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Abstract—This article provides an overview of image 

processing methods in the field of medical imaging using Field-

Programmable Gate Arrays (FPGA). The article analyzes 

various methods for the analysis of medical images, with a 

focus on the utilization of FPGA for efficient processing. 

In recent decades, medical image processing has become an 

integral part of diagnosis, monitoring, and treatment in the 

medical industry. With the continuous development of new 

technologies and the increasing volume of medical image data, 

it has become critically important to have efficient analysis and 

processing methods that can ensure high accuracy and 

performance. 
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I. INTRODUCTION 

The relevance of this work is determined by the fact that 
medical images are a fundamental element of medical 
diagnosis and treatment, as they reveal the internal anatomy 
of patients. The analysis of methods for medical image 
processing on FPGA involves examining and evaluating 
various techniques and algorithms tailored specifically for 
medical imaging tasks. This analysis encompasses areas such 
as image enhancement, segmentation, registration, feature 
extraction, and classification. The goal is to assess the 
effectiveness, efficiency, and applicability of these methods 
in addressing the unique challenges posed by medical image 
data [1-8]. 

The aim of this work is to summarize and analyze 
existing methods for processing and analyzing medical 
images in order to improve them and practically apply them 
in medicine. It involves the examination and analysis of key 
methods for the segmentation of medical images, including 
comparisons of their effectiveness and accuracy. The 
practical application of developed methods and algorithms 
on real medical images aims to enhance diagnostic accuracy 
and improve the quality of patient care. 

By exploring and evaluating various image processing 
techniques, this work aims to contribute to the advancement 
of medical imaging technologies and their effective 
utilization in clinical practice. The findings and insights 
gained from this study can potentially enhance the accuracy 
and efficiency of medical diagnoses, leading to improved 
patient outcomes and overall healthcare quality [1-8]. 

II. ANALYSIS OF METHODS FOR MEDICAL IMAGE 

PROCESSING ON FPGA  

Key aspects of the analysis include evaluating the 
computational efficiency of FPGA-based implementations, 
assessing the accuracy and robustness of the processing 
methods, and considering the resource utilization of the 
FPGA device. As a result of the research, five commonly 
used methods have been identified: 

A. The Canny algorithm: 

The Canny algorithm is one of the most widely used 
image processing algorithms for edge detection. It consists of 
several stages: image smoothing, calculation of brightness 
gradients, noise suppression, thresholding, and edge linking. 

In the first stage, the algorithm starts by smoothing the 
image to reduce noise and prepare it for further analysis. 
Typically, a Gaussian filter is applied to blur the image.  

In the second stage, using the smoothed image, gradients 
of intensity are computed at each pixel. This indicates the 
rate of change of intensity and helps identify potential edges. 
Differential filters like the Sobel or Prewitt filters are often 
used for this purpose.. 

In the third stage, in order to eliminate insignificant 
gradients caused by noise, a thresholding technique is 
applied. Gradients below a certain threshold are considered 
noise and discarded.  

In the fourth stage, a threshold value is determined to 
separate significant edges from the rest of the image. This 
threshold can be a static value or dynamically computed 
based on statistical properties of the image. 

In the fifth stage, The individual gradient responses that 
correspond to edges are connected to form continuous edge 
segments. Various approaches such as edge grouping 
algorithms or edge tracing algorithms can be used for this 
step. 

This algorithm is used for edge detection in images and 
for determining the shape of objects in an image. 

B. The Sobel algorithm:  

The Sobel algorithm is a popular method for processing 
medical images to detect edges and contours of objects. It is 
based on computing the gradients of brightness in the image 
and consists of the following steps: 
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 Preprocessing of the image: Before applying the 
Sobel algorithm, preprocessing of the image is often 
performed to smooth out noise and improve image 
quality. This may involve applying smoothing filters, 
such as a Gaussian filter. 

 Computing brightness gradients: In this step, two 
Sobel operators are applied - one for computing the 
vertical gradient and another for computing the 
horizontal gradient at each point in the image. The 
Sobel operators are used to highlight changes in 
brightness between neighboring pixels. 

 Computing absolute gradient values and directions: 
After computing the vertical and horizontal 
gradients, the absolute gradient values are calculated 
for each point. The direction of the gradient is also 
determined, which helps determine the orientation of 
the edge. 

 Applying a threshold value: To extract significant 
edges and suppress noise, thresholding is applied. 
Pixels with absolute gradient values below a certain 
threshold are considered noise and discarded, while 
pixels with higher values are preserved as object 
edges. 

 Edge linking: Finally, the detected edges are linked 
to form continuous object contours in the image. 
This can be achieved through operations like 
connected component labeling or edge tracing. 

C. Renyi dimension:  

Renyi dimension is determined by estimating the entropy 
or information distribution within the image. It measures the 
degree of non-uniformity or variability of pixel intensities in 
the image. A higher Rényi dimension indicates more 
complex structures or images with a greater number of 
details and textures. 

For processing medical images on FPGA, the Rényi 
dimension algorithm can be implemented by computing the 
informational content of pixels or using specific formulas for 
entropy estimation. FPGA provides high computational 
power and the ability for parallel processing, enabling 
efficient calculation of the Rényi dimension on medical 
images in real-time. 

Applying Renyi dimension for processing medical 
images on FPGA can aid in analyzing structural features, 
detecting important details, and highlighting regions of 
interest in the images. This can be beneficial for diagnosis, 
measurement of object sizes, or assessing the complexity of 
pathological changes. 

D. Local Binary Pattern, LBP:  

The Local Binary Pattern (LBP) method is a technique 
for comparing the intensity of pixels at a specific pixel with 
their neighbors, which provides information about local 
texture features. The LBP method is based on comparing the 
pixel intensities at a central pixel with its neighbors. 
Typically, this comparison is performed using binary 
encoding. The application of LBP allows for the extraction 
of various local texture features such as spots, lines, and 
circles. 

The LBP method can be used to determine certain image 
characteristics, such as texture energy, contrast, and 
smoothness. Its application in practical medicine can aid in 
the diagnosis and monitoring of diseases such as breast 
cancer, lung cancer, hepatitis, tuberculosis, and others. 

E. The Haralick algorithm:  

This is a method for analyzing texture in an image based 
on its statistical properties. The main idea is to identify a set 
of statistical characteristics of the texture in the image and 
use them for image classification. The Haralick method can 
be used to describe textures in images and determine their 
characteristics. Statistical features such as energy, contrast, 
homogeneity, and others are utilized to describe textures. 

The application of the Haralick method can be beneficial 
in the processing of medical images, such as X-ray images, 
magnetic resonance imaging (MRI), and other fields related 
to image processing. One of the advantages of the Haralick 
method is its ability to assess textures from various directions 
and scales. 
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