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Abstract:- We propose two impulse noise models in this paper. The first model is Bernoulli-state impulse noise mode for gray-scale images. The state representing occurrence of the impulse noise at any location is modelled by a binary Bernoulli process and impulse noise can take values in the dynamical range of the image according to some underlying distribution in this model. The second impulse noise model is for a generalized three channel multivariate images.  
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1  Introduction

An impulse noise is a short-duration noise of fixed or variable amplitudes. Images may be corrupted by impulse noise due to a variety of sources, such as saturation of the sensors or adverse channel environment in a communication system. The data that are affected by impulse noise change drastically and are perceptually visible, because their amplitudes are either very big or very small and very few data are corrupted. 

    An impulse may have fixed or variable amplitudes. The first type of impulse noise appears as black and/or white spot in gray-scale images and mainly arises owing to the saturation of the imaging sensors. Extreme values are digitised as minimum and maximum allowed values. Such fixed-valued impulse noise is called salt-and-pepper noise. Pure salt-and-pepper noise is an idealistic case. It is easy to detect such noise from images because checking whether the pixel has a maximal or minimal value can reveal it. The second type of impulse noise that has varying amplitudes is more realistic and it is known as random-valued impulse noise. The typical source of such noise is the communication channel that is usually affected by lightning or other atmospheric disturbances. Impulse noise belongs to the category of heavy-tailed noise for which the probability density approaches zero more slowly as values of the signal become larger. There are a number of models to represent impulse noise in images. Each of these models gives the probability of a pixel being corrupted by impulse noise.  Two categories of impulse noise models are discussed in this chapter. The first category is basically meant for gray-scale images and the second, for color images. The models for gray-scale images are widely discussed and analysed [1,2]. Both categories are explained in the following sections. 

2  Bernoulli-state  Impulse Noise Model

The state representing occurrence of the impulse noise at location 
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 is generally modelled by a binary Bernoulli process 
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 The corrupted signal values have the form:
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where 
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 is the impulse noise. 
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 can take values in the dynamical range of the image according to some underlying distribution. Following cases are generally considered.

(a) If 
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is fixed at a value 
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, we have the one-sided impulse noise model [1,2]. Thus, for the one-sided impulse noise model
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(b) If 
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 takes two fixed values 
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 (negative impulse) and 
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(positive impulse) with probability 
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respectively, we will have the two-sided impulse noise model [1,2]. We are particularly interested in the case of fixed impulse with 
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. In this case of the two-sided impulse noise model, we have   
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(c) If the process 
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is modelled as a uniformly distributed random process, we have the Bernoulli-uniform impulse noise model. In this case, 
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is uniformly distributed between 
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 and 
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(d) 
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can be considered to be Gaussian process. In this case, we will have the Bernoulli-Gaussian impulse noise model.

3 Bit Errors Impulse Noise Model

Impulse noise normally does not take fixed value [1,2]. Its amplitude ranges from the minimum to maximum allowable range in realistic case (between 0 and 
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 is the number of bits per pixel). It may occur due to the change of bits in the signal. Consider the signal 
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where 
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 Assume that the bit errors occur with probability p independent both of the errors at other signals and at the other bit position of the current signal. Then the corrupted signal values are of the form:
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where
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4 Mixed Impulse Noise Model

Noise may come from two or more separate sources [1,2]. In such case, the noise can be modelled to have both continuous and discrete characteristics. The corrupted signal in this case is given by
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where 
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  are independent and identically distributed (i.i.d) random variables having the density 
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where 
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 is a continuous density function, p is the probability of the pixel being corrupted by impulse noise and 
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 is the Dirac delta function.

5  Color Impulse Noise Model

Modelling of impulse noise in a color image presents a difficult task. Each channel of the color image cannot be considered independently. A few alternate models that consider the interdependence between the channels are available. Pitas et al. have proposed a probability model for a two-channel case [3]. Plataniotis et al. have proposed an impulse noise model for a three-channel signal [1,4-8]. We propose a general impulse noise model with appropriate interdependency between channels as follows: 
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where 
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is the noise-free color vector signal and  
[image: image41.wmf]() (where   1, 2 and 3)

j

nij

=

 is the impulse noise that may be either fixed-valued  or random-valued
, 
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are the single interchannel noise factors, 
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is the triple interchannel noise factor. The models proposed by Pitas et al. and Plataniotis et al. can be considered as a special case of the above general model. For example, if we set 
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 we get Plataniotis’s three-channel model. 

6 Experimental Results

We reported the results in removal of impulse noise from 24-bit color image of Lena by the vector median filter (VMF) [9]. The image is of 512
[image: image47.wmf]´

512 size. Fixed-valued and random-valued impulses were artificially injected in this image at various noise ratios according to the color impulse noise model given in Eq. (9). The noise intensity of fixed-valued impulse corresponds to 0 or 255, while for random-valued impulse, the noise values are uniformly distributed in the range of [0, 255]. The performance was evaluated using the peak-signal-to-noise-ratio (PSNR).   Tables 1 and 2 give the restoration results of the VMF in removal of fixed-valued and random-valued impulse noise generated by Plataniotis et al. color impulse model and the proposed color impulse noise model given in Eq. (9) from Lena image corrupted with 10% to 60% impulse noise ratios for various values of interchannel noise factors ranging from 0.1666 to 0.2333 for 
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 are set equally in the experimentation. Similarly, interchannel noise factors 
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 are set at 0.10 in the proposed color impulse noise model. Direct comparison between two models is not possible, because the former has single and triple channel corruptions only and the later has single, double and triple channel corruptions together. The PSNR is higher for the same noise ratio at the larger value of single channel noise factors in both models, because the total number of corrupted vector pixel components is less. For the same values of single interchannel noise factors, the performance of Plataniotis et al. model is slightly inferior to that of the proposed model. 

7 Conclusions

We described two impulse noise models in this paper. Experimental results in removal of impulse noise from corrupted Lena image were shown in Tables 1 and 2 to check the validity of the proposed color impulse noise model.
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Table 1 Performance in removal of fixed-valued impulse noise 

	% Noise
	Plataniotis et al. Color Impulse Noise Model
	Proposed Color Impulse Noise Model
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	10
	32.68
	32.73
	32.79
	32.74
	32.81
	32.88

	20
	31.98
	32.14
	32.23
	32.14
	32.35
	32.45

	30
	30.79
	31.29
	31.50
	31.36
	31.64
	31.79

	40
	29.91
	30.16
	30.49
	30.38
	30.79
	30.83

	50
	28.89
	29.38
	29.80
	29.54
	29.92
	30.38

	60
	27.24
	28.24
	28.76
	28.67
	28.24
	29.59


Table 2 Performance in removal of random-valued impulse noise 

	% Noise
	Plataniotis et al. Color Impulse Noise Model
	Proposed Color Impulse Noise Model
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	10
	32.57
	32.68
	32.75
	32.68
	32.80
	32.88

	20
	31.86
	32.05
	32.22
	32.11
	32.24
	32.43

	30
	30.96
	31.23
	31.39
	31.43
	31.66
	31.90

	40
	29.80
	30.18
	30.72
	30.48
	30.93
	31.24

	50
	28.74
	28.97
	29.67
	29.36
	29.86
	30.48

	60
	27.41
	27.60
	28.56
	28.41
	29.04
	29.68
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