Chapter -3 Digital Image Noise

Noise is defined as unwanted information that can appear in the signal and lead to
its distortion.

» Signal types:-
a- Electrical signal b-Audio signal

c- Two-dimensional signal (image)

(3-1) Noise Models

The presence of noise in images distorts them, which makes analyzing them
a difficult process. Therefore, studying noise helps a lot in knowing its effect on images
or determining the optimal methods for removing it from images and recovering
information about the image with minimal losses.
The types of noise can be classified mathematically as follows: -

1- Additive Noise 2- Multiplicative Noise 3- Salt and
Pepper Noise 4- Sinusoidal Noise 5- Periodic Noise.
(3-1-1) Additive Noise
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It is random noise that does not depend on the signal (That is, its causes
are external factors that have no relation to the real signal), and its
characteristics are as follows: -

1- It is white noise whose spectral intensity is constant throughout the image.
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2- Statistical approximations of the additive noise distribution usually approach the
Gaussian or uniform distribution.

3- Additive linearization in which the image obtained is an original image plus noise,
and is given by the following relationship:-

I(x,y) =Rx,y)+ n(X,y) ceoervvenrnnn (2-8)
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There are two mathematical models for additive noise that can be represented as
follows: -

a-Uniform Noise: -

This noise is caused by distorted signals with random values with regular
frequencies and represents a distribution with equal probability for each value of
the noise (n).

Noise

o
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Each element has the same probability, and if the range of noise is increased,
the image distortions also increase. Uniform noise has a mean of zero but has a
standard deviation. This noise may appear in the television signal.
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"1=(R+n)..(2-10)

b -Gaussian Noise: -

This noise occurs due to the dispersion of electromagnetic waves
in different directions, due to the presence of dust particles or
particles of relatively small diameters present in the air. This noise is
subject to a Gaussian distribution.
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where: -

e 2-11)

n: - Random variable
n :- The rate value of a random variable.

62, :- Covariance of the random variable

P(n)
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» Notice: - 1- When the standard deviation of noise increases, the
distortion in the image increases.
2- Gaussian noise is irregular; when we approach zero, the
frequency increases.
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(3-1-2) Multiplicative Noise: refers to an unwanted random signal that
gets multiplied into some relevant signal during capture, transmission, or other
processing.

or

It is random noise that depends on the signal, meaning that the bright areas in
the image have high noise, and the lower the light intensity, the less noise. This means
that the relationship between the amount of noise and intensity is smooth (linear) and
this noise is characterized by: -

1- Estimates of the distribution of multiplicative noise often
approach a chi-square distribution or a Poisson distribution.
2- The resulting images are an original image( R) multiplied by noise
(F), as shown in the following mathematical formula: -

I= R+ n(R)

I(x,y) =R(x,y) F(x,y) =R(x,y) +nR(x.y)
ifitwasn R (X, y) =K (X, y) == = constant

“I(x, y) =R (x.y)+K(R(X,y))
I(x, y) = R(x,y) (1+K)
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P(F) 4

HF =1
There are two types of Multiplicative noise: -

a- Poisson Noise: -

Its reason is due to the quantum nature of photons, so it is
sometimes called quantum noise or photonic noise. This noise
distorts images taken with photonic imaging systems, such as X-
ray imaging, and is also present in low illuminance.

b- Speckle noise (:‘-Jjﬁ§ DI sl Q_JLB.'\.\\‘) (Distribution Square — Chi., X?)

isa form of noise that commonly occurs in images acquired through
coherent imaging techniques such as ultrasound imaging, synthetic aperture
radar (SAR), and Laser imaging systems hologram systems are systems that
produce low-quality images due to speckle noise. Unlike Gaussian noise or salt
and pepper noise, which manifest as additive disturbances, speckle noise is
multiplicative in nature.
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F g 1: Original Image (a) Original

Fig. (3-1) Original image and simulated noisy image.

This noise is normalized by the cosine function (cos)

I (x,y) =255 cos (/2 * I (x, y)/255)

The difference between additive and multiplicative noise
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(3-1-3) Salt and Pepper Noise: -

In some imaging or image scanning systems, a change in intensity and location
occurs, which distorts the resulting image, and this distortion is in the form of points
randomly distributed across the image plane. This noise is of two types: -

Salt Noise: represented by white points. A=255
Pepper Noise:  represented by black points. A=0

The main reason for generating this noise is the presence of large particles located
at a distance between the light source and the imaging or image-scanning device.

The best way to remove this noise is to use the median and mode method.
This noise is sometimes called Replacement Noise.

(3-1-4) Periodic noise
It falls within the multiplicative noise and is not random. It occurs when scanning
the image (scanner) due to irregularity in the intensity distribution of illumination when
scanning, as in electrical devices.
(3-1-5) Sinusoidal noise
The image contains two types of noise, one of which depends on the signal
(multiplicative noise) and the other does not depend on the signal (additive noise).
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Fig. (3-2) Types of Noises
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