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Abstract Single feature is not discriminative to describe informational content of an image, which is
always a shortcoming in traditional image retrieval task. It can be seen that one image can be described
by different but complemented features. So multi-feature fusion ranking methods should be further
researched to improve the ranking list of query in image retrieval. Most existing multi-feature fusion
methods only focus on the nearest neighbors in image retrieval. When the ranking result of each
neighbor graph is poor, it is hard to get ideal image retrieval result after graph fusion. In order to
solve the problem, this paper proposes a novel multi-feature fusion method for image retrieval—GRF
(group ranking fusion). The proposed method divides similar images of a data set into the same
group, and improves the retrieval result of neighbor graph through similar images group. The GRF
method expands the fusion scope in the premise of guaranteeing retrieval precision premise. At last,
the experimental results on three standard data sets demonstrate that GRF can effectively utilize multi-

feature graph to improve the performance of image retrieval.

Key words multi-feature fusion; content-bases image retrieval; minimizing normalized cut; graph

learning; retrieval re-rank

# E ERKREEY.SHERARE T ER ST REACRIEAT RS, BN EARE H P LR
BREMN . BREBGOHABAEAFINEZRAGEETLR. AT MRZEA.BE—FHe S EEAREGBRLE
R Ik 2 HE 5 % A (group ranking fusion, GRF) ,Z# ¥ #EE S PHAME A XN > A B A
R AR R AT HEARE MR SRR ERFHENMRETTATREGTLE. RE.£ 34
ARERIEE LR EREY . FRHAERRS T ARG A B A R S AR B4R 5 B AR AR R AR

HAERS A TAZMBARE R MERDIBEI ik TH

%
REGESFES TP391.41

KR

W EE: 2015-10-29;1& B H A :2016-07-05

ELWB - HEAHRBEREETH(61602082,61672130,61370200) ; i [ - 5 B} 24 3 4 1 b % B3 430 H (2015M581331)
This work was supported by the National Natural Science Foundation of China (61602082, 61672130, 61370200) and the General
Program of the Postdoctoral Science Foundation of China (2015M581331).



1068

BN S AR 2017, 54(5)

AT AF R B A LK R FN S B 2o b RIS U 1 2
R G A, ] BR80T R R T P e
(4 TEAG E 1R T 530 AT R s 40 3 1) R ] . (R A
KAy 3 T SOARY (EMR A RS S
SCH R R BE T SOAR 3R T8 LI R R R
i AN AR 5 T 2 T A 1 R R (CBIR) 42K Jir 8k
AEHUS TR Z2 BOR  HA RGCR W oy # AR, L,
CBIR 1A GG 28 1 323t 7 2. CBIR 2 HF 5 ]
PG E B2 IBORT FEAG HE 7 P 7 T A S R AR A 4
R 7 125 R PG HE e #8638 A AR K
SEUE G ) SRR T & 5 =2 AR 1 ) R HEE T
A Re AT B AR Y BB R R RSOR.

TE R HEF 75 1 & A AR 208 75 1 SR dnx)
PR AR NS R B ECHE L KRG B HE O AR
BEhr. SR 1 Y ECHE A7 A HE 44 O 2 ST R ) L
B 7 J5 22 i Foe b I 2 S R R R b R
& RHEEMIEM. He % AN"08 5 HE /¥ (manifold
ranking, MR) i H T BI§ K & IS T 8 45 300R.
He % A"k — 258 T 77 LA MR, I K-NN 4
L ARAS 23 o 5 327 VR T8 B 4 A R S 2% 1 R
TR A b MR AR 45 L (H 25 5 I K-NN it
BUR M6 il i% 22 97 8 Foak 2 76 |85 iy
K-NN | HIFE A 0 B2 FAE 09 35/ Ak el it oy

oYs- =

K-RNN, £& - B Q45 & 0 &% 8. 7 1B 45 44 J7 T,
Huang 55 A7) I8 P52 80 MR, 45 55 22 [ 9 A {E
I AE R TR o R T AN [R5 R0 A 2B i ATE 8]
R AT LU LE B I HE P 25 L. B TR A 2
Pl 2 A A5 TR) 22 A 1 — A S BT Be. Zhao 5§
) P P A 00 S ) R i ) 2 22 ] o i o AR 22 ]
1 0C F& 52 B B R K &R Zhang 58 AU R Graph
PageRank #1 Graph Density J5 ¥ £ B #TR 4,
BRI AR

Graph Density"" J5 k& S H B 2 i 09 181 2% > 7
22— % W I A 2 S M DR A R AR 2R 4 S
&R LE B EWPE. B Graph Density J5 ¥ 75 £ 45
fEE RS EARSRAFTEBR . Graph Density J5 Bk %K
F—AFEXS R R R B R R R AF A BRI
AR R R A5 AN A 10 TR A AR AE 1 K R 4
SRNFRAR, W) Graph Density J7 2 X 453 15 21 242 (1)
RHOR.

A0, 7 J 47 AE RN 4 Jeg R AE B 1A A5 31 2R AR
BRERHIEN T A 2 Bf /8 B Graph Density

TEW KRR A R A 28 B UEE. 72/ 2 ) X1
R 7T 55 A [) 5 A1 B R 2R 25 R 2 A LA L 3 3

Graph Density J5 8 5 R IB T 70 105 8L 0GR 1
K&l i iR R 45 R i 2 () fir .

(a) Holistic features yield more satisfactory
than local features

(b) Local features yield more satisfactory
than holistic features

Fig. 1 The performance of holistic features and local features on the same data-set
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Fig. 2 Retrieval result of one query images in UK-bench
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Fig. 3 Group and rank fusion method
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Table 1 Attributes of Experimental Data Set
x1 LBHEENEN

Image Size # of Class # of Each Class Total Image

Database

UK-bench 640480 2550 4 10200
Corel-1K 384 X256 10 100 1000
Corel-10K Vary 100 100 10000
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Bl R BSR4 SRAEARLAY I Fr. 10 200 K &1
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15 1 s SR JHT N-SCRIg I AR A

Corel- 1K™ 1 £ 10 A AS [ 1 B 48 Fp 25 1 4]
A BRR MR AL 100 5K R, 1000 K B A 40 75 %k
e A i 48 A ok B R T4k 20 sk R A
FEVPAR i 1E &1 R ) HE R R

Corel-10K"™ "4 & 100 A [ 19 B 408 F 25 11 &
F BSR4 5 100 5K A 1000 5K B 40 3 %
PR A AN 4L A, Rk B 4R 12 sk R A
I VA 58 2 181 R 1) o 1 %6
4.2 BEEREBRERIE
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SR SO 2 I BRORR A A AR O iR GYOOL G,
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G™V, GVt A k.
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3) BOW. AR SR A2 T R KR A9 1) 42 . 4 5K
B {fi il VLFeat-library #& 8 % 42 SIFT $R1E.
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HSV J7 ¥EAE S LAl A5 AE » 64T 2 451 I Rl OF R
FIAT A 32370 09 HAt 2 e Ak 1 R 5 O ik B AT LR 1
BERIEINE 2 PR

Table 2 Comparisons of N-S Score on the UK-bench Data Set

%2 7£ UK-bench BEESHEEMEHTEN NSEER

Method N-S Value
SVM Fusion!’ 3.17
MSDE39) 3.23
CNNE38! 3.56
Ref[ 23] 3.28
Ref[10] 3.67
Graph PageRank!!’ 3.76
Graph Density!!° 3.77
voct©l 3.54
GRF VOC 3.73
GRF Fusion 3.83
GREF Iterative 3.86

g 8 VOC(N-S R 3. 5O K. £ ARl
Pl il G 73k AT A B [ 1 2 8. AR SO BRURRAE A AL
i HSV ) N-S #5857 0. 12, VOC 2551 N-S {i
PET 0.29, 1 i HSV Ml VOC 2 519 3 % 5 A
£ VOC H HSV 1y P(fGL, i) =D R/INAE, §
 VOC [ B A X F HSV B RRAE 3 325 T
FLSE MR, I, GRF 53k X VOC 3 HSV 1§ N-
SRR B oK

AL B Rl 7735 T LUK UK-bench 348 4 &
(9 N-S {42 =5 %) 3. 83. i i+ HSV. VOC % H 3
BRDST B e A7 2L 4. fE 248 2 )5 HSV (N-S i
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Fig. 5 N-S Score on the UK-bench data set after

iterative building graphs
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4.4 Corel-1K #1 Corel-10K £ {7 &

9 7 UL GRE 7EA RV 80 4 F HA RFSCR
A 7E Corel-1K Fil Corel-10K %442 I % F BOW
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X2 A EE AR B A B AR 0 H A Ty vk R AT L
%5 1E Corel-1K Fil Corel-10K $u#EE 52K K
100 W& & Fr. #E Corel-1K 4l 4 b, A SC L #5Hip
20 W& PR B A 585 AR Corel-10K £ 4 b AR SC
PO 12 W5 R 9 HERR 235 ok ] BOW Fl HSV 3
TRHERL G . A XS TR BOW A HSV fER 348 =
T 11,700, F A iy ki % 40 4% 3 TR, £ Corel-
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BT 12 B 1E 5 HE R T LU 8. 3606, A X T
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Table 3 Comparison of Different Image Retrieval Methods on Corel-1K

®3 BEREURHEMEELE Core- 1K HEE LAT 20 BB R EHE 7
Method African Beach  Building Bus Dinosaur  Elephant  Flower Horse Mountains Food Avg
ODIIt32) 84.7 45.4 67.8 85.3 99.3 71.1 93.3 95. 8 49. 8 80. 8 77.3
BEPL33) 51 920 58 78 78 100 84 100 84 38 78.3
GMMI34] 72.5 65. 2 70. 6 89. 2 100 70.5 94. 8 91.8 72.25 78.8 80. 57
PCMI35) 84.9 35.6 61.6 81.8 100 59.1 93.1 92.8 40. 4 68. 2 71.7
CTCHIPS!36! 68.3 54 56. 2 88. 8 99. 3 65.8 89.1 80. 3 52.2 73.3 72.7
CNNE38 65.05 63. 35 55. 85 47,45 49.4 47.15 45.35 60.9 58.6 86. 6 57.97
MSDI39] 76.2 42.05 83 91.25 99. 85 66.9 91.85 92.95 49. 35 88.95 78.235
GRF Fusion 85.3 57.15 76. 25 86.5 100 86. 45 86. 1 97.55 81.15 77.25 83.37

Table 4 Comparison of Different Image Retrieval Methods on

Corel-10K
%4 FREMEE Corel 10K HIBLE LHBEBE ¥
Method Precision
Ri-HOGET 52.13
HOGL0) 33.29
CNNL38] 46. 81
MSDI#9] 45.62
HSV 46.33
BOW 41. 25
GRF Fusion 54. 69

F 3 M 4 Y UHER R UL L GRY J5 i )
SRR RS A BOW Fil HSV Jy 3 it 45 1 15
B TERBETE. T AT 5 2k 0 @A N o R

R w D AR SO R E LA 7 R B T AR
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