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PREFACE

Significant technological advancements and societal shifts occurred during the 2010s 
decade. Yet many of these developments became so quickly engrained in our daily lives 
that they often went relatively unnoticed, and their impact all but forgotten. Over this next 
decade, we expect similar rapid and meaningful advancements to occur. Moore’s law 
suggests that over a ten-year period, semiconductors will advance by 32 times, bringing 
about mesmerizing innovation in the digital age that should not only change technology, but 
society, as well. In this piece, we review the technological advancements over the last decade 
and anticipate what revolutionary changes may be in store for us over the next 10 years.

Editors
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LAND AND VALUATION WITH FUZZY LOGIC IN 
ARTIFICIAL INTELLIGENCE APPLICATIONS

Tijen Över Özçelik1

ABSTRACT

The land market valuation is defined as the objective estimation of the probable value 
of an immovable asset and is of great importance in terms of the country’s economy. 
In this context, land/real estate valuation/determination of real estate value is seen 
among the popular fields of study. Especially in recent years, the use and widespread 
use of artificial intelligence techniques in many areas has increased the ability to make 
objective decisions and estimates. Fuzzy logic, which is one of these techniques, 
works with limited knowledge and imitates human thought. Its numerical evaluation 
of verbal data has made it possible to evaluate real estate objectively and scientifically.

The aim of this study is based on creating a model that allows valuation by calculating the 
value of real estate/land with the help of fuzzy logic, which is one of the artificial intelligence 
techniques. In the study, the prices of the plots selected from Sakarya province, Serdivan district; 
Using fuzzy logic, the proximity to transportation axes were evaluated with non-numerical 
data such as infrastructure, and its consistency with actual prices was examined and compared.

Keywords: Land Valuation, MATLAB, Mamdani, Fuzzy Logic, Artificial Intelligence.

1. INTRODUCTION

Real estate; house, land, etc., while immovable property means real estate, valuation means 
estimating the value of any asset. People want to sell their immovable properties at a price 
suitable for the value of their properties, and in this case, the concept of immovable valuation 
comes to the fore.

Real estate/real estate valuation is the process of analyzing real estate properties in terms of 
economic changes and determining the change value in market conditions. Determining the value 
of real estate and the fact that the determined values   are subject to real estate transactions is an 
indicator of development. Currently, there are no precise models for determining the real estate 
value in our countryX (Ulvi and Özkan, 2019). Although the methods of real estate valuation 
have different perspectives, they serve the same purpose. The methods are generally discussed in 
two or three groups in the literature; traditional, statistical, modern (Yalpir, 2007), or conventional 
and advanced methods (Pagourtzi et al., 2003). Although many methods have been developed 
to determine the value of the immovable, the most known methods are; market/comparison, 

1 Assistance Professor, Sakarya University, Turkey.
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income, and cost methods, which are handled under traditional valuation methods. Statistical 
methods are; nominal, multiple regression, and hedonic. Especially with the development of 
information and communication technologies, modern valuation methods have come to the fore 
and are called advanced techniques/computer-assisted artificial intelligence techniques. Modern/
advanced methods are; artificial neural networks, fuzzy logic, and spatial analysis methods. 
Artificial intelligence techniques are based on expressing human logic mathematically. Although 
the working principles of artificial intelligence techniques are different, their goals are similar. 
These methods and their groups are shown in Figure 1.

 Figure 1. Methods of determining the real estate value (Pagourtzi et al., 2003)

Method selection in valuation studies, real estate valuation depends on the type, type, valuation 
purposes, relevant legislation, characteristics of the real estate market, and other factors 
(Tanrivermis 2016). Technology, which has developed considerably in recent years, has shown 
its effect on real estate valuation and every field.

In this context, within the scope of the study, an application was carried out with the Fuzzy Logic 
methodology based on the usability of artificial intelligence techniques in real estate valuation 
and real estate valuation parameters defined in the literature. With the MATLAB software, 
screenshots of the fuzzy logic method results were taken, and some plots in the Serdivan district 
of Sakarya were appraised and priced.
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2. VALUATION METHODS

Although each country has a different culture and experience, they have similar valuation 
methods/perspectives. Methods of determining the real estate value are discussed in two main 
groups in some sources (Pagourtzi et al., 2003) and three main groups in some sources; traditional 
and advanced/traditional, statistical, and modern valuation methods (Yalpır, 2007).

2.1 Traditional Valuation Methods

 In traditional evaluation, the evaluator must observe and determine the evaluation method 
according to the results of this observation (Pagourtzi et al. 2003). The most commonly used 
methods in traditional valuation methods are comparison-based, income methods, and cost 
methods. The essential feature of the comparison-based methods in valuation according to the 
price of an immovable that can be considered equal to the immovable properties to be appraised. 
Other features can be listed as follows;

• It has an easy to perceive structure.
• Increasing the number of compared immovables helps to increase the accuracy of the 

valuation.
• If the number of compared immovables is not sufficient, the accuracy rate in the valuation 

will decrease, and the probability of a misleading result will increase.

The main purpose of the valuation method according to income is to calculate the value of the 
real estate appraised according to the income it will bring. In other words, it is used when the 
value of the real estate can be calculated. The basic features can be listed as follows;

• It is used for long investments.
• It is used to determine the value of the land or immovables where industrial and 

commercial investments will be made.
• The accuracy of the estimated revenues may not always be high..

The cost-based valuation method is based on the principle of valuation based on the cost value of 
the real estate to be valued at the date of the valuation. General features can be listed as follows;

• In general, there are factories, hotels, hostels, office buildings, etc., on it. It is used to 
valuation lands or immovables where there are buildings, and the rental prices cannot 
be determined clearly.

• The valuation is done with the m2 prices of the buildings on the appraised real estate.
• Sudden changes in the markets should be followed meticulously.

2.2 Statistical Valuation Methods

Statistical valuation methods are traditional in some studies and advanced valuation methods in 
some studies (Yalpir, 2007). Among the statistical methods, the most commonly used methods 
in real estate valuation are the hedonic approach, multiple regression, and nominal method. The 
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general features of statistical valuation methods can be listed as follows;

• When statistical methods based on mathematical models will be used for the valuation 
of the real estate, real estates whose market values   have been verified should be used.

• While using statistical valuation methods, the current situation should be constantly 
followed, as the prices used may vary from country to country.

• The abundance and size of the real estate to be appraised require computers while valuing.

In this context, statistical valuation methods can be evaluated within both traditional and advanced 
valuation methods. While it is based on the comparative perspective of traditional methods, it is 
based on advanced valuation methods in size and multiplicity (Özcan, 2019).

2.3 Modern Valuation Methods

Developing information and communication technologies show their effectiveness in every 
sector from trade to management, from shopping to entertainment and production. In this context, 
computer technology also plays an active role in the real estate valuation sector. Thanks to 
computer technology, more data can be accessed, and more accurate results can be obtained by 
processing these data. Valuations are made quickly and easily, thanks to artificial intelligence 
techniques. Thanks to artificial intelligence techniques, real estate valuation are realized by 
applying human logic to computer technology. To this end; Artificial Neural Networks (ANN), 
Fuzzy Logic, and Spatial Analysis methods are used. 

In valuation with artificial neural networks (ANN), a structure similar to the system of nerve 
cells in the human brain is created (Pagourtzi et al., 2003). The general features can be listed 
as follows;

• It imitates the human brain. Inspired by neural networks in the brain.
• It has non-linear properties.
• Programs can be used. It is also possible to train the program.
• It is necessary to work with data with high accuracy.

The fuzzy logic method is a method that creates rules by processing the values   obtained from 
human experience with various algorithms and produces a result value depending on each rule 
it creates. Fuzzy logic was needed in cases where classical logic was insufficient in problem-
solving. In short, fuzzy logic is used to mathematically model verbal expressions, defined as a 
decision-making mechanism within uncertain limits by an expert (Baykal & Beyan, 2004; Özcan, 
2019). Engineering problems that cannot be solved by classical modeling can be obtained more 
accurately using fuzzy logic (Heine 2001). The features of valuation with fuzzy logic can be 
listed as follows:

• It has a similar structure to the human mindset.
• Not affiliated with any mathematical model.
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• It’s software and application are easy.
• Membership functions and a set of rules are not easy to create. For this reason, it may be 

necessary to get help from experts when determining the rules and membership functions 
(Özcan, 2019).

The spatial analysis method is based on representing points and verbal data on meaningful 
and informative maps with the help of information systems and related software. Geographic 
information systems/software (GIS) are tools with unique abilities that can store, process, analyze 
and visualize geographic information by referencing them (Jelokhani-Niaraki et al. 2018; Doan, 
2019). This software also allows geographic representation in a certain visual form (Yalpir, 
2007). The general features of the spatial analysis and valuation method can be listed as follows;

• It should be studied by combining visual and verbal information based on geographic 
information systems.

• There must be an up-to-date map base and associated database.
• It is advantageous in terms of time and cost since some data are obtained from the map 

base.
• Requires keeping the data up to date (Yomralıoğlu, 2000).

3.LITERATURE RESEARCH

(Yalpır, 2007) examined the usability of fuzzy logic methodology for real estate valuation by 
using computer technology in his study. In his research, Fuzzy logic produced alternatives by 
creating a structure based on the Mamdani structure. At the end of the study, it was concluded that 
the fuzzy logic method is a useful method in determining the real estate value, and the Mamdani 
fuzzy system structure produces the most relevant result for modeling.

(Ünal and Dönmez, 2019) determined the values   of the immovables in the project area with the 
fuzzy logic approach in their studies. He compared the results obtained with the income method 
and fuzzy logic methods. As a result, they revealed that the fuzzy logic approach is a viable 
method in collective valuation studies on project routes with a qualified data set.

(Ulvi and Özkan, 2019) conducted model research for the determination of real estate values   in 
their studies. They created models with Artificial Neural Networks and the Fuzzy Logic method 
and compared the values   obtained with the help of the models made.

(Taba and Şişman, 2020) presented an example of a valuation model that approximately 
calculates the value of the land according to the parameters selected through fuzzy logic. The 
study demonstrated the usability of fuzzy logic, which is one of the artificial intelligence methods 
in land valuation, by using the fuzzy logic toolbox in MATLAB.

(Özcan and Eldem, 2020) examined the determination of housing prices, the most traded real 
estate, with a fuzzy logic-based model. They developed a model by making an application 
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specific to the province of  Karaman. With the help of the model they created, they enabled  
the determination of  housing prices in the real estate sector. The input and output parameters, 
linguistic expressions, membership functions, and rule base of the system they created were 
determined by using expert opinion.

(Bagnoli and Smith, 1998) also used fuzzy logic to evaluate real estate in their studies. While 
talking about the benefits of fuzzy logic for real estate valuation, they mentioned that fuzzy 
logic provides the development of real estate decision support systems, helps to find real estate 
performance values, helps to create real estate value and portfolio structure with continuous 
monitoring. Their studies used the data by blurring to obtain more meaningful analytical results 
in geographic information systems (GIS).

(Lee and Yeh, 2003) tested the applicability of the fuzzy logic model for the city of Taiwan in 
real estate valuation. By confirming the accuracy of the model results with examples, they argued 
that fuzzy modeling produces correct results in real estate valuation.

(Zheng and Zhou, 2001) also aimed to use the Real Estate Geographic Information System 
(TCBS) to determine the value of real estate in their studies. To achieve these goals, they discussed 
the compatibility of fuzzy logic with Geographic Information Systems (GIS) to develop a model 
in TCBS.
(Sen, 2001), on the other hand, they shared the scientific basis of fuzzy logic and emphasized 
its usability in real estate valuation.

The primary purpose of the valuation process is to determine the “present value,” called the 
normal buy and sell price. Since taxation is a government policy, the assessment of this purpose 
will be affected subjectively. (Ertas, 2000).

Real estate valuation is one of the essential economic concepts of a developed society. Since 
real estate valuation processes are not based on standard and different methods are adopted in 
our country, the cost changes greatly and negatively affects the economic and social balance 
(Yomralıoğlu, 1997).

As a result of real estate valuations, there are significant differences in pricing, which pushes 
both the owner of the real estate and the buyer interested in the real estate to abstain. The high 
accuracy rate of valuation in real estate valuation gives confidence to both the buyer and the 
seller. For this reason, the accuracy of the values   to be obtained from the real estate valuation 
is of great importance in terms of both the country’s economy and commercial relations. This 
study aims to create a real estate valuation model with fuzzy logic, which is one of the artificial 
intelligence methods.
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4. METHOD

4.1 Parameters Affecting Land Value

In some studies, the parameters affecting the land/land value; accessibility and physical parameters 
(Das et al., 2021) in some studies; legal, physical, spatial, and local characteristics (Yalpır & Ünel, 
2016), in some studies; topography, geometric shape, area, usable area, landscape, landscape, 
wind condition, environment, soil structure, tax, distance to shopping center, distance to school, 
health facilities and religious facilities, transportation, noise, air, and water pollution, drainage, 
length of the front, ground condition, allowed the number of floors, allowed construction area, 
etc. (Tabar & Şişman, 2020; Çakır & Sesli, 2013) and in some studies; environmental, socio-
cultural and public service parameters (Doan, 2019). In Serdivan, Kemalpaşa Neighborhood’s 
valuation was carried out, and the three most effective parameters were selected by considering 
the region (the parameters that most affect the valuation for the area were determined by the 
authorized persons in charge of the part who are experts in the field). These selected parameters 
may differ according to the region’s characteristics (Tabar & Şişman, 2019). The parameter, 
linguistic variable, and numerical values   used in the study are given in Table 1.
Table 1. Parameter, linguistic variable and numerical values

Parameters Linguistic Variables Assigned Numeric Interval
Infrastructure Very Insufficient 0, 3

Insufficient 2, 4, 6
Sufficient 5, 7, 8
More Than Sufficient 7, 9, 10

Close To Transportatıon Axles Close Distance 0, 250
Medium Distance 150, 700
Long Distance 600, 1200

Gross Land Area Very small 50, 150
Small 100, 300
Medium 250, 500
Big 320, 600
Very Big 400, 1000

4.2 Fuzzy Logic as a Valuation Method

The basis of fuzzy logic is based on transforming human thought into a mathematical language. 
The essential feature distinguishing fuzzy logic from classical logic is that it does not reach 
a definite judgment. All values   expressed in classical logic can also be expressed with fuzzy 
logic. In classical logic, a phenomenon is evaluated as present or absent, while in fuzzy logic, 
it is evaluated as some or not (Pagourtzi et al., 2003). In this case, the probability of belonging 
to the relevant cluster is expressed with a continuous membership function by taking a value 
between 0 and 1. The value of any phenomenon from the membership function is called the 
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membership degree (Ulvi, 2018). Modeling using fuzzy logic consists of three main steps. These; 
blurring, rule-making, and clarification. Fuzzification is transforming numerical inputs into 
verbal expressions and assigning membership degrees in fuzzy sets, in other words, determining 
the membership degree of the elements by creating a membership function. Fuzzy inference and 
rule extraction are based on the use of “if-then” rules of membership functions by providing 
connections between fuzzy sets (Ulvi, 2018).

Defuzzification is to convert the fuzzy output value to precise numerical values. Fuzzy logic is a 
set of operations that allows the system to work on the output by collecting all the relationships 
established between the input and output fuzzy sets in the rule base. Different analysis methods 
can be applied in a system based on fuzzy rules. The most important of these are the Mamdani 
and Sugeno models (Şen 2001). The fuzzy logic control mechanism is shown in Figure 2 below.

 Figure 2 Fuzzy logic control mechanism

4.3 MATLAB

Matlab is high-performance soft-ware primarily used for technical and scientific calculations, 
including numerical calculations, graphical data representation, and programming. Some areas 
where Matlab soft-ware is applied;

• Mathematics and calculation operations,
• Algorithm development,
• Modeling, simulation (simulation) and pre-typing,
• Data analysis and display with visual effects,
• Scientific and engineering notation
• It can be shown as application development (Tabar & Sisman, 2019).

There are add-ons in Matlab that facilitate some operations. These plugins are called toolboxes. 
Some of these toolboxes are; Fuzzy logic, Artificial neural networks, and Control systems. 
Matlab Fuzzy Logic Toolbox allows modeling complex system behaviors with simple logic 
rules and then creating a fuzzy inference system by applying these rules. The fuzzy logic toolbox 
can also be used as a standalone fuzzy logic tool. With the fuzzy logic toolbox, operations are 
predominantly performed through the graphical user interface. Three tools can be accessed with 
this toolbox: command line, Simulink blocks, and visual interaction. Thanks to these tools, a 
fuzzy inference system can be created, analyzed, and applied (Sivanandam et al., 2006).

4.2.1 MATLAB Fuzzy Logic Toolbox (Fuzzy Inference System)

When the “fuzzy” command is entered into the Matlab program, the FIS editor, the Fuzzy 
Inference System toolbox, is accessed. The FIS Editor interface is shown in Figure 3 below. 

2
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Figure 3 FIS Editor interface

After the FIS editor is opened, the input and output parameters of the system are selected by 
clicking the add variable tab in the edit option at the top left. By clicking on these parameters, 
the membership function editor is entered, and the properties of the input-output parameters are 
determined. In short, the fuzzy inference system editor is the place where the inputs and outputs 
of the fuzzy system are added. Member function interface is shown in Figure 4 below.

Figure 4 Membership Function Editor

After specifying the properties of the input and output parameters in the Membership function 
editor, the rules tab is entered by clicking the edit option from the upper left part of the main 
window, and the fuzzy rules base of the system is created. The rule editing interface is shown 
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in Figure 5 below.

Figure 5 Rule Editor

The rule editor is used to define the rules used to display the behaviors in a list. After creating the 
fuzzy rules base, clicking the View tab from the main window opens the rule viewer window from 
the rules section. With this window, the fuzzy logic valuation result of the land/land included in 
the valuation is obtained. The rule display interface can be seen in Figure 6 below.

In the model designed for real estate valuation/land valuation, input and output parameters were 
determined by using expert opinion. Considering the selected parameters, a study was carried 
out in Sakarya province-Serdivan district. The flow chart of the designed model is shown in 
Figure 7 below. First of all, the parameters of the model were determined. Input parameters; 
“Gross Area of   the Land (m2)”, “Infrastructure of the Land,” and “The Proximity of the Land 
to the Transportation Axes.” The output parameter is; It is the “Estimated Price of the Land.” 
Afterward, linguistic expressions, value ranges, and limit values   of the selected parameters were 
determined. After linguistic expressions, value ranges, and limit values   were determined, fuzzy 
set functions were created, and their graphs were drawn. The model was completed by adding 
the rule base creation and clarification stages.
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Figure 6 Rule Viewer

 Figure 7 Installation stages of the fuzzy logic model

5. APPLICATION AND FINDINGS

5.1 Data Organizing

The MATLAB R2021a program was used in determining the land value with the fuzzy logic 
model. The model was created using the Fuzzy Logic Design toolbox. In the system built using 
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the Mamdani structure, three input and one output parameters are used. As input parameters, If 
the gross land area, proximity to infrastructure, and transportation axes are output parameters. 
The data collected for the study are corganized as shown in Table 2 below. The data were found 
on sahibinden.com, and the accuracy of the lands was confirmed through the parcel inquiry 
application on the website of the General Directorate of Land Registry and Cadastre. Table 2 
shows the organized data.

Land
Gross plot 
area (m2)

Proximity to transport 
axes (m) Infrastru. Price/(TL)

1 535 700 4 1000000

2 589 700 7 1600000

3 772 900 6 1450000

4 600 600 7 1500000

5 734 700 4 1320000

6 495 800 4 85000

7 223 1000 4 350000

8 475 1000 5 875000

9 428 900 6 856000

10 586 700 5 1200000

11 500 800 5 875000

12 304 1200 5 335000

13 876 400 6 1800000

14 413 800 5 600000

15 348 750 5 499000

16 242 900 5 350000

17 223 900 4 223000

18 241 1000 5 240000

19 475 900 6 420000

20 709 800 5 1575000

21 218 1000 5 300000

22 910 750 6 1300000

23 657 850 6 985000

24 300 700 5 1050000

25 227 850 6 390000

Table 2 Organized data
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5.2 Determining Input-Output Parameters and Creating Fuzzy Set Functions

• Gross Land Area

The value range (in square meters) determined for the gross land area, which is one of the most 
critical parameters affecting real estate value, is between 50 m2 and 1000 m2. Value ranges and 
linguistic variables of the fuzzy system were determined by taking the opinions of experts, and 
membership functions were created. The linguistic expressions and letter notation used for this 
parameter are as follows.

 -Very Small-(VS)  
 -Small-(S)
 -Medium-(M) 
 -Big-(B)
 -Very Big-(VB)

After determining the linguistic expressions for the gross land area parameter, the mathematical 
membership functions to represent the linguistic terms are defined below.

The graph produced by MATLAB for the membership function degrees of the gross land 
area parameter and the definition ranges of linguistic variables is shown in Figure 8 below.
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Figure 8 Fuzzy Set Function Graph of Gross Land Area Parameter

• Infrastructure

The value range determined for infrastructure, another critical parameter that affects real estate 
value, is 0 to 10. The linguistic expressions and letter notation used for this parameter are as 
follows.

 -Very Insufficient-(VI)
 -Insufficient-(I)
 -Sufficient-(S)
 -More Than Sufficient-(MTS)

After determining the linguistic expressions for the infrastructure parameter, the mathematical 
membership functions representing the linguistic expressions are defined below.
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Figure 9 Fuzzy Set Function Graph of Infrastructure Parameter 

The graph produced by MATLAB of the membership function degrees of the infrastructure 
parameter and the definition ranges of the linguistic variables is shown in Figure 9 above.

Close to Transportation Axles

The value range (in meters) determined for proximity to transportation hangers, another parameter 
that affects the value of a real estate, is 0 to 1200m. The linguistic expressions and letter notation 
used for this parameter are as follows.

 -Close Distance-(CD)
 -Medium Distance-(MD)
 -Long Distance-(LD)

After determining the linguistic expressions for the proximity parameter to the transportation 
axes, the mathematical membership functions representing the linguistic expressions are defined 
below.
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Figure 10 Fuzzy Set Function Graph of the Proximity Parameter of Transportation Axes

The graph produced by MATLAB for the membership function degrees of the proximity 
parameter to the transportation axes and the definition ranges of the linguistic variables can be 
seen in Figure 10 above.

• Price of the Land

The only output of the designed fuzzy system model is the Turkish Lira equivalent of the land 
price. The value range has been determined as 50,000 TL and 2,000,000 TL. The linguistic 
expressions and letter notation used for this parameter are as follows.

 -Extremely Cheap-(EC)
 -Very Cheap-(VC)
 -Cheap-(C)
 -Normal-(N)
 -Expensive-(E)
 -Very expensive-(VE)
 -Extremely expensive-(EE)

After determining the linguistic expressions for the price parameter, the mathematical membership 
functions to represent the linguistic terms are defined below.
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Figure 11 Fuzzy Set Function Graph of Price Parameter

The graph produced by MATLAB of the membership function degrees of the land price parameter 
and the definition ranges of the linguistic variables is shown in Figure 11 above.

5. 3 Creating the Rule Base

A fuzzy rule base is created based on the values   obtained after the fuzzification process and expert 
opinion. There are three input and one output parameter defined in the fuzzy system developed 
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to determine the land price. The rules to be used by the system in determining the land value 
are given in Table 3. The base of rules to be used in determining the land value; consists of a 
total of 60 rules as (5 linguistic variables about the gross square meter area of   the land) × (4 
linguistic variables used for infrastructure quality) × (3 linguistic variables used for proximity 
to transportation axes). The rules are shown in table 3.

R u l e 
No

Gross Land 
Area Infrasutructura

C l o s e  t o 
Transportation Axles

Price of the 
Land

1 (VS)  (VI) (LD) (EC)
2 (VS)  (VI) (MD) (EC)
3 (VS)  (VI) (CD) (EC)
4 (VS) (I) (LD) (VC)
5 (VS) (I) (MD) (VC)
6 (VS)  (I) (CD) (VC)
7 (VS) (S) (LD) (VC)
8 (VS) (S) (MD) (C)
9 (VS) (S) (CD) (C)
10 (VS)  (MTS) (LD) (C)
11 (VS)  (MTS) (MD) (C)
12 (VS)  (MTS) (CD) (C)
13 (S)  (VI) (LD) (C)
14 (S)  (VI) (MD) (C)
15 (S)  (VI) (CD) (C)
16 (S) (I) (LD) (C)
17 (S) (I) (MD) (C)
18 (S) (I) (CD) (N)
19 (S) (S) (LD) (N)
20 (S) (S) (MD) (E)
21 (S) (S) (CD) (N)
22 (S) (MTS) (LD) (N)
23 (S) (MTS) (MD) (E)
24 (S) (MTS) (CD) (E)
25 (M)  (VI) (LD) (C)
26 (M)  (VI) (MD) (N)
27 (M)  (VI) (CD) (N)
28 (M) (I) (LD) (N)
29 (M)  (I) (MD) (E)
30 (M) (I) (CD) (E)
31 (M)  (S) (LD) (E)
32 (M)  (S) (MD) (E)
33 (M)  (S) (CD) (E)
34 (M) (MTS) (LD) (E)
35 (M) (MTS) (MD) (VE)
36 (M) (MTS) (CD) (VE)
37 (B) (VI) (LD) (E)
38 (B) (VI) (MD) (E)
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39 (B) (VI) (CD) (E)
40 (B)  (I) (LD) (VE)
41 (B) (I) (MD) (VE)
42 (B) (I) (CD) (VE)
43 (B) (S) (LD) (VE)
44 (B) (S) (MD) (EE)
45 (B) (S) (CD) (EE)
46 (B) (MTS) (LD) (VE)
47 (B) (MTS) (MD) (EE)
48 (B) (MTS) (CD) (EE)
49 (VB)  (VI) (LD) (VE)
50 (VB) (VI) (MD) (VE)
51 (VB) (VI) (CD) (EE)
52 (VB) (I) (LD) (EE)
53 (VB) (I) (MD) (VE)
54 (VB) (I) (CD) (EE)
55 (VB) (S) (LD) (EE)
56 (VB) (S) (MD) (EE)
57 (VB) (S) (CD) (EE)
58 VB) (MTS) (LD) (EE)
59 (VB) (MTS) (MD) (EE)
60 (VB) (MTS) (CD) (EE)

Table 3 Rules Base Table

5.4 Prediction and Statistical Analysis

The calculations of the 25 data used in the study are given below with a step-by-step explanation. 
Below are the inputs, of which the first seven are given as a representative in Figure 12, and the 
actual price values   of the plots, of which the first seven are given as a representative, in Figure 
13. The estimation calculation made with the help of the model created using the MATLAB 
fuzzy logic interface includes the following steps. 

-To perform estimation calculations using a fis file via MATLAB, the data must first be defined 
in the system. For this purpose, [transport axle, infrastructure, gross land] values   are assigned 
to the inputs variable, respectively, in groups of three as in the figure.

                                                    
   Figure 12 MATLAB data entry representation

-After the input values   are entered, the actual price values   are assigned to the price (output) 
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variable in the same order as the three groups above to be able to compare. 

                                           

     Figure 13 Display of real price value entry of the land

-After all the variables are assigned, the Fis file is read. Transferring the fis file read by MATLAB 
to a variable f is shown in Figure 14 below.

     

                       Figure 14 Transferring the fis file to an f variable

-After reading the fis file and assigning it, using the fis file in the f variable and the inputs 
variable, the calculation and assignment of the estimation values   to the variable is performed 
with the help of the code shown in Figure 15 below.

           Figure 15 Code for calculating prediction values   and assigning to variable

-After estimation values   are calculated, these values   and input values   (actual values) can be 
printed on the graph, and the closeness of these values   can be observed. The code block that 
will perform this step is shown in Figure 16.

 Figure 16 Code for generating graphs from forecast values and input values
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Figure 17 Comparison graph of forecast and actual values

In Figure 17 above, the comparison graph of the estimation and actual values   is shown. It is 
necessary to compare the estimated values   with the actual values   to see how compatible the study 
is with the actual values. For this purpose, Mean Absolute Percent Error (MAPE) was used in the 
study. The function in MATLAB for the calculations in this section is shown in Figure 18 below.

               

                             Figure 18 MATLAB, MAPE formulation

As a result of the MAPE calculation, it is seen that the study has a MAPE value of 0.2861. 
This value makes it possible to evaluate the consistency and reliability of the established land 
valuation model. The reliability obtained for this study was determined as 71.39%. Considering 
the multitude of parameters affecting the land price, it can be said that the reliability rate of 
71.39% obtained with the three parameters is a successful result. 

6. CONCLUSION

In the rule-based fuzzy logic model created to assist land valuation; The gross area of   the 
land, infrastructure status, and proximity to the transportation axes were determined as the 
input parameter. The price of the land was determined as the output parameter. To measure 
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the performance and consistency of the model, 25 plots were determined and evaluated. The 
accuracy rate of the rule-based fuzzy logic land price determination model, which was designed 
as a result of the evaluation, was calculated as 71.39%. Considering many factors affecting 
the land price, a reliability rate of 71.39% obtained with three parameters can be regarded as 
successful. At the same time, it can be said that the price of the land is effective in the economic 
conditions of the seller and the market and the features related to the land. At the same time, 
increasing the number of inputs will improve consistency. 
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ENHANCINGTHE TIME SYNCHRONIZATION FOR HOME 
AUTOMATIONSYSTEMS

Kapil Mehta1

Yogesh Kumar2

ABSTRACT

With the advent of the Internet-of-things (IoT), clock synchronization techniques are in high 
demand for smart home applications. The emerging technology of smart home applications 
based on the Internet of Things is largely limited and scattered. Synchronization is the 
basic characteristic of the emerging field of IoT in smart home applications which is 
recommended for improving the acceptance and its use. For the clock synchronization 
between systems, Network Time Protocol (NTP) is used. But due to inconsistent 
routing and limited computing resources there can be the dominant source of error that 
limits time transfer uncertainty. This paper proposes an Elastic Timer Protocol for home 
automation system networks that works better as compared to other Clock synchronization 
protocols in case of consumption of energy and convergence time. Implementation 
of the proposed elastic timer protocol increases the elasticity and efficiency, resulting 
in improved network convergence time. Moreover, the simulation results revealed 
that the proposed work demonstrates better performance metrics and proved superior 
performance characteristics when compared to standard synchronization protocols.

Keywords: Smart Home Applications, Internet of Things, Time-Synchronization, 
Elasticity, Efficiency, Network Time Protocol.

INTRODUCTION

The IoT is a trending and emerging field through which human lives surrounds under smart 
industry, smart city, smart home, smart grid, and healthcare, etc. So, it’s necessary for 
understanding every aspect of such systems as permission is required by external users to access 
these applications to their real-time private information via wireless communication devices 
(Banerjee et al., 2019). IoT System works when information is being sensed by the sensors like 
Radio Frequency Identification (RFID), embedded systems, wearable devices, etc to the cloud 
over the Internet (Alkhayyat et al., 2019; Sharif et al., 2019). Smart Home Technology allows 
devices to connect seamlessly with one another based on IoT which has changed the living style 
of humans by providing connectivity to everyone at any time and any place. Home Automation 
Systems provide infrastructure and technology for the exchange of all types of appliance 
information and services. Using the domain of IoT, a smart home is a network of physical devices 
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or appliances that provide sensors, software/hardware, and network connectivity within a home. 
These modern smart homes include switches, sensors, and gateways that communicate with user 
interfaces like smartphones, tablets, pocket computers, laptops, etc.

Home automation systems offer a series of benefits as they are responsible for adding appliance 
and lighting control, providing home security through automated components, awareness 
increasement through CCTV, saving precious time, giving control, and saving money. Figure 1 
shows an example of a smart home that uses different IoT-connected components.

 Figure-1SmartHomeusingIoTconnectedcomponents

The Sensor nodes in IoT, face significant synchronization and security challenges. The devices 
having sensor nodes can be deployed at any place that allows people ease of touch. In the 
present scenario, the most possible critical issue is synchronization because every device gives 
a different reading of time. Also, the novel remote user authentication is allowed to sync devices 
with each other and for such cases, a common protocol is required for synchronization. Thus, the 
synchronization issues in IoT requires more attention due to their significance. A secure time 
synchronization protocol is proposed to satisfy the goal.

Smart Home automation systems require accurate and coherent information of timing so that data 
can be transmitted well in time. Examples include an alarming system that alerts users in case 
of fire and intrusion detection (Kawai et al., 2009). So, the synchronization of clocks between 
nodes is a crucial factor that affects the performance of home automation systems.

Clock Synchronization Errors:

For the generation of clock signals, physical clocks forming the network use crystal oscillators 
whose frequency determines the clock. Sometimes, the frequency of such clocks is unstable due 
to manufacturing issues or imperfections, environmental changes like temperature, pressure, 
etc. as discussed above, and physical clocks do not work at the same speed, so a time-to-time 
synchronization is required. For more illustrations, consider the Example-Suppose two nodes 
N1 and N2 of a network that want to communicate. Node N1 wishes to send a message to node 
N2 and then Node N1 has to synchronize with node N2’s clock. There may be a change due to 
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the delay between transmitting or receiving a message before the destination Node N2 receives 
the clock value of Source Node N1. This delay can be occurred due to the various factors as 
mentioned below:
Send Time- It is the time that is required to prepare and send the message by any operating 
system.

Access Time- Time required by a node to access the transmission channel of the destination 
node.

Send/Receive Time- Transmission time stands for the transmission of the message from one node 
to another. On the other hand, reception time stands for the time utilized by a node to receive the 
message sent by other nodes.
Propagation Time- It is the time taken to travel from one node to another by the message.

Depending upon nature, the time associated can be deterministic or non-deterministic. It is 
required to calculate two interdependent components during the synchronization of a local clock 
of a network (Libri et al., 2018):
Clock Offset-It is the known or unknown delay of a given clock source. It is measured in 
terms of time units.

Clock Skew- The difference between expected time arrival and actual time arrival. It can be 
measured in terms of time units and could be positive or negative.

Both the components mentioned above are treated as instability parameters and make sure that the 
network system does not have time fluctuations and variations.

This paper is organized as follows: Section II represents the background of the literature. Section 
III presents the proposed Elastic Timer Protocol for Home Automation Systems. Section IV 
emphasizes the implementation of proposed Elastic Timer Protocol for Home Automation 
Systems. Section V illustrates Comparison Measures of Elastic Timer Protocol with Traditional 
Protocols. Section VI concludes the paper.

1. Related Work

Researchers suggested various methods for the synchronization of clocks inefficient manner 
for better performance in IoT. Some related contributions are highlighted in this section. Every 
contribution has some limitations and enhancements that lead to focussed research. A robust 
time synchronization scheme for IoT is provided to deal with issues of unsynchronized nodes 
(Qiu et al., 2016). After the conduct of the experiment using a simulator, nodes get synchronized 
in terms of accuracy and energy consumption. But the algorithm fails to reduce the routing 
overhead of a network.
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Several studies in the literature investigate clock synchronization. Synchronization is performed 
with the help of sensor nodes that sense the ordered data sequence and distinguish replicated 
events. Sensor nodes in home automation systems work alternately in two modes: sleep and 
active mode. So, scheduling plays a vital role in energy cost saving and meet the requirements of 
energy efficiency. So, NTP was proposed for the time synchronization of networks. NTP works 
on the proposal of client-server architecture where the master leads with synchronization power 
through a global positioning system and users can synchronize with the master sequentially. 
NTP synchronizes computer clocks in packet-switched networks e.g; the Internet. But due to 
asymmetry, inconsistent routing, and saturation of bandwidth, there can be dominant sources 
of error. As compared to NTP, other synchronization techniques include timing sync protocol 
for sensor networks (TPSN), reference broadcasting synchronization (RBS), flooding time 
synchronization protocol (FTSP), etc.

Due to smaller size networks, the time of transmission and access are considerably reduced. As 
some sensing nodes increase, transmitted messages also increase which results in more power 
consumption (Mehta et al., 2020). A technique like Flooding time synchronization protocol 
perform synchronization by commonly flooding a global reference packet. The sensing nodes 
revise the time of error and timing of synchronization through the analysis of some messages 
received. For the initial time synchronization, this method requires a time delay. On the other 
hand, PTP provides more accurate in a manner than NTP, so it uses more packets than NTP and 
also increases the message size structure. So, it is also difficult to use PTP for sensor networks. 
So, more efficient clock synchronization methods are required in high demand.

Table 1 presents the analysis and taxonomy of various research studies.

Reference Au-
thor

Method Strength Weakness

Giorgi et 
al., 
2017

G. Giorgi et al. Mathematical 
Model

Analyze the 
effect of hidden 
nodes and chances 
of collision.

No definition of 
methods of colli-
sion prevention.

Alabady et 
al., 2017

S.A. Alabady 
et al.

Linear Approxima-
tion Model

Computes 
conditional 
probability 
of collision.

Restricts node 
communication 

when the probabil-
ity is not met
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Qiu et al., 2018 T. Qiu et al. Spanning 
Tree Synchro-
nization Model

Reduces 
communica-
tion overhead

Energy Wastage

Basim et 
al., 
2018

K.J. Basim et 
al.

Pull Based Model Less Energy Con-
sumption with a 
satisfactory level 

of accuracy.

Doesn’t 
support ener-
gy-efficient 
clock syn-

chronization

Mani et al., 
2018

S.K Mani et al. Lightweight 
Synchroniza-
tion Protocol

Reduces noise 
level and achieved 
a high accuracy of 
clock synchroni-

zation

Fails to sup-
port complex 

client net-
work

2. Proposed Work-Elastic Timer Protocol For Home Automation Systems

The proposed algorithm in this research is designed with the objective of high performance. The 
algorithm is geared toward reduced synchronization intake in IoT clock synchronization. In this 
stage, a set of rules is designed for efficient clock synchronization in IoT. The proposed algorithm 
control synchronization of devices of smart homes according to the clock of a base station. 
The Proposed Elastic Timer Protocol works on Elastic Clock Synchronization that assigns the 
resources according to the requirements of the network which is designed to support the reduced 
Energy consumption and less time to transmit and receive messages over the channel. The 
objective of the Elastic Clock Synchronization Algorithm is to provide an issue-free service 
to guarantee the efficient delivery of data. This technique is primarily based on the feature 
Elasticity that allows a system to adapt the workload changes by over or under-provisioning the 
available resources that meet the actual demand as possible. This is a novel concept that works 
based on varying loads by altering the use of computing resources in comparison to the previous 
approaches dealing with IoT.
 The pros of Elastic Timer Protocol are as below: -

1. Elastic Timer Protocol is designed to be most scalable and flexible to maintain the tight 
synchronization between nodes.

2. Elastic Timer Protocols allow Elastic Clocks that reduce margins between the devices 
without sacrificing robustness.

3. No modification in the logical configuration of hardware. Elastic Clocks substitute the 
global clock signal with the local clocks.
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4. Elastic Timer Protocol handles dynamic variability with the clock adjustments at every 
cycle can be handled by adjusting the clock tick at every cycle that adds micro margins 
for the variability.

5. Normal Clocks (Rigid Clocks) work at a single frequency, due to which energy and time 
are wasted in most of the cycles which are overcome by Elastic Clocks that follow the 
critical path variability with smaller margins as these do not work with a fixed frequency.

6. Elastic Timer Protocol offers better power consumption by reducing the clock margins 
that make the circuit run with a better performance.

The proposed Elastic Timer Protocol works with a global elasticity property that overcomes the 
wastage of resources raised due to underperforming or overperforming of varying load. Elastic 
Clock Synchronization adds a new property of handling the load variability to the nodes that can 
handle load spikes without restarting a system. Elasticity is the degree of freedom through which a 
system can handle changes in workload through independently and autonomously provision and 
de-provision the resources to assure that available resources should match the present demand 
as close as possible.
 The detailed steps of the proposed Elastic Time Algorithm are as mentioned below:

Elastic Timer Algorithm

1 Start

2 Create a network and deploy sensor nodes in the network

3 Apply clustering in the and cerate different clusters with Cluster Head (CH)

4 Select a Source (S) and Destination (D)

5 Discover Route, R = [S CH1/N1, CH2/N2…. CHn/Nn, D]

6 Calculate QoS performance parameters of the network

7 If QoS degraded, then

8 Set a Timer, T = ON

9 Initialize ANN Parameters– Number of Epochs (E) // Iterations used by ANN

– Number of Neurons (N) // Used as a carrier in ANN

– Performance: MSE, Gradient, Mutation, and Validation

–Techniques: Levenberg Marquardt
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– Data Division: Random

10 For i = 1  T

11 If T belongs to the property of communicating nodes

12 G (1) = Properties of training data according to the real nodes

13 Else if T belongs to the property of non-communicating nodes

14 G (2) = Properties of training data

15 Else

16 G (3) = Extra properties of training data

17 End – If

18 End – For

19 Initialized the ANN using T and G

20 IoT-Net = Newf (𝑇, 𝐺𝑟𝑜𝑢𝑝, 𝑁)

21 Set the required training parameters and train the system

22 IoT-Net = Train (IoT-Net, T, Group)

23 Else

24 Timer, T = OFF

25 Required Key matching using RSA encryption technique

26 End – If 

     Testing:

27 Current Senor Node, CSN = Properties of current sensor node in IoT-Net

28 Authentication = simulate (IoT-Net, CSN)

29 If Authentication = True

30 Genuine sensor node does not consider as affected

31 Else

32 ASN = ASN

33  End
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34 Return: ASN a list of affected sensor nodes

35 End

The time synchronization performance of the system with the proposed algorithm performs better 
when compared with a standard synchronized algorithm.

3. Implementation of Elastic Timer Algorithm For Home Automation Systems

The performance properties of the Elastic Time Synchronization Strategy will be evaluated in 
this section for characteristics such as energy consumption, throughput, loss rate, and delay. 
The RSA algorithm will then be used to distinguish the findings. When employing RSA with 
elastic time synchronization, better results were obtained. The MATLAB R2016a simulator can 
be used to assess the performance of simulation experiments. MATLAB has several functions, 
toolboxes, GUI-based drag-and-drop dialogue boxes, Artificial Neural Networks, and other 
features. MATLAB aids in the implementation of the Elastic Time Algorithm, the charting 
of graphs, and the creation of graphical user interfaces. The nodes in the network scenarios 
were placed at random. To share packets from one area to another, nodes were manually or 
automatically selected. The Cluster Head node with the most energy is chosen. Each Cluster 
Head transmits a time signal to the region’s sensor nodes and synchronizes with other cluster 
heads to exchange the time value. The average clock time can be calculated using Cluster 
Head. Every sensor node’s time can be set by Cluster Heads. All of the cluster heads set their 
clocks based on the outcome. The Cluster Heads all calculate their average time in the same 
way. The Cluster Head of the region is represented by the nodes depicted in the RED star. Base 
Station keeps an eye on the health of clusters and acts as a go-between during inter-cluster 
communication. Figure 2 is representing the network of sensor nodes with elected cluster heads.

 

   Fig 2. Network of sensor nodes with elected Cluster Heads 
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Table 2 defines the parameters used for evaluating the proposed work:

Name of Parameter Values

Simulator MATLAB R2016a

Number of Rounds 10

Number of Nodes 50

Simulation Area 1000 m2

Input Required TßTraining data

CCategory in terms of node communication 
and non-communication

NßNumber of Neurons

Output Obtained ASNAffected Sensor Nodes

Technique Levenberg Marquardt

Data Division Random

Energy Consumption-Energy Consumption is a measure of how much energy is used during the 
transmission of packets from one node to another in a network. Figure 3 shows the comparison 
of Energy Consumption using Elastic Timer (ET) Protocol and standard protocol.



37

Fig. 3 Comparison Graph of Energy Consumption

Throughput: In a given interval of time, data that can be sent or received from one area to another 
is calculated by throughput. Figure 4 shows the comparison of Throughput using Elastic Timer 
(ET) Protocol and standard protocol.

        Fig. 4 Comparison Graph of Throughput
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Delay: The delay is the parameter that is counted in form of time as delay in the data transmission. 
Figure 5 shows the comparison of Delay using Elastic Timer (ET) Protocol and standard protocol.

Fig. 5 Comparison Graph of Delay

Loss Rate: One can judge the reliability of a network by the loss rate of packets. The ratio of 
the not received packets divided by the number of packets sent is termed as Loss Rate. Figure 
6 shows the comparison of Loss rate using Elastic Timer (ET) Protocol and standard protocol.
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Fig. 6 Comparison Graph of Loss Rate

3. Comparison Measures of Elastic Timer Protocol with Traditional Protocols
The proposed protocol is differentiated with the other synchronization protocols existed in 
literature, like Banerjee et al. [12], Yang et al. [13], Dammak et al. [14], Li et al. [15], and 
Farkoon et al. [16].

Functional Security Comparison: - Table 3 enlisted the differentiation of functional security 
features of synchronization implemented protocols of literature. From the table, it is evident that 
the proposed protocol is an improvement over standard synchronization protocol.

Overhead Comparison of Computation: -. The Proposed Elastic Timer Protocol works in 
four phases- registration of the user and sensor node, login phase, mutual key contract, and 
authentication phase. The computational cost is utilized in the proposed protocol.

Overhead Comparison of Communication: - The proposed Elastic Timer protocol observes 
minimum overhead as compared to the standard protocols. The proposed protocol bears less 
overhead and achieves the desired functionality and synchronization.
Table 3 represents the differentiation of behaviour in elastic timer protocol in comparison 
with standard protocol

Properties Baner-
je e et 
al.,

2019

Yang 
et al., 
2019

Dam-
mak et 
al.,

2019

Peng 
et al., 
2019

Fak-
roon 
etal.,

2020
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User anonymity ✓ ✗ ✗ ✓ ✓ ✓
Mutual Verification ✓ ✓ ✓ ✓ ✓ ✓

Key contract ✗ — ✓ ✓ ✗ ✓

Password alteration ✓ ✓ ✓ ✓ ✓ ✓

Forward secrecy ✓ ✗ ✗ ✗ ✗ ✓

Key freshness ✗ ✓ ✓ ✓ ✗ ✓

CONCLUSION

This Paper concludes that Elastic Timer Protocol ensures an efficient and perfect time synchronization 
strategy to function any IoT application for smart homes. In general, home automation systems 
involve both IP and non-IP environments in mixed form. So, it seems difficult to synchronize time 
that features a limited interface of communication and lowers the processing power. So, an Elastic 
Time Synchronization is proposed to ensure efficient time synchronization for the operation of 
wireless IoT application. The proposed Elastic Timer Protocol increases the elasticity of the 
protocol, with the help of which, optimality is guaranteed that enables the network configuration 
in terms of consumption of energy and convergence time in comparison to Time- Lay Clock 
Synchronization. It is analysed and concluded that the proposed technique performed well in 
terms of calculated parameters and exhibits superior performance characteristics. In future work, 
the proposed technique will be used and evaluated for the testing of performance for more 
parameters or other synchronization protocols suitable for Smart Home Automation systems.
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DESIGN MINIMUM PROCESS MINIMUM PROCCES 
CHECKING POINTING SCHEME FOR MOBILE FOR 

MOBILE DISTRIBUTED SYSTEM
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ABSTRACT

Checkpointing and rollback recovery are well-known techniques for coping with 
failures in distributed systems.  As the number of processors grows, the failure rate 
also grows. Thus, designing efficient checkpointing and recovery algorithms for 
coping with failures in such large systems is important for these systems to be fully 
utilized. We presented a novel communication-induced checkpointing algorithm 
that helps in reducing contention for accessing stable storage to store checkpoints.   

Keywords: Routing, Ad hoc network, Communication-induced, Checkpointing, Distributed 
System

1. INTRODUCTION  

Under our calculation, a cycle engaged with a conveyed calculation can freely start reliable 
worldwide checkpointing by saving its present status, called a conditional designated spot. 
Different cycles associated with the calculation come to think about the predictable worldwide 
designated spot commencement through data piggy-sponsored with the application messages or 
restricted control messages if fundamental [4]. At the point when an interaction comes to think 
about another predictable worldwide designated spot commencement, it takes a conditional 
designated spot in the wake of handling the message. The speculative designated spots taken 
can be flushed to stable stockpiling when there is no conflict for getting to stable stockpiling. 
The conditional designated spots along with the message logs put away in the steady stockpiling 
structure a predictable worldwide designated spot.
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2. REVIEW OF LITERATURE:

As the quantity of processors in a conveyed framework develops, the disappointment rate 
additionally develops. Along these lines, taking care of disappointments effectively in such 
frameworks is a significant issue [5][6]. Checkpointing and rollback recuperation are set 
up strategies for taking care of disappointments in such frameworks. To recuperate from 
disappointments, the condition of the cycles associated with a conveyed calculation is saved 
to stable stockpiling intermittently; when a disappointment happens, every one of the cycles 
associated with the calculation are restarted from a formerly saved express that addresses a 
predictable condition of the calculation.

3. OBJECTIVES OF THE STUDY

1. We introduced a clever correspondence initiated checkpointing calculation that makes 
each designated spot have a place with a predictable worldwide designated spot. 

2. Under this calculation, each interaction stores the provisional designated spot in memory 
first and afterward flushes it to stable stockpiling. 

3. It likewise helps a cycle take the routinely planned fundamental designated spots [20]. In 
case messages are not habitually traded among measures, extra control messages might 
be needed for the calculation to gather steady worldwide designated spots instantly. 

4. We directed a presentation assessment of the calculation and examined the overhead 
actuated by the control messages which likewise helps in deciding when control messages 
are required [16]. 

5. Our calculation additionally has other helpful provisions like versatility, low control 
messages, and designated spot idleness.

4. METHODOLOGY

4.1. System Model

An appropriated calculation comprises of N consecutive cycles indicated by P0, P1, P2, •••, 
and PN−1 running simultaneously on a bunch of PCs in the organization. Cycles don’t share a 
worldwide memory or a worldwide actual clock. Message passing is the solitary way for cycles 
to speak with each other. The calculation is no concurrent: each cycle develops at its speed and 
messages are sent through correspondence channels, whose transmission delays are limited yet 
self-assertive. Channels are thought to be FIFO and the calculation is thought to be piecewise-
deterministic. In our calculation, a restricted measure of control messages [22] is produced for 
the assortment of the steady worldwide designated spot, just when essential.  
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4.2 Basic Idea behind this algorithm

For clarifying the fundamental thought behind our calculation, we utilize the space-time outline 
[20] of a circulated calculation comprising of four cycles displayed in Figure 5.2. P0, P1, P2, and 
P3 are the four cycles associated with the calculation. At first, the situation with each interaction 
is typical and their underlying designated spots, with grouping number 0, are set apart by strong 
rectangular boxes in the figure. Assume P0 starts steady worldwide checkpointing by taking 
a speculative designated spot CT0,1. Subsequent to taking designated spot CT0,1, it changes its 
status from ordinary to speculative and begins signing in memory all messages sent and got by it 
until it concludes this designated spot. Then, at that point, P0 communicates something specific 
M2 to P1. After getting M2, P1 sees that P0 has taken CT0,1. Accordingly, P1 takes a conditional 
designated spot CT1,1after processingM2, and P1’s status changes from typical to speculative. 
Additionally, P2 and P3 take speculative designated spots CT2,1 and CT3,1,1 in the wake of getting 
messages M4 and M3 separately. P1 realizes that the situation with P0 and P1 is provisional prior 
to sending the message M3; P1 piggy-backs this data with M3. Consequently, P3 realizes that 
the situation with P0, P1 and P3 is speculative prior to sending the message M5. After getting M5, 
P2 realizes that the situation with all cycles is provisional. Now, P2 settles the designated spot 
with succession number 1 by flushing the conditional designated spot CT2,1 (on the off chance 
that it has not effectively done as such) and the arrangement of logged messages { M5, M6} into 
the steady stockpiling. Furthermore, we have C2,1= CT2,1 ∪ {M5,M6}. Presently, a predictable 
worldwide designated spot S1 

= {C0,1, C1,1, C2,1, C3,1} has been recorded.

Figure 5.2 The basic idea behind this algorithm

4.3 Data Structures
Each interaction Pi keeps up with the accompanying information structures. 

1. csni: A number variable containing the succession number of the current designated 
spot of interaction Pi. The designated spot addressing the underlying territory of Pi has 
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arrangement number 0. Pi sets csnito 0 at first. csniis increased by one when another 
provisional designated spot is taken. 

2. stati: A variable addressing the current status of interaction Pi. The situation with an 
interaction can be speculative or ordinary. The situation with a cycle Pi is refreshed as 
follows: Pi’s status is set to typical at first. Pi’s status changes to conditional following 
Pi takes a provisional designated spot. After Pi realizes that the situation with all cycles 
is provisional (through the data piggy-supported on the application messages), Pi slows 
down its status to ordinary in the wake of concluding its present speculative designated 
spot. 

3. logSeti: The arrangement of messages logged at Pi after it takes a provisional designated 
spot. When stati is set to provisional, Pi sets logSeti to unfilled and begins logging 
messages sent and got by Pi into logSeti. Along these lines, logSeti contains messages 
sent and got by Pi after a speculative designated spot is taken and before that designated 
spot is finished. 

4. tentSeti: The provisional cycle set kept up with at Pi. When stati is set to ordinary, 
tentSetiis set to discharge. At the point when Pi takes a conditional designated spot, Pi 
sets tentSeti to {Pi}. After getting a message, Pi sets tentSeti to be the association of 
tentSeti, and the conditional cycle set piggybacked in the message. 

5. allPSet: This is the arrangement, everything being equal, to be specific, {P0, P1,•••, 
PN−1}.

4.4 The Checkpointing Algorithm

The provisional designated spot along with the message log put away is known as a designated 
spot of the interaction and it is allotted a similar arrangement number as the speculative designated 
spot put away. The proper depiction of the fundamental checkpointing calculation is given in 
Figure 5.4 

At the point when Pi begins 
csni =0;  stati = ordinary;  /* Initialization */ 

System: take Tentative Checkpoint(i: number) 
csni = csni +1;  stati = speculative; 
tentSeti =   /* Include the interaction id in the set */ 
{Pi}; logSeti =Ø;  /* Initialize the message log to exhaust set */ 
Take conditional designated spot CTi,csni;

At the point when Pi begins to take a designated spot 

takeTentativeCheckpoint (I); 
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At the point when Pi communicates something specific M to Pj 
M.csn= csni;  /* Piggy-back current worth of csni, stati, and tentSeti with the message */
M.stat= stati; 
M.tentSet= tentSeti;
if stati == provisional then logSeti = logSeti {M}; 
Send (M); 

At the point when Pi gets a message M from Pj 
assuming stati == ordinary, 
Cycle M; 
on the off chance that M.stat== speculative, 
on the off chance that M.csn== csni+1 then /* Pj has started a new predictable global desig-
nated spot */ 

takeTentativeCheckpoint(i); logSeti = logSeti {M};
tentSeti =  /* Log the got message */ 
M.tentSet tentSeti;  
else /* stati == provisional */ 
logSeti = logSeti {M}; 
if /* Log the got message */ 
M.stat== typical       thenif         M.csn== csnithen        /* Pj has finished the designated spot 
Cj,csni*/ 
Flush logSeti − {M} and CTi,csni to the steady stockpiling;     /* Pi finishes its designated spot 
Ci,csni*/ 
stati = ordinary; 
Interaction M; 
else      /* M.stat== speculative */ 
if           M.csn== csnithen                 /* Pj has taken the designated spot CTj,csni before sending 
the message */ 
Interaction M; 
tentSeti = M.tentSet tentSeti; 
if      tentSeti ==  allPSet          then                      /* Each interaction Pk has previously taken 
CTk,csni*/
stati = ordinary; 
Flush logSeti and CTi,csni to the steady stockpiling; 
else if     M.csn == csni + 1 then, at that point    /* Pj has finished Cj,csni and took another pro-
visional designated spot after that */ 
stati = typical;              /*So, Pi finishes Ci,csni , prohibits M from the log and takes another 
speculative designated spot */ 
Flush logSeti − {M} and CTi, csni to the steady stockpiling; 
Process M; 

takeTentativeCheckpoint(i); 
logSeti = logSeti {M}; 
tentSeti = M.tentSet tentSeti;

Figure 4.4 Checkpointing Algorithm
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5.  CONCLUSION

In this paper, we introduced a clever correspondence instigated checkpointing calculation that 
makes each designated spot have a place with a reliable worldwide designated spot. Under this 
calculation, each interaction stores the provisional designated spot in memory first and afterward 
flushes it to stable stockpiling when there is no dispute for getting to stable stockpiling or in 
the wake of settling the speculative designated spot. Messages sent and got after a cycle takes 
a speculative designated spot are signed into memory until the conditional designated spot is 
concluded. Since a provisional designated spot can be flushed to stable stockpiling any time prior 
to settling it, conflict for stable organization stockpiling that emerges because of a few cycles 
putting away the designated spots all the while is decreased/dispensed with. In addition, not at 
all like existing correspondence prompted checkpointing calculations, this calculation, as a rule, 
doesn’t constrain an interaction to take a designated spot prior to handling any got message to 
forestall pointless designated spots. Consequently, a cycle would first be able to deal with the 
got message and afterward take the designated spot. This further develops the reaction time for 
messages. It additionally helps a cycle take the routinely planned essential designated spots at 
those occasions.
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ABSTRACT

The IoT (Internet of Things) provides the extensive potentials and opportunities to the 
developed and developing countries to shape human life with ubiquitous networking to the 
internet. IoT is also opening new methods in IT industry especially in India in Collaboration 
with data analytic and Data Science. The prominent fields like agriculture, energy, medical, 
transportation needs to upgrade in accordance with IoT under artificial intelligence. Farmers 
can opt for the smart farming with the use of IoT i.e. apps, smart phones and sensors and 
control their fields conditions remotely or from distant locations. Similarly, the shortage of 
energy can be covered or improved by using sensors. The medical health care is another 
field which must be taken under IoT technology. Using QR codes can be used to access 
the legitimacy of various medicines and therefore fake medicines can be extracted at large 
scale. The transportation facility can also be made high-tech using IoT. Various public 
vehicles are too made connected with internet facility so that they are approachable to 
common public using smart applications in smart phones. The IoT refers to a network of 
physical things that are connected to software, sensors, and other technologies with the 
goal of exchanging information and improving the network in order to automate activities 
for people and make their lives easier. This paper presents the various applications of 
IoT such as Intellevator, Device to device communication, SATIN, RFID, ZigBee etc.

Keywords: IoT (Internet of things), Sensors, SATIN (Satellite-Aerial-Terrestrial Integrated 
Networks).

INTRODUCTION

The IoT has become the most popular technology in today’s world. It combines every machine 
or equipment with technology and creates a new environment for the individuals to communicate 
with each other. It is a combination of interrelated systems or equipments like computing devices, 
mechanical systems and digital machinery, human beings with unique identities and its capacity 
to interchange the information among them (Zhang et al., 2020).

An IoT ecosystem is made up of internet enabled smart devices that collect the data from their 
surroundings using embedded systems such as CPUs, sensors and wireless communication 
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hardware’s. By linking to an IoT gateway or other edge devices, these devices may share the 
data collected from sensors, which is further transferred to the cloud server for analysis (Zhang 
et al., 2020). 

The connectivity, networking and communication protocols used with these internet enabled 
devices largely depend on the specific IoT applications deployed. The IoT can also make the 
use of artificial intelligence (AI) and machine learning to help the sensors in data collecting 
processes easier and more dynamic. The users may use the internet of things to live and work 
smarter and achieve total control over their day to day lifestyle. In addition to offering smart 
devices to automate homes or computerized homes, IoT is necessary to business (Erfani et 
al., 2017). The IoT provides businesses with a real-time look into how their systems really 
work, delivering insights into everything from the performance of machines to supply chain and 
logistics operations. The block diagram in the Figure 1 shows the IoT system, which consist of 
sensors, IoT Gateway, Cloud and Mobile Application.

   Fig. 1 Block Diagram of IoT Architecture

The companies may also use the IoT to run operations without manpower and can save the 
money. The cost of manufacturing and delivering items can also be reduced by this and it can 
also enhance service delivery and provide transparency into consumer transactions (Yang et al., 
2018).

Applications of Internet of things (IoT)

Intellevator

It is an intelligent elevator technology that allows a passively operating elevator to be practical 
and smart in traffic control in order to improve transportation efficiency. It is a proactive system 
that is used to control the traffic for the time-efficiency optimization. The block diagram of the 
system architecture of Intellevator is shown in the Figure 2. It consists of conventional elevator 
(vertical transporting device), agent server and a novel elevator interface (Hangli et al., 2020). 
This system is used to create the smart building environment in the big sectors. 

Fig. 2. The system architecture of Intellevator

The proposal of an intellevator is a continuous architecture which is combinations of the three 
main parts, the IoT enabling technology on a conventional elevator, an agent server to enhance 
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elevator computation capability, and a designed user interface for delivering intelligence to end-
users (Hangli et al., 2020).

Device to Device 

It allows the local community to have a minimal power supply and usage. It can be powered by 
solar energy. The system with distributed D2D communications can maintain a robust wireless 
network, allowing it to continue to function even if one of the devices fails. The D2D communication 
is an important growing issue for the next generation of wireless communication standards. D2D 
communication, for example, is considered a way for improving telecommunication network 
connectivity in 3GPP standards. Besides the telecommunication networks that are costly to set 
up, the communication standards for short-distance links such as Bluetooth and WiFi1 (Conti et 
al., 2013), are also developing D2D communications based on their existing standards. The entire 
system may be separated into inner and exterior network sections as shown in the Figure 3 below. 
The devices in the inner network can communicate with one another using D2D communications 
to form a local network, and they can link to the Internet via a “gateway device” (Shan et. al, 
2020).

Fig. 3. Block diagram for Device to Device communication

Satellite-Aerial-Terrestrial Integrated Networks (SATIN)

It is used in IoT communication to improve security and energy efficiency. Although SATIN’s 
present a promising architecture for global IoT, spectrum scarcity limits the service possibilities 
of this network. The following Figure 4 is showing the block diagram of SATIN (Ruan et al., 
2020).

Fig. 4. Block Diagram of SATIN (Satellite-Aerial-Terrestrial Integrated Networks)

For improved communication, cognitive radio (CR) is seen as a viable option for IoT applications, 
as it may alleviate spectrum shortages and enhance spectrum efficiency through dynamic 
spectrum access (Ruan et al., 2020).

Electronic Health Recorder (EHR)

It is properly encrypted by using medical IoT which helps to maintain the proper confidentiality. 
The EHR systems are becoming increasingly adept at gathering, managing, analyzing, and 
transmitting data. The IoT’s widespread application in EHR and healthcare is based on its ability 
to assist doctors in avoiding transcribing mistakes that result in negative outcomes. The medical 



52

equipment is connected to a smart network in this application, which includes the EHR (Zhang 
et al., 2020). 

Fig. 5. The block diagram of EHR system

The block diagram of EHR system is shown above in the Figure 5. The clinical information is 
transferred electronically across the network, eliminating the risk of mistakes associated with 
manual transcription and information exchange. The medical devices that are connected to the 
IoT can enable real-time monitoring of patient data such as vital signs, allowing doctors to 
check the patient status more accurately and fully while also reacting more swiftly to any bad 
occurrences (Zhang et al., 2020).

Smart lighting management for cities

The network infrastructure, administration, and the control system are the three primary 
components of the street lighting management system.It is the one of the most essential 
applications in a smart city. For this widespread infrastructure, automatic street light switching 
is necessary, but the linked urban digital platform must also be considered. Identifying new 
innovative scenarios, on the other hand, necessitates the use of different data sources. The 
initial task was to make it possible for street lights to collect data from variety of sensors 
and send it to a public digital platform. The majority of recent efforts to design a smart street 
lighting management system have concentrated on the intelligent switching of LED street lights. 
The lighting communication table was utilized in the technical abstraction layer to decrease 
circuit modifications via a Web-based central management system, ZigBee-based wireless 
communication architecture, a programmable correlated color temperature (CCT)-based LED 
array, and a central web server. This server can receive meteorological data as well as data from 
each light in real time. In addition, depending on the weather conditions from the weather API, 
this system changes the CCT to 5,000K or 3,000K. The system will advise the usage of a weak 
CCT light in the case of a traffic incident caused by low visibility due to fog (Kodali et al., 2016).

Smart Homes

The term smart home system which can also be termed as home computerization system that 
delivers the land owner or property holder full security, luxury, handiness, convenience etc. by 
allowing them to control smart appliances at home through apps related to smart home on their 
smart phones or other computerization device (Erfani et al., 2017). The home computerized 
system also enables the devices to share consumer usage data in their designed network depends 
on the choice of land owner or property holder.
Some of the examples of smart home system are explained as:
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a. In smart homes smart door openers with video door phone system, door magnet system 
and wireless body sensors can detect an individual to decide whether to give access for 
entry or not (Yang et al., 2018).

b. In smart homes HD security cameras and IR cameras can observe the complete home 
when the home owners are away. The motion sensors are also capable to recognize the 
difference between home residents and outsiders (Yang et al., 2018). These sensors 
can further send the alarm message to land owner or house owner if doubtful activities 
happen.

c. In smart homes Computers, LED TVs connect to the internet to access the home 
surveillance through various android applications.

d. In smart homes the IOT based kitchen appliances are available for example smart 
refrigerators, smart gas stoves, smart cookers, smart tea or coffee maker, smart fry pan, 
smart egg minder, smart utensils like jug etc.

The other useful IOT based home appliances are smart washing machines; smart clothes dryer, 
and sensor based hand sanitizers and dryers, sensor based automatic watered system for plants 
and house lawns with timer facility (Govindraj et al., 2017).

SMART SHOPPING

The (IoT) based smart shopping can be done with the help of sensors like RFID sensors based 
on radio frequency technique in shopping malls, centers, supermarkets etc. The RFID gives 
the combined information of product availability and its information as sensors are attached to 
the product.  The RFID reader designed to detect the ID signals of RFID tags attached to the 
product. The consumers can accomplish their shopping in their smart phones and finally the 
consumers shopping data and queries if any goes to the server. The online central server collects 
the shopping data from consumer smartphone and from sensors based on IOTs [Shahroz et al., 
2020, Hicks et at., 2013]. The payment can be done through various online modes on the same 
application through which the shopping is done.

Another method of smart shopping is ZIGBEE sensors. The ZIGBEE transmitter is attached 
along with the shopping cart or trolley which senses the products in the cart and further this 
shopping data is transferred to the main server through ZIGBEE receiver (Karjol et al., 2018). 
Likewise, the payment for the shopping can be done through various online modes available. 
Both RFID and ZIGBEE work on wireless technology. This automation or computerization 
system eases the consumer for shopping in less time and in secure manner (Rezazadeh et al., 
2018).
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SMART VEHICLES

The smart vehicles monitoring system monitors the vehicle for the various parameters thereby 
making the vehicle intelligent based on IOT (Mallidi et al., 2018). The automobile companies 
have started implementing various intelligent applications and expertise the vehicles for ensuring 
safety of the driver and the passengers. 
The features that have been constantly supervised and have already deployed in cars which 
includes:

a. To navigate the vehicle for geographical location of vehicle and for geographical tagging.

b. To assist the vehicle in reversing with 360-degree view.

c. To measure the distances between the car and the objects around the car to avoid any 
type of accident or collision.

The IOT based smart vehicle monitoring system monitors the vehicle’s safety. For example, if 
the vehicle’s door is left opened or unlocked then an SMS is being send with the help of geo-
tagging system to the registered vehicle’s driver indicating the individual that vehicle’s door is 
unlock. The concerned individual would be alerted for the locking for of the vehicle.

The smart vehicle monitoring system enables the family, police and ambulance on alert in case 
of accident on highway as the SMS is being to the concerned individuals with geographical 
location for immediate help (Jabeen et al., 2019).

There are various other sensors based on IOT installed in the vehicles for the vehicle’s monitoring 
and safety like alcohol detection sensor which detects whether the driver consumes alcohol or not 
and if yes, then the sensor would not allow the vehicles to start. Similarly, the emotion sensor is 
available in smart vehicle which constantly monitors the driver’s facial expression and also the 
driving nature of driver (Jabeen et al., 2019).The performance of driving is then indicated on 
the smart screen in the vehicle and in case of wrong driving a continuous alert in form of beep 
signal is given by smart vehicle. In worst driving the vehicle may even get stopped to avoid 
any collision or accident. Besides the rain sensing wipers are available in smart vehicle which 
works with respect to intensity of rainfall. Likewise, smart front lightening system feature is 
also available in the smart vehicles for controlling the intensity of light according to the external 
environmental conditions (Chougule et al., 2018). 

The other common sensors installed in almost all modern vehicles are seat-belt sensor, all door 
lock sensor, fuel leakage sensor, engine temperature sensor, tyre pressure monitoring sensor, 
low fuel sensor, automatic light sensor etc. 
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Table1. Applications of IoT

Applications of IoT

1. Intellevator An intelligent elevator system that allows a p sively 

operating elevator to be practical and knowle-

dgeable in traffic control in order to maximize 

transportation efficiency.
2. SATIN Satellite-Aerial-Terrestrial Integrated Networks is 

used to enhance security and energy efficiency in IoT 

communication.
3. EHR Electronic health records are properly encrypted by 

using medical IoT which helps to maintain the proper 

confidentiality.
4. Sensors The lighting management is done in the smart cities by 

using the IoT sensors

CONCLUSION 

In this paper, we have studied the various applications of IoT. The various sensors are used for 
sensing frequency, transmission power and time slot to minimize the network power consumption 
with ease of data and information transfer among the IoT connected devices. With the help 
of these sensors the electronics equipments, machines and mechanical systems have become 
smarter using IoT. The smart homes make the user ease to protect their home when away. The 
smart shopping helps the users or consumers to shop in a lesser time and in a secure way thereby 
avoiding the long queues for purchasing and billing. The smart vehicle system helps the user 
to drive safer in odd conditions and also it helps the user to maintain their vehicle’s health with 
IoT based smart sensors installed in the vehicle. The D2D communication is based on adopting 
the solar power supply. The Intellevator are used in smart buildings for the time efficiency 
optimization.
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INTRODUCTION TO DATA MINING TOOLS AND 
TECHNIQUES & APPLICATIONS: A REVIEW
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ABSTRACT 

Data mining refers to extract and identify useful information from large sets of data. This 
term is really a misnomer. Thus, data mining should be named as knowledge mining which 
rely stress on mining from vast sets of data . An enormous quantity of data is present in 
the information industry. This data is meaningless until it is converted into useful form of 
information or help the industries in their business. It is essential to analyze this plenty of 
data and extract the valuable information from it. In data mining, extraction of information 
is not only the process to be performed it also involves various other process such as 
cleaning, integration, data transformation, data mining, pattern evaluation and presentation. 
When all these processes are completed one will be able to use this valuable information 
in many applications such as Fraud Detection, Market Analysis, Production Control, 
Science Exploration, etc.(Dhaka et al.,2018) .This paper introduces the significance use of 
data mining techniques such as clustering, association-rules, sequential pattern, statistics 
analysis, characteristics rules and so on can be used to find out the useful knowledge. 
Finally, various tools, then various applications of Data Mining in various fields like 
Banking, Healthcare, Education and Stock Prediction has been explained in this paper. 

Keywords: Data Mining, Data Mining Methods, Tools & Techniques, Applications ,Stock 
Prediction

1. INTRODUCTION TO DATA MINING

Collection of data is the prerequisite for generation of information. The nature of data is not 
always specific; it could be simple text documents, numerical figures or could be more complex 
information such as spatial data, hypertext documents and multimedia data. But simply data 
retrieval cannot serve the purpose alone, the data has to summarized, analyzed and information 
has to be extracted. When the data is enormous it becomes impossible to do the above mentioned 
tasks manually, hence the need for powerful tool for analysis and interpretation of such huge 
volume of data stored in repositories like online databases and for the extraction of required 
information paves in. All these requirements are met by “Data Mining”. 

1 Research Scholar, CT University, Ludhiana, India e-mail: sverma5585@gmail
2 Lovely Professional University, India, e-mail: punamrattan@gmail.com
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Kantardzic & Mehmed (2003) has described data mining as a bridge between applied statistics, 
artificial intelligence and data base management to discover hidden patterns in stored large data 
set more efficiently using feasible algorithms.

Deshpande & Thakre, 2010 stated data mining as a tool for the extraction of hidden predictive 
information from large databases and stated it is as a powerful technology possessing great 
potential which would help organizations in different sectors to extract fruitful information from 
the huge lot of data generated in this information technology era. 

Mena, Jesús (2011) in their book has mentioned the origin of the term “data mining”. The origin 
of term data mining in the database community dates back to somewhere around 1990. In 1980s, 
HNC, a San Diego-based company trademarked a phrase “database mining”™, for pitching their 
Database Mining Workstation. Being trademarked, researchers had to use an alternate to term 
and so the term “data mining” came into existence.

Han et al. 2012 defined data mining as ‘‘data mining is a process of discovering or extracting 
interesting patterns, associations, changes, anomalies and significant structures from large 
amounts of data which is stored in multiple data sources such as file systems, databases, data 
warehouses or other information repositories.’’ The authors have stated various functions of data 
mining such as a summarization, characterization and discrimination, association, clustering, 
classification, outlier analysis, regression and trend analysis, etc.

In yet another study Arora and Gupta, 2017 stated data mining to be an essential step in knowledge 
discovery in databases which have potential to be used for discovery of useful unknown patterns 
from large repository of data making use of various functionalities, techniques and algorithms.

Thus, data mining represents a useful method for the analysis of huge data to draw out important 
information which assist in decision making in many spheres of businesses.

2. DATA MINING METHODS, TECHNIQUES AND TOOLS:

2.1 Data Mining Methods
Many authors have described different methods deployed in data mining which are described 
below: 

a) Summarization

Chen et al, 1996 have reported that based on concept hierarchy, summarization method results 
into a comprehensive summary of the data. 

In another study Hung et al, 2015 reports that summarization method is carried out using 
aggregation leading to different levels of abstraction and thus could be viewed and analyzed 
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from many angles. Summarization method helps in extraction of different kinds of patterns that 
could be extracted using attributed oriented induction approach and data cube approach.

b) Characterization and discrimination

Bhatnagar et al, 2015 have described characterization and discrimination method used in data 
mining.  Characterization generally comprises of summarization of data based concept hierarchy 
for generation of characterization rules as outputwhereas discrimination is a method to identify 
the varieties among various data sets and generation of discriminant rules as output.

c) Classification 

Liao & Triantaphyllou, 2007 has reported a vast variety of classification algorithms also known 
as classifiers which has also been proposed in earlier literature. Some popular classification 
algorithms as reported by the author are rough set approach, genetic algorithms, semi-supervised 
learning, fuzzy sets and active learning.  

Han et al, 2012 has defined classification as the process to classify new observation based on 
the predetermined classes, i.e. supervised learning using a classification algorithm to forecast 
classes of the data. 

d) Clustering (or cluster analysis) 

Algergawy et al. 2011, has reported Clustering as an efficient method in data mining which helps 
in   segmenting or partitioning of observations or data into subsets termed as groups or clusters. 
Like classification, clustering classifies the similar data objects into the same group but unlike 
classification, the class labels are unknown. This technique serves its function not just in data 
mining but also in  image segmentation, statistics, pattern recognition, information retrieval, 
object recognition, bioinformatics etc. 

Many clustering approaches have been suggested by many researchers some of them are 
summarized in the table below:

Clustering Methods Author and Year
Parameter free method using minimum description length approach Mampaey & Vreekan 2011
Parallelized hierarchical clustering approach Wang,  2011
Gene expression data clustering approach based on z-score measure Das et al, 2011
Fully automatic clustering algorithm for high dimensional categorical data Bouguessa 2013
Nature inspired swarm based Intelligent Water Drops—K-Means (IWD-
KM) algorithm

Shah- Hosseini 2013

Voronoi diagram based clustering algorithm for artificial as well as 
biological data

Sawant and Shah, 2013

Domain knowledge based density-based clustering Jin et al, 2014
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Algorithm for clustering large-scale data sets based on the unique 
combination of matrix decomposition and low-rank matrix approximation 
named as exemplar-based low-rank sparse matrix decomposition (EMD)

Wang, 2014

Bisect K-means clustering algorithm Abuaiadah, 2015
A three-phased cluster ensemble method based on discriminant analysis Bhatnagar et al, 2015

e) Outlier analysis 

Outliers are the data objects which are generally discarded by data mining methods as noise 
because they differ from the general behavior of the data. But it has been reported by Han et 
al., 2012 that these outliers may sometimes have more information when compared to other 
data objects and hence mark their importance in fraud detection, anomaly detection, intrusion 
detection etc. The outlier detection methods has been further classified as statistical methods, 
clustering-based methods, classification-based methods, deviation-based methods supervised, 
semi-supervised and unsupervised methods and proximity-based methods. 
Other than this for generalization and unification of statistical outliers, Angiulli and Fassetti, 
2013 investigated gradient outlier factor. 

In yet another study by Campello et al. 2015, a detailed method for density-based outlier detection 
was investigated.

f) Association analysis 

Association analysis identifies all the frequent items in the data sets that follow a strong association 
rule that satisfies a minimum support and confidence thresholds. Ceglar & Roddick, 2006 has 
classified association analysis algorithms as classical algorithms, condensed representation 
algorithms and incomplete set algorithms. 

Some popular association mining algorithms as mentioned by the author are Apriori which is 
based on confined candidate generation, FP-growth based on conditional pattern base without 
candidate generation and Eclat (equivalence class transformation) based on data transformation 
and candidate generation.

g) Regression and trend analysis (or evolution analysis) 

Tan et al, 2009 has reported that the prediction of the value of attribute based on regression 
techniques using historical time series plot is another important method in data mining. Regression 
and Trend analysis which is also termed as evolution analysis is vital method in discovery of 
interesting patterns in object’s evolution and matching of the objects’ changing trends. 

2.2 Data Mining Techniques

There are numerous data mining techniques that have been investigated by researchers so far. 
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The major ones are reported below:

a) Statistical approaches

Data mining in general has an inherent correlation with statistics. Many statistical analysis tools 
has been reported by Jackson, 2002 which are widely used in data mining such as discriminant 
analysis, Bayesian network, factor analysis, cluster analysis, regression analysis, correlation 
analysis, etc. 

b) Machine learning 

Padhraic, 2002 has mentioned the emerging need for automation in knowledge discovery from 
databases to improve accuracy and efficiency of the data mining process which has led to 
emergence of data mining algorithms in context to machine learning. Thus these techniques are 
very useful in many sectors like education and transportation. 

RSA (Rough Set Analysis) and DNA (Dependency Network Analysis) have been suggested by 
Gengshen and Guenther, 2014 as important technique in machine learning.

c) Artificial Neural Networks 

Liao et al, 2012 has stated Artificial Neural Network (ANN) to be a system of artificial neurons or nodes and 
electrical signaling which has resemblance to biological neural network. ANN represents knowledge as neurons 
which are layered set of interconnected processors and are often used to solve critical research problems, spatial 
environmental data analysis, and also play an important role in modern operations research tool. 

d) Database systems and Data warehouses 

Chandra and Gupta, 2018 reported the use of database-oriented and data warehouse-oriented 
approaches of data mining techniques to handle huge data sets so as to increase the effectiveness 
as well as scalability of data mining task. The multidimensional nature of data structure in 
data warehouse technique has also been reported by the author for its exceptional use in 
multidimensional data mining.

e) Genetic algorithms 

Jain et al, 2013 has defined genetic algorithm as a concept based on natural biological evolution 
which includes various processes like reproduction, selection, mutation, and survival of the 
fittest. But this technique is often considered confusing as there is no statistical measure and thus 
making it difficult for the user to understand the logic behind a particular solution. 

f) Fuzzy sets 

Lotfi Zadeh in 1965 has proposed the concept of Fuzzy set theory as “the degree of membership 
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based on the possibility value calculated with the help of membership function”. 

Hullermeier, 2011 stated that fuzzy set theory is marking a great value in data mining, machine 
learning, and many other related fields especially in classification and cluster analysis. 

In 2012, Edward and Olgierd proposed combined technique including machine learning and 
Fuzzy set theory for enhancing the data mining process for various applications. 

 g) Visualization 

Yahia 2010 stated visualization as a very important data mining technique as it helps in translation 
of data into objects which could be displayed in 2D or 3D space such as area, line, point etc. 

Campello et al.2015 also have recognized the usefulness of this technique in data mining and 
have presented a framework for density-based estimates for visualization.

2.3 Data Mining Tools

Ranga & Bansal, 2006 conducted a study describing the specialisation, technical specifications 
& features of the six widely used open source data mining tool which could help in choosing and 
selecting appropriate tool for the purpose. The features of the six data mining tools mentioned 
in the study are summerised in the table below:

S.No. Tool Name Release 
date

Category Operating system 
& Language

Website

1. R A P I D 
MINER

2006 Statistical analysis, data 
mining, predictive analytics

Cross platform; 
L a n g u a g e 
Independent

www.rapidminer.com

2. ORANGE 2009 Machine learning, Data 
mining, Data visualization

Cross Platform; 
Python C++, C

www.orange.biolab.si

3. KNIME 2004 Enterprise Report ing, 
Business Intelligence, Data 
mining

Linux, OS X, 
Windows; Java

www.knime.org

4. WEKA 1993 Machine Learning Cross Platform; 
Java

www.cs.waikato.ac.nz/-
ml/weka

5. KEEL 2004 Machine Learning Cross Platform; 
Java

www.sci2s.ugr.cs/keel

6. R 1997 Statistical Computing Cross Platform; C, 
Fortran and R

www.r-project.org

3. APPLICATION OF DATA MINING IN VARIOUS FIELDS

3.1 Health Care

Yeh et al. 2009 have developed a two staged hybrid data mining approach to separate the 
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population of patients having breast cancer. The first approach dealt with statistical method 
which was used to pre-process the data so as to eliminate insignificant features, reduce the 
computational complexity and to enhance the speed. Whereas in the second phase, authors 
proposed standard particle swarm optimization (PSO) based new data mining methodology. 
The results indicated an accuracy and robustness in the proposed model and the usefulness of 
the data mining algorithm for decision making in hospitals, clinics and providing reference data 
to researchers.

Mohammed et al. 2014 reviewed the existing applications of the MapReduce programming 
framework and its implementation platform Hadoop in clinical big data and related medical 
health informatics fields. The paper revealed that the use of MapReduce and Hadoop could be 
potential tools in handling and analyzing lager volume of clinical data. The paper emphasized 
on modeling of whole interacting processes in a clinical setting itself to use the big clinical data 
analytics such as clinical test utilization pattern, specimen collection/handling, test procedures, 
etc. which could be conducted using easy and inexpensive clusters of commodity hardware 
and the a suitable open source tool. This will ensure integration and consolidation of laboratory 
data which will later help in various decisions making and become essential in setting up future 
laboratories.

Islam et al. 2018 has presented a review of the literature on healthcare analytics using data 
mining and big data. The authors conducted a search of relevant literature between 2005 and 
2016 by following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines. The authors found that the existing literature is focused on analytics in clinical and 
administrative decision-making and also revealed the predominant use of human-generated data 
even after the wide adoption of Electronic Medical Record in clinical care which has led to lack 
proper integration of expert’s knowledge with prescriptive analytics of the real health scenario 
of the patients in decision making process. Thus the paper suggests development of an informed 
decision-making framework stems for ensuring the facilitation of coordinated and well informed 
health care systems which have the capacity to ensure patient’s satisfaction.

3.2 Banking

Wei et al, 2012 has proposed an effective online banking fraud detection framework incorporating 
various advanced data mining techniques. To profile the differentiating rate of each current 
transaction against the customer’s behavior preference, the study built a contrast vector for 
each transaction based on its customer’s historical behavior sequence using a novel algorithm 
viz. ContrastMiner. The algorithm effectively mined the contrast patterns and distinguished the 
genuine behavior from the fraudulent; this was followed by an effective pattern selection along 
with risk scoring combining the predictions from different models. The results depicted higher 
accuracy as compared to fraud detection system with domain knowledge.
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Farooqi and Iqbal, 2017 reviewed the process of data mining in baking industry  in various 
application area like marketing, risk management, fraud detection etc. They also suggested that 
use of various tools to obtain and analyze patterns in the banking big data is helpful in forecasting 
future trend and hence in the decision making process.

Hasheminejad & Salimi, 2018 has proposed a novel sliding time and scores window-based 
method, called FDiBC (Fraud Detection in Bank Club), to detect fraud in bank club. In FDiBC, 
14 features were derived based on each score obtained by customer members of bank club and 
later based on all the scores of each customer member, five sliding time and scores window-
based feature vectors were proposed. Positive and negative levels were used to obtain training 
and test data set from the obtained scores of fraudster and general customers in the customers’ 
club system of a bank and then learning was performed through two approaches viz. clustering 
and binary classification. The results depicted 78% accuracy of the FDiBC and hence prove to 
be an effective fraud detection tool. 

3.3 Education

Naik, 2015 has discussed data mining techniques to empower education system by generation 
of strategic information. The authors gave a two dimensional use of data mining in this sector, 
one from the point of view of student so as to ensure betterment of teaching methods as per the 
need of individual student and the second dimension focused on management of teachers and 
staff in the system. The authors recommended that the application of data mining in education 
system brings added advantages especially in the areas of optimization of resources, to find the 
gap between the number of candidates applied for the post, number of applicants responded, 
number of applicants appeared, selected and finally joined, prediction of retainment of faculties 
in the university etc. 

Asif et al. 2017 stated that the ever rising electronic data of universities creates a need for data 
mining tool extract meaningful information and thus the authors have focused two aspects of 
undergraduate student’s performance using data mining. The former aspect is prediction of 
students’ academic achievement after the four-year study course and the later one is analysis 
of the typical progressions and combining them with prediction results. The results indicates 
that use of data mining for this purpose helps in finding indicators of good performance and by 
analyzing them the low performers could be personally trained on those indicators for better 
performance.

Toivonen, 2019 reported a study in which clustered data from potential educational data mining 
(EDM) end-user from an education setting was interacted with Neural N-Tree models followed 
by Augmented Intelligence method. The study revealed that EDM system following the AUI 
method gives more accuracy but in the terms of silhouette indices, no significant difference 
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between various algorithms was observed. The results also depicted that AUI takes more time 
and more iterations as compared to the black boxed algorithm. Despite of the shortcomings, AUI 
method eases the discovery of new knowledge by EDM end-user. Thus the overall findings of 
the study suggest that the accuracy of the suggested models evolve over time and AUI is a good 
tool for knowledge discovery.

3.4 Stock Prediction

Hadavandi et al. 2010 presented an integrated approach based on genetic fuzzy systems (GFS) 
and artificial neural networks (ANN) for developing a stock price forecasting system. The 
authors firstly determined the factors which are most influential on stock prices using stepwise 
regression analysis (SRA), then the raw data was divided into k clusters by means of self-
organizing map (SOM) neural networks. Finally, all clusters were fed into independent GFS 
models with the ability of rule base extraction and data base tuning. The data sets used in the 
study belonged to IT and Airlines sectors. On comparison of the proposed model with other 
stock price forecasting methods that uses mean absolute percentage error (MAPE), it was seen 
that the proposed approach performed better and thus could be considered as a suitable tool for 
forecasting stock price.

Shen et al. 2011 introduced an artificial fish swarm algorithm (AFSA) optimized radial basis 
function neural network to train data and forecast the stock indices of the Shanghai Stock 
Exchange. To enhance the accuracy of the model a K-means clustering algorithm is optimized 
by AFSA in the learning process of RBF. The model compared the forecasting results of RBF 
optimized by AFSA, genetic algorithms (GA) and particle swarm optimization (PSO), as well 
as forecasting results of ARIMA, BP and support vector machine (SVM). The results indicated 
that out of all proposed AFSA was most accurate and east to use. 

Vanstone et al. 2012 created an ANN-based stock market trading system for forecasting of 
Australian stock market by applying four fundamental indicators namely price earnings ratio 
(P/E), dividend payout ratio return on equity (ROE) and book value. The paper depicts that ANN 
has been a significant tool for predicting stock market with noisy and huge data sets.

Hegazy et al. 2013 presented a study that uses machine learning model with an algorithm using 
Particle swarm optimization (PSO) to optimize least square support vector machine (LS-SVM) 
for daily stock price prediction. The study was based on stocks historical data and technical 
indicator. The results obtained after applying the proposed model and evaluating using thirteen 
benchmark financials datasets and furthermore comparing with artificial neural network using 
Levenberg-Marquardt (LM) algorithm indicated a better prediction accuracy of the model and 
the potential of PSO algorithm in optimizing LS-SVM.

Adebiyi et al. 2014compared the performance of ARIMA and ANN model for stock price 
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prediction with published stock data obtained from New York Stock Exchange. The study 
compared the performance of the ANN predictive model developed in this study with the 
widely used time series forecasting model viz. conventional Box-Jenkins ARIMA model. The 
study revealed that the developed stock price predictive model with the ANN-based approach 
performance better than the ARIMA model.

Xiong et al. 2015 ha proposed a swarm intelligence algorithm-based FCRBFNN by using 
DPSO and PSO for joint optimization of the structure and parameters of the model for Interval 
Time series (ITS) forecasting. Experimental results with both simulated ITS and real interval 
stock price time series depicted that the proposed method statistically outperform some well-
established contenders in terms of accuracy measure and thus could be used to improve prediction 
performance.

Chang et al. 2016 proposed a novel fuzzy rule-based model to identify turning points of the 
trading signal. The proposed Takagi–Sugeno fuzzy rule-based model (the TS model) combined 
with a support vector regression for stock trading forecasting when compared with a conventional 
linear regression model and artificial neural networks indicated that the model not only yielded 
more profits but also enables stable dynamic identification of the complexities of the stock 
forecasting system.

Maini & Govinda, 2017 in their study made use of machine learning models like Random 
Forest model and Support Vector Machine to propose an effective approach for prediction of 
stock market trends. The authors emphasized that the classification and regression of the huge 
volume of data could be successfully analyzed through Random Forest model whereas Support 
vector machine could effectively used for only classification. The results also indicated that these 
techniques are still being less used and thus ill paid but in future due to the increasing volume 
of data in stock market the importance of these tools is expected to increase.

Chung & Shin, 2018 used the available financial data to develop a novel stock market prediction 
model. The authors adopted the deep learning technique due to its excellent learning ability 
using massive, noisy data sets. The authors thus developed a hybrid approach integrating long 
short-term memory (LSTM) network and genetic algorithm (GA). The research suggested a 
stematic method to determine the time window size and topology for the LSTM network using 
GA focusing on the usage of the temporal property of stock market data. The proposed hybrid 
model was evaluated using daily data sets from daily Korea Stock Price Index (KOSPI). The 
results demonstrated that the model outperforms the benchmark model.

Minh et al. 2018 used both financial news and sentiment dictionary to propose a novel two 
stream Gated Recurrent Unit (TGRU) framework to predict the directions of stock prices. The 
results indicated that the frameowrk showed an overall accuracy of 66.32% which indicates a 
better performance as compared to many other models like GRU, LSTM. Other than this the 
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authors also pointed that as sentiment value of word was taken into consideration the Stock2Vec 
embedding was more efficient than original embedding method like Glove and Word2Vec. Thus 
the authors recommended that for supporting investors in trading specific stocks, the integration 
of the novel framework into automated system could be great alternative. 

Seo et al. 2019 proposed a hybrid models based on artificial neural networks with multi-hidden 
layers for improvement of the forecasting accuracy of the volatilities of the stock market. The 
model was obtained from GARCH family models and Google domestic trends (GDTs) as input 
variables. The authors conducted experiments to obtain the accurate hybrid model for forecasting 
volatility by varying the number of layers and activation functions and by applying the proposed 
model to forecast weekly and monthly volatilities of S&P 500 index. The results concluded that 
the hybrid models with GDTs out-performs the predicted with GARCH family models and the 
hybrid models without GDTs in forecasting the volatility of actual market. 

Khan et al. 2020 has predicted the impact of social media and financial news on stock market 
prediction accuracy comparing various algorithms to find a consistent classifier. The accuracy 
and performance of the prediction was enhanced by performing feature selection and spam 
tweets reduction on the data sets. Also, deep learning and ensembling some classifiers helped to 
maintain higher prediction accuracies of 80.53% and 75.16% are achieved using social media 
and financial news, respectively. A consistent Random forest classifier with highestprecision of 
about 83.22% is achieved by its ensemble. Also the authors indicated some interesting facts like 
New York and IBM stocks were found to be more influenced by social media whereas financial 
news were the factor for London and Microsoft stocks. Other than this the study pointed out 
New York and Red.

CONCLUSION

In this paper revision of literature of Data Mining is presented.This study gives the idea about 
various Data Mining Techniques,different methods,different processes and data mining tools 
and various applications of Data Mining.In future we tend to review and compare various Data 
Mining algorithm’s used in Data Mining.
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IMPACT OF SOCIAL MEDIA AND TECHNOLOGY ON 
CHILDREN

Helen Sha Diana1 
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ABSTRACT

Social media creates a forum that enables users to engage in interactive web, participate, 
comment on and create content as a means of communicating with users and the public. 
The content it displays is practically difficult to be hidden from children especially 
during this pandemic as learning has become online. The magnitude of media exposure 
is very high for the past two years.73%of Indian children are addicted to cell phones and 
gaming.  Social media has both positive and negative impacts on children. It’s high time 
to comprehend the benefits and negative effects of technology and utilize it purposefully. 
The present study was conducted in Chennai city. The researcher has conducted several 
case studies, group discussions and has organized awareness programs related to the 
study. The findings of the study highlighted that most of the children were distracted 
from learning to communicate in the real world and they tend to become more aggressive 
if mobile phones are not given during food and also Kids are learning basic social and 
technical skills to fully participate in modern society. It has been a wonderful experience 
in the field of doing research on the impact of social media and technology on children.

Keywords: Impact, social media, Technology, Children

INTRODUCTION

The modern world is a place where the connection between children, youngers and other 
individuals is simplified by the various platforms available to children on the internet. Social 
media which is considered as one of the strongest mediums of communication in the recent 
trends helps people to connect from far places. The impact of social media on generation has 
been more evident as compared to the older generation. Through social media, children can 
communicate, share thoughts, and new ways of learning. Children who are frequent users of 
social media are more innovative and exhibit their creation through startup businesses and more 
refined products. Social media can be an asset for keeping children engaged with their field and 
course. This is one of the positive impacts of social media on children. Children feel that media 
creates new identities for their life but the same has negative effects which include identity theft, 
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cyberbullying and social isolation. One of the biggest problems is the identity crisis constantly 
social media produces. This is highlighted by social media users increasing by 25% since 2016, 
with 3 billion reported globally in 2018 tentatively.  

REVIEW OF LITERATURE

 Isaac & Singer (2017), On a broader scale, online safeguards need to be in place to protect 
children. Facebook, for example, has recently announced that it will roll out a new app for children 
under 13 years old, called Messenger Kids which allows parents to control their children’s 
contact list and prevents children from being able to hide messages from their parents. While it 
is beneficial to Facebook to openly increase its client base, since children are likely using the 
platform anyway, providing a safer alternative available to them is a good start.

Masood Badri (2017), “School performance, social networking effects, and learning of school 
children: Evidence of Reciprocal relationships in Abu Dhabi”. Some benefits from using social 
media networks include sharing information and ideas and improving reading skills. Despite 
the benefits of participation of students in social media networks, its misuse could affect the 
academic life of the students and, thereby, their performance. Therefore, as this study shows, 
social media networks compete with academic work for students’ attention.

RESEARCH METHODOLOGY

TITLE OF THE STUDY- Impact of social media and technology on children (Qualitative study)

SPECIFIC OBJECTIVES:  To analyze how social media affects children & to identify if there 
are any changes in the behavior of a child due to social media influence. 

RESEARCH DESIGN: Descriptive design was used.

SAMPLE Method: The researcher has used the qualitative method to know about its impact. 
The present study was conducted in Chennai city. The researcher has conducted 10 case studies, 
and one group discussion to analyze the factors.

TOOLS FOR DATA COLLECTION: The researcher used the telephonic conversation to seek 
answers from the parents who own children of the age 5-10 years. Contact has been developed 
through friends and relatives to collect data from respondents.

DISCUSSION

• Digital and electronic devices 
• Multi-touch tablets  
• App, video games and interactive  
• Screen-based media:  Face book, Instagram WhatsApp, Gaming sites, virtual worlds, 
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blogs, songs, movies and photographs.
• YouTube 
• Television programs 

Risk associated 

• Lack of self-regulation 
• Lack of restrictions on creatively expressing oneself  
• Lack of restrictions on sharing information  
• Provides an alternative way of socializing 

Magnitude of media exposure 

A recent survey says that:

• In 2015, 16% of Indians had smart phones compared to 44% globally.
• In 2021, 87% users in India will have smart phones.

 Global survey by B2X care solutions states that:

	57% of Indians said that they cannot live without smart phones  

	98% Indians sleep with their smart phones  

	83% keep it on their body or within the reach 

Ericsson mobility report says:

	Every day Indians spent on an average 3 hours on their devices 

	25% of users check their phones 100 times a day.

	A survey conducted by a cartoon channel says that 73% of Indian children who are cellphone users in India. 

	Dr Ratan Pal Singh, the psychiatrist leading in AIIMS behavioral addiction clinic launched last October 
that they are planning to increase the number of days the clinic is held given the increase in demand.

Types 

Digital and electronic devices Software Multi-touch tablets App, video games and interactive 
Screen-based media: Facebook, Instagram WhatsApp, Gaming sites, virtual worlds, blogs Songs, 
movies and photographs YouTube Television programs. 

Positive impacts 

• Spending time online is important for younger generation to become necessary technical 
skills especially during the current pandemic which allows them to concentrate on their 
classes at that are conducted online.

• Social media used by kids help them to find a way to express themselves creatively 
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interact and learn with broader audience. They use it to form study groups so that they 
can share ideas and learning materials.

• Children are motivated to learn from their peers through social networking as it has 
introduced more peer-based learning method. 

• Kids maintain long term friendship with others by staying in touch with them online 
even when they cannot meet them in person.

• Kids also get to have influence on their community through social networking groups 
and bring about positive changes such as fundraising campaigns.

The magnitude of media exposure 

As per the views of psychiatrists and counselors, the number of people being treated for mobile 
addiction is mostly children between 6-15years. Dr. Ratan Pal Singh, the psychiatrist leading in 
AIIMS behavioral addiction clinic launched last October that they are planning to increase the 
number of days the clinic is held given the increase in demand the National institute of mental 
health and neurosciences gets and report that 5 cases weekly of youngsters suffer from mobile 
addictive disorders. 

Impact 

• Reduce in real life connect 
• Social media is swinging people to stay online being Indore instead of going out and 

being social or engaging in physical activity considering the current pandemic situation 

E-addiction: It is the emerging problem nowadays. Magnetic resonance imaging results reveal 
how addiction to social media is affecting brain and behaviour of children.

Developmental problems: Excessively using devices can lead to issues like myopia hearing 
loss back pain etc.

Eating disorders: Prolonged use of media will reduce the physical activity leading to changes 
in eating patterns.

Psychological problems:  Posttraumatic stress studies show that excessive TV viewing is a risk 
factor for development of depression in young adulthood. Children spend more time watching 
TV than spending time with friends which leads to poor peer relationship, risk for social isolation, 
anxiety disorder and gang involvement also increases.

Violence: Children who watch more violence on media a likely to be emotional and become 
violent on others and themselves.

Crime:Future of current generation will be threatened by a new form of media accept crimes 
like identity theft and child pornography.
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Cyber bullying: Cyber bullying is growing phenomenon in virtual communication environment. 
Technology has given its new platform of action at fastest speed including the number of cyber 
bullying which is at risk among growing children that enabled them in stress, anxiety, depression, 
low self-esteem, school dropouts etc. Example: blue whale application which was becoming 
viral recently, triggered many instances to commit suicide.

RESULT

• Kids are distracted from learning to interact and express themselves in the real world. 
Some of the reports are highlighted that social networking is affecting kids’ comprehension 
levels. Also, if they communicate primarily through the screen, they do not learn real life 
communication – such as body language, tone of voice, posture etc.

• Kids tend to become more aggressive if mobile phones are not given during food.
• Kids are learning basic social skills like mindfulness, self-awareness, develop critical 

thinking, cultivate problem-solving approaches, invites creative expression and technical 
skills to fully participate in modern society.  Kids used to learn to adapt to public and 
permanent socializing and managing elaborate networks of friends and acquaintances.

• Social networking makes kids more peer-based.  Young people have motivated to learn 
from their peers online and they interact with each other and receive feedback from one 
another.  

• They are motivated to learn more from each other than from adults.  Teachers and adults 
and children are no longer the only sources of knowledge.

• They tend to feel lonely, become envious of seeing Children of their age celebrating their 
birthday grandly or displaying new gadgets.

SUGGESTIONS

• Parents should have adequate knowledge about media technology.
• Children should be educated about the benefits and harmful effects of social media so 

that they will be able to differentiate them.
• Educating children about appropriate methods to select a particular technology and use 

them wisely.
• Advocating the content of the media.
• Restricting phone during meals.
• Encouraging children to spend more time in real face-to-face interaction will enable them 

to learn social skills and body language which is necessary to survive in the real world.
• Parents should engage in social media where their child belongs to understand the impact 

that it can have on their child.
• Turn off mobile data and Wi-Fi before going to bed.
• Parents should update themselves to online trends and the latest technology applications 

their children are using.
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• Follow child to be aware of their activities, express good support for social media
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ABSTRACT

This paper discuss all about Internet of Things. IoT is a system in which smart objects 
are integrated with sensors, networks, actuators and processing technologies that work 
together to provide smart services to end user. IoT carries numerous advantages to 
human existence through a climate where savvy administrations are given to utilize any 
action whenever and anyplace. These offices and administrations are imparted through 
different applications running in the IoT climate. The most important applications 
where IOT is used are Health care, Traffic Monitoring, Smart Cities, agriculture and 
many more. In this paper, there is a discussion of evolution of IoT, Characteristics, 
Communication technologies used in IoT and it’s applications. Different visions of 
this Internet of Things paradigm are reported and enabling technologies reviewed. 
What emerges is that still major issues shall be faced by the research community.

Keywords: Internet of Things, RFID, Z-wave, IEEE 802.15.4, LTE, NFC, UWB, M2M, 
6LoWPAN, environment mon itoring , medical health, agricultural.

1. INTRODUCTION

Internet of Things (IoT) is a benchmark term that is gaining a lot of popularity in the contemporary 
world. Digitization has transformed communication into a much easier form by changing objects 
of real world into smart digital objects. The main reform brought by IoT is the compilation of 
every object of the world into a single infrastructure in such a way that the controlling ability 
of these objects is with the humans so that we can have a timely and regular update on their 
current status (Atzori et al., 2010). The concept of IoT has been a revolutionary change in the 
communication world and thus has received a great attention in terms of academic research. 
With the increase in the multi functionality of Internet with time it has been a challenge for 
the technologists and researchers to identify the real potential of internet. This has led to the 
introduction of IoT which connects various objects and things using smart communication 
technologies like Long Term Evolution (LTE), Bluetooth, Near Field Communication (NFC), 
Wireless Sensor Network (WSN), Radio Frequency Identification (RFID) etc (Gubbi et al., 
2013; Whitmore et al., 2015). Therefore, IoT is often defined as “things that are associated over 
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Internet”. Such association helps in transferring a huge amount of gathered information to a 
destined place over internet from many devices. In the present scenario IoT is one of the most 
explicit terms in the field of communication technology and thus it is worth investigation. 

2. OVERVIEW OF IOT

The emergence of Internet brought about dramatic changes in the then existing communication 
system. Before the emergence of Internet communication was only limited to written letters 
or telephonic conversations but starting with the voice over Internet Protocol, the Internet 
scenario changed the entire communication world. However internet is an old concept now, it 
has been taken over by IoT that builds up a web of existing resources over internet by facilitating 
communication between various electronic devices and sensors. 

2.1 History

The evolution of Internet to IoT has few transitions that are important to be discussed (Said & 
Masud, 2013).

Phase 1: The first phase is considered as the “Pre-Internet Phase” in which communication used to 
take place through verbal telephonic conversations. Later after the emergence of mobile phones 
short messaging service formerly known as SMS became an advanced mode of communication.

Phase 2: This phase is known as “Internet of Content” which majorly marks the emergence of 
emails that helped in communication using large sized messages along with some attachment. This 
was an upgraded version of textual communication and mostly surrounded across entertainment 
and information.

Phase 3: This phase is known as “Internet of Services” and it majorly focused on boom in the 
electronic applications that introduced a huge scope for e-commerce and e-productivity. This 
face was mostly associated with development of Internet for improvement of business and 
related aspects.

Phase 4: The 4th phase is known as “Internet of People”. It is mostly associated with use of 
Internet for connecting people using social media applications such as Orkut, Skype, YouTube, 
Facebook etc. This phase is mostly concerned with popularization of internet amongst the general 
public. Therefore this phase is involved directly with the increase in smart devices, objects and 
data that made use of Internet. This is the phase when “Internet of Things” gradually started to 
be recognised as something that is needed to monitor and manage these objects over internet.

Phase 5: This is the current phase namely “Internet of things” The current era might not be 
completely considered as the time when fully fledged use of IoT concept has been established. 
However it could surely be demarcated as Phase 5 that has been marking the use of various 
technologies which ultimately would help in bringing IoT into its fully functional capabilities.
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In this aspect prominent evolutionary changes brought in this domain. The chronological view of these changes is 

depicted below in Table 2.

Table 2: Evolution of IoT

Year Event Reference
1990 IoT concept proposed Ma, 2011
1999 Term “Internet of things” was coined

First IoT application (Torjan Coffee Pot)

Madakam et al., 2015; Abou-

Zahra et al., 2017

2000 LG announced its first Internet of Refrigerator plans. Madakam et al., 2015
2003 RFID deployed commercially for first time Juels et al., 2003
2005 •	 International telecommunication Union gave its report on IOT

•	 Launching of IPSO alliance to promote use of IP in IoT

Santucci, 2010; Gonzalez et 

al., 2008

2008 IoT recognised by European Union (EU) as first IOT conference held 

by EU

Weber & Weber, 2010

2010 IoT recognised as key to development of Chinese industries by Wen 

Jiabao

Medeiros & Fravel, 2003

2011 IoT Global Standard Initiative created Meddeb, 2016
2012 Development of large scale education and marketing initiative via IoT 

by Cisco, IBM and Ericsson

Kuyoro et al., 2015

2013 Increase in accessibility of IoT due to inclination of many hardware 

platforms like Ardunio, Raspberry Pi etc. towards maturation of IoT

Evans et al., 2013; Shajahan 

& Anand, 2013; Tso et al., 

2013
2014 Incorporation of the use of third party devices like drones, RFID in 

IoT

Wilkinson, 2014

2016 IoT products extensively marketed Dominikus et al., 2010

3. COMMUNICATION TECHNOLOGIES IN IOT

According to the systems and products associated with IoT various options for connectivity has 
been introduce time to time. Some of the major communication technologies used in terms of 
IoT has been described below

1. Radio frequency identification (RFID)

Year of discovery: 1973

Range: 2m

It uses radio frequency electromagnetic fields for transfer of data associated to an object. The 
system comprises of one or more readers along with many RFID tags. These tags applied upon 
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objects using a specific address. On coming in proximity with the reader, the RFID tags read 
by the readers for retrieving the stored information (Dominikus et al., 2010). There are three 
configurations of RFID tags namely Passive Reader Active Tag (PRAT), Active Reader Passive 
Tag (ARPT) and Active Reader Active Tag (ARAT). RFID tags are till date the most commonly 
used communication techniques (Lapide, 2004).

2. Zensys wave (Z-wave)

Year of discovery: 2013

Range: 30m

It is a communication protocol for home automation networks that utilises low power wireless 
communication mode. It is generally used in the remote control appliances for smart homes. It 
works when the two nodes are at the range of 30 meters distance.

3. IEEE 802.15.4

Year of discovery: 2003

Range: 30m

The basic framework of IEEE 802.15.4 standard operates in a 30 meter communication range 
transferring 250 kilobits per second. It is generally used for low rate wireless personal area 
networks (Jiang et al., 2015).

4. Low term evolution (LTE)

Year of discovery: 1991

Range: 35m

This standard wireless communication protocol is based on global system for mobile 
communication (GSM) network technology supporting a maximum of 100MHz. This mode 
of communication protocol is used for high speed data transfer between mobile phones 
(YangDacheng, 2010).

5. Near field communication (NFC)

Year of discovery: 2004

Range: < 0.2m
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It is an evolved version of RFID that uses low power wireless communication protocol to transfer 
a small amount of data between two smart devices lying in proximity (Bravo et al., 2007; He 
et al., 2015).

6. Ultra wide band (UWB)

Year of discovery: 2002

Range: 10-30m

It is similar to NFC as it uses low energy for supporting communication in a low range coverage 
area (Bravo et al., 2007). A high bandwidth (500Hz) is however used by devices using this 
communication protocol to connect to the sensors. 

7. Machine to Machine (M2M)

Year of discovery: 1973

Range: 5-20m

The use of machine to machine communication has been gaining a huge interest in the last decade 
(Wu et al., 2011). Machine to machine is abbreviated as M2M which refers to communication 
between mobile devices, computers, smart sensors, embedded processors etc. The M2M 
structure comprises of five parts namely M2M device, M2M network, M2M gateway, M2M 
communication networks and M2M applications (Servi et al., 2014).

8. IPv6 Low Power Wireless Personal Area Network (6LoWPAN)

Year of discovery: 2006

Range: 30m 

The technology of 6LoWPAN has been utilised for development of Internet Protocol. This 
standard is used across various communication platforms like Wi-Fi, Ethernet, IEEE 802.15.4 
etc (Triantafyllou et al., 2018).

4. APPLICATION OF IOT

There are numerous applications of IoT that have potential to improve social economic and 
environmental aspects on the earth (Whitmore et al., 2015). The last few years have seen a 
visionary improvement in the usage of IoT devices to develop smart living conditions which are 
of paramount importance. In this context concept of smart homes, smart industrial processing, 
smart grid, smart mobility solutions are most adopted concepts (Al-Fuqaha et al., 2015; Verma et 
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al., 2017). Therefore the upcoming section describes in brief various researches undertaken under 
three contemporary application of IoT i.e. in environment monitoring, medical and healthcare, 
agriculture.

 Fig 2: Applications of IoT and literature contribution in SCOPUS database

4.1. Environment monitoring

This is a very important application of IoT because of its valuable contribution in keeping a track 
of various parameters that are directly or indirectly linked to our environment. Environmental 
monitoring which basically makes various observations on quality of air, water, soil; number of 
endangered species; rainfall and other weather conditions when incorporated with sophisticated 
devices with sensors can help in protecting the environment from immediate hazards. Many 
authors have contributed in this direction to make IoT and important part of environmental 
monitoring. The table below depicts some of the pioneer studies in this context

Table 3: Application of IoT in environmental monitoring

Reference Theme of study Communication 

technology

Device used

Zhao et al., 2013 M o n i t o r i n g 

of water, soil, 

atmosphere and 

wind parameters 

UHF and NFC Zigbee, and Smart Sensors



84

K a n t a r c i  & 

Mouftah, 2014

I m p r o v e d 

f r a m e w o r k 

for assistance 

o f  d i s a s t e r 

management

Radio frequency, 

and 3G/4G GSM

Sensors and Actuators

Malache et al., 2019 CO, CO2,

SO2, NO2,

NH3, O3,

Benzene,

LPG,

Smoke sensing

Wi-Fi/GPRS microcontroller board, sound sensor, gas sensor, 

temperature and humidity sensor, and cloud server

Jo et al., 2020 Indoor air quality 

monitoring

LTE module Smart Air Device: a laser dust sensor, a volatile 

organic compound (VOC) sensor, a carbon 

monoxide (CO) sensor, a carbon dioxide (CO2) 

sensor, and a temperature-humidity sensor

The bibliometric analysis of literature under this area of application also depicts an increasing 
trend of research literature in this field (Fig 2).

Fig 3: Bibliometric trend of literature published in SCOPUS under IoT and its applications 
in environmental monitoring

4.2. Medical and Healthcare

IoT is the connecting link between various healthcare services and information technology. 
This amalgamation is sometimes also known as Internet of medical things. Some of the most 
prominent studies in this context are reviewed in the table below:
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Table : Application of IoT in healthcare and medical sector

Reference Theme of study Communication technology Device used
Amendola et al., 

2014

Tissue re growth and prosthesis 

displacement monitoring

433MHz Radio frequency and 

Wi-fi (2.4 GHz)

Wearable tags, 

Zigbee
Ukil et al., 2016 Health care analytics in cardiac 

disease 

TCP/UDP Sensors, Actuators, 

and Access points

Valenzuela et al., 

2020

Diabetes management and 

tracking

WSNs (wireless sensor 

networks)

NodeMCU

Zhu et al., 2020 Infectious disease pandemic 

monitoring 

B l u e t o o t h  w i r e l e s s 

communication

IoT PCR

The bibliometric analysis showcases a huge research interest in the current topic with more than 
1000 papers published under the theme in the year 2020 (fig 4)

Fig 3: Bibliometric trend of literature published in SCOPUS under IoT and its applications 
in Medical and healthcare sectors

4.3. Agriculture

In line with the aforementioned applications is another prominent application of IoT that is the 
bringing of smart agriculture which basically is a precision agricultural technique that utilises 
various advancements in the information technology such as smart sensors, cloud computing, 
artificial intelligence, Internet of Things, block chain in order to gather and process data related 
to various aspects of agriculture . In this notion some of the highly researches are described 
below in the table.
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Table 3: Application of IoT in agriculture

Reference Theme of study Communication technology Device used
Kaloxylos et al., 

2012

Farm management system ICT based communication 

techniques

RFID, Sensors, and ZigBee

Ojha et al., 2015 Improving farming by 

deployment of WSNs in 

communication

6LoWPAN RFID, M-RFID, Sensors, and 

Actuators

Doshi et al., 

2019

Temperature, humidity, soil 

moisture, UV index, IR 

monitoring

Wi-Fi ESP and DHT11 temperature 

and humidity sensor, soil 

moisture sensor,

buzzer, LEDs and SI1145 

Digital UV Index / IR / Visible 

Light Sensor
Vij et al., 2020 Automation of irrigation 

systems for farms

Wireless Sensor Network 

(WSN)

soil moisture sensor, Wi-

Fi module ,GSM module, 

Bluetooth module, Temp and 

Humidity, MQ2 gas

sensor, Water Level indicator, 

Alarm, Clock module, Battery, 

Relay module.

The bibliometric analysis showcases a growing research interest in the current topic (fig 4), 
yet the domain has been less explored in terms of research contributions as compared the other 
applications (fig 2).

Fig 4: Bibliometric trend of literature published in SCOPUS under IoT and its applications 
in agriculture
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4. CHALLENGES

IoT is a growing technology and it has been visionary clear that difficulties of IoT will be the 
complex and wide ranging as well. Here is some important challenges related to IoT

• Main challenge of IoT is how to identify billons of devices on the network as no of 
devices increasing day by day.

• Next challenge is to reach the objects of physical world on the Internet.
• Another challenge is to identify data comes to which device and which actuators receive 

signal based on that data.
• Some Standards has to be developed to support a large number of applications.
• Last but not least major challenge is to provide data security.

These are some major challenges faced by various applications of IoT.

5. FUTURE SCOPE

As we all know this is a golden time period where everyone wants to be smart in technology, even 
non-living things converted into smart things. It has been estimated that by 2018 approximately 22 
billion Devices are connected over internet and it has been forecasted that by 2030 approximately 
50 billion IoT devices will be deployed all across the world (statistica.com). This will create a 
world of interconnected devices connecting everything from smart phones to toiletries. So there 
will be some future related scopes are:

• How to identify this huge range of devices that are connected over the internet.
• Devices depends on Internet for communication in future or new technology will be 

developed.
• How to manage this large amount of data emitted by IoT devices.
• How to provide security to data that is emitted by IoT devices.
• How to integrate IoT to new technologies like blockchain to make things more trustable 

and secure by using authentication and authorisation of user.
6. CONCLUSION

This paper presents a survey on IoT i.e. Introduction of IoT, History of IoT, Different phases 
in the evolution of IoT, different communication technologies used in IoT like RFID, Z-wave, 
IEEE 802.15.4, LTE, NFC, UWB, M2M, 6LoWPAN , applications of IoT like Enviromental 
Monitoring, Medlical and Healthcare, Agriculture , different challenges face by this technology 
and Future scope of IoT.  
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