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This paper takes the fuzzy C-mean (FCM) clustering algorithm as an example, introduces the basic principles
and applications of fuzzy clustering, and compares it with the K-mean algorithm to analyze the similarities and
differences between the two. Fuzzy clustering allows data points to belong to multiple clusters at the same time, is
suitable for dealing with fuzzy and overlapping data, and has a wide range of practical applications.

Introduction

Clustering algorithms are an important
unsupervised learning method in data analysis and
are usually categorized into soft and hard clustering.
Hard clustering algorithms (e.g., K-mean clustering)
require that each data point belongs to only one
specific cluster, while soft clustering algorithms
allow data points to belong to multiple clusters at
the same time, reflecting their uncertainty. Fuzzy
clustering is especially suitable for dealing with
fuzzy mathematical phenomena, for example, when
describing “today’s weather is very hot”, it is difficult
to give a precise temperature range, which is where
fuzzy algorithms come into action.[1]

In this paper, we will take the Fuzzy C-
means (FCM) clustering algorithm as an example
to systematically introduce the basic principles of
fuzzy clustering and its applications, and compare
it with the K-means algorithm to analyze the
similarities and differences between the two in
processing data. Through this comparison, it aims to
clarify the advantages of fuzzy clustering in practical
applications, especially how to reflect the complexity
of data more effectively when dealing with data with
overlapping and fuzzy boundaries.

I. Fuzzy c-means clustering algorithm

Fuzzy C-means (FCM) clustering algorithm
is a soft clustering method widely used in the field
of data mining and pattern recognition. Its main
goal is to classify a given dataset into c fuzzy
clusters which optimize the distance between data
points and cluster centers by minimizing an objective
function. The algorithm uses an iterative approach
to continuously update the cluster centers and the
affiliation of the data points until convergence.

The steps of the FCM algorithm are as
follows[2]:

Step1. Initialize the clustering center: Random
selection c data points as initial clustering centers.
This selection has a significant impact on the final
clustering results, so different initialization strategies
can be used to improve stability.

Step2. Calculate the affiliation matrix U :The
affiliation matrix U is an n ∗ c matrix, where n is

the number of data points and c is the number of
clusters. Randomly assign affiliation values to each
data point such that the sum of the affiliations of
each data point to all clusters is 1. The affiliation
degree is calculated as:

uij =
1∑c

k=1

(
∥xi−Vj∥
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) 2
m−1

(1)

Where uij means the affiliation of the data
point xi in the clustering Vj and m is a parameter
to control the degree of fuzzy.

Step3. Updating Cluster Centers: Calculate
the new clustering center based on the values of
the affiliation matrix and the data points, The new
clustering center is calculated as:

Vj =

∑n
i=1 u

m
ij · xi∑n

i=1 u
m
ij

(2)

Step4. Iteration: Repeat steps 2 and 3 until
the transformation of the affiliation or cluster center
is less than a preset threshold value. The objective
function for the convergence of the affiliation matrix
is the minimization objective function J , which takes
the following form:

J =

n∑
i=1

c∑
j=1

umij · d2ij (3)

Where dij means the distance between the data
point xi and the clustering center Vj .

II. Comparison with k-means algorithm

In K-means, which is usually applied when the
data are clearly separated, the results are simpler
and clearer. While Fuzzy C-means is suitable for
dealing with fuzzy and overlapping data, and can
better reflect the diversity and complexity of the
data.[3]

In Figure 1 are shown the results obtained
after using K-means and Fuzzy C-means clustering
algorithms separately for the same dataset.
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Рис. 1 – Comparison with K-means

This can be clearly seen through the resultant
graph: the clustering centers of the K-means, while
the Fuzzy C-means shows the affiliation of the data
points in different colors.

Fuzzy C-means allows data points to belong
to multiple clusters, which is particularly effective
for dealing with overlapping or ambiguous data.
Visually, it can be seen that the distribution of
data points may not be clear and there is a lot of
overlap. Its clustering results may be more realistic,
especially when the data is not completely separated,
and Fuzzy C-means is better at capturing the fuzzy
boundaries of the data points.[4]

III. Application of fuzzy clustering
algorithm

Fuzzy Clustering has a wide range of real-
world applications in several fields. This section will
describe some of the major application scenarios of
Fuzzy Clustering.

1. Detection of crime hot spots: Using
algorithms such as Fuzzy C-means, crime events
can be clustered into specific areas to identify crime
hot spots. These hot spots are likely to be areas with
high crime rates, helping law enforcement allocate
resources more efficiently.[5]

2. Medical Image Processing: In medical image
processing, it can be used to segment tumor tissue
from healthy tissue.[6]

3. Risk assessment in the financial sector: In the
field of finance, fuzzy clustering can help predict and
assess the risk of financial markets such as stocks.[7]

4. Text Topic Recognition: In Natural
Language Processing (NLP), fuzzy clustering is able
to deal with the ambiguity of textual data and
identify the topic of an article or document.[8]

In summary, the versatility of fuzzy clustering
makes it a valuable tool across various domains,
enabling more effective decision-making and
resource management in complex and uncertain
environments.

Summary

Fuzzy clustering is an advanced cluster
analysis method designed to effectively deal
with ambiguity and uncertainty in data. Unlike

traditional hard clustering methods, fuzzy clustering
allows data points to belong to multiple clusters
simultaneously with different degrees of affiliation.
This property allows fuzzy clustering to more
accurately reflect the complexity of data in the
real world, especially when dealing with fuzzy or
overlapping boundaries, providing more detailed
and rich clustering information. Therefore, fuzzy
clustering has been widely used in several fields,
such as image processing, medical diagnosis and
market analysis.

In addition, fuzzy clustering not only plays an
important role in data analysis, but also provides
a powerful tool for decision support. By analyzing
historical data with fuzzy clustering, decision makers
are able to identify potential risks and key issues,
and thus develop more effective strategies. For
example, in the financial sector, fuzzy clustering
can be used for customer risk assessment to help
financial institutions optimize resource allocation
and risk control. In terms of visualization, fuzzy
clustering results can be presented through various
graphical tools, which enhances the intuition and
comprehensibility of data analysis, and at the same
time provides an important basis for the prediction
of future trends. Therefore, fuzzy clustering shows its
unique value and advantages in processing complex
data and supporting decision-making.
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