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Abstract
In medical image processing, low contrast image analysis is a challenging problem. In digital image
processing contrast enhancement techniques are an important techniques for both human and computer
vision. Low contrast digital images reduce the ability of observer in analyzing the image. Histogram
based techniques are used to enhance contrast of all type of medical images. Histogram Equalization (HE)
is one of the simplest and effective technique to perform contrast enhancement. In histogram equalization
we reduce the number of gray levels by combining two or more less frequent neighboring gray levels in
one gray level; also we stretch high frequent intensities over high range of gray levels to achieve
comparatively more flat histogram. This flattering causes the overall enhancement of contrast of the input
image. In histogram equalization we do not have any mechanism to control the enhancement level, due to
this sometime output image have over enhanced regions. we propose a new method named “Modified
Histogram Based Contrast Enhancement using Homomorphic Filtering" (MH-FIL) for medical images.
This method uses two step processing, in first step global contrast of image is enhanced using histogram
modification followed by histogram equalization and then in second step homomorphic filtering is used
for image sharpening, this filtering if followed by image normalization. To evaluate the effectiveness of
our method we choose two widely used metrics Absolute Mean Brightness Error (AMBE) and Entropy.
Based on results of these two metrics this algorithm is proved as a flexible and effective way for medical
image enhancement and can be used as a pre-processing step for medical image understanding and
analysis.
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Introduction:
Histogram based techniques are used to enhance contrast of all type of medical images. They are mainly
used for all type of medical images such as for Mias mammogram images. these methods are used to find
exact locations of cancerous regions and for low-dose CT images. these methods are used to intensify tiny
anatomies like vessels, lungs nodules, airways and pulmonary fissures.
HE could not effectively work, when the input image contains regions that are significantly darker or
brighter than other parts of the image. To overcome above mentioned limitations of the traditional HE
method and make it more flexible, a number of HE based methods proposed by various groups of
researchers. One of the most significant contributions in this line was Adaptive Histogram Equalization
proposed by Hummel [1]. In this method, each pixel should be mapped to intensity proportional to its
rank in the pixels surrounding it. Adaptive Histogram Equalization has produced excellent results in
enhancing the signal component of an image but in many cases it enhances noise too. Noise enhancement
introduces the artifacts in the output image and theses artifact reduces the ability of observer to detect
information contained in the image.
K. Zuiderveld [2] introduces a new and effective tool named Contrast Limited Adaptive Histogram
Equalization (CLAHE), designed to deal with these artifacts in the output image. Another interesting
technique proposed by Polesel et al., [3] , Adaptive Unsharp Masking (US) technique. This technique is
effective but in certain cases for example in medical images it is unable to detect low contrast edges
present in images. All the above mentioned methods improve image contrast but they have a common
drawback that they are not able to preserve image brightness.
we propose a new method named “Modified Histogram Based Contrast Enhancement using
Homomorphic Filtering" (MH-FIL) for medical images. This method uses two step processing, in first
step global contrast of image is enhanced using histogram modification followed by histogram
equalization and then in second step homomorphic filtering is used for image sharpening, this filtering if
followed by image normalization. To evaluate the effectiveness of our method we choose two widely
used metrics Absolute Mean Brightness Error (AMBE) and Entropy. Based on results of these two
metrics this algorithm is proved as a flexible and effective way for medical image enhancement and can
be used as a pre-processing step for medical image understanding and analysis.
Research Method
Histogram Equalization Method
The histogram of an image is the graphical representation of the relative frequencies of the different gray
levels in the image. It provides a total description of the appearance of an image. There are several
contrast enhancement techniques based on histogram are available in order to improve the visible quality
of an image. The most common approach is the histogram equalization. Histogram equalization is a
preprocessing technique to enhance contrast in all type of images. Equalization implies mapping from
given intensity distribution (the given histogram) to uniform intensity distribution (a wider and more flat
distribution of intensity values) so the intensity values are spread over the whole range. Through this
adjustment, we can achieve close to equally distributed intensities in an output image. In histogram
equalization we consider an image as a 2 dimensional array of gray levels.
Let the (i,j) element of this array is X(i,j) be the intensity of (i,j) pixel of the image, where X(i,j) is from
the L discrete gray levels denoted by {
.The probability mass function (PMF) of of gray
level
is denoted by P[
and defined as:
P
,
k=0,1,2,…,L-1
(1)
Where

be the number of pixel having intensity k and n be the total number of pixels in image.
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The cumulative distribution function (CDF) of
C[ =P[X

is denoted by C[

and defined as

it is obvious that C[
Now we define a transform function f(0) for histogram equalization,
which maps an input gray level
into an output gray level f(k) , given as
f(
Modified Histogram Based Contrast Enhancement using Homomorphic Filtering
In this section we will completely describe proposed method Modified Histogram Based Contrast
Enhancement using Homomorphic Filtering (MH-FIL). Our method has two step processing, in first step
global contrast of image is enhanced using histogram modification followed by histogram equalization
and then in second step homomorphic filtering is used for image sharpening, this sharpening is followed
by image normalization. Figure 1 shows block diagram of proposed method.

Figure 1: shows functional block diagram of proposed method MH-FIL
Step 1. Histogram Modification: The main drawback of histogram equalization is that it does not provide
any mechanism by which we can adjust the level of enhancement. Here we are going to propose a
technique by which we have a control over level of contrast enhancement in the output image. HE uses a
level transformation function to enhance the image contrast, this transformation function also redistributes
the input image histogram such that the resultant histogram is closed to uniform distribution. we proposed
another new method of histogram modification for contrast enhancement. The proposed method has the
ability to control the level of contrast enhancement in the output image.
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Let H be the histogram of the input image and let
be the uniform histogram. The main idea is to obtain
a modified histogram
from the input histogram H such that the difference between
and
is
sufficiently small, keeping the
closer to H. Now it is an optimization problem and can be formalized
as:

In the diagram 1 we are showing mapping function for different values of

which varies from 0 to 1.

Diagram 1: shows importance of power law function
For
this function gets saturated earlier to maximum value. Hence this condition leads to over
enhancement in the mammogram image, when this value is near to 0 then the mapping gradually reaches
the maximum value. Now after applying above mentioned histogram modification, we apply HE to this
modified histogram. In our method we have chosen value of
. Our method produces images with
better contrast enhancement in terms of both subjective and objective as compared to other medical image
enhancement methods.
Step 2. Homomorphic Filtering: In general, enhancement in contrast also leads to enhancement of noise in
some visually important areas, hence we are applying homomorphic filtering to reduce the content of
noise in histogram equalized image. Homomorphic filtering is a popular method used to enhance or
restore the degraded images having uneven illumination. This technique uses illumination-reflectance
model in its operation. This model consider that, the image is been characterized by two primary
components. The first component is the amount of source illumination incident on the scene being viewed
i(x,y) . The second component is the reflectance component of the object on the scene r(x,y) . The image
f(x,y) is then defined as:
f(x,y)=r(x,y)i(x,y)
(5)
In this model, the intensity of i(x,y) changes slower than r(x,y). Therefore, i(x,y) is considered to have
more low frequency components than r(x,y). Using this fact, homomorphic filtering technique aims to
reduce the significance of i(x,y) by reducing the low frequency components of the image. This can be
achieved by executing the filtering process in frequency domain. In order to process an image in
frequency domain, the image need first to be transformed from spatial domain to frequency domain. This
can be done by using transformation functions, such as Fourier transform. However, before the
transformation is taking place, logarithm function has been used to change the multiplication operation of
r(x,y) with i(x,y) in equation (5) into addition operation. [4].
Following figure 2 shows flow chart of homomorphic filtering.
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Figure 2: shows flow chart of homomorphic filtering
After applying homomorphic filtering, we apply image normalization using the following formula:
=(
Where
and
respectively.

(6)
are mean brightness of input image and image produced after homomorphic filtering

Results
Experimental Result
In this section, we demonstrate the performance of the proposed method MH-FIL in comparison with
some existing HE based contrast enhancement methods, like HE, US (Unsharp Masking) and CLAHE. In
the following figure 3, we have shown contrast enhancement by different methods on chest-xray-vandy
image.
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Figure 3: shows results produced by various methods on chest-xray-vandy image
From the results of figure 3, it is clear that other HE based methods does not work well when the image
contains regions that are significantly brighter or darker than other parts of the image, these regions can
not be well enhanced by some HE based methods including HE and CLAHE.
If we check results of our method MH-FIL from others then we come to a conclusion that MH-FIL
produces visually better results than other methods. In the following figure 4, we are showing
effectiveness of our method in detection of cancerous region in an mammogram image patch.
From the results of figure 4, we observe that here, original image patch does not provide clear information
about cancerous region (a). Using HE (b) we can enhance the contrast in a given mammogram image. The
limitation of HE is that the mean gray level of output image changes drastically and we do not have any
control over it. CLAHE produces better results but the drawback of CLAHE (c) is that this method
enhances the background and foreground at equal level, this leads the enhancement of noise in the
background area and hence some artifacts appears in background of enhanced image, similar problem
occurs with US (d). MH-FIL(e) produces much better results as compared to results of other given
methods.
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Figure 4: shows results produced by various methods on a mammogram image patch.
Image Quality Assesment
We are showing results for 10 medical images, these images include mias mammogram images. The
following, Table 1 shows results of Absolute Mean Brightness Error (AMBE).
Table 1 Absolute Mean Brightness Error (AMBE)
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AMBE is used to calculate difference in mean brightness between two images. Mathematical expression
to calculate AMBE between two images is given as:
AMBE=⎸
Where
and
are mean brightness of input and processed image respectively. if we look at last row
of Table 1, which shows average results of AMBE then we find then MH-FIL has passable average
AMBE values.
Table 2 shows results of entropy values on given images by different methods. In general, the higher the
entropy is, the richer details and information the image holds. Mathematical expression to calculate
entropy of an image is given as:
Ent[P]=Where
is probability mass function (PMF) of image histogram.
Table 2 Entropy

Conclusion
The MH-FIL method provides optimum contrast enhancement while preserving the brightness of given
medical image and suitable for all types of medical images. We used Mias mammogram images and lowdose CT images for comparing our method with the existing other methods. Experimental results show
that AMBE of the proposed method is less in comparison of other methods. Also entropy of the proposed
method is better from HE, US and is comparative with the CLAHE. On the basis of analysis of these two
metrics shows that MH-FIL preserves the input image brightness more accurately and gives processed
image with better contrast enhancement.

References:
A. Polesel, G Ramponi and V. J. Mathews, Image Enhancement via adaptive unsharp masking, IEEE
Transaction on Image Processing, 9 (2000), pp. 505-510.
K Zuiderveld, “Contrast Limited Adaptive Histogram Equalization,” Chapter VIII, Graphics Gems IV,
P.S. Heckbert (Eds.), Cambridge, MA, Academic Press, (1994), pp. 474-485.
RA Hummel, “Image Enhancement by Histogram Transformation, Computer Graphics Image
Processing,” (1997), vol. 6, pp. 184-195.

56

International Academic Journal of Science and Engineering,
Vol. 2, No. 8, pp. 49-57.

S. Abdulla, M. Saleh and H Ibrahim, 2012, “Mathematical Equations for Homomorphic Filtering in
Frequecy Domain: A Literature Survey”, International Conference on Information and
Knowledge Management (ICIKM 2012) IPCSIT vol. 45 (2012) IACSIT Press, Singapore.

57

