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Scene categorization via supervised subspace
modeling and sparse representation

Duan Fei, Zhang Yujin
Department of Electronic Engineering, Tsinghua University, Beijing 100084, China

Abstract: In this paper, we present a new scene categorization algorithm based on supervised subspace modeling and
sparse representation. The proposed method implements supervised dictionary learning via decomposing the unsupervised
sparse dictionary learning model into a group of independent optimization problems. After learning the dictionaries of all cat-
egories, we aggregate them to form a global dictionary and encode each local feature of an image based on it. After using
spatial pyramid representation and max pooling of local features’ coding vectors, the final holistic feature depicting a scene
image can be retrived. Comprehensive experimental results on four popular benchmark scene datasets show that our method
achieves very promising result compared to existing state-of-the-art techniques.

Key words: sparse representation; dictionary learning; spatial pyramid matching; scene categorization; subspace modeling
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Fig. 3 The proposed image representation method

and the pipeline of classification
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BEAILI 73 (25 2 30T I 25 [1] 1) R 2 I 2 B v 2
1RE]) IR U R E RS R R R
3.1 Scene-8 #HEE&E

Scene-8' " Y BHEH LA 7 2 688 IR (%, 4k 8
A, £5 2 ) 24 Bk SAH I IR R AR S UNTR ¢ coast
(360 i)  forest (328 MiF) . mountain (374 1) | open
country (410 IF) | highway (260 1) . inner city (308
&) Jtall building (356 &) \streets (292 &) .

i MRS SCHR P od AT /Y SR B, 1R B UGRER h
BEBLIHIR 100 MR G R IR A, hifs A KR AR
AR . AR AR AE R AR 1 R

F1 HBEHEET Scene-8 FF FMRETFIAERE

Table 1 Performance comparison on Scene-8 dataset

A7 PEIHER R %
Bosch'**’ 86. 65
Bosch'?”’ 87. 80
Qin'" 88. 81
AR (128) 89.19
AR (256) 89. 40
AR (512) 90. 37

M ERFTLUE Y, Bl 2% 287 KR i AN W b
I AL MR — ELE LT 5 g A Al
MHTE T RGN LG, A SR AR B I R i e
3.2 Scene-13 #HE&E

Scene-13'1 375 FE7E Scene-8 [ 3LRE gt T
5 A, A3 759 WRIEMER . 25 S5 B FR SAH R I FE
A BB R : coast (360 F ) | forest (328 1iF ).

mountain ( 374 1) . open country (410 [ig ) | highway
(260 1F) inner city (308 1iF) (tall building (356 1) .
streets (292 ) .bedroom (216 &) .kitchen (210 Iig) .
living room ( 289 1§ ) . office ( 215 1§ ) . suburb (241
) o HFZEAEEE R TE Scene-8 [ ILRY B4 R
K, RIHTE 7 > 25 26 72 IRl i R InF , A5 X8 1y 5
ANEHI RS AT RN AT . AR IZBHR M 7 2R Se g,
YIGREE AR AR 73 J7 ik [R] 3.1 77, & 285k
IRACE R LN 2 PR .
R2 BEEETE Scene-13 F FREFHERE

Table 2 Performance comparison on Scene-13 dataset

KER7S SRR/ %
Bosch'**/ 73. 40
Bosch’ 85.90
Qin'" 85.05
ARSCHE:(128) 86.24
AR (256) 87.05
A (512) 87. 80

3.3 Scene-15 #iE&E

Scene-15"2 47 5 [ 7F Scene-13 [ FLRE I J0 T
2 A, 3 4 485 RIS, 2530 44 R B AR B A
A BB R : coast (360 1iF ) . forest ( 328 ) .
mountain ( 374 15 ) . open country (410 &) | highway
(260 7)) .inner city (308 g ) .tall building (356 &) .
streets (292 i) bedroom (216 1F) .kitchen(210 &) .
living room ( 289 i ) . office ( 215 1§ ) . suburb (241
&) .store(315 g ) . industrial (311 I ) . [EFE, BT
ZRAREAE Scene-13 LAl 47 ok, KA 5k~
TR 2 AR BRI ] R A A o 2R S g
b R A AR (R 43 7 VR TR 3.1 45, & 2K5
B LA R N4 3 fis .
3.4 UIUC-Sports8 ##E&E

UIUC-Sports8 ! 1 J& 47 540 26 ) — 4> 8K
Ptk , Hoh At 5 8 Mz gl 50 1 578 iR IF14
KA 24 % SO B B FEAS LU T : badminton (200
&) . bocce (137 &) | croquet (236 17 ) . polo ( 182
&) <rock climbing (194 IF) . rowing (250 1§ ) | sailing
(190 ) snowboarding (190 ) . % T 5 H A5 3%
HEAT HOB, PR PR Y BRI o 26850 v, N A AL it
70 R EHRAE N ZREE SR F AR A% EIR Hh Bl AL
TR 60 HREIE AR . &AL L4 2R 1L

© [ B RS AR A



1416 hEEREEEE www. cjig. en

17 %

BwER 4 s,
FR3 BEEETE Scene-15 E FHIREFHARE

Table 3 Performance comparison on Scene-15 dataset

ik SEHER 3/ %
ScSPM + HIK #%"’ 82. 40
KSPM" 81.40
CENTRIST!" 83. 88
HIK + 0CSVM"™" 84. 00
Dai™’ 75.70
ARSCEE(128) 82.42
AR (256) 84.33
AR (512) 84. 41

&4 HFXHETE UIUC-Sports8 FHYSAETHERE

Table 4 Performance comparison on UIUC-Sports8 dataset

Rk e/ %
ScSPM™! 82.74
HIK + 0CSVM ! 83. 54
Fei-Fei*"] 73. 40
AT (128) 83.25
AR S (256) 84.20
AR (512) 86. 11

M T—F 4 BSLIRE R LUE L, A BAH
TAEFHAE )RR A T IR R 215 B,
R T BT A B A0 M [ T A% s
(1] B AR, RE A DRAIE I o ~) 3] 14 5 0 AN ] 528
VA A P A e, I A B ML U RS B 12K
SR, AT A 4 Y 5% B B U
APLH . BEF 7 R AR, 73 SR R A —
S BT BEAL, B TR XA A5 (]
SRR 55X, 2 R A Y 2 R F R A
I, U R AR B T AR AT e S U e A
AR I 14 ML T GG ST A S ) 4 DAL
R Rl e i

4 % it
LA B T2 ) R BRI B 3%, $h T

— MBI SRR R T ol I R AR
77 2 B 1 4 B R SR B4 Sy i A AT it by 45

b3 R B0 0 7 69 22 H bR DL A 1) i, 4 42 )R
SHL R 5 > ) L T S 0 A A 2 B 5 ] Y 4
FA B T AL, o BT 20 B 7 i () 2 ]
SRR, PR AL TR RE R R IR T A 1A e 2
A HE o AR N — A~ B B 35 45 Pk ad 52
i SO IR R I AL ) PR A Fn] AT 4
T RS RUEDT . fE LD b, BB T — R bR
R 14 i L 2 1) 77 SR A 42 ) - ML o i R B Y
T AT SR R R AE E AT 9 %, P 28 oh 25 ) 4 o B DL G
IR 2% i di AL T AR o e R P 3R 1 &
JHEAE S AE 4 ASH TR AR ES 5 % Loy R4
RWIARTEAE S SR R 1 5 91 J5 15 A0 LR B
MRS Mo, A SCR L B TR
IRERY R AL, S AL GER R BT A 2 () I A
A T7 L AR L, 2 B T i ) Rl A g 1. 7R 4 e 1Y
AR R 5T AR g R I AS S22 ) 315 LY 25 4
AR B e e 2 B ) S

2% 3Lk ( References)

[1] WulJX, RehgJ M. Centrist: A visual descriptor for scene cate-
gorization [J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2011, 33 (8) . 1389-1501.

[2] Li FF, Perona P. A Bayesian hierarchical model for learning
natural scene categories [ C]//Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition. San Diego, CA,
USA:IEEE, 2005, 524-531.

[ 3] Lazebnik S, Schmid C, Ponce J. Beyond bag of features: spatial
pyramid matching for recognizing natural scene categories [ C]//
Proceedings of IEEE Conference on Computer Vision and Pattern
Recognition. New York, NY, USA:IEEE, 2006, 2169-2178.

[4] Sigian C, Itti L. Gist: a mobile robots application of context-
based vision in outdoor environment [ C]//Proceedings of IEEE
International Conference on Computer Vision and Pattern Recog-
nition. San Diego, CA, USA:IEEE, 2005, 1063-1069.

[5] Sigian C, Itti L. Rapid biologically-inspired scene classification
using features shared with visual attention[J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2007,
29(2),300-312.

[ 6] SivicJ, Zisserman A. Video google: a text retrieval approach to
object matching in videos [ C]//Proceedings of IEEE Internation-
al Conference on Computer Vision. Nice, France:IEEE, 2003,
1470-14717.

[ 7] Lowe D. Distinctive image features from scale-invariant keypoints
[J]. International Journal of Computer Vision, 2004, 60(2),
91-110.

[ 8] GemertJ, Geusebroek J, Veenman C, et al. Kernel codebooks

© [ B RS AR A



511 3

Bl 45 A MBS R 2R 1 50 26

1417

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

for scene categorization [ C]//Proceedings of Europe Conference
on Computer Vision. Marseille, France: Springer, 2008, 696-
709.

Yang J, Yu K, Gong Y, et al. Linear spatial pyramid matching
using sparse coding for image classification[ C]//Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition,
Florida, USA:IEEE,2009, 1794-1801.

Olshausen B A, Field D J. Emergence of simple-cell receptive
field properties by learning a sparse code for natural images [ J].
Nature, 1996, 381(6583), 607-609.

Lewicki M, Sejnowski T. Learning overcomplete representations
[J]. Neural computation, 2000, 12(2) :337-365.

Boureau Y L, Bach F, LeCun Y, et al. Learning mid-level fea-
tures for recognition [ C]//Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition. San Francisco, CA,
USA:IEEE, 2010, 2559-2566.

Aharon M, Elad M, Bruckstein A. K-SVD: an algorithm for de-
signing overcomplete dictionaries for sparse representation [ J].
IEEE Transactions on Signal Processing, 2006, 54(11), 4311-
4322.

Qin J, Yung N. Scene categorization with multiscale category-
specific visual words [ J]. Optical Engineering, 2009, 48 (4) .
047203 (1-13).

Wojcikiewicz W, Binder A, Kawanabe M. Enhancing image
classification with class-wise clustered vocabularies [ C ]//Pro-
ceedings of IEEE International Conference on Pattern Recogni-
tion. Istanbul, Turkey:IEEE, 2010, 1060-1063.

Wright J, Yang A Y, et al. Robust face recognition via sparse
representation [ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2009, 31(2) : 210-227.

Zhang L, Yang M, Feng X. Sparse representation or collabora-
tive representation: which helps face recognition? [ C]//Pro-
ceedings of IEEE International Conference on Computer Vision.
Colorado Springs. USA:IEEE, 2011, 471-478.

Barla A, Odone F, Verri A. Histogram intersection kernel for
image classification [ C ]//Proceedings of IEEE International
Conference on Image Processing. Nice, France: I[EEE, 2003,
513-516.

Oliva A, Torralba A. Modeling the shape of the scene: a holistic

representation of the spatial envelop [ J]. International Journal of

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Computer Vision, 2001, 42(3) .145-175.

Vogel J, Schiele B. Natural scene retrieval based on a semantic
modeling step [ C]//Proceedings of International Conference on
Image and Video Retrieval. Dublin, Ireland:Springer, 2004.

Li L, Li F F. What, where and who? Classifying events by scene
and object recognition [ C]//Proceedings of IEEE International
Conference on Computer Vision. Rio de Janeiro, Brazil:IEEE,
2007.

Everingham M, Gool L V, Williams C, et al. The PASCAL visu-
al object classes challenge 2008 ( VOC2008 ) [ C]//Europe Con-
ference on Computer Vision Workshop Symposium. Marseille,
France ; Springer, 2008.

Serre T, Wolf L, Poggio T. Object recognition with features in-
spired by visual cortex [ C]//Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition. San Diego, CA,
USA:IEEE, 2005, 994-1000.

Boureau J, Ponce J, LeCun Y. A theoretical analysis of feature
pooling in visual recognition [ C]//Proceedings of International
Conference on Machine Learning, Haifa, Israel: Omnipress,
2010, 111-118.

Lee H, Battle A, Raina R, et al. Efficient sparse coding algo-
rithms [ C]//Proceedings of Annual Conference on Neural Infor-
mation Processing Systems. Vancouver, Canada: MIT Press,
2006, 801-808.

Axler S. Linear Algebra Done Right[ M]. 2nd ed. New York:
Springer, 2000 :33-34.

Chang C C, Lin C J. Libsvm: A library for support vector ma-
chines [J]. ACM Transactions on Intelligent Systems and Tech-
nology, 2011, 2(3): 1-27.

Bosch A, Zisserman A, Mouz X. Scene classification via pLSA
[ C]//Proceedings of Europe Conference on Computer Vision.
Graz, Austria;Springer, 2006, 517-530.

Bosch A, Zisserman A, Mouz X. Scene classification using a hy-
brid generative/discriminative approach [ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2008, 30 (4):
712-727.

Dai D, Yang W, Wu T. Three-layer spatial coding for image
classification [ C]//Proceedings of IEEE International Confer-
ence on Pattern Recognition. Istanbul, Turkey: IEEE, 2010,

613-616.

© [ B RS AR A



	fm+ml.pdf
	fm.pdf
	目录.pdf

	20121110.pdf



