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Multiclass and multiview object detection approach based

on sparse biological vision features
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Abstract: As the biological vision features shows superior performance on object classification, a multiclass

and multiview object detection approach based on sparse biological vision features was adopted. Firstly,

the standard model of biological vision was improved with the technique of sparse features, which

improved the separability of object effectively. Then, the object detector based on sparse biological vision

features was designed with the technique of sliding window, and the detection task was completed via

local neighborhood suppression algorithm. At last, the multiclass and multiview object detection task was

accomplished through building object dictionary and designing several object detectors in the scene. The

experimental results show that the proposed approach exhibits a robust performance.

Key words: biological vision; sparse features; object detection; sliding window

:2011-05-10 ; :2010-06-13
(60772151)
(1986-),, . Email: 13484468703@163.com
(1956-),

Email:lijunshan403 @163.com



268 41
, SMFs )
0 SIFT  HoG'",
( ST s
) SMFs
' ’ , SMFs
[1-3]
’ (MIT CBCL)
1
1.1 ST
s o Hubel 17 4
, ( )
[3-51, i
Gabor
el o o
R R 11 boosting . ,
D ,
) [8_10] o )
, 161 Poggio
’ , SMFs
. RGB )
s s ST 4 (S1,C1,S82,C2)
Lowe (SIFT)™' Dalal , S , Gabor
(HoG) 12 Poggio (SMFs) ;C ,
(3] o , SMFs S ,
(ST) , ST w4 ST



269
o e C2 SMFs ’ N
Global max_~/ N cPatches o
Global max 1.2 SMFs
®>> @> ®> , Olshause Filed 1996
S2_layer
RBF filter N\ -ﬁ:‘\ //
RBF filter '.-'4.‘6.__ o ) , Figueiredo
C1 layer é> > >§> (2003 )  Krishnapuram(2005 ) ,
Local max .. [10]0
Local max
S1 layer s
, ST S2
Gabor filter , R
,S2 Cl
Image layer
s C1 cPatches
4 Gabor X
B 1 ST B2 88 J2 K &5 #0 F
Fig.1 Overview of ST model hierarchy 4 °
ST C2 SMFs S2 , Cl
5 cPatches S2 1,
@D) S1 SMFs, (1) Gabor s Cl cPatches nxn
, band ( C1 )
S1 SMFs, . 4x4  cPatches 16
2 2 . 64 ’
F(x,y)=exp —M xcos(zlxo) (1)
2% A S2 , (2) RBF ,
: X, =xcos0+ysinf;y, =—xsinf+ycos6; 6 € [0, ] ;y : 52
X, v, o A . cPatches Cl1 o S2
(2) C1 SMFs, S1 SMFs ’
4 b
cPatches Cl1 SMFs, . Cl Sl ,
(3) S2 SMFs, (RBF) Gabor 4 16
S2 SMFs,RBF )
r=exp(=B || X-P; || ? (2) T/ 4 (Hubell&Wiesel, 1959 ),
:B ;X Cl1 cPatches C2 SMFs C2 SMFs 2,
;P cPatches ;T 3 , 6 Caltech 101
S2 SMFs o , SMFs  SMFs
(4) C2 SMFs S2 SMFs o



270 41
3' « Face ’
L =] o Motorbike
0 Airplane o
v ¢ Butterfly
é 2r L] ’ v Katch SMFS,
> v v * Watch
g Tl . - SMFs o
a L]
] . L L L] v
L35 A e g R R ,
RS qvt %% o
L iy a?® % o
o= & L L SR Y L T, %
0 20 40 60 80 100 s
Feature number
s SMFs
P 2 [ A9 C2 SMFs f9 0] 41
Fig.2 Separability of original C2 SMFs ¢
, 03
FF i)
4 A
=2 I o )
o
-
o
g =1
5 °
1551
_3 s
i g AN e JEEE T (1) 0
Feature number ’
Bl 3 &1k By SMFs i 0] 43 (2)
Fig.3 Separability of sparse SMFs « ’
2 o
2.1 “ ”
[3.5]
, 4 . 3) 2
, 0 “ ” .
) 2.2
Training Testing 3
(1) ,
(2)
s SMFs,
’ Overcomplete reprcsc‘nw.tlon |
+
SMFs SM'FS (3)
| [Crvupin wpremmntion | 2.1 ,
(SVMIboosting classifier I 1 l R

SMFs SMFs
e
[ SVM/boosting classifer | 3

! !

Car Non-car

Pentium(R) Dual-Core 2.5 GHz CPU,4 G
Windows XP,Matlab2008
(Vojtech & Vaclav, 1999-2003)

B 4 3T SMFs iy H fr a3 i 2 [

Fig.4 Flow chart of object detection based on SMFs OAO SVM

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



271

° CBCL
, 3457 s
. N 3 ,
, 20,30,40, - 100
2,34, e .10 ,
’ 5 o

S H b %

Fig.5 Examples of object detection

5 ,
5 LabelMe
, 4 055
1141 160 s
10% , 4055
141 160 s

m ’
b n 9’ o
me{5,10,15, - ,50),n=10,
(TPR) (FPR) 6 °
1_“1] — Bicycle
. (--uf-
“'95: == Pedestrian
0.90 .

TPR

0.80}

0.75 L L L " " L " L

5 15 25 35 45

Train set
0.18F (b) — Bicycle
- Car |

i - - Pedestrian

0.14
o
& o.10f /

0.06f
0.02 P R

5 15 25 is 45

Train set
6 H by i 285 1
Fig.6 Results of object classification
b
s 50
, SVM 8 %
90 % ( SMFs
,SVM )o
1 o

1

Tab.1 Comparison of several detection algorithm

Detection approach Car TPR  Pedestrian TPR Bicycle TPR
Leung(2004)"" 75.4% - -
Fergus et al(2003)! 84.8% - -
Dalal et al(2005)" - 86.5% -
Proposed approach 90.5% 89.1% 87.8%

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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