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Abstract--Impulse noise is one of the noise types that are
normally corrupting digital images. In literature, impulse
noises have been described in many ways. Therefore, the main
aim of this manuscript is to survey a few impulse noise models
that have been used by several researchers in digital image
processing field. This will lead us to a better understanding on
impulse noise models, and consequently will help the
researchers to design more effective impulse noise reduction
filters.

Index Terms—Digital image processing, fixed-valued impulse
noise, impulse noise models, median filter, random-valued
impulse noise, salt-and-pepper noise.

1. INTRODUCTION

Currently, with the advances in electronic technologies,
digital images have been used widely in our daily life.
Unfortunately, digital images are sometimes corrupted by
noises, which can significantly reduce the quality of the
image. In general, the noise can be classified into two main
groups; multiplicative noise and additive noise [1]. If (x,y)
are the spatial coordinates on the image, C={C(x,y)} is the
clean and noise-free image, the damaged image D={D(x,y)}
that has been corrupted by multiplicative noise can be
described as:

D(xy) = C(x.y)N(Xy) (1

where N={N(X,y)} is the noise intensity value, or the noise
amplitude. On the other hand, if the noise is an additive noise,
generally, the damaged image can be described as:

D(xy) = C(x.y)+N(xy) )

In general, additive noise is assumed to be Gaussian noise,
or impulse noise [1]. However, there are a few impulse noise
models available in literatures. Therefore, the purpose of this
paper is to survey a few of these impulse noise models.
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II. IMPULSE NOISE MODELS

This section will give descriptions on impulse noise
models normally used by researchers. Degraded images
corrupted by these noise models will be shown in each
subsection. For this purpose, we will use the input image as
shown in Fig. 1. We consider this image as the clean,
uncorrupted image C. As what we can see from this figure,
the structure of the objects in this image, which are the
peppers, are defined clearly.

Fig. 1. An example of image that is free from impulse noise.

In general, impulse noise can be described by the
following two equations. The first equation is strictly
following the additive noise model, where the corrupted
image D is defined as:

Cxy)

with probability 1—-P 3)
CY)+N(x.y)

D(x,y)=
(xy) { with probability P

In this equation, P (i.e. 0<P<1) presents the noise density.
Higher value of P means higher corruption level.

Another general impulse noise model uses a simplified
version of (3). For this general model, the damaged image D
is defined as:

C(x.y)

with probability 1-P o
N(x,y)

D(x,y)=
(x.y) { with probability P

This simplification is carried out because for the case of
corrupted pixels, the results of C(x,y)+N(x,y) in (3) can
actually take any values. This is due to N(X,y) is a random
value. Equation (4) shows that the corrupted pixels are
directly been replaced with the noise intensity values [2]-[6].
Due to this simplification, in some literatures, such as in
[71,[8], impulse noise is neither considered as an additive
noise, nor a multiplicative noise, but as another class of its
own. Yet, unlike (3), the value of N in (4) is restricted to
positive values only. If the image is been quantized into L
intensity levels, N can take any values between 0 to L-1 [3].

A. Impulse Noise Model 1

This noise model considers that impulse noise is an
additive noise, and therefore uses general equation as given
by (1). This impulse noise model assumes that impulse noise
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can be characterized by a long-tail probability distribution of
N. A long-tail probability distribution is a distribution which
has relatively high probability regions far away from the
mean or median values. Therefore, this model takes impulse
noise as an additive long-tailed noise [9]-[11].

The probability density function p of impulse noise N can
be modeled by some skewed distributions. Furutsu and
Ishida in 1961 [9] used a combinations of Poisson
distributions to present impulse noise. In 1988, Lin and
Willson Jr [10] presented impulse noise by using a
log-normal distribution function as given as:

= ﬁ"[‘w] )

where ﬁ:mean(|n|)/«/g . Fig. 2 shows some degraded
images, corrupted by several degree of degradation using this
noise model. As shown by this figure, the impulse noise
significantly lowers the quality of the image.

© ey (c)
Fig. 2. Degraded versions of Fig. 1, using impulse noise model 1, with
(a) P=0.25, (b) P =0.50, and (c) P =0.75

B. Impulse Noise Model 2

®) o
Fig. 3. Degraded versions of Fig. 1, using impulse noise model 2, with
(a) P=0.25, (b) P=0.50, and (c) P=0.75

This noise model uses equation (4) as its general equation.
For this model, the distribution p of noise N in (4) is defined
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as a uniform distribution, which can be given as:

p(N)=P/L 0<N<L-1 (6)

For this case, the noise amplitudes can occupy all possible
intensity values, from 0 to L-1. This type of impulse noise is
widely known as random-valued impulse noise.
Random-valued impulse noise has been studied in many
works, such as [12]-[16]. An example showing the image
corrupted by several level of impulse noise from this model is
shown in Fig. 3.

C. Impulse Noise Model 3

Other widely used practical impulse noise model is known
as fixed-valued impulse noise. In this model, N in (4) is
restricted to the minimum or the maximum intensity value
(i.e. 0 or L-1). It is easier to understand the idea behind this
noise model by using equation (3). In (3), impulse noise N
can take positive or negative value. It is assumed that the
magnitude of N is very large, such that C(X,y)+N(x,y) will
produce values either much greater than L-1, or much lower
than 0. Due to quantization process, these values are
truncated to L-1 or 0 [17].

As the noise with intensity 0 appears as black pixels on the
image, this noise is referred as pepper noise. On the other
hand, the noise with intensity L-1 appears as white pixels on
the image. This type of noise is referred as salt noise.
Therefore, fixed-valued impulse noise is also known as
salt-and-pepper noise. Sometimes, this type of noise also
been referred as data-drop-out or spike noise [17].

In this impulse noise model, the distribution p of noise N in
(4) is defined as:

0.5P pepper; N =0
p(N)=<1-P noise free pixels;0 < N <L -1 @)
0.5P salt; N =L -1

Because of its simplicity and practicality, this noise model
is the most popular impulse noise model used in literatures,
such as works in [18]-[26]. Example of images corrupted by
impulse noise using this noise model is shown in Fig. 4.

b ©
Fig. 4. Degraded versions of Fig. 1, using impulse noise model 3, with
(a)P=10.25,(b) P=0.50, and (c) P=0.75
D. Impulse Noise Model 4

This noise model is achieved by modifying (7) so that the
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noise does not have equal density of salt noise and pepper
noise. This can be described by the following equation:

P pepper; N =0
p(N)=<1-P noise free pixels;0< N < L -1 (®)
P, salt; N =L -1

where P;+P,=P, and P;#P,. This noise model has been used

in some recent literatures, such as the works in [27]-[30]. Fig.

5 displays images corrupted by this impulse noise model.
When either P; or P; is equal to zero, this type of noise is
called uni-polar [17].

b) (©)
Fig. 5. Degraded versions of Fig. 1, using impulse noise model 4, with
P1:P, = 1:3 and with (a) P = 0.25, (b) P =0.50, and (c) P =0.75

E. Impulse Noise Model 5

A variation to (8) is obtained by allowing salt noise and
pepper noise to be presented by two intensity ranges. Salt
noise occupies high intensity range, while pepper noise
occupies low intensity range. Each range is presented by m
intensity levels. This impulse noise model is given as:

P /m pepper; 0<N <m
pP(N)=11-P : noisefreepixels;0sN<L-1  (9)
P,/m sal;L-1-m< N <L—1

(b)

(©
Fig. 6. Degraded versions of Fig. 1, using impulse noise model 5, with
P1:P; = 1:3, m=20 and with (a) P = 0.25, (b) P = 0.50, and (c) P = 0.75

Some example of works that are using this impulse noise
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model can be found in [27]-[30]. Example of images
corrupted by impulse noise using this noise model is shown
in Fig. 6.

F. Impulse Noise Model 6

Equation (9) can be simplified by assuming that the
density of salt noise is equal to the density of pepper noise.
This is given as:

P/2m pepper;0 <N <m
p(N)={1-P : noisefreepixels;0<N<L-1  (10)
P/2m salt; L-I-m<N <L-1

Actually, when m is equal to one, this equation is
equivalent to (7), which is fixed-valued impulse noise. On
the other hand, when m is equal to L/2, this noise model
resembles (6), which is random-valued impulse noise. This
noise model has been used in [27]-[30]. Fig. 7 displays
images corrupted by this impulse noise model.

) i

(b)
Fig. 7. Degraded versions of Fig. 1, using impulse noise model 6, with m=20
and with (a) P =0.25, (b) P =0.50, and (c) P =0.75
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G. Impulse Noise Model 7

Universal impulse noise, or also known as mixed impulse
noise, is given as a combination between random-valued
impulse noise defined by (6), with fixed-valued impulse
noise defined by (7). In this noise model, the contamination
of the image is equally contributed by these two well-known
impulse noise models, which is 0.5P random-valued impulse
noise, and 0.5P fixed-valued impulse noise. Some works
related to universal impulse noise can be found in [31], [32].

II. SUMMARY

This paper surveys seven impulse noise models. Impulse
noise model 1 is the most complicated to be generated. On
the other hand, impulse noise model 3 is the simplest. From
this survey, we found that all impulse noise models,
excluding model 1, must include intensity 0 and L-1 into their
noise intensity levels.
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