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Abstract: Bio-medical image de-noising and image enhancement are the two necessary and noticeable eras for
better diagnosis and therefore the treatment within the medical field. Chromosomes images are ever found as
blur images, so de-noising and image enhancement becomes essential extremely and area of interest for the
researchers. Here the work of this analysis paper accommodates the chromosome image de-noising with the
assistance of ‘Discrete Wavelet Transform (DWT)’ families one by one and additionally the performances of
different wavelet families are evaluated based on their Peak Signal to Noise Ratio (PSNR) and the value of
Mean Square Error (MSE). After this, the three enormously efficient image improvement techniques are applied
e.g. Contrast Adjustment (CA), Histogram Equalization (HE) & Adaptive Histogram Equalization (AHE) for
the betterment of visualization. This single chromosome image could be a 2-D image. With the use of widely
applicable ‘coif5’Discrete Wavelet Transform, the chromosome image is decomposed up to the level 2,
threshold and de-noised.

Image enhancement is an important development to boost the visual impact of any image. All the simulation is
performed with the help of the MATLAB R2010a platform.

Keywords: DWT, De-noising, Thresholding, Contrast Adjustment, Histogram Equalization, Adaptive Histogram
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l. INTRODUCTION

To extract the correct information from the medical signals is always the area of interest for the
researchers. There are so many bio-medical signals to de-noise for the better treatment of patients in medical
science i.e. ECG and ICG signals etc [1], [2].

Chromosome imaging has its vital role in chromosome classification and in the technique which
describes the chromosome detail indexes. Many unwanted sources are here which createnoise to any
chromosome image. Chromosome image de-noising and enhancement will helpful for the medical practitioners
or researchers. Conditions while accessing the picture, Staining and sample defects are the main factors due to
which the noise comes along with the image. So here de-noising and visual enhancement of chromosome image
are necessary for its further applications.Wavelet is an important tool for signal processing [1]. Wavelet is
applied due to its multiresolution properties.

For the process of de-noising, in this paper coif5 is employed and decomposition is performed on
second level. This is also a matter of concern to select the family type of wavelet and decomposition level [2].
Here one more phenomenon known as thresholdingselection criterion which also plays a major part for
evaluating the performance of de-noising method [3].
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Figure 1: Demonstration of (a) Wave and (b) Wavelet
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Discrete Wavelet Transform (DWT):

Transformation is the tool to convert any signal from one domain to another because sometimes it is
convenient to analyze the signal different from present domain. Redundancy comes out from the DWT is less
with compare to CWT. This gives a discrete analysis to the signal by scaling and translating it in a discrete
manner.
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Where scaling and translating factors k, j are just integers. The mother wavelet is represented in the term of
scaling and translational of dyadic transform as[4];
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After de-noising the image it is also an important constraint to enhance the image for the better visual effect.

Imageenhancement:

Enhancement is also a matter of concern for the chromosome images. The image adjustment technique
adjust the contrast of the image. In HE the histogram of the image is equalized and in AHE it equalize the
histogram but follow the pattern of original histogram.In section Il the de-noising method with the help of DWT
is defined, image enhancement is discussed in the section Il1, section IV, V respectively shows the result and
discussion and conclusion of this paper.

1. .CHROMOSOME IMAGE DENOISING
Noise reduction method is an important feature of image processing. This procedure recovers the
original signal that has been corrupted by undesirable signals or noise. Here for understanding the results
clearly, noise is added to the image. De-noising algorithm is used here with different-different wavelet families,
some important steps are followed for accomplishing the de-noising process.

De-noising Algorithm:
1). First of all arandom noise is added in the original image.
2). Apply DWT decomposition up to the level two with db4.
3). Now apply soft thresholding with four different thresholding selection criteria namely heursure, rigrsure,
minimaxi and sqtwolog using global median estimator.
4). Here de-noised image is obtained then this whole algorithm is repeated by applying sym4, coif5 and haar
wavelets in step two, replacing db4.

1. MAGE DECOMPOSITION:

Discrete wavelet transform decomposes the original data into different scaleby the use of wavelet filter
banks[5]. The DWT uses two types of filters in this method. First is low pass filter, which is denoted by G, and
second is high pass filter denoted by H,, after the whole process we get some coefficients. The approximation
coefficients are obtained from low pass filter and detailed coefficients from high pass filter. These are the output
coefficients and down sampled by 2 at each level. These coefficients are further used for the next process as an
input details.
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Figure 2: Three Level Decomposition Tree

By the selection of mother wavelet in DWT , the noisy image is decomposed, taking the decomposition level up
to 2. We obtained the approximation coefficients a[n] and the detailed coefficients d[n], which are shown in
above figure.
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V. THRESHOLDING:

After the decomposition process, thresholding of obtained output coefficients are done to remove the
coefficients below the certain value called as threshold value. This process removes the low amplitude noise or
any noise overlap[6].

It is necessary to select the type of thresholding and this is decided by the requirement of application.
Two types ofthresholding are HARD and SOFT,Which can be mathematically expressed as:-

Hard threshold:
{dj’ = dj ifldj| > T
dj’=0 ifldj| =< T
Soft threshold:
{di’ = sign(dj) (|dj| = T) if|dj| >T
dj’=0 if|dj| =<T
From the above described formula of soft thresholding, we are getting the estimated wavelet
coefficients d;. At each level a threshold value is found using the thresholding criteria and this value is applied
for detailed coefficients d; by adopting Global median estimator[7],[8]. Soft thresholding does not produce
discontinuities but in hard thresholding these discontinuities are appears often which are shown in figure 2. So
the MATLAB platform by default takes the soft type thresholding for best results.

Onginal signal Hard thresholded signal 1SDH thresholded signal
1 1
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Figure 3: Threshold types: (a) Original signal; (b) Hard Thresholding; (c) Soft Thresholding

The Global threshold method is derived by D. Donoho’s method. This universal threshold is given by below
equation[9],[10]:- T=o(2log L)*?

Where, T denotes the threshold value, L is no. of samples or length of the signal and ¢ is the standard deviation
of noise. Now after de-noising the image, further the visual enhancement techniques are applied.

V. CHROMOSOME IMAGE ENHANCEMENT
Image Enhancement process consist of the collection of some techniques to improve the visual
appearance of medical image or to convert the image for better analysis by a human or a machine [11]. Medical
images suffer from poor contrast often, therefore it is important to enhance the contrast. Our aim is to enhance
the chromosome image for increasing the image visibility and details. For this improvement Image Contrast
Adjustment (CA), Histogram Equalization (HE) and Adaptive Histogram Equalization(AHE) methods[12].
These are described in the following steps,

1). Image Adjustment:

Image adjustment is the first step for adjusting the image[13]. This is shown by taking histogram of the
adjusted image. Histogram provides a graphical representation of image contrast and brightness characteristics
and is useful for evaluating contrast deficiencies like low or high [14]. It is a graphical plot, displays the input
data values on the x-axis and number of pixels in y-axis. The histogram is a discrete function which is shown in
below figure.

Figure 4: Histogram
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2). Histogram Equalization:

Histogram Equalization is the technique which changes the histogram of animage and redistributes all
pixels uniformly, which is close to the desired histogram [15]. HE allows areas of lower contrast to obtain a
higher contrast and automatically takes a transformation function to obtain an output image with a uniform
Histogram. By using this adjustment, the intensities of image can be better distributed on the histogram [16].

3). Adaptive Histogram Equalization:

Adaptive Histogram equalization is different from simple histogram equalization. The adaptive
method computes several histograms and redistributes them. It is suitable for improving the local contrast of an
image and bringing out more detail [17].The improvement after this technique is shown in result section on
chromosome image which is obtained by our simulation on MATLAB.

VI. RESULT AND DISCUSSION
These results are showing the reliability of wavelet for de-noising the chromosome image and also the
effectiveness of visual enhancement techniques. This section is going to be discussed in two part namely de-
noising results and enhancement results.

1). De-noising Results:

Here the results are showing that the procedure of work done is liable. In figure 5(a) the original image
is shown of a single chromosome, this is a blur and noisy imagebut for clear observation of de-noising results
we add some random noise in this image with noise variance 0.05 which is shown in figure 5(b) then this noisy
image is taken for de-noising by different-different wavelet families, according to the tableland table2 of PSNR
and MSE results found from the coif5 family are better than other wavelet families so here in figure 5(c) the de-
noised image by coif5 is shown.
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Figure 5: Chromosome De-noising Results
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Table 1:PSNR results for different Wavelet Families at Different values of noise variance

Noise Variance/Wavelet Families 0.05 0.10 0.15 0.20

Db4 31.40 | 29.81 | 29.02 | 28.17
Sym4 31.44 | 30.00 | 29.12 | 26.05
Coif5 31.64 | 29.99 |29.11 | 28.31
Haar 29.47 | 27.71 | 28.39 | 27.78

Table 2:MSE results for different Wavelet Families at Different values of noise variance

Noise Variance/Wavelet Families | 0.05 0.10 0.15 0.20

Db4 1.92e-004 | 7.9 e-004 0.0015 | 0.0025
Sym4 1.83e-004 | 6.82e-004 | 0.0014 | 0.0025
Coif5 1.50e-004 | 6.91e-004 | 0.0014 | 0.0025
haar 0.001 0.0017 0.0020 | 0.0030

Table 3:Performance of Global Median Estimator at Noise Variance 0.05

Thresholding Criteria | PSNR(db) | MSE Error
Rigrsure 31.26 2.222e-004 | 0.0189
Heursure 31.24 2.523 e-004 | 0.0365
sgtwolog 31.18 2.831e-004 | 0.0151
minimaxi 31.27 2.183e-004 | 0.0296
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Values found from table3 also have its huge meaning because this table directs for the best thresholding

selection criteria.
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Plot 1:Comparative performance of different Wavelet Families between PSNR vs Noise Variance
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Wavelet Families between MSEvs Noise Variance

In this section the results of enhancement techniques applied on single chromosome image are shown
here. Three techniques CA, HE and AHE are applied and shown in figure 6(a), 6(b) and 6(c) respectively along

with their histogram representation.

10

20

40
image after adjustment (a)

50

60

350

3000

2500

2000

1500

1000

500

0

o

60

e e
30 40 50
histrogram after image adjustment (b)

10 70

Figure 6(a): Chromosome Image after Contrast adjustment (CA)
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Figure 6(b): Chromosome Image after Histogram Equalization (HE)
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Figure 6(c): Chromosome Image after Adaptive Histogram Equalization(AHE)
Figure 6: Chromosome Enhancement results

VII. CONCLUSION
On the basis of this research paper this can be concluded that the wavelet transform performs better

than any other tool for de-noising the image. Here according to our method coif5 is giving the best results with
rigrsurethresholding criteria and global median estimator. The three techniques discussed above also gives the
better results for enhancing the visual effect of the image but among them Adaptive Histogram Equalization
(AHE) gives the best result.
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