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Abstract: Clustering techniques has may challenges like handling Outliers, dealing with high dimension data. Multiple
Solutions provided by different methods, evaluating and identifying accurate solutions and finally computation limits. In the
proposed work we used Density-based Spatial Clustering of Applications with Noise (DBSCAN). DBSCAN clustering provides
several advantages over other clustering techniques like it Handles irregularly shaped and sized clusters, does not require the
number of clusters to be specified, Less sensitive to initialization conditions, Robust to outliers and Relatively fast. We analysis
the DBSCAN on real life data set. We have taken real life data set of Mall Customer and created clusters using different
parameters like different age groups mostly visited the mall, how they spend money in mall based on income and age groups.
We have implemented DBSCAN using python language. By the implementation we found that females are highly visited mall
as compared to male Peoples of age between 25 to 40 are mostly visiting mall than other age groups. We also analysis the
number of outliers present in the data set and number of objects in each cluster
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l. BACKGROUND

Clustering is a type of unsupervised learning method of machine learning. In the unsupervised learning method, the inferences are drawn
from the data sets which do not contain labelled output variable. It is an exploratory data analysis technique that allows us to analyze the
multivariate data sets. Clustering is a task of dividing the data sets into a certain number of clusters in such a manner that the data points
belonging to a cluster have similar characteristics. Clusters are nothing but the grouping of data points such that the distance between the
data points within the clusters is minimal. Clustering is done to segregate the groups with similar traits. In other words, the clusters are
regions where the density of similar data points is high. It is generally used for the analysis of the data set, to find insightful data among
huge data sets and draw inferences from it. Generally, the clusters are seen in a spherical shape, but it is not necessary as the clusters can
be of any shape. It depends on the type of algorithm we use which decides how the clusters will be created. The inferences that need to be
drawn from the data sets also depend upon the user as there is no criterion for good clustering. Clustering analysis is an unsupervised
learning method that separates the data points into several specific bunches or groups, such that the data points in the same groups have
similar properties and data points in different groups have different properties in some sense.

All clustering methods use the same approach i.e. first we calculate similarities and then we use it to cluster the data points into groups or
batches. Here we will focus on the Density-based spatial clustering of applications with noise (DBSCAN) clustering method. “Martin
Ester, Hans-Peter Kriegel, Jorg Sander, and Xiaowei Xu introduced an unsupervised machine learning algorithm called density-based
clustering in their 1996 paper ‘A Density-Based Algorithm for Discovering Clusters in Large Spatial Databases with Noise.” The
algorithm, known as DBSCAN, was designed to handle large spatial databases with noise and to discover clusters of arbitrary
shape[9,10].

1. TYPES OF CLUSTERING METHODS

Partitioning-based Clustering
Partitioning objects into k number of clusters where each partition makes/represents one cluster, these clusters hold certain properties
such as each cluster should consist of at least one data object and each data object should be classified to exactly one cluster. These
methods are broadly classified to optimize a targeted benchmark similarity function such that distance becomes a significant
parameter to consider first. The examples are
e K-means clustering, (understand K-means clustering from here in detail)
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e CLARANS (Clustering Large Applications based upon Randomized Search)

Moreover, Partitioning clustering algorithms are the form of non-hierarchical that generally handle statics sets with the aim of
exploring the groups exhibited in data via optimization techniques of the objective function, making the quality of partition better
repeatedly. Partitioning-based clustering is highly efficient in terms of simplicity, proficiency, and easy to deploy, and computes all
attainable clusters synchronously.

Hierarchical-based Clustering

Depending upon the hierarchy, these clustering methods create a cluster having a tree-type structure where each newly formed

clusters are made using priorly formed clusters, and categorized into two categories: Agglomerative (bottom-up approach) and

Divisive (top-down approach). The examples of Hierarchical clustering are

e  CURE (Clustering Using Representatives)

e  BIRCH (Balanced Iterative Reducing Clustering and using Hierarchies)

The agglomerative clustering method is achieved by locating each point in a cluster, initially and then merging two points closest to it
where points represent an individual object or cluster of objects. The divisive clustering first considers the complete population as one
cluster and then segments into smaller groups.

Density-based Clustering
These methods of clustering recognize clusters of dense regions that possess some similarity and are distinct from low dense regions
of the space. These methods have sufficient accuracy and the high ability to combine two clusters. Its examples include
e DBSCAN (Density-based Spatial Clustering of Applications with Noise)
e OPTICS (Ordering Points to Identify Clustering Structure)

These methods implement distance measures between the objects in order to cluster the objects. In most of the cases, clusters,

produced using this method, are spherical in shape, so sometimes it becomes hard to identify arbitrary shaped clusters. Moreover,

clusters are produced in all directions as long as the density, residing neighbourhood, surpass some threshold. Density-based

methods save data sets from outliers, the entire density of a point is treated and deciphered for determining features or functions of a

dataset that can impact a specific data point. Some algorithms like OPTICS, DenStream, etc deploy the approach that automatically

filtrates noise (outliers) and generates arbitrary shaped clusters.
Grid-based Clustering

This method follows a grid-like structure, i.e, data space is organized into a finite number of cells to design a grid-structure. Various

clustering operations are conducted on such grids (i.e quantized space) and are quickly responsive and do not rely upon the quantity of

data objects. Its examples are;
e STING (Statistical Information Grid),
e Wave cluster,
e CLIQUE (Clustering In Quest)

Computing statistical measurements for the grids consequently increasing the speed of method extensively. Also, the performance of

grid-based methods is proportional to the grid-size and demands very less space than the actual data stream[11,12,13].

1. DBSCAN CLUSTERING

DBSCAN stands for Density-Based Spatial Clustering of Applications with Noise.

It was proposed by Martin Ester et al. in 1996. DBSCAN is a density-based clustering algorithm that works on the assumption that
clusters are dense regions in space separated by regions of lower density It groups ‘densely grouped’ data points into a single cluster. It
can identify clusters in large spatial datasets by looking at the local density of the data points. The most exciting feature of DBSCAN
clustering is that it is robust to outliers. It also does not require the number of clusters to be told beforehand, unlike K-Means, where we
have to specify the number of centroids. DBSCAN requires only two parameters:

epsilon and minPoints. Epsilon is the radius of the circle to be created around each data point to check the density and minPoints is the
minimum number of data points required inside that circle for that data point to be classified as a Core point. In higher dimensions the
circle becomes hypersphere, epsilon becomes the radius of that hypersphere, and minPoints is the minimum number of data points
required inside that hypersphere.

DBSCAN creates a circle of epsilon radius around every data point and classifies them into Core point, Border point, and Noise. A data
point is a Core point if the circle around it contains at least ‘minPoints’ number of points. If the number of points is less than minPoints,
then it is classified as Border Point, and if there are no other data points around any data point within epsilon radius, then it treated
as Noise[14,15].

Figure 1 Core point, Border point, and Noise
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DBSCAN creates a circle of epsilon radius around every data point and classifies them into Core point, Border point, and Noise. A data
point is a Core point if the circle around it contains at least ‘minPoints’ number of points. If the number of points is less than minPaints,
then it is classified as Border Point, and if there are no other data points around any data point within epsilon radius, then it treated
as Noise. The above figure shows us a cluster created by DBCAN with minPoints = 3. Here, we draw a circle of equal
radius epsilon around every data point. These two parameters help in creating spatial clusters.

V. LITERATURE SURVEY

In 2017 K. Chitra et al proposed “A Comparative Study of Various Clustering Algorithms in Data Mining”. Clustering is a significant
task in data analysis and data mining applications. They focused on a keen study of different clustering algorithms in data mining. They
discussed a brief overview of various clustering algorithms . The objective of the data mining technique is to mine information from a
large data set and make it into a reasonable form for the supplementary purpose. Clustering algorithms can be classified into partition-
based algorithms, hierarchical-based algorithms, density-based algorithms and grid-based algorithms. Under partitioning method, a brief
description of k-means and k-medoids algorithms have been studied. In hierarchical clustering, the BIRCH and CHAMELEON
algorithms have been described. The DBSCAN and DENCLUE algorithms under the density based methods have been studied. Finally,
under grid-based clustering method, the STING and CLIQUE algorithms have been described[1].

In 2018 Yewang Chen et al proposed “A Fast-Clustering Algorithm based on pruning unnecessary distance computations in DBSCAN
for High-Dimensional Data”. They proved theoretically and experimentally that p-Approximate DBSCAN degenerates to an O(n 2 )
algorithm in very high dimension such that 2D >> n. They proposed a novel local neighborhood searching technique, and apply it to
improve DBSCAN, named as NQ-DBSCAN, such that a large number of unnecessary distance computations can be effectively reduced.
Theoretical analysis and experimental results show that NQ-DBSCAN averagely runs in O(n = log(n)) with the help of indexing
technique, and the best case is O(n) if proper parameters are used, which makes it suitable for many real-time data . They proposed a
clustering algorithm, named NQ-DBSCAN which may return the exact result as DBSCAN, to improve DBSCAN, by using neighbor
searching technigque and indexing technique to filter great number of unnecessary density computations. Although, the worse complexity
of NQ-DBSCAN is still O(n 2), but its average complexity is about O(n * log(n)) with the help of indexing technique, 540 and the best
case is O(n) if proper parameters are used[2].

In 2018 Mingrui Zhang et al proposed “Use Density-Based Spatial Clustering of Applications with Noise (DBSCAN) Algorithm to
Identify Galaxy Cluster Members” They ensured the correctness of classification? Based on the results of CoODECS numerical simulation
and combining DBSCAN algorithm, they attempted to classify the data and compare and explain the results of the three methods. Then,
based on the data of Abell 383 cluster, further comparison and analysis of the three methods were made. By comparing with the correct
figure, they found that the DBSCAN algorithm can accurately identify all classes and eliminate noise interference to a certain extent,
which is impossible to be achieved by the K-Means algorithm and the Decision Tree algorithm. DBSCAN method's advantage is its
classification standard is classified by density, not limited to the shape of the classification, and so on these data can get very good result,
but according to the real Abell data[3].

In 2019 Vikram Neerugatti et al proposed “Density Based Spatial Clustering Application with Noise by Varying Densities. They
proposed algorithm and developed a model based on the existing DBSCAN algorithm. In the proposed algorithm they focus mainly on
the epsilon parameter value. Whenever the DBSCAN algorithm fails to form a cluster, they increase the epsilon value by half of its
original size. They repeated this step until a cluster is formed. Whenever a cluster is newly formed, we change existing epsilon parameter
value by adding the 10 percent of the previous used epsilon parameter value. They used epsilon for varying the density of a cluster. So,
they used the DBSCAN algorithm with the varying density values for developing a cluster. They applied this algorithm on the various
datasets Cluster algorithms are used for grouping up of similar points to form a cluster. The most popular density-based algorithm is
DBSCAN. By applying this algorithm on the three different size of datasets we have achieved a better silhouette score from these three
datasets than that is achieved by the existing dbscan algorithm[4].

In 2020 G C Pamuji et al proposed “A Comparison study of DBScan and K-Means Clustering in Jakarta rainfall based on the Tropical
Rainfall Measuring Mission (TRMM) 1998-2007”. They proposed comparison between two different of cluster analysis algorithm in
data mining on the Tropical Rainfall Measuring Mission (TRMM). They used rainfall data in Jakarta based on TRMM was analyzed and
compared in the efficiency and the accuracy using each algorithm. The comparison results of the two algorithmic processes can be seen
from several parameters, especially from the number of clusters formed and the time needed to process the model. Using the data mining
techniques K-Means and DBSCAN the rainfall datasets analyzed. Each algorithm formed different number of clusters. K-Means used a
predetermined variable (k) with a value of 3, and DBSCAN has the ability to determine how many clusters, which can be formed based
by data points. The size of the datasets is affecting the process time. K-means is faster in processing larger data sets. Each of the
algorithm have their own strengths and weakness. Due to the nature of the datasets, which are from data-sets type and size, K-Means
produced a more efficient and accurate results than DBSCAN[5].

In 2020 Jashraj Gandhia et al proposed “Comparative Study on Hierarchical and Density based Methods of Clustering using Data
Analysis”. Data Mining is extraction of useful patterns using different techniques. Clustering is one such technique. They extracted all
clusters from the data to find some useful information. Hierarchical clustering and density-based clustering are two such methodologies to
find clusters. Hierarchical gives its results in a dendrogram using hierarchical clustering algorithm. DBSCA N is a density-based
algorithm which helps find arbitrary shaped clusters. They implemented a more efficient. They concluded by observing both efficient
hierarchical clustering and efficient DBSCAN using CLARANS that, DBSCAN is more efficient to use on a dataset than hierarchical
clustering, as DBSCAN has well defined concept of noise and very well outlier points whereas hierarchical clustering may take lot of
time to process said data[6].
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In 2021 Jing Yangl et al proposed “Research and Application of Business Ability Evaluation Based On DBSCAN Algorithm and
Entropy Method”. They constructed customer commissioner’s business capability evaluation models of different business types. Firstly,
through DBSCAN algorithm we mine the potential category characteristics of customer commissioners. Then, entropy method is used to
score the customer commissioners under the target category comprehensively. Finally combining the clustering results and entropy score,
the customer commissioners with relatively strong and weak business capabilities are identified accurately. By marking the business
capacity labels for the corresponding customer commissioners, it has guiding significance for the post adjustment and business training,
which can improve the quality of power supply service and customer satisfaction for customer service center[7].

In 2022 Jayasree Ravi et al proposed “A Critical Review on Density-Based Clustering Algorithms and Their Performance In Data
Mining”. They gave about various density-based clustering algorithms, their domain-specific applications, datasets used, methods of data
extraction. They focused on the performance evaluation of the algorithms which are part of this survey. They illustrated the working of
DBSCAN and compares with other three algorithms. While VDBSCAN addresses the varying density issue, AGED, AE-DBSCAN and
ADAPTIVE DBSCAN algorithm calculate density parameters automatically. DBSTexC and VDCT focus on identifying quality clusters
by considering textual information also. DBSCAN++ aims at reducing the run-time complexity. They observed that there have been
enough studies done on calculating € values. But there has not been any study that has handled the other important parameter which is the
MinPts[8].
V.  PRAPOSED APPROACH

Let X = {X1, X2, X3, ..., Xn} be the set of data points. DBSCAN requires two parameters: € (eps) and the minimum number of points
required to form a cluster (minPts).
o Start with an arbitrary starting point that has not been visited.
o Extract the neighborhood of this point using € (All points which are within the € distance are neighborhood).
o If there are sufficient neighborhood around this point then clustering process starts and point is marked as visited else this point is
labeled as noise (Later this point can become the part of the cluster).
e Ifa point is found to be a part of the cluster then its € neighborhood is also the part of the cluster and the above procedure from step
2 is repeated for all € neighborhood points. This is repeated until all points in the cluster is determined.
e A new unvisited point is retrieved and processed, leading to the discovery of a further cluster or noise.
e This process continues until all points are marked as visited.

VI. COMPARATIVE ANALYSIS

Number of objects in each cluster

we have 5 clusters and 1 outlier. The 0" cluster has the largest size with 112 rows. The visualization clearly shows how each customer is

part of one of the 5 clusters, and we can use this information to give high-end offers to customers with purple clusters and cheaper offers

to customers with dark green clusters.

Table 1 number of objects in each clusters
Cluster No Number of Objects

-1 18
112
8
34
24
4

Al W N | O

Number of Objects in each clusters

Number of Objects in each Clusters

Cluster Number

Figure Number of objects in each cluster
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VIL. CONCLUSION

In this paper we used Density-based Spatial Clustering of Applications with Noise (DBSCAN). DBSCAN clustering provides several
advantages over other clustering techniques like it Handles irregularly shaped and sized clusters, does not require the number of clusters
to be specified, Less sensitive to initialization conditions, Robust to outliers and Relatively fast. We analysis the DBSCAN on real life
data set. We have taken real life data set of Mall Customer and created clusters using different parameters like different age groups
mostly visited the mall, how they spend money in mall based on income and age groups. We have implemented DBSCAN using python
language. By the implementation we found that females are highly visited mall as compared to male Peoples of age between 25 to 40 are
mostly visiting mall than other age groups. We also analysis the number of outliers present in the data set and number of objects in each
cluster.
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