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ABSTRACT
The study aims at clustering, segmentation 
customer using K-means clustering model, 
hierarchical clustering model, Density-based 
Spatial Clustering of Applications with Noise 
(DBSCAN) model and customer segmentation 
frameworks (RFM), A few unsupervised machine 
learning (ML) clustering models such as K-means 
clustering model, hierarchical clustering model, 
Density-based Spatial Clustering of Applications 
with Noise (DBSCAN) and customer segmentation 
frameworks (RFM), to identify distinct and 
actionable customer segment based on their 
behavioral, demographic and transactional 
characteristics.  The traditional model was included 
in the analysis since clustering models are not 
optimization models and the goodness of 
unsupervised models could only be evaluated with 
a practical business approach. Theresults and 
discussion of the paper highlightscustomer 
segmentation based on their historical transactional 
characteristics, evaluating the effectiveness of 
different clustering algorithms and customer 
segmentation framework the potential for future 
enhancements. The emphasis on statistical analysis 
and the evaluation of various clustering techniques 
provide valuable insights into effective customer 
segmentation strategies

Keywords: Machine Learning, Customer 
Clustering, & Segmentation

I. INTRODUCTION
Machine learning-based customer 

clustering and segmentation is a vital strategy for 
businesses aiming to enhance customer 
engagement and tailor marketing efforts. By 
employing various algorithms, such as K-means, 
hierarchical clustering, and DBSCAN, 
organizations can identify distinct customer 
segments based on shared characteristics, leading 
to more effective marketing strategies and 
improved customer satisfaction. While machine 
learning offers powerful tools for customer 
segmentation, it is essential to recognize that the 
effectiveness of these methods can vary based on 
data quality and the chosen algorithms. Businesses 
must continuously refine their approaches to adapt 
to changing customer behaviors and preferences. 
Therefore, the use of data mining techniques is one 
of the ways to solve the problem of customer 
segmentation for developing new market strategy. 
Data mining is extremely powerful tool and has 
change many companies fortune, Identification of 
customers is based on data collect from customers 
and grouping them in some meaningful 
order(Shirole, Salokhe, &Jadhav, 2021)
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Hierarchical Clustering is an analytical 
approach constructs, a dendrogram of clusters, 
facilitating a more intricate comprehension of 
customer interrelations(Rahmet & Gürkan, 2024). 
Density-Based Spatial Clustering of Applications 
with Noise (DBSCAN) is the density-based 
clustering algorithm discerns clusters of diverse 
geometric shapes and sizes, rendering it 
particularly adept for the analysis of complex 
datasets(Preemi, Sriram,Deva, Suji, &Reddy 
2024).Conversely, although the RFM model and K-
means clustering model demonstrates efficacy, 
certain studies propose that alternative clustering 
methodologies, such as Hierarchical clustering, 
may facilitate more precise segmentations due to 
their superior capacity to accommodate data 
distributions and inter-variable relationships 
(Wong, Ying,Yin,Yi, Xiao, Duan, He, &Tang 
2024). Data clustering is divided into two purposes 
referring namely clustering for understanding and 
clustering for use. If the goal is to capture the 
natural structure of the data (He & Tan, 2012). 
Usually the clustering process is then followed by 
the summarization process mean, standard 
deviation class labeling in each group to be used as 
classification training data and so on.

The market segmentation is a process to 
divide customers into homogeneous group which 
have similar characteristics such as buying habits, 
life style, food preference. Data mining serves as a 
crucial tool for revealing latent patterns within 
consumer data, thereby enhancing the efficacy of 
customer segmentation. Customer segmentation 
involves the categorization of analogous 
consumers, which assists enterprises in directing 
their marketing initiatives and elevating customer 
satisfaction. This methodological approach 
empowers organizations to tailor marketing 
strategies, extend targeted discounts, and gain 
deeper insights into customer relationships. 
Ultimately, proficient segmentation has the 
potential to augment revenue by more accurately 
identifying and addressing the needs of target 
customers(A et al., 2024). The introduction of 
Personalized Marketing Importance underscores 
the escalating relevance of personalized marketing 
within the contemporary competitive business 
milieu. Organizations are increasingly 
acknowledging that customized offers and 
distinctive promotions can substantially augment 
customer engagement and foster loyalty. Data-
Driven Strategies delineates the transition towards 
data-driven methodologies, particularly the 
application of machine learning techniques, to 

more effectively comprehend and address 
customers' specific requirements and preferences. 
This paradigm is indispensable for enterprises 
striving to flourish in a saturated marketplace.The 
papers investigate analysis of various techniques 
which is presented on customer segmentation 
methods based on online retails data. The 
traditional model is also included in the analysis 
since clustering model are not optimized models 

Statement of the Problem
The study aims at clustering, segmentation 

customer using K-means clustering model, 
hierarchical clustering model, Density-based 
Spatial Clustering of Applications with Noise 
(DBSCAN) model and customer segmentation 
frameworks (RFM). The model will analyze 
customer data, such as demographic information, 
purchase history, and behavioral data, to identify 
patterns and similarities between customers. The 
customers will then be grouped into distinct 
clusters based on these similarities. The goal is to 
use these clusters to better understand the needs 
and preferences of each group, and to develop 
targeted marketing and service strategies for each 
group. The model will be evaluated based on its 
ability to accurately cluster customers. 

Research Objectives
i. To analyzed customers clustering 

segmentation using K-means clustering 
model, hierarchical clustering model, 
Density-based Spatial Clustering of 
Applications with Noise (DBSCAN) model 
and customer segmentation frameworks 
(RFM),

ii. To analyze the customer data such as 
demographic information, purchase history, 
preferences and behavioral data 

iii. To evaluates various unsupervised machine 
learning clustering models

II. LITERATURE REVIEW
The proliferation of big data and the 

growth of e-commerce have intensified the 
challenges associated with extracting actionable 
data for personalized(Wong et al., 2024).Shen 
propose a framework utilizing sentiment networks 
derived from online reviews, employing graph 
embedding techniques to represent customer 
sentiments as vectors. This method enhances 
segmentation accuracy by capturing nuanced 
customer opinions, leading to improved product 
design and marketing strategiesShen, Feng, Cheng, 
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& Bi, 2024).In a related report (Gupta & Israni, 
2024)illustrate the capacity of machine learning to 
yield significant insights derived from customer 
data, thereby augmenting organizational 
performance and fostering customer 
engagement.Studies have been carried out by 
(Ullah, Mohmand,Hussain, Johar, Khan, Ahmad, 
Mahmoud, et a&Hudal, 2023). Which was termed 
RFMT, the paper systematically examined the 
preeminent e-commerce dataset within Pakistan by 
integrating k-means, Gaussian, and Density-Based 
Spatial Clustering of Applications with Noise 
(DBSCAN) alongside agglomerative algorithms for 
the purpose of segmentation, culminating in the 
identification of three distinct clusters. A multitude 
of machine learning algorithms has been employed 
for the purpose of forecasting customer attrition, it 
emphasized the identification of the most 
efficacious approaches and the comprehension of 
the determinant that influence attrition. Though the 
model uses prediction of customer attrition within 
the banking industry through the application of 
machine learning classification methodologies 
(Nguyen, Le,Dao, & T, 2023). Research has been 
done byHicham & Karim, (2022) aim to introduce 
a novel customer segmentation technique that 
enhances clustering quality by integrating multiple 
clustering results through a clustering ensemble and 
spectral clustering. Different clustering algorithms 
such as K-Means, Agglomerative and Mean Shift) 
are been implemented to segment the customer 
which are finally compared with the results 
obtained from the algorithms (Vardhan & Sharma, 
2023), furthermore (Huang, 2024)focuses on 
customer segmentation using the Rubin Index 
based K means clustering approach, addressing 
challenges in partitioning customers effectively. It 
emphasizes data quality improvement and 
evaluates model performance through metrics like 
accuracy, precision, and F1-score. (Nugroho,  
Rafhina,  Ananda, & Gunawan, 2024)focuses on 
customer segmentation using K-Means clustering, 
highlighting its effectiveness in grouping customers 
based on sales transaction data. It contributes to 
literature by demonstrating optimized clustering 
techniques for targeted marketing strategies and 
enhancing customer data analysis.

Clustering Algorithms used in the research
The relevance of using customer 

clustering and segmentation using machine 
learning is a vital strategy for businesses aiming to 
enhance customer engagement and optimize 
marketing efforts. Various algorithms, particularly 

K-means, hierarchical clustering, and DBSCAN, 
have been employed to analyze customer data 
effectively. These methods allow businesses to 
identify distinct customer segments based on 
shared attributes, leading to tailored marketing 
strategies and improved customer satisfaction.

i. K-Means Clustering:This unsupervised 
algorithm groups customers by minimizing 
the distance between data points and cluster 
centroids, effectively identifying distinct 
segments (Loganathan & Reddy, 2024)

ii. Gaussian Mixture Models (GMMs) are 
versatile probabilistic models that effectively 
represent data generated from multiple 
Gaussian distributions. They utilize a soft 
clustering approach, assigning probabilities 
to data points for each cluster rather than 
definitive assignments. The Expectation-
Maximization (EM) algorithm is commonly 
employed to iteratively estimate the 
parameters of these distributions and the 
associated probabilities. This method has 
been shown to outperform traditional density 
approximation techniques in various 
applications, including neural networks and 
astronomical data analysis (López-Lobato & 
Avendaño Garrido, 2023).

iii. Density-Based Spatial Clustering of 
Applications with Noise (DBSCAN) is a 
powerful clustering algorithm that excels in 
identifying clusters of varying shapes and 
densities, making it particularly useful in 
diverse applications such as disease outbreak 
analysis and crime data clustering. This 
algorithm operates by grouping together 
points that are closely packed together while 
marking points in low-density regions as 
noise. The following sections elaborate on 
its applications, enhancements, and 
limitations(Simbolon & Friskila, 2024)

iv. RFM is a customer segmentation technique 
used in marketing to identify and group 
customers based on their purchasing 
behavior. It involves analyzing three factors: 
Regency (how recently a customer made a 
purchase), frequency (how often a customer 
makes purchases), and monetary (how much 
money a customer spends). The data is then 
clustered into groups based on these factors 
to identify different customer segments with 
different characteristics and behavior. 
(Namvar, Ghazanfari , & Naderpour 2017)

III. METHODOLOGY
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Data Collection: 
Data was collected online through 

secondary source which was obtained from 
customer online retails from Kaggle 
(https://www.kaggle.com/datasets/). The dataset 
contains information about comprehensive analysis 
of a company's preferred customers which enables 
businesses to gain a better understanding of their 
customers and customize their products to meet the 
specific needs, behaviors, and concerns of different 
customer segments and includes demographic 
information, product information, and responses to 
marketing campaigns. By analyzing the different 
customer segments, businesses can identify which 
segment is more likely to purchase a particular 
product. Thus which allows them to market the 
product effectively to that segment instead of 
spending money on marketing to all customers in 
the database.  Below is the attached sample of the 
data used with the following variable such as 
Invoice No, Stock code, Description, Quantity, 
Invoice Date, Unit Price, Customer ID and 
Country.

Data Set/ Source of Data from 
https://www.kaggle.com/datasets/).
Data Preprocessing: Data was cleaning using 
handle missing values, duplications was removed, 
data types was corrected, negative or zero values in 
quantity and unit price. Data was transformed, 
splitting then apply data formatting, 
standardization. 

Method Used in Data Analysis in Customer 
Clustering
Data Analysis Techniques:

The primary method used for analyzing customer 
data included demographic information, purchase 
history, and behavioral data. This comprehensive 

https://www.kaggle.com/datasets/
https://www.kaggle.com/datasets/


International Journal of Advances in Engineering and Management 
(IJAEM)
Volume 7, Issue 04 April 2025,  pp: 34-43  www.ijaem.net  ISSN: 
2395-5252

DOI: 10.35629/5252-07043443          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 5

approach allows for a deeper understanding of 
customer segments and their specific need.

Machine Learning Models:
The research evaluated various unsupervised 
machine learning clustering models, including:
K-Means Clustering: A popular method for 
partitioning data into distinct clusters based on 
similarity.
Hierarchical Clustering: This method builds a 
hierarchy of clusters, allowing for a more detailed 
analysis of customer relationships.
Density-based Spatial Clustering of Applications 
with Noise (DBSCAN): This model identifies 
clusters based on the density of data points, making 
it effective for discovering clusters of varying 
shapes and sizes.

Traditional RFM Model:
The study also included a traditional model based 
on recency, frequency and monetary (RFM) 
analysis, which provides insights into customer 
behavior from a business perspective.

Statistical Analysis:
The study emphasizes the importance of 

statistical analysis in achieving business goals, 
particularly in understanding customer behavior 
and preferences. This analysis is crucial for 
tailoring marketing strategies and improving 
customer satisfaction.

Dimensionality Reduction  
To aid in the visualization of the pre-

processed dataset, Principal Component Analysis 
(PCA) was applied to reduce the dimensionality of 
the feature space. PCA is a commonly used 
technique for dimensionality reduction that 
transforms the original features into a new set of 
orthogonal features called principal components. 
These new features are ranked based on the amount 
of variance they explain in the original dataset, 
with the first principal component explaining the 
most variance and subsequent components 
explaining progressively less. It is important to 
note that in this studies, PCA was only used for 
visualization purposes and not for feature selection. 

Implementation, Testing and Results
The process of developing a system entails 

developing or purchasing the necessary 
components, then integrating them to produce the 

finished system. The conceptual design and the 
development phases are connected by the system 
requirements. Business needs as well as high-level 
functional and non-functional system requirements 
are established during conceptual design.During the 
development phase there are activities carried out 
which are requirement engineering, Architectural 
design, requirement partitioning, systems 
integration, system testing, system development, 
unit and integration testing.
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Figure 2 Loading Dataset and displaying information about first ten loaded dataset

Figure 3 Getting Duplicate Value from dataset

Figure 4. Getting missing values for each column
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Figure 5 Displaying RFM and Logs

Figure 6 Visualizing Correlation Among Features

Figure 7 Displaying Binding Score Binning and RFM Quantile Based Segmentation
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Figure 8 Plotting Elbow curve graph to find optimal K

Figure   9 Displaying K-means based on Both Elbow curve and Silhouette score

Figure 9.1 Summarizing the results obtained by clustering using various methods
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Figure 9.2 Display of all result obtained from models used
IV.

V. RESULTS AND DISCUSSION
The study aims at clustering, segmentation 

customer using K-means clustering model, 
hierarchical clustering model, Density-based 
Spatial Clustering of Applications with Noise 
(DBSCAN) model and customer segmentation 
frameworks (RFM),This achievement indicate that 
the model can segment customers based on their 
behaviors and preferences, specific needs, product 
information, customer information fulfilling the 
primary aim of the research. 

Also the study emphasizes the critical role 
of statistical analysis in achieving business 
objective, particularly in increasing profits through 
data driven insight. This focus on statistics is 

essential for understanding consumer interest and 
behavior, which are vital for effective marking 
strategies. The research evaluates various 
unsupervised machine learning clustering models, 
including K-means, hierarchical clustering, and 
DBSCAN. Each model was assessed for the 
insights it provided regarding customer 
segmentation, showcasing a comparative analysis 
of their effectiveness in real-world applications. 
The inclusion of a traditional model based on 
recently, frequency, and monetary (RFM) 
clustering in the analysis highlights the practical 
approach taken in evaluating the unsupervised 
models. This integration allows for a more 
comprehensive understanding of customer behavior 
and enhances the overall analysis  
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VI. CONCLUSION & 
RECOMMENDATION

The paper highlight effective customer 
segmentation strategies using clustering algorithms, 
it emphasizes the importance of personalized 
marketing for customer engagement. The analysis 
reveals insight from customer data to enhance 
organizational performance. Future enhancement in 
customer segmentation framework are suggested 
challenges were faced but improvement was 
identified for future development
The following suggestions should be taken into 
account in light of this work in the future. The 
software should be able to handle the following 
limitation encountered 
i. Customer Life time analysis by using machine 

learning techniques like regression analysis or 
decision tress to predict the lifetime value of 
the customer. This can help you to identify 
customers that are likely to be the most 
profitable over time 

ii. Customer Churn Prediction using machine 
learning algorithms like logic regression or 
decision tree to predict which customers are at 
risk to churning. 
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