = 1..[NODE.links|)};
d = Euclide(NODE.links;. cent,E.v);
Hd < ¢ then
SI = NODE.links;.E;
Elself d > ¢ and d < ¢ then
IRHT{v, NODE.links;, ¢, 0);
EndIf ' '
EndIf

Return SI;
End.

Ménh d2 4. Thudr todn IRHT c6 dg phirc tap la O(hxK), v6i h, K ldn luot la chiéu cao va s6 phan i 16i da cia mét
nit trong cdy H-Tree,

Chumg minh: Tuong ty thuat toAn UNE, thuft todn JRHT di theo mét nhanh clia cdy va tim kiém mit phi hop vé cho ra
két qua 12 mot tip cac phin tir trong cum. Vi viy, thuét toan IRHT c6 d6 phirc tap 12 O(hxK) m
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V. THUC NGHIEM
A. M3 hinh thie nghiém

Mb hinh kién triic hé théng truy vén 4nh theo ngit nghia dya trén ciy phén cum phén cdp H-Tree dugc trinh biy
nhu Hinh 7. HE thong dwoc thire hién bing cach trich xudt cdc vector dic tmg clla tap dif liéu dnh va xdy dlmg cay
phan cum phén cap fir tp cdc vécto diic trung. T d6 dwa trén ciy phén cym phén cap trich xuét véctd tir va tip anh
twong ty. Thuc hién truy vén hinh anh dya trén céc vécto tir, truy vAn ngit nghia trén Ontology bing ngén ngit
SPARQL de truy xuat tap cac hmh anh tuorng tu' cung ngit nghla

Pha 1: Tign xir Iy ll
===
N [n = e o]

= |

Trich xudt véc—to\ Tép vée-w dic | The hign cse thao iEi’E:a" E’ﬁ] :

déctrung } trung tic tao cdy H-Tree ,%_c@ ] t

R I

I

|

|

Tap dir
ligu @nh

Ontology %

Pha 2; Truy v&n anh

F N

Tip 3nh tuong URI v di lidu Chu truy vin
¢ - mbta Truy van SPARQL
v (Meta- data)

Anh truy van Trich xust véc-tor Vée-to dic | Trich xudt véc-to tir
Y dgctrung trung v tip anh trong ty,

Hinh 7, M6 hinh tim kiém 4nh theo ngit nghia dua trén Ontology va ciy phan cum phan cip
Pha tien xiv Iy

Két qué clia pha tién xir Iy 1 x8y dung dugc cdy phin cum phén cép H- Tree dya trén vécto dic trung clia tép
dit lidu &nh. Qué trinh thwc hién pha tién xir 1y gbm 2 buéc nhur sau:

*

< Buér 1: trich xuét cic vécto dic trung tir t8p dir liéu anh.
< Budrc 2: dua trén d6 do tuong tu d8 xuit va tao chu trac ciy phén cum phéin cap véi mbi nit cla céy 14 tip
céc vécto dic trung thi gidc ciia mot hay nhidu anh.

Pha tim kiém énh twong ty

Viéc tim kiém anh tuong ty duge thue hién voi déu vio 12 vécto dic trung cia énh truy vén va tao ra vécto tir va
tip anh trong tu dya trén cdy phn cum phin cap. Sau d6 hé thong truy vén dua trén Ontology d€ tao ra tip URI va
meta-data cia tip anh firong fir. Qua trinh thye hién phase tim ki€ém anh trong tw theo cic bude sau:

< Bude 1: trich xuét vécto déc trung tir anh truy vén va trich xuét vécto tir thi gidc theo tap anh twong tu dya
trén cdy phan cum phan cép.
< Buwéc 2: tao cdu truy vén SPARQL dé tim ra tap URI va meta-data ctia cc hinh anh.
<+ Burdc 3: két xuét céc hinh anh fir tip URI dé c6 va sép xép theo 6 do twong tr véi anh truy van.
B. Két qua thuc nghiém

Thyc nghiém trén may PC CPU Intel Core i5-7200U CPU @ 2.50GHz, 8.0GB RAM, hé diéu hanh Windows 10
Pro 64 bit. Két qua thyre nghiém dwoce danh gid trén b§ dif lign imageCLEF chira 20,000 énh, dugc chia thanh 276 16p
va luu trit trong 41 thu myc (tr thy muc 0 dén thr muc 40); b dit lidu cia kich thude 1.64 GB. Pé danh gi4 higu qua
clia phuong phap tim kiém anh, phin thyc nghidém dwgc dénh gid cc gid tri gdm: do chinh x4c (precision), 46 phu
(recall) va d6 do dung hoa F-measure.
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Hinh 8. Giao dién ctia hé truy van anh cdy H-Tree Hinh 9, Mt Kkét qua cla truy van anh trén cly H-Tree

ot iy Higa sufc thire thF cda BE thdng tra s ink ngi togie vrén 13p i tifa
IniagrCLEF

Hinh 10. Biéu db Precision-Recall va ROC ciia hé truy vén Hinh 11. Gi4 trj trung binh ciia Precision, Recall, F-measure
trén cdy H-Tree
‘ Bing 1. Hiéu suft truy véin dnh ciia phuong phép dé xudt trén tap anh ImageCLEF
Tép dnh $6 anh P9 chinh x4c trung binh | P§ phi trung binh | P§ do dung hoa trung binh
00-10 2200 0.674152 0.438917 0.531677
11-20 1500 - 0.638752 0.454628 0.531187
21-30 1200 0.628562 0.506845 0.561179
31-40 2100 0.759824 0482568 0.551288
Bang 2. So sdnh d§ chinh xéc gifta cac phuong phap trén b dit liéu ImageCLEF
Phwong phap Mean Average Precision (MAP)
C.A. Hernandez-Gracidas, 2013 [10] 0.5826
Hakan Cevikalp, 2017 [2] 0.4678
Vijayarajan, 2016 [11] 0.4618
Y. Cao, 2016 [13] 0.7236
S. Fakhfakh, 2015 [12] 0.5400
Phuong phap dé xuit clia ching t6i 0.6753

Két qua thire nghiém ciia hé truy vén dira trén cdy H-Tree duoc mé ta tai Hinh 10, Hinh 11; hiéu suét clia hé
truy vén dugc trinh bay trong Bing 1 c6 téng s6 anh ruy vén 1a 7000 va c4c gia tri higu sudt trung binh 14n luot 13 0.
674152; 0. 638752; 0. 628562; 0. 759824. Hinh 10 md ta dudng cong Precision-Recall va ROC, mdi duong cong md
ta mft b dit liéu dugc truy vén; dién tich dudi cic dudng cong ndy cho thiy d6 chinh xéc cha viée truy vAn anh. Hinh
11 mo td gia tr trung binh cla precision, recall, va F-measure ciia 41 bd &nh trén tdp dnh ImageCLEF; Gid tt MAP cua
phuong phap dé xuat dugc so sanh voi céc phuong phéap khéc trén cing mdt bg dit liu 1mageC,LEF dwgc mb ta trong
Bing 2 va cho thdy két qua truy vin cia phwong phép d& xuft twong dbi chinh xéac so véi c4c hé truy vén anh theo ngit
nghia.

VI. KET LUAN VA HUGNG PHAT TRIEN
Bai bao di xay dung dugc phuong phap tim kiém anh theo ngit nghia dya trén ciy phan cum phén chp cac dic
trung thi giac cia hinh anh, Cay phin cum H-Tree 12 mét md hinh phén hoach cac vécto déc tnmg dé timra tip anh
trong ty. Déy 12 mé hinh cai tién ciia phuong phép khai pha di¥ liéu phén cum phén cip két hop véi k§ thuat hoc ban
gidm sat. Trén co s& 1y thuyét 44 dugc d& xuét, ching t6i x4y dung hé truy vin 4nh theo ngit nghia dua trén néi dung
chia hinh 4nh, Két qué thirc nghiém trén bd dit lidu anh ImageCLEF dugc danh gid va so sinh vdi céc ¢dng trinh khic
trén ciing mét tap dit liéu anh d4 cho thiy phuong phép d& xuit 13 hidu qua. Vi va.y, phuong phép d& xuit cia chung toi

¢6 thé duoc sir dung cho cic hé thong tra ctu dit liéu da phuong tién. Viée x8y dung cdy phan cum dya tén céc dic
trung thi gi4c cila anh d4 tao ra mét cdu triic tim kiém 4nh nhanh chéng. Hudng phét trién tiép theo, ching téi xiy dung
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mdi nhénh ctia ciy H-Tree c6 thé thém gié trj trong s6 dé phan hogch dif ligu, khi d6 bai toan tr& thanh tim dudng di
trén cay tang trudng, tirc la khéng gian &n. Ngoai ra, giita cic nit lai ¢ thé lién thong 8 tao ra mét cAu trtic hé lai dang
@6 thi va dic biét tai mdi mit c6 the img dung mét mé hinh mang dé phén hoach.

VII. LOI CAM ON

Nhom tac gla chén thanh cam on Trudng Dai hoc St pham TP. Hb Chi Minh, Trudng Dai hoc Céng nghiép
Thurc phém TP. H6 Chi Minh, Trrdng Pai hoc Ba Bia - Viing Tau 12 nhimg noi bao trg cho nghién ctru nay. Chung toi
trdn trong cdm on nhém nghién ciru SBIR-HCM va nhiém vup NVCC14.01/19-19 cta Vién Han 14m Khoa hoc va Cong
nghé Viét Nam d3 hd trg ching t6i hoan thanh bai nghién ciru nay. )
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SEMANTIC-BASED IMAGE RETRIEVAL USING HIERARCHICAL CLUSTERING TREE

Nguyen Minh Hai, Le Thi Vinh Thanh, Van The Thanh , Tran Van Lang

ABSTRACT: In this paper, we present some results of the Semantic-based Image Retrieval (SBIR) which query and extract semantic
of image based on the hierarchical tree siructure of H-Tree (Hierachical-Tree). This data structure is created rely on the hierarchical
clustering method of visual featured vectors of image. Therefore, H-Tree structure is built based on the operations such as adding,
deleting, and udating; at that time the method of semantics querying and extracting is also proposed. In order to demonstrate the
accurateness of the proposed theoretical basis, we designed the model and developed a semantic image retrieval application on the
ImageCLEF image data set. To evaluate the effectiveness of the proposed method, experimental results are compared with some of
the results of recently published works on the same data set. According to the comparison results, our proposed method is highly
Jfeasible and effective.



