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Abstract With the advance of Web technology, image sharing has become much easier than ever
before. Automatic image annotation, which can predict relevant labels for images, is becoming more
and more important. Traditional image annotation methods usually require a large number of
complete, accurate labeled data to obtain good annotation performance. However, since obtaining
weak labeled training data is often much easier and costs less efforts than obtaining a large amount of
fully labeled training data, image labels are often incomplete and inaccurate in real world
environment. In addition, different labels usually have large frequency differences. To effectively
harness these weakly labeled images, in this paper, an automatic image annotation approach based on
semantic neighborhood learning (SNLWL) is proposed. The missing labels are replenished by
minimizing the reweighted error functions on training data. Then, the semantic neighborhood is
obtained by a progressive neighborhood construction approach. We incorporate label completeness,
global similarity, conceptual similarity, and partly correlation into the stage. In addition, an effective
label inference strategy is proposed by minimizing the neighborhood reconstruction error to handle the
noise in the labels. Extensive experimental results on different benchmark datasets show that the

proposed approach makes a marked improvement as compared with other methods.
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Fig. 1 Illustration of partial correlation.
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Fig. 2 Schematic illustration of neighborhood.
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The performance of SNLWL with different parameters.
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(b) Neighbors in BN
with labels {mountain

meadow sky tree)

(¢) Neighbors in BN
with labels { mountain

meadow tree lake}

(d) Neighbors in BN (e) Neighbors in BN

with labels {field grass with labels {Landscape

Vegetation bush} cloud Creek range}

(a) Target image with labels |
{bush field lake landscape

mountain range tree}

(f) Neighbors by JEC
with labels {mountain

meadow sky tree}

(g) Neighbors by JEC
with labels { mountain

meadow tree lake}

iR :!‘lf-l
‘W ~! e
AR B
e A

(h) Neighbors by JEC (i) Neighbors by JEC
with labels {hill tree

with labels {mountain

house sky} horse tree grass}

Fig. 4 Comparison of semantic balanced neighborhood with JEC neighborhood.
4 BSOS JEC S8BT L

Target Image 3 Nearest Neighbors from CN

3 Nearest Neighbors from JEC

Fig. 5 Comparison of semantic consistent neighborhood with JEC neighborhood.
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Missing Rate

Fig. 6 The performance of SNLWL for different missing

rate.
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Fig. 7 The performance of various methods for different

missing rate.
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Fig. 8 The performance of SNLWL for different weak

rate.
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Fig. 9 The performance of various methods for different

weak rate,
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Table 2 Performance on Benchmark Dataset of Various Annotation Methods

x2 BAEHESELOREMERE
COREL5K IAPR-TC 12 ESP-GAME FLICKR
Method

P R F1 N-+ P R F1 N+ P R F1 N+ P R F1 N+
SML 0.30 0.33 0.314 146 0.32 0.29 0.304 252 0.36 0.24 0.288 226 0.29 0.22 0.250 375
JEC 0.27 0.32 0.293 139 0.28 0.29 0.285 250 0.22 0.25 0.234 224 0.20 0.21 0.205 355
Tagprop(ml) 0.31 0.37 0.337 146 0.48 0.25 0.329 227 0.49 0.20 0.284 213 0.43 0.17 0.244 363
Tagprop(ml-+s) 0.33 0.42 0.370 160 0.46 0.35 0.398 266 0.39 0.27 0.319 239 0.34 0.25 0.288 403
GS 0.30 0.33 0.314 146 0.32 0.29 0.304 252 0.36 0.24 0.288 226 0.29 0.22 0.250 375
SNLWL 0.43 0.45 0.440 187 0.52 0.37 0.432 276 0.51 0.30 0.378 249 0.48 0.29 0.362 427

A DLAE H 4598, SNLWL 78 & Wi 45 b5 2300 T
X5 s SNLWL 78 CORELSK | % i i 2% F1 43
AR F] T 0. 43 Fl 0. 45,408 E T Tagprop (ml—+s)
30. 0% #n 6. 7%, 4 ESP-GAME I & T Tagprop (ml
+5)30.8% F1 11. 1%, £ FLICKR I & F Tagprop
(ml+)41. 2% 1 24%. 1 F ESP-GAME F1 FLICKR
TR T FLAC BT 1Y 55 45 % 2040 42 BT L SNLWL
TE 5555 2 M i FREE T 1 R UL A B dek .

N 2 W] T 0 B 2 3 5 i (Tagprop)
DL A % B — A~ 1 SChR 25 S N7 TR AL, AR T ROR
T GS,JEC F1 SML. SML A 2y % 3R &5 i & i %k
P G 0 SO AR L BT DAL AE /N RS I 25 4 b 1 g
AR AR, 50 7E 55 45 & 45 L ™ & Y ESP-GAME
1 FLICKR £t #8 48 I PR ARAR. GS FIH T F# k4
RERRPE B JEC Jr i A PEREIL#. SNLWL B Hiif:

(18 5 b A M T 50 A T X 55 o 2 B 4 1 Ak 3 9
AR R b 2 4 AT AT B 25 R e AR 4 R AT 40 4
RIKE b 25 42 K1 43 S 50 %6 B 5 A5 B 28 (£g) Al 50 %6 Y
AT AR 25 (i) WA 4 K 45 O 125 19 °F 35 b 4
Al SR 5 RN 3 iR,

M2 3 AT LIS 455, SNLWL il Tagprop (ml+
) T o 17 325 7 v A 28 R AR AR 25 1 1) A ] R 2 57t
BN, A Tagprop(ml—+s) ) sigmoid PREIE IR T
IR A3 AR 25 (9 AU EE L BT LU A0 AR 2 1 R MR RE S T
Tagprop(ml) . {H 7€ & 3 b5 % I, Tagprop (ml) [ 5
=B TR T sigmoid %L Tagprop (ml+
). SNLWL AR5 #1555 b5 25 1 PR g 97 o 45 3. TR
B o AR AT AR 25 b R i bR 2 I 1) A3 o] SR A T SR 4
M5, 22 4 451 T ESPGAME | R [R] 7 ik B 4% 1 45
Az, H o UG g bR 28 R LR R
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Table 3 Recall on Label Partition for 3 Datasets
x3 RESEREHBEEIL
SML JEC GS Tagprop(ml) Tagprop(ml-+s) SNLWL
Datasets
fg ifg fg ifg fg ifg fg ifg fg ifg fg ifg
CORELSK 0.35 0.23 0.37 0.27 0.38 0.28 0.42 0.32 0.43 0.31 0. 46 0. 44
IAPR TC-12 0.29 0.17 0.35 0.23 0. 36 0.22 0.31 19 0.37 0. 33 0.38 0. 36
ESP-GAME 0. 20 0.14 0.28 0.22 0. 27 0.21 0.22 18 0.29 0. 25 0.31 0.29
Table 4 Image Annotation Examples on ESPGAME
% 4 ESPGAME #5iE 4 R4l
Images Ground truth JEC Tagprop GS SNLWL

girl green hair
grass smile brown

woman picture

child family man
woman people hair

picture red shirt

building car city
sky street white

window

green girl space sky
face woman shop metal
family machine light

truck forest star guy

sky mountain man
hair woman water
red boy black blue
statue sun group

brown white

city window metal
truck building room

fly line roof water
house mountain road

helmet white

green girl tree people
hair white dark band
leaf woman picture

blue glasses sky man

sky mountain man
woman people white
child old black cloud

dance brown boy

picture dress

window city black sky
water ocean room
building car ground
middle roof metal

man road

girl green blue face
woman people glasses
man dress grass sky
hair light chinese eye

sky man white woman
statue red face child

mountain table hair

roof ground statium

dance

window city black

church white water

yellow line tree sky
white road blue

side house

sky cloud green people
grass woman tree blue
girl hair picture grass

water brown dress

sky mountain cloud
man woman hair red
family shirt child blue
people hand brick
family

building city white
sky yellow road
window middle people
house cloud car

ground view street

5 ZRMRE

DR LS FRBE T (RO SR A7 AR PR 8 A e
AN 73 A AN 24 A 1 B0 & 55 b 25 K 4R B BRI
JTEWRFEXT T B SRR (Y BB SChn i BAT 9P
B E R  T — iR T AR ) i R A
Bl bR 7 vk L HAZ O R R R T AR A R A 9
R S58 B A8 Xk 22 > Tk 1 P B B2 . 2% 7 12 7 A 2 45
KR 25 e /N T SO SEOR 38 U b 45 L 4 A T SCF-
A B I8 1o 22 AR 28 AR B R A R A I B 2 o) £
TEAR I N AR 9 T SC— B L i i A i s 3R A A
18 2 6] B3R 53 AR S A O A 0 S — B4R B PRI AT
SR A A 4 R AH AL S B 0 AH DG AT SC— B,
H Je A A8 delob A6 TR R 22 B /M B ST HEA T HR 4 T
) o 638 A MR 75 0 2 0T P ) 532 e S5 W 448 SR 3R W AR S
JTE R T R B2 9 P RE 2 T

AT ST 5T AR S B ) A 2 R G A R A A

SAETT LLE— 25 4 A 1 1 B 5 S HoAe Y ot 57 2
— /> S PR A A 1) R — 2P T AR 32 2 AN A )
FHAB 38R 28 A1 5 A7 R AR ME AR OC A5 B R 32 1 39 hn 4%
FIRAR L R bs 1 1R BE.
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