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Tra ciru anh theo noi dung sir dung tap Pareto
va mo hinh hoc thong ké CART

Content-based Image Retrieval using Pareto Fronts Set and CART
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Abstract: Image retrieval systems adopt a
combination of multiple features and then total
distance measures of particular features for ranking
the results. Therefore, the top-ranked images with
smallest total distance measures are returned to the
users. However, images with smallest partial distance
measures which are suitable for users’ purpose may
not be included in these results. Therefore, partial
distance measure should be considered. In this paper,
we propose to adopt the Pareto set in the distance
measure space. This set assures that the returned
results contain not only points with smallest total
distance obtained by linear combinations, but also
other points have smallest partial distance measures
which cannot be found by the linear combination in
the distance measure space. Especially, the searching
space based on the distance measures is compacted by
our algorithm, namely PDFA. This algorithm collects
all the Pareto set with different depths, and is efficient
for the classification and regression tree (CART). The
experimental results on three image collections show
the effectiveness of our proposed method.

Keyword: Pareto set, classification and regression

tree (CART), content-based image retrieval (CBIR),
relevance feedback (RF).

I. GIOI THIEU

Tu hai thap ki qua, su xuét hién cua Internet da
thay doi hoan toan cach thirc ching ta tim kiém thong
tin. Vi du, khi 1am viéc v6i van ban, ta chi can don
gian gd mot vai tir khoa vao may tim kiém Google hay
Bing dé ngay lap lirc c6 duoc mot danh sach twong ddi
chinh xac cac trang web co lién quan. Ta ciing c6 cac
hé théng twong tuw véi anh. V6i hé thdng nay, bing

cach ldy mot anh dau vao tir nguoi stir dung, hé thong
cb ging tim kiém céc anh gidng nhét trong dit liéu, roi
tra lai cho nguoi str dung. Mot cach 1y tuong, su gidng
nhau ¢ ddy duoc dinh nghia dya trén su giéng nhau
gitta cac khai ni€ém duoc thé hién trong anh. Day 1a hé
thong Tra clru anh theo ndi dung hay don gian 1a tra
ctru anh (“content-based image retrieval ” viét tit la
CBIR). Linh vyc nay da duoc cong dong nhién ciu
quan tdm trong nhitng ndm qua, bai bao [6] da cho
thdy diéu do.

Thong thuong cac hé théng biéu dién anh trong
mau sic, két cAu, hinh dang va cac dac trung bé mat.
Céac ham tim kiém dugc xdy dung dé tra ciru theo sy
quan tdm. Bai bdo nay sir dung két hop nhidu biéu
dién dic trung duge miéu ta nhu trong [2, 5, 7, 9, 22,
23, 24, 26]. Trong xép hang cac két qua tra vé cho
nguoi dung thong thuong sir dung khoang cach toan
cuc bang két hop tuyén tinh khoang cach cuc bé theo
biéu dién dic trung thanh phan. Mot anh duoc xép thir
hang cao hon néu va chi néu d6 do khoang cach toan
cuc la nho hon.

Vi du L.1. Gia sir chung ta c6 hai dac trung mau
(C) va két cau (T). P6 do khodng cdch cia ba doi
twong 01, 0 O3 twong umg vdéi truy vin Q ld
Do) = 0.6, DY (0)= 03, DI (o,)= 0.5

DY (0,)= 0.2, D§(0;)= 0.45, D{(05)= 0.35.

Khodng cdch toan cuc dp dung két hop tuyén tinh dé
do khodng cdch thanh phan ciia cdc déc trung mau va
két cdu twong img la Dq(0;)= 0.9, Dy(0,)= 0.7,

Do (03) = 0.8. Dé ding xép hang dé do khodng cdach la

0y, 03, 01. Khi khéng két hop tuyén tinh d¢ do khodng
cach toan cuc, xé'p hang dwa vao do do khodng cach
thanh phan ching ta chi cé thé xép hang dwoc oy va
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0,, dbi tuwong o3 khong thé so sanh dwoc véi hai doi
tuong con lai.

Nhu vay cach xép hang str dung téng toan b do do
khoang céch ctia cac thanh phan trong két qua cubi
cung con nhiéu van dé cAn xem xét va cai tién.

Trong cac nghién ctru [15, 36] sir dung k¥ thuat tbi
wu da muc tiéu dua vao kién trac Pareto, dinh nghia do
do toan cuc nhu mot két hop t6i wu tuyén tinh cia cac
ham khoang cich thanh phan. Cac nghién ciru nay chi
st dung cach tiép can Pareto trong viéc lya chon két
qua cubi cting nhu mot bai toan tdi vu da muc tiéu nhu
trong nghién ctru [12].

Khong gidng nhu cach tiép can trén, ching toi sir
dung Pareto nhu mot bai toan tién xur 1y dit lidu (rat
gon tdp mau). Qua d6, khong gian tim kiém trén tap
d6 do khoang cach véi truy van duoc thu gon nhét cua
tap Pareto. Tap thu gon nay dugc st dung nhu dit li€u
dau vao gitip cho bd may phan 16p hoat dong hiéu qua
hon. Cac phuwong phép thdng ké, nhu hdi quy thuc
hién tot hon véi tdp mau nho nhu sé mau huén luyén
chi c6 dugc dua vao danh gia cia nguoi dung trong
mot s6 1an phan hdi. Do d6 chung t6i két hop st dung
md hinh cdy duy bao hdi quy (Classification and
Regression Tree - CART) dé du bao phan 16p trén tap
mau dugc thu gon nay.

Phan con lai cua bai bao duogc to chirc nhu sau.
Phan hai, mdt s6 nghién ctu lién quan s dung
phuong phap t6i wu Pareto va k¥ thuat may hoc. Phan
ba la dé xuit phuong phap giam khong gian mau caa
tap do do khoang cach dua vao tiép can tap Pareto va
mé hinh cdy hdi quy phan 16p. Cac két qua thuc
nghiém trong phan bén. Két luan va huéng nghién ciru
twong lai & phan nam.

I1. NGHIEN CU'U LIEN QUAN

IL.1. Phwong phap tdi wu Pareto

Dé giai bai toan tdi wu nhiéu tac gia ap dung
phuong phap thich nghi dua trén giai thuat di truyén
[8, 11, 32]. Cac nghién ctru nay dam bao khong bo sot
cac anh c6 it nhat mot dd do khoang cach thanh phan
v6i truy van 1a nhod nhét. Tuy nhién, cac nghién ciru
nay khong thay d6i hodc rut gon dugc khong gian tim
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kiém. Arevalillo-Herraez va cong sy [1] st dung
phuong phap t6i uu Pareto va cach tiép can NSGA-II
dé sap xép tap co do do khoang cach khong troi (non-
dominated). Nghién ctru nay khong dua ra tép rut gon
khong gian tim kiém. Hsiao va cong su [12] sir dung
Pareto do sau (dua trén nghién ctru cua Torlone va
cong su [31]). Nghién ctru nay str dung cach xép hang
EMR (efficient manifold ranking) theo cac muc tiéu
nhu cac truy van doc lap. Pé lya chon két qua cudi
cung, ho st dung nhiéu diém ria Skyline cho xép hang
cac do6i tugng theo céc ria. Téi wu Pareto duge six dung
rong rii trong cong dong hoc may [10]. Cac hé thdng
CBIR sir dung b may phan 16p it sir dung cach tiép
can Pareto dé giam tap di lidu va day chinh 1a yéu t6
quan trong gilp cai thién cac bd may phan 16p dir li¢u.
11.2. Tra citu dnh theo ndi dung dua vao ciac mo
hinh hgoc may

Phan hdi lién quan (Relevance feedback, hay viét
tat 1a RF) duoc st dung dé giam khoang cach ngi
nghia gita khai niém muc cao va dic trung muc thip
trong miéu ta anh. Thong thuong nguoi dung khong
dé dang dung tryc giac nhan biét anh dua trén dic
trung muc thap nhu mau sic va hinh dang. Mot van dé
khac lién quan t6i nhan thirc chi quan vé hinh anh,
nguoi khac nhau co thé c6 nhan thuc truc quan khac
nhau vé cung mot anh. Nhiing anh khac nhau c6
nhitng ¥ nghia khac nhau hodc ¢6 tim quan trong khéc
nhau v6i mdi nguoi. Vi du, cho mot anh con chim bay
trén bau trdi, trong khi ngudi ndy c6 thé quan tam dén
con chim, ngudi khac lai quan tim dén bau troi. Do
tam quan trong cla cac dic trung cu thé 1a kho xac
dinh nén sy két hop tuyén tinh cac khoang cach dic
trung thanh phin c6 thé din dén bo sét cac thanh phan
quan trong trong két qua tra vé ngudi dung.

K¥ thuat phan hoi lién quan sir dung méay hoc ciing
da dugc nghién ciru trong nhidu bai bao nhiing nam
gin diy. SVM-AL [30] 1a mot nghién ctru tién phong
va c¢6 dong gop quan trong trong cong ddng CBIR.
Nhimng gi¢i han ciia nd di dugc giai quyét biang cac
giai phap méi. Jiang va cong su [14] cai tién hiéu ning
cua SVM-AL str dung dung k¥ thuat AdaBoost. Tuy
nhién chi don thuin sir dung AdaBoost thi kho cai tién
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dugc SVM. Cac phuong phap phan 16p dua trén ky
thuat SVM thuong it hiéu qua khi khéng ¢6 mau huan
luyén trudc, hay sd mau duoc huin luyén rat it co
dugc sau mot sd lan phan hdi cia ngudi ding.
AdaBoost dugc xem nhu y nghia tang cuong cho thuat
toan hoc yéu. Tur cai tién AdaBoost gdc, ky thuat
boosting da dugc ap dung trong cac hé thong CBIR
nhu cac nghién cuu [16, 29, 34]. Tuy nhién cac k¥
thudt dia trén AdaBoost thudng phéan 16p cham, diéu
nay 1a han ché khi ap dung phan 16p trong cac ung
dung tra cru anh. Mot nhuge diém cua cic phuong
phap trén 1a thudong “overfit” khi phan 16p, din dén
két qua khong cao.

Trong mot s bai béo, ki thuat cay quyét dinh (hoc
giam sat) nhu C4.5, ID3 duoc sir dung trong phan hoi
lién quan dé phan 16p cac anh trong co so dir lidu anh
vao hai 16p (lién quan/khong lién quan) phu thudc vao
twong tu voi anh truy vAn nhu nghién ciu cua
MACARTHUR va cong su [18]. Ky thuat CART do
Breiman va cong su [4] xdy dung mot cdu trac ciy
bang cach phan hoach dé quy khong gian thudc tinh
dau vao. Mot tap cac luat quyét dinh ¢6 thé thu duge
theo cac duong dan tir gbc t6i cac 1a cia cdy. So sanh
v6i cac phuong phap hoc khac, cdy quyét dinh hoc
khai niém don gian, manh véi cac dbi tuong khong
day du va nhifu cac dic trung dau vao.

I11. KY THUAT PE XUAT

IIL1. Giam khéng gian tim kiém dwa vao tip
Pareto

Tép Pareto hoac ria Pareto 1a mot tap con cua tap
cac diém thoa hiép ctia cac 10i giai trong d6 chira tat ca
cac diém ma c6 it nhit mot muc tiéu tbi uu trong khi
gilt nguyén moi muc tiéu khac. Cac diém d6 duoc goi
1a cac diém tdi uu Pareto’.

Bai toan tdi uu trén mién khong gian d¢ do khoang
cach clia truy van voi cic mau trong co s& dit anh phat
biéu nhu sau:

! http://en.wikipedia.org/wiki/Pareto_efficiency
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min DG (1), tefl... T}

st. | e{EiF}, ie{l.., M} @

trong do truy van Q biéu dién boi mot tap T dic trung
va céc phan tir anh | cta tp dit ligu {E" } gdm M anh
bao gdbm cac dic trung twong Ung nhu truy vén.
Do (1) =D(Q,, 1) 1a d6 do khoang cach giira ddc trung
thir t biéu dién boi cac thanh phan Q, va l. Ky
hi¢u Dy (1) ={Du (N}={D'(Q", I'Vhr & tap T do do
khoang cach cua anh | va truy van Q.

Pé tim tap cac ddi twong toi wu trén mién khong
gian d6 do khoang cach, dua trén quan hé trdi tim tap
t6i wu Pareto theo dinh nghia 3.1.

Pinh nghia 3.1. (Trgi Pareto trén do do khodang cach)
Cho truy van Q, xdc dinh mot quan hé tréi (ky hiéu la
f) trén tap do do khoang cach cua hai anh | va |, nhu
Sau:
o Quan h¢ trgi yéu, ky hiéu la Dy (1,) # Dy (1,) khi va
chi khi:
Vt,1<t<T,Dy (1) < Dy(l,),
Jt,,1<t, <T, Dg’(ll) < Dg’(lz),

© Quan hé tri manh, ky higu la Dy (1;) = Dy(1,) khi
va chi khi:
‘v’t,lStST,Dé(ll)<Dé(I2), (2b)
Vidu IILI: Xét vidy 1.1 ta co, Dy(0,) = Dg(0y) -
Pinh nghia 3.2. (Ria Pareto) Chovl e{E", Dy (1)}
néu Aly e{E,Do(lo)} ma Dy(lg) = Do (1) thi Dy(l)
duwoc goi la diém t6i uu Pareto. T ap cac diém t6i uu
Pareto (khong tréi) cua {EF, DQ(l)} duoc goi la ria
Pareto ddu tién, ky hiéu la PFL.

Tap Pareto chira tat ca cac diém khong troi voi cac
diém khac trong {EF, DQ(I)}. Tép nay chira tat ca
cac phan tir toi thiéu hoa bang cach két hop tuyén tinh,
nhung ciing chtra cac phan tir khac ma khong tim thay
ncu két hop tuyén tinh.
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Ménh & 3.1. VI € {E", Dy (1)}, néu:

3, 1<t, <T,DE(1) = Illﬂ{lg} DS (I, thi | € PF.
Chtrng minh: Gia str

l ¢ PF'=31'eEF, vi<t<T,D5(1)<D5(1) =
DS (1) <Dg (1), vo Iy vi DG (1) = I[\E/I{;g}Dg(l')-

Pinh nghia 3.3 (Muc ria Pareto) Ria Pareto thu i
duoc xdy dung:

PF = PFl({{EF,{D(tg(l)}mgT}}\( i;jlij)) (3)

Vi du IIL2. Xét quan hé troi trén vi du 1.1:
Dy (0,) = Do(0y) , thi ta c6 PF*={0,,05}, PF*={0,}.

Tap cac diém Pareto nhidu muc ria (muc ria ting dan)
duoc goi la Pareto depth.
Ménh dé 3.2.

vl 1, e PF'(1>1) = LAL L AL,

(ii)vl e PF*(1 >1) = 3J € PF, Do (J) = Dy(1)
Ching minh: (i) duwoc suy tir dinh nghia PF".
(ii) Gia st | e PF'" =

R

| ¢ PF' = 3] €EF \UPF', Dy (J) = Dy (1)

VI 'ezikLJlPF‘,DQ(I)% Dy (1), Do (1) # Do(l)
= D,(J) - Dy(l),J ePF's

Thuét toan PDFA tim tap ria Pareto nhidu muc sau
hay tap Pareto sir dung ménh dé 3.1 va 3.2.

Thuat toan PDFA (ria Pareto nhiéu mirc siu)
Bauvao:  yple={D}, (1)}, . 1<i<N,1<t<T

/*Danh sach sép thir ty Tuple ¢6 T danh sach N
anh, mdi anh c¢6 T gia do do khoang cach theo
timg dic trung voi truy vén Q */
k /* S6 lvong méu trong tap ria Pareto */

Péu ra: ListResult /*Tap ria Pareto */

/* Bién trung gian */

Result=0; PF=PF_Next= J ; aTupleMax =0; aMax=0;

/* Khoi tao */

1. TopTuple=0;

2. While (Result <k)
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While Z l; ePFma (Dq(l;) f aTupleMax) A (

3.
Result <k)

4, Fort=1to T )
Lay ra anh I; chua dugc lay trong danh sach

5 da sap tht tu Tuple, cung voi T d9 do khoang
IF aMax< Dg (I;) aMax = Dg(li) ;
isDominated=false;

8 While (not(isDominate)) A 3 | € PF chua

' dugc so sanh vai 1)
0 IF(Dq(I;) = Dq (1) ) chuyén I; tir PF
vao PF_Next;

10. End IF;

11. IFCH; = 1)

12. isDominated = true;

13. Chen |; vao PF_Next;

14, End IF

15. End While

16. IF not(isDominated) chén |; vao PF;

17. aTupleMax, =aMax; /* DPat lai ngudng ¢ t */
Dua cac anh |; € PF ma

18. .
aTupleMax ¥ D (I;) vao ListResult;

19. Result = Result+1;

20. End For

21. End While

22, IF (Result<k)

23. PF = PF_Next; PF_Next= ;

' chuyén | sang PF_Next;
. Bua céc anh |; € PF ma aTupleMax ¥ D (l;)
' vao ListResult;
26. End IF
27. End While

Sau khi sép xép T danh sach, thuét toan chi thyuc
hién trén phép so sanh, lan lugt ldy timg anh chua
duoc danh dau trong mdi danh sach so sanh tap do do
khoang cach voi tap gia tri ngudng aTupleMax. Tap
gia tri ngudng aTupleMax duoc thiét 14p sao cho mdi
thanh phin ctia n6 c6 gia tri cao nhat trong tat ca cac
diém Pareto di tim dugc. Thuat toan PDFA sit dung
dinh nghia 3.3 két hop voi tap gia tri aTupleMax dé so
sanh 14y ra cac diém Pareto theo nhiéu mirc, qua trinh
tiép tuc dén khi s6 diém can 1§y dat duoc k diém, dugc
goi 12 tép ria Pareto nhiéu murc sau. Qua trinh ting dan
mirc ria (d sau) dén khi tim di s6 diém theo do siu
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hodc hét co s dit liéu. Thuat toan c6 do phirc tap 1a
O(n), trong d6 cac phép toan dugc su dung chi toan
cac phép so sanh nén thoi gian thyc hién nhanh.

Theo ménh dé 3.1, tap ria Pareto nhiéu muc sau
chira cac diém c6 do do khoang cach téi thiéu theo
thanh phan va tdi thiéu theo cach két hop tuyén tinh.
Theo ménh dé 3.2, cac diém trong cung mdt muc sau
thi khong thé so sanh vai nhau, cac diém & mic trong
sau hon thi bi lam tréi & mirc ngoai. Nhu vay tap
Pareto depth bao duoc cac diém lién quan vé d6 do
khoang cach mirc thap. Theo truc giac day la tap kha
nang lién quan cao nhat. Tuy thudc sé mirc ria, tap nay
¢ s6 mau nho hon toan bo co s dit lidu.

Phan hoi lién quan 1 cdu ndi giup giam khoang
tréng giita ddc trung murc thap biéu dién v6i khai niém
mirc cao ciia nguoi dung. Trong qua trinh phan hoi,
nguoi dung chon cac anh nhu “lién quan”, “khong lién
quan”. K§ thuat dé xuit str dung cac anh lién quan nhu
mot truy van doc lap, mdi truy van nay lai thu dugc
mot tdp ria Pareto nhiéu mirc siu.

Dinh nghia 3.4 phat biéu hop cta cac ria Pareto
nhidu mirc sdu. Két qua phép hop ria Pareto nhiéu
muc sau s€ dugc st dung trong thuit toan PCART &
phan sau.

Pinh nghia 3.4 (Hop Pareto) Tip két hop cia cdc ria
Pareto duwoc goi la hop Pareto, ky hiéu la PF*, thoa
man:

def

PF* = PE" = {v1 {EF, D, (N}\ v PF*

/3 {EF, D@} PF*,—Dy(1) - DQ(J)}

I11.2. Cay du bao hdi quy (CART)

Gia str mdi anh twong tng 1a mot mau trong khong
gian do do khoang cach véi truy van Q va tap tat cac
mau {Dq (I;)} ¢6 kich thudc M. Tir két qua tap hop ria
Pareto nhidu muc siu (Thudt toan PDFA) goi 1a tap
PF , ky hi¢u | 1a mtrc sau cua ria Pareto, thong thuong
chung t6i Iya chon 1<I<L, wva L<20,
#PR <#{Dgq(l})}. Theo mé¢nh dé 3.2, tap PF chtra
cac dbi tuong tbi thiéu trén mot sé bd nén gém nhiéu
cac dbi twong lién quan, k ddi tuong tot nhat theo cac
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ria Pareto (goi 1a tip NB va NB < PF) dugc hién thi.
Ngudi dung chon ddi twong lién quan dugce gan nhan
1a “+1” va dua vao tap NB”, cidc mau khong lién quan
dugc gan nhan “-1” va dua vao tap NB". Qua trinh tiép
tuc nhu vay & 1an phan hoi sau.

Loi giai cua bai toan hoc may nam trong dit liéu
huan luyén xac dinh (truy van va cac anh dugc danh
gi4), suy ludn mot khai ni€m tir dir li€u nay, va dua ra
cac truong hop khac tir mot co s¢ dir li€u sao cho phu
hop v6i khai niém nay (tra v& mot tip cac anh). Bai
toan hoc may co thé duoc xem nhu mot bai toan phan
hai 16p dugc dé xuat ban dau trong [27]. K¥ thuat nay
ap dung cho phan 16p anh nhu sau: cho mét tap dir li€u
huén luyén duoc tra v& tir c4c anh tra ctru, tap nay dua
téi cho nguoi dung gan nhan, sau d6 dugc dua vao
modt mod hinh hoc. Mot han ché cua bai toan CBIR 1a
dir liéu hudn luyén khong c6 trudce, dit liéu huén luyén
chi ¢6 sau khi ngudi dung gan nhan trong céac lan lap
phan hoi dbi voi ting truy van. Cach tiép can cay
quyét dinh rat hiéu qua trong bai toan phan 16p nay.
CART dua ra didu kién phan bd cua y cho x, trong d6
x biéu dién mot véc to cia cac du bao [X;,Xy,...X, ]

Cho mot tap do do khoang cach mdi anh véi truy
van D ={Dq(l), ..., Do (l,)}, trong do:

Do (1) ={Dg (1})..... Dy (1, )} bao gom T céc bd do
do khoang cach nhu 1a cac thude tinh.

Mot phuong phap tét nhit cho lya chon cic phan
hoach nhiéu cich dwa vao théng ké tim quan trong
[3]. Viéc tach dugc thuyc hién quanh viéc xac dinh
diém tach t6t nhat. O mdi bude tim kiém toan b duge
thuc hién dé xac dinh phép tach tét nhat. Diéu do6 thuc
hién nhu sau:

f(%jZZPLPRZ| P(Cj |tL)—P(Cj [ts)], (4)

j=1

trong d6 t 1a nht hién tai, s 1a cac thudc tinh, L va R
1a cdy con bén trai va phai cia nut hién tai. P, P;1a xac
suat ma b trong tap huan luyén s& & bén trai hay bén
phai cia mét cay:
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D(B(I ) ctia cac cdy con

P, hodc Py =

D(tg(l ) trong tap huan luyén
P(C; |t.) hodc P(C;|tg)=

\ DtQ () cua C; trong cac cdy con

D(tg (1) trong nut muyc tiéu
Trong do P(C; |t ) hodc P(C;|tg)la xdc xuat ma
mot bd ¢ trong 16p C; & bén trai hodc bén phai cua céac
cay con. Trong mdi budc, chi mot tiéu chuén dugce lua
chon tdt nhat trong tat ca cac tiéu chuan c6 thé co.
Duoi day la thudt toan PCART thuc hién du béo
phan 16p theo mo6 hinh CART sir dung tap Pareto. Dé
ting cudng s6 mau trén tap Pareto va tranh dwoc van
dé gap phai s anh lién quan nam rai réc trong khong
gian vat 1y (1a tdp cac véc to nhidu chiéu cua khoang
cach mdi anh véi truy van), hop cac ria Pareto nhiéu
muc sau dugc sir dung trong thuét toan nay.

Tap V-2, S6 16 (36), thang 12/2016

24. S <« k anh déu tién trong PF;
2.5.  Nguoi ding danh gia cac anh theo nhén thire vé su
lién quan va khong lién quan

NB* « S;

NB™ «S,;

listNB™ <« listNB™ WNB™;

listNB™ < listNB™ U NB™;
3 End While

Thuat toan PCART

Input:{Dq (I;)}, 1<i <N, /* Tép do do khoang cach cua mdi

anh trong co s dit liéu v6i truy van */

k; /* S lwong mau trong tp phu Pareto */
Output: Anh thoa mén nhu cdu tim kiém
1. Khoi tao:

listNB™ <« Q; /* Truy v4n ban d4u dugc nhin duong */
listNB™ «— &, /* Tap miu dugc gan nhin 4m ban dau * /
PF <« &; /* Tap Pareto ban diu */

2. While nguoi dung chua thoa méan
21 Foreach Qjin listNB"

Tim tap céac diém ria Pareto nhiéu mitc (xem thuat
toan 1 va dinh nghia 3.3)

PF « PF U ParetoD}, (1)}, K);
2.2, Chuan bi dit liéu huén luyén cho CART (X;,V;),
+1,if X; e listNB*
—1,if X; e listNB™
Xay dung ham du bao phan 16p sir dung phuong trinh

(3.4) thu dugc f (%j

X; €listNB* UlistNB™, y, ={

2.3. aPredictRF(l;) = f [%j ; 1 * aPredictRF(l)) 1a gia

tri du bao phan 16p cho anh |; trong tip Pareto */

Sép xép cac anh trong PF theo gia tri du bao
aPredictRF;

Trong thuat toan PCART, aPredictRF la mt danh
sach Iuu cac gia tri du bao st dung phuong trinh (4).
Thuat todan PCART st dung cac anh li€én quan nhu
truy van doc 14p dé mé rong truy van va mé rong tap
ria Pareto theo nhiéu mirc sdu bang cach sir dung dinh
nghia 3.3 va thuit toan PDFA. Thuat toan c6 d6 phuc

tap 1a O(n?). M6 hinh dé xuit duoc mé ta nhu Hinh 1.

Truy van dugc

trich rat dac
tr Huan luyén ,
e cArT | — [Két qua dy bio
A v

Danh gid top
ket qua tra ve|

Anh dugc
gan nhan

!

Sai
\H Tap Pareto ¢

Anh dugc
gan nhan

Nguoi dung
thoa man?

l DPuing

Hinh 1. So do hé thong dé xudt

IV. THU'C NGHIEM

DPé danh gia hiéu niang cua phuong phap d& xuit,
mot s thuc nghiém da duoc thiét ké va cai dat. Pé
Xuét ctia chiing t6i duoc so sanh véi phuong phap tra
citu anh c6 st dung k¥ thuat phan 16p nhu SVM
chuin, hoc ting cudng i.Boost [29] (AdaBoost), va
phuong phap phan hdi lién quan tién tién MARS. Day
1a cac phuong phap tién tién thuong duoc s dung dé
phan 16p dir liéu, tuy nhién véi dir lidu gip nhiéu
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nhiu nhu “khoéng trdng ngit nghia” trong CBIR va s
mau huin luyén khong ¢ trude nén cac phuong phap
nay gip nhiéu kho khan. Ky thuat phan 16p CART
hiéu qua véi dit liéu hudn luyén nhé nhu sé cic miu
c6 dugc trong mot s6 lan phéan hoi.
IV.1. Cac miéu ta anh

Chung t6i Iwa chon bd dic trung két hop gém sau
dic trung muc thdp va ham khoang cich si dung
tuong g duwoc miéu ta trong Bang 1. Cac biéu dién
gém ba kiéu dic trung mau sdc, két cAu va hinh dang,
day 1a nhitng dic trung duogc sir dung rat nhiéu trong
cac nghién ctru tra ciru anh hodc nhan dang.

Bang 1. Cdac miéu ta anh trong thuc nghiém

Miéu ta Loai Kich Ham
thwée  khoang

cach
HSV Histogram [28] Color 32 L1
Color moments [36] Color 6 L2
Color auto correlogram [13] Color 64 L1
Loc Gabor [35] Texture 48 L2
Wavelet moments [33] Texture 40 L2
Gist [20] Shape 512 L2

Chung t6i str dung ba tip anh dé thuc nghiém. Cac
anh trong mdi tap dugc t chirc theo chu dé bang nhin
thirc chii quan cua con ngudi vé tinh twong tu ngit
nghia. Cy thé cac tap anh nhu sau:

e Dbl. Pay la tip COREL [17] gdm 1000 anh
duogc chia vao 10 chu dé: bién, Chau Phi, hoa hf”)ng,
ngua, nui, thic an, xe buyt, khung long, toa nha va
VOI.

e Db2. Tap Oxford Buildings [21] bao gém 5062
anh duoc 14y ra tir Flickr. T4p nay gém 11 chu dé dia
danh khac nhau gdm 2560 anh, mdi chu dé sir dung 5
truy van. Tap truy vin gdm 55 anh dugc sir dung dé
danh gia theo cac chu dé: All Souls Oxford,
Ashmolean Oxford, Balliol Oxford, Bodleian Oxford,
Christ Church Oxford, Cornmarket Oxford, Hertford
Oxford, Keble Oxford, Magdalen Oxford, Pitt Rivers
Oxford, Radcliffe Camera Oxford.

e DDb3. Pay 1a tap con cua tap Caltech 101 [10],
gdém 101 chu d&, mdi chi d& c6 khoang tir 40 dén 800
anh. Chung t6i st dung 10 chu dé d6 1a: kién, ca, gﬁu,

Tap V-2, S6 16 (36), thang 12/2016

khiing long, sting than cong, binh nudc, dan ming-do-
lin, mo 1ét, ghé, cai 6.

Trén Db1 va Db3 10% sb anh duoc 1iy ngau nhién
& mdi chu dé lam truy van va danh gia chat lugng tra
clru trén cac lan 13p véi cac truy van khoi tao nay. Sau
khi trich rat dic trung, moi chiéu cua dic trung duogc
chuan hoa vao pham vi [0,1] sit dung phuong phap
chuan Gauss [25].

IV.2. Cac hé thong co sé (Baselines)

Heé théng d& xuit duoc so sanh voi ba phuong phap
va duoc coi nhu 1a hé théng co sO va thuc nghiém trén
cac tap Dbl, Db2 va Db3. Ca ba phuong phap dugc
thiét 1ap cing mot moi trudng thuc nghiém: cic mau
truy van, s6 lan lap phan hoi, va cing mot méi truong
gia lap nguoi dung.

e S0 sanh véi hoc tuong tac SVM [30]: Tong va
Chang sir dung SVM dé phén 16p céac anh trong co s&
dir liu anh theo su lién quan va khong lién quan.

e So sanh véi thuat toan i.Boost [29]: Phan 16p co
so dit liéu anh theo truy van dwa vao danh gia cua
nguoi ding qua l3p phan hdi lién quan.

e So sanh véi k¥ thuat hiéu chinh trong s trong
hé théng MARS [25] cua Rui va cong su.

IV.3. b6 do hiéu ning

Hai d6 do Precison véi Recall nhu trong [19] va
cic anh lién quan duoc tra ciu véi sd lan lap
(Retrieved relevant - hiéu qua tra ctu) dé danh gia
hiéu qua ctia hé thong dé xuat. Precision Pr(q) c6 thé
dinh nghia nhu 14 ti s6 cta s6 anh tra ctru lién quan
(Relevant(q), ky hiéu 1a Rel(q)) v6i s6 anh tra ctu

(N(q)), do db: Pr(q):%. Recall (Re(q)) duoc

dinh nghia la ti s6 cua sb anh d tra ctu lién quan voi

Rel(q)
C()

Hiéu qua tra ctru dugc dinh nghia 1a ti sb cua téng

tat ca sb anh lién quan (C(q)), do d6: Re(q) =

sO anh tra ctru lién quan trén tong s6 anh da dugc tra
ctru theo 1an 1ap. Hiéu qua tra ctru dugc sir dung cho
thiy phan trim c4c anh tra ctru lién quan cho mot lan
lap phan hdi lién quan. Pudng cong nay cho phép
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danh gia sb anh lién quan ting theo cac lan lap. Trung
binh Precision v&i Recall va cac anh tra ctru lién quan
voi lan lap duoc xem nhu két qud cho moi anh truy
van dugc str dung dé so sanh.

IV.4. Cac két qua thye nghiém

Chung t61 gia lap anh tra ctru dugc dua cho nguoi
dung danh gia. Cac anh cing chu d& vé6i anh truy van
dugc xem nhu 1a lién quan. Bén phuong phap st dung
chung cac truy van trén mdi tap Dbl, Db2, va Db3
tuong (mg. V6éi mdi anh truy van, ¢ lan tra ciru khoi
tao cac phuong phap déu dung két hop tuyén tinh do
do khoang cach. Chung t6i thiét 1ap 10 lan lip phan
hdi cho mdi truy vén.

Céc hé thong CBIR thong thudong chon 20 anh
twong ty nhat hién thi cho ngudi dung danh gia trong
mot 1an danh gia. Qua thyc nghiém chiing t6i lya chon
dugc cac tham sé phu hop cho ting tap dir liéu nhu
Bang 2. Nhu vy v6i muc sau cua ria Pareto chon hop
Iy ta c6 thé giam dugc chi phi tinh toan (s mau nho
hon), trong khi d6 s6 cac anh lién quan nhiéu nhat.

Bdng 2. Tham sé thiét ldp ria Pareto nhiéu mikc sdu.
Ky hiéu L: mirc sdu ciia ria Pareto; P: sé diém Pareto.

L P
Dbl | Db2 | Db3 | Dbl | Db2 | Db3
20 30 25 100 | 500 | 150

Tap V-2, S6 16 (36), thang 12/2016

Bang 3 sit dung cac tham sé duogc thiét 1ap nhu
Bang 2, s6 anh tra ciru lién quan voi 10 1an lap 1a 99
anh, giam dugc 68.1% khong gian s6 mau. Bang 4,
thiét 1ap tham s6 tuy y voi s6 diém Pareto 1a 300 va do
sau 1a 200, s6 anh tra ctru lién quan véi 10 lan lap 1a
98 anh va trung binh giam 35.8% khong gian sb mau.
So sanh Bang 3 va Bang 4 cho thiy rd rang tinh hiéu
qua st dung tap Pareto.

Hinh 2(a) 14 biéu dd Precision/Recall ciia ca bdn
phuong phép trén tip Dbl. Trong hai 1an 1ap dau tién,
trung binh Precision cta phuong phap dé xuit thap
hon do ¢6 rét it cac anh duoc gan nhan “+” nén nén
CART du béo chua tdt. Tap dir liéu nay c6 khoang
trbng 16n giita ngit nghia va dic trung muc thip. Vi
du: chu d& xe buyt va hoa hong vé dic trung mirc thap
rit gan nhau. Ba phuong phap con lai thuc hién phan
16p ban dau tot hon do tinh chat “fitting” ctia md hinh.
Tt lan lap thi ba, s6 anh dugc gan nhan “+” va “-”
tang 1én, CART thyc hién phan 16p hi€u qua 10 rét trén
tap Pareto thu gon va nho hon nhiéu so véi toan bo s6
mau. Nguoc lai, ba phuong phap con lai hiéu ning
kém hon tir 1an thir ba vi khi s6 anh dugc gan nhén
tang 1én, cac hé thong nay thudng bi “overfitting” va
thyc hién phén 16p trén toan bo sb mau rat 16n. Chi tiét
sO liéu xem trong bang A.1 & phu luc A (Trung binh
d6 chinh xac md hinh dé xuit, SVM, va i.Boost tuong
ung la 53.7%, 50.6%, 47.3%, 49.8%).

Bdng 3. S6 lweong quan thé trong firng lan phan hoi véi truy van 710.jpg theol0 lan lgp.
Ky hiéu: P — S6 diém ria Pareto nhiéu mirc sau; NB* - s6 anh lién quan ton tai trong tdp.

Khoi tao 1 2 3

4 5 6 7 8 9

Bing 4. S6 lweong quan thé trong ting vongphan hoi véi truy van 710.jpg theol0 lan lgp.
Ky hiéu: P — S6 diém ria Pareto nhiéu mirc sau; NB* - 56 anh lién quan ton tai trong tdp.

710.jpg
P 102 451 | 371 | 352 | 442 | 455 | 291 | 385 | 245 | 96
NB* 36 98 | 87 | 71 | 51 | 33 | 20 | 14 5 2

Triéu hoi: 99%, trung binh giam: 68.1% khéng gian sb lugng mau.

B |Khoitao| 1 | 2 | 3| 4|5 |6 |7]|8]09
710.jpg
P 300 833 | 749 | 659 | 742 | 738 | 675 | 691 | 536 | 489
NB* 65 100 | 88 | 76 | 58 | 43 | 34 | 26 | 10 4
Triéu hoi: 98%; trung binh gidm: 35.8% khong gian s lugng miu
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Precision/Recall

Precision/Recall
.
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Precision/Recall
0.75 0.26 . 0.34 T -
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Recall Recall Recall
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Hinh 2. Lwoc do trung binh Precision voi Recall cho cac mé hinh khac nhau
(M6 hinh de xuat, SVM, i.Boost, MARS) (a) Dbl (b) Db2 (c) Db3
Retrieved relevant Retrieved relevant Retrieved relevant
80 ) 40 X 40
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Hinh 3. Lurgc d& hiéu qua tra citu chp cdc moé hinh khac nhau
(M6 hinh dé xuat, SVM, i.Boost, MARS) (a) Db (b) Db2 (c) Db3

Hinh 2(b-c) 1a biéu do Precision/Recall ctia ca bon
phuong phap trén tdp Db2 va Db3. Trén cac tap dir
lidu nay, hiéu niang ctia phuong phap dé xuét ludn tbt
hon ba phuong phap con lai. Hinh 3(a-c) cho biét
trung binh hiéu qua tra ctru trén ba tap dit lidu ddi véi
phuong phap d& xuat, SVM, va i.Boost twong tng sau
10 1an 1ap phan hoi lién quan. Trong d6 gia tri Images
1a s6 anh tra ciru chinh xac va Feedback 1a 1an phan
hoi. Két qua chi tiét trinh bay trong bang A.2, phu luc
A

Chung t6i da phat trién dé xuat thanh mét ing dung
cu thé (Hinh A.1 trong phu luc A), 20 anh c6 thit hang
dau tién duoc hién thi trong mot lan tra ctru. Trong
ung dung nay, nguoi dung chon “-1” va “+1” tuong
mg 1 “khong lién quan” va “lién quan”. Néu khong
chon, hé théng khong gan nhén cho dbi tugng do.

V. KET LUAN VA HUONG NGHIEN CUU

Phuong phép t6i uu Pareto trong tra ciru anh theo
n6i dung it duoc st dung vi hau hét cac phuong phap
khi str dung nhiéu dic trung thudong ding tong do do
két hop dé xép hang. Vi dé xuét sir dung tap Pareto
dé thu hau hét tap tng vién véi sd lugng miu nho hon
nhiéu so véi toan bd tap dir liéu nén cai thién cho bd
may phan 16p khi dit liéu 16n. Mat khac CART rét phu
hop v6i s6 mau nho va thuong khong bi “overfitting”
nhu mot s6 bd may phan 16p khac nén sy két hop giira
Pareto va CART tao ra hi¢u qua ro rét.

Phuong phap d& xuit tranh dwoc tic nghén cuc bo
(khong tim dwoc anh mong muén trong khi anh dé tén
tai hodc khong tim thiy anh lién quan sau mot s lan
phan hoi) bang cach mé rong truy van sir dung céc anh
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lién quan dé thu tap Pareto nhiéu mirc cho tat ca
nhitng anh lién quan tranh duoc nhitng han ché co thé
gap phai trong hé théng MARS.

D¢ danh gia hidu ning cta ky thuat dé xuét, ching
toi da thir nghiém trén céc tap Corel, Oxford Building
va Caltech 101. Phuong phép dé xuat duoc so sanh
v6i cac k¥ thuat hoc tang cudng iBoost, SVM va phan
16p dua vao hi€u chinh trong s6 MARS di chung té
tinh hiéu qua ctua phuong phap dé xuét vé: cai thién
hiéu ning bd may phéan 16p dwa vao giam sb miu va

Tap V-2, S6 16 (36), thang 12/2016

tang chat lugng mau bang hop cac ria Pareto nhiéu
mirc sdu. Chiing t6i sé& tiép tuc khai thac thém mot s6
tich chit cua Pareto trong khong gian tap do do
khoang cach dé cai thién k¥ thuat phan 16p cho hoc
may trong tra ciru anh theo ndi dung.

LOI CAM ON

Chung toi xin cam on dé tai ma s6 VAST01.07/15-
16 cua Vién CNTT, Vién Han lam Khoa hoc va Cong
nghé Viét Nam da hd tro nghién ctru nay.

PHU LUC A

Bang A.1. Cac thdng ké trung binh Precsion vdi Recall cho cac mé hinh khac nhau
(M6 hinh dé xuat, SVM, i.Boost, MARS) (a) Dbl (b) Db2 (c) Db3

Lap 1 2 3 4 5 6 7 8 9 10 Awg
Pr(PARETO-CART) 0.72 064 063 059 055 051 048 044 042 039 0537
Re(PARETO-CART) 0.4 025 038 047 055 062 067 071 075 078 0.532
Pr(SVM) 072 066 06 055 051 047 043 04 037 035 0.506
Re(SVM) 014 026 036 044 051 056 0.6 064 067 069 0.487
Pr(i.Boost) 072 064 057 051 045 041 039 037 035 032 0473
Re(i.Boost) 014 026 034 041 045 05 054 059 062 065 045
Pr(MARS) 071 065 06 055 05 046 042 039 0.36 034 0.498
Re(MARS) 014 026 036 044 05 055 059 063 0.66 068 0.481
(a)
Lap 1 2 3 4 5 6 7 8 9 10 Awg
Pr(PARETO-CART) 025 02 02 019 02 02 02 02 019 019 0202
Re(PARETO-CART) 0.03 004 006 008 01 012 013 015 016 018 0.105
Pr(SVM) 025 02 018 017 016 015 015 014 0.14 014 0.168
Re(SVM) 003 004 006 007 008 009 01 011 012 012 0.082
Pr(i.Boost) 025 02 019 017 016 015 015 014 0.14 013 0.168
Re(i.Boost) 003 004 006 007 008 009 009 01 011 012 0.079
Pr(MARS) 025 02 018 017 016 015 015 014 0.14 014 0.168
Re(MARS) 003 004 006 007 008 009 01 011 012 013 0.083
(b)
Lap 1 2 3 4 5 6 7 8 9 10 Awg
Pr(PARETO-CART) 032 024 023 023 022 022 021 021 02 019 0.227
Re(PARETO-CART) 0.1 0.6 023 031 036 043 049 054 058 0.62 0.383
Pr(SVM) 032 025 022 02 018 017 016 015 0.15 014 0.194
Re(SVM) 011 017 022 026 03 034 037 041 044 047 0.309
Pr(i.Boost) 032 025 022 02 018 017 016 015 0.5 0.14 0.194
Re(i.Boost) 011 017 022 027 031 034 038 041 044 046 0.311
Pr(MARS) 033 025 022 02 019 017 016 016 0.5 015 0.198
Re(MARS) 011 017 022 026 031 035 038 042 045 048 0.315
(c)
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Bang A.2. Cac thé’n‘g ké trung binh hiéu qua tra ciru cho cac mo hinh khac nhau
(M6 hinh dé xuat, SVM, i.Boost, MARS) (a) Dbl (b) Db2 (c) Db3

Tap V-2, S6 16 (36), thang 12/2016

Dbl Db2 Db3
Lap PACRAE.—FO SVM i.Boost MARS P%ig:ro SVM i.Boost MARS P,?:RAIQ_'I_O SVM i.Boost MARS
1 1441 1441 1441 1428 493 491 491 493 6.37 6.37 6.37 6.61
2 2545 26.25 2554  25.98 8.02 8 8 8.07 9.76 10.13 9.98  10.07
3 3762 36.14 3406  35.77 11.7 1096 1113 11.06 13.61 1304 1326  13.26
4 4734 4432 4058  43.95 1554 133 1394 1357 1839 1574 1615  15.87
5 552 51.05 4524 5041 20.2 16.09 1628 16.17 22.02 18.37 185  18.67
6 61.68 56.1 49.78  55.26 2448 185 1824 1857 26.04 2048  20.67 20.93
7 66.65 60.19 5429 59.31 28.15 208 2041  20.59 29.83 2243 2283  22.96
8 71.06 63.68 5851  62.88 3193 2315 2252 22.89 3322 247 2467  25.28
9 7475 66.71 6211  65.64 3481 2515 2491 2494 3591 26.57 2641  27.39
10 78.11 69.33 6454 68.04 38,57 27.26 26.69 2748 38.33 28.26 28.07 29.35
15 Demo CBIR Pareto EI@

Query Image: 620jpg

Find Result
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]
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List Resuts: 200
depth: 200

TAI LIEU THAM KHAO

[1] AREVALILLO-HERRAEZ, MIGUEL, FRANCESC J.  [2]
MORENO-PICOT,
Improving distance based image retrieval using non-
dominated  sorting  genetic
Recognition Letters 53 (2015): 109-117.

FERRI, and SALVADOR

mage Path:  F\sql\Wang'image.orig

algorithm,

0B Path:

F\googledivert|R_Pareto'\ Thue_nghiem'WangDataset

Pattern

.37-

BAI,

texture

Hinh A.1. H¢ théng tra ctru anh dya vao ngi dung

Display/Pages: 20

CONG, KIDIYO KPALMA, and JOSEPH
RONSIN, Color textured image retrieval by combining
color features,
Conference (EUSIPCO), 2012 Proceedings of the 20th
European. IEEE, 2012.

and

Signal

Processing



Cdc céng trinh nghién ciru, phdt trién va vmg dung CNTT-TT

[3] BIGGS, DAVID, BARRY DE VILLE, and ED SUEN,
A method of choosing multiway partitions for
classification and decision trees, Journal of Applied
Statistics18.1 (1991): 49-62.

[4] BREIMAN, LEO, et al, Classification and regression
trees, CRC press, 1984.

[5] SAYKOL, EDIZ, UGUR GUDUKBAY, and OZGUR
ULUSOQY, A histogram-based approach for object-
based query-by-shape-and-color in image and video
databases, Image and Vision Computing 23.13 (2005):
1170-1180.

[6] DATTA, RITENDRA, et al, Image retrieval: Ideas,
influences, and trends of the new age, ACM Computing
Surveys (CSUR) 40.2 (2008): 5.

[7] DENG, YINING, et al, An efficient color representation
for image retrieval, Image Processing, IEEE
Transactions on 10.1 (2001): 140-147.

[8] DOS SANTOS, J. A, et al, A relevance feedback
method based on genetic programming for classification
of remote sensing images, Information Sciences 181.13
(2011): 2671-2684.

[9] DUBEY, RAJSHREE S., RAINISH CHOUBEY, and
JOY BHATTACHARIJEE, Multi feature content based
image retrieval, International Journal on Computer
Science and Engineering 2.6 (2010): 2145-2149.

[10] FEI-FEI, LI, ROB FERGUS, and PIETRO PERONA,
Learning generative visual models from few training
examples: An incremental bayesian approach tested on
101 object categories, Computer Vision and Image
Understanding106.1 (2007): 59-70.

[11] FERREIRA, CRISTIANO D., et al, Relevance
feedback based on genetic programming for image
retrieval, Pattern Recognition Letters 32.1 (2011): 27-
37.

[12] HSIAO, KO-JEN, JEFF CALDER, and ALFRED O.
HERO, Pareto-Depth for Multiple-Query Image
Retrieval, Image Processing, IEEE Transactions on 24.2
(2015): 583-594.

[13] HUANG, JING, et al. Image indexing using color
correlograms.  Computer ~ Vision and  Pattern
Recognition, 1997. Proceedings., 1997 IEEE Computer
Society Conference on. IEEE, 1997.

[14] JIANG, WEI, GUIHUA ER, and QIONGHAI DAI,
Boost SVM active learning for content-based image
retrieval, Signals, Systems and Computers, 2004.
Conference Record of the Thirty-Seventh Asilomar

Tap V-2, S6 16 (36), thang 12/2016

Conference on. Vol. 2. IEEE, 2003.

[15] KNOWLES, JOSHUA D., and David W. Corne,
Approximating the nondominated front using the Pareto
archived evolution strategy, Evolutionary
computation8.2 (2000): 149-172.

[16] KORYTKOWSKI, MARCIN, LESZEK
RUTKOWSKI, and RAFAL SCHERER, Fast image
classification by boosting fuzzy classifiers, Information
Sciences 327 (2016): 175-182.

[17] LI, JIA, and JAMES Z. WANG, Automatic linguistic
indexing of pictures by a statistical modeling approach,
Pattern Analysis and Machine Intelligence, IEEE
Transactions on 25.9 (2003): 1075-1088.

[18] MACARTHUR, SEAN D., CARLA E. BRODLEY,
and CHI-REN SHYU, Relevance feedback decision
trees in content-based image retrieval, Content-based
Access of Image and Video Libraries, 2000,
Proceedings, IEEE Workshop on, IEEE, 2000.

[19] MULLER, HENNING, et al, Performance evaluation
in content-based image retrieval: overview and
proposals, Pattern Recognition Letters 22.5 (2001): 593-
601.

[20] OLIVA, AUDE, and ANTONIO TORRALBA,
Modeling the shape of the scene: A holistic
representation of the spatial envelope, International
journal of computer vision42.3 (2001): 145-175.

[21] PHILBIN, JAMES, et al, Object retrieval with large
vocabularies and fast spatial matching, Computer
Vision and Pattern Recognition, 2007, CVPR'07, IEEE
Conference on, IEEE, 2007.

[22] RAHMAN, M. M., BIPIN C. DESAI, and PRABIR
BHATTACHARYA, Multi-modal interactive approach
to ImageCLEF 2007 photographic and medical retrieval
tasks by CINDI, Working Notes of CLEF 7 (2007).

[23] RUI, YONG, et al, Automatic matching tool selection
using relevance feedback in MARS, Proc. of 2nd Int.
Conf. on Visual Information Systems, 1997.

[24] RUI, YONG, THOMAS S. HUANG, and SHARAD
MEHROTRA, Content-based image retrieval with
relevance feedback in MARS, Image Processing, 1997
Proceedings., International Conference on, Vol. 2, IEEE,
1997.

[25] RUI, YONG, et al, Relevance feedback: a power tool
for interactive content-based image retrieval, Circuits
and Systems for Video Technology, IEEE Transactions
on 8.5 (1998): 644-655.

-38 -



Cdc céng trinh nghién ciru, phdt trién va vmg dung CNTT-TT

[26] RUI, YONG, THOMAS S. HUANG, and SHIH-FU
CHANG, Image retrieval: Current techniques,
promising directions, and open issues, Journal of visual
communication and image representation 10.1 (1999):
39-62.

[27] SALTON, GERARD, and MICHAEL J. MCGILL,
Introduction to modern information retrieval, (1986).

[28] Swain, Michael J., and Dana H. Ballard, Color
indexing, International journal of computer vision 7.1
(1991): 11-32.

[29] TIEU, KINH, and PAUL VIOLA, Boosting image
retrieval, International Journal of Computer Vision
56.1-2 (2004): 17-36.

[30] TONG, SIMON, and EDWARD CHANG, Support
vector machine active learning for image retrieval,
Proceedings of the ninth ACM international conference
on Multimedia, ACM, 2001.

[31] TORLONE, RICCARDO, PAOLO CIACCIA, and U.
ROMATRE, Which are my preferred items, Workshop
on Recommendation and Personalization in E-
Commerce, 2002.

[32] TORRES, RICARDO DA S., et al, A genetic
programming framework for content-based image
retrieval, Pattern Recognition 42.2 (2009): 283-292.

[33] Yu, Hui, et al, Color texture moments for content-
based image retrieval, Image Processing. 2002.
Proceedings. 2002 International Conference on. Vol. 3.
IEEE, 2002.

[34] YU, JIE, et al, Integrating relevance feedback in
boosting for content-based image retrieval, Acoustics,
Speech and Signal Processing, 2007, ICASSP 2007,
IEEE International Conference on. Vol. 1, IEEE, 2007.

[35] ZHANG, DENGSHENG, et al, Content-based image
retrieval using Gabor texture features, IEEE Pacific-
Rim Conference on Multimedia, University of Sydney,
Australia. 2000.

[36] ZHANG, QIANNI, and EBROUL IZQUIERDO,

Optimizing  metrics combining  low-level visual
descriptors for image annotation and retrieval,
Acoustics, Speech and Signal Processing, 2006,

ICASSP 2006 Proceedings, 2006 IEEE International
Conference on, Vol, 2. IEEE, 2006.

Nhin bai ngay: 18/02/2016

Tap V-2, S6 16 (36), thang 12/2016

SO LUQC VE TAC GIA

VU VAN HIEU

Sinh nim 1976 tai Kién Thuy,
Hai Phong.

Pang 1a nghién ctru sinh nam thu
4 tai Vién CNTT, Vién Han lam
KH&CN  Viét Nam, chuyén
nganh co sd toan cho tin hoc.
Hién cong tac tai Khoa CNTT,
Truong DH Hai Phong.

Email: hieuvww@dhhp.edu.vn

|
’

NGUYEN TRUONG THANG
Tt nghi€p nam 1997 tai Pai hoc
tong hop New South Wales |,
Australia, Tién si Tin hoc nim
e 2005 tai Vién Khoa hoc va Cong
nghé tién tién Nhat Ban (JAIST).
‘ Hién cong tac tai Vién CNTT,
‘ Vién Han lam KH&CN Viét Nam.
Email: ntthang@ioit.ac.vn

NGUYEN HUU QUYNH

Tét nghiép PH, Cao hoc va Tién
sT tai PH Qudc gia Ha Noi vao
cac nam 1998, 2004 va 2010.

Hién cong tac tai Khoa CNTT,
Truong BDH Dién Luc, Ha Noi.
Email: quynhnh@epu.edu.vn

Nhan biang Tién si dam bdao
toan hoc cho cac hé thong tinh
toan nam 1997, duoc phong
Phé Gido su nam 2002.

Hién cong tac tai Vién CNTT,
Vién Han lam KH&CN Vigt
Nam.

Email: nqtao@ioit

-39.



