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Abstract: Relevance feedback, as a key component of content-based image retrieval, has attracted much research
attention in the past few years, and a lot of algorithms have been proposed. Most current relevance feedback
algorithms use dichotomy relevance measurement—relevance or non-relevance. To better identify the user’s needs
and preferences, a refined relevance scale should be used to represent the degree of relevance. In this paper,
relevance feedback with multilevel relevance measurement is studied. Relevance feedback is considered as an
ordinal regression problem, and its properties and loss function are discussed. A new relevance feedback scheme is
proposed based on a support vector learning algorithm for ordinal regression. Since the traditional retrieval
performance measures, such as precision and recall, are not appropriate for retrieval with multilevel relevance
measurement, a new performance measure is introduced, which is based on the preference relation between images.
The proposed relevance feedback approach is tested on a real-world image database, and promising results are
achieved.

Key words:  content-based image retrieval; relevance feedback; ordinal regression; preference relation; SVM (support
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SRR A A BEAEAT B T N TE SO AH O = RS

SR, 0 AT B TR 2 A3, 6 T o B B AH DG M B2 A I A T8 I TRLAE ABAH OC ROBEA T 32 SR H I R s, N
AT 23 T R 22 o Ath B A 5 ] v 255097 58 X (category-rating scale) i I #5 5x Jy  dli. AAT1 24300 M 3 4
~11 A [F) 28 ) B 1 28 50l V7 5 RS SR 5 B AH OG M 7E SCRR[8]H R T 5 I AH 56 RS, JLHUAH 4 :highly
relevant,relevant,no-opinion,non-relevant,highly non-relevant, X} i [\ 508 K 3,1,0,—1,-3, X S5 {1 & DL 56 1 1
J5 VR 7€ W (ad-hoe). 7E SCRR[ 1], SR KT 0 BUHEEL(FH 7 i SRR PR IR 300 38 J 1 S TRD 2 5 ) A DG k.

FESCHRI7TH VR 5| R i TV T 4 SR 1 i 4 (preference ) A2 W AN 36 A 28 BE— R X Rk o
(asymmetric) 1 57 % 326 1% (negative transitive), I F 7= (1) 4] Tt o LA — A 22 1) U7 U (ordinal scale) i & .
F Al o] BLSE SOh SCRAE B — AN 206 0 R AR 45 8 — AN SCR4E D FIE BT — AR &R = % T D i
AR d M d', d-d Rl P EX A SO A4 T d B d o d" ARG, B d A0 T d' XA R R
R TS AR U DG FR [ IR A SR AN SRS TR ASAE TR T A% 10 D 4F 30Tk B AT 8 Z2 33l (indlifferent), BT LA “~ 2k 78 T0
ZEM R FR AR FRAE A UL, — DN A RERE AR d LG d' 1, IR I A A @ LG o BF SAE s e il — AN FH AN R
d b d' i WARINK d' b d” i I8 AR AN N R d EE a3 TR A O B TR R AT Ok B e — AN TR 58
(strict weak order). FATHLIX B AN A BEE B FH 7 7E 45 HAH 9 320 097 155 S 308 <7 (10 Js J. 3K I, 16 22 331 96 R~ A — il
EMRR, X D B —NRI5F X FELE D MR 4E D/~ EREnT L X — /N 4% 26 )3 (strict linear order). /™ 4% k)7
ST /N5 7, BT PSS () 1) G 25 0 T DA B T2, SRS AT AR e HETE JLAS O MY R 4R 1 6 2= AN 0900 I,
TE 51 4 ) R SCRS P TR 2 50w 7D SRS, T 7 7] — 2 ) SR 1) I8 22 1) 3 RE 3t mT AR — AN T4 8 SCIIR )3 )]
JEE K5 5 P PR O A T A B 2 T U e L R e — R 40 1 510 A2 K 0 RRE B RS T AR ) A
TEA T 26 21 AH A 58 SCHUARL 1] 1 22 i) AT A 5 i FH 00 >R 30 7 3k 0 AR, L 8 50 ) (1 sl i A2 B 2 X
(19, 35 FLBATTHE 7™ b5 S8 19 70 4 5 47 e S T B 8 19 % 2R R LUAE H i T 4 21 19 4 0% 15 o ROBE #4017 R
By — D 1, F P e SCHRIAR 0 RUBE B P FH P S0 BB 400 Gt — A 3 LR RUBE (R 96, 38 40 AH 20 AN AH 96 3l 7T AR
25 iy T ARG U 2% 28 SR 3R 7 A, T A AH G 08 SCRS AL T 350 43 A G 1 SCAY, T 38 43 AH 2GR SCR SUAR T AR AH G I
Y.
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MIRFIE R T 2, = +1 Rl z, = —1 (1) & GERFAE x O — x ) 18] () 1] A B, mJ LA AS) 3 B 5 ) 240 3R,

z W' (x" —x21-&, i=1,...t (10)

For B & RIRER 0 4% 2 IR R IR T T e R Ak ) B (A ) 5w BT B IR 2 BR(10) N SR NG F T Y
|Mﬂfz;§%*ﬁﬁﬁﬁ%ﬁ%@?ﬁiﬁﬁ%%%%$%%%ﬂﬁ%ﬁ¥ﬁ%m@mﬁiﬁm$%
%%%ﬁT@m%mmm%¢wﬁw%ﬁmmﬁﬁ-iﬁﬂﬂwAﬁ%%E%?ﬁ%?wﬁﬁ%%ﬂ~¢
XA 1]

>zw'x? o Zw (x"-x?)>0 )
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alz=0
b z=(2,02)" . Z =diag(z) , 0y = (x" —x7)" (x" —x®) SRJ5, AT LLE I R4 5 25K g 20 58 KA DAY
AR R o F A R R w” T LS b YIRS R AE 22 1R 26 Pk 41 £ (Kuhn-Tucker 45 7F).
W= Yaz (- x) (12)
i=1

BE—20 ] LU F & B 2 () i 3 5 AR K (10), %65 T T & =0 (BRI o, < C) B IITZRRE A, ROHIMEL I 22 K
THEET LB AR O(k) < 8 7 I ZRAR T IZRE R RE A e i) B 75, XTI 1 &, = 0 8 2220 LU A 7y
XFEXT O(r,) Ik TE A
u(x) +u(x,)

2
b (x),x,) = argmin [u(x,w")—u(x . w")] AL BB I0EALIL I 0Gr,) TEBY 1 R 1, (IR 4 (FE0H]

(x,%)e0(k)
MR S YN R RAAE R P s TR T T A B R S, AN B BN Gt nT DUR R 5 X (7) i S B S — B gk
ATIAE X B LR 1) 2 A D AH G S U5t 1) 27 20 B30 AN a0b v B0 A R PG00 R D AL, T ot B AR AR e A 2k PR P
KAKAFEA.
Xt A2 1 25 R BN Bl O T LT AR R SRR ) LA HE S R BRI A A &(x): X s Z,
X WS B — AN BT R AR AR 23 8] Z, AT A3 20— AN g v 1K 280 oR B
u(x)=w' d(x) (14)
1B VLK ANREAE 2% 1) Z /& — AN 2B 4% Hilbert 45 ), F8 4, 60 ) A — MR K - X x X — R i 3 A% o6 5
AIRFERITEDT: K (x,,x;) = D(x,) @(x;) XK, O, W LA R

o(r,) = (13)

0,;=K(x{,x") = K(x",x) = K(x",x{") + K(x{?, x|?) (15)
AT 38 G %o ISR e > @ (o) FTH 83 i, ROF R OmT B A Sk
wwmﬂmwzi%;mquyKuﬁJ» (16)
i=1
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30 FI—HETHEEMMEEES
FEARGE “AH M S RE RS UL N A uE R A A R U A T 208 F IR R Pk BB RE B4 T 22 SR DR e, —
A S 8 B AR T L SR, T Keeen (R8s 1F 25 Ml <0 Ay 45 R U (EL L 7 X M0 1 R J3 B v i 434 4 G 1 B 801
(AN — o 1 R S R Ry R 1) 0T T A O o A 0 7 A% BT B AR e A B A AN S — o SO
FEJSE 2 11 7 ¥ R P ph o e b DG 4 B R ) B0 5 B9 G 3R IR0 (A R AR I P Mk R b BRATTR A T R — 1k
HEFBE B 10 B FE R ndpm M Ay G AE ZR b (0 R LT T4 H e IR L U .
F P w26 & v IARAE S A T R R A
== {(d,d)| XT3 d,d P EmMET d 535 d b d A (17)
T BRATT RN REAR B FH 7 10 e 40 55 2 A %o AR R A% 32 1 3K 1) i 5% SR AR B Rl P R 91 A R R SR 1K i i
SE JLTE H I SRS T HE B, 1T LARR A R G HE B A A 2R R G s A RE T DE AR 56 P HE B R R S HE B
=Bk X AE— A RS D ERIPRAHEF =, B -, [8) 1) 0E 5 T L ik R 21 A AR5
thﬂ:g@wx¢f) (18)

X SRR AE T G R A 585 0 SCRS R AT R R - R -, 2 d AT @ T R ) T AR [
5., (d.d)y =0 R > Fl -, P AN d B d 50, 6 (d,d') =108 - -, 2 A S 6 s 0 1,
5., (dd)=2.
HTAERG R EREE B R G WHATHES A Sk S 1 SRS JE 5%, N 1% R — F R g R % 52 1R HE A HE ).
X T A2 (G HE A T LU AT R BT A B P R A R N 1 SCRS SRR B L, (D) SRR — A H P HES -,
S I FR) JIT A T 42 5% F HE 2 M R T T — A2 TR 2 1 M i i (dpm):
@Mnkﬁ=@%ﬁ&kJ (19)
XA TR BT AN 0L (BT R R S A R Ik A SR AR — LB bk AT R S Y (LR A T A
S PPN AEAS [ 7 0 b A 2R B I IS A — Ak T B S A M i R R AT DA e ok DA e R ok X
dpm(>,,>,)

ndpm(>,,>= )= (20)

u’

max, ., p, dpm(>,,>)

Horh, max ., dpm(-,,>) & =, 5 TS R I ORBE 25 A PG JE T B 2 1 1 iR R T Ll R AT
20 +C" @)
2C

Hrh ¢ RIERGHEA »  FIH S >, v S [F) fr e 40 097 1) SCRS T (3 B L C o P 91 =, i B SRS X
M, C X IR ORI 25 % i 1 SCRSAE 2R e HE 270 b 0k A2 T8 22 3 (RSN ) IR 28 FH P R 7 v AN AR
TEI LR R RGP, RG] LUE B2 — D 4P, T A CY 45T 0.ndpm J2 3% T — N2 (1 % T — A2
WA, 0T LU ndpm (R4{ELAE 1 B
3.2 ndpm5RAEJLLER

H TR SRS ZR % H 0 55 W05 [0 U5 0 2 TR0 0 A 28 S A DA ML [ o A, 3L 0 SRS B S5 380 AR [ £ A
RGN AEAR AT R, AR G A A S SORY gk — 8 e 4Ry HE A i 3 LT ) — A DG G b SR A G
HEFp F & th Faxf ) i 22 5, S B0 W R R L 2 R IAE RATTR AT R — AT N IR 2R
AE S ndpm AT [B1VH 1 28560400 % BREK R,,,,, (B S) (ML (4)). 10T MU 1] U £ 28 6 453 2K bR BBORIRE 17 £ i 45 27 >
() 22 58 153 2K bR B RY,) (s ") WA 22— A B9 R (LK (5)), IRt 703 LT RY,) (s ST 2k J8E 8 R 1] U9 590
1k g, R e ek RY,,, AE TS ndpm I (L3(21)), 70 BEH C 2 H P 51 B SR 52 7 € it RGLHEIAN
FH P HE 5 AH 27 I 10 SC RS0 B ARV RO N 50 B SR/, ST 2G0T REL p #5010 ST IREAR XS
H. RO A ndpm 1 2 BIVE TP il SRR A TR o I AN [ b, R T BRATT o0 JURR A K .

pref

ndpm(>=,,> ) =
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RIS —ANEEAR (2", %), 20", yP)) AR — L Q" y ) =+1, 00 yV -, 3P FH R
JFH 250 P R 0 oe) PR AT IR 380 5 00, AR B AR 2R R 4 1) R B HE 21 A2 4 28 R O /N R 45 80 D I B 4 20 (7))
IS TSI B b 0 DX TR AT R AT w(x M) > u(xe®) AT A(x D) =y () B A(x ") = h(xP)). S5 R 7 E B
Kk RE S B ndpm I 55 0 NS0 7E VTS R) L I 50 AN B L AN 202 (™) = () I, h(x(") = h(x>). %
J M ZETESE ndpm I, T 52 4P (sorting) S USRS 0 AN E 1 AN FEVESE R, LB T AR
u(xM<u(x) AT h(xP) = h(x") B h(x ") = h(x®). 0 N 7E V5 ndpm IS 1 AN Sy ZEVFSE R) I
BN LR AL 3 RS UL BRATTA R, = ndpm .

4 FKIWHER

FEIX AN SEIG v FRATT b A SR FH S 4 1) 2 W [B] U1 55092 (SVOR) A AH 56 S5z it 77 v RNAE SCRIR[1,2] R K ) AH 5%
ST E(WT) LA K % T one-against-rest SRS 19 22 28 3 KF [a) AL A 7715 (SVM-MC). SE 56 78 I S5t 5 1 1 45
P AT FRATTR I T — AN A 2R R S8 1, 2 B 1200 TiE A Corel BG4 HA 10 5 20 ik 3K 26 P 45 93l ) T
12 NG 100 TREMR XL R KRG 2R, 1o . AY. =, Mgk, @, Ak, L. BoRFg
PR R A R R B T B SRR . R T /NE B SC R R A ST I 55 LB 1 U7 B TR HSV
B (A4 HS AR 8x4=32 B L TH3 275 3 MBI TE LK) 1~3 BB T KA & B B, T A 24
HE PWT /NBRFAE N 8 4E 132 2 5 1) B 7 El— 2 SR A3 73 HEIREAIE ) 2 JE o (W A AN AIE o3 Bl O e 307 8 —
A FCIE AE[-1,1] DX ).

ARSI SR FH 2 T 4 1) 25 1) 7 30(query by examle)HEAT AL 2 .40 A28 v B G RE L HEE 10 MER B 22 5%
28,10 Rk B = 28,10 TRk B A)E,10 1Rk 5 i M8 78 SCHR[16],Choi AT Rasmussen #1570 T H 1 7538 B 77 5
PG IR 2% v B AT AH DG 0 07 BT SR R I b e L vh B R 9 5 00 I R 24 2 R (topicality)  #ERf ' (accuracy)
HI5EHE M (completeness). T P A2 48 G TN P BT 55 7 5% HER 11 2 18 &1 v e % HE A M 3 7 FH P 145 RV 3K
SEHENE R BRSO A T AE S A R RR MR R (A 5 A A DG GO I IRATTR A T
IXLEFRUE.f] R 7RSSR RATRA T 3 ARG R BEAR G A AHIG . AH OGS 50 AR vE 2 28 2 IX A )
T )R T ok B 22 PR 2RI A W G B AT HA 2R 1 UGB S 2 ANAH SG IR, oKk B 28 28 1 Gk — 28 43 A SR
BCHS 23 AH OC IR BRAT AU B8 B 17 56 2 B A5 1K 32 08 BEHGbs D AH G ITTRE 5 (R BAT 42 22 3R 1) 22 1R R 1 b D 38 4 AH K.
WE 1R RE o NP WS IR ) BGRT R IR  E 2 22 A8 LA ALK A3 . R i A 1 as e ok 77— A
H BN FR LR AR SO N TR E 8 TR B WA 1 303, R e AR08 B R 0 R A 3 20 R R AT
187 R I BB 5 EH /0N B (8 L S HIE A7 B 10 )5, 3R 46 B 30 58 B 3 8 AH OC s it AR 4 — %8 S st by, B Blbs i AR e AR 4t
FRUES AT RGER T 20 AN ARERC EEPR I AR, FAAH QBN AR K.

{E SVOR(support vector learning for ordinal regression)fl SVM-MC 1, FA 1K H & i K (x, ») — oo ,
Wy =0.1,2% C=1000.57 7 LA C i 5 A%, — DL AR Platt [¥) SMO J7 3% [17]5K i AE WT(whitening
transform) 72 1, FATTT N T 15 JUIAK R 7 Sk ik G By g 26 R R 2 e .

FEVEN R M RE N, FRATTRE T 40 A2 ndpm P34 {H. /MK ndpm MG R HEP BT T 8252
B HE B0 N T B G AR R A e FRATTIEF H T AERT 100 AN H G A OC RTER 0 4B O R K e b R
(hit-rate), A 5 EL UL FLABEATT A0 P 0, o iy b o, PR BT S 00 45 SR BRAE R 1~ 3 AT 2 7 “iter0” %
NEE 1A R R I VA HEAT A DG B iter 1R N AR 1 FRAHIC R L R IIE A A 2 #8283 e NS 45 IR
TR LA H,SVOR #EAL R PERE_EAL T WT FUR ] 2 2ESCHF [ AL 5 (SVM-MC).IX i W],SVOR w] LUEAT 24
bR AR O B B BUME T 3 A5 S
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(a) KM

(b) Partial relevant

(b) FAAKIN
Fig.1 The ground-truth of queries from tiger class

K1 ZRRERKILRES 6T

Table 1 Hit-Rate after each round of relevance feedback

R 1 RO BA K ar bR

Hit-Rate
(relevant/partial relevant) Ioe, fterl fter2 fter3
WT 9.6/21.8 11.8/25.6 13.1/28.1 14.6/31.6
SVOR 9.6/21.8 15.6/27.3 18.9/35.5 21.3/42.3
SVM-MC 9.6/21.8 14.1/24 17.1/30.6 19.4/41.1
Table 2 Rg:el/. after each round of relevance feedback
F2 BRI RS
RO Iter0 Iterl Iter2 Iter3
SVOR - 0.453 0.359 0.287
SVM-MC -- 0.492 0.351 0.296
Table 3 ndpm after each round of relevance feedback
F 3 BEANSC RS ) ndpm
Ndpm iterQ iterl iter2 iter3
WT 0.2 0.219 0.196 0.172
SVOR 0.2 0.16 0.098 0.065
SVM-MC 0.2 0.184 0.128 0.073
0.25
020 F===—__ \ e
N A
{ A ---0--- SVOR
0.15 i Ay — ==~ SVM-MC
- ) ﬁ \\\
0.10 RN Y
0.05
0.00
Iter0 Iterl Iter2 Iter3

Fig.2 ndpm after each round of relevance feedback

K2 REREAH G RS ) ndpm

© kR

CEIFIFFUI  hitps// www. jos. org. cn



1344 Journal of Software #RAFFIR  2004,15(9)

FEATC R BT ST T SCHF 2 G0N 5% B8 A 5K s 0 37025, 22 R S0 R vl DU B R — B AR DR P
R4 FE AR 78 AT H AR XA 0T PR 5 S5 5t AT EAFR F — AN WU [0 1 T 380, A 2 17 8 PR AR e R 2K R
B BB A R AR S I TR RE R B SR A G B KL AT T OB PR e R, e A R
[ FR) i 4 R 28 b 1k — 20 i FRATIIT A T — b e [ Y SRF 1) 8 2 ) SRV RO R 5 S 7 6 S B 5 SRAIE S T
AT T3 10 Rk

AEFH Al G 7 >3 00 1 305 PR P 1] I ) LI A RSORS00 B Bt A S st g a2 A7, 1
BRAC K4 22, I ZRAF A TR 550 AT DL PR 1 R T 15 008 0 5 A 5 bR AT D700 R ) A v e R R LA > [ )1
i) L 10 e AR SR PR B0, DA A2 AR G S s 5 S HL S g
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