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Abstract— This study examines the method of clustering in 

image processing algorithms implemented on programmable 

logic integrated circuits (FPGAs). The main steps of developing 

a clustering algorithm are considered, and the choice of 

clustering approach is justified. Additionally, the steps for 

analyzing the results obtained from image processing using this 

method are discussed. 
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I. INTRODUCTION 

In recent years, with the continuous advancement of 
computer vision and image analysis, there has been an 
increasing interest in clustering methods for efficient 
processing and classification of large volumes of data. Field-
Programmable Gate Arrays (FPGAs) have emerged as 
powerful tools for implementing high-performance image 
processing algorithms, offering parallel processing and low 
latency [1-8].  

This article focuses on a method for image clustering 
based on the utilization of FPGAs. The method provides an 
effective solution for automatic image segmentation and 
grouping, enabling the discovery of hidden patterns and 
features in large datasets. Applying clustering methods on 
FPGAs ensures high processing speed and the ability to 
perform operations in parallel, significantly enhancing the 
performance and efficiency of image processing systems. 
This article provides an overview of the image clustering 
method on FPGA, algorithm development for its 
implementation, and a step-by-step algorithm for verifying 
the functionality of the image clustering method. 

II. DEVELOPMENT OF AN IMAGE CLUSTERING ALGORITHM  

Developing an image clustering algorithm involves 
several steps. Below is a general procedure for developing 
such an algorithm: 

A. Defining image features: 

First, you need to determine which image features you 
want to use for clustering. These can be features such as 
color histograms, texture descriptions, geometric features, 
and so on. The choice of the right features depends on the 
specific task and the type of images you are working with. 

B. Data preprocessing and preparation:  

The image needs to be processed to extract the desired 
features. This step may involve reducing the dimensionality 
of the image, normalizing the lighting, removing noise, or 
other image processing techniques. 

C. Choosing a clustering algorithm:  

There are various clustering algorithms available, such as 
k-means, hierarchical clustering, DBSCAN, and others. The 
choice of algorithm depends on your task, the amount of 
data, the type of images, and other factors. A detailed study 
of different algorithms will help you determine the most 
suitable one for your task. 

D. Algorithm implementation:  

Implement the chosen clustering algorithm using the 
selected features and preprocessed image data. This involves 
developing the program code that implements the algorithm 
and processes the input images. 

E. Evaluation and parameter tuning::  

The parameters of the clustering algorithm can affect the 
quality of the results. It is important to evaluate and tune the 
algorithm's parameters using metrics such as internal 
coherence, external coherence, or other clustering quality 
metrics. 

F. Result evaluation:  

After performing the clustering, it is important to 
evaluate the results and provide feedback. Use quality 
metrics, compare the obtained clusters with expert 
knowledge, consider task-specific characteristics, and 
measure how successfully the algorithm achieves its goal. 

G. Refinement and optimization::  

Based on the result evaluation, you can refine the 
algorithm, make changes to the features, parameters, or 
image processing to achieve better results. 

This process of developing an image clustering algorithm 
can be iterative, where the engineer revisits and improves 
each of the mentioned steps to achieve optimal results for a 
specific task. 
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III. METHODS OF IMAGE CLUSTERING ON FPGAS 

There are several methods for clustering images on field-
programmable gate arrays (FPGAs). Here are some of them: 

A. K-means on FPGA: 

The k-means method is one of the most popular 
clustering algorithms. It involves partitioning the data into a 
pre-determined number of clusters, where each object is 
assigned to the nearest cluster centroid. K-means can be 
implemented on an FPGA using hardware blocks for 
computing distances between objects and centroids, as well 
as for updating centroids at each iteration. 

B. Hierarchical clustering on FPGA: 

Hierarchical clustering is based on building clusters 
hierarchically by merging or splitting close objects. This 
method can be implemented on an FPGA using a tree-like 
structure for storing and processing hierarchical information, 
as well as hardware blocks for performing merge and split 
operations. 

C. DBSCAN on FPGA:: 

DBSCAN (Density-Based Spatial Clustering of 
Applications with Noise) is a clustering method that relies on 
the density of objects in the data space. It identifies regions 
of high density as clusters and can detect outliers. DBSCAN 
can be implemented on an FPGA using specialized hardware 
blocks for computing distances and determining object 
densities. 

D. Spectral clustering on FPGA: 

Spectral clustering is based on analyzing the eigenvalues 
and eigenvectors of the similarity graph between objects. 
This method can be implemented on an FPGA using 
hardware blocks for performing matrix operations and 
computing eigenvalues. 

It's important to note that implementing these methods on 
an FPGA requires developing specialized hardware code and 
optimization for specific image clustering tasks. The specific 
choice of method and its implementation on an FPGA 
depends on the characteristics of the image data, available 
resources, and performance requirements. 

IV. METHODS ANALYSIS OF THE PERFORMANCE RESULTS OF 

THE CLUSTERING METHOD 

The analysis of the performance results of image 
clustering method implemented on an FPGA may include the 
following steps: 

1) Result validation: It is necessary to verify if the 
obtained clusters align with the expected results. This may 
involve comparing them with pre-labeled data or comparing 
them with the results of other clustering methods. 

2) Clustering quality evaluation: Metrics can be used to 
assess the quality of clustering, such as silhouette index, 
Davies-Bouldin index, or Rand index. These metrics help 
evaluate how well the clustering method performs on the 
given data. 

3) Computation time estimation: Measure the execution 

time of the clustering method on the FPGA. This is 
important for evaluating the performance and efficiency of 
the hardware implementation. 

4) FPGA resource utilization assessment: Analyze the 
utilization of FPGA resources, including logic elements 
(LE), memory blocks, and DSP blocks. It is crucial to ensure 
that the implementation of the clustering method does not 
exceed the available FPGA resources. 

5) Testing on different datasets: Test the clustering 
method on various datasets to evaluate its generalization 
capability and robustness under different conditions. 

6) Comparison with other methods: If there are other 
clustering methods available for comparison, conduct a 
comparative analysis to determine which method is better 
suited for specific image processing tasks on the FPGA.  

It is also important to consider the limitations and 
peculiarities of the FPGA when analyzing the performance 
results. This may include analyzing power consumption, 
throughput, and signal delays associated with FPGA usage. 
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