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Extracting Moving Object Areas Based on Second-order
Neural Network

TAKAKAZU CHASHIKAWAHTt and YOSHIYASU TAKEFUJItHt

The frame difference technique has been widely used for extracting moving objects. How-
ever the technique can not extract the whole shape of the moving object. A morphology
filtering is used for reducing noises and complementing lacks of extracted objects as an post-
processing to deal with the problem. The morphology filtering is not always available under
various conditions and its calculation cost is high. This paper proposes a new method for
extracting moving object areas, based on the frame difference technique and the Second-order
Neural Networks. We experimented our proposed method and a morphology-based conven-
tional method using artificial movies and real movies. The experimental results show that
the proposed method has a better performance for a noise reduction and for an extraction
of whole moving objects than the morphorogy-based conventional method. Moreover, the
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proposed method has better performance than the Opticalflow-based method.
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Fig.2 The neuron model of PCNN.
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Fig.3 Proposed method for extracting moving object areas.
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Table 1 The list of parameter sets.

0oooooooo B M W TR log2/aj, log2/ap log2/ap vr, Vi Vp 0
PSetl 0 0 0 0 0.001 0.001 0.001 0 0 5 0.9
PSet2 0 1 0 0 0.001 0.001 0.001 0 5 5 0.9
PSet3 0 0 0 1 0.001 0.001 0.001 0 0 5 0.9
PSet4 0.25 1 3 1 0.4 1.2 0.3 4 100 50 0.9
PSet5 0.25 1 3 1 0.4 1.2 1.2 4 100 50 0.9
PSet6 0.25 1 3 1 0.4 2 2 4 100 50 0.9
PSet7 0.40 1 3 2 0.2 0.2 0.1 1.9 5 15 0.6
PSet8 0.25 1 1 1 0.4 1.2 0.3 3 100 50 0.9

04 O0O00000101503000000

Fig.4 Examples of the artificial movie (1, 15, 30 frame).
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Examples of Gaussian kernel.
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Fig.7 Effect of the transient response of the neuron.
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Table 2 Experimental results by the proposed method.
(a)D0O0O00OO

ooooooa
10 20 50
oooooo (%) Ne Oe Ne Oe Ne Oe
1 0.57 | 99.20 | 0.58 | 99.20 0.61 99.20
3 0.59 99.20 0.62 99.20 0.66 98.84
5 0.62 99.20 0.65 99.20 0.84 99.28
7 0.63 99.20 0.74 99.20 0.96 99.00
10 0.68 | 99.20 | 0.81 | 99.20 | 2.59 | 99.32
(byDoooooo
0oooooo
10 20 50
oooooo (%] Ne Oe Ne Oe Ne Oe
1 1.45 85.66 1.46 85.66 1.51 85.66
3 1.47 85.66 1.51 85.66 1.59 85.66
5 1.52 85.66 1.63 85.66 1.94 85.84
7 1.56 85.66 1.56 85.66 2.20 85.84
10 1.68 85.66 1.90 85.66 3.52 85.44

*000000000000D0

03 0000I0000D00O0O0O00oOO0ooo0
Table 3 Experimental results by the conventional method I.
(a)00O0ooooo

goooooo
10 20 50
000000 [%) NeODOOO OeD OO0 NeOOOO OeDOOO NeOOOO OeDOODO
1 0.00000O 0.05200 0.00000 0.05200 0.00000 0.05200
3 0.02000 0.05200 0.04000 0.05200 oo 0.05200
5 0.02800 0.05200 0.056 00 0.05200 oo 0.07200
7 0.03200 0.05200 0.06000 0.05200 oo 0.07200
10 0.03200 0.05200 0.06800 0.056 00 oo 0.08000
(b)DDOODOD
ooooooo
0 20 50
000000 (%) NeOOOD OelD OO0 NeOOOO Oel OO NeOOOO OelOOD
1 0.00000 0.00800 0.00000 0.00800 0.00000 0.00800
3 0.02400 0.00800 0.044 00 0.00800 oo 0.00800
5 0.02800 0.008 001 0.05600 0.01200 oo 0.01200
7 0.03200 0.01200 0.06400 0.01200 oo 0.01200
10 0.03200 0.01200 0.06800 0.01200 oo 0.01200

*0000000o00oo0o0ooooo

04 0OO0OO0OO0OO0DOOO
Table 4 Determination results of extracting moving object areas.
(a)0DOOOO0O

ooooooo
10 20 50
000000 [%) oooo goool gooo oooo1 oooo ooool
1 O O O O O O
3 O O O O O oo
5 O O O oo [m} oo
7 O O O oo [m} oo
10 O O O oo oo oo
(b)ooooooo
goooooo
10 20 50
000000 [%) oooo ooool gooo oooo1 gooo ooool
1 oo O oo [m} oo (u]
3 oo oo oo oo oo oo
5 0o oo oo oo oo oo
7 0o oo oo oo oo oo
10 oo oo oo oo oo oo
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Fig.9 Experimental results of the hatchback car.
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Fig.10 Experimental results of the hatchback car.
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Table 5 Experimental results for changing speed of the target.
(a)00O0ooooon

0000 [pixel/frame]

1 2 3
NOISE Ne Oe Ne Oe Ne Oe
1%0 max20 0.70 100.00 1.44 100.00 2.33 100.00
3%0 max20 0.78 100.00 1.58 100.00 2.46 100.00
5%0 max20 0.87 100.00 1.75 100.00 2.75 100.00
7%0 max20 1.02 100.00 2.10 100.00 3.03 100.00
10%0max20 | 1.50 | 100.00 | 2.75 | 100.00 | 4.00 | 100.00
(b)yDOOOOOO
000 [pixel/frame]
1 2 3
NOISE Ne Oe Ne Oe Ne Oe
1%0 max20 1.79 91.03 3.37 99.68 5.00 100.00
3%0 max20 1.95 91.06 3.65 99.68 5.37 100.00
5%0 max20 2.10 91.06 3.86 99.68 5.73 100.00
7%0 max20 2.34 91.13 4.17 99.68 6.21 100.00
10%0 max20 3.11 91.14 5.29 99.68 7.55 100.00

00 00=1 [pixel/frame]

0000=1 [pixel/frame]

0000 =2 [pixel/frame]

0000 =2 [pixel/frame]

0000 =3 [pixel/frame]
012 0000000000000NOISED 7%0 max200
Fig. 12 Experimental results of the hatchback car.
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Fig. 13 Experimental results of the minivan.
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Table 6 Experimental results of the conventional method II.
(a)000ooooon

ooooooa
10 20 50
ooooo0 (%] Ne Oe Ne Oe Ne Oe
1 1.24 95.64 1.24 95.63 1.24 95.67
3 1.24 95.63 1.26 95.67 1.25 95.69
5 1.25 95.63 1.27 95.67 1.27 95.68
7 1.24 | 9570 | 1.29 | 95.69 | 1.30 | 95.67
10 1.25 | 95.68 | 1.39 | 95.72 | 1.39 | 95.69
(b)yDOOOOOO
ooooooo
10 20 50
ooooo0o (%) Ne Oe Ne Oe Ne Oe
1 2.05 84.68 2.07 84.63 2.06 84.62
3 2.07 84.63 2.09 84.60 2.09 84.63
5 2.07 84.61 2.12 84.69 2.11 84.55
7 2.07 84.61 2.13 84.58 2.14 84.68
10 2.09 84.70 2.25 84.79 2.25 84.75

0% 000000DOO0OOOOOOoO
Table 7 Experimental results of the proposed method.

(a)00O0Ooooo
ooooooo
10 20 50
ooooo0o (%] Ne Oe Ne Oe Ne Oe
1 0.57 99.20 0.58 99.20 0.61 99.20
3 0.59 | 99.20 | 0.62 | 99.20 | 0.66 | 98.84
5 0.62 99.20 0.65 99.20 0.84 99.28
7 0.63 99.20 0.74 99.20 0.96 99.00
10 0.68 99.20 0.81 99.20 2.59 99.32
(b)yDOOODOOO
ooooooa
10 20 50
oooooo (%) Ne Oe Ne Oe Ne Oe
1 1.45 85.66 1.46 85.66 1.51 85.66
3 1.47 85.66 1.51 85.66 1.59 85.66
5 1.52 85.66 1.63 85.66 1.94 85.84
7 1.56 85.66 1.56 85.66 2.20 85.84
10 1.68 | 85.66 | 1.90 | 85.66 | 3.52 | 85.44

oooo oooo II gooo
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Fig.14 Experimental results of the hatchback car (20-21

frame).
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016 SCENE10OODO 101503000000
Fig.16 Example frames of the SCENE1 (1, 15, 30
frame).

0 17 SCENE2000 101503000000
Fig.17 Example frames of the SCENE2 (1, 15, 30

frame).
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Fig.20 The camera and the moving object.
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