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Abstract: In today’s era as the growth of technology and industries has made the life style easier but adversely 
affecting the environmental conditions. Air pollution is one of the major global issues which need to be resolved. 
Degradation of air quality in cities is the result of an increase in urbanization and industries and because of poor control 
over emissions. The huge volume of pollution data collected needs to be understood and analyzed. The time series 
pollution data can be used to extract patterns (seasonal) or novel pattern by techniques like clustering, prediction or 
forecasting, segmentation etc. In this research time series data is used to analyze the pollution data using time series 
clustering technique K-Mean and X-Mean.
Keywords: Internet of Things, Data Mining, Clustering, Time series.

Introduction1.	
The technological growth leads towards the direction of Internet of Thing (IoT). The Internet of Things referred 
as the next generation of internet which contains trillions of nodes representing various devices/objects. These 
objects represent small ubiquitous devices and Handhelds to large web servers and supercomputer clusters. IoT 
is an integrated part of future internet technology, which defines a dynamic global network infrastructure with 
self configuring capabilities based on interoperable communication protocols. The IoT enables nodes to interact 
and communicate among themselves and with environment by exchanging data sensed about the environment. 
These entities act autonomously in the physical world and influencing it by running processes and create services 
with the minimal human intervention.

The Internet of Things consists of complex data types which includes sensor data, radio frequency data 
(RFID), video data and image data. The data in IoT can be categorized as: Radio frequency identification data 
stream, descriptive data, positional data, environmental and sensor data etc. Vast amounts of data are generated 
by the environmental sensors. The major challenge is to manage, analyze and mining data in its environment.

Air pollution is the major health issue affecting the urban areas of developing and the developed countries. 
The air pollution affects health of living beings in different aspects as there are different sources. Not only the 
ambient air quality affects but also the indoor air quality in both the rural and urban areas is the major concern. 
Air particles in the atmosphere when present above the specified level cause the pollution. These air pollutants 
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when inhaled affects the human health by affecting the lungs and respiratory system; also taken up by the blood 
and pumped all round the body. These pollutants are also deposited on the soil, plants and in the water. This 
is a very critical issue nowadays as it affects the population in different aspects such as health, natural disaster 
etc. In this research work the focus is to understand and analyze the huge volume of time series pollution data 
collected from Central Pollution Control Board using data mining techniques. The analysis is conducted using 
K-mean and X-mean clustering algorithm for time series data.

The paper is structured as follows: Theoretical background, Methodology, Experimental setup, Result 
analysis and conclusion and future scope.

THEORETICAL BACKGROUND2.	

2.1.	 IoT and City Governance
The Internet of Things can be used in the field of city governance. It is used in all scenarios for public services 
by governments. The IoT can uniquely address problems of pollution like air pollution, water and noise, landfill 
waste and deforestation. The sensor devices help to monitor the environmental impact of city data like pollution 
data, population data, air quality data and waste disposal. IoT in city governance includes creating frameworks 
of best practice for smart city projects, collaboration of city services, risk management and development of a 
city protocol to effectively manage the urban IoT.

The major challenge is to manage and analyze this huge volume of data. By using big data analytics, 
researchers can predict how many residents are likely to move away from the city, and which factors of urban 
life lead to this decision of residents. IoT has introduced data mining techniques to manage these data in order 
to find an efficient pattern.

2.2.	 Environmental Monitoring
Environmental monitoring with Internet of Things is encouraging researchers with different revolutionary ideas. 
It involves planning, monitoring and conservation of natural resources. It results in an enhanced protection 
and resource management. It deals with the climate change, ocean and coastal management, natural resource 
management and biodiversity conservation. In Environmental monitoring, connected IoT sensors collect data that 
are emitted from factories, vehicles, detects forest fires and senses the temperature change. From the monitoring 
of air pollution to the real time monitoring of water quality through the IoT sensors that sends information via 
a GPRS network.

Following are the major area of environmental monitoring through IoT technology:-

Air quality monitoring, Water quality monitoring, Atmosphere and soil condition monitoring, Animal 
control, Forest fire detection, Earthquake or tsunami warning Fishing.

The research areas of Internet of Things for environmental monitoring (Refer Figure 1) are given below:

2.2.1.	 Pollution Monitoring
Nowadays, with the growth of industries, a steady change in the composition of atmospheric elements is found 
due to the combustion of fossil fuels used for the energy generation. This is due to the poor control of emissions 
during the process. This causes serious health problems for all citizens and animals in metropolitan cities. Today’s 
one of the major environmental and health concern is air pollution. It has a significant risk factor for multiple 
health issues, including skin and eye infections, lung cancer, pneumonia, cough, and asthma.
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Figure 1: IoT techniques for environmental monitoring

By considering the major issues caused by the air pollution, it is very much required to monitor and control 
the air pollution. One of the suggested ways is to monitor the exceeding levels of air pollutants and by taking 
appropriate actions to control it. Several data mining techniques have been used to monitor air pollution.

2.3.	 IoT and Data Mining
Data mining is the process of analyzing and knowledge discovery from a massive set of data. The major 
objective of data mining is to find efficient patterns from the huge volume of data received from the Internet 
of Things devices (IoT sensors). Knowledge discovery, pattern analysis is the main tasks of data mining for it. 
In city governance data mining is used to discover public needs and decision making with automated systems, 
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improve service performance. The data mining techniques like classification, clustering and time series analysis 
used to solve problems in this area. For smart cities, city incident information management system can integrate 
data mining techniques to provide a comprehensive assessment of the impact of natural disasters on the 
agriculture.

2.3.1.	 Classification Technique
Classification techniques are used to predict a certain outcome based on a given input parameters. The classification 
methods like Decision tree can be used to classify whether a particular region is polluted or not. Based on the 
pollutant values (e.g. PM10, SO2). We can classify whether a region comes under the pollution categories like 
highly risky, Risky, Moderate and healthy. Data mining techniques can be used for policy making [24] to manage 
the pollution. The Classification and Regression Tree (CART) technique uses specialized software to identify 
air quality or meteorological variables which are strongly correlated with the ambient pollution levels. These 
parameters are then used to predict the future, pollution level based on the air quality parameters. Following are 
the classification techniques which are identified.

1.	 Naïve Bayes and Bayesian Belief Networks

2.	 Decision tree and KNN

3.	 Rule based classification

4.	 Genetic algorithm and SVM

2.3.2.	 Clustering Technique
Data mining Clustering groups data set into subsets in such a manner that similar type of data is grouped together, 
while different data set belongs to different groups. Clustering techniques like K- Means and Hierarchical 
clustering are used to determine the city cluster which are highly polluted. These techniques uses a distance 
function based on which the data clusters are calculated. Following are the main clustering techniques which 
are identified under data mining algorithms.

1.	 Partition Based(K-Mean, X-Mean)

2.	 Density Based(DBSCAN, OPTICS)

3.	 Hierarchical Clustering(AGNES, DIVISIVE)

4.	 Grid Based(STING)

5.	 Model Based(EM, Neural Network)

2.3.3.	 Association Analysis
Association techniques like Apriori algorithms are used to find association patterns between different pollutants. 
Following are the association techniques:

1.	 Pattern growth approach

2.	 Apriori based algorithm (Hashing, Sampling and Partitioning)

3.	 Vertical data format

The researches carried out under various data mining techniques are given below (Refer Figure 2).
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Figure 2: Data mining techniques for pollution analysis

2.3.4.	 K-Means Clustering
K-Means clustering is the unsupervised learning algorithm that provides a solution to the clustering problem. 
The algorithm follows a set of steps to cluster a given dataset into a determined number of clusters. The main 
idea behind this technique is to group the similar data items based on their distance from the centroids. The 
centroids are the centre of each cluster.

2.3.5.	 X-Means Clustering
X-mean algorithm is an extended version of K-mean algorithms which overcomes the drawbacks of K-Means 
of providing an efficient estimation of number of clusters.

OBJECTIVE OF THE RESEARCH3.	
The main focus of the research is on improving the quality of life in urban cities which is based on projected 
growth in pollution. As pollution growth in urban cities are related to power, water distribution, waste disposal, 
health, education and pollution. Currently, Environmental pollution and global warming is the key issue, there 
is a need to understand the pollution level of various urban cities.

Since a vast amount of data is collected, the major challenge is to understand and analyze this huge volume 
of pollution data. The objective of the research is to analyze the time series air pollution data collected using 
sensors during a specific time period (winter season) to find clusters of pollutant during this period using a suitable 
clustering technique. To provide an efficient solution to problems in data mining techniques like K-Mean, a well 
established and a simple technique that has been used for various applications and X-mean which scales better 
in performance are used.



Divya Joshi, A Sai Sabitha and Shilpi Sharma

International Journal of Control Theory and Applications 298

CHALLENGES OF DATA MINING WITH IOT:4.	
The various challenges of Data mining with IOT are as follows:

1.	 Data Mining Algorithm: This challenge involves selection of a suitable data mining algorithm to 
handle huge volume of data.

2.	 Selection of Data Mining Model: To manage and analyze massive set of data generated by an IoT 
device, it is necessary to select an efficient data mining model.

3.	 Accessing and Data Extraction: As an IoT device generates large volume of data, data extraction 
and accessing is a major challenge.

4.	 Handling of Heterogeneous Data: Heterogeneity of data is the feature of IoT as data in IoT environment 
gathered from different sensors and platforms. The challenge is to handle these heterogeneous data 
and to analyze.

5.	 Data Storage: Data storage is the major challenge in IoT as it is a complex task to store and retrieve 
huge volumes of data.

6.	 Database Management: Database management is a research challenge in Internet of Things 
environment. Selection of database management software and tools to handle big data is an important 
challenge of IoT. It includes database management in local node as well as in global nodes also.

METHODOLOGY5.	

4.1.	 Data Mining System for IoT
The data mining system for IoT (Air pollution) (Refer Figure 3) can be discussed in six layers:

Figure 3: Data mining system for IoT in pollution

1.	 In the first layer IoT devices such as sensor cameras can be integrated to generate air pollution data 
continuously.

2.	 The raw data is of the structured/unstructured form. In the second layer these raw data can be gathered
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3.	 In the third layer the data collected can be preprocessed (cleaned, reduced, and integrated).

4.	 In the next layer the stored data (big data) can be processed using big data mining infrastructure.

5.	 Data mining functions in IoT-Air pollution data can be regression analysis, Time series, clustering.

6.	 The last layer shows the novel and interesting patterns discovered from huge time series data.

In this work more emphasis is given to applications of data mining technique towards city governance 
(pollution monitoring) and patterns are discovered in time series data.

EXPERIMENTAL SET UP6.	

6.1.	 Data Set
The air pollution data of New Delhi are considered. The live data were collected from the website of the Central 
Pollution Control Board (CPCB), India [30]. The time series data were collected for the four stations of New 
Delhi for the analysis. The data are considered from December 2015 to February 2016 for the four different 
stations; Anand Vihar, Punjabi Bagh, R K Puram and Mandir Marg understand the pollution during winter 
season. The attributes of pollution data are NO2 (Nitrogen dioxide), SO2 (Sulpher dioxide), NO (Nitric oxide) 
NOx (Oxides of nitrogen), O3 (Ozone), NH3 (Ammonia), PM10 (Particulate matter 10), PM2.5 (Particulate 
matter 2.5). Screenshot of the data collected is given below (Refer Figure 4).

Figure 4: Data set for the analysis

6.2.	 Data Analysis Model
For the analysis data mining tool rapid miner was considered. The time series data were loaded into clustering 
tool. The screenshot of the clustering operators is shown below (Refer Figure 5).



Figure 5: Clustering tool in Rapid Miner

From the above model the clusters were identified. The process was repeated using clustering operator for 
X-Mean. The results of the cluster model are shown in Figure 6 given below:

Cluster Model –X Mean
Cluster 0: 1 items
Cluster 1: 1 items
Cluster 2: 6 items
Total number of items: 8

Cluster Model- K Mean
Cluster 0: 2 items
Cluster 1: 6 items
Total number of items: 8

Figure 6: Cluster Model of X-Means & M-Mean

In the first experiment clustering using X-Mean 3clusters is formed. In K-Mean two clusters were forms.

ANALYSIS7.	
Case study 1: X-Mean

The time series data loaded was standardized by performing Z- transformation of the values, so that mean is 
zero and standard deviation is 1. The data is further transposed and the clustering analysis was done on the 
transposed data. The cluster _0 had SO2 pollutant. O3 was found in cluster_1. The remaining pollutants were 
found in cluster_2 as shown in the table given above (Refer Figure 7(a)).
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	 X-Mean Clusters	 K-Mean Cluster

	 	
	 Figure 7: (a) Cluster set of X-Mean	 Figure 7: (b) Cluster set of K-mean

 Fig. 8 Parallel plot of X-mean analysis

According to the parallel plot (Refer Fig. 8) of the cluster time series data it was found during the winter 
season the pollutant SO2 of cluster_0 (represented as blue line) was very high (att_605 to att_610) during Jan 
13,2016 to Jan 18, 2016. The reason could be due to peak winter time and festival time of north India (Festivals 
like Lohri etc.). The Cluster_2 (NO2, NO, NOx, NH3) were found to be constant except a little rise in end of 
Jan 2016.

Case study 2: K-Mean

The time series data is processed through the data mining model in rapid miner for K-Mean. The data processed 
through the transposition and normalization to the K-mean clustering operator in the tool. The data is clustered 
into two clusters after the processing. Cluster_0 contains two pollutants SO2 and O3. The remaining pollutants 
were found in Cluster_1 as shown in the above table (Refer Fig. 7(b)).
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Figure 9: Parallel plot of K-mean analysis

According to the parallel plot (Refer Figure 9) of K-mean analysis the pollutant SO2 and O3 of Cluster_0 
were found high during the Jan 4, 2016 to Jan 9, 2016. From Jan 13, 2016 to Jan 18, 2016 there is sudden rise 
of pollutants SO2 and O3 due to festival season.

During the Feb 12, 2016 to Feb 17, 2016 a rise was found in the pollution level of pollutant of cluster_1.

CONCLUSION AND FUTURE SCOPE8.	
In this work time series clustering analysis was used to study the patterns of pollution data of urban city. Data 
mining techniques served as a good standard to discover the pollutant level during a time interval. X-mean 
algorithm was found to be better than K-mean as the number of clusters efficiently partitioned. The X-mean 
algorithm scaled better than the K-Means since it uses heuristic approach to determine the number of centroids. 
It uses BIC (Bayesian Information Criteria) for a better partition. Time series analysis can further be used to 
predict/forecast for the next few days/months. Classification techniques like regression, neural network, and 
support vector machine can be used as a modeling for prediction.
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