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Abstract: Image enhancement methods using computer vision play a vital role in 

improving the quality and interpretability of medical images. This article provides an overview 

of image enhancement techniques, including noise reduction, contrast enhancement, and image 

restoration, and their applications in medical imaging, such as X-ray imaging, MRI imaging, 

CT imaging, and ultrasound imaging. 
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Medical imaging plays a critical role in the diagnosis and treatment of 

various diseases and conditions. However, the quality of medical images obtained 

from different imaging modalities such as X-ray, MRI, CT, and ultrasound may 

not always be optimal. Image enhancement techniques aim to improve the quality 

of medical images by reducing noise, improving contrast, and enhancing details. 

Computer vision has emerged as a powerful tool for image enhancement in 

medical imaging due to its ability to process large amounts of data and extract 

relevant information. In this context, computer vision-based image enhancement 

methods have been developed and applied to improve the quality of medical 

images. In this article, we provide an overview of image enhancement methods 

for medical imaging using computer vision. 

Here's some information about the three noise reduction methods: 

The Gaussian filter is a widely used method for reducing Gaussian noise in 

medical images. It works by convolving the image with a Gaussian kernel, which 

has a bell-shaped distribution. The kernel size and standard deviation can be 

adjusted to control the amount of smoothing. The Gaussian filter is a linear filter, 

which means that it can be applied repeatedly without causing distortion. 
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However, it may not be effective in reducing other types of noise, such as impulse 

noise. 

The median filter is a non-linear filter that is effective in reducing impulse 

noise, such as salt-and-pepper noise, in medical images. It works by replacing 

each pixel in the image with the median value of its surrounding pixels within a 

specified window size. The median filter is less sensitive to outliers than linear 

filters, which makes it a good choice for reducing impulse noise. However, it may 

not be effective in reducing other types of noise, such as Gaussian noise. 

The wavelet transform is a powerful tool for reducing noise in medical 

images. It works by decomposing the image into different frequency bands using 

a set of wavelet functions. The high-frequency components, which are typically 

associated with noise, can be filtered out while preserving the important features 

in the low-frequency components. The wavelet transform can be applied in both 

the spatial and frequency domains, which makes it a versatile method for noise 

reduction. However, it may require more computational resources than other 

methods and may require careful tuning of parameters. 

Contrast enhancement methods are techniques used to improve the contrast 

and visibility of features in medical images. Here are some key details about three 

contrast enhancement methods: 

Histogram equalization is a widely used technique for contrast 

enhancement. It works by redistributing the pixel values in an image to cover the 

full dynamic range of the image. The goal is to stretch the contrast of the image 

so that the features of interest are better separated from the background. This is 

achieved by adjusting the image histogram, which represents the frequency 

distribution of pixel values. Histogram equalization can be applied globally or 

locally, depending on the desired level of enhancement. One disadvantage of 

histogram equalization is that it can sometimes overemphasize noise and artifacts 

in the image [1]. 



 

 

217 

Contrast stretching is another technique for enhancing the contrast of an 

image. It involves rescaling the pixel values in the image to span the full range of 

the display device. This is achieved by setting a minimum and maximum value 

for the pixel intensity. The process of contrast stretching increases the contrast 

and sharpness of the image, making it easier to identify important features. 

Contrast stretching can be applied globally or locally, depending on the desired 

level of enhancement. One disadvantage of contrast stretching is that it can 

sometimes result in the loss of detail in areas with low contrast. 

Gamma correction is a technique for adjusting the brightness and contrast 

of an image. It involves raising the pixel values to a power of gamma (γ), which 

can be used to control the brightness and contrast of the image. A gamma value of 

less than 1.0 can be used to brighten the image, while a gamma value of greater 

than 1.0 can be used to darken the image. Gamma correction is often used in 

medical imaging to adjust the brightness and contrast of images for display on 

different types of monitors. One disadvantage of gamma correction is that it can 

sometimes result in the loss of detail in areas with low contrast. 

Image enhancement plays a crucial role in medical imaging by improving 

the quality and accuracy of images. Here are some applications of image 

enhancement in different types of medical imaging: 

Image enhancement techniques can be used in X-ray imaging to improve 

the visibility of subtle abnormalities in the image, such as tumors or fractures. 

Contrast enhancement techniques can be used to improve the visibility of these 

features, while noise reduction techniques can be used to improve image quality. 

In addition, image enhancement can be used to improve the visibility of soft 

tissues in X-ray images, which can be particularly challenging due to the low 

contrast between different tissues. 

MRI imaging is a powerful technique for visualizing soft tissues in the 

body, but the images can be affected by noise, artifacts, and other imaging 

challenges. Image enhancement techniques can be used to improve the quality of 
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MRI images, making it easier to identify abnormalities and other features of 

interest. Contrast enhancement techniques can be used to improve the visibility of 

different tissues, while noise reduction techniques can be used to improve image 

quality. 

CT imaging produces detailed, high-resolution images of the body, but the 

images can be affected by noise and artifacts. Image enhancement techniques can 

be used to improve the quality of CT images, making it easier to identify 

abnormalities and other features of interest. Contrast enhancement techniques can 

be used to improve the visibility of different tissues, while noise reduction 

techniques can be used to improve image quality. In addition, image segmentation 

techniques can be used to separate different structures in the image, making it 

easier to identify and analyze different issues [2]. 

Ultrasound imaging is a widely used technique for visualizing soft tissues 

in the body, but the images can be affected by noise and other imaging 

challenges. Image enhancement techniques can be used to improve the quality of 

ultrasound images, making it easier to identify abnormalities and other features of 

interest. Contrast enhancement techniques can be used to improve the visibility of 

different tissues, while noise reduction techniques can be used to improve image 

quality. In addition, image registration techniques can be used to align multiple 

ultrasound images, making it easier to analyze changes in tissue structure over 

time. 

Computer vision plays a crucial role in image enhancement by providing 

advanced algorithms and techniques to process, analyze and improve the quality 

of medical images. The goal of image enhancement is to make the images more 

informative and useful for clinical decision-making. Some of the key ways in 

which computer vision contributes to image enhancement are: 

Image processing algorithms: Computer vision provides a range of 

sophisticated image processing algorithms for noise reduction, contrast 

enhancement, and detail enhancement. These algorithms can be used to remove 
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artifacts, improve image clarity, and enhance the visibility of important structures 

in medical images. 

Machine learning-based approaches: Computer vision also enables the use 

of machine learning-based approaches for image enhancement. These approaches 

involve training deep neural networks on large datasets of medical images to 

learn the underlying patterns and relationships between image features. The 

trained networks can then be used to enhance the quality of new images. 

Automated analysis: Computer vision techniques can also be used to 

automatically analyze medical images and extract quantitative information. This 

enables more accurate and objective assessment of images and reduces the 

subjectivity associated with manual analysis. Automated analysis can also be used 

to identify abnormalities or features that may be missed by the human eye. 

Integration with other computer vision applications: Computer vision-based 

image enhancement can be integrated with other computer vision applications 

such as image segmentation, registration, and 3D reconstruction. This enables a 

more comprehensive analysis of medical images and improves the accuracy of 

diagnosis and treatment planning. 

There are several potential research directions for further improvement in 

image enhancement methods for medical imaging using computer vision. Here 

are some possible directions: 

There is a possibility of combining multiple image enhancement techniques 

for better results. For example, one could use noise reduction techniques such as 

the median filter or wavelet transform in combination with contrast enhancement 

techniques such as histogram equalization or gamma correction. Such a combined 

approach could potentially result in better image quality and more accurate 

diagnosis. 

Deep learning-based models have been shown to be effective for various 

image enhancement tasks in medical imaging. However, there is a possibility of 

developing more specialized models that are specifically designed for a particular 



 

 

220 

task, such as tumor detection or classification of abnormalities. Such specialized 

models could potentially lead to improved accuracy and speed in diagnosis[3]. 

Incorporating prior knowledge about the image or the medical condition 

being imaged could potentially improve image enhancement. For example, prior 

knowledge about the anatomy of the human body could be used to guide the 

enhancement process, resulting in images that are more accurate and easier to 

interpret. 

There is a need for image enhancement techniques that can operate in real-

time. This is especially important for applications such as intraoperative imaging 

or imaging in emergency situations, where quick and accurate diagnosis is 

critical. Developing real-time image enhancement techniques could potentially 

lead to improved patient outcomes and better clinical decision-making. 

Generative models such as generative adversarial networks (GANs) have 

been shown to be effective for various image processing tasks. The use of GANs 

for image enhancement in medical imaging could potentially lead to better image 

quality and more accurate diagnosis. 

In conclusion, image enhancement techniques play a critical role in 

improving the quality and interpretability of medical images, which in turn helps 

clinicians to make more accurate diagnoses and improve patient outcomes. 

Computer vision-based techniques, such as noise reduction, contrast 

enhancement, and image restoration, have been shown to be effective for 

enhancing medical images. However, there is still room for improvement, and 

several research directions have been identified, such as the integration of 

multiple techniques, specialized models for specific tasks, incorporation of prior 

knowledge, real-time techniques, and the use of generative models. Further 

research in these areas has the potential to lead to better image quality, more 

accurate diagnosis, and improved patient outcomes. 
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