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Abstract - General framework based on histogram equalization for image contrast enhancement is discussed. In
this framework, contrast enhancement is posed as an optimization problem that minimizes a cost function.
Histogram equalization is an effective technique for contrast enhancement. However, conventional histogram
equalization (HE) usually results in excessive contrast enhancement, which in turn gives the processed image an
unnatural look and creates visual artifacts. By introducing specifically designed penalty terms, the level of
contrast enhancement can be adjusted; noise robustness, white/black stretching and mean-brightness
preservation may easily be incorporated into the optimization.

Keywords: Histogram equalization, histogram modification, image/video quality enhancement.

1. INTRODUCTION

Contrast enhancement plays a crucial role in image processing applications, such as digital
photography, medical image analysis, remote sensing, LCD display processing, and scientific
visualization. Image enhancement is a technique which reduces image noise, remove
artifacts, and preserve details. Its purpose is to amplify certain image features for analysis,
diagnosis and display.

Contrast enhancement increases the total contrast of an image by making light colors lighter
and dark colors darker at the same time. It does this by setting all color components below a
specified lower bound to zero, and all color components above a specified upper bound to the
maximum intensity (that is, 255). Color components between the upper and lower bounds are
set to a linear ramp of values between 0 and 255. Because the upper bound must be greater
than the lower bound, the lower bound must be between 0 and 254, and the upper bound must
be between 1 and 255. Some users describe the enhanced image that if a curtain of fog has

been removed from the image 1,

There are several reasons for an image/video to have poor contrast:

. the poor quality of the used imaging device,
. lack of expertise of the operator, and
. The adverse external conditions at the time of acquisition.

These effects result in under-utilization of the offered dynamic range. As a result, such
images and videos may not reveal all the details in the captured scene, and may have a

washed-out and unnatural look.
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2. IMAGE ENHANCEMENT

Image enhancement processed consist of a collection of techniques that seek to improve the
visual appearance of an image or to convert the image to a form better suited for analysis by a
human or machine'”. Enhancement of an image can be implemented by using different
operations of brightness increment, sharpening, blurring or noise removal. Unfortunately,
there is no general theory for determining what ‘good’ image enhancement, when it comes to
human perception. If it looks good, it is good! While categorizing Image Enhancement

operations can be divided in two categories:

Image
Enhancement
Noise Removal Contrast
Enhancement
Using Filtering Using Contrast Enhancement
or Histogram Equalization
Techniques

Figure 1.1: Operations of Image Enhancement

As shown in Fig. 1.1, image enhancement can be implemented by Noise removal or Contrast
Enhancement °!. Noise Removal is an operation to remove unwanted details from an image.
This detail gets attached to an image while capturing or acquisition process. Noise may be
due to environment particles, capturing device inability, lack of experience of machine/
computer operator or some other reason. Noise removal helps an image processing system to

extract necessary information only.

Other operation of Image Enhancement is Contrast Improvement. This process is used to
make the image brighter, visual and detail worth full. Contrast Enhancement is the major area

of this study and represents various methodologies being used for this process.
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2.1 TECHNIQUES OF CONTRAST ENHANCEMENT

These techniques can be broadly categorized into two groups:
° direct methods and,

. Indirect methods.

2.1.1 Direct method

In direct method of contrast enhancement, a contrast measure is first defined, which is then
modified by a mapping function to generate the pixel value of the enhanced image. Various
mapping functions such as the square root function, the exponential function, etc., have been
introduced for the contrast measure modification. However, these functions do not produce
satisfactory contrast enhancement results and are usually sensitive to noise and digitization
effects [4]. In addition, they are computationally complex from the point of view of
implementation. The polynomial function is ready to implement on digital computers and

provides very satisfactory contrast enhancement.

2.1.2 Indirect method

Indirect methods, on the other hand, improve the contrast through exploiting the under-
utilized regions of the dynamic range without defining a specific contrast term. Most methods
in the literature fall into the second group [4]. Indirect methods can further be divided into

several subgroups:

. techniques that decompose an image into high and low frequency signals for
manipulation, e.g., homomorphic filtering,

. Histogram modification techniques, and

° Transform-based techniques.

Out of these three subgroups, the second subgroup received the most attention due to its

straightforward and intuitive implementation qualities.

3. HISTOGRAM EQUALIZATION
Contrast enhancement techniques in the second subgroup modify the image through some
pixel mapping such that the histogram of the processed image is more spread than that of the

original image. Techniques in this subgroup either enhance the contrast globally or locally. If
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a single mapping derived from the image is used then it is a global method; if the
neighborhood of each pixel is used to obtain a local mapping function then it is a local
method. Using a single global mapping cannot (specifically) enhance the local contrast [5],
[6]. One of the most popular global contrast enhancement techniques is histogram

equalization (HE).

The histogram in the context of image processing is the operation by which the occurrence of
each intensity value in the image is shown. Normally, the histogram is a graph showing the
number of pixels in an image at each different intensity value found in that image. For an 8-
bit grayscale image there are 256 different possible intensities, and so the histogram will
graphically display 256 numbers showing the distribution of pixels amongst those grayscale
values [7]. Histogram equalization is the technique by which the dynamic range of the
histogram of an image is increased. HE assigns the intensity values of pixels in the input
image such that the output image contains a uniform distribution of intensities. It improves
contrast and the goal of HE is to obtain a uniform histogram. This technique can be used on a
whole image or just on a part of an image. This method usually increases the global contrast
of many images, especially when the usable data of the image is represented by close contrast
values. Through this adjustment, the intensities can be better distributed on the histogram.
This allows for areas of lower local contrast to gain a higher contrast without affecting the
global contrast. Histogram equalization accomplishes this by effectively spreading out the
most frequent intensity values. The method is useful in images with backgrounds and
foregrounds that are both bright or both dark. In particular, the method can lead to better
views of bone structure in x-ray images, and to better detail in photographs that are over or

under-exposed.

e Advantage: A key advantage of the method is that it is a fairly
straightforward technique and an invertible operator. So in theory, if the
histogram equalization function is known, then the original histogram can be
recovered.

e Disadvantage: A disadvantage of the method is that it is indiscriminate. It
may increase the contrast of background noise, while decreasing the usable

signal.
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HE often produces unrealistic effects in photographs; however it is very useful for scientific
images like thermal, satellite or x-ray images, often the same class of images that user would
apply false-color to. Also histogram equalization can produce undesirable effects (like visible
image gradient) when applied to images with low color depth. For example if applied to 8-bit
image displayed with 8-bit gray-scale palette it will further reduce color depth (number of
unique shades of gray) of the image. Histogram equalization will work the best when applied
to images with much higher color depth than palette size, like continuous data or 16-bit gray-

scale images.

Histogram equalization is a specific case of the more general class of histogram remapping
methods. These methods seek to adjust the image to make it easier to analyze or improve
visual quality. The above describes histogram equalization on a grey-scale image. However it
can also be used on color images by applying the same method separately to the Red, Green
and Blue components of the RGB color values of the image. Still, it should be noted that
applying the same method on the Red, Green, and Blue components of an RGB image may
yield dramatic changes in the image's color balance since the relative distributions of the
color channels change as a result of applying the algorithm. However, if the image is first
converted to another color space, Lab color space, or HSL/HSV color space in particular,
then the algorithm can be applied to the luminance or value channel without resulting in

changes to the hue and saturation of the image [3].

The histogram is a discrete function

h(r=k) = ny,

Where ny is the number of pixels in the image having gray level k

It is a common practice to normalize a histogram by dividing each of its values by the total

number of pixels in the image (n)

p(=k) =ny/n, k=0, 1, ..., L-1

Where p(r=k) is an estimate of the probability of occurrence of gray level k [8].

Following graph shows the histogram equalization for 2D image:
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Figure 1.2: Sample Histogram for a 2D Image Array

Histogram for Different Type of Images:
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Figure 1.3: Sample Histogram for images with different contrasts
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4. CONCLUSION

The contrast of the image can be improved without introducing visual artifacts that decrease the
visual quality of an image and cause it to have an unnatural look. The experimental results show
the effectiveness of the algorithm in comparison to other contrast enhancement algorithms.
Obtained images are visually pleasing, artifact free, and natural looking. A desirable feature of
this paper is that it does not introduce flickering. This is mainly due to the fact that the method
uses the input (conditional) histogram, which does not change significantly within the same
scene, as the primary source of information. This method is applicable to a wide variety of
images. It also offers a level of controllability and adaptability through which different levels of

contrast enhancement, from histogram equalization to no contrast enhancement, can be achieved.
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