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Abstract: Digital image quality is often degraded due to disturbances such as salt-and-
pepper noise and uneven lighting. This can hinder further image analysis and processing. 
This research aims to improve image quality by applying a combination of two filtering 
methods, namely Median Filter and CLAHE (Contrast Limited Adaptive Histogram 
Equalization), using MATLAB. Median Filter is used to remove impulsive noise without 
obscuring important details, while CLAHE is applied to improve image contrast 
adaptively and locally. Tests were conducted on grayscale images with artificial noise 
added. The experimental results show that the combination of both methods provides a 
significant improvement in image quality compared to the use of either method alone. 
Thus, this approach is effectively used for image pre-processing that requires detail 
recovery and contrast enhancement. 
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1. Introduction 
Digital images are 2-dimensional data that have color intensity information. The 

advantage of digital image data over other data is its ability to detect and recognize 
objects in a non-contact, non-destructive, remote, and wide-view manner. The 
implementation of digital images, among others, is used as an analysis of industrial 
products, agricultural products, medical conditions, traffic conditions, and 
environmental conditions in remote sensing images. The discussion on digital image 
processing consists of 3 basic components, namely color conversion, segmentation, and 
filters [1]. 

 
However, in the process of taking or transmitting images, there is often interference 

in the form of noise or a decrease in contrast that can affect the quality of the image. One 
type of noise that often appears is salt and pepper noise, in the form of black and white 
bits that appear randomly.  To overcome this problem, various image processing 
techniques have been developed [2,3,4]. One commonly used approach is filtering 
techniques. The use of one method in image processing, for example using only a median 
filter, is often ineffective in removing the noise. Improving image quality also requires 
optimizing image contrast. Therefore, this research combines two filtering techniques, 
namely the median filter and CLAHE methods, so that noise can be removed image 
details become sharper and the contrast is more even. 

 
The median filter is effective in removing noise by replacing the corrupted pixel value 

with the median value around it. Meanwhile, CLAHE is a method to improve the local 
contrast of the image by dividing the image into small blocks and applying histogram 
equalization adaptively [6,7,8]. By combining the median filter and CLAHE, this research 
is expected to provide a better solution than the single method, especially in improving 
the quality of digital images that have problems in this regard [9,10,11]. 
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2. Literature Review 
Basically, images can be grouped into 2 parts, namely visible images and invisible 

images. Various examples of visible images include family photos, wedding photos, 
tourism photos, wall paintings, images that can be seen on television or computer 
monitors, and holograms. Meanwhile, invisible images are images that are represented 
with numerical values or numbers, image data in the form of files on computers, and so 
on [2]. Image processing is a method used to transform, analyze, and improve digital 
images following certain objectives. The digital image itself is a visual display composed 
of a collection of pixels in the form of a two-dimensional matrix, where each pixel contains 
an intensity value that describes color or gray-level information. Image quality 
improvement techniques can be used to reduce noise, increase contrast, sharpen details, 
or improve lighting [3]. 

 
In general, images that need improvement are caused by noise in the form of salt and 

pepper noise. Salt and pepper noise is a type of impulsive noise that appears sporadically 
at several pixels in an image. This noise is usually caused by obstructing objects such as 
dust during image capture, errors in the analog-to-digital conversion (ADC) process, or 
damage to the camera sensor pixels. Noise with high intensity is known as salt noise 
which appears as bright spots, while noise with low intensity is called pepper noise which 
appears as dark spots in the image [1]. Moreover, to remove the noise, there are several 
methods, one of which is the widely used median filter. The median filter is a more 
effective method for dealing with salt-and-pepper noise. It replaces the value of each pixel 
with the median value of its neighbors, which helps remove the noise without blurring 
the edges too much. Median filters are very useful in applications where edge details are 
very important, such as in medical image processing or video surveillance (Hidayat & 
Isnanto, 2024). 

 
In addition to removing noise, image contrast enhancement is also an important 

aspect of image processing, especially in images that have uneven lighting. In this 
problem, the CLAHE technique can be used. CLAHE is an advanced version of the 
histogram equalization technique designed to adaptively improve image contrast and 
detail [12,13,14,15]. This method introduces a limit to the contrast enhancement process, 
thus preventing excessive noise and keeping image quality stable [5]. Recent research has 
shown that the combination of Median Filter and CLAHE can result in significant image 
quality improvement. The Median Filter is first used to remove salt-and-pepper noise, 
and then CLAHE is applied to locally enhance the contrast so that the details and 
important features of the image are preserved [16,17,18,19,20]. 

 
3. Method 

This research uses a combination of median filter and CLAHE (Contrast Limited 
Adaptive Histogram Equalization) methods. This process begins with a pre-processing 
stage in the form of image reading and conversion, followed by the application of a 
median filter to reduce salt and pepper-type noise, which is then followed by the CLAHE 
process to increase the local contrast of the image. The implementation process is carried 
out using MATLAB software as a programming tool and visualization of results. 

 
3.1 Median Filter 

The working principle of the median filter is to replace the disturbed pixel value with 
the center value of the surrounding pixels in a certain window. For example, in a 3x3 
window, the intensity values of nine pixels are collected, and sorted, and then the median 
value is selected instead of the center pixel. The main advantage of the median filter is its 
ability to remove noise without blurring edges or important details in the image, which 
is often the drawback of linear filters. Therefore, this method is often applied to image 
enhancement processes that require the preservation of visual details [4].  
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3.2 CLAHE (Contrast Limited Adaptive Histogram Equalization) 
 The CLAHE (Contrast Limited Adaptive Histogram Equalization) method is an 

image quality enhancement technique that works by improving the contrast locally in 
each part of the image. The process begins by dividing the image into small overlapping 
blocks, where each block is processed independently. For each block, a pixel intensity 
histogram is created to capture the local brightness distribution. Next, the histogram is 
processed through a histogram equalization process so that the intensity values are 
distributed more evenly so that the local contrast can be enhanced effectively. However, 
so that the contrast enhancement is not excessive, a clipping limit is applied to prevent 
extreme histogram values that may amplify noise. 

 

 

 

Figure 1. Flowchart of how the method works 

 
After that, interpolation between blocks is performed to ensure smooth transitions 

between regions and avoid the appearance of unwanted boundary lines. Since CLAHE 
has the potential to amplify noise already present in the image, additional techniques such 
as median filter are usually used to reduce the effect. In the final stage, the contrast 
enhancement results are evaluated both visually and quantitatively to ensure that no 
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distracting distortions or artifacts occur. With this approach, CLAHE has proven to be 
very useful in enhancing local details and contrast, especially in images with uneven 
intensity variations [5]. 

 
CLAHE Algorithm: 

1. Input: Original image I(x,y) 

2. Noise Reduction: I1 = MedianFilter(I, kernel_size) 

3. Contrast Enhancement: I2 = CLAHE(I1, clip_limit, 

tile_size) 

       4. Output: Enhanced image I2 

 
 

4. Result and Discussion 
In this study, the test image used experienced disturbances such as salt and pepper 

noise and uneven lighting. The processing process is done with three approaches, 
including: (1) Using only the median filter, (2) Only using CLAHE, and (3)  Combination 
of median filter and CHALE 4. 

 

 

Figure 2. Citra dengan noise 

 

Figure 3. Image result after median filter 

The image shows the comparison results of the image before and after processing 
using the Median Filter. The left image shows salt & pepper type noise characterized by 
black and white spots that interfere with the appearance of the image. After applying the 
Median Filter (right image), the noise has been significantly reduced, so that objects such 
as trees and houses can be seen more clearly. This filter is effective at removing impulsive 
noise without destroying the main structure of the image, although it does cause a slight 
smoothing of fine details. 
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Figure 4. Image result after CLAHE 

 

The image compares the original noisy image (left) with the result after processing 
using CLAHE (right). CLAHE succeeds in enhancing the contrast of the image, so objects 
such as trees and landscapes are more clearly visible. However, since the noise has not 
been removed, the CLAHE effect emphasizes the noise, making the image appear more 
"noisy". This suggests that CLAHE should be applied after the denoising process for more 
optimal results. 

 

 
 

Figure 5. Image result after combination 

 
This image shows the stages of image processing from the original state to the final 

result. The original image (top left) is then added with salt & pepper noise (top right), 
which makes it appear full of spots. After that, the noise is reduced using the Median 
Filter (bottom left), resulting in a cleaner image. Finally, the contrast of the image is 
enhanced using CLAHE with a fine setting (bottom right), so that details are seen more 
clearly without adding noise. This combination is effective for cleaning up noise while 
sharpening the image. Furthermore, from a more comprehensive analysis, the following 
Enhancement Summary was obtained: Details of Image Enhancement Process Stages can 
be seen in Figure 6. A more detailed analysis can be seen in Figure 7. Histogram Analysis 
of Processing Stages, Figure 8 Comprehensive Quality Metrics Analysis, and Figure 9 
Parameter Optimization Analysis: Final PSNR: 23.03 dB, Final SSIM: 0.508, Contrast: 62.8 
→ 57.3, Entropy: 7.43 → 7.33 bits, and Edge Strength: 83.1 → 38.3. 
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Figure 6. Image Enhancement Process Stages 

 

 

Figure 7. Histogram Analysis of Processing Stages 
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Figure 8. Comprehensive Quality Metrics Analysis 

 

Figure 9. Parameter Optimization Analysis 
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5. Conclusion 
The image processing process, which starts with noise removal using a Median Filter, 

followed by contrast enhancement using CLAHE, is able to produce images with better 
visual quality. Median Filter effectively reduces noise, while CLAHE clarifies image 
details evenly. This approach shows that combining the two techniques can significantly 
improve image clarity and readability. Median Filter and CLAHE can be proven to 
provide image quality improvement by overcoming significant noise and contrast issues, 
this approach excels in detail preservation, local adaptation, and robustness for various 
image types. An optimized implementation will improve the understanding of the 
characteristics and tuning parameters. Technological development and computational 
power. 
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