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ABSTRACT

Image contrast enhancement is important in medical applications. This is due to the fact that visual examination of
medical images is essential in the diagnosis of many diseases. Different contrast enhancement techniques are used
to improve the contrast of medical images such as histogram equalization, histogram modification techniques,
morphological Filtering etc. This paper presents review of various contrast enhancement techniques and
application of it in medical image enhancement.
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1. Introduction

Basically, the idea behind enhancement technigques is to bring out detail that is obscured, or simply to highlight
certain features of interest in an image. A familiar example of enhancement is when we increase the contrast of an
image because “it looks better”[1]. The term contrast, as observed in digital images, is the separation of dark and
bright areas present in the image[13]. Image enhancement is dependent on the application context. An enhancement
technique performing well in enhancing biomedical images may not be identically efficient in enhancing satellite
images[9]. Medical images have an important role in diagnosing a disease and monitoring the effect of the selected
treatments[8]. Emergency situations, environmental noises, patients’ special conditions in photography, lighting
conditions and technical constraints of imaging devices are among the reasons why images may have low quality[8].
In such cases, image enhancement techniques can be useful, especially when reimaging is impossible. It is used to
repair the damaged images, an efficient contrast enhancement technique can enhance small details of an image so
that radiologists can properly monitor patient’s health condition, and they do not required to go for reimaging.

2. Histogram Equalization

Histogram Equalization (HE) is a very popular technique to perform contrast enhancement due to its simplicity and
effectiveness [1]. In general, the HE distributes pixel values uniformly and the processing results in an enhanced
image with linear cumulative histogram. It changes the brightness of an image and globally enhance the image. This
technique is suitable for Poor lightened image. As known, the traditional HE method suffers from the unpleasant
visual artifacts which makes HE often over-enhances the background of the image and causes level saturation
effects in small but visually important areas, especially for chest x-ray images with motion artifacts by the cardiac
beat. To overcome the visual artifacts of the traditional HE method and add more flexibility to it, many researches
have already been done on histogram equalization in the past few years and many different improvement schemes
have been proposed. Generally, we can classify these methods into two principle categories: (1) the improved global
methods based on histogram equalization or histogram modification. and (2) the adaptive (or local) HE methods
(named as AHE); Techniques based on global and local histogram equalization is given below.

3. Global HE Techniques
3.1 Brightness Preserving Bi-Histogram Equalization (BBHE):

In this technique image is decomposed into two sub images and equalizes both sub images independently. It
preserves mean brightness of the image[22].
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3.2 Dualistic Sub Image Histogram Equalization (DSIHE):

It decomposes an image into two equal area sub-images, one dark and one bright, based on its gray level cumulative
probability density. Then the two sub images are taken in equalization process respectively. It enhance an image
with its original luminance[24].

3.3 Recursive Mean-Separate Histogram Egualization(RMSHE):

This technique is an extension of BBHE technique, in this instead of decomposing the input image only once, it
decompose the image recursively and equalize the image. It tends to preserve better brightness than HE, BBHE and
DSIHE methods.

3.4 Recursive Separated and Weighted Histogram Equalization (RSWHE):

This technique is slightly different from above techniques, it first modifies the input histogram and then runs the
equalization procedure[13]. It tends to preserve the image brightness and produces images with better contrast.

3.5 Minimum Mean Brightness Error Bi-Histogram Equalization (MMBEBHE):

This method also decomposes the input image in to two sub images and Histogram Equalization method is applied
for both the sub images. In MMBEBHE we find the threshold level It which decomposes the image | into two sub-
images I[0,It ] and I[lt +1, L —1] , so that the minimum brightness difference is achieved between the input image
and the output image. The threshold level It is the value that yields minimum AMBE. Once the input image is
decomposed, both the sub images are enhanced separately using the Classical HE process [23].

In global contrast enhancement, pixels are modified by a transformation function based on the gray-level content of
an entire image[1]. In this approach, the contrast stretching is limited in gray levels with high frequencies[25]. T his
causes significant contrast loss for gray levels having lower frequencies[25]. Although this global approach is
suitable for overall enhancement, there are cases like a mammography images in which it is necessary to enhance
details over small areas in an image. To overcome this problem, different Local Histogram Equalization (LHE)
methods have been proposed.

4. Local HE Techniques

LHE techniques plays an important role in enhancing contrast of medical images. This technique is very useful for
amplifying tiny anatomies, such as airways, vessels, lung nodules and pulmonary fissures in the lung CT
images[11].

4.1 AHE

This technique divides the image into several non-overlapped sub-images and derives their histograms and modifies
the histogram to enhance the contrast of the pixels within the sub-images. This way AHE enhance local contrast of
an image.

4.2 CLAHE

Contrast-Limited Adaptive Histogram Equalization (CLAHE) is an adaptive contrast enhancement method. It is
based on adaptive histogram equalization. Adaptive Histogram Equalization is an extension to conventional
Histogram Equalization technique. It locally enhance the image, so this technique is suitable when object in image is
not easily perceivable. The CLAHE algorithm partitions the images into contextual regions and applies the
histogram equalization to each one[10]. S.Muniyappan et al. 2013 proposed a contrast enhancement technique for
mammography images based on CLAHE technique.

However, LHE requires high computational cost and sometimes causes over-enhancement in some portion of the
image. Another problem of these methods is that it also enhances the noises in the input image along with the image
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features. Nonetheless, most of the time, these methods produce an undesirable checkerboard effects on enhanced
images.

5. Morphological Transform

In morphology, the objects in an image are considered as set of points and operations are defined between two sets:
the object and the structuring element (SE).

5.1 Single scale morphological filtering:

Single scale morphological filtering performs image enhancement using the morphological top hat transform
corresponding to the size/scale of the used structuring element. Local contrast enhancement can be achieved by
adding an original image to the difference between top-hat and bottom hat transformed image[9]. This is done as
follows:

fo= f+ fTH — fBH[9]
where f is the original image, fO represents the final enhanced image, fTH represents the extracted white image
regions using top hat transform, fBH represents the extracted black image regions using bottom hat transform.

5.2 Multi scale morphology:

A morphological operation with a scalable structuring element can extract features based not only on shape but also
on size. Also features of identical shape but of different size are now treated separately. Such a scheme of
morphological operations where a structuring element of varying scale is used is termed as multiscale morphology.
Multiscale morphology is used to enhance the contrast of the image at various scales or sizes of the structuring
element[9]. Use of multiscale morphological transform to enhance the contrast of medical images, by exponentially
increase size of disc shaped mask, it gives enhanced image per mask and after that CIR(Contrast Improvement
Ratio) measure is used to select final contrast enhanced image[8].

6. Neural networks in image enhance ment

Acrtificial Neural Network (ANN) is closely related to image processing task[3]. Nowadays researches in the field of
image processing are actively used neural networks[3]. One advantage of using ANN is the ability of ANN to adapt,
which appear in form of internal characteristics changing of ANN to perform particular task[3]. Contrast
enhancement based on artificial neural networks has many important advantages in solving problems that are too
complex for conventional technologies[3]. A neural network is a powerful data modeling tool that is able to capture
and represent complex input/output relationships[3]. Use of Neural networks for the contrast enhancement of images
that includes colored images like stained media for TB bacilli has been proved an important tool for diagnostic
purpose as the visibility is increased. The role of feed-forward ANNs and Self Organizing Maps has been extended
to encompass also low-level image processing tasks such as noise suppression and image enhancement[14]. The
majority of the ANNs were applied directly to pixel data. Tsai et al. has train a Hopfield network for enhancement of
endocardiac borders. Waxman et al. [17] consider the application of a centre-surround shunting feed-forward ANN
(proposed by Grossberg) for contrast enhancement and colour night vision. In several other applications, regression
or classification (mapping) networks were trained to perform image restoration or enhancement directly from pixel
data. Neural networks perform in two different modes, learning (or training) and testing. And there are algorithms in
ANN, which trains net for different applications. We can see presence of these algorithms in medical science
too[14]. As these algorithms train net for diagnosing different diseases of patients.

7. CONCLUSION

A survey of various contrast enhancement techniques is presented along with their comparison. Many image
contrast enhancement techniques like Histogram Equalization (HE), Morphological Transform etc have been
reviewed and compared. Local enhancement is not handled by HE, BBHE, DSIHE, MMBEBHE, have been
properly enhanced by AHE and CLAHE techniques. We can train the neural network for enhancement of medical
images it overcomes the shortcoming of under enhancement and enhances the image to correct extent.
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