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Abstract— Conventionally, radiographic images have low
contrast due to less illumination of the light. X-Ray imaging is
one of the least expensive, easy to read method used by most of
the doctors and radiologists. A method based on dual tree
complex wavelet transform (DTCWT), contrast limited
adaptive histogram equalization (CLAHE) and Wiener filter is
proposed for enhancing the visual quality of the X-Ray images.
Quantitative analysis of proposed algorithm is done by
evaluating MSE, PSNR, SNR and Contrast Ratio (CR).
Index Terms— Dual Tree Complex Wavelet Transform
(DTCWT); resolution enhancement; contrast enhancement.
I. INTRODUCTION
Medical images require enhancement, for improving the
visual quality. Radiographic images such as X-Ray need to be
enhanced for providing better and effective medication to the
patient. The procedure of conducting the X-Ray is simple,
less time taking and as far as cost is concerned from patient
point of view, it is cheap as compared to MRI, CT scan.
While doing the X-Ray, noise can be included in the
X-Ray film due to patient‟s motion or due to low illumination
of the light. This will make doctors and radiologists to read
the X-Ray film in a difficult mode. So, this requires
improvement of the visual quality of the film.
With time, various methods are available for
enhancement of medical images. These methods are applied
depending on the radiographic image considered for
diagnosing the patient. These methods are divided
depending on whether pixels are considered or the image is
transformed. Spatial domain method considers pixels for
enhancement whereas Frequency domain based method
perform enhancement on orthogonal transformation of the
image instead of original image itself.
Some of the common methods for enhancing the contrast
of the image are Histogram Equalization (HE) [6] [7],
Adaptive Histogram Equalization (AHE) [6] [11] [12],
Contrast Limited Adaptive Histogram Equalization
(CLAHE) [12] and these methods are Spatial domain based
method. Frequency domain methods are fourier transform,
wavelet transform, curvelet transform and contourlet
transform. For enhancing the X-Ray image, combination of
frequency domain and spatial domain based method is
proposed here.

Resolution enhancement based on Dual tree complex
wavelet transform (DTCWT) [2] [4] is proposed, which has
the property of nearly shift invariance. DTCWT uses two
trees, one for the rows of the image and other for the columns
of the image. If two filters used in both trees are different,
then one will provide real coefficients and other will provide
imaginary coefficients. Apart from DTCWT, there are
various transforms such as stationary wavelet transform
(SWT) [3], which uses un-decimated decomposition for
obtaining high frequency wavelet coefficients whereas
discrete wavelet transform (DWT) produce artifacts due to
shift variance property and requires proper filtering of the
coefficients to overcome this problem.
II. PRELIMINARIES
This paper is divided in two sections, resolution
enhancement and contrast enhancement of radiographic
image. Resolution enhancement is done in frequency
domain, which requires transformation of the input image in
frequency/transform domain. To fulfill this requirement,
wavelet transform is used.
A. Wavelet Transform
A wavelet is a small wave of short duration of a signal,
which is considered stationary during that duration. In
speech processing, as signal varies continuously with time,
small duration of signal is considered stationary for
analyzing the speech. These are classified as
1) Continuous Wavelet Transform : Signal having finite
energy needs to be projected on frequency bands of
continuous family. Some of commonly used continuous
wavelet transform are Shannon wavelet, Morlet wavelet,
Poisson wavelet, Meyer wavelet etc.
2) Discrete Wavelet Transform (DWT): If the wavelet
series expansion is expanded in sequence of numbers, than
resulting wavelet transform is discrete wavelet transform.
3) Stationary Wavelet Transform (SWT) : This type of
wavelet transform is designed to overcome the flaws of
discrete wavelet transform. DWT does not have
translation-invariance property. This property is achieved in
SWT by removing downsamplers and upsamplers from
DWT and upsampling the coefficients of filter by 2(j-1) in jth
level of algorithm. SWT is digitally implemented using
following flow diagram in Fig. 1
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3) Contrast Limited Adaptive Histogram Equalization
(CLAHE): Due to AHE, noise gets over amplified. To prevent
this situation, CLAHE is designed. This is used to improve
the contrast globally.
I. PROPOSED WORK

Fig. 1 Implementation of SWT

In Fig. 1, filters used in each stage are upsampled version of
the filter used in previous stage.
1) Dual Tree Complex Wavelet Transform (DTCWT): It
has the property of nearly shift-invariance. This property
overcomes the problem related with DWT, that it produces
artifacts. Fig. 2 shows, two trees for performing the wavelet
transform. If filters used in both trees are different, than
upper filter provide real coefficients and lower tree provide
imaginary coefficients.

To enhance the resolution and contrast of the
radiographic image such as X-Ray image, a combination of
spatial domain and frequency domain based technique is
proposed. Block diagram describing the proposed work is
shown in Fig. 3.
Input image is decomposed using dual tree complex
wavelet transform (DTCWT). By decomposing the image we
get low subband image through low pass filtering and high
subband image through high pass filtering. Due to low pass
filtering, high frequency components are lost, which contain
information of edges, fine line details etc. So, interpolation is
performed on high frequency components.
For interpolating the coefficients, lanczos interpolation is
used. This type of interpolation is not linear, but it is sinc
function type interpolation. Advantage of using the sinc
function type interpolation that it varies with the change in
the signal information so better reconstruction can be
achieved.
For improving the contrast of the image, adaptive
histogram equalization is proposed. While using the adaptive
histogram equalization (AHE), certain input parameters are
used such as clip limit and distribution.
Further the AHE image is applied to singular value
decomposition (SVD) block. SVD [2] [9] is a decomposition
tool, which decompose the input image into three (S, U and
V) equal size image. U and V image are orthogonal to each
other whereas S image is a diagonal image, on its diagonal
there are intensity values of respective pixels. By considering
the SVD, a weighting function is evaluated.
A. Image Decomposition

Fig. 2 Implementation of DTCWT

For enhancing the contrast of the input image, various
techniques are used based on histogram
B. Histogram Processing
To enhance the brightness or contrast of the image,
histogram is the process of adjusting the intensity values.
Histogram is used to define the intensity distribution of the
image.
1) Histogram Equalization: Intensities of the image are
distributed well in histogram. This help to improve the
intensity distribution of the image in local areas. Histogram
equalization deals with the probability of occurrence of the
gray level values to be equal.
2) Adaptive Histogram Equalization (AHE): In this case,
each image is divided into several subsections. For each
subsection, histogram is designed. Then, these histograms
are used to improve the contrast of the image locally.

Wavelet transform is a frequency domain based
technique, used for decomposition of input image. There are
various wavelet transform available for such operation.
Stationary wavelet transform (SWT) [3] based method is
used for fingerprint enhancement. In this the parameters
used are , mean, standard deviation, smoothness, uniformity
and entropy.
Combination of discrete wavelet transform (DWT) and
SWT [13] is proposed. Subbands are interpolated using
lanczos interpolation which provides better results. But
artifacts are present while using the DWT, so filtering is
required.
B. Coefficient Filtering
After decomposing the image by wavelet transform, wavelet
coefficients need to be interpolated. As DWT produce
artifacts, dual tree complex wavelet transform (DTCWT) [2],
can be used for evaluating the wavelet coefficients.
To reduce the artifacts, high frequency subband images
need to be interpolated and then filtered. Wiener filter [7] ,
Non Local Mean (NLM) [2] filter, Gaussian filter , Median
filter can be used for this purpose.
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These filters have their own pros and cons and have to be
used depending on the images (medical image, satellite
image etc.) considered, their dimension, class etc.
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Fig. 3 Block Diagram of Proposed Work

C. Image Reconstruction
To enhance the input image, image reconstruction is
required. This is done using inverse of the wavelet
transform used for image decomposition. The output
enhanced image, has higher pixel count which increases
by the factor used for interpolation.
III. RESULTS AND DISCUSSION
To simulate the proposed algorithm, grayscale images
of 8 patients is collected from hospital. These images are
reduced to size 512x512.
A. Parameter Calculation
Analysis
of
proposed
algorithm
is
MAX I
PSNR  10*log(
) done qualitatively and
MSE
quantitatively.
For
quantitative analysis, certain parameters are calculated
2

based on the following formulas. To calculate the Peak
signal-to-noise ratio, Eq. 1 is used,
(1)

where, MAXI is the maximum value of intensity present
in the image, by default it is 255 in case of 8 bits per pixel.
This is evaluated in terms of decibels (dB). MSE in Eq.
1 is mean square error, which is the difference between
input image and reconstructed image as shown in Eq. 2.
2

1 m1 n1
MSE 
 I (i, j)  K (i, j)
mn i 0 j 0

(2)
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Here I(i,j) is the input image and K(i,j) is reconstructed
image.
Contrast ratio (CR) is defined as the ratio of difference
between the maximum and minimum intensity value of
reconstructed image K(i,j) to the sum of maximum and
minimum intensity value of K(i,j) image as shown in Eq.
3.

CR 

max[ K (i, j )]  min[ K (i, j )]
max[ K (i, j )]  min[ K (i, j )]

(3)

B. Discussion
For
enhancing
the
medical
image,
DTCWT-CLAHE-Wiener filter based algorithm is
proposed. To evaluate the results, chest PA view X-Ray
image of 8 patients is collected from hospital.
To improve the contrast of the image, contrast limited
adaptive histogram equalization (CLAHE) and SVD
based technique is proposed here. To enhance the
resolution of the image DTCWT and Wiener filter is used.
Due to lanczos interpolation by factor α, size of the
enhanced output image is 4 times that of the input image.
As DTCWT is nearly shift invariant, it provides better
result as compared to DWT and SWT. While using
DTCWT, artifacts appear, to remove these artifacts
Wiener filter is used. Non Local Mean (NLM) filter can
also be used for filtering the coefficients and to remove the
artifacts, but it increases the complexity of the algorithm
by more time consumption. So, Wiener filter is proposed
to filter the coefficients.
C. Simulated Results
Chest PA view X-Ray image is enhanced using
proposed method. The result is shown in Fig. 4. Proposed
algorithm result is compared with the other methods to
show the comparison among proposed method and those
methods.
Histogram equalization (HE) , can be used for
improving the contrast of the image, but this provides less
resolution as well as parameters such as PSNR, CR, MSE
and SNR is also less.
Adaptive histogram equalization (AHE) along with
wavelet transform can be used for improving the contrast
of the image, but it produces artifacts.
Fig. 4(a), shows the input image of size 512x512. Fig.
4(b), shows the histogram equalized image. Fig. 4(c)
shows the adaptive histogram equalized image (AHE).
Fig. 4(d) shows DTCWT-HE-NLM based algorithm
result and it has low resolution and contrast, also it takes
10630.4 sec. of computational time which is larger than
other methods. Fig. 4(e) shows the DTCWT-AHE-NLM
method for enhancing the visual quality of the image. Fig.
4(f) shows result of DTCWT-CLAHE-Wiener filter based
proposed algorithm, which outperforms other methods.
These results are simulated on MATLAB R2014b, i5
processor.

For quantitative analysis, Table I shows comparative
results of various methods used. Five different methods for
improving the contrast and resolution are compared based
on different parameters such as peak signal-to-noise ratio
(dB), signal-to-noise ratio (SNR) (dB), mean square error
(MSE), contrast ratio (CR) and total time required for
computation of respective algorithms.
Computational time of HE and AHE is less as
compared to proposed method, but resolution and contrast
of the proposed method is improved. DTCWT-HE-NLM
and DTCWT-AHE-NLM takes large time but their results
are better than HE and AHE.
Proposed
algorithm
DTCWT-CLAHE-Wiener
produces better result as compared to other methods.
PSNR is 42.35 dB, SNR is 35.144 dB, MSE is 0.0001,
contrast ratio is 1.0322 but computational time is 5.965
sec. which is quiet high than HE and AHE method.
IV. CONCLUSION
X-Ray images need to be enhanced for better visual
interpretation. Resolution could be enhanced using DWT,
SWT and DTCWT. Contrast can be improved using
histogram equalization (HE), adaptive histogram
equalization (AHE), contrast limited adaptive histogram
equalization (CLAHE).
Proposed algorithm DTCWT-CLAHE-Wiener shows
that it outperforms other conventional method for
improving visual quality of the X-Ray image. Wiener filter
takes less time as compared to NLM filter, which is the
advantage in emergency situations.
V. FUTURE SCOPE
The enhancement method is proposed here for the
purpose of medical image enhancement has considered
some transform techniques, also some medical images
such as X-Ray, Ultrasound and MRI. But with the ever
increasing technology, new methods will be introduced in
the market and that may provide better results than this
proposed work. So, with the increasing time, new
transforms and images will be tested for providing more
benefit to various areas of interests.
In the proposed work, for enhancing the contrast,
contrast limited adaptive Histogram Equalization
(CLAHE) is used and it showed better results. Other
techniques such as Local Histogram Equalization,
Generalized Histogram Equalization can be used for
enhancing the results. Resolution is improved using dual
tree complex wavelet. etc.
TABLE I. Comparison of proposed method with other methods
MSE
HE

0.0244

PSNR
(dB)
16.1247

SNR
(dB)
8.8609

CR
0.849

Time
(sec.)
1.687

AHE

0.0202

16.9360

9.6722

0.972

1.754

DTCWTHE-NLM

0.0060

22.2259

16.1994

0.864

10630.4
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DTCWTAHE-NL
M
DTCWTCLAHEWiener

0.0027

25.6958

19.2123

0.874

9255.78

0.0001

42.3519

35.1446

1.032

5.965
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(a) Input image

(c) AHE Image
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Fig. 4 (a) Input Image, (b) Histogram Equalized Image, (c) Adaptive
histogram equalized Image, (d) DTCWT-HE-NLM Image, (e)
DTCWT-AHE-NLM, (f) DTCWT-CLAHE-Wiener.
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