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Hybrid generative/discriminative model for automatic image annotation

Li Zhixin', Shi Zhiping®, Zhang Canlong', Wang Jinyan'
1. College of Computer Science and Information Technology, Guangxi Normal University, Guilin 541004, China;
2. College of Information Engineering, Capital Normal University, Beijing 100048, China

Abstract: Objective Given the notorious semantic gap between low level features and high level concepts in image retriev-
al, automatic image annotation has become a crucial issue. To bridge the semantic gap, this paper proposes a hybrid gener-
ative/ discriminative approach to annotate images automatically. Method In the generative learning stage, images are mod-
eled by continuous probabilistic latent semantic analysis model. As a result, we can obtain the corresponding model param-
eters and the topic distribution of each image. If this topic distribution is taken as an intermediate representation of each im-
age, the image auto-annotation problem could be transformed into a multi-label classification problem. In the discriminative
learning stage, we construct ensembles of classifier chains by learning these intermediate representations. At the same
time, the contextual information of the annotation words can be integrated into the classifier chains. Therefore, this ap-

proach could achieve higher annotation accuracy and better retrieval performance. Result Experiments on two baseline data-
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sets indicate that the average precision and recall of our approach attained 0. 28 and 0. 32, respectively, on Corel5Sk data-

set. In addition, these two measures of our approach attained 0.29 and 0. 18, respectively, on IAPR-TC12 dataset. The

experimental results proved that our approach performed better than most state-of-the-art approaches on many evaluation

measures. Furthermore, the precision-recall curve showed the superior performance of our approach over several typical and

representative approaches. Conclusion On the basis of hybrid learning strategy, this paper presents an image auto-annota-

tion approach, which integrates the advantages of the generative and discriminative models. As a result, the approach ex-

hibits better, more effective, and more robust semantic image retrieval. The methods and techniques of this paper are not

only usable in the fields of image retrieval and recognition, but they can play an important role in the fields of cross-media

retrieval and data mining after an appropriate adaption.

Key words: automatic image annotation; probabilistic latent semantic analysis; multi-label learning; classifier chain; im-

age retrieval
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TR BRI B — AT {9 AR
Klnj#i, (HEY BR JiEART A, X 46 Z(H /32K
BORE T — B R OK , He P RN A S B R A
(i) 0555 Hif 11 45 5 2 Amic A k.

IR RSB RO R0 e 0Bk 1 TR, 3
GAEARF IR N (x,8) ,SCL n LU A & (L,
Ly =y Lyy) FR, T x SRR . Bk 1P 3%
B IOARICITUT , 45 YOG 35 2 T K — M ARiC
TAEAY R, R B0 , R R AR 25 (AR
B ST AR B AR B, DT RRAE 15 B
RIS B3G5 B S, AT AR 7 — A {E 4> 2 A
BELBE LR — AR C S SERIC [ A G
SR

B 1SS I 0

WAREALED = [(x,,8), (x,, ), =, (x,,
S
B AMRIEREIC L €y ey €yl

forjel,2, -, |L]
do FRFRICHFE LTI SR
D't}
for (x,S) €D
doD'«D'U((x, l;, ly,~, L_), L)
end for
WL 1 M0 A H 532545 C,
C:D'—lei{0, 1}
end for
I RARHE 2RI B 2K € IT R BB
M SR, 248 C g bnid [ a2 R
Pr(ly | x)  SRJEHEK A48 S L AE i 7 20m A
FEARYRAE | J5 22 70 2 2 Wl e AR [ 123 2845
RPr(l Ly, by by b)) o AN RE AT LS
2 FINo
B2 Sy RAREEM T O
A AR x
W AE AR x FERT A 2R A B REIR Y = (€,

CZ?“"C\L\)D
Yt}
forjel, 2, -, |L]

do Y<—YU(lj<—Cj; (x, 1, L, lj_l))

end for

return (x,Y)

o R BE 0 5 1T DAAE Ay 2R B A s bric (5 L,
A A 2% AR e =2 (B B OCHEAE B, T g 7e ik BR J5
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ML BT AR A B0 SR A 1 T AH o R AR ] s
. BR FIEMERER OCILI xf(|X],[D])),
Hoa fCIX|, D D) RIEA Y AR I,
IYRERBEM R ZEN N OCIL| xf(IX[+ [LJ,
(D)), WHt &2 7 [L|4E e 4% 48 (i i
HGDM RS 4r 25 8% SVM AE Ry LA 1) A8 7 2K
8 BT LAAr K24 A 28 FE AT AR A O (L x
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|L| < | X|, 55—tk E8/ER . XRE 2ot
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ERHAE Z 5, i AR XS A E— . 5
BEENR B Shbr i B A, HGDM HUAT 5 4~ E A5
JEE i el ) SR B VA AR T A O MR 78 SORRTE o

Z8 LBk , HGDM fE~7 ) i f iR & 1 A2 sk
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H1500 18 BRI SR IEEE & IF h— DIl gh %, 5
SCHRL8 ] A feft i — A~ 5 4 500 i G i Il 2 4
F—A4F 500 MR MR M4 — 8 tAh, A
Z/DARTE T 8 R BRI A IA] (3L 260 4> ) A fE
PRI . VRN EEHERAEAE , CorelSk B4 46 n] LAXS
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1 B BhbRiE , IR Hh R DR 1Y A 1] R A
KGR, 2 E— il I KG i precision = B/A, A
2R recall = B/C X B A 3R A S bR R &
2508 KRR B BUR AL, B o IEBAR T 1 205 0 SC 5
TR, C FORIFAEAR T S T 45 08 S 5]
M EUGAEL . DB R 2 A 2 RG BE A 1] 38 1) °F-
PeRee Kk BER R G ERE. &5, 8% I8 TIEE
A IEFCRY B >0 fy5CHETR ) i TR 5, X T
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3.4 Corel5k FHJSLIG 4R
3.4.1  EUR AShRESE R

¥ HGDM ByEfE S1F 2 AUREBR R #E 1T U AR,
ARG B PR A CMRMY CRM'?' MBRM'" |
PLSA-WORDS'"®! | TGLM'"7" sML™' _ msc™ fu
JEC™ | EUGARTE A PEBE AL A H A8 A 34
FRiE 5 AR S M. LT SCHR[12-13 ] 3155
DA Fh AN DB I] 1) 4 ] SR ORGP 3
HR 25 R Gu kR

FI AR bR 45 AR A GRS A L - Pk fig

IRAERY 49 A SRS G M GRS P T A 260 4~
SIS . REWELSRINE L m. AR 1
PIF £ HGDM [k B T HA R 2R, E 1
PERER] .5 T MSC, 5 JEC iy MEREJL-F-HHIR] o {5 1)
RAHESL S o) 1 SO R 13 B X 45 R A J2 22
W, RO A 7 T I e AR R i R SOA
KEAZ R SR ML, £2 4 T ILASh
PRTERY 45 R 5261, £04% PLSA-WORDS FI HGDM )
PSR, AT AE BIRZ 8§ 00 HGDM AR L
PLSA-WORDS H#H & #f

Fz1 Corel5k FE#%BahriFEE AL L

Table 1 Performance comparison of automatic image annotation models on CorelSk

- B >0 f b 49 MERERAERY T FAYZE R AP 260 MRS FAYZE R
ARkl AR ISES PR P E A [l R
™ 49 0.20 0.34 0. 06 0.04
CMRM 66 0.40 0.48 0.10 0.09
CRM 107 0.59 0.70 0. 16 0.19
MBRM 122 0.74 0.78 0.24 0.25
PLSA-WORDS 105 0.56 0.71 0.14 0.20
TGLM 131 — — 0.25 0.29
SML 137 — — 0.23 0.29
MSC 136 0.76 0.82 0.25 0.32
JEC 139 — — 0.27 0.32
HGDM 137 0.78 0.83 0.28 0.32

%2 Corel5k I PLSA-WORDS #1 HGDM 4 B #7 it B bb %5
Table 2 Comparison of annotations made by PLSA-WORDS and HGDM on CorelSk

SEES G ARTE

PLSA-WORDS ) & 51

HGDM 1 A 25k

blue-footed , booby , rock , bird

trees , sky, frost,ice

sand , water, people , sky

building, courtyard , sky , trees

bird, nest, close-up, booby, branch

grass, desert, ice, path, sculpture

beach, iceburg, snow, ice, water

sky, building, wall, sand, temple

booby, bird, trees, rock, sky

sky, trees, branch, ice, grass

water, sky, beach, people, snow

building, sky, wall, trees, courtyard
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[ 4 J&/R T PLSA-WORDS SML MSC 5 HGDM
Ft CorelSk Zdfa e b HRS E—4F [l 5 il 26, A3 1
N RRR IR B SbR i SCBEA AHON 2 2246 ] 10
I, T AT SR B 1 B RG JBE RIP- 2 4 [l R 455 IE
U 4 thfh 2k TR , HGDM (4 B R4 ] e et

0.3

. " [ HGDM
— — —— MSC
. 1 SML
0.25} | #——teoeg |-+ | =~ PLSA-WORDS
5 02
é —
&0.15 <
0.1F - o

0.05 1 1 1 1 1 ; |
0.1 015 02 025 03 035 04 045 05

Recall
K4 Corelsk FJLANEIGR A bR R KRG — [ 3R Hh 2
Fig.4 Precision-recall curves of several models for automatic

image annotation on CorelSk

A9 T SML il PLSA-WORDS, 1fif 55 MSC #H tb % A
0] e T TTOH LAY o
3.4.2 EURIE SURERE R LR
PRUEERZE R Z M HERLI e o ELJ2:, FH P 3 4T
IREXR R B R AT HERL, I A B S IR HEA
FERT SEbr b, KRB A JE A — R A& i
5T RO 10 = 20 MEAY RS, 4558 — A2
i, RGURIR 0] 3 ShBRTE T iZAWIE A T B, OF
F2 N0 IO 14 ) S M 50 TR A T HEASE o
3T LA LR A BRI B mAP, 5 2
FRAE WL R P A R I R A BT R AR
mAP 55 3 FEAE A B R R T TR IR S
(ETEDAR (9 st bR 3 bt B ) S BT 4R )
EAHRAREN mAP 5 4 FRAE A [IARR T E R
SRS (RIESR 1 P iss 2 5080 ) BiHifs 2
() mAP, 323 WP &t n] WL, HGDM KR M fE
B TR MSC Z A HoAth 712

%3 HGDM 5HiRFHETE CorelSk HIRE L) mAP EHILE
Table 3 Comparison of mAPs of HGDM and other annotation models on Corel5k

I 423 260 i) A1 =0 (1) BEZR >0 KiHE
CMRM 0.17 0. 20 —
CRM 0.24 0.27 —
MBRM 0. 30 0.35 —
PLSA-WORDS 0.22 0.26 0.55
SML 0.31 — 0. 49
TGLM 0.29 — 0.52
MSC 0.42 — 0.79
JEC 0.33 — 0.52
HGDM 0.35 0.41 0. 67

K5 J@oR 17X 3 DM EA RS IHITRA BRI A

RHHRA M AR R A R . K S hiEgfT A — 1
A HEA B 1 S IRV R, i E R R A
FHRE ) R “ fox”  “house” Fil“ sunset” . IR A1 KGR
SZERM ZAEIETT LR Y], HGDM H 28 R A1 27 > Fl
ZAkfE ) o
3.5 IAPR TC12 ERSEIR4ER

TAPR TC12 %4 5 e 56 Fl T 3Ck [ 22 ] wh iy (]
BB SRR AT 55, & — DA BT B a4
PRIk H S5 IR T L e DA SR R BB 0 B A0 1
AT OB, 40 JEC 5 MBRM, b, ddlk & 1 78
JERS AR GE b E S By Jr i (A0 PLSA-WORDS) fr 15

F 4 450 T IAPR TC12 ¥ 4L LAy SLgn 25
ALHE A R KT R A A0 IS B A
I3 AT 291 A CE#E TR Y mAP (5 F MR R FEF
FIEER B mAP {8 5 M YEREFE bR bt 3 4~
BT UL B SR iR RE , 5 A T IR 1E X
KR TERE . N 4 rPgs vl UL, AR G H A 2 i 1Y
PR, HGDM HAT fe 5 1 PR fi , ik 35 W i 55 7Y
ARG RS E PR T e

25 45 T —2 iy HGDM F1 PLSA-WORDS 75
AR SE B X b B HGDM 453 3] i A5 i 5 i bh
P Al DL, B HEA HGDM ARy i) 56 s ) A Hh 3
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house |

sunset

K5 HGDM 7k CorelSk g 3 M UK 2R 5451
Fig.5 Three semantic retrieval results of HGDM on CorelSk

&4 IAPR TC12 EEGAMNIRERBAERE LR

Table 4 Performance comparison of automatic image annotation models on IAPR TC12

B SPIOREEE PR R R >0 IR EC Brd 291 D RHEAR) mAP {H 4 1915 > 0 fYSEEEAI mAP {6

MBRM 0.21 0.14 186 0.23 0.36
PLSA-WORDS 0. 18 0.12 177 0.19 0.30
JEC 0.25 0.16 196 0.27 0.41
HGDM 0.29 0.18 194 0.30 0.45

%5 IAPR TC12 Lk PLSA-WORDS #1 HGDM 4 i #RiE BT LL R
Table 5 Comparison of annotations made by PLSA-WORDS and HGDM on IAPR TC12

JE R AR PLSA-WORDS 4 [ 35 1E HGDM 1 A ZhhxiE
building, cupola, column, tree sky, tree, snow, wall, group building, tree, sky, house, column

tourist, river, ravine, forest,

waterfall tree, grass, water, forest, cloud = forest, river, snow, waterfall, ravine

people, meadow, fence, tree, sky grass, sky, tree, stone, building meadow, tree, sky,people, house

ky, sand I, desert
girl, skirt, waistcoat, hill, house SKy, sanc, wall, cesert, girl, sky, people, cloud, hill
landscape
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TEISAEARTE P EAEAE W RIS U A R R N 25
(IS 1 me S bR 1 sky ™ FIER 4 5 BG bR T 1Y
“people”™)
1E Corel5k F1 IAPR TC12 B4 I A 5056 45

W], HGDM 1 H gl br T o 2 A SR RABOR 2408
TREBCLHT IR ERAR T T5 125, 5 21T i HAR
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RN AR 1 2 ] T vk S Al AT O FIA R
[F] i, HGDM [ PE BE AR X T 2 8k i L ke e, F
FARGF & FR RT3 1
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AR SCHR R A A R ) AR 1 [ 15 A 3
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ANASUAT AR A AR L Ao A R 2 85, 38 mT DL 4 e 1 1%
HOFRNTESA T o0, T, BR A ahis
A AR AT AL — A~ 2 hRic2E 2] 1 )8, B
J&i , HGDM SR F it B A o 2 55 10 7 V6 R AT 245
1027 2 TEXT ERHEA T 43 25 1) [m] ) 4,25 1 T LG A
HEZ B RS B FE2 > 2, HGDM X} F K]
TGIBE AR 82 20 2R T AR s A i e % Y
T 2 ) b AR A A A PR BE LA AR
BRI T 5 J 4, At ELA 0] R RO R 5 v 1) A
A 7E Corel5k 1 IAPR TCI12 Bii4E |- (52 4%
FEHH 6T E MG K 2 B 0 R A S AR A
HGDM LA B 5 (A B B A A R00R

AR SO i b ST IR 2 AR Z R AE , T
DAL 24 1 it 2 S5 % T RE TR B ARG R
BRIz I8 R E AR A, IR ER A S
PRI IR 2T BT RE 8 K A5 B i R B, kB
HE— 2 T — B SR A T, Al e 5 0 A
R A U8 BR 2R BG4, T — 2 TAER
JEGIAE W B2 o) s TR B 2 > B R LI TS A
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