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Content-based remote sensing image retrieval based on feature
selection and semi-supervised learning

Zhu Jiali, Li Shijin, Wan Dingsheng, Feng Jun

(S(rhool of Computer & Information Engineering, Hohai University, Nanjing 210098 China)

Abstract: Content-based remote sensing image retrieval has been receiving more attention. Current research on
content-based remote sensing image retrieval is mainly about feature extraction and feature fusion. But all these
methods have ignored such a fact that retrieval objectives of different types ought to adopt different features. Besides,
small size of the training set is also a challenging issue. Considering the abovementional two issues, a new remote
sensing image retrieval method, which is based on feature selection and semi-supervised learning, is proposed in this
paper. The new method includes four steps: 1) Determine the number of clusters automatically by using MDL
criterion; 2) According to a clustering validity index, we select the optimal features which can describe the retrieval
objectives best, meanwhile make some improvements in the original DB index; 3) Dynamically determine the weights
of the best color feature and the best texture feature; 4) Automatically select an appropriate semi-supervised learning
method and conduct image retrieval. Experiment results show that, in contrast to the retrieval performance of relevance
feedback method, the method proposed in this paper obtains similar retrieval performances both in the applications of
soil erosion area retrieval and general land cover retrieval in remote sensing image, as well as solving the small sample

size problem.

W45 B EA:2010-03-29 ; & [6] H £ :2010-04-28

E®WA : HEK AR EAETH (60673141)

FE—EER A AR (1986— ), Zr, WNGERSFEXPUN G TR R G Ll L oe A, ERWEIT 5 0] Jg B T 9 28 1 3 Ik
FME KR 510, E-mail ; zhujialil23@ 163. com,,

BiLEE . 213, E-mail ; lishijin@ hhu. edu. cn,



5 8 1]

ARAERNAF - BT RRERERE A B 27 o) A0 28 SRR A (S 3 1475

Keywords : content-based remote sensing image retrieval; semi-supervised learning; feature selection; clustering; cluster

validity index

0 5]

il

Bifi o T e SRR R 1) A e, R T AR BUOR 5 1Y
T RS, Qne] A 50 5 47 1 i B IER Y A Bl A
WK RO BN 27 O PR, B ir, B WA
HOLRBRZ I kil 7@ R EERER, i T
Gabor 54 (il £ BRAEAE" | 26 A0 0 400 B FIF 45
A SRR R A s BRSO FRURRAE A
It B ik LR T GIS 23 i) 3 S0 7 3 45
Zhu 25 N\ H R Gabor S BREFAE SR 5170 25 K114
R s BETRES % A A Gabor S0 HRSE
PR A T 18 JERER G 3%, IR T S A 250
I ER R 25 9 2R M AR BE B AR R 5 ¥ R 1 45
N FH S A e A i o S B AIE e A T R S i J
BUGK R o AL RSP 45 A 1 3oF B 3 B 188 Jeke
EUGATZ O LUAF ST 1 3 TR AIE 1) 2t A AR DL 2 o
FEEFHER P AHRIPEEE i . Ferecatu fil Boujemaa $2
A 32 B A G B 5 9 O vk R A T A8 B A SRS
200 M9 )% 4 (relevance feedback ) 423 T PN 25 10
5% (CBIR) e 0 2% > ek ) ek
MM H S, FH P AW b7 B it , PR RE R
TRFEAESG KM /&7, H [R] Bt 2 R K3 fin A P 1
T, A T P 2 R SRR LR E AR IR A
B A, AT 25 5 4 R e B 2 ) SR g i
FTRMGHE R IS i 32 B AR R R Y
P NN VAN 1B e DO A = S T R I S
) BTN T A3, A T 22 S B B B R
Fricn Bl TR

CBIR R4t F B IR MKEEFRAE 2 BRI = 4E R 51 4
ARBEAFREZR AR AE (64 ORI P 2 5 46
KW EER R, SR 1-4 ] P e TN A 1) &
JEPG R RECAR WIFSE T B4 e FRE SR HURN il &
J5 T AE R A T A B — 5 O[] 2R R A
FBAR, FHERN Z AR o X T R E S, AN [E
AR A AR HE P 255 T A 0 T o s — A, AL ke
WU RE RN K R B AR N2 B RHIE R 1] LAA
MR R, BT TN EIR R
i AR RS BIREA (A2 B —1
HAraRBIREA) | 1 H 24015 50 2 (0 2 A id s i+

AU AR PRI, PRIt SR 24 B 2 2] R AT 1 SR R 1
GEE DA ESE, AU R, R
Foft BT ARPAIE R R A2 M 2 ] 10 1 TR R R BT T
T R85 A B2 L A Davies-Bouldin (DB) A
ROPEARRC T U TR HE SRR, PR Ha e B0 SR e AR
PSRRI 1Y) 43 R A AT MR R 3% SClik [ 12 ] 4 i
1E225335 4% Co-training ()3 & TP IN AR LK
17 IR IR R 2, IS T B RICR . (S
BRO12 ] PR PR B e s Z B I R T
e, HAEA S8 FE R FH A>3 26 8% Co-training 1)
T, AW T AR REAE 22 6] B AR () i ot b 4
AR X SOk [ 12 ] Y RESE , R BAELL T LA Ty
7= 1) 75 28 2 5 e vh A dsc /N il iR 1 B (MIDL)
Wk s e A SR 2R A ERER T Y
A AR LA A AR R X RIS EE L T4 2) 7
TR RBAEFE BT, 8 BARSE MR N B
B BN B, fE BARE 5 BARZE 2 1)
AR 1] A (AR S S S TR IO (8L, LA SR H AR
() ZEPE IR R T IE 5 2 B e 2om BRI 4
(R B PEAFAIE 53 ) 3 25 HUB S i DT € RAE A e I 2
PRRRAE A (B ALAL TR 5 4) AR e DL R i 19 —ABAB A
HOR A SRR B 2 7R S) SIS G ROk
8 AR ok DX RS 2R i B R SR R P A — e R
B AR, SCIEREY 207 ke 1R
DA 28— H AR R b IS 1 5RO R 157
AR AR SO 1T HL A R e I A] 46
TR,

1 FREIEFF

BT XA R BE OR RIS AL R R H A, RAHE
PAZRANE ), X T HAKE R B WA IR, AR
FROIERIA RE—A—FE 0, G R R ik PR i R R0R

0 HERNAS IR AE R AT R AG R, AT DA K
P AR MERE . A SR TR R EUR R R R A
FRIEZEFRE

Lin 25 U4 M 200 3 A A B R AR T IR 2K
B BT I LA B AR R 22 00 AR 3 AL , 2R
JH P 5% 81 0] 48 & J7 1= ( sequential forward selection )
PEATRFIEIE #2007 T ZAE I SR ARWIIEA A



1476 FEEREIEAW www. ¢jig. cn

%16 &

[ RRIE A R0, Sk R 2 B e, AT B A TR
4387 Dy Fil Brodley % A48t —F il CT =2 5]
TRA R AT B IR e i e e R I 2
BUGIHEAT 028 SR TG AE LT RS b A T/ N 4 4o
oL B AT R 3 EM 338 A9 R AE 2 4
BT R R AT S BT A TR ik
AR R, FAE A BT USSR 5T
A AR 56 T S RE 1) 5 4L 2L & Adaboost 1)1l 2511
P PRGBS AR e 4% 07 11 o Jiang 8 AR T
— PR G S A R R A TR 43T A 7 2R R AE
VERR B, AR S T CBIR K ZMERe, & R E
AdaBoost B ELAl F & SRR

Bt i S R K R o B R R — R R B
PR A R 5 0 3 R T SE BRI e . R 2
J— el LAY () T W B 2 S R B AR ER A
EGRERN B B YWES, ERETRE
S O TR B T B 4 R R
H, XA T P 548, 1 Bab vl gg 2 51
ANFH BT RGBT 380 A 5D
iR K (MDL) iz 0 Sk [ 3 i E BRH,
AT DA R P X — ) B, RS 3 28 % o T 2
FUR B AR 2, [0 T 17— RN
PG AR AR B T 8 K, 1 A5 T A [R5 B R AR A
JERETRE/N . A T IE B HIPE A SR, T %
U Hb 17 TR AE e B, 3 B 3 11 3R 2 R0k FE 4
REE . DB FEHUE —Fl b4 38 19 B 28 20k
FE B, 13X A~ F6 0 PR 2 PN A R 2K () A A H R
T, AR M Fe R R R M IR R
KRN 5E A I B R, F P e 0 45 58 W9 o i) ]
PLMAPESS IR B AE B, BRI iz A Tz B
TR H Al S B A X5 . LR AT DB 5 5k
PEAT T — s W, AT 3 A R TR AE 2k 9%, 2
AR« RS R ) S T BB R B AR
FRZEPIHOCA A, A 45 R B bR T2 8N
A fE, 2 EA (BB R AL SR B A 725 5% H Ax
TR A 2R A HCA A, AR R AE AR 7K
Vi) F) 288 ) 5 A L, 3R AN AT DA 2 E AR 2500
FEMU K B PRS2 X 5],
[IRERZCINDS] TS =N

DB 38 BN FHRAE e 15, 16 Ok 81 &5 e
JIT Bk o I SRR AR AE AN A A B G R AE A AR . % B3
CRFAE FNSCELARRAE , AS [5] {E 380 9 AR R B0 9 DB 48
FOIFoR O RRIE 22 SR AR M i, DR RS 22 i R

K5 B AR E FEAE AL TR, 3% BLSR ] —AH AR T ok
W ERFIERCE . X T B RHE , 24 i i e U RRAE Y
DB $8 8RBV T BE T, i, B0 AR 728 59
H AR FAAEB 23 18] 1 DCORIAS AR B ., ot 25
CORHER R B 0, 5 WA 15 % TLORRHIE , 4
eI PLAFIE ) DB S8 8 B80T BH T, i, 3560
HAr ¥ 54k B AR 7287 SO 25 [8] 1 XA 2
RUIR , B SR AR R AL B O, I 1, 3
S5 DB F5E, X T SRR R R B R 5
A, TR AR L P61 52 8 ) 80 1 ok
AR A

HARFHEE PR BT

D) EEG#E T T EREGAR, &
AR BB B2 /R0 o O T [m— H A
SIARFR Nzt R EGE B g™ Ak
KINH width = min (128 , FEA E G width ) , height =
min (128 , KEASEME height ) , 3Rk 53k 2 [6] 8558 width/
2 x height/2 B . XFEAME H 092 P 7E5) ik
TR R Bt R/ R — & B
FIU, M 7 BRI A 58 BREITE 128 IR R N2 N
TR MG R R B R A5 R IO . P53
ZIAI B /NN width/2 x height/2 {82, X kL
O T ER RS BE R R GCR Z M A T4 o Ak
BRI, 47 SR LA AR R B S, i il iy 1 L
AR T TR R AR DX, IR A B B R e Y
{2 [ s o 4 B ) 52 2 o e v o AR B — IR PR
KR nox n BER ABTTHI RN m x m (m <
128 )15 3R, #7 4% BRI AT Y 73 DL SR, A R iy I i) &2
ZPER O((n/m)?) U BREANAR R AL B, WK %
MEZER 0((n - m)?) o HFiEEREGR YRS
AR HE A A 2R H A HJE R Hh 2253 U
FHE m <n  BIGAT UL, FRATT Y 43 B SR g AT LA
KR REARINT ) 52 A%

2) RPAESR I A 4R HST B RRAE  Lab 2
O REIE . GLCM SUHRHIE L) S Gabor SUBARHE ;

3) M4 MDL a3 shafi e R H SR s
L BE B HEN IR AL m AR bl R BRI
R €  MRE (1) IRRER TS 9 /Y
SR, WRZ AR RN T IR AR BRI SR
Kl BB EE T ok, RUGE, BRIATTR
LG RERE TR RSP OB H A
SRR HER 8 5



%8 1 AAETN A« BT RAE B A B~ o i R R R 1477
Al, = -k - njlog, p;, + Z njk10g2(nk + nﬂr) n 10
’ k=1 k#) ‘]‘ :z'
> i (v zea)” = (xi = ey)” (1) fﬁ
vee i=1 2(1n2)o'2 ot

(D) b FORBEFE ORISR, n, RN
k FAEARRECH , ny, Fm il R ERITAE S % RN )
ARIEHFLTEE 2 AL MSH RO kA RIE L
AIREAECH , | 1] TR BRIREALH , p, Fmej 2K
FEARTEBAEA P I G B LU E, o SRR BHE 19 7
2%, WO R AE B 30HE

4) 53 RS Tl B RPAE 2 (8] 0 2 R fiE 25 18]
AR A 2h0 52 19 R 2% H R K-means J7352E17 5
Fotr;

5)FERSARRIE 2 1], 20 59 >R HT At 1) DB 45 %0
BEATRFIEA R 0T . RIS (3) , 235 i DB 4
BE e/ N B R R A SO AR A Ay S5 O A B €5
UL

1
S, = 7~7>. D(x,p,) (2)
‘Ct‘xecl
k 1/8 ko D(p.
b < ! S L1 (pi»p.)
‘ k-1= 1/D(p;,p,) k-1 S,
17t it
1 < S,
DB, = 3
) k_1; D<pi’pz> ( )

D(+) Je—HEE T, N TEERHE, D(-)
PR BT R SE IS s Tk T SRR, D( ) KR
RREGHEE B . X (2) e 2 HAn TR E R T,
¢, | RARTEPREARLH, p BB TER
Bk, G ERRBRREEA, p Fon
EAPRFRRRE PG, DB, FoRnBE LR DB
1850, DB, F R SrBAFIE ) DB 158, 1Eit5 DB,
(10 P, 5 B 5 0 %) 80 80 g S [] A L, ol AN
ST AT 0 B 1) A S 2K 8] BOA {EL, 3 R ] LA
/D S S A /N ) B A 3 R AR o () A {ELAY
AT

K1 g 001 28 o 5 A sl E 19 3R 2
BHZEEKR (b) &S5 B A — 5
K%, & F B Y J7 00T DU Y 32 B 316 5
B Al LR 3 260 M (a) TR, 42 o
(A HCETE EE[ 0. 1,0. 2 T, [ 38 i 19 R 8K
H A5 BAR A9 SRR A AT, W 280 o 9L
{HG &, R F MDL 0 [ 2 REBH
SORE PRI ETIUN

0 0.05 0.1 0.15 02 025 03 ,,”
Z ¥l

(2) BFHHE o %R

K1 BEREBS5SH o ZHHLR

Fig.1 Number of clusters with respect to o

(b) SR PTHIRY [ 1R

2 ETHEEFIMERBEGKEER

FHOE R CBIR Hg A 2% ) SR, 78 B3 1K
FAB AR T B PR AR IE IR R B AR K
RERHE PR ICREAE B 3T 4 57 , 72 IRA5 B84 1
KR GG, 5 T 2 P T 2 R R AE X
KARIEIN T A G, 75T P4 3 IR R A
bl DA R GREAR (R A —
AVNGRREAR ) | T L ZE R4S K B bR ic A Il gk A
AR FRIME , PR ISR FH 2 W B 2 2T T A 7 i IR RS R R
S AN EERE . /3 Co-training 77 F1 A
IR 2 2 J5 1 AT RS A R . Mo, Co-training
SO B8 < A2 () ) L SR M0 B A, A
JETRAE X WG A TR AE 23 18] b gE 47 I 2. £ Co-
training (LR P, BEAS 28R E 2L TR0 R 55—
AR TR T 1 R B S W RRACRY K B I Zape
AREE ARUGER, HENEA B L ARARICHEA,
k[ 20 ] 42 H 3 F 22 25 28 P ) I 25 1 22 R A 1%
KR Ji ik, Rk H 4 A 532548 #8417 Co-training %2 2],
B T By B K AR, (I [ 2 2% B A v o 7
B YN ZR2 2] A 2 v, 2 © bR i S0 A 1
— AR I S JEAEE Y SR I K AR A 2 A R
FRiC SO B AR 2, A B4 28 5 ofe D 3k 1 O A A
PebR DB I e A BN g . KR %
R BN R — L LR 4 . #E Co-training i3 2
rh, AT DL ) 4328 A 0 I IR R A AR OE Y
Ao AR R R B — R RRAE, HEEH
PR PSR H AR F 28 0 45 4 #0002 DL R s
O B P FE , TSR A B E RE 5 H AR T 28 0
HRIE A AR B AR T2 X4 FF, B84 8k 1T R X A 1
HI R EAR LR B, A ISk 72 v
HBE WA 2 FiR.



1478 FEEREIEAW www. ¢jig. cn

%16 &

K2 BbsES s ARIE FRRRZ A5 2

Fig.2 Target cluster and its nearest non-target cluster

P 2 S HARTE S HAmAHAT Y 3R HARTE Z A 56
Z,Th PRI BME, ¢ o, 5102 H bR 5 AH
BAEBARFERI L, Dy L D, 735 H bR AR AR 28
kB ERREAR, D, J& HbrfgE o fis A 48R 3
PR O Z I B B o FE SR BURR I AR i, — i
FHFE PR AR 0 (4 it B, (H R 25 18 2 5% T
REAFTE /D MR AR SR F2 o0/ ik, DARE B i vh
IR BT 95% A4 E A v 4% 3] ) d5 3 B 5 A Sy 12
A% feJaimad 2 (4) ferf e BME The

DI
M:Q+Dz

SR FH B €6 RN SCHRK P R R AE , AR 38 e fE Bl
R AE IR I SRR A 8 — (AR AN e e 2 W B 2
Ik SIS E SRR A A E
#h 1B, 2R Co-training J5 #4742 5 1l >4 fe
BRI FSCERARAE o 5 —FRAF A AL 0 B, R
F A N7 2 B SEA Ol 1 HRIE A TAG 2R

HARMR R BT

1) FEVESRE A4 MDL 70 F11 DB 5 %045 51
T e B €0 R TE R SO EARRAE

2)WEAEE MRS DB 8500 B 2 LB
PR AN BRARAE A A A AR

3) BEPRE B 2E 2 vk MR B AL A R A
FNECHRAFIE R R £ 538 1 B % 20 ik

4)EGKE R R G 2 W 2% S Jr ik ik
TR R

x Dy, (4)

3 KRERSHH

Y UEAR ST AR S, BT AN (] £
i (land cover) PEAT 7RIS JFHEUSLIRAIR S
R HIAHSC BT AT B R R 4 R AT L, BRAT
TR X AR R, WA S R R T8 TE [ 57
S A FRAIRE R o BRI — o KR —

PEALAY T R Dl R 2 ) B S AR S LR
¥ AN Erdas 1 Tmage , £0405 LA By BLAL (FR 2328 X
SLEO ¢ X5 T R A B — A SR ) o SO R
1999—2000 4FJ > =9 (1: 10 0000) TM {5 % 25
BB TFRAAR, BUR E 2 4l 4 A7 B X 358 i3 5%
Z 18] R, 3T 1T UM E I GE— RS A 3L
T RS TE] Ry 2000 4F 4—T7 H o 534h, FATid A
Google Earth X 3l T % 7 K i i 38k Hb X [y — 2
QuickBird 5218, BARK RIS BUNT 1) FAE4EHL,
S R H A9 B 60 4 2 HST B (A FF ik Al Lab Bl (5
FRAE , R A SRR RS2 Glem $#1E AT Gabor FRAE ;
2) FRAEBE$E, 23 i 26 10 A 0 %) B 60 o IE RN 0 3 R
e, s (1) h 24k o WEUE R 0. 125 3) M4k i
P R RAE A i 0 SRR IR ()R B A 1 A 465 114 2
W=, YW E MRS N 1w, RH
Co-training Jy {EHFA TR , 2 H P BEANRHAE A AL R Hy
0 I, >R B IR0 v St R AR S 1 B R AE i
P TE ) A an A TR 2R o AE B AR FRAEA R 9 3k
e BAAHIE R RME T, =2. 0, SCERRRAE Y B (E
T, =3.0, T, fl T, RWALESHL, 518 T A AN
PR S 3 45 SR )3 PR I S 55CR S2 AE TR 7

K3 0206 T 18 R IEG b — i B bR 1R R 4
Ao Hr S 1 G SRR HTAH 5 S5t 5 ¥ 43 i) 1ot 5
P8 WA IS TR iR R &5 55 2 J12 A
SFAELE PR Z 5, SR BT 3 S5 D0 R R AT 4G R 1Y &5
B3P TR N TS EIEN ZER
(AR RL DX 38, e | e 4l e b th B R B iRk R B
PR BIFEAS 55 1 47 02 50 11 B 3 Ao, 145005 2
TM 245 55 2 172 7 MK & — 5 58 3 4772 K Y]
P4 T 50 v BB SR S P AR & QuickBird 54
Bl 3 3 [ B R SRR /Y DB 4 0 £
O R B2 1 BAE , b B 23 €20 5 A1 280 B AR AE
BURCE 47 R 1, BRI R FH A 43 25 48 Co-training
R IT k. B AT DL G O R O R ik T
IR ARG R R 45 5%, i 5] ARRIE L5 /5 ok H
P 43 25 4 Co-training J7 745 1 5B AR 45 25 L 19 K &
L

B 4 BT R M XIS R R R, Hhe
1 B SR FHAH OGRS 2 3 Sl S At 5 R 6 YR i
IR F LI 5 2 DR 0] ARHIESESRR Z )5 , B FH Fr it
H0 A e DU B R R RN B A SO RRAE A 32 1) o3 2 i
T Co-training #5 R L5 R 55 3 F R LR AN T4
A ECIE BOZ R F B AR, X I, [RIE R 45 1 T 4



5 8 ]

ARAERNAF - BT RRERERE A B 27 o) A0 28 SRR A (S 3

1479

IRPIRERAEA B AR AIZARE) (c) &R AU
T —5, (f) ZORMNMHEROLoE—5 . K
S TM EUR A SCA AT . B & 3 FIE 4 aTLIA

Ey e ' . [P 2 R ERR
i : PN, : 4
& 2 e |

T, RORIE TR T,

FIAFHIETE R J5 2R HI P 4> 70 245 Co-training 77 34 fiE
AT E AR B BIIERICR , AR ZEAT

S

&l 3

5 R TR A — B BRI R AR
FErPER 1 BRI RS BT 3k 20 S S5t 15 1A 10
UTIHIRE R A5 20 2 B2 I ARHIE R Z ), R
PR e A SR AR REAT A DI ZRAG 2R IS5 2R 5 56 3 51
JE R N T 45 A FLIE N IZA 2R R AR B I8, H
HEGARZAR R RIR A R AR A . S PRI
(b) S LB EAFIE R DB F8 ROy 1.7, /NF2R%E
A B 2. O, U RAAE AR D O, DAL R 4
RBCEFAEHEA T H et AR R o R (o)
RECHFHIER) DB S8 BRI RO 2. 4, /N 45 7 1Y 1Y
{H 3, MM SORRHERIFCE ) 0, K R P B BT (2
MEHEATE et HNZRRnaE . MRAE(4) T, (&1 45

6 4350 4 A~5r 2 4% Co-training K&, I

TR G b — RO R B SRR

Fig.3 Remote sensing images retrieval of general land covers

(b) sPEERHE R EIE R 0. 3, 78 A I gt B, 4R
AR SR BIRG Z R AR /N T 0.3 [REARRT, { )l
SR ARSI R B, A (e) TR SRR Y B {E A 0.
05 , M AFFEAE 7R ] G =2 ) 0 R EG 28 /N T B 1
AOREARHT, Rk, B S AL 5] A%Y
TEERE TR FHALE N 1 (Y B AR TR s 1) 20 2K 2
T A VIR R BEARAT S A R B AR ZRACR
1M EARTEEN T8, KRB TP 7, &S5
LY BAR 728 53E B bR 7 25AE SR RRIE 25 ] v (X
AN S A, 4SO — b DX )4 S ) R P 0 A 2
KA R BE B AU R R 5 I, HLBE R RIS
K]

4322 Co-training K& DL K A28 A4 R



1480 P EEZEIESIR www. cjig. cn %16 %

K4 A G b R i DA R R A

Fig.4 Soil erosion areas retrieval in remote sensing images

(d)

()

KSR Gh— i HARA KL E S B (QuickBird 52150 FIZK 2 (TM 52450

Fig.5 General queries of remote sensing images retrieval ; residential and reservoirs

YRS B IR ) Z TR A5G 2R o i S2 86 TP ok A
RS0 1025 7R, K6 LA
th SRR I3 S AR R I 1 I [R5 2D, PS4 28
fii Co-training K5 T YN 2,4 53 264% Co-
training #5 & & AU [A] 5% Ko H1 T 7 Co-training
KR e, 5 g — > e e X R R R T A R

TR ARIC, 2R 5l a5 251 7 e P sy
PREERAE T RIRARAE , T S8 UGS , R LX)
T B AT AR IC TR A I 1) 22 Bl 202 AR 50 H AR
M. F351, 73 Jefm ARG AR AR ICFEAS 55 1E i B
AR Z 18] AR 5 ZR R BEATARIC Y, Bl A R UK
S, IEBIINZRREAS 1) K H i 2, DN IR 6 v 4



5 8 ]

ARAERNAF - BT RRERERE A B 27 o) A0 28 SRR A (S 3 1481

HEIN O P BB [ B e 2 o 5 b
JITi il 5 AR RE R I8 3 AR R H |, w2
SEEUAG AR AN , HAG ZORT R LI 2 R R

600

—— %R
o 2SR
— - AL

W

(=3

(=}
T

,—."

i

. ,_._,#;';';'——r‘

0 10 20 30 40 50 60
KU

6 3 PRI R T7 ik K a8 YRS R 3 IR H] 19 ¢ 3%

Fig.6 Retrieval time with respect to retrieval rounds

L

by different retrieval methods

MELEZE R ] LAFE Y, 32t AY JE TR AR e A
W o i TG AG R 07 1 L LAARAS 5 A S R Bt
JTEAY IR R ACR T AT T, af IR
ISR B S, () 38 3 e i e 0 0 7 26 4%
AORCH, AT LU 50 K R I E] o B TIESE T 22 i
AL AN R B A PRI 5, 5 A AN TR 9, 30 3 R A
TR H B DL B RS AL T 45 50 2 A9~ B o > Tk
PR, AT A RO 4R R R R RE . SCIR g ik
KW, 3E s DB g KAy ) ok sh 25 2 FRAIE A9 AR
JE AT, SO B B BOE R 5 B . SR 4G
PP UI, T T N A R R R R P IR AR
IMARPRFIER S Z A R O PERERURRLF , 2, BEE
FAIEFPZEEL H 146 22, 46 20 7 v i 229 315 el
R, M LS AN — 2 RESR AR ZOR 1L, DR b 2o ik
EPE T e LRk, FEA I EGEE DB 45 %0 A 3hifl
R AR, 45 638 21 B> M B o > 5 T AT
BRERAUT DU R K 2T, i A A0 A A 3%
AR TR, P R R AR

4 &

e — TR TR AR e R~ M 2~ B e SR
ARG ZB TV eI T e S 45 ol DX IS 46 28 P
SRR — B F FR AR R P 1 BRI B 10

SRR B, 7 Hab il ik DB 5 00 8 8 sh A 3
B AR A AR, 36 3 0 i ) A R R 6 456 45 3 114 2
B A 2] D5k XA S R R B i B T
W, (HR, i T 28 R BT REAF 7R BN H s
DR R e i A B B AT T R P ) 70 e S s ) g R A

X — L EEAR H AR T Herf 5/ H AR X B i A
REARUBARZ . e T — B AT S8 TAE b H %
TR B (9773 A TR 23 8RR T DX 1 4R
652 (RBIR) 753k, DL AR AR 7 Herb 9/ FH b (A]
L, T — 2 AR R R PR

ARG BT IR K SRR S S A e AR
A SO R MR A I T TAR R R s X
1 FN ground-truth %%

2% 3Lk ( References)

[ 1] Zhu Bin, Marshall R, Hsinchun C. Creating a large-scale
content-based airphoto image digital library[ J]. IEEE Trans.
on Image Processing, 2000, 9(1) : 163-167.

[ 2] Lu Lizhen, Liu Renyi, Liu Nan. Remote sensing image retrieval
using color and texture fused features[ J]. Journal of Image and
Graphics, 2004, 9(3) . 328-332. [BlmHE:, XM~ 5, X F.
— RGBSR E R B IR R R ik (] P
Pl % I 24,2004 ,9 (3 ) :328-332. ]

[ 3] Zeng Zhiming, Li Feng, Fu Kun, et al. A method for extracting
texture characters from large-scale remote sensing image [ J].
Journal of Wuhan University ( Information and Science edition) ,
2005, 30(12) . 1080-1083. [ ¥ & HH, 2=, (I, 45, —Fp
RGP G T A B4 2R 9 SO 3 U R [T
RBURA AR AR B RMERR,2005,30(12) :1080-1083. ]

[ 4] Bao Qian, Guo Ping. Comparative studies on similarity measures
for remote sensing image retrieval based on histogram [ J].
Journal of Remote Sensing, 2006, 10(6) :893-900. [ f1f&, 58
S FE T T R R PG AR A R O i e [T ). a8 I
24,2006, 10(6) : 893-900. ]

[5] Marin F, Nozha B. Interactive remote sensing image retrieval
using active relevance feedback [ J]. IEEE Transactions on
Geoscience and Remote Sensing, 2007, 45(4) : 818-826.

[6] Rui Y, Huang T S, Ortega M, et al. Relevance feedback: A
power tool for interactive content-based image retrieval [ J].
IEEE Transactions on Circuits and Systems for Video
Technology, 1998 ,8(5) : 644-655.

[ 7] Yao Jian, Zhang Zhongfei, Antani S, et al. Automatic medical
image annotation and retrieval using SEMI-SECC [ C ]//
Proceedings of IEEE International Conference on Multimedia
and Expo. Piscataway, NJ, United States: IEEE Press, 2006 ;
2005-2008.

[ 8] Dong Anlei, Bir B. A new semi-supervised EM algorithm for
image retrieval [ C]// Proceeding of IEEE Computer Society
Conference on Computer Vision and Patten Recognition.

Piscataway, NJ, United States: IEEE Press, 2003 110-116.



1482

REE S EIEAR www. ¢jig. cn

%16 &

[11]

[12]

[13]

[14]

[15]

Sharma A, Hua Gang, Liu Zicheng,et al. Meta-tag propagation
by co-training an ensemble classifier for improving image search
relevance [ C ]//IEEE Computer Society Conference on
Recognition  Workshops.

IEEE Press, 2008 1- 6.

Computer  Vision and  Pattern
Piscataway, NJ, United States:
Li Zhixin, Shi Zhiping, Li ZhiQing, et al. A survey of semantic
mapping in image retrieval [ J ]. Journal of Computer-Aided
Design & Computer Graphics, 2008, 20(8) : 1085-1096.
AR M T, 2B, F ERA R IR U T B L
LI TS DL B BT 5 1B 2% 27 4, 2008, 20 (8) : 1085-

1096. ]

[z

Davies D L, Bouldin D W. A cluster separation measure [ J].
IEEE Trans. 1979,1 (4) . 224-
227.

Li Shijin, Zhu Jiali,

Pattern Anal. Machine Intell,

Gao Xiangtao, et al. Soil erosion remote
sensing image retrieval based on improved semi-supervised
learning[ C]// Proceedings of the 2009 Chinese Conference on
IEEE

Pattern Recognition. United States:

Press, 2009 ; 395-399.

Piscataway, NJ,

Horst B, Ales L, Alexander S. MDL principle for robust vector
quantization [ J]. Pattern Analysis & Applications, 1999, 2.59-
72.

Lin C, Chen R, Chan Y, A smart content-based image retrieval
system based on color and texture feature[ J]. Image and Vision
Computing, 2009, 27(6) :658-665.

Dy J, Brodley C, Kak A, et al, Unsupervised feature selection

[16]

[17]

[18]

[19]

applied to content-based retrieval of lung images [ J]. IEEE
Trans. PAMI, 2003, 25(3) :373-378.

Gu Zhiwei, Wu Xiuqing, Jing Hao, et al. A feature selection
based approach in medical image retrieval [ J]. Chinese Journal
of Biomedical Engineering, 2007, 26 (01) . 30-34. [ il f5,

ST, IO A, — P e TR R A B2 2 R A R vk
[J]. thEAEY B2 TR, 2007,26(01) :30-34. ]

Jiang Wei, Er Guihua, Dai Qionghai, et al. Similarity-based
online feature selection in content-based image retrieval [ J .
IEEE Transactions on Image Processing, 2006, 15(3) :702-712.
Li Deren, Ning Xiaogang. A new image decomposition method for
content-based remote sensing image retrieval[ J ]. Transactions on
Geomatics and Information Science of Wuhan University, 2006,
31(8) :659-662. [ A=, T M. — ity 5t T A 75 ]
BIGRIE Gy e (V] BB A5 B2 R,
2006, 31(8): 659-662. ]

Luca D, Fabio R. Using co-training and self-training in semi-
supervised multiple classifier systems[ C]// SSPR&SPR 2006,
LNCS 4109. Berlin Heidelberg: Springer-Verlag, 2006. 522-
530.

Li Shijin, Tao Jian, Wan Dingsheng, et al. Remote sensing
image retrieval based multiple classifiers Co-training[ J]. Journal
14(3) : 493-506. [ Z= L3, By &1, J7
B, A 2 RAS MRV ZRA TR R R A R [ 1] 28 B4,

2010,14(3) : 493-506. |

of Remote Sensing, 2010,



