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Abstract. Clustering is a process of grouping objects belonging to similar class or
kind of objects which are collected and put together in same cluster or else grouped
in other cluster based on similarity. The study focuses on the CANOPY, COBWEB
and DBSCAN methods of clustering to cluster weather parameters in order to gain
insight of the pattern being followed. Clustering technique as an unsupervised form
of learning in Data mining helps in providing insight into the distribution of data to
visualise and analyze characteristic of each cluster. The data considered in the study
is of daily weather parameters for Delhi region from 1st January, 2017 to 31st October,
2018. The clustering of data is carried out to study the nature using different methods
of clustering and the efficiency of these methods are then compared to assess the best
suited method based on time taken to form clusters.
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1. Introduction

Clustering is the process of making group of abstract objects into classes of same
objects. The objects are grouped together due to similarity in them, either on
the basis of pattern or nature. Cluster of the data values are taken as one
group. The algorithm for calculating maximum likelihood from incomplete data
at different levels has been done. The study was done on the basis of many
examples that are sketched, including missing value situations, applications to
grouped, censored or truncated data, finite mixture models, variance component
estimation, hyperparameter estimation, iteratively re-weighted least squares and
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factor analysis [1]. AI with wavelet decomposition conjuction model was applied
for analyzing the river water quality [2]. Hybrid soft computing techniques were
also used for studying the behavior of Covid-19 using the data [3]. The machine
learning bases assessment of HIV epidemiology was carried out for the Asian
region in [4]. Also for nonlinear systems a lot of studies have been carried out
using stability analysis in different fields of ecology [6] and physics [5].

For instance different methods such as consensus algorithm, developing a
system using Blockchain for prevention of Diabetes, numerical simulation for
analyzing the COVID-19 data to understand the situation and analyze, opti-
mizing techniques, evolutionary techniques, model development for forecasting
using neural networks, study of effects of magnetic and temperature variation
on aluminum oxide was done [7-10, 13-15]. Under time series analysis auto
regressive methods have been also used to study the time series of rainfall on
daily basis and further the best suited model on the basis of AIC was selected
to forecast rainfall [11].

Different parameters of weather were considered to study the pattern of the
weather parameters and the classification and clustering techniques were used
to study the parameters and the best model among classification and clustering
were chosen on the basis of least error in classification techniques and the model
taking less time was selected for the clustering methods [12]. The fractal and
wavelet to study air and water pollutants behavior were studied by calculating
fractal dimension, Hurst exponent and predictability index; further concluding
time series showing Brownian behavior [16]. Another study of environmental
pollutants was done using nonlinear techniques was done [17] while analysis of
spread of COVID-19 for China region was done [18]. Soft computing methods
have been used to study water quality in [19]. On the other hand EM clustering
algorithm was studied in order to cluster 2 stochastic versions [20]. In [21]
Forecasting of weather has been done using K-Means clustering was done while
fuzzy randomness was studied in [22]. In article [23] derivation and uses of
measures of similarity among 2 hierarchical clusters was studied.

The Density-based clusters are separated from each other by contiguous
regions of low density of objects in the article [24]. A general algorithm is
studied which includes the application of James-Stein type adjustment further
in which e James-Stein shrinkage estimators act as the new centroids in the
next clustering iteration until convergence, further the testing of accuracy has
been done by using real data example [25]. The clustering methods have been
examined in high dimension, EM algorithm significantly outperforms the other
methods, and proceed to investigate the effect of various initialization schemes
on the final solution produced by the EM algorithm [26]. It is a density-based
clustering algorithm because it finds a number of clusters starting from the
estimated density distribution of corresponding nodes. DBSCAN is one of the
most common clustering algorithms and also most cited in scientific literature
[27].
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In this study a new clustering technique is introduced which will not just
make clusters of data and will also create proper order of data base showing
density based clustering structures [28]. The ranking and clustering method
is used for aggregating inconsistent information [29]. The study showed that
the hierarchical techniques show better results than the K means method in
terms of connectivity [30]. The study is about effective methods for spatial data
mining [31]. SLINK algorithm carries out single-link (nearest-neighbor) cluster
analysis on an arbitrary dissimilarity coefficient and provides a representation
of the resultant dendrogram which can readily be converted into the usual tree-
diagram [32]. The new hybrid algorithm were compared to existing clustering
algorithms on the basis of different measures and it was concluded that hybrid
clustering algorithm was more accurate [33].

Hierarchical clustering method was studied and its performance was eval-
uated in [34]. Time series analysis of COVID-19 in Saudi Arabia was carried
out [35]. The study introduced new concepts of density threshold and adap-
tive density using the p-DBSCAN algorithm [36]. In this study the method
analyzes source-specific clustering and identifies a consensus set-partition which
is as close as possible to all of them [37]. The study includes application of
K-Means algorithm and K-prototypes algorithm with application on real world
data and both the algorithms showed good results on their application [38].

The study includes application of different methods for modeling the uncer-
tainty of NWP forecasts, various clustering algorithms are applied to group the
performance records as the first step, second step was a range of methods are
used to fit appropriate probability distributions to errors of each cluster, Results
show that incorporating trained uncertainty model outputs into the NWP point
predictions provides PI forecasts with higher reliability and skill. This can lead
to improvement of decision processes for many applications that rely on these
forecasts [39].

In this study different clustering techniques were used to cluster the weather
data on the basis of the already provided training data in order to for clusters
of different weather parameters on the basis of understanding the nature of dif-
ferent weather parameters from training set, further the best clustering method
will be chosen on the basis of least time taking method for both training full
set and building model. The clusters were later compared to the actual data of
the temperature Maximum and Minimum and rainfall in order to see where the
clusters formed were appropriate or not.

Data mining is a procedure of extracting information from existing set of
data. Extraction of knowledge about the data in terms of pattern and nature is
termed as data mining. Machine learning is divided into 3 main categories such
as: Supervised Learning, Unsupervised Learning, and Reinforcement Learning.
The basic steps of machine learning are shown in Figure 1 a). Unsupervised
learning is a type of learning that helps in learning and understanding which
helps us in understanding, discovering patterns in our data related to various
features. Two of the main methods used in unsupervised learning are: Principle
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Figure 1: Flow Chart Diagram of Analysis Technique in the study
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component Analysis and Cluster Analysis. Clustering analysis is a part of data
mining which helps in looking into the distribution of data and analyse the
characteristics of every cluster formed.

A flowchart of the process of clustering analysis is shown in Figure 1 b).The
process of clustering analysis in Machine Learning is as shown in Figure 3 c).
The clustering techniques discussed in the present study are namely CANOPY,
COBWEB, DBSCAN under the cluster analysis in order to analyze that whether
these tools serve the purpose of clustering data in the correct cluster and how
much time does each tool take to cluster the data values so that the study of
the patterns can be done. The time taken by the tools is taken is considered
in two ways namely Time taken to train full data(T1) and Time taken to make
model(T2).

2. Methodology

(i) CANOPY

This algorithm is unsupervised learning algorithm. Objective of the algo-
rithm is to fasten up clustering operations on huge data set, but in terms of
handling the large data sets a few may not work or may not provide desired
results due to the size. The algorithm of canopy clustering works as follows,
where X and Y are two thresholds and X is greater than Y:

� Extract the data set to be used.

� Exclude one value from the set, start new ‘canopy’ having the value.



442 VARSHA DUHOON and RASHMI BHARDWAJ

� For every value remaining, mark it to a new ‘canopy’ further if distance
to first value of canopy is lesser than loose distance X.

� Now, if value is at a distance which is relatively lesser than Y, exclude it
from original set.

� Repeat second step till the time no more data values are left to cluster.

� The comparatively poorly clustered canopies can further be sub-clustered
using expansive but more precise algorithm.

The canopy algorithm is useful as the number of training data which can be
compared at every step is decreasing and also the resulting clusters are improved.

(ii) COBWEB

The cobweb clustering algorithm is a simple method of incremental con-
ceptual learning. The algorithm forms a hierarchical group in the form of a
classification tree. Every node is a concept and has a probabilistic depiction
of the concept. At a given level the sibling nodes do form a partition and for
mentioned as follows, the rise in the number of values which can be correctly
guessed refers to category utility.

∑n
k=1 P (Ck)

[∑
i

∑
j P (Ai = vij | Ck)

2 −
∑

i

∑
j P (Ai = vij)

2
]

n
.(1)

There are four operations that Cobweb uses while making tree. The application
of the operations is based on category utility. The operations are as follows:

� Meeting 2 nodes: meeting of two nodes refers to substitute them with a
node, sub node of which is the collection of original nodes’ set of sub nodes
and objects classified under them are summarizes.

� Ripping a node: subnodes substitute the node ripped.

� Adding a new node: When an object is inserted into the tree a node is
created correspondingly.

� Shifting values in ladder: objective is to applying COBWEB algo on values
and the subtree rooted in the node.

(iii) DBSCAN

DBSCAN algo is a clustering algo which is a technique in data mining and
machine learning. On the basis of the set of points, DBSCAN algorithm groups
values which are near to each other on the basis of measured distance that is
EuclideanDistance formula & a least number of points. DBSCAN algorithm
needs two parameters:
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� Eps: eps determines the distance between the points for them to be con-
sidered as part of cluster. This means that the distance in between 2
values less than or equals to this value (eps), these values are taken as
neighbours.

� Min points: least number of values to make a dense region. Eg: mark min
points parameter to 15, further minimum 15 values are needed to form the
dense region.

The estimation of parameter is important in data mining. The basic knowl-
edge about the data is needed to choose the correct parameters. If the value
of eps is very small, then a huge portion of the values will be grouped. If the
number of values required to form dense region is not satisfied then the values
will be removed. Taking too large values will also not be good as maximum
values will come in one group and the study will get affected. Choose eps on
the basis of distance of data values, but generally eps value is taken small. In
general terms, least min points can be calculated from the value of dimensions
(d) in the data set, as min points are greater or equals to d+1. More values are
considered to be appropriate for data set which has noise and makes better clus-
ters. The least value for the min points should be 3, but the larger the number
of points in the data set, larger the min points value that must be chosen. The
DBSCAN algorithm is applied to look for associations and structures in data
which are hard to allocate manually but it can be easy and quite of use to see
if there exists pattern and forecast trends.

3. Results and discussion

The daily weather data for different parameters is taken into consideration from
1st January, 2017 to 31st October, 2018 for Delhi region. The parameters taken
are Maximum Temperature, Wind Speed, Minimum Temperature, Evaporation,
Rainfall and Bright Sunshine whose time series are plotted in Figure 2 a)-f). The
study includes clustering of data into clusters to study the nature and also to
analyse which method serves as the better method amongst others based the
time taken to form clusters. The time taken by the tools is taken is considered
in two ways namely Time taken to train full data (T1) and Time taken to make
model (T2).

The Table 1 shows the time taken to train the full data set and to build the
model. It is seen very clearly that Canopy took lesser time to make clusters that
will help in better and faster study of the clusters. Canopy in total formed twenty
one clusters in the lesser time. Figure 2 g)-h) shows that Canopy clustering
method takes lesser time in both situations and hence, can be chosen for making
clusters. The Table 1 shows the time taken to train the full data set and to build
the model. It is seen very clearly that Canopy took lesser time to make clusters
that will help in better and faster study of the clusters. Canopy in total formed
twenty one clusters in the lesser time.
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Figure 2: a)-f) Weather Data Time Series Plot and g)-h) Clustering Technique
Performance Comparison Plot
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Table 1: Comparison of T1 and T2 for different clustering tools
Clustering Time Taken Time Taken

Tools (Full Data: T1) (Build Model: T2)

CANOPY 0.04 0.01

COBWEB 8.63 4.76

DBSCAN 0.36 0.16

4. Conclusion

In the field of data analysis Clustering of data is an important problem. Clus-
tering analysis is done in order to study the pattern and nature of the data.
The objective of the study was to analyse different clustering methods and to
see which among them is best suited for clustering of the weather time series
data of different weather parameters. For the study the daily data of different
weather parameters for Delhi region from 1st January 2017 to 31st October 2018
has been considered. Different clustering techniques such as CANOPY, COB-
WEB and DBSCAN were applied and compared for their efficiency to cluster
data based on how much time was taken to build the model and process the full
testing data to the assigned clusters. From the comparison of the performance
efficiency for all the three methods it was observed that the least processing
time was taken by CANOPY method. This result can be further analysed and
understood in terms of the faster algorithm of CANOPY method and as the
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resulting clusters are improved so better efficiency is observed on using it for
clustering of the considered data. Clustering technique extracts knowledge from
the data by grouping the data values of same pattern or nature in one group
and hence provided insight about the data and hence helps in studying the na-
ture of data. Thus selection of an effective and efficient clustering technique in
terms of processing time is essential. It can be concluded from the analysis that
CANOPY technique is faster and better in clustering the daily weather data in
comparison to other methods compared.
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