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Abstract: 
      Medical image processing has been a revolution in the modern medical science. In an ideal world we would be able to diagnose, 
treat and cure patients without causing any harmful side effects. The use of medical imaging has enabled doctors to see inside a patient 
without having to cut them open. Medical imaging also helps us learn more about neurobiology and human behaviors. Brain imaging 
is being used to understand why some people become long-term cocaine addicts and some do not. Medical imaging brings scientists 
from biology, chemistry and physics together and the technologies developed can often be used in many disciplines. In this paper, 
medical images are enhanced in frequency and time domain. Local transformation histogram technique is employed for contrast 
enhancement; afterwards images are enhanced overall using Fuzzy-Neural technique. The proposed technique is implemented on the 
working platform of MATLAB 2018b.  
 
Keywords:  LTH, Neuro-Fuzzy, Weiner Filter, DWT, CLAHE, Fuzzy Set, Antropy, PSNR. 
 
1-INTRODUCTION 
1.1-BACKGROUND 

With the discovery of x-ray in 1895, images were routinely acquired for medical diagnostics. Fostered by the increasing use 
of direct digital imaging systems, digital image processing has become increasingly important in health care. In addition to originally 
digital methods such as computed tomography (CT) or magnetic resonance imaging (MRI), initially analogue imaging modalities such 
as endoscopy or radiography have now been equipped with digital sensors. Digital images are composed of individual pixels (this 
acronym is formed from the words "picture" and "element"), where discrete brightness or color values are assigned. They can be 
efficiently processed, objectively evaluated and made available in many places at the same time by means of appropriate 
communication networks and protocols, such as picture archiving and communication systems (PACS) and the digital imaging and 
communications in medicine (DICOM) protocol, respectively. Based on digital imaging techniques, the entire spectrum of digital 
image processing is now applicable to the study of medicine. 

 
Figure 1.1 Scheme of image processing 
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The commonly used term "medical image processing" means the provision of digital image processing for medicine. Medical 
image processing covers five major areas. Image formation includes all the steps from capturing the image to forming a digital image 
matrix. Image visualization refers to all types of manipulation of this matrix, resulting in an optimized output of the image. 

 
Image analysis includes all the steps of processing, which are used for quantitative measurements as well as abstract 

interpretations of medical images. These steps require a-priori knowledge on the nature and content of the images, which must be 
integrated into the algorithms on a high level of abstraction. Thus, the process of image analysis is very specific, and developed 
algorithms can rarely be transferred directly into other domains of applications. Image management encompasses all the techniques 
that provide the efficient storage, communication, transmission, archiving and access (retrieval) of image data. A simple grayscale 
radiograph in its original condition may require several megabytes of storage capacity, and compression techniques are applied. The 
methods of telemedicine are also a part of image management. 

 
        Today, digital x-rays enable images to more easily be shared and compared. Digital imaging gave rise to the CT scanner and 
allows physicians to watch real-time x-rays on a monitor—a technique known as x-ray fluoroscopy—to help guide invasive 
procedures such as angiograms and biopsies. No longer limited to simple anatomical imaging, current research is focusing on what 
can be gleaned through functional imaging. Biomedical engineers are using CT and MRI to measure the blood perfusion of tissue; 
especially important after a heart attack or suspected heart attack. Researchers are also using functional MRI (fMRI) to measure 
different types of brain activity following strokes and traumatic head injuries [1]. 
 
       PET scans—which use a radioactive tracer to measure metabolic changes, blood flow and oxygen use—have also improved 
with technological advancements. PET scans enable researchers to compare, for example, brain activity during periods of depression 
based on the chemical activity in the brain. Optical molecular imaging technologies represent a new area of research that can be used 
to image human cells and molecules without the need for a biopsy or cell culture. Using contrast or imaging agents that attach to 
specific molecules, disease processes, such as cancer, can be spotted before they render their effects at the level of gross pathology. 
Optical coherence tomography (OCT) is a newer form of CT being used in research that constructs images from light that is 
transmitted and scattered through the body. The power of ultrasound is being used in conjunction with micro bubbles. The micro 
bubbles can be injected directly into a specific location and then burst via ultrasound to emit localized contrast agents for imaging, 
chemotherapy for cancer treatment, air to help dissolve clots, and genes or drugs which can more easily penetrate cell membranes that 
are weakened by ultrasound [1,2]. New imaging techniques bring new means for peering into the human body, helping to reduce the 
need for more invasive diagnostic and treatment procedures. 
 
2-LITERATURE SURVEY 

Yang et al. (2010): Low contrast and poor quality were main problems in the production of medical images. By using the 
wavelet transform and Haar transform, a novel image enhancement approach was proposed. First, a medical image was decomposed 
with wavelet transform. Secondly, all high-frequency sub-images were decomposed with Haar transform. Thirdly, noise in the 
frequency field was reduced by the soft-threshold method. Fourthly, high-frequency coefficients were enhanced by different weight 
values in different sub-images. Then, the enhanced image was obtained through the inverse wavelet transform and inverse Haar 
transform. 
        R. Maini and H. Aggarwal (2014), had provided an overview of underlying concepts, along with algorithms commonly 
used for image enhancement. The paper focuses on spatial domain techniques for image enhancement, with particular reference to 
point processing methods and histogram processing.  
        Mahmoud and Marshall (2014), an edge detected morphological filter was proposed to sharpen digital medical images. 
This was done by detecting the positions of the edges and then applying a class of morphological filtering. Motivated by the success of 
threshold decomposition, gradient based operators were used to detect the locations of the edges. A morphological filter was used to 
sharpen these detected edges. Experimental results demonstrate that the detected edge deblurring filter improved the visibility and 
perceptibility of various embedded structures in digital medical images 
       Wang et al. (2015), a novel histogram mapping method was proposed. It used a fast local feature generation technique to 
establish a combined histogram that represents voxels’ local means as well as grey levels. Different sections of the combined 
histogram, separated by individual peaks, were independently mapped into the target histogram scale under the constraint that the final 
overall histogram should be as uniform as possible. 
    Li, Liangliang ET. AL (2018), a novel medical image enhancement algorithm was proposed. The structure of the paper was 
as follows: Firstly, the input image was processed with the Contrast-limited adaptive histogram equalization (CLAHE) to improve the 
global contrast; Secondly, the image processed by the CLAHE was decomposed into one low-frequency component and several high-
frequency components with non-subsampled contourlet transform (NSCT); the linear stretching was adopted to process the low-



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.09.50 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:9(3), September: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 4th September  

 Publication Date:30th September 2021 

 

 
51 

 

frequency component to improve the contrast and the adaptive thresholding was applied to suppress the noise of the high-frequency 
components. Thirdly, the inverse NSCT was used to reconstruct the processed coefficients of low-frequency sub-band and high-
frequency sub-bands, and then the unsharp masking was applied to enhance the edge details. 

   Chenyi Zhao et. al (2019), a new method based on luminance-level modulation and gradient modulation (LM&GM) was 
proposed in paper. LM&GM was a two-stage approach that, first, increased the visual perception using the luminance-level 
modulation (LM) operation by compressing the range of luminance levels of the input image, and secondly, used the gradient 
modulation (GM) operation to enhance the details of the previous step result. Experimental results on CT images, X-ray images and 
MRI images from medical image datasets and quantitative analyses by structural similarity index measurement (SSIM), average 
gradient (AG), relative enhancement in contrast (REC) and information entropy (IE) demonstrate that the results of the proposed 
method were competitive and overwhelm those of the existing methods. 

 
3-RESEARCH METHODOLOGY 
3.1 PROBLEM STATEMENT AND MOTIVATION 

As we had gone through several diagnostic & disease detection research papers, we noted that more focus had been put on 
the stages like segmentation and classification, due to the negligence of image quality enhancement further stages throughput is not 
good enough to yield maximum classification accuracy. This motivates us to work upon the basic and fundamental step of image 
detection using an innovative technique namely fuzzy-neural enhancement. We are expecting better PSNR, Entropy, CNR and MSE 
value at the final stage. Here we propose a fuzzy based Algorithm to improve the data efficiency and quality of the detection of the 
image. The algorithm designed will be incorporation of regression based Neural network analysis and Fuzzy rule-based model. This 
fuzzy neuro algorithm is designed for the enhancement of the image. 

 
3.2 OBJECTIVES 

The objectives of our research are formulated from the drawbacks of previous research, in previous articles we found 
researchers are providing heed towards the top layer processing in medical image processing like segmentation and classification, 
without focusing over basic foundation layers like preprocessing. Therefore, we set our objectives as under. 

 Amphasis over preprocessing like denoising and unwanted sections to be removed. 
 Multi-layered enhancement techniques in time as well as in frequency domains. 
 Fuzzy neural enhancement in post stage of enhancement. 
 PSNR, CNR and Antropy parameters are kept in view while processing images in the process. 

 
3.3 PROPOSED WORK 

In this project different medical images are collected for the purpose of enhancement. Following are the medical images 
considered 

 
3.3.1 MR images:  Magnetic resonance imaging (MRI), also known as nuclear magnetic resonance imaging, is a scanning technique 
for creating detailed images of the human body. The scan uses a strong magnetic field and radio waves to generate images of parts of 
the body that can't be seen as well with X-rays, CT scans or ultrasound. For example, it can help doctors to see inside joints, cartilage, 
ligaments, muscles and tendons, which makes it helpful for detecting various sports injuries. MRI is also used to examine internal 
body structures and diagnose a variety of disorders, such as strokes, tumors, aneurysms, spinal cord injuries, multiple sclerosis and eye 
or inner ear problems. It is also widely used in research to measure brain structure and function, among other things. 
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Figure 3.1: Implementation Flow diagram 

 

 
Figure 3.2: MRI image 

 
3.3.2 FINGERPRINT IMAGING: The unique nature of a fingerprint makes it ideal for use in automated recognition systems. A 
fingerprint is made of a series of ridges and grooves. Once a fingerprint is captured the system locates the minutiae points. These 
minutiae points occur where the lines of the ridges begin, end, branch off and merge with other ridge lines. These points are then 
mapped and a line is drawn between each point. This creates a map of how each point relates to the other points. The map is then 
stored as a data stream called a minutia template in a database for future comparison with other presented fingerprints. It is important 
to note that during the entire process no fingerprint images are stored on the system and a fingerprint image cannot be recreated from 
the minutiae template. 

 
Figure 3.3: Fingerprint Imaging 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.09.50 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:9(3), September: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 4th September  

 Publication Date:30th September 2021 

 

 
53 

 

3.3.4 -SELENOGRAPHY: Selenography is the study of the surface and physical features of the Moon. Historically, the principal 
concern of selenographists was the mapping and naming of the lunar maria, craters, mountain ranges, and other various features. This 
task was largely finished when high resolution images of the near and far sides of the Moon were obtained by orbiting spacecraft 
during the early space era. Nevertheless, some regions of the Moon remain poorly imaged and the exact locations of many features are 
uncertain by several kilometers. Today, selenography is considered to be a subdiscipline of selenology, which itself is most often 
referred to as just "lunar science." The word selenography is derived from the Greek lunar deity Selene and γράφω. 

 
Figure 3.4: Selenographic imaging 

 
3.4- PREPROCESSING 
        The preprocessing of images aims at selectively removing the redundancy present in captured images without affecting the 
details that play a key role in the overall process. Re-sizing of an image is performed by the process of the interpolation. It is a process 
which re-samples the image to determine values between defined pixels. Thus, a resized image contains more or less pixels than that 
of the original image. The intensity values of additional pixels are obtained through interpolation if the resolution of the image is 
increased.  
 
        Filtering Uncertainties are introduced into the image such as random image noise, partial volume effects and intensity non 
uniformity artifact (INU), due to the movement of the camera. This results in smooth and slowly varying change in image pixel values 
and leads to information loss, SNR gain and degradation of edge and finer details of image. 
 
3.5- WIENER FILTERING 

The most important technique for removal of blur in images due to linear motion or unfocussed optics is the Wiener filter. 
From a signal processing standpoint, blurring due to linear motion in a photograph is the result of poor sampling. Each pixel in a 
digital representation of the photograph should represent the intensity of a single stationary point in front of the camera. 
Unfortunately, if the shutter speed is too slow and the camera is in motion, a given pixel will be an amalgam of intensities from points 
along the line of the camera's motion. This is a two-dimensional analogy to 

 

 
                                                                                                                                      (2) 

 
where F is the fourier transform of an "ideal" version of a given image, and H is the blurring function. In this case H is a sinc function: 
if three pixels in a line contain info from the same point on an image, the digital image will seem to have been convolved with a three-
point boxcar in the time domain. Ideally one could reverse-engineer a Fest, or F estimate, if G and H are known. This technique is 
inverse filtering. It should be noted that the image restoration tools described here work in a similar manner for cases with blur due to 
incorrect focus. In this case the only difference is in the selection of H. The 2-d Fourier transform of H for motion is a series of sinc 
functions in parallel on a line perpendicular to the direction of motion; and the 2-d Fourier transform of H for focus blurring is the 
sombrero function, described elsewhere. 
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In the real world, however, there are two problems with this method. First, H is not known precisely. Engineers can guess at 
the blurring function for a given circumstance, but determination of a good blurring function requires lots of trial and error. Second, 
inverse filtering fails in some circumstances because the sinc function goes to 0 at some values of x and y. Real pictures contain noise 
which becomes amplified to the point of destroying all attempts at reconstruction of a Fest. 

 
The best method to solve the second problem is to use Wiener filtering. This tool solves an estimate for F according to the 

following equation: 

                              (3) 
K is a constant chosen to optimize the estimate. This equation is derived from a least squares’ method. 
 

 
Figure 3.5 

 

          
Figure 3.6 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.09.50 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:9(3), September: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 4th September  

 Publication Date:30th September 2021 

 

 
55 

 

                 
Figure 3.7 

 

                               
Figure 3.8 

                            
Figure 3.9 
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Figure 3.10: Wiener Filtered Images 

 
3.6-LOCAL TRANSFORM HISTOGRAM 

 In this technique input image is converted into the frequency domain using DWT (Discrete Wavelet transform), then 
CLAHE (contrast limited adaptive histogram equalization) is applied to the LL band, afterward I-DWT transformations are done to 
convert image back into time domain. The process is deeply explained as under: 

 
Figure 2.11: LTH procedure 

 
3.7-DISCRETE WAVELET TRANSFORM 
    A wavelet, in the sense of the Discrete Wavelet Transform (or DWT), is an orthogonal function which can be applied to a 
finite group of data. Functionally, it is very much like the Discrete Fourier Transform, in that the transforming function is orthogonal, 
a signal passed twice through the transformation is unchanged, and the input signal is assumed to be a set of discrete time samples. 
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Both transforms are convolutions. The Discrete Wavelet Transform (DWT), which is based on sub-band coding, is found to yield a 
fast computation of Wavelet Transform. It is easy to implement and reduces the computation time and resources required. In DWT, 
the most prominent information in the signal appears in high amplitudes and the less prominent information appears in very low 
amplitudes. Data compression can be achieved by discarding these low amplitudes. The wavelet transform enables high compression 
ratios with good quality of reconstruction. Recently, the Wavelet Transforms have been chosen for the JPEG 2000 compression 
standard. The 2D wavelet transform can be expressed by the following equation: 
 

                                        (5) 
 
where the * is the complex conjugate symbol and function ψ is some function. The discrete wavelet transform (DWT) is an 
implementation of the wavelet transform using a discrete set of the wavelet scales and translations obeying some defined rules. The 
two-dimensional discrete wavelet transform is essentially a one-dimensional analysis of a two-dimensional signal. It only operates on 
one dimension at a time, by analyzing the rows and columns of an image in a separable fashion. The first step applies the analysis 
filters to the rows of an image. This produces two new images, where one image is set or coarse row coefficients, and the other a set of 
detail row coefficients. Next analysis filters are applied to the columns of each new image, to produce four different images called sub 
bands. Rows and columns analyzed with a high pass filter are designated with an H. Likewise, rows and columns analyzed with a low 
pass filter are designated with an L. For example, if a sub band image was produced using a high pass filter on the rows and a low pass 
filter on the columns, it is called the HL sub band. Figure shows this process in its entirety. 
  

 
Figure 3.12: Two-Dimensional Discrete Wavelet Transform. 

 
  The high and low pass filters operate separable on the rows and columns to create four different sub bands. An 8x8 image is 
used for example purposes only.  
 
3.8-CONTRAST LIMITED ADAPTIVE HISTOGRAM EQUALIZATION 
       While performing AHE if the region being processed has a relatively small intensity range, then the noise in that region gets 
more enhanced. It can also cause some kind of artifacts to appear in those regions. To limit the appearance of such artifacts and noise, 
a modification of AHE called Contrast Limited AHE can be used. The amount of contrast enhancement for some intensity is directly 
proportional to the slope of the CDF function at that intensity level. Hence contrast enhancement can be limited by limiting the slope 
of the CDF. The slope of CDF at a bin location is determined by the height of the histogram for that bin. Therefore, if we limit the 
height of the histogram to a certain level, we can limit the slope of the CDF and hence the amount of contrast enhancement. 
 
         The only difference between regular AHE and CLAHE is that there is one extra step to clip the histogram before the 
computation of its CDF as the mapping function is performed. Hence CLAHE is implemented in the same function titled AHE in 
ahe.cpp. The program "AHE" takes an additional optional parameter which specifies the level at which to clip the histogram. By 
default, no clipping is performed. Valid values for clipping fall in the range from 1 to 1/bins. 
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Following is the overview of the algorithm for this function: 
1. Calculate a grid size based on the maximum dimension of the image. The minimum grid size is 32 pixels square. 
2. If a window size is not specified choose the grid size as the default window size. 
3. Identify grid points on the image, starting from the top-left corner. Each grid point is separated by grid size pixels. 
4. For each grid point calculate the histogram of the region around it, having area equal to window size and centered at the grid 

point. 
5. If a clipping level is specified, clip the histogram computed above to that level and then use the new histogram to calculate the 

CDF. 
6. After calculating the mappings for each grid point, repeat steps 6 to 8 for each pixel in the input image. 
7. For each pixel find the four closest neighboring grid points that surround that pixel. 
8. Using the intensity value of the pixel as an index, find its mapping at the four grid points based on their cdfs. 
9. Interpolate among these values to get the mapping at the current pixel location. Map this intensity to the range [min:max) and 

put it in the output image. 
 

Clipping the histogram itself is not quite straightforward because the excess after clipping has to be redistributed among the other 
bins, which might increase the level of the clipped histogram. Hence the clipping should be performed at a level lower than the 
specified clip level so that after redistribution the maximum histogram level is equal to the clip level. 
 

To identify the point at which the clipping should be performed, I am using the binary search method as specified in the paper 
"Adaptive Histogram Equalization and its Variations". Following is an overview of the clipping algorithm. 

 
1. Let the specified clip level be Top and 0 be the Bottom. 
2. Until the difference between Top and Bottom become very small, perform the following steps: 

1. Calculate the Middle between Top and Bottom 
2. Find the sum of excess above Middle in each bin of the histogram 
3. If excess + Middle is greater than Clip level set Top = middle 
4. If excess + Middle is less than Clip level set Bottom = middle 
5. If excess + Middle is equal to Clip then Middle is the value at which clipping needs to be performed. Hence break out of the 

binary search loop. 
3. Clip the histogram at the value of middle and redistribute the excess into each bin equally. 

 
The function to clip the histogram and other histogram related functions are implemented in the C++ file, where in Image is the 

input image, bins specify the number of bins to use for calculating the cdfs, window size specifies the window size to use and 
clipLevel specifies histogram clipping level for contrast limited AHE Homogeneous CLAHE is only effective for images which 
contain relatively homogenous ere enhanced noise or artifacts may appear due to AHE. Following are some example images where 
performing CLAHE is effective: 

                    
(a)                                                                      (b) 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.09.50 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:9(3), September: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 4th September  

 Publication Date:30th September 2021 

 

 
59 

 

 

                                 
(c)                                                                     (d) 

 

                                  
(e)                                                                     (f) 

 
Figure 3.13: CLAHE enhanced images 

 
3.7-NEURO-FUZZY NETWORK FOR IMAGE ENHANCEMENT 

Fuzzy based enhancement of image is done which is followed by three steps i.e Fuzzification, Membership modification, 
Defuzzification. Fuzzy Enhancement on an image is done as in following steps. Define Fuzzy Limit, To Develop Histogram, Develop 
Fuzzy Histogram and Develop Final Histogram. 
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(a) 

 

                   
(b) 

 

                 
(c) 
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(d) 

                            
(e) 

 

                           
(f) 

Figure 2.18: Neuro-fuzzy Enhanced images 
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4-RESULTS AND DISCUSSIONS 
4.1 SIMULATION RESULTS 
PSNR: Peak signal-to-noise ratio, often abbreviated PSNR, is the ratio between the maximum possible power of a signal and the 
power of corrupting noise that affects the fidelity of its representation. Because many signals have a very wide dynamic range, PSNR 
is usually expressed in terms of the logarithmic decibel scale. 

                          (6) 
Where, 
MSE= Mean Squared Error 
MAXf is the maximum signal value that exists in our original “known to be good” image 
 
CONTRAST TO NOISE RATIO 
    Contrast-to-noise ratio (CNR) is a measure used to determine image quality. CNR is expressed as, 

                                           (6) 
where, SA and SB are signal intensities for signal producing structures A and B in the region of interest and σo is the standard 
deviation of the pure image noise. 
 
Results comparison with existing techniques is given below. 

 
Table 2: Comparison between Existing & proposed technique 

Techniques compared 
1. Proposed- image enhancement using fuzzy and regression neural network approach 
2. EHE- Equalization Image Enhancement Method 
3. HS-Histogram Matching Image Enhancement Method 
4. HE-Histogram Equalization Image Enhancement Method 
5. Fuzzy- Fuzzy Set Theory Image Enhancement Method 
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Images Used For comparative study 

 
 
5-CONCLUSION AND FUTURE SCOPE 
5.1 CONCLUSION 
     In the project, different types of images have been tested and performance evaluation of the proposed technique has been 
performed. As we can note from the comparison table, we have achieved better performance by the proposed technique than the 
existing technique. Future scope of the work will be carried out for the detection of the infected cells in either tumor or cancer using 
innovative segmentation and classification techniques. 
 
5.2 FUTURE SCOPE 

In this article we discussed filtering of medical images, which is the basic foundation of any medical image processing 
research. In the future, we can proceed with segmentation and classification of any one type of image in medical image processing and 
test the performance of the classifier with enhanced basic steps, discussed in this article. 
 
6.REFERENCES 

[1]-Y. Yang, Z. Su and L. Sun, “Medical image enhancement algorithm based on wavelet transform”,ELECTRONICS LETTERS 
21st January 2010 Vol. 46 No. 2 
[2]-Raman Maini and Himanshu Aggarwal, “A Comprehensive Review of Image Enhancement Techniques”, JOURNAL OF 
COMPUTING, VOLUME 2, ISSUE 3, MARCH 2010. 
[3]- Tarek A. Mahmoud, Stephen Marshall, “MEDICAL IMAGE ENHANCEMENT USING THRESHOLD DECOMPOSITION 
DRIVEN ADAPTIVE MORPHOLOGICAL FILTER”, University of Strathclyde, 204 George Street, Glasgow, UK, G1 1XW. 
[4]-Qian Wang, Liya Chen, Dinggang Shen, “Fast Histogram Equalization for Medical Image Enhancement”, 30th Annual 
International IEEE EMBS Conference Vancouver, British Columbia, Canada, August 20-24, 2008 
[5]-Y. Yang, Z. Su and L. Sun, “Medical image enhancement algorithm based on wavelet transform”,ELECTRONICS LETTERS 
21st January 2010 Vol. 46 No. 2 
[6]-Raman Maini and Himanshu Aggarwal, “A Comprehensive Review of Image Enhancement Techniques”, JOURNAL OF 
COMPUTING, VOLUME 2, ISSUE 3, MARCH 2010. 
[7]- Tarek A. Mahmoud, Stephen Marshall, “MEDICAL IMAGE ENHANCEMENT USING THRESHOLD DECOMPOSITION 
DRIVEN ADAPTIVE MORPHOLOGICAL FILTER”, University of Strathclyde, 204 George Street, Glasgow, UK, G1 1XW. 
[8]-Qian Wang, Liya Chen, Dinggang Shen, “Fast Histogram Equalization for Medical Image Enhancement”, 30th Annual 
International IEEE EMBS Conference Vancouver, British Columbia, Canada, August 20-24, 2008. 
[9] Li, Liangliang; Si, Yujuan and Jia, Zhenhong, "Medical Image Enhancement Based on CLAHE and Unsharp Masking in 
NSCT Domain”, Journal of Medical Imaging and Health Informatics, Volume 8, Number 3, March 2018, pp. 431-438(8). 
[10] Chenyi Zhaoa, Zeqi Wanga,Huanyu Lia , "A new approach for medical image enhancement based on luminance-level 
modulation and gradient modulation",Biomedical Signal Processing and Control, Volume 48, February 2019, Pages 189-196 

 


