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Abstract

This study presents image quality comparison between original images and three image enhancement techniques
namely imadjust, histogram equalization (HE) and contrast limited adaptive histogram equalization (CLAHE).
These techniques are applied to a collection of eight chest x-ray images which are considered as dark, noisy and
low in contrast and radiation dosage. The lacks of quality can be solved with these enhancement image techniques.
These techniques raised the quality of images and improve the diagnostic ability of the pathological features
observed in the images. Then the quality image factors including peak signal-to-noise ratio (PSNR), Mean squared
error (MSE), (MAXERR) and (L2rat) were used to evaluate the characteristic of the images. The findings showed
that the enhancement techniques managed to enhance the images make them more qualified than original images.
Keywords: Histogram Equalization, Contrast Limited Adaptive Histogram Equalization and Image Quality.

1. Introduction
X-ray is the first line of diagnosis by imaging modalities; although other modalities such as Magnetic Resonance
Imaging (MRI) and Computer Tomography (CT) give more accurate interpretations (Ozen et al. 2009). X-ray is
used in many applications for different medical and industrial purposes, but its images are dark and low contrast.
The digital image enhancement methods have become a major process for getting information from the images
structure and make the interpretation of these images better. So, in this study we used three enhancement methods
to improve x-ray image appearance and contrast.

Some of the x-ray images have real problem, because it was very dark, and don’t have useful details; the
increasing in brightness and contrast is very important purpose in the studies included these images.

Many studies have been undertaken to enhance the x-ray images for extracting information about the
sample structure and make interpretation of these images easier and the diagnosis more accurate (Mehdizadeh and
Dolatyar 2009, Rahmati et al. 2010, Al-Zuky et al. 2009, Uroukov et al. 2014 ).

2. Methology
Enhancement methods:
Imadjust converts the values in grayscale image I to new one as image J in which 1% of values are saturated at
minimum and maximum intensities of 1. This led to increase the contrast of the resulted image J (MATLAB
R2012a):

J = imadjust(l, [low in; high in], [low out; highout], gamma) (1)
When gamma is less than 1, the output image becomes brighter (higher values). When gamma is greater than 1,
the output image becomes darker (lower values).
Histogram equalization (HE) is a technique enhances the contrast of images by which the range of the histogram
is increased (Chen and Ramli 2003). It stretches the range of the image histogram; therefore, that the histogram of
the output image nearly identifies a specified histogram and reflects a uniform distribution of intensities. The
appearance of enhanced image is improved with HE algorithm by replacing each pixel a new intensity value
according to previous intensity value by using following Equation (Sity et al. 2012):

i max Intensity Level
G; = l }:o N]J ( No ofPix);ls ) (2)

Contrast Limited Adapted Histogram equalization (CLAHE) is originated from histogram equalization (HE).
It performs contrast-limited adaptive histogram equalization. Unlike Histogram Equalization, it works on limited
data regions or tiles rather than the total image. Each region's contrast is enhanced so that the histograms of each
input region and output result are approximately matched. If there is a noise in the image the contrast enhancement
must be limited to avoid the amplification of noise (Zuiderveld 1994)

Image quality measures:

Mean Square Error (MSE)

The mean square error (MSE) has been the main quantitative performance metric in the field of image evaluation.
It is the dominant criterion for the assessment of image quality. It is accumulative sum of square error between
original and enhanced image. If the MSE value is lower, then the error is lower (Reka Durai and Thiagarasu 2014):
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M and N are total number of pixels in the rows and columns of original and enhanced image (I &J).
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Peak Signal to Noise Ratio (PSNR)

The PSNR represents the peak signal-to-noise ratio between two images. This ratio is used as a quality measure
between the original and an enhanced image. If the PSNR is higher, the quality of enhanced image is better. PSNR
included two metrics of error used for comparing the image enhanced quality. PSNR is a measure of the error of
peak (Huynh 2008):

RZ

R represents the maximum fluctuation of input image. It equals to 255 for 8-bit unsigned integer data type.

Maxerr
MAXERR is the maximum absolute squared error of the specified output data with a size equal to that of the
input data (Huynh 2008).

L2Rat
It represents the ratio of the squared norm of the output image to the input image (Huynh 2008).

3. Results and Discussion

The enhancement techniques included Imadjust, HE and CLAHE are applied on X-ray chest images like those are
in figure 1 to improve their appearance for diagnosis goal and the results are like those are in figures 2, 3 and 4.
The histograms of original and 3 enhanced images which are resulted from the three techniques are shown in
figures 5, 6, 7and 8. It is clear that the histograms match each other but there is difference in stretching and fill of
each data as clearly in figures represented by (Imadjust, HE and CLAHE) techniques respectively. High contrasting
is happened in the edges in all methods; it is highest in HE images but some details disappeared. CLAHE images
relatively less contrast than HE but more details are obtained.

Table (1) represents the values of MSE, PSNR, MAXERR and L2Rat of all the images. The results
showed much difference between MSE values in original images and those in enhanced images of all three
techniques and the original images have bigger values than all enhanced images. In enhanced images themselves
there is little difference in MSE values but the images that are resulted from CLAHE have lowest values in 6/8
cases. PSNR values in original images are lowest and the enhanced images of CLAHE technique have bigger
values than other enhanced images in 5/8 cases. Basing on the fact that lowest value of MSE and the highest value
of PSNR are the best; the images which are resulted from CLAHE technique have best quality. The values of
MAXERR are unchanged while the L2Rat values are lowest in 7/8 cases in CLAHE results. Figure 9 showed the
stacked line with contribution of each value over its category included the original images and the enhanced images
with their quality measures values.

4. Conclusion

The study explained that all three enhancement methods give good appearance of the images especially in the
images resulted from CLAHE technique. The images resulted from HE technique are more bright and CLAHE
images are less bright compared with others but the detail of images are better in CLAHE images, so it is better
for diagnostic purposes. Although the quality measures generally have close values, they are better in CLAHE
technique than others.
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Figure 1, 2, 3 and 4. Original and three enhanced images by (Imadjust, HE and
CLAHE ) techniques respectively
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Figure 5,6,7 and 8. Histograms of original and 3 enhanced images by (Imadjust, HE and
CLAHE ) techniques respectively
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Table 1: MSE, PSNR, MAXERR, R2rat values for 8 images
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