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Abstract: Automatic semantic annotation, which automatically annotates images with semantic labels has received much research
interest. Although it has been studied for years, image annotation is still far from practical. The effectiveness of traditional image
annotation techniques heavily relies on the availability of a sufficiently large set of correct, complete and balanced labeled samples, which
typically come from users in an interactive manual process. However, in real world environment, image labels are often incomplete, noisy
and imbalanced. This paper investigates the usefulness of weakly labeled information and proposes an image annotation method for
weakly labeled dataset. First, the missing labels are automatically filled by a transductive method which incorporates label correlation and
semantic sparsity, along with the consistency of visual and semantic similarity. Then approximate semantic balanced neighborhood is
constructed. A distance metric learning method for large margin nearest neighbor embedded in multiple labels is supplied, making the
retrieved neighbors by this metric appear in the same semantic subspace. Local semantic consistent neighborhood is obtained by local
nonnegative sparse coding. Meanwhile, an iterative denoising method for label inference is proposed to simultaneously handle the noise
and annotate images under the guidance of semantic nearest neighbors and contextual information. Experimental results demonstrate the
effectiveness and capability of the proposed method.

Key words: image semantic annotation; weakly labeled dataset; metric learning; nonnegative sparse coding; semantic nearest neighbor
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Fig.1 Illustration of weakly labeled dataset
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Fig.2 Schematic illustration of the proposed approach
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Fig.4 Illustration of partial correlation
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Fig.6 Examples of SNN and neighbors obtained by JEC method
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i N :D=LOU bR B R Y, 4B IBAR BE C AR % K RAEFE R, 240,42
-y,

(1) AY" =Y, K ming| T -CT I+ ITRTT P + 2, 11T, =Y, [P} 4845 T;

(2)  BlsE T3R8 1 B M A Qin{nT, Y|P +%||Y,*—Y, ||1} TR YALLL AR 23280y,

ERDBQ)SPERER),EHE Y, R,
(3) MY, BARARQ)H I Y, KA R (L0)FF] Y,

4 WS

41 RWEE

h T B UE A ST H R SE T SNIN IR MG TE SURRYE J7 72 10 350, s 36 A SR F T R 4 AN B0 4R AT S e
Corel 5K ¥fli4E, 447 5 000 & K51 260 Nr%%;IAPR-TC 12 ¥ 1045 19 627 I&EIEH 291 A%k,
ESP-GAME %4 4, Bl >k B TP 4% EIMGFR 28 A2 Ui xk, €4 7 20 770 1 R F0 268 AN b5 25 Flickr £idi 42, £ >k
H T MR 24k X IO DA 50 IR BL 1) 457 ANbR 88 i eI HEAR 28, I 2 BAR JE L7 12 148 MR R AT 457
ANPRZEPA L 3 4IRS R, (L4 44 i EAN DG . 14 Yt SU B AT 6 4 (5 AR I 1) 64 4 42 R ik
75,384 4 () GIST HRAEFI F4 4 AL P15 /4 30 4 DenseSurf #FAEMBLT A FHEHER . AR, FERIEF b
PERE. 2#(S) R ARPRIE S R W EARE w I REASE#(0) A IE A AR (K RE A K #(0) 4 MR h B S5 A2 ¢ REA
R AT

P(w) = @ R(w) = ﬂQ Fmeasure(w) = 2> P(w)xR(w) .
#(s) #(t) P(w) + R(wW)

PR BT bR 2 1) 1A B SR I AR A VP Fa bR e A0 AR S vh T 4 IFR B3 (N+), o4 F R K
T 0 HIAREAH H SR VRN J7 VR0 bn B R 5 I B 75
42 BEWME

L L AT 4 DS EE . S BN LAV B b 88 BT AT R IOAR S — BUPE B2 AR SEAH MR 22, T 3L
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R 3INSHCHh =1,61,p=10,47£{0.01,0.1,1,10,50, 100} 5 {5 P & 2L AR Akt (] 7 e (B 7 w0 20 7 B R 4 T
I 24 (e B DU T B OR).
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Fig.7 Performance of SNN with different parameter value
K17 SNN Mg 2 EOUE 2

1 Bl 7(a) nT AL 21 6 A5 AT IR 3% 19, R Stk Re Tt i, U0 A AR A DG M e AR S i e i R T AR B T R AE
PR, SAKT 1 B REVERE LG T B, 12 P AR 2 A DG (0 R 45 ) JE oo iy A I K, 5946 T A K (1) 3L
Al 5% 7 TR 249 SR D3 3 177 5 BORE A PR B B T A/ T BOH AR ek B IR SR B G BRI T B A= S 4 o H
LR AR FR 2SN bR 2SI 78 148 S 1,4 4=1,8=1,p=10, /£ {0.01,0.05,0.1,1,10,100 } B {& Py A& 4k, & 7(b) T 7%,
HEAUHETERE 1 24 BURFIBCERES b T RIAAR S 45 S5 B0m U S 30T IR Bl 4,
P H N 1.8 KL RIR WA G FE 1, 64£{0.2,0.5,1,10,100,200 U1 P & A= 28 4k i & 7(c) Bz B o1
T, R Gk REAG T 1Y 58, 150 IR B 240 TROS A A8 L e e R R AR T e ) S R S BT AR A A
X} SR UE AR A R O AU T RE I T AR e, BRI BN 1.5 5 o SR 2 SR R A A R KRR B R L, B
T S R AL R I 2R 7S R o U SRS TR R (0 T R AN T AR AR I A T A T SR AR AT 04 A0 5 g
BERELFEMRESSHREME LEREN 10538l AN KSR, 7E Corel 5K,JAPR-TC 12,ESP-
GAME,Flickr 34 48 4y W&y 4,3,3,2.58 2 W50k 2 S50 P8 0548 5 H ARaa AR B b BZ 1 #E
7£{0.1,0.3,0.5,1,5,10} I {5 A & LB A%, an Bl 7(d) T, 1R B p=1. S50 k1T 00 08 F A R 307 B R S8 1 7
{10,50,100, 150,200} HU{EL A & A=A A%, it 11 7 (e) i, 2ok /N BB S BUR SR Pk Re I R %, B 50 100,56 3 5 5HE 3
A T 2R IR ARRRAS 5 I 5 4R TR0 4 SR AR Al BA— 35, Bk H 1 {50,100,200,300 3 (A T Z8 48 1) PR e AL AL,
WHEHN 100.Z 5 y=Ao Ay F T V-1 PO 25 SR R0 3 AR 28 1) 3 22, 56 1iF 76 {0.01,0.1,0.3,0.5,1, IO 1 0L R I R
gvkfig, g5 BB 7(HFTR, & E R 0.3, FAT Kl i /N & FEOINZREE 11 i fol & 338 11 52 Wi ks v 1 .
43 KIHR
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B AANAERI PR BN BRI TERE, 8 3 Rl AE bR E VIR N ROARVE PR E. ¥ 2, FRATINENES 1 A 0, A TR B
SCIREE T P SR LSS bR S FEAS 94T O 75 Corel SK Hfii 5 b AR — 52 LU BE AL BRAFEAS K — 38 20 b 28, 2 i
EEA1 D 35t J b3 25 2 (missing label rate), i Lo 18wy, WU AR 258 AN 58 8O0 17 30E— 28 P A 30 M T 598 b 28 Bl St
AThRTE I VE R, AR SCHEAT T 58 2 FhERIE T K S50 1 B AR — 2 LA B AL B A A% 1) — 38 43 b 25, 98 J5 MAAIE
FPBEALAS oy B B A AR 25 I BL, 8 A% B O 554525 % (weak label rate), 12 Eb {918 vy, JUJ Wt BB 6 1 45 Y T
BREEAS SE AN A UEGAF L0 VI ZRIERE A TR A (R AA R 75 B 26 W 7).
Table 1 Illustration of incomplete and imprecise labels in training set
R1 IBEATENMAEGRE LN KRR AR B

H b7 18 1% SEHEbR S e bR A 78 P A HE A A 2
Field horses mare foals Horses Horses field building baby
Fence mountain range Mountain Mountain range player
Fight grass game Fight Fight bird tile

[ 8(a) A B 18t s 6 2 2B AR R 2 36 25 2R 1) () oA B 55 A 28 28 AR AR AL ) S0 &5 R L v r R AT AR A 4K
78,8 TR AN,c KA CN,d 7R BRI HE TS I SE 50 25 S nT LU 21, b A5 18t U 28 00 55 Fn 250 32 10 386 n, b v
AEIER A0 B AT 1T LAY 52 555 25 2R 110 53 A0 B DK, D58 PP b 88 1 AN 7 B ek AR A 8 1 K e 45 TRAT 8 R 3 W ] LR
223, SNN(r+a+m+d)5 SNN(a+m+d)[1) F {E%F LE 8 B S, PR D0 T 3 R 2 a3 F+ T 21.2%5F1 29.4%, it
PLELVE 1 T hR B8t i A e 75 B A s i) B vk A S50 &5 SR A8 ] LU 31 M AN RSB 38 THAm v 45 Rk g, 3L
ER¥y3E AN (K] SNN(m+d)HH EE, 2 BE 23 IR TF T 16.2%F11 38.1%.CN (144 3 A 45 U2 4B b T 7] — AN 8 X~ 25 1),
5 EBAEREARAR IR AT B LR ) SNN(A)AR B S AR e TT T 18.7%7H1 23.4%.

0.45F 045k
— :-\\
o
0.40 p__ H‘“'“‘“‘*a\ 0401 ~
035 s, T AN 035~ ~
I \\\ NG 030~ ~ \
0.30 Y ' 025 N '
= 025 \'\\ = 020} '
0.20 .~ SNN(d) \\1\ 0.15 =——SNN(d)
2V [—o— SNN(c+d) \\ 0.10 [—=— SNN(c+d)
0.15 -—— SNN(a+c+d) N 0.05 [~ SNN(a+c+d)
[ —— SNN(r+a+c+d) " L—o—SNN(r+a+c+d)
010 1 1 1 1 1 1 OOO L L L
0 0.1 0.3 0.5 0.7 0.9 0 0.1 0.2 03 04 05
Missing label rate Missing label rate
() (b)

Fig.8 F value with various missing label rate and weak label rate
K8 Rl M99 hR 5 AR F A

AT SNN 55 oAb kR v 7 3t 47 7 o6F be x5 vE 4% JECT*, Tagpropt™>*€! Tagprop(s)t**), GSI? il
SMLIFL 3 230 5% 7 923 45 SR 1K) F R ANE 2 [0 ST 445 SR AT 60, 48 bl v A0 S0 R R3S bR 25 BT B0 Tk fig
YJBR BE R AR B I SE B S UER XS T GS S AL DR AERE AL, SML vy i SO B AR Y 42 50 FE 2L iy BA
PR 7 25 52 35t U 28 R 559 0 25 26 5 T A0 DK% FH IS 0 A5 28 60 1380 41 kR 45011 Tagiprop (s) 4 T AR AIFR 28 R B v 3K
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REREILT GS 5 SMLRHFFE Y S TTHRIN JEC Ty iETEJ9bR 28 HN 45 1 I R L ZL 4 T~ SML, H 22848 R 11 7 =X
R T — B W R A8 1. SNN A T 2500 T HoAth 75 vk (1 2 e .
Table 2 Comparison in terms of F value of SNN method

and those reported in a selection of representative work
F 2 SNN ik HABAC R TTVE R FAH AL

(@) RRFRE0IE % T F
Missing label rate SML JEC GS TagProp  Tagprop(s) SNN
0.1 0.215 0.271 0.283 0.301 0.353 0.427
0.2 0.164 0.235 0.250 0.276 0.336 0.416
0.3 0.131 0.206 0.224 0.259 0.323 0.406
0.4 0.104 0.172 0.192 0.246 0.307 0.394
0.5 0.078 0.146 0.161 0.232 0.288 0.374
0.6 0.060 0.125 0.135 0.211 0.262 0.346
0.7 0.039 0.107 0.122 0.186 0.233 0.307
0.8 0.029 0.092 0.108 0.167 0.196 0.264
0.9 0.021 0.084 0.093 0.147 0.175 0.199
(b) AIFIFEARZEHR T FAH
Weak label rate SML JEC GS TagProp  Tagprop(s) SNN
0.1 0.131 0.217 0.236 0.272 0.321 0.410
0.2 0.066 0.137 0.155 0.215 0.264 0.373
0.3 0.044 0.080 0.100 0.163 0.208 0.328
0.4 0.023 0.034 0.042 0.109 0.153 0.260
0.5 0.011 0.027 0.034 0.062 0.111 0.159

AR AR ST 0 IR AR FUBE R o FRE, 12 SR 3 rh Il R4 £ 40%,60% 11 10093 3 7l U191 4 3 I 5 S &,
BRI B G SCPRVE 5 MR2E.AR 498k T 50 ML BEAL LG (1 HE# 3 (P), - P AR 28 11 [0 (R), F {EL(F) A1 44 [ol b

ZEH(NA).
Table 3 Performance of various methods on benchmark dataset
Fz 3 WAEVFINEE T R RE
(a) 40% Il Zr4E
—_— Corel 5K % #it4E IAPR-TC12 ¥4 ESP-GAME ¥l 4 Flickr #fi 4£
MEAS PR F N+ | P R F N+| P R F N+| P R F N+
SML 0.15 0.18 0.164 114 |0.13 0.16 0.143 147|011 0.13 0.119 126 |0.10 0.12 0.109 216
JEC 0.17 0.22 0.192 128 |0.22 0.24 0230 185|0.16 0.21 0.182 170 |0.15 0.19 0.168 279
Tagprop | 0.21 0.28 0.240 133 |0.39 0.21 0273 212 | 041 019 0260 195|0.36 0.14 0.202 315
Tagprop(s) | 0.26 0.32 0.287 147 | 0.34 0.27 0.301 231 |0.33 023 0271 204|028 021 0.240 354
GS 0.19 0.24 0.212 134 |0.26 0.24 0250 203 |0.24 0.18 0206 183 |0.23 0.15 0.182 301
SNN 0.34 0.36 0.350 165 |0.44 0.32 0371 264|043 026 0324 238|041 026 0318 372
(b) 60% /Il 4
— Corel 5K % #it4E IAPR-TC12 ¥#s 4k ESP-GAME ##s 4 Flickr ¥#8 4k
MEAS PR F O N+| P R F N+| P R F N-| P R F N+
SML 021 0.23 0.220 120 0.18 0.9 0185 179 |0.15 0.16 0.155 163 | 0.13 0.14 0.135 253
JEC 0.24 0.28 0.258 135|0.26 0.25 0.255 205 |0.19 022 0204 181 |0.18 0.20 0.189 316
Tagprop | 0.27 0.31 0.289 140 | 0.45 0.23 0.304 227 | 044 020 0275 204 |0.34 018 0.235 349
Tagprop(s) | 0.30 0.34 0.319 152 | 0.43 0.31 0.360 257 | 0.35 0.25 0.292 224 |0.30 0.23 0.260 385
GS 026 0.29 0.274 138 |0.30 0.26 0279 224|029 022 0250 201|027 021 0236 347
SNN 0.41 0.39 0400 175|050 0.34 0405 273|046 028 0348 247|044 027 0335 417
(c) 1009% ¥ Z: 4k
— Corel 5K % #it4E IAPR-TC12 ¥4 ESP-GAME ¥l 4 Flickr #fi 4£
MEAS PR F O N+| P R F N| P R F N+| P R F N+
SML 0.25 0.28 0.264 132 [0.27 029 0280 226|021 023 0220 201|017 020 0.184 318
JEC 0.26 0.32 0.287 145|0.28 0.29 0285 231 |0.23 026 0244 224|021 021 0.210 355
Tagprop | 0.30 0.36 0.327 158 | 0.48 0.26 0.337 245|048 021 0292 227|043 0.18 0.254 382
Tagprop(s) | 0.32 0.41 0.360 165 | 0.46 0.35 0.397 268 | 041 027 0.326 239 |0.35 025 0.292 403
GS 0.31 0.34 0324 149 |0.33 0.28 0302 243|037 024 0291 225|031 022 0250 375
SNN 0.45 0.46 0455 197 | 053 0.39 0449 284 | 053 0.32 0.399 253|050 0.31 0.383 431
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S0 &5 Lm0, ASCHE ) SNN 7 VAR AN A B I 2 AsE R 39 A T e i b ik 3 R, H LR 34 ESP-
GAME F1 Flickr P51~ W 2 85 4 L5 n i & 76 Flickr $0854 L, F {5 Lk Tagprop(s) i i 24%.7F ESP-GAME
Hefige 1 H F (AL Tagprop(s) it 18.4%. 1k — 2540 B v] A1, SML SR I 4 1 SCEEABE 7 7 99 hn 2 I 25 4R EARAS
THAR T FLA B AE AR PR GS I VR IS Tk JEC J7vE Tk REm . 580 5 MR A 0 4 S v 3R] I 2 K1 4 S
1 S5 (KA AL 5 i A AL, V) 9 4t T G4 55 i AL 45 ol 5 ik 1 79 [ %55 EE W25 ) 40, SNINL AT Tagprop(s)
PR AT 7 0 T R S 38, T DA HE 5 1R A st AN I S DR R AR A1 v A 28 PR b v P g 1T L SNIN ZEAER AR 5
A 0B TR 2 34 v A k.

0.4 0.4 [CIsML
5 0.3 5 5 0.3+ ClJEC
&l mGs
RO 0.2 Rz RO 0.2f [ Tagprop
Il Tagprop(s)
0.1 0.1+ W SNN
0.0 0.0

A
(b) IAPR-TC12

AL

iz

[EpI TN

(c) ESP-GAME

Fig.9 Mean recall for the partitions consists of the least frequent labels and frequent labels

9 ARARREALL i PbR 5 4B I 4[]

R AT AFTFER 3 A S bR 45 R, 5 R R UL R ARl AR AR 275 7] BLUARC L, SNIN AR VE ROR B T
At 7 i, — bR 28 BLAR AN IEAE AN [F] (R T DL A P45 25

(labels in bold font are matching)

Table 4 Examples of images with labels generated by different methods

R4 BRI TR HORRE G5 RSB (AR S b 28 O DL BC 325

5 %XRiE

Groundtruth JEC Tagprop(s) GS SNN
Building House dreamy Harbor city water City lake boat Building river
. green scenery scenery water water green
water house city f house lake travel h holid -
urban boat roof water people boat ouse holiday city urban
landscane canal travel blue art window river black stone window canals
P church street lake boat
. . . Man white Man woman
Family hO’T‘e man Hot hair white Hair man woman portrait hair hair home
woman child girl woman face - :
person dress hand movie woman happy smile
person parent party person toy girl smile boy girl lady dance person child
daughter girl boy eye -
eye mother girl

Ocean tree water
rock clouds sky
grass railroad

Sea snow water
square lake sky
beach clouds
dress people

Ocean grass island
ball boat water sea
clouds sky
landscape

Clouds sky sea
island water
ocean road boat
green sand

Grass tree sky
landscape green
clouds water
rock road
railroad

FUSCIAIET Bl £ o A7 AE B B8 I 7 M i SO AT R B SR, 5 BUCIAT () BB SORRTE T i A8 56 s B ]
PEREAT BT T B ASCHR T —PhIE 15 95 45 48 B 4R 10 BB SOPR i T V6 % 07 W B AE BUR IR ZE e MERE U
BUFERREE, DR UE B0 SR B S T 5 B B0 A 5 A 3 SN — S0P B PR A SUR i 1k, 75 211 AL 48 3
1o 2 B A8 Wk N BB 00 32 2 2] A A B AR Ak T T — T SC7 s T A I RE At AT AT SR AR R i e B, 25 213 SO
AL LA SOLAB N 5, &6 5 1 BEAT O£ B 8 0 1 A B M FX) s B3R AR T R HEAT B R T 5 6 45 AR AR W, AR5
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PR TTVEA R 55 1 B A 99 bR B R R SE W AR PR RE e v S 2, I T 9 A A i PR ] S L b
RS AH R AEANPLE AR OGN, 2503 59 bR B8 Ml £ L AR PERE 2 B D I 1 ZE W TN 7.
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