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Abstract A novel automatic image annotation approach is proposed to bridge the semantic gap of content-based image
retrieval. Our approach first performs segmentation of images into regions, followed by the clustering of regions to blobs
using a semi-supervised image clustering algorithm with soft constraints which utilizing the visual and semantic information
of images. And a graph-based algorithm is used to compute the probabilistic relation between concepts and region blobs
which can be used to annotate new images. Experiments conducted on standard dataset demonstrate the effectiveness and
efficiency of the proposed approach for image annotation.
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Fig.1 Automatic image annotation framework

A3 F R — 2 5); 5 X B A K (cannot-link
constraint) , B RN B R A A BBIT FRI—265, &K
AR THEARKR, EREFHRERM L b
THRERNT, RAARNBE, WEBHE, KRHYK
A LAE it KA BB H B ARK R,

AXRBMETRARN L LERGRLE R
SHMRF-Kmeans , L 5t 7« S A8 2 ) B B3 5 R B K B
MGERSEAETARMETHEENEREFEIN
FHRLATAERBERARZGTHEL, BEEk
FABRDRARMEIGEMYCRERET BER
B#x ok 3, R 5 F A B 5 K (EM. expectation
maximization) B ¥+ B B R B W & /ME, LI E
X, HTRAREBEC NNV ERIRERHEW, BT
VI SHMRF-Kmeans B 3: 8 2 (N EF R X B R KGR
FRARTERHAEEFEEMELNFE K& THE
BEXEBRERR, IETFRERENERIRET B
BET RIFRRER, AXEERN Basu AT T
FERRES

Manifold H /722 J BB E—-HETENE L, B
IR AT R BRI FE BN B AR
tHy F— i i BE R A OB B 75 43 #1 A blob Z JA] AN
blob 5HER R MBEER R, HT LR A BE R R %
HEH blob SEERKMBHEXRE T(0) ,RF
FIH Manifold HEF 2 I BB R X BBPE RN X R



E2H

PGS — M H N E TR SCREME RN A SRR % 241

BIABRAMBEEXLRE,
2.2 SHMRF-Kmeans )&
2.2.1 HARKHR

RARTLUIRRHA(A,B,S), 4 $>0 B, R/R
A5 BREEFEXKANR, REETHNS, XHABR
FR—KHNBERN S;FHE, Y S<0m,RRAE
BHEEMRRBAR, BERNTFH -S,XHA,BAR
FRI—EMNEBERA - S,

RARKBRERNFATLURATRIHR:

-d SR up_threshold <D <1
s={exp{2_7d:} 3R 0 <D < down_threshold (1)

H,d REGXEA,BRERIENER, o AFET
HWF. XBEEXTETFTHEMIME, R D ERHER
Bl 4h, W& B —4 AR, LIN 75" 7Lt
BrHS5REZEMNEER, ERATEEMAERAM
WordNet i) $8 7] LA 115 H B A 52 98] 6] 9 18 SCRELRS .
A 3CH A LIN 585 Seit Bt 5m) [a) i35 U R,
HE T T8 R DX 3 %o L v =2 (6] Y SCRE B
2.2.2 HirEE

BXI BirR s TR TR R

Ju; = ZXD(xi,p,li) + 2 w;D(x;,%) (1, # 1) -

(%;3) e M

S 5,0 I = 1) )

(x;,%)) €C

Hep M BRERBKARES,C RRfRBEKAR
B4, w,/w, BT X, F X, 2Bl E X B/ FUER
HRMARME,L R X, TR THEGIE. n, K
LR RO R, | RESEE(([(true) =1,
I(false) =0)), D HEEEWE, 7T LLFE M1 B 5
BopsE 1 MERER K IEBREE;E 2 MREE
HIEXRBRARBED RLGTE 3 TRBHAKEK
AR B

BR, LEFERFEAEKAR, XHERA
T IR R R A5 B B A R R

(1) #m®¥EE

RSB B EE BB [(a) R—1 2
ERB. BTAEKAR, - RBEBERR—1
WEMNO B 1 WELZRK I'(a), B WERR
B ESERER (o) WESRERT S M4X
{EM% B0 ' (true) =S, 1’ (false) =0, B MEBH
A ERREP, ENESBRERT S A HEE
B EG 1 6

(2) MS(maximum strength) B

MS(x,p,) RN Y x, LR b PHHBKE
TiE,
yiol

MS(x,,m,) = - = x max |§| (3)

violate constraints

Const

A ne B ISIKBRRENKE 1 RERA
WA IS 1K B e R MH R

B BT 77 AF ) B i R H0K MS 5 IR B4R
R AER:

Johj(xi )
oSGy

X MS @B 1 B, B AR R B K KR K
EXMERT 2 BASETAR b, HL,HE B
PRERER A AR IR

BUR WX PR SRR 45 5 Ok, 3R8 TT LAAR B 5K
AR B ir R4

IO (5 ) = [D(x,.,y,,) + 3w D(x, 1) (1, #1) -

§>0

J:ﬁ(xi”‘bh) =

Y 6,0(x,5)I'(), = 1) ]/(1 - MS(z,,))

(5)

2.2.3 BEIE

SHMRF-Kmeans 5 % H #5 & f# & #0771 {H &
MNo X—HipRELEM EM BER 7 B Bir R
BEFXRBENLHAN, AENERTRE. &
EX BEYHENEL, BMBELEFH SR M
Hxt Bir RBE B/ 7E M 25, R F B AR R
HEFMETTE -0, I HF RS EEH
RIEHER D RF—HH BHinmH{E.

(1) #ythAE

B AR A Z R ERARXERR T IER
YRE, M BEERNEE A ZE RAERARX
R, BRAERARBEEPHRELNAT—X,
BXHRBIEEAR M A IR ELR p, b =1,
M, ZM=K58 K,WX M AMBEEENEL 1,
h=1, M APIHREPL;EMS>N, N M ADE
EENELTHREVER N ITBEREPL;HEM<
N UEREEIR N - M A HAL BB 1M A%
BEOELFEIMBRE DL,

(2) E% |

REMHRE P OREER AR EREREL
B 3: (ICM ; iterated conditional modes ) i+& & F.0»
HBIREGOH B IR R R /ME, 365 B8 2o
A BiRREER/NYEG], ICM Bk EA R A



242 R E R

g12%

EREBKXARDWAF MR RS, HB WK, Eid
ICM B3 T LA B AR 58 30T DL 3k 31 R 35 & /b
i, & ICMBERKERHERAZE, MANEE
WS, ATLHEA M 5

(3) M

M 5y R BB 4

F— RELNEFMHIT, XIWBIBAERBKY
WA, R I8 Kmeans MM E .,

FE EEMNERESHESN. HESAMES
RALIEBD=A|X-Y|, A REEERNE, K
EmAnBe, TURATRESH

SOFT

— (6)

am

EAXMMAEREEREBNRN, BERERE
AN B AT R B 2 50 A H b R BUE
2.3 Manifold HEfF % 5] MR R
2.3.1 WHBRBERRER

R A2 F CMRM Y B HE 348 55k 3+ 8.9 14
BMRRER, EXB={b, by} HXBEAEH L[ blob
MES W={w, - w ! ATNARERNES. T'H
WNHEEBRES,Jel, TRULIHEEE blob Hi5
EMSHEKABEN

P(w;,b) =Y P(J)P(w,,b,|J])
Jer

a, =a, +u

=3 P(U)P(w | DP|T) (T
Ho

P(w[.’):(]_al)#(w’.])_'_ #(w,TI')

FiRRars!
P(b1d) = (1 -p) LD g KD (o)
Hep #(w, H)REREBR J WFRE S EIE w HBBHK
o #(w, MHRFRRIW w EVWGE T P RIEHIAB
W, #(b,J) LB T blob b ZEEE J P HIEKK
B, #(b,I)XBLT blob b FEIN4E I EILEM
BIRE, |J|%TEH JH blob B MARERKE
Mo | TIANGERKD. o8, BFBRERK,
2.3.2 Manifold HFEI8 8%

FREE R AR T R E S EKRK LR
bleb 5EB B XK, M Z B T blob 2 [8] fl blob 545
FREIMEERR, BB ETE S BARA WK A M
BEELERRAMABEEMTEEI BTN
i3, HiK, Manifold HEF 2 I BBt FRLEHRE
HERMWEEXZMBEARITERERER T, 0%

(8)

B RS RIM25 R W R 1E

EX X =1{x,%,,,2y} CR"(X & blob By 4%
fiE,m & X WAER) W= {w,, 0| HFAERER
£ 4, Manifold HEFREELBUT :

(1) BB B B W B BE B R s T HER . 7
BRI 2 BE S ) L S 0, T B A AR TE A
— N EHEE,

(2) HEMUUBEERE:

i

0 _{eXP[-dz(x,-,x,-)/Mz] i#j BT x;,%; Z 18 d54 %

0 HAty
(3) WEEKS=U""QU " Kt U B
B, AT RE TN 2 0T TEZIM,

(4) T(t+1) =axSxT(t) +(1 -a) x
TO)EREBEBIWS, Kbt EREKE, ae [0,
LA EERE. T(0) RPRBRE,

(5) i SNER T I BAKNIENES -
blob Bk SR E,

HEMRMBRE . BRIESNRES «, EHT
AR —RME, RESMEESEEEC KR
A8 45 7E M A B i 4 TH R, th 7R 2 48K 8 (L 7 AE 0L
BE AR B TR S Je) 4558 . X FP R AME B AT AR
B BT A B 22 TR ) 56 R FE R AE 25 A o, BE R AT Y
WESEAARRKNBMRE MEBLINRASHE
MITRBERE, XWBEFWHET 3B &5RE N

BEMMEER Q RABBRNL®Z—, B
EER—-MRALER, BRMAMTHE" %
BH 7 38 1 BRSO b B AR B L1 BE BT LU A 4
FEEGRGRELR, Bk, KA L EENES
R L2 BEE, 3R F L L 3T B 2 7R B A 0L S B

Q, = H seexp(~ 1, -5, /o) (10)

3 XBRHEREHN

3.1 HiEE

LR AR B SE R A Duygulu % A R 415
4l Corel BIR4E .

ECCV 2002 ;5 4 R M B 48 &£ © o0 B 465 i
K ERERE, BREEES Core HRED
95 00018 MR A AL . B R4 #1885k Al Normalized
Cut'™ 8 ¥, g7 xt 45 98 B84 1 % 10 4 blobs, &
KA 47065 MEBR B, BIREAGEREL RS %



g2

WS —MFHNETEXRENEEEN ASIRRRET & 243

iR, BMBRE—E 374 i EREEFR 2
4, Hodh 4500 1R R 1E K 11 2R 4R A 500 1 B AR PE
HWHREE . WA AL 260 B,

JMLR 2003 .34 10 £ Corel Bl 5 , BHBRE
5000 LIEE 4 ,3E 50000 ZIEE K, SHEGEKX
234 50000 X I8, BAK G A 500 4 blob, HAE
BREKHKE 165 1~8iH, BHBEESTR2 M
5 HPY 5% B ERERIIGE, 4 25% K BB
iR g, ERIFIER S ECCV 2002 A4
A,

3.2 gxEfKEE

38 42 R 4R A 7% 4 0 b IR, 358 O A DL B
HoBe i & H B T 19 blob 265, R /5 #l A iE X &
-blobME R T RUEHEHARANBKAHEER, K
JE Mk B R E B AR 5 AN BLEE R E R
ik, RABER BELEMFIEFREIBRER,
BERREXNBEALRFEREROUE; ELE
EXHNBALERPERGRSBEEFERERY
BBl Pl EEN A2 x BERExBELE/(EEE +
ELE),

B2 T 49 MRIFIRES RN S e,
AXFHEAES TM CMRM J7 8: 48 L B AR 1 9 2 %
= HLRM FEBGHRES.

am™ B CMRM O & ik

0.54 0.55

D4

P PAad £
E2 HzEGREME LS (TM.CMRM A X F k)

Fig.2 Comparison of annotation performance

RHTHHAXRBHRARLEUBERL B
(SHMRF-Kmeans ) %t B R b5 1E RERFEH, 2 31 %
Al K $#{E R 27 ¥ (Kmeans ) FISCHER [ 10 ] 48 t B9 58
2y ok 2 Wk B B 2 5 B (HMRF-Kmeans ) #{t SHMRF-
Kmeans 7 & , BEWAHWERIRERE. B3 I
BTX3ARFEREWERE, AETR, EFiEX
ARBENBREREHBERT - MBLORER
. FEAMTELARRENRERE, ETHRY
RERMFREREERBET TETEARREN

O Kmeans W HMEF-Kmeans

0.6 r 0.57~

| 0.53 0.54
0.5 0.5

O SHMRF-Kmeans
).555
0.5

0.4

0.3

02 ¥ ==

0.1

0

T # s fal

3 ARRBBHEREHEBILE
Fig.3 Comparison of annotation performance based

on different clustering algorithms

ERG,
RIHHT -BEBRBESER, HE ™,
CMRM JF B4R T LR

£1 BPIELER(BFNSNH)EAITRERLER
Tab.1 Comparison between automatic annotation results

and manual annotation results

ik
ATHE kB M ER UK ABE S5 NELE
- KM BA OB BEE RS RS WA
A Hiok P W EA
_— KEZ B W ARSE W OBRE ER
£ RN EH WRE A K
kW X A it = W A
EXTE Ty oy B P

3.3 ETEmdEGSRENEARRR

B4 GHT 2 HARKRREEC LA SR E
THNAEGE ENRRESR KRBT A7
B CMRM FEX AR RAEEE AN 3

0.40
035
030}

*>

o 0.25

# 0.20

¥ o.15
0.10
0.05

0 0.2 04 0.6 0.8 1.0

B4 FARERAENERR-ELEE

Fig.4 Recall/Precision graph of image retrieval systems



244 o E B £ EE R

H12H

MR KEE, AXBERTR, AXHTER
FRHOBRIEE.

4 &

3 ER R R oh 038 M R R T — R
FE G EGFRE T, O ERE SRR AT
BRI RE NS AR ESHMIEE, =%
T-HEFRARNEUBEARRKE S
(SHMRF-Kmeans ) %} & ¥7 3% B4R 89 X 38 5 17138 X &
2, BRb 4 W o B 25 0 o T LA IR % R PR A4 R
FEA5 BRE SURFAE , I 32 R i B 5 B ——Manifold
HEF S B R T R IME XA S KBBEE DL
WER, BIHBMELER, -1 4N
5500008 E R BB E LHITEXR, S TM
CMRM ' 7 g HEAT T HL 3, SE 00 45 52 % W 3 O ok B
BREEFNELRNERE,

$ % Tk ( References)

1 Zhang Y J. Content-based Visual Information Retrieval [ M ].
Beijing: Science Press, 2003. [ RS T ¥. X TAAMAEEEE
RIM]. Jbxt: Bt gL, 2003. ]

2 Claudio C, Gianluigi C, Raimondo S. Image annotation using SVM
[A]. In: Proceedings of SPIE-The International Society for Optical
Engineering, Internet Imaging [ C], California, USA, 2004, 5304 .
330 ~338.

3 Edward C, Kingshy G, Gerard S, et al. CBSA: content-based soft
annotation for multimodal image retrieval using bayes point machines
[J]. IEEE Transactions on Circuits and Systems for Video
Technology, January, 2003, 13(1): 26 ~38.

4 Duygulu P, Barnard K, De F N, et al. Object recognition as machine

translation ; learning a lexicon for a fixed image vocabulary{ A]. In:

Seventh European Conference on Computer Vision [ C], Copenhagen
Denmark : Springer, 2002, 4. 97 ~112.

5 Jeon J, Lavernko V, Manmatha V. Automatic image annotation and
retrieval using cross-media relevance models[ A). In: Proceedings of
the 26th annual international ACM SIGIR conference on Research and
development in information retrieval [ C], Toronto Canada, 2003:
119 ~ 126.

6 Carson C, Thomas M, Hellerstein J, et al. Blobworld; A system for
region-based image indexing and retrieval [ A J. In: Third
International Conference on Visual Information Systems [ C ],
Amsterdam The Netherlands, 1999 509 ~516.

7 Zhou D, Bousquet O. Learning with local and global consistency
[A]. In: Advances in Neural Information Processing Systems[ C],
Vancouver, British Columbia, Canada, 2004: 321 ~328.

8 Bamard K, Duygulu P. Matching words and pictures[ J]. Journal of
Machine Learning Research, 2003, 3(1) . 1107 ~1135.

9 Lin D. Using syntactic dependency as local context to resolve word
sense ambiguity[ A]. In; Proceedings of the 35th Annual Meeting of
the Association for Computational Linguistics[ C], Madrid, Spain,
1997 64 ~71.

10 Basu S, Bilenko M, Mooney R J. A probabilistic framework for semi-

supervised clustering [ A]. In; Proceedings of the 2004 ACM

SIGKDD International Conference on Knowledge Discovery and Data

Mining[ C], San Francisco, CA, USA, 2004, 59 ~68.

Kokare M, Chatterji B N, Biswas P K. Comparison of similarity

—
—

metrics for texture image retrieval [ A]. In: IEEE Conference on
Convergent Technologies for Asia-Pacific Region [ C], Bangalore,
India, 2003, 1(2): 571 ~575.

12 Stricker M, Orengo M. Similarity of color images{ A]. In: Storage
and Retrieval for Image and Video Databases[ C], San Jose, CA,
1995 381 ~392.

13 Shi J, Malik J. Normalized cuts and image segmentation[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2000,
22(8): 888 ~905.



