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Abstract—The quality of microscopic images is generally
degraded during the image acquisition by quantizing
noise, electrical noise, light illumination etc. Noise
reduction is considered as a very important preprocessing
step as the quality of the images can determine the
accuracy of the results. The work done focuses on the
noise reduction using different filters on the different
types of noises applied on the common digital images and
specifically the Leukemia images. 40 images were taken
for the comparison purpose; 20 digital images and 20
Leukemia images of different types of Leukemia. The
qualitative as well as quantitative analysis of the
performance of the filters on the different noises is done.
For the quantitative analysis the parameters used for the
evaluation of the images are MSE, PSNR and CoC. For
the qualitative analysis visual analysis in terms of quality
is also done using the resultant images and their
histograms. Simulation has been done in Matlab 11b.
From the test cases it has been observed that Adaptive
Filter produces good results on Salt and Pepper, Speckle
and Gaussian noise in case of the digital images. Whereas
in case of Leukemia images results of Median Filter are
best for the Gaussian, Poisson and Speckle noise
corrupted images.

Index Terms—Peak Signal to Noise Ratio, Mean Square
Error, CoC, Filters, Noise, Chronic Myelogenous
Leukemia.

I.  INTRODUCTION

Degradation in the quality of the microscopic images
can be credited to image resolution, image intensity
levels, dynamic ranges and the image pixel size. Optical
system relates the first two factors and the last two are in
concern to the detector system. Addition of quantization
noises exist in the microscopic blood cell images due to
the influence of quantization of images. Due to this,
nonuniform distribution is shown by the whole image
background. Two common noise types present in
microscopic images are background and pulse noise. As
microscopic images are the fluid images so some other
objects like sediments, bubbles etc. also exists [1]. A
variety of distortions may degrade the digital images at
the different times e.g. on acquisition, enhancement,
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restoration and transmission. For the analysis of the
images it is very important to remove such degradations.
For the purpose of analyzing the effects of five filters
taken into the consideration forty images were taken.
Twenty digital and twenty Leukemia images were taken
for analysis. The images were firstly degraded with the
four types of noises and then the filters were applied on
the taken images for the noise removal. While restoring
the images minimum changes are desired and for the
purpose of the quantitative analysis the metrics such as
CoC, MSE and PSNR etc. are used for the evaluation of
the amount of distortion of the resultant image with
respect to the original image. The structuring of paper is
as follows. Section 2 and 3 discusses the different types
of noises and filters respectively. Section 4 describes the
evaluation parameters used for results. Section 5
describes the simulation performed. Section 6 includes
the discussion on results and finally Section 7 concludes
the paper.

Il.  DIFFERENT TYPES OF NOISE

The undesirable effect created in the image is called
noise. Several factors are liable for the introduction of
noise in the image while image acquisition or
transmission. The image can be affected to the different
extents depending upon the introduction of the type of
disturbance. For the purpose of the removal of the noise
from the image it is first necessary to be familiar with the
different types of noises. Noise is generally classified as
Impulse or Salt and pepper noise, Gaussian noise
(Amplifier), Poisson noise, Speckle noise (Multiplicative),
Film grain and Periodic noise. Only the types which were
actually removed in this paper are discussed.

A. Gaussian Noise

This noise is also famous as the Amplifier noise. It
follows the Gaussian distribution and is additive in nature
[2]. The PDF of this noise is identical to that of normal
distribution also called the Gaussian distribution. The
PDF of Gaussian Noise is shown in Figure 1. The pixels
of the noisy image are obtained by adding the value of
the true pixel and the value of the Gaussian distributed
noise [3]. The PDF of a Gaussian variable x is given by
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Equation (1). [4]

—(X—;)Z /26? (1)

p(X) = —=—e
\ 270

In the above equation intensity is represented by X, x is
mean of x, o represents the standard deviation. ° is the
variance of x
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Fig.1. PDF of Gaussian Noise

B. Salt and Pepper Noise

This noise is also known as random, impulse, spike or
independent noise. It is characterized by the appearance
of black and white dots in the image. This noise is caused
by the sudden and sharp changes in the image signal. The
main cause of the occurrence of this noise is the
appearance of dust particles or the overheating of the
image acquisition source [4]. The PDF of Salt and Pepper
noise is given by Equation (2).

p, forx=a

p(x)=<p, for x=D>b )
0 otherwise
pi(2)
A
Y R
N

Z

a b
Fig.2. PDF of Salt and Pepper Noise

Intensity b appears as a dot of light shade in an image
if b>a. Whereas level a appears like a dark dot. The
impulse noise is denoted as unipolar if either of P, or py, is
zero. Salt and Pepper noise follows the uniform
distribution as denoted in the Figure 2.

C. Poisson Noise

Also recognized as Shot Noise and is caused when
sufficient statistical information is not provided as the
sensor senses less number of photons [2]. For k=0,1,2,....,
a random variable Z have a Poisson distribution with
A >0, the probability mass function of Z is given by
Equation (3)
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P(Z =k) = @)

Where

e ¢ is Euler's number
e k! is the factorial of k.

The PDF of Poisson Noise is shown in Figure 3.
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Fig.3. PDF of Poisson Noise

D. Speckle Noise

This noise can be grooved by multiplying random
values with the pixel values of image [5]. Representation
of the speckle is expressed by Equation (4).

g(m,n) = f(m,n)*u(mn)+s(mn) (@

Where, g(m,n) is the experimental image, u(m,n) is the
multiplicative component and & (m,n) is the additive

component of the speckle noise. m and n denotes the
axial and agile indices of the image samples.
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Fig.4. PDF of Speckle Noise
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Speckle noise densities for then € {1, 3, 8} looks
cases (solid line, dots, dashes, respectively) is shown in
Figure 4.

1. DIFFERENT TYPES OF FILTERS

During the process of capturing or transmission an
image may be degraded due to the different sources of
noise. Such image is not suitable for the purpose of
analysis as it may lead to the wrong results. There are
many filters available for the noise reduction. This work
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uses five filters for reducing the noise from the taken
forty images. These filters are discussed in this section.

A. Adaptive Filter

Adaptive filters are superior to other filters as they
consider the characteristics of the image before applying

the filter [4]. Filter complexity is increased due to this [6].

Filter is represented by Equation (5).

2

T lg(xy)-m1  ©)

o

f(xy)=g(xy)-

Where 0'5 is the difference of noise

UE is the local inconsistency of the pixels
m, is local mean of pixels

B. Median Filter

Median filter replaces the pixel’s value by the median
of the neighbor pixel’s intensity level. While computing
the median the values of the pixel at (x, y) are included
[4]. Equation (6) shows the filter function.

F(x,y) = Qgggleigyn{g(s,t)} (6)

C. Contra harmonic Mean Filter

Equation (7) shows the filter function for the Contra
harmonic Mean filter.

Q+1
Z(s,t)esxy g (S’ t)
Q
Z(S,t)esxy g (S’ t)

Q referred in the equation is the order of the filter. For
unipolar impulse noise the filter works very well. The
pepper noise also known as negative impulse noise
reduces the positive values for Q and the salt noise is
reduced by the negative values of Q. It is also known as
the positive impulse noise. If the value of Q is considered
to be O then the filter is reduced to the arithmetic mean
filter and the filter is considered as the Harmonic mean
filter for Q=-1.

D. Bilateral filter

?(x, y) = (7

A bilateral filter is a smoothing filter for noise
reduction in the images. It is an edge preserving non-
linear filter. In this filter the nearby pixel's weighted
average intensity value replaces the each pixel's intensity
value. The bilateral filter is defined by the Equation (8)

Zl O A1) =100 D g, % =x[) ()

where the normallzatlon term defined by the Equation (9)
ensures that the image energy

| flllered
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W, =2 A1) =100 g, % —x) @)

% eQ

is preserved by the filter and
| fered i the filtered image

| is the input image for filtering

Q is the window centered at "

X are the current pixel's coordinates for filtering

g, is used for smoothing differences in coordinates

and is known as the spatial kernel.

f_is used for smoothing differences in intensities

r
and is known as the range kernel.

E. Alpha Trimmed Mean Filter
The Alpha Trimmed Mean Filter is represented by the
Equation (10)

n—[an]

ZX(J) @ 10

=[an]+1

Yol @) = _2[

where
Yy, (I; &) is the output of the filter.

In a window W; let {x(i),x(i-1),...,X(i-n+1)} be a set of
'n' sample signal values where n=2N+1. When the value
of o approximates to 0.5 then the Alpha Trimmed Mean
Filter behaves like a Median Filter and when «
approaches 0 then it performs like a moving average filter.

IV. PARAMETERS FOR EVALUATION

Visual  inspection combined  with  objective
measurements based on pixel-wise differences computed
from original and processed images is the commonly
used method for the evaluation of the quality of denoised
images. Typically MSE or PSNR were used for
measuring the noise cancellation. Evaluation of the above
mentioned measures is typically done in the RGB
coordinate system. Normalized color difference was
another metric proposed to deal with the perception of
colors as done by humans [7-9]. CIE lab color spaces are
used to evaluate the measures for proving the closeness
of the uncorrupted original image to the filtered image.
Above mentioned measures or their combination is used
in the literature to evaluate the results of the most filters
[10-23]. Three parameters namely MSE, PSNR and CoC
are used for the evaluation of the results in the current
study.

A. Correlation Coefficient

A statistical measure used to envisage the changes to
the value of the one variable when value of another
variable is changed is known as correlation coefficient
[24]. r is used to measure the direction and strength of a
linear relationship involving two variables. r can be
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calculated using Equation (11).

r— D% (11)

X; =X;— mean (X;)
yi=Yi—mean (Y;)

Here X and Y are the images under investigation [25]

Value of r ranges from -1<=r<=+1. The + and — sign
denotes respectively the positive and negative linear
correlation. Both values increases or decreases in the
positively correlated variables i.e. the value of a and b
both increases. Whereas the value of one variable
increases and the other decreases in negatively correlated
variables indicating that value of a increases and value of
b decreases. Value close to O for r means there is a
nonlinear  relationship  involving two  variables.
Correlation depends on the SNR of the images.

B. MSE

Mean squared error measures the average of the
squares of the errors indicating the difference between the
estimator and actually what is estimated. Randomness is
the major cause of the difference. Given a noise free
image | (x x y) and its noisy approximation J, MSE is
expressed as in Equation (12).

x-1 y-1
MSE = 1 Z[l (a,b)-J(a,b)* (12
XY a=o b=

C. PSNR

Peak signal-to-noise ratio is a broad term for the ratio
between maximum achievable power of a signal and
corrupting noise’s power that affects its representation.
Logarithmic decibel scale is used for expressing the
PSNR due to the wide dynamic range of the signals.
PSNR is usually used to compute the quality of
restoration of the corrupted noisy images. Higher value
for PSNR indicates the better quality of the reconstituted
image in most of the cases. PSNR is defined via MSE
(Mean Squared error). PSNR is defined in dB as given by
Equation (13).

2
PSNR = 10l0g, | M&0 (13)
MSE

Here Max, is the maximum value of pixels in the
image. Value of Max, is 255 when 8 bits per sample are
used to represent the pixels. Image | and J are identical in

the absence of the noise and MSE is zero in this case [26].

V. SIMULATION

The work focuses on the noise reduction from the
digital images. Forty images were used for evaluating the
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results. Twenty common digital images and twenty
Leukemia images were used for the simulation. Special
attention has been given to the Microscopic Leukemia
images. The Leukemia images include the four different
types of Leukemia i.e. AML, CML, ALL and CLL.

Main objectives of the analysis are:

1) To evaluate the performance of various filters on
different types of noises and images.

2) To identify the filters suitable for reduction of
different types of noises from the Leukemia
images.

3) To identify the suitable metrics for quantifying the
noise reduction from the blood cell and general
images.

4) To understand the role of the statistical parameters
of an image for noise reduction.

Four types of noises i.e. Salt and Pepper, Gaussian,
Poisson and speckle noise are used for corrupting the
images. All these four types of noises are removed by the
five types of filters namely Median, Adaptive, Alpha
Trimmed Mean Filter, Contra harmonic Mean Filter and
the Bilateral filter.

The steps followed in this process are:

Step 1: Read the Leukemia input image.

Step 2: Convert the input image to the gray scale
image.

Step 3: Apply one type of noise to the image.

Step 4: Remove the noise from the images using all
the filters one by one.

Step 5: Store the results of all the filters applied on the
noisy images.

Step 6: If all types of noises have been applied on the
image then goto step 7 otherwise goto step3.

Step 7: Evaluate the parameters MSE, PSNR, and CoC.

Step 8: Compare the results quantitatively as well as
qualitatively.

VI. RESULTS AND DISCUSSION

For the comparison purpose the obtained results are
compared qualitatively as well as quantitatively.
Discussion about the results is discussed in this section
category wise. Tabular comparison is shown in this
section itself whereas the resultant figures are shown in
the Appendix A.

A.  Qualitative Analysis

Forty images were used for the evaluation purpose but
for the qualitative analysis results of only two images are
shown Lena image and one CML image. The images
used for the simulation are corrupted with the different
types of noises taken into consideration. Then five types
of filters are applied on the corrupted images. The
resultant images are shown in this paper for the
comparison purpose. The histograms of the resultant
images are also shown.

Upon the analysis of the figures concerning CML it is
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concluded from Fig. 5 and the histograms of the same
images shown in Fig. 6 that Adaptive filter was best for
removal of the Salt and Pepper noise. And from the
analysis of Fig 7, Fig 9 and Fig 11 and the histograms of
these images in Fig 8, Fig 10 and Fig 12 respectively that
Median filter was best at removing Gaussian, Poisson and
Speckle noise. Median filter produces very good results
when applied on Gaussian, Poisson and Speckle noise in
case of the Leukemia images as it preserves edges while
removing noise. The main reason for this is that it finds
the median rather than calculating average of the
neighboring pixels which generally blurs the edges.
When we analyze the performance of filters on various
noises in case of other images we can conclude from Fig
13, Fig 17 and Fig 19 and the histograms of the
corresponding filters shown in Fig 14, Fig 18 and Fig 20
respectively that Adaptive filter produced best results
when applied on Salt and Pepper, Gaussian and Speckle
noise whereas upon the analysis of Fig 15 and its
histogram shown in Fig 16 that Median filter produced
best results when applied on the Poisson noise corrupted
image. In Adaptive filters the transfer function is
controlled by the variable parameters and an optimization
algorithm is used to adjust those parameters accordingly
[27]. For some applications these filters are best because
some parameters are not known in advance of the desired
processing operation or are changing [28]. That’s why
Adaptive filters produced best results corresponding to
the various noises in case of the other digital images.

B. Quantitative Analysis

Table 1 shows the Mean Square Error corresponding to
the noise effected images and the various filters applied
on them in case of Leukemia images. Results for MSE in
terms of graph are shown in Fig. 21. Table 2 shows the
MSE corresponding to noise effected images and various
filters applied on the common digital images. Results in
graphical form for MSE corresponding to the common
digital images is shown in Fig. 22. The high value of
PSNR means better reduction in the noise. Performance
in terms of PSNR is shown in the Table 3 and Table 4 for
the Leukemia and the other digital images respectively.
Graphs for PSNR for Leukemia and the other common
digital images are shown in Fig. 23 and Fig. 24
respectively. Table 5 and 6 shows the values of CoC for
the Leukemia and the other images respectively.
Corresponding graphs shown by Fig. 25 and Fig. 26
respectively.

Table 1. MSE in Different Filters Corresponding to the Different Noises
in Leukemia Images

'\Ilicl)lltS:r/ Median | Adaptive | ATMF | CHMF | Bilateral
Salt and 2.1035 | 2.0967 2.0976
Pepper 3766 23.35 e+004 e+004 e+004

. 2.1290 2.1202 2.1226
Gaussian 48.59 74.36 e+004. e+004 e+004
. 2.1186 2.1120 2.1126
Poisson 10.92 20.35 01004 e+004 e+004
2.1235 2.1156 21172

Speckle 31.23 46.46 04004 04004 04004
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Table 2. MSE in Different Filters Corresponding to the Different Noises
in the Digital Images

'\::?;f;/ Median | Adaptive | ATMF | CHMF | Bilateral
Salt and 16 5 1.7420 | 1.7363 1.7372
Pepper e+004 e+004 e+004

. 1.7499 | 1.7424 1.7447
Gaussian 18 13 0+004 0+004 0+004
Poisson 2 4 1.7487 | 1.7434 1.7439
e+004 e+004 e+004

1.7437 | 1.7374 1.7387

Speckle 10 8 e+004 | e+004 e+004

Table 3. PSNR in Different Filters Corresponding to the Different
Noises in Leukemia Images

'\Il:(i)lltssr/ Median | Adaptive | ATMF | CHMF | Bilateral
Saltand | o 571 | 34447 | 4901 | 4915 | 4913
Pepper
Gaussian | 31.264 29.417 4.849 4.867 4.862
Poisson 37.747 35.044 4.870 4,883 4.882
Speckle 33.184 31.459 4.860 4.876 4.873

Table 4. PSNR in Different Filters Corresponding to the Different
Noises in Digital Images

’\":?;tS:r/ Median | Adaptive | ATMF | CHMF | Bilateral
Salt and 5.732

Pepper 36.191 41.290 5.720 5.734

Gaussian | 35584 | 36908 | 5700 | 5719 | 713

Poisson 44,549 42.465 5.703 5.716 5.7156
Speckle | 37.9350 | 39.2400 | 5.7162 | 5.7319 5.7287

Table 5. COC in Different Filters Corresponding to the Different Noises
in Leukemia Images

l\ll:?;tS:r/ Median | Adaptive | ATMF | CHMF | Bilateral
Saltand | 4407 | 0992 | 0928 | 0932 | 099
Pepper
Gaussian | 0984 | 0976 | 0924 | 0923 | 09%
Poisson | 0996 | 0993 | 0932 | 0953 | 09%
Speckle | 0990 | 0984 | 0925 | 0941 | 0995

Table 6. COC in Different Filters Corresponding to the Different Noises
in Digital Images

NF?;f:r/ Median | Adaptive | ATMF | CHMF | Bilateral
Salt and 09987
Pepper 0.9966 | 0.9989 | 0.9819 | 0.9246

Gaussian | 09961 | 09970 | 09827 | 09730 | 09989
Poisson | 09995 | 09992 | 0.9835 | 09797 | 09986
Speckle | 0.9977 | 0.9983 | 09827 | 0.9781 | 0.9987

VII. CONCLUSION

An attempt was made to perform noise removal using
linear and non-linear filtering techniques on microscopic
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blood cell images as well as the other digital images.
Results prove that Adaptive filter produces the best
results in most cases in terms of quality based on
performance metrics taken for the comparison in case of
digital images whereas Median filter gave promising
results when applied on Poisson noise corrupted images.
The transfer function in Adaptive Filter is controlled by
the varying parameters and for the purpose of adjusting
those parameters an optimization algorithm is used. In
case of Leukemia images Median Filter gave the most
promising results for the noises under consideration

except for the Salt and Pepper noise in which case
Adaptive Filter was most effective. The reason for the
better results by the Median filter is that it finds the
median instead of calculating the neighboring pixels
average. The results are clear from the tables for
performance metrics (Table 1 to Table 6) and from the
graphs shown in the Figures 21-26 which graphically
show the performance of various filters against various
noises corresponding to the evaluation metrics MSE,
PSNR and CoC, respectively.

APPENDIX A RESULT FIGURES

Median filter

Fig.5. Salt and Pepper Noise Added to the CML Image and the Effect of Different Filters on This Noise Added Image

salt & pepper noise added

Adaptive filter

Median filter
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Fig.6. Histogram of Original CML Image, Salt and Pepper Noise Added Image and The Histograms of the Results Produced by the Different Filters
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Poisson noise added

Alpha trimmed Mean Filter Contra Harmonic Mean Filter Bilateral Filter

5

Fig.7. Effects of different filters on the Poisson noise added CML image

Poisson noise added Adaptive filter Median filter

o 100 200 o 100 200 o 100 200
Alpha trimmed Mean Filter Contra Harmonic Mean Filter Bilateral Filter

o 0.5 1 o 0.5 1 o 0.5 1

Fig.8. Histogram of original CML Image, Poisson noise added image and the histograms after the application of different filters

Speckle noise added Adaptive filter Median filter
RS = e T 2 < i

B <

Alpha trimmed Mean Filter Contra Harmonic Mean Filter Bilateral Filte

e

Fig.9. Speckle Noise Added Image and the Effect of Different Filters on This Noise
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Speckle noise added Adaptive filter Median filter
1500 1 1500
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1000 | 1000
D D . D
D 100 200 D 100 200 D 100 200
Alpha trimmed Mean Filter Contra Harmonic Mean Filter Bilateral Filter
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1500 ] 1000
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Fig.10. Histogram of Original CML Image, Speckle Noise Added Image and the Histograms Showing the Effects of Different Filters

Gaussian noise added

Fig.11. Effects of Different Filters on the Gaussian Noise Added CML Image

Gaussian noise added Adaptive filter Median filter
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Fig.12. Histogram of Original CML Image, Gaussian Noise Added Image and the Histograms Showing the Effects of Different Filters
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Adaptive filter Median filter

salt & pepper noise added

Fig.13. Salt and Pepper Noise Added to the Lenna Image and the Effect of Different Filters on This Noise Added Image

salt & pepper noise added Adaptive filter Median filter

o 100 200 o 100 200 o 100 200

Alpha trimmed Mean Filter Contra Harmonic Mean Filter Bilateral Filter

o 0.5 1 o 0.5 1 o 0.5 1

Fig.14. Histogram of Original Lenna Image, Salt and Pepper Noise Added Image and the Histograms of the Effects of Different Filters

Poisson noise added Adaptive filter Median filter

Fig.15. Effects of Different Filters on the Poisson Noise Added Lenna Image
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Poisson noise added Adaptive filter Median filter
3000 3000 3000
2000 1 2000 2000
1000 1000 1000
0] . 1] . o
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Alpha trimmed Mean Filter Contra Harmonic Mean Filter Bilateral Filter
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Fig.16. Histogram of Original Lenna Image, Poisson Noise Added Image and the Histograms after the Application of Different Filters
Speckle noise added Adaptive filter Median filter

e

i 5

Fig.17. Speckle Noise Added Lenna Image and the Effect of Different Filters on This Noise

Speckle noise added Adaptive filter Median filter
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Fig.18. Histogram of original Lenna Image, Speckle noise added image and the histograms showing the effects of different filters
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Alpha trimmed Mean Filter Contra Harmonic Mean Filter

&L

Adaptive filter

19

Median filter

Bilateral Filter

Fig.19. Effects of Different Filters on the Gaussian Noise Added Lenna Image

Gaussian noise added
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Fig.20. Histogram of Original Lenna Image, Gaussian Noise Added Image and the Histograms Showing the Effects of Different Filters.

MSE of various filters corresponding to different noises
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Fig.21. MSE of Different Filters Corresponding to the Different Noises
for the Leukemia Images
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MSE of various filters corresponding to different noises
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Fig.22. MSE of Different Filters Corresponding to the Different Noises
for the Digital Images
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PSNR of various filters corresponding to different noises
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Fig.23. PSNR of Various Filters Corresponding to the Different Noises
for the Leukemia Images
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Fig.24. PSNR of Various Filters Corresponding to the Different Noises
for the Digital Images

CoC of various filters corresponding to different noises
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Fig.25. CoC of Various Filters Corresponding to the Different Noises
for the Leukemia Images
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Fig.26. CoC of Various Filters Corresponding to the Different Noises
for The Digital Images
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