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A Multimodal Constellation Model for Generic Object Recognition®
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Model.
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Table 3 Effectivity of multimodalization and comparison to related works, by
average classification rates (%).
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Fig.4 Influence of K (number of components) on average classification rate.
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Fig.7 Example of groupings for each component of the model (Pascal). Each row
shows each component.
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Table 4 Comparison with Fergus’s constellation model, by average classification

rate (%). L =20, R =3, (K = 1, proposed model only).

Proposed model | Fergus’s model
Caltech 93.0 71.1
Pascal 31.3 19.5
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Table 5 Validation of effectivity of continuous value expression and position-scale
information, by average classification rate (%).

LDA+BoF | Multi-CM no-X,S | Multi-CM

Caltech 94.7

96.5 99.5

Pascal 29.6

33.5 38.8

gboooooooboboooooobooOon FergusUd
gbooboooobooboooboooobooobooon
gbooboooooobooo

4.7 0OOOOCOCOO

oobooooooooooocoooobooooboooo

OO0 3)00000Fergus0000000OOODOODO
O0OO000OR=6070L=2003000000 4000
oobooooboOoooooono 24036000000
gboooooooobooboobooooobobooon
gbooobooooobooobooooboobooon
oooooooobood

goo0ooOooOooOoUoOooOoOo (K >2)000

R, LOODO0O0OOCOOOOOOOCOOOOOOODO
gooooooooooooooocoooooDoooboo
ooooooooooooon
gooooooo4.e0000OOO (R=30L =200
K=1)00O0O00oooooooooooliooooo
10000Fergus 00000005 00000000
4.8 JO00O0O0O0OOOOOOOOOCOOOOO0
1.000000000000000 (b)ODOoOoOO
000 BoFOODOODODOODOOOO(c) BoFOODO
goooooooooooooobooooooooboDbo
gooooooooooooooOoooooDoooboDo
00000 (b)) 00000000 U0OBoFOOOOO
gooooooooooooobooooooobood
gooooooooooooobooooooobooo
gooooocooooooocooooobooOoboooboo
goooooooooooooboooooobooboo
0O LDA+BoF OO OOOODOOOOOODDOOOOO
Multi-CMO O 0 O Multi-CM no-X,SO000O000O00O
00000 (¢)000000OO0OMulti-CM no-X,S
ooooo Multi-CMOOOOOO

O sb00300000O0ooooDboOooOoOon
LDA+BoF OO0 Multi-CM no-X,SOO0O00OO
000000o0o00o0ooooooonodMulti-
CMno-X,SOOOOMulti-CMOOOOOOOOOO
gbooobooooooooboooobooobobooon
oooooooooooooooooad

5. 0O O O

oooooooooooooooboooooooo
goooooooooooooboooooooobooo
gooooooooooooobooooooobooo
goooooooooobooooooooboooooo
0000000ooooo0OBoeFOOOOOOOO
goooooooooooooooOoooooobooo
gooooooooooooooooooooood
O000DOD0OO0OOFergus0000O0O0O0O0O0OCDOO
gooooooooooooooboooooo

ooooooooooooooooboooooooo
oopooooooooOO0OO0OO0OO0 Koooo ROOO
goooooooooooooooooooobooo
gooooooooooooooooooooDoonbo
oooo

O O

[1] ODDOODO0O«“000000000000D 00000Ovol .48,
no.SIG 16 (CVIM 19), pp.1-24, 2007.

[2] G. Csurka, C.R. Dance, L. Fan, J. Willamowski, and
C. Bray, “Visual categorization with bags of key-
points,” Proc. ECCV International Workshop on Sta-
tistical Learning in Computer Vision, pp.1-22, 2004.

[3] R. Fergus, P. Perona, and A. Zisserman, “Ob-
ject class recognition by unsupervised scale-invariant
learning,” Proc. IEEE Computer Society Conf. on
Computer Vision and Pattern Recognition, vol.2,
pp.264-271, 2003.

1113



00000000000 2009/8 Vol. J92-D No. 8

4]

5]

6]

(7]

8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

K. Grauman and T. Darrell, “The pyramid match
kernel: Discriminative classification with sets of im-
age features,” Proc. IEEE Int. Conf. on Computer
Vision, vol.2, pp.1458-1465, 2005.

M. Varma and D. Ray, “Learning the discriminative
power-invariance trade-off,” Proc. IEEE Int. Conf. on
Computer Vision, 2007.

J. Zhang, M. Marszalek, S. Lazebnik, and C. Schmid,
“Local features and kernels for classification of tex-
ture and object categories: A comprehensive study,”
Int. J. Comput. Vis., vol.73, no.2, pp.213-238, 2007.
A. Bosch, A. Zisserman, and X. Munoz, “Scene clas-
sification via pLSA,” Proc. European Conf. on Com-
puter Vision, vol.4, pp.517-530, 2006.

L. Fei-Fei and A.P. Perona, “A Bayesian hierarchical
model for learning natural scene categories,” Proc.
IEEE Computer Society Conf. on Computer Vision
and Pattern Recognition, vol.2, pp.524-531, 2005.
G. Wang, Y. Zhang, and L. Fei-Fei, “Using depen-
dent regions for object categorization in a genera-
tive framework,” Proc. IEEE Computer Society Conf.
on Computer Vision and Pattern Recognition, vol.2,
pp-1597-1604, 2006.

C.M. Bishop, Pattern Recognition and Machine
Learning, Springer, 2006.

M. Weber, M. Welling, and P. Perona, “Unsupervised
learning of models for recognition,” Proc. European
Conf. on Computer Vision, vol.1, pp.18-32, 2000.
M. Weber, M. Welling, and P. Perona, “Towards au-
tomatic discovery of object categories,” Proc. Euro-
pean Conf. on Computer Vision, vol.2, pp.101-108,
2000.

R. Fergus, P. Perona, and A. Zisserman, “A sparse
object category model for efficient learning and ex-
haustive recognition,” Proc. IEEE Computer Society
Conf. on Computer Vision and Pattern Recognition,
vol.1, pp.380-387, 2005.

X. Ma and W.E.L. Grimson, “Edge-based rich rep-
resentation for vehicle classification,” Proc. IEEE
Int. Conf. on Computer Vision, vol.2, pp.1185-1192,
2005.

A.P. Dempster, N.M. Laird, and D.B. Rubin, “Max-
imum likelihood from incomplete data via the EM
algorithm,” J. Royal Statistical Society, Series B,
vol.39, no.1, pp.1-38, 1977.

M. Everingham, A. Zisserman, C.K.I. Williams,
and L. Van Gool, “The PASCAL Visual Ob-
ject Classes Challenge 2006 (VOC2006) results,”
http://www.pascal-network.org/challenges/VOC/
voc2006 /results.pdf.

T. Kadir and M. Brady, “Saliency, scale and im-
age description,” Int. J. Comput. Vis., vol.45, no.2,
pp-83-105, 2001.

ooo0 200 100100000210 20 2500000

1114

oo 00 oOo0Oo0oo

O1rooooooooooooono 19
goooooooooooobooonoo
goooOooboooooooooooooo
gooooobooooooooboooooo
oo0ooo0ooo 21 MMM2009 0000
gooooooooooo

oo 00 oOood

oobO0OO0O0OOOOO0OOOD 12000
oooooooooooooooono 15
gooooooooobooooooomo
000 2000000000000000
oo coEnnoOono 70O 30000
gobooooobooo 2000000
goooooooooooooboOoOooOoOooOoOoboOoOoooo
gooooboooopoobobooooooobobobooo

oo 00 oOoood

ODe00000O00OOODO8O0ODOOO
00o0o0o0o0oooooooooooog
12000000000000000000

0o00moo0oooooooooooo 16
g\. oooo00o0o00o0ooo0O0o000o0oD

Jooo0o0oooooooooooog
000000000 1900000000000 1401600
go0ooo0ooO0oOo0ooO0DOoOoooDo 170190000
000000o0o0oO0ooOooIRISADODOOODOOOODO
goo0o0ooooo0oU0oo0oooOoOoUooooUoooo
0000000000000 000000000000UIEEE
Computer SocietyD ACM 0000

od 0 OO0O0OoOooboogo

O 530000000000 5850000
oo0oo00oo0o0o00000o00000o00
NTTOOOOD 400 10000000
0o0oo0oo0no 150000000
ooooooOooOooooooooooon
oOooooo0oooooooobooooo

d:b
JO00000d0o0O0o0ooooooooo eoO0oooooo
O 6 IEEE-CVPRUOODUODUOOOOO 70000000000
00000 S8IEEE-ICRAOUOOO0OOOOO 1300000
000 1s000000000o0o0o00 wooooooo

15000000000 16 IEEE TransOMM 0000000
OO0IEEE0DOOOOOOOOO0CODOOO



