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PREFACE 

We are pleased to publish our first book entitled "Emerging Trends In Science 

and Technology". This book is the accumulation of esteemed articles of acknowledged 

experts in the fields of Science and Technology.  

This book is published in the anticipations of sharing the enthusiasm found in 

the study of Science and technology. Science and technology can help us unravel the 

anonymities of our universe, but beyond that, conquering it can be personally 

satisfying. We developed this book chapter with the goal of helping people realise that 

the feeling of accomplishment.  

The articles in the book have been contributed by eminent research scholars, 

scientists, academicians and industry experts. Our special thanks and appreciation 

goes to experts and research workers whose contributions have enriched this book. We 

thank our publisher Bhumi Publishing, India for taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence.  

 

- Editors 
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MOLECULAR INTERACTION STUDY OF BINARY POLAR LIQUIDS AT 

MICROWAVE 

B. D. Achole 

Department of Physics, 

Shri Havagiswami Mahavidyalaya, Udgir-413 517, Maharashtra, India 

E-mail: b_achole1234@rediffmail.com 

 

Abstract: 

 The values of complex permittivity have been determined over the frequency range of 10 

MHz to 20 GHz, at  45

C, using the time-domain reflectometry (TDR) method for 11 different 

concentrations of each tert-Butyl alcohol [TB]+2-Propanol [2P] system. The relaxation in this 

system can be described by a single relaxation time using the Debye model [1]. The static 

dielectric constant, relaxation time, the corresponding excess properties, the Redlich-Kister 

coefficients up to their order, Kirkwood correlation factor of the mixture has been determined. 

The static dielectric constants for the mixtures have been fitted with the modified Bruggeman 

model by assuming an additional parameter in the model.  

 

Introduction: 

 The dielectric relaxation of binary polar liquids provides useful information regarding 

their interactions [2-3] in liquids. In this work, we report the dielectric study of tert-butyl alcohol 

[(CH3)3COH] with 2-propanol [(CH3)2CHOH] mixture. These are having –OH group, but at 

different position resulting different types of hydrogen bonded interaction. Due to great 

industrial applications of these molecules, it is interesting to investigate the molecular dynamics 

of these short-chain molecules in dilute solutions to understand the role of hydrogen bonds and 

the number of carbon atoms present in the chain. These short chain molecules have end -OH 

group. Determination of the Kirkwood correlation factor g provides the information about 

intermolecular association while molar polarization shows the intra molecular association in the 

molecules. Dielectric relaxation times give the conformation about the intra molecular rotation 

and static hindrance offered by the environment. Alcohols have probably been studied more 

extensively and their dielectric properties are well established. Here hydrogen bonded interaction 

in TB is expected to be more than corresponding effect in 2P. The dielectric data provides 

information regarding strength of hydrogen bonding of –OH group molecules. The alcoholic 

system is associative due to hydrogen bonding. The strength of association increases with 

mailto:b_achole1234@rediffmail.com
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increase of molecular size. The strength can be estimated by determining the Kirkwood 

correlation factor g.  

 

Experimental and Data Analysis: 

Chemicals: 

 TB and 2P (AR grade, Merck Pvt. Ltd., West Mumbai, India) were used without further 

purification. The solutions were prepared for 11 different concentrations by adding volume 

percentage of 2P in tert-Butyl alcohol starting from 0 % to 100 % in steps of 10 %.  The mole 

fraction x1 of 2P in the mixture was calculated as 

x1 = (v11/m1) /[ (v11/m1) + (v22/m2) ] 

where mi, vi, and i represent the molecular weight, volume percent, and density of the i
th

 ( i=1 

for TB and 2 for 2P respectively) in the mixture. 

Apparatus: 

 The complex permittivity spectra were studied using the time domain reflectometry [4-9] 

method. The Hewlett Packard HP 54750 sampling oscilloscope with HP 54754A TDR plug in 

module has been used. A fast rising step voltage pulse of 200 mV about 39 ps rise time generated 

by a pulse generator was propagated through a coaxial line system of impedance 50 Ώ. 

Transmission line system under test was placed at the end of coaxial line in the standard military 

applications (SMA) coaxial connector with 3.5 mm outer diameter and 1.35 mm effective pin 

length. All measurements were done under open load conditions. The change in the pulse after 

reflection from the sample placed in the cell was monitored by the sampling oscilloscope. In the 

experiment, time window of 5 ns is used. The reflected pulse without sample Rl(t) and with 

sample Rx(t) were digitized in 1024 points in the memory of the oscilloscope and transferred to a 

PC through 1.44 MB floppy diskette drive. The temperature controller system with water bath 

and a thermostat have been used to maintain the constant temperature within the accuracy limit 

of  0.5 

C. The sample cell is surrounded by a heat insulating container through which the water 

of constant temperature using a temperature controller system is circulated. The temperature at 

the cell is checked using the electronic thermometer. 

Data Analysis: 

The time dependent data were transformed in frequency domain by using standard 

Fourier transform method and the complex reflection coefficient spectra ρ*(ω) were obtained in  

the frequency range of 10 MHz to 20 GHz as [10- 12] 


*()=(c/jd)[p()/q()]                     (1) 
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 where p() = [R1(t) - Rx(t)] and q() = [R1(t) + Rx(t)] are Fourier transforms , c is the 

velocity of light,  is angular frequency, d is the effective pin length and j= 1 . Here R1(t) and 

Rx(t) are reflected pulses without and with sample respectively. The complex permittivity spectra 


*(were obtained from reflection coefficient spectra *() by applying bilinear calibration 

method [2]. 

The experimental values of 
*
 are fitted with the Debye equation [1, 13] 


*(

 



o

1 j






      

Where 0, , and  as fitting parameters. A nonlinear least-squares fit method [14] was 

used to determine the values of dielectric parameters. A sample *() and *() spectrum for 20 

% TB are shown in Figures 1 for TB+2P system at 45

C. Similarly for 80 % of TB spectra are 

shown in Figure 2 respectively. 

 

Results and Discussion:  

Complex Permittivity and Relaxation Time: 

 Intermolecular hydrogen bonding in the liquid state plays an important role in both 

viscous flow and relaxation phenomena. This interaction retards the molecular reorientation, 

since breaking and reforming of hydrogen bonds is required for molecular rotation in an 

alternating electric field. In liquid binary mixtures there is a wide range of possible interactions 

between the constituents such as hydrogen bonding, molecular associations, dipole–dipole, and 

dipole-induced dipole interactions. The density and 0 values of pure liquids used are given in 

Table 1. The experimental values of  static permittivity (0), dielectric constant at high frequency 

(∞) and relaxation time () as obtained by fitting procedure are listed in Table 2 for TB-2P 

system. The values of  and  are taken to be 0 and 1, for the systems. The behavior of (0) and 

relaxation time in mixtures as a function of mole fraction of 2P in TB at 45
0
C temperature is 

shown in Figure 3 for the systems. The usual trends have been observed with variation of 

concentration and temperature. The Static dielectric permittivity (o) and relaxation time () for 

binary mixtures of polar liquids TB and 2P is given in Tables 2. The values of static dielectric 

permittivity increases with increase in volume fraction of 2P in TB, which also increases with 

temperature. The value of relaxation time decreases with increase in volume fraction of 2P in TB 

.The relaxation time corresponding to overall rotation decreases from tert-butyl alcohol to 2P due 

to decrease in overall size of the molecules. The relaxation time of each compound decreases 
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with the increase in temperature. It is also observed that, the dielectric properties of these 

mixtures are intermediate between the pure liquids. 

 

 

Figure 1: a) 
*
() spectra of TB-2Propanol for 20 % of TB at 45

0
C 

 

 

Figure 1: b) 
*
() spectra of TB-2Propanol for 20 % of TB at 45

0
C 

 

The Excess Permittivity Model: 

The information related to interactions between TB-2P system may be attempted through 

excess properties [15] related to the permittivity and relaxation time in the mixture. The excess 

permittivity E is defined as  

 E= (m-[(x1+(x2]                  (3) 
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where x- mole fraction and suffices m, 1, 2 represents mixture, liquid 1 (TB) and liquid 2 (2P) of 

mixture respectively.  

 The excess permittivity may provide qualitative information about dimmers in the 

mixture as follows: 

 (i) E = 0 indicates that no multimer has been formed. 

(ii)E < 0 indicates that the structure of dimer is such that the total effective dipoles get 

reduced resulting less effective dipole polarization. 

(iii)E > 0 indicates that the structure of dimer is such that the total effective dipole 

moment increases resulting more effective dipole polarization. 

 

Figure 2: a) 
*
() spectra of TB-2Propanol for 80 % of TB at 45

0
C 

 

 

Figure 2: b) 
*
() spectra of TB- 2Propanol for 80 % of TB at 45

0
C 
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Table 1: Comparison of data for the liquids used with literature values at 25

C 

Name of liquid 

 

Dielectric Constant 

0 

Dielectric Relaxation Time 

τ 

 

 

Observed 

Value 

Literature 

value 

Observed 

Value 

Literature value
c
 

tert-Butyl alcohol 11.89 11.50
a
 289.16 276.90

a 

2-Propanol 18.46 18.49
b
 251.23 245.85

b
 

where a, b, c, and d data are taken from references[4,9,17] respectively. 

 

Table 2: Temperature dependent dielectric relaxation parameters for TB+2P mixtures
a
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a
 x2 is the mole fraction of 2P in TB mixture. The number in parentheses indicates error in values 

e.g. 6.91(1) means 6.91  0.01, 17.24(9) means 17.24  0.9. 

 The mixtures is expected to contain three types of clusters (monomer or dimer) in the 

TB-2P system as :For TB-2P system: The pairs corresponding to dimers are TB-TB, 2P-2P and 

TB-2P.When 2P is added to TB, some of 2P will form dimer with TB. 

Excess Relaxation Time Model 

 Similarly, the excess inverse relaxation time is defined as  

 (1/)E = (1/)m-[(1/)1 x1+(1/)2 x2 ]                   (4) 

 

 T= 45 °C 

x2 ε0 ε∞ τ (ps) 

0.0000 10.87(0) 2.80(0) 165.15(0) 

0.1172 12.48(3) 2.94(4) 155.90(5) 

0.2300 13.31(7) 3.09(4) 149.66(1) 

0.3386 13.81(7) 3.20(5) 144.66(2) 

0.4433 14.03(4) 3.37(8) 142.93(3) 

0.5443 14.39(1) 3.42(6) 139.73(2) 

0.6418 14.73(9) 3.49(4) 138.88(9) 

0.7360 15.18(5) 3.50(7) 137.70(2) 

0.8269 15.49(8) 3.54(2) 139.17(6) 

0.9149 15.84(1) 3.55(5) 140.20(7) 

1.0000 16.05(0) 3.67(0) 139.45(0) 
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Where (1/)E
 is excess inverse relaxation time which represents the average broadening of 

dielectric spectra. The inverse relaxation time analogy is taken from spectral line broadening, 

(which is inverse of the relaxation time) in the resonant spectroscopy [16]. The experimental data 

for 
E 

and (1/)E  with mole fraction in TB are shown in Tables 3. The information regarding the 

dynamics from this excess property is as follows: 

  

 

Figure 3: (a) Variation of 0 versus Mole fraction of 2P in TB 

 

 

Figure 3: (b) Variation of τ (ps) versus Mole fraction of 2P in TB 

 

(i) (1/)E = 0: There is no change in the dynamics of liquid 1 and 2 interaction indicating no 

formation of multimer 

 (ii) (1/)E<0: The liquid 1 and 2 interaction produces a field such that the effective dipoles rotate 

slowly. 
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(iii) (1/)E >0: The liquid 1 and 2 interaction produces a field such that the effective dipoles rotate 

quickly i.e. the field will co-operate in rotation of dipoles. 

Table 3: Excess Permittivity and Excess inverse relaxation time parameters for the TB-2P 

system 

Mole 

fraction of 

2P in TB 

 

Excess 

Permittivity, 

ε
E
 

Excess 

inverse 

relaxation 

time, 

(1/τ)
E
 

Mole 

fraction of 

2P in TB 

Excess 

Permittiviy 

ε
E
 

Excess 

inverse 

relaxation 

time, (1/τ)
E
 

x2 T=45°C x2 T=45°C 

0.0000 0.0000 0.0000 0.6418 0.1480 0.0006 

0.1172 4.3018 0.8494 0.7360 -1.0313 -0.2605 

0.2300 3.6751 0.7542 0.8269 -2.3193 -0.5239 

0.3386 2.3080 0.4998 0.9149 -2.6123 -0.5638 

0.4433 1.4273 0.3170 1.0000 0.0000 0.0000 

0.5443 0.8798 0.1805    

 

 The variation of 
E 

and (1/)E  
with mole fraction of 2P in TB at 45

0
C temperatures is 

shown in Figures 4.  

 Figure 4 a, b shows that the values of 
E 

and (1/)E  
are positive near TB rich region and 

they become negative near 2P region. It indicates that dimer structure in surrounding of TB rich 

region is different from 2P rich region. It is expected as TB has stronger hydrogen bonded 

interaction as compared to 2P, as indicated by values of the Kirkwood factors. The positive peak 

value of excess permittivity in TB rich region is observed at 0.1172 and negative peak in the 2P 

rich region is at 0.9149 mole fraction of 2P in TB. The peak of excess inverse relaxation time is 

noted at 0.1172 and 0.8269 mole fraction of 2P in the TB. Here, it is noted that in TB-2P system, 

the values 
E 

and (1/)E  
decreases as the temperature of the system increases. The experimental 

values of both the excess parameters were fitted to the Redlich-Kister equation [18, 19] as 

A
E
= (x1x2)  n

21
n

n xxB                         (5) 

where A is either 
E 

and (1/)E  
. By using these Bn values, A

E
 values were calculated and 

used as guideline to draw the smooth curves in Figures 4.Values of the Redlich-Kister 

coefficients Bn for TB-2P system is given in Table 4. 
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 For TB-2P system: It is observed that values of B0 and B1 get positive to negative with 

decrease in molecular size of 2P. The values of B2 becomes positive for  45°C of TB-2P as liquid 

1 changes from TB to 2P, where as the values of B3 becomes smaller. 

 As the physical meanings of B0, B1, B2 and B3 are correlated to rates for forming 

multimers as follows: 

 For TB-2P system:  B0 represents rate for forming dimer TB-2P, B1 represents rate for 

forming trimer 2TB-2P, B2 represents rate for forming quartermers 2TB-2 2P, B3 represents rate 

for forming pentamer 3TB-2 2P. 

There is no report of theoretical molecular simulation study for the systems to support the 

finding. It will be interesting to perform the theoretical simulation on clusters to get detail 

structural information. However, in the absence of such theoretical work, the Kirkwood 

correlation factor and the Bruggeman relationship may provide more additional information 

about clusters. 

Kirkwood Parameter Model: 

 The Kirkwood correlation factor g [20] is also a parameter for getting information 

regarding correlation between two molecules in mixture. The g for pure liquid may be obtained 

by the expression 

2

0

00

2

)2(

)2()(

9

4















g

MTk

N
                   (6) 

where  is dipole moment in gas phase,  is density, M is molecular weight, k is 

Boltzman‘s constant, N is Avogadro‘s number. The dipole moments for TB and 2P in gas phase 

are taken as 1.69 D and 1.68 D respectively, where the dipole moment D is 10
-18

 e. s. u. For the 

mixtures of two polar liquids 1, 2, equation (6) is modified [21] with the following assumptions: 

 

Figure 4: (a) Variation of 
E
 versus Mole fraction of 2P in TB 

-4

-2

0

2

4

6

0 0.5 1

T=45°C

x2 →

↑
εE
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Figure 4: (b) Variation of (1/τ)
E
 versus Mole fraction of  2P in TB 

 

Table 4: Coefficient Bn of the Redlich-Kister Equation for the Excess permittivity 

parameters related to Polar liquid TB + 2P mixtures 

T 

C 

Excess permittivity 

ε
E
 

Excess inverse relaxation time 

( 1/ τ)
E
 

B0 B1 B2 B3 B0 B1 B2 B3 

45 4.46 -10.32 5.40 -58.06 0.96 -2.63 0.45 -11.08 

 

Table 5: The Kirkwood effective correlation factor g
eff

 and correlation factor gf for TB-2 

Propanol at 45
0
C temperature 

Volume 

% of  TB 

 

g
eff

 

 

gf 

Volume 

% of  TB 

 

g
eff

 

 

gf 

1.0 0.7453 1.0000 0.4 1.5159 0.8244 

0.9 0.9437 0.9052 0.3 1.6601 0.8524 

0.8 1.0796 0.8591 0.2 1.7979 0.8875 

0.7 1.1926 0.8326 0.1 1.9529 0.9403 

0.6 1.2830 0.8144 0.0 2.0931 1.0000 

0.5 1.3964 0.8138    

 

1. Assume that g for the binary mixture is expressed by an effective averaged correlation 

factor g
eff

, such that the Kirkwood equation for the mixture can be expressed by  

-1

-0.5

0

0.5

1

1.5

0 0.2 0.4 0.6 0.8 1

T=45°C

x 2 →

↑

(1/ τ)E

(b)
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2
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mm0mm0eff
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MMTk9
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               (7) 

 where 1 and 2 as volume fractions of liquids 1 and 2 respectively. The g
eff 

will provide overall 

average information about TB-2P dimmers.
 

2. Assume that the correlation factors, gf for molecules 1 and 2 in the mixture contribute 

to the effective g proportionality to their pure-liquid values g1, g2. Under this assumption, the 

Kirkwood equation for the mixture can be written 

2

mm0

mm0mm0

f2

2

22

2

2

1

1

11

2

1

)2(

)2()(
g

M

g

M

g

Tk9

N4





























               (8) 

where gf is the Kirkwood correlation factor for a binary mixture, with 1 and 2 as volume 

fractions of liquids 1 and 2 respectively.  

The correlation factor provide information about formation of multimers in liquid as  

i) g = 1 indicates, there is no interaction between the molecules in liquid. The 

system may be considered like non-polar. 

ii) g < 1 indicates that the intermolecular interaction is such that the total effective 

value of dipoles gets reduced. It suggests antiparellel alignment of dipoles. 

iii) g > 1 indicates parellel alignment of dipoles in multimers. 

 

Figure 5: Bruggeman factor fB verses Volume fraction of 2 Propanol in TB at (a) 45
0
C. 

Dashed line represents original Bruggeman model. Solid point’s line represents theoretical 

Bruggeman model obtained from equation (9).  Experimental points are shown by the 

Marker• 
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The value of the Kirkwood factor, gf, will be one for pure liquid. It will deviate from one 

for the mixture indicating presence of interaction between two molecules. The calculated values 

of g
eff

 and gf for mixture of the systems as (TB-2P),  is shown in Table 5 . The gf values are close 

to unity for all the system studied, indicating weaker intermolecular interactions between 

components of the system.  

 For TB-2P system: The effective values of the correlation factor for 2P are larger than the 

corresponding value in TB. The g
eff

 increases with increase in volume % of 2P in TB. The values 

of gf are less than or equal to unity for all temperature, indicating that the intermolecular 

interaction is such that the total effective value of dipoles gets reduced. It suggests anti-parallel 

alignment of dipoles. 

Bruggeman Parameter Model: 

The modified Bruggeman equation [22] is another parameter which may be used as 

indicator of liquid 1 and 2 interaction. The Bruggeman factor fB is given by,  

)1( 2

3/1

0
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0201

020 


































m

m
Bf                     (9) 

According to equation (9), a linear relationship is expected which will give a straight line 

when plotted fB against 2. However, the experimental values of fB were found to be deviated 

from the linear relationship. The Bruggeman dielectric factor fB versus volume fraction 2 of 2P 

at 45
0
C temperatures are given in Figure (5). 

Table 6: Molar energy of activation H and entropy of activation S for Polar liquid TB + 

2P systems 

Volume 

% of TB 

H 

KJ mol
-1 

S 

J mol
-1

 K
-1

 

Volume 

% of 

TB 

H 

KJ mol
-1 

S 

J mol
-1

 K
-1

 

1.0 18.49  0.16 0.229  0.010 0.4 18.21  0.14 0.229  0.010 

0.9 18.94  0.10 0.230  0.009 0.3 17.81  0.87 0.228  0.009 

0.8 19.09 0.40 0.231  0.010 0.2 16.92  0.36 0.225  0.007 

0.7 19.67  0.27 0.233  0.010 0.1 17.35  0.53 0.227  0.008 

0.6 19.29  0.20 0.232  0.010 0.0 17.21  0.40 0.226  0.007 

0.5 18.69  0.35 0.230  0.010    
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Thermodynamic Parameters: 

 Thermodynamic properties may be used to access the dipole under the influence of 

applied field. When two liquids are mixed together, there is change in energy of the system. This 

change in energy can be interpreted in terms of its activation energy. The thermodynamic 

parameters like molar enthalpy of activation H and molar entropy of activation S are 

determined from the Eyring rate equation [23]
 
by least square fit method as   

KT

h
  exp (H-TS) /RT                     (10) 

The values of activation energies H and S are shown in Table 6. The values of 

enthalpy are positive and remain positive for all the concentrations studied. The positive values 

of enthalpy indicate endothermic interaction and strong hydrogen bonding between liquid 1 and 

liquid 2. The increase in enthalpy suggests that there is more hydrogen bonding. The 

thermodynamic parameters evaluated by considering dielectric relaxation and viscosity as rate 

process are independent of temperature within the experimental errors. The values reported are 

average values. The viscous flow involves translation and rotational motion of the molecules. 

Enthalpy refers to the total energy content of the system. It is basically the difference in heat of 

the product and reactants. Entropy is a term for disorder in a system and that the overall entropy 

in a system always increases. 

 

Conclusion: 

The study has provided the permittivity parameters for the mixture of binary polar 

liquids, viz TB–2P system. The excess values corresponding to permittivity and relaxation show 

that the dimer TB– 2P has parallel dipole type structure in the TB rich region, whereas it gets 

antiparallel type in the 2P rich region. Other parameters like the effective Kirkwood factor and 

the modified Bruggeman factor also indicate formation of dimers; they do not provide detail 

information. The other high resolution spectroscopy is needed to get detail structure of the 

dimers. 
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Abstract: 

Internet of Vehicles has attracted a lot of attenion in the automotive industry and 

academia recently. We are witnessing rapid advances in vehicular technologies which comprise 

many components such as On-Board Units (OBUs) and sensors. These sensors generate a large 

amount of data, which can be used to inform and facilitate decision making (for example, 

navigating through traffic and obstacles). One particular focus is for automotive manufacturers to 

enhance the communication capability of vehicles to extend their sensing range. However, 

existing short range wireless access, such as Dedicated Short Range Communication (DSRC), 

and cellular communication, such as 4G, are not capable of supporting the high volume data 

generated by different fully connected vehicular settings. Millimeter-Wave (mmWave) 

technology can potentially provide terabit data transfer rates among vehicles. Therefore, we 

present an in-depth survey of existing research, published in the last decade, and we describe the 

applications of mmWave communications in vehicular communications. In particular, we focus 

on MAC and physical layers and discuss related issues such as sensing-aware MAC protocol, 

handover algorithms, link blockage, and beamwidth size adaptation. Finally, we highlight 
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various aspects related to smart transportation applications, and we discuss future research 

directions and limitations. 

Index Terms: mmWave communication, sensing, vehicular networks, wireless 

 

Introduction:  

WE have witnessed rapid developments in the field of connected vehicles in the last few 

years. These advances have been possible as a result of the convergence of intelligent computing 

techniques, vehicular networks and automotive software and hardware technologies. Researchers 

from both academia and industry develop and improve the design of vehicles that will rely on the 

communication among cars and vehicles‘ sensing capabilities. The automotive industry foresees 

that autonomous vehicles will be on the road by 2020 [1]. The emergence of autonomous 

vehicles will impose significant requirements in terms of traffic security and system failure while 

providing many benefits. These services will have a significant impact on people and society as a 

whole by reducing traffic accidents, saving lives, improving traffic flow optimization, preserving 

sustainable environment and fulfilling the various requirements of drivers. With these 

indispensable applications, vehicular networks will serve as an important pillar for intelligent 

transportation. In recent years, government sectors have increased their investments to improve 

traffic management and advances in vehicular communications. Camera-based and radar-based 

sensors technologies empower vehicle with necessary information for making smart decisions 

and improve its communication capability. For example, LiDAR-enabled vehicles may approach 

a traffic accident area and transmitting the scene to other nearby vehicles through Road Side Unit 

(RSU). This will help drivers to extend their vision and take advance decision prior to reaching 

hazard area similar to adaptive cruise control and reroute assistance. Such kind of radar-based 

sensing devices generate large amount of data at a high rate. More specifically, partial and fully 

automated vehicles require reliable, low delay and high transmission data rate in order to satisfy 

the requirements of automotive-related applications. At present, an existing popular 

communication protocol that supports vehicular networks is the DSRC . Generally, the DSRC 

protocol supports V2X communication architecture. Although, in theory, DSRC supports 27 

Mbps and transmission range of 1000 meters, in practice it can only provide 2-6 Mbps. In  the 

authors adopted 3GPP0 s Long Term Evolution-Advanced (LTE-A) in vehicular networks. LTE 

could support up to 100 Mbps and incurs lower communication latency (no less than 100 ms) as 

compared to DSRC. Therefore, neither DSRC nor LTE-A  can support the transfer of large 

amounts of data that will be generated by connected vehicles. Further, it is possible to 2 Fig. 1. 
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Vehicle-to-Everything communications using mmWave enable efficient coexistence of DSRC 

and LTE to support IoV applications. The mmWave frequency band is a promising candidate 

solution for intelligent vehicular networks. The significance of the mmWave spectrum lies in the 

fact that it is already implemented in wireless access (e.g. IEEE 802.11ad) technologies and new 

cellular devices are being equipped with mmWave support. Future 5G cellular systems will 

support Deviceto-Device (D2D) communication and high data transmission rates (thereby 

enabling Gigabit data transfer rates) among fully connected vehicles. For this frequency band, 

link quality can be improved by configuring a large number of antenna arrays. In fact, mmWave 

technology has long been used in the automotive industry but recently, this frequency spectrum 

received interest in supporting fully connected vehicles applications, such as conveying driver‘s 

intention to other vehicles in the vicinity, cooperative perception, and comfort-related services. 

 

 

 

Fig. 1 shows the concept of V2X using mmWave. As it can be seen, every vehicle is 

embedded with multiple transceivers to overcome signal obstruction by surrounding obstacles. 

The rest of this survey is organized as follows: Section II presents an extensive review on 

mmWave communication, vehicular sensing technology and communication protocols that are 

tailored for vehicular networks.  

 

Background:  

This section presents mmWave communication fundamentals and communication 

protocols for vehicular networks. We also present relevant surveys on vehicular networks and 

mmWave-enabled connected vehicles. The use of the large spectrum of the underutilized 

mmWave frequency band has recently attracted the attention of many researchers in academia 

and industry. This communication technology is an innovative and a promising solution that can 

fulfil the demands of mobile user traffic. Conventionally, this technology has been used for 

indoor high quality video transmission and outdoor unicast communications. This constraint for 
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mmWave frequency band is due to high propagation loss and costly devices. MmWave provides 

a large spectral channel at the frequency band of 30-300 GHz. Integrated with Multiple-input 

Multipleoutput (MIMO) and efficient modulation technique, mmWave can offer higher data 

rates as compared to existing wireless communication systems, which operate below 6 GHz. The 

International Telecommunication Union (ITU) recommended a list of frequency bands between 

24 GHz and 86 GHz for mmWave communication. Then, the Federal Communications 

Commission (FCC) has proposed to standardize mmWaveenabled mobile communication in 

licensed frequency band of 28 GHz, 37 GHz and 39 GHz and recommended 64-71 GHz for 

unlicensed band. Vehicles can share raw sensor data with nearby vehicles using mmWave links 

whereas mmWave V2I links are used to send data to the cloud. To achieve this goal, several 

bands (such as 5G bands of 28 GHz and 38 GHz) can be used to enable mmWave 

communication for IoV. Moreover, frequency bands of 24 GHz and 76 GHz can be used for 

positioning of vehicles. In the mmWave communication environment, the signal wavelength is 

very short. A high directive gain can be achieved when both the transmitter and the receiver are 

embedded with a large array of antennas. These antenna arrays are significant for beamforming 

and increases the network capacity by improving the Signal to Noise Ratio (SNR) of the wireless 

link. Besides increasing network capacity, complex beamforming is needed for all antennas  

embedded in vehicles. To this end, an efficient hybrid beamforming approach is required to 

support high mobility as in vehicular networks. More specifically, 5G eNB can be used to 

support I2V whereas V2V leverages Device-to-Device (D2D) of 5G to provide communication 

among vehicles. In a joint effort, SK Telecom, Ericsson and BMW in South Korea have 

deployed the first 5G supported vehicular network whereinthe 28 GHz band was used to stream 

video from vehicles that are equipped with cameras. 

A. Communication Protocols for Vehicular Networks  

The history of vehicular communication dates back to three decades ago. In 1997, the 

National highway automated systems consortium demonstrated the technical feasibility of 

vehicle platooning. They could implement automatic steering, and maintain a space of 5.5 meters 

as well as perform speed control. Switching of positions among each other along with lane 

changing are also two important features that were considered. Each of those cars was simulated 

on a Pentium 166 MHz computer. The slotted ALOHA protocol and 900 MHz frequency band 

were used for communication. Since that time, we have witnessed significant progress in 

wireless communications that enable vehicle automation. In the Advanced Transportation 

Technology (PATH) program, IEEE 802.11b has been used for automated merging control, 
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cooperative collision warnings and truck platooning. Efforts have been made to standardize V2V 

communication under the regulations of federal motor safety standards such as DSRC  The 

traffic efficiency is also achieved through cooperation among vehicles. Incentive mechanism is 

used to stimulate vehicle participants for cooperative communication. In the past few years, 

mmWave communication has emerged as promising technology to fulfil the requirements of fast 

increasing with data traffic. In such hybrid scenarios, few vehicles are acting as gateway to 

provide internet service and hence improve the efficiency of wireless access utilization. On the 

other hand, the authors in [46] used clustering mechanism to integrate the IEEE 802.11p with 

LTE. In their design, they considered vehicular mobility as well as the cost of cluster formation 

and maintenance. Following the trend of cluster formation in vehicular networks, in  Hu et al. 

have used clustering mechanism based on fuzzy logic to select an efficient vehicle as gateway in 

order to integrate licensed sub-6 GHz and mmWave communication, hence they could achieve 

high network throughput. IEEE 802.11p based V2V communication has been also used to boost 

handshaking among vehicles for efficient clustering. 

 B. Related Works and Contributions 

In the existing state-of-the-arts, there are many surveys and tutorials that are tailored to 

the emergence of vehicular networks. These ranges of publications are varied from more general 

works to particular technical reports and explications in the area. For instance, the surveys in  are 

focused on general aspects in vehicular networks. There are also surveys focused on specific 

topics such as the work in  reviewed routing protocols, focused on static and adaptive beaconing 

approaches, focused on vehicular social networking and MAC layer algorithms in vehicular 

environment. On the other hand, there are surveys on mmWave enabled 5G. Meanwhile, the 

authors in have surveyed state of the arts solutions of vehicular mmWave communication. 

However, their survey is not comprehensive and limited in considering context-aware based 

beam alignment, link blockage at MAC layer, handover process and technical requirements of 

promising applications. In essence, this survey is different from those exist in the literature. This 

is because of its focus on link blockage, handover process at the MAC level and connectivity as 

well as radio coverage issues in vehicular mmWave communication. Table I illustrates published 

surveys in the domain of vehicular communications. We summarize the main contributions of 

this survey as follows: • We have compared wireless access technologies for connected vehicles 

and sensing technologies that are embedded in vehicles. • We have evaluated the effect of 

beamwidth size, handover techniques at the MAC layer and positional information aware beam 

alignment on the performance of vehicular mmWave communication. • We have identified 

crucial applications of IoV and their technical requirements, such as Map generation system, 
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sensor data sharing and vehicle to road user data communications. • We have identified research 

challenges directions on handover decision making, sensing-aware protocols, beam repointing 

when radio blockage is detected and beamwidth adaptation. This survey can be used as a useful 

resource for future research directions in vehicular mmWave communication and 

C.Vehicular Sensing System  

This section presents the functions and features of sensors for next generation of 

connected vehicles. Radar sensor is an important component that improves traffic efficiency. 

The frequency bands for radar operation are 24, 77, 79 and 81 GHz . Radar systems are 

classified based on the radio communication range; Short/medium range radar can support cross 

traffic alert and blind spot detection for connected vehicles whereas the adaptive cruise control 

system is a crucial application of long range radar. Radar detects the location and velocity of 

nearby vehicles by sending a special modulated continuous signal. In contrast to standard 

communication systems, the signal parameters of radar are varied for different vendors. As 

pointed out in radar is not appropriate to recognize and categorize different materials and objects 

without the support of machine learning and signal processing. Another embedded device in 

vehicles is an automotive camera that operates on the frequency band of 400 GHz to 430 THz. It 

helps drivers extend their perception. For instance, a side visual camera is used for surround 

view while a rear camera is used for parking assistance. A front camera is used for sign 

recognition and lane departure warning. Efficient computing vision algorithms must be 

embedded into visual cameras for safety applications. A high data transfer rate is required for 

data transmission from a visual camera. For instance, a data rate of 100 Mbps is required for 

low-resolution while 700 Mbps is needed for high-resolution visual information. For automated 

highway driving, visual cameras have been used by Tesla vehicles. Light Detection and Radar 

(LiDAR) is a technology that consists of 64 lasers that send microwave pulses of light to its 

surroundings. Then, it measures the distance based on the speed of the reflected light signal. 

Millions of data points are generated every second and this data needs even more computing 

resources to process real time 3D map of cars‘ environment. The generated information is used 

by a vehicle to make smart decisions on what to do next. Sensors that are used by current and 

next generation autonomous vehicles are LiDAR systems, visual camera and automotive radar. 

Automotive industries such as BMW have been testing a system called remote valet parking 

assistant. In this system, cars could find a parking slot and park the car by using laser scanners.  
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mmwave enabled vehicular communication:  

This section reviews recent research efforts on vehicular mmWave communication. In 

particular, we analyze radio coverage and connectivity of mmWave wireless access, and context-

information based beam alignment, and handover process in mmWave-enabled vehicular 

context. A. Radio Coverage and Connectivity In the previous sections, we have highlighted that 

the mmWave communications are completely directional. The high value of the carrier 

frequency leads to high path loss, which can be compensated by using a large number of antenna 

arrays and a technique called beamforming. Channel tracking has been used to align antenna 

beams of a transmitter and a receiver. One of the most popular channel tracking techniques is 

Beam searching that was developed to address mobility. With this technique, mobile nodes 

continuously track the signal quality (Signal to Noise Ratio (SNR)) of the wireless channel in 

order to tune their beams to stabilise link quality. Therefore, beam tracking has a significant 

effect  

Comparison of vehicular sensing technologies:  

Sensing technology Application Drawback Wave source Data rate LIDAR Object 

detection and recognition by generating 3D image of an object Expensive and not efficient in 

cloudy weather It uses specific optics and laser to transmit and receive data 10-100 Mbps 

Camera Virtual mirror Advanced computer vision technique is needed to process massive 

amount of generated data by cameras Radio signal 100-700 Mbps Radar Easily detect objects in 

foggy weather and at night Due to short wavelength, it is hard to detect small objects and precise 

object image It use antenna to send radio signals Less than 1 Mbps on the link connectivity and 

radio coverage. However, frequent monitoring of a directional link (beam tracking) by a vehicle 

introduces overhead and latency, which ultimately became a barrier to offering a reliable service 

for varying link quality. 

 

In the authors derived a formula for beam design in mmWave-enabled vehicular 

networks. The aim of the beam design is to optimally maximize throughput. In another effort, the 

authors in  have developed a mathematical model to show the percentage of time slots used in 

the communication between a mobile and an infrastructure node that remain active and the beam 
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pair is aligned. For this purpose, at the beginning of each time slot a report on the link quality is 

exchanged between the mobile and infrastructure nodes. This information is helpful to find the 

best beam direction between a pair of nodes.  

 

 

Another important performance measure is throughput in V2X scenarios.  

 

 

 

B. Context Information-based Beam Alignment Advances in wireless technologies have 

paved the way for the incorporation of mmWave into Wireless Local Area Networks (WLANs). 

IEEE 802.11ad is considered as the first mmWave-enabled WLAN in the IEEE family that 

works in the frequency band of 60 GHz. The aim is to provide multi-Gigabit data rate with a 

coverage of 10 meters. Amendments of IEEE 802.11 is carried out to adapt the PHY and MAC 

layers to the mmWave wireless environment. For instance, beamforming is tailored to 802.11ad 

in order to find the beamwidth and the direction of the beam. Moreover, IEEE 802.11 may also 

be used as a basis to build PHY layer of mmWave-enabled vehicular communication. In the 

authors have proposed a scheme to find best beamwidth for efficient channel utilization. The 

simulation results have shown high channel utilizationC. Transient Link Blockage in V2X 

context In the past few years, mmWave has significantly contributed to the development of 

indoor Wireless Local Area Network (WLAN) and 5G networks. WirelessHD is an example of 
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mmWave enabled WLAN. In a cellular system, it is used to provide high bandwidth and a dense 

network. With the advances in vehicular sensing and perception capability, multi-Gb wireless 

network is becoming an important requirement for intelligent vehicular networks. The high 

bandwidth provided by mmWave technology enables efficient communication of raw sensor data 

among vehicles and RSUs. As a matter of fact, mmWave technology has long been used in 

vehicles.  

 

 

 

Blockage in mmwave enabled vehicular networks: 

Wireless Channel model Radio obstacle Network scenario [88] 802.11p Rayleigh small-

scale fading Moving obstacle (vehicles) V2V [89] 802.11p Shadowing propagation model 

Existence of buildings increase signal attenuation V2V [90] 802.11p Computing additional 

attenuation due to vehicles Vehicles V2V  802.11p Obstacle-based radio blockage Moving 

obstacle (Vehicles) V2V  mmWave Ray-tracing model Obstacles not experimented V2I and 

V2V  mmWave Measurements Buildings Cellular networks  mmWave Constant small scale 

fading No obstacle modelling Network backhauling  mmWave Boolean Germ Grain (BGG) 

model Buildings Cellular network with self backhauling mmWave Measurements Indoor objects 

Cellular network with self backhauling  mmWave Nakagami propagation model; BGG model 

Buildings Dense cellular network mmWave Heavy obstacle based radio blockage Heavy 

vehicles V2I measurements between vehicles. In contrast to , the authors have developed a 

model that considers vehicles as 3D obstacles and how they obstruct the LOS communication, 

thereby affecting the packet delivery ratio and link quality among vehicles. The IEEE 802.11p 

standard has been adopted for the MAC/PHY layer. The simulation results obtained by the 

authors of [90] have shown that moving obstacles substantially deteriorate the link quality and 

lead to significant packet losses. In a similar attempt, the authors of  have developed a model for 

moving obstacles such as surrounding vehicles and trucks in order to demonstrate the effect of 



Emerging Trends in Science and Technology 
(ISBN: 978-81-951982-2-1) 

 

25 
 

signal blockage on the communication link. Considering beamforming and highway scenarios, in 

the authors proposed a mathematical model for the highway V2I scenario where trucks acts as 

obstacles for vehicles in the fast lane. In vehicular networks, vehicles can be equipped with 

multiple antenna arrays. However, the signals between antenna arrays need to be precisely 

synchronized for efficient communication.  

Handover in mmwave enabled vehicular context: 

The high propagation path loss at 60 GHz mmWave technology results in small cell sizes 

and overlapping configured areas for communication among MNs. As a consequence, frequent 

handover occurs to switch the point of attachment from one cell to the next one. Most of the 

ongoing studies have been focusing on grouping several RSUs into a single virtual cell in a 

Radio-over-Fiber (RoF) network. Recently, RoF has become a promising field of study and has 

attracted the attention of many researchers because it combines the mobility capability of 

mmWave technology with fixed fiber optics. Handover process between adjacent cells in 60 

GHz RoF networks makes handover process more efficient. However, MEC incurs a higher 

complexity as compared to the VCZ technique. This is because of the need to track the 

movement of vehicles in all directions. Table VI illustrates wireless access methods for RoF-

based vehicular scenarios. 

Applications of vehicular mmwave communication:  

Gigabit per second vehicular communication is a promising field that will support a wide 

range of applications. In this section, we present some examples to establish the basic 

requirements of the communication links. The following sections presents potential applications. 

We classify prospective applications into different categories as follows: traffic safety and flow 

management, and comfort related applications. In the following sections, we also describe the 

required data rate, reliability and latency for each use case . A. Cooperative Perception In a 

cooperative driving application, perceptual data which include LIDAR, radar, or camera images 

are shared TDMA Supported Blockage and fading are not considered [105] TDMA Supported 

Radio obstacle is not considered work presented in demonstrated how perceptual data from 

neighboring vehicles can be integrated with the use of image processing to create a satellite view 

of the surrounding traffic to expose hidden objects (e.g., at curvature roads) and handle blind 

spots. These applications will be more perceptual when vehicles send images and positional 

information to the cloud. The required data rates and tolerable delay depend on the type of 

multimedia processing. An accurate map can be produced by using generated data from a large 

number of vehicles and GPS devices. Recently, Toyota Motor Corporation developed such a 
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system to generate a precise map of urban environments. In particular, vehicles send images of 

the roads and vehicle‘s positional information to a data center where image matching 

technologies are used to combine and correct road images collected from multiple vehiclesFor 

instance, a driverless vehicle could, in an emergency situation, avoid obstacles by changing lanes 

early with the support of a cooperative perception system. Vehicle to Road User Communication 

Vehicles frequently broadcast their existence and position. Road users include pedestrians, 

cyclists, or people carrying a mobile device discover vehicles in the vicinity and begin 

broadcasting themselves. In situations where there is a close danger, the mobile user can trigger a 

loud warning sound, vibration and/or light flashing. The nearby vehicles receive the information 

from the announcing road user and possibly informs the driver of the car concerned and the 

nearby user if any unusual condition is detected. Reliability and accuracy of the location service 

for this application is crucial. Cooperative positioning  and the combination of several 

localization mechanisms such as Time of Arrival (ToA), satellite and Global Navigation Satellite 

System (GNSS) are used to improve location accuracy. This hybrid technique could improve the 

localization accuracy of vehicles in urban and highway vehicular scenarios.  

Performance metrics of applications for vehicular mmwave networks: 

This section presents the technical requirements of the aforementioned mmWave enabled 

vehicular applications: • Location accuracy: This is defined as the maximum error a specified 

application can tolerate. This parameter can be derived for each specific application based on the 

road layout and the width of a vehicle. For instance, the standard width of a vehicle is 2.5 m  

while the width of a lane is 3.7 m . Taking 2.5 m from the total lane width 3.7 m, 0.6 m remains 

on each side of a vehicle. To position a car and still remain inside the lane, the accuracy of 0.4 m 

is still feasible . Application Technical requirements Background Network topology Cooperative 

perception Location accuracy: 0.4 m, High data rate, and low delay (up to 100 ms) This use case 

shares perceptual data such as camera images, LIDAR and radar. It requires high rate, low delay 

accurate position information Vehicle-tovehicle Bird‘s eye view at the intersection Data rate: 10 

Mbps*n n: is number of cameras at the intersection, delay: 50 ms In this application, four 

cameras are fixed at the intersection and share traffic of the surrounding area to vehicles 

approaching the intersection Infrastructure to vehicle Media download Data rate depends on 

content type, delay: in the order of minutes The required data rate to download data/software 

update from internet depends on the content type. This application can tolerate delay 

Infrastructure to vehicle Map generation system Location precision: 0.1 m, High data rate The 

idea behind map generation is to send image of the road layout by massive number of vehicles 

and GPS data to the cloud. This requires high data rate and high precision positional information 
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Vehicle to cloud Sharing of sensor data Low delay, High data rate For safety application, real-

time sensor data sharing is required. Thus, it needs low delay. Data rate (Mbps): This is the 

required throughput for an application to work efficiently. For sharing traffic images at an 

intersection, 10 Mbps data rate and 50 ms of delay can be tolerated (MPEG 720p video at 30 

frame/s). More precisely, the applications of V2X communication include fully automated 

driving, cloud assisted driving, cooperative collision avoidance, mobile entertainment, and 

intelligent driving. In automated driving, vehicles act independently and communicate with one 

another, share what they learn and see. Each of the aforementioned applications has its own set 

of requirements, but V2X typically requires low latency and medium to high data rates. In the 

extreme case of sharing raw sensor data between vehicles, it requires Gbps data rates. Moreover, 

jointly controlling multiple vehicles and coordinating them in a platoon requires high data rates. 

Research challenges: 

Despite preliminary advances in incorporating mmWave technology into vehicular 

networks, several important research challenges still need to be addressed before the ubiquitous 

deployment of mmWave technology in vehicular communications. mmWave networks will 

promote and support novel services for vehicular communications. To be able to deploy these 

novel services in practice, several research issues must be addressed. Next, we discuss some of 

the challenges that we have identified and they include: deafness and blockage issues, handover, 

vehicular mobility for mmWave links, adaptation of beamwidth size, sensing-aware smart 

protocol and beam management. 

 A. Deafness and Blockage Deafness and blockage could obstruct the communication in 

the mmWave environment. These phenomena are even worse in vehicular networks. Deafness 

occurs when there is a misalignment of the transmitted beam toward the receiver device whereas 

blockage refers to the phenomena where high penetration loss occurs due to obstacles or any 

other external causes. Although solutions such as increasing the transmission power could 

increase radio coverage, it does not improve performance in these aforementioned cases. 

Therefore, in order to address these problems, it is necessary to identify the causes (deafness or 

blockage) of the performance degradation. Next, an efficient solution is needed to alleviate the 

problem. For instance, an adaptive technique that can re-point the beams in case of access failure 

due to beam misalignment would be worth investigating. In vehicular networks, the network 

topology is changing at a fast pace. Deafness and blockage occur frequently and differentiating 

between them becomes even more challenging. In high mobility, it is a daunting task to 

frequently update the neighbor table, which includes the positional information. If this is the 
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case, vehicles could not get precise location of their neighbors. This causes beam misalignment 

and hence leads to deafness between the transmitter and the receiver. One possible solution to 

address this problem is to perform cooperation among vehicles in V2I and V2V scenarios so that 

accurate positional information can be obtained from DSRC links. For this purpose, they used 

past beamforming vectors. Moreover, blockage events can be reduced by deploying more RSUs, 

but this will lead to a less system responsive. Another possible solution is to make the handover 

to sub-6 GHz during the link blockage period. 

 B. Handover Process In mmWave networks, the feasibility of directional antenna 

depends on efficient beam alignment and tracking. This requirement is confirmed by existing 

mmWave based wireless technology standards such as IEEE 802.11ad. In a vehicular 

environment, beam alignment is even more challenging because it should be complete in a very 

short period of time. Very fast beam alignment techniques need to be developed to meet the 

vehicle‘s mobility requirements. Thereafter, beam tracking is required to maintain the alignment 

of beams between the transmitter and the receiver. Efficient beam tracking could enhance the 

performance of vehicular communication. In particular, advanced beam 16 tracking can be 

adopted by considering the direction of movement of the vehicles, position and load on the 

access point rather than selecting the optimal access point based solely on the SINR. By using a 

combination of these aforementioned parameters, more efficient handover decisions can be made 

because the interaction time between a vehicle and the infrastructure node will be higher and 

therefore the number of handovers will be significantly reduced.  

 C. Vehicular Mobility Model Realistic simulation studies of vehicular communication 

can have a significant impact on the credibility of simulation results. Mobility models represent 

the realistic movement of vehicles and vehicular urban scenarios. Thus, mobility models should 

incorporate efficient vehicular interactions such as a car following a trajectory, lane changing 

model and gap acceptance. Several mobility models exist in the literature that generate mobility 

traces using vehicular network simulators such as SUMO or STRAW [151]–[153]. Despite the 

importance of vehicular mobility model in generating road traces, microscopic modeling of 

vehicular movements has not been fully explored [154]. This is because the SUMO road traffic 

simulator assumes a constant speed of vehicles whereas STRAW supports random way-point 

vehicular movements. Thus, microscopic vehicular movement should be further studies in order 

to evaluate mmWave beam misalignment.  

D. Adaptation of Beamwidth Size Most of the existing works relate to the directionality 

of beam transmission are based on large beamwith (60◦ ). However, large beamwidth degrades 

the transmission rate. Moreover, mmWave communication utilizes narrower beamwidth in order 
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to provide higher directivity and hence large throughput. This is at the expense of significant 

overhead due to beam searching in many directions. Thus, it is necessary to consider cooperation 

among vehicles based on DSRC short range communication among cars [155]. We also need to 

adapt beamwidth from large to small sizes in order to strike tradeoff between overhead and 

throughput. More efficient beamforming algorithms are required because traffic conditions 

change rapidly with high vehicle mobility. 

 E. Sensing-aware Smart Protocol Today, many types of sensors are embedded into a 

vehicle in order to increase its sensing capability. Sensors and V2X technology can complement 

each other. Different functionalities can be achieved by several types of sensors such as long and 

short range radar, LIDAR, ubiquitous cameras and ultra sound sensor. These diverse sensors can 

improve the robustness of driving assistance systems and make the car more autonomous. The 

proliferation of embedded sensors will make ITS more efficient and feasible. The sensing 

capability can make lower layer protocols act intelligently.  

F. Beam Management Beam management plays an important role in assuring a high 

quality wireless channel between a transmitter and a receiver. Beam management consists of 

beam sweeping, steering and selection. With beam steering, vehicles continuously access the 

SNR of the channel to tune their beam direction accordingly. Utilizing lower frequency bands 

(i.e., 2.4 GHz) will be useful to estimate the direction of the receiver and then perform smart 

beam steering. In this way, transceivers perform better diagnostics and troubleshooting functions.  

G. Impact of Mmwave Communication on Security Issues Vehicular ad hoc networks are 

susceptible to many types of security threats that not only deteriorate the performance of the 

network, but could also lead to traffic accidents. Therefore, more research should be undertaken 

to investigate the impact of beam directionality and steering on security issues.  

 

Conclusion: 

Smart cities cannot be achieved without efficient smart transportation which depends on 

the convergence of communication, computer and sensing technologies with a consolidated 

framework that can provide support for reliable intelligent transport systems. For the 

communication part, we argue that the mmWave spectrum is a promising candidate that can 

partially address the data rate and end-to-end delay challenges of existing wireless technologies. 

Eventually, living cost, environment protection and quality of life will also improve. In this 

paper, we have reviewed vehicular mmWave communication protocols and algorithms for 

urban/highway transportation along with various applications and services. We focused on 
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mmWave-enabled connected vehicles that require efficient directional MAC and robust physical 

layers. We have thoroughly discussed the protocols and algorithms related to MAC and physical 

layers for vehicular mmWave networks. In particular, we discussed link quality and radio 

coverage as well as how beam tracking improves the throughput of directional MAC. Then, 

context-information is used to provide feedback information to RSUs to reduce overheads and 

achieve accurate beam alignment. As the vehicular environment is highly heterogeneous, many 

types of obstacles such as moving vehicles, buildings and trees exist. The current literature does 

not have many published works on the design of efficient MAC/physical layers that actually take 

into consideration various types of obstacles. We also extensively discussed handover techniques 

in vehicular mmWave communication and we highSmart cities cannot be achieved without 

efficient smart transportation which depends on the convergence of communication, 

computerand sensing technologies with a consolidated framework that can provide support for 

reliable intelligent transport systems. For the communication part, we argue that the mmWave 

spectrum is a promising candidate that can partially address the data rate and end-to-end delay 

challenges of existing wireless technologies. Eventually, living cost, environment protection and 

quality of life will also improve. In this paper, we have reviewed vehicular mmWave 

communication protocols and algorithms for urban/highway transportation along with various 

applications and services. We focused on mmWave-enabled connected vehicles that require 

efficient directional MAC and robust physical layers. We have thoroughly discussed the 

protocols and algorithms related to MAC and physical layers for vehicular mmWave networks. 

In particular, we discussed link quality and radio coverage as well as how beam tracking 

improves the throughput of directional MAC. Then, context-information is used to provide 

feedback information to RSUs to reduce overheads and achieve accurate beam alignment. As the 

vehicular environment is highly heterogeneous, many types of obstacles such as moving 

vehicles, buildings and trees exist. The current literature does not have many published works on 

the design of efficient MAC/physical layers that actually take into consideration various types of 

obstacles. We also extensively discussed handover techniques in vehicular mmWave 

communication and we highlighted the challenge of small cell size in the high frequency band. In 

order to fully integrate mmWave into a vehicular network, we identified several future research 

challenges which include link blockage, beamwidth adaptation, security issues, the deafness 

problem, roaming among mmWave cells and beam tracking. To conclude, there is a lack of 

standard protocols for reliable communications in smart transportation. Standard directional 

MAC and physical layer protocols are needed to operate at mmWave spectrum in vehicular 

scenarios. When multiple radios are mounted on vehicles, accurate synchronizations are required 
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among multiple mmWave-enabled radios. Another major obstacle in this area at the moment is 

the lack of appropriate mobility models and vehicular simulation tools as we discussed earlier. In 

fact, at present there is no simulation framework that exists for vehicular mmWave 

communications but we hope that this survey will help motivate researchers, designers, and 

application developers to investigate innovative solutions in the field of vehicular mmWave 

networks. 
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Abstract: 

The public sector banks in India is of a profoundly created nature, despite the fact that it 

is still a long way from accomplishing world models as far as size, items and administrations. 

Indian banks have understood that alongside natural development there is a need to develop 

inorganically too, so as to be focused with different players in the market. In this situation, 

banking has been the focal point of consideration for the financial business. Gronross, a help 

advertising master, recommended that an assistance firm, so as to all the while achieve 

achievement, must build up its administration quality. Initially, it must characterize how the 

customers see administration quality and also, decide how administration quality is impacted. 

Purchasers everywhere throughout the world have become greater quality cognizant; thus there 

has been an expanded client interest for better help. Administration tasks overall are influenced 

by this new flood of value mindfulness and accentuation. Consequently administration based 

organizations like the banks are constrained to give magnificent administrations to their clients 

so as to have reasonable upper hand, particularly in the present pattern. This investigation 

distinguishes quality measurements noteworthy to empower the banks to build up the systems 

improving the nature of administration conveyance. It is found through the present investigation 

that the open area banks in Bhopal region are losing piece of the overall industry to private and 

remote banks. To make due in this focused situation all open segment banks are compelled to 

present creative administrations conspires so as to hold existing clients and draw in new clients. 

Keywords: Administration Quality; Private Sector Banks; Dimensions of Service Quality; 

Customer Satisfaction and Banking Services. 

 

Introduction:  

Banking Services in India  

The public sector banks most important role play in customers life, its providevarious 

quality services and its quality.Despite the fact that it is still a long way from accomplishing 

world norms as far as size, items and administrations. Indian banks have acknowledged that 
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along with natural development there is a need to develop inorganically also, so as to be 

aggressive with different players in the market. In this situation, banking has been the focal point 

of consideration for the financial business. The development of new economies and their fast 

development have been the most significant contributing elements in the resurgence of banking. 

Evolving ways of life, fast upgrades in data innovation and other help areas, just as expanding 

levels of salary, have added to the development of banking administrations in nations like India 

that are creating at a decent pace. 10 years back, the financial area pummeled a fingertip. Be that 

as it may, presently it is conceivable. All the bank exchanges with an association with portable 

handsets innovation is the most recent development implies important to make. Likewise, SMS 

Banking, Mobile Banking in India, and all the modernization are the significant advances taken 

by banks towards Internet banking and ATMs. With every one of these devices and frameworks, 

banking has become a total opportunity to encounter. Bookkeeping, subsidize move and 

installment for a considerable length of time, has been followed in physical bank check which is 

currently modernized. Be that as it may, the representing hours before the money counter and 

time to pull back your very own cash is in establishment. The Indian banks are competing with 

each other to get a pie of the financial assistance area which has gigantic potential over the GDP 

in India. It additionally has a lot of difficulties in holding clients, presentation of well informed 

offices and interests in such offices, security concerns, Know Your Customer (KYC) standards, 

credit assessment standards, and so forth. 

Idea of Service Quality  

Lewis and Booms (1983) had recommended that administration quality outcomes from a 

correlation of what clients anticipate from a specialist co-op with the supplier's genuine 

exhibition. As indicated by them, "administration quality is a proportion of how well the 

administration level conveyed matches client desires. Conveying quality assistance implies 

complying with clients desires consistently." 

Measurements of Service Quality  

While assessing administration quality, shoppers inspect the accompanying perspectives: 

substantial quality, unwavering quality, responsiveness, affirmation and compassion. Substantial 

quality incorporates the specialist co-op's physical offices, its gear and presence of the 

representatives. Unwavering quality is the capacity of the firm to play out the administration 

guaranteed reliably and precisely. Responsiveness is the readiness of the association's staff to 

support client and to give him brief help. Confirmation alludes to the information and 

obligingness of the organization's workers and their capacity to motivate trust in the client. 



Bhumi Publishing, India 

34 
 

Sympathy is minding and the individualized consideration that the administration firm gives to 

every client. 

Overseeing Service Quality  

Gronross, an assistance showcasing master, suggested that a help firm, so as to all the 

while achieve achievement, must build up its administration quality. Right off the bat, it must 

characterize how the purchasers see administration quality and besides, decide how 

administration quality is impacted. He additionally proposed that the practical quality is a 

significant element of saw administration than the specialized quality. In this way, the substance 

of viability in overseeing administrations lies in improving the practical nature of an association's 

administration by dealing with the purchaser dealer collaboration when contrasted with 

conventional advertising exercises. 

 

Review of Literature:  

The investigation of administration nature of banking administrations and fulfillment 

level of bank client needs to begin with a survey of prior works directed and hypotheses created 

here to give a conventional structure to the present undertaking. The surveys on the financial part 

and the administrations engaged with are explained alongside the writing investigations of 

administration quality and consumer loyalty measurements as follows:  

Khan, Nisar Ahmed et al. (2005) directed an examination to look at the presentation of 

booked business banks by and large and open area banks specifically during the post change 

period. It additionally examined the exhibition of three classifications of banks viz., open, private 

and remote banks by looking at their capital ampleness, resource quality, benefit and investment 

in provincial zones. It uncovered that productivity and proficiency of these banks have improved 

extensively during the period, however the support in rustic zones as far as number of 

workplaces, development of credit, development of stores and so on., have essentially declined 

during the change time frame.  

Krishnaveni, R. et al. (2005) broke down the current Indian financial situation in the light 

of progression and globalization changes in the nation. They additionally examined the view of 

the corporate clients with respect to the administration nature of their investors. The investigation 

found that there is a wide hole between the procedures followed by the Indian banks when 

contrasted with the outside banks. The circumstance is same on account of client impression of 

administration quality.  

Gopalakrishnan, V (2004) has asked the difficulties of Indian budgetary administrations 

advertise. This examination uncovered that the passage of new remote banks and private area 
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saves money with their propelled information base of robotization in the financial tasks and 

forceful showcasing procedures has pushed open segment banks to a tight corner. He needs the 

open part banks, to endure and prevail by distinguishing their promoting zones, create sufficient 

assets, and convert these assets into sound and proficient administrations and disseminate them 

successfully fulfilling the complex tastes of clients.  

Prabha, Divya et al. (2006), in their investigation dissected the administration quality 

view of the corporate clients in Coimbatore in regards to the administrations gave by their banks. 

For the investigation they considered both item and administration based areas and SERVQUAL 

scale based poll for the study. By this investigation it has been uncovered that despite the fact 

that clients are progressively happy with the capability and client direction measurements of 

administration quality, still banks need to center upon the parts of correspondence, 

modernization and snappiness of administration.  

Bhat, Mushtaq A. (2005) considered assistance quality view of Indian banks in 

examination with that of outside banks. SERVQUAL instrument created by Parasuraman et al. in 

the year 1988 and its five measurements, for example, unwavering quality, responsiveness, 

sympathy, confirmation and substance were utilized for gathering essential information. A 

significant finding of the investigation was that Indian banks fall much underneath the 

impression of their clients on all elements of administration quality. Outside banks are surpassing 

the impression of their clients on substance and dependability measurements of administration 

quality.  

Krishna Chithanya, V. (2005) considered the significance, nature and extent of money 

related exercises in India and its highlights and to outline promoting technique to achieve 

administration quality and to propose successful channel of circulation. By this examination, 

administration quality is the distinction between the impression of real help quality and desire for 

clients and the client cordiality, validity and security. It proposed a two path channel for 

circulating money related administrations, for example, remote - T.V, Phone, PC and so on., and 

up close and personal voyaging, visiting workplaces and so on.  

Bauer, Hans H. et al. (2005) experimentally inspected attributes of a site that change into 

a broad e-banking gateways and to examine various aspects of the nature of administrations 

conveyed through e-banking entrances so as to process a help quality estimation model. The 

estimation model built in this investigation depended on various measurements, for example, 

security and trust, essential assistance quality, cross-purchasing administration quality, included 

worth, exchange backing and responsiveness. Here, the recognized measurements were ordered 
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based on its temperament as center administrations, extra administrations and critical thinking 

administrations. 

 

Requirement for Service Quality in Banks:  

The aggressive atmosphere in the Indian money related market has changed drastically in 

the course of the most recent couple of years. Business houses have gone into money related help 

exercises. Open part banks have begun shared store trusts and other money related help 

auxiliaries. These backups have presented new items in the market, which have aggressive edge 

over results of different banks. Indeed, even private part and remote banks have presented 

imaginative administrations. Practically all Indian banks have begun trying different things with 

new administrations by offering the Automatic Teller Machine (ATM) that gives 24 hours 

administrations. The desires for the clients have likewise changed these days. Numerous 

shoppers anticipate an assortment of administrations from the banks. Numerous family unit 

shoppers, presently, want to take customer sturdy advances or purchase a moment credit as 

opposed to put something aside for a couple of years to purchase the planned purchaser strong. 

 

Extent of the Study:  

Shoppers everywhere throughout the world have become greater quality cognizant; 

henceforth there has been an expanded client interest for better assistance. Administration tasks 

overall are influenced by this new rush of value mindfulness and accentuation. Along these lines 

administration based organizations like the banks are constrained to give amazing 

administrations to their clients so as to have reasonable upper hand, particularly in the present 

pattern. Consumer loyalty and maintenance has gotten a matter of worry in the financial business 

and administration quality has been recognized observationally as the driver of them. Yet, there 

are inconsistencies between what the banks believe is quality assistance and what the clients 

anticipate from the banks. 

 

Significance of the Study:  

This investigation recognizes quality measurements noteworthy to empower the banks to 

build up the systems improving the nature of administration conveyance. This will upgrade the 

Bank's aggressive situation in the financial business and guarantee endurance of the bank, 

particularly in this period of sharp challenge. By estimating the fulfillment level of clients, 

money related establishments can create client driven help way to deal with manage clients so as 

to stay away from the propensity of existing clients changing to a contending bank. By 
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recognizing what clients expect and experience what the quality is. Banks can overhaul, upgrade 

or repackage its administration activities and tailor them to meet the desires for the clients. 

 

Explanation of the Problem:  

The announcement of issue lists the part of the present circumstance that the examination 

is performed for. It demands the need to confirm a hypothesis or a need to address issues and 

difficulties of approaches and basic leadership practically speaking. After advancement, 

privatization and globalization, the Indian open segment banking is confronting hardened 

challenge from Indian private part and remote banks. Private Banks and Foreign banks have been 

offering various creative administrations so as to draw in clients from open division banks. 

 

Objectives of the Study:  

Following are the targets of the present examination:  

1) To inspect the profile of the clients using the administrations rendered by banks.  

2) To quantify level of desire for the clients towards the financial Services.  

3) To investigate the administration quality measurements to decide the nature of the 

administrations gave by the banks.  

4) To assess the degree of fulfillment of the clients towards the financial administrations  

5) To render appropriate proposals to refine the nature of banking administrations gave by the 

banks.  

 

Measurements of the Study:  

The present investigation takes the accompanying measurements for its examination.  

• Demographic variables of clients getting to banking administrations.  

• Customer desire  

• Service nature of the Technical and Functional administrations gave by the banks.  

• Satisfaction of the Customers.  

• Customer maintenance.  

• The measurements were additionally part into different sub measurements. 

 

Research Methodology: 

Research Design The focal point of the examination has been on portraying the elements 

that influence the degree of consumer loyalty. The examination configuration picked for the 
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investigation has been unmistakable. Test Design The irregular just as comfort inspecting 

strategy has been embraced for the examination. As a matter of first importance six banks of 

open segment banks were chosen from a rundown of business banks. LIKE SBI, PNB, BOB, 

BOI, COI AND UCO has been chosen as open part banks. The information has been gathered 

from clients of different chose parts of the six banks of Bhopal. Information assortment the 

information has been gathered through essential and auxiliary instruments. Essential Data: 

Primary information has been gathered from clients by setting up a survey. Auxiliary 

information: Secondary information has been gathered through sites, books and diaries. 

Data Analysis and Interpretation: 

Table 1: Frequency and percentage of customers 

Customers Public Sector Banks 

 SBI PNB BOB BOI CENTRAL 

BANK OF 

INDIA 

UCO 

BANK 

TOTAL 

Frequency 105 26 22 28 22 12 215 

Percentage  49 12 10 13.5 10 5.5 100 
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Table 2: Product distribution 

Product distribution 

Product SBI PNB BOB BOI COI UCO BANK 

Saving account 70 10 12 14 9 4 

Term deposite 5 0 0 2 3 3 

Loan 5 6 4 4 5 2 

Mutual fund 8 4 3 4 2 1 

Current account 9 5 2 3 3 1 

Rd 5 1 1 0 0 1 

Insurance 3 0 0 1 0 0 

Total 105 26 22 28 22 12 

 

 

 

Table 3: Usage of Banking Services by customers 

Product SBI PNB BOB BOI COI UCO 

ATM 100 20 18 19 17 8 

Internet banking 30 8 6 7 6 3 

Debitcard 95 18 14 15 14 7 

Locker 4 2 3 4 3 4 

Passbook 105 26 20 21 20 12 

Mobile banking 30 10 6 7 6 3 

Credit card 5 4 4 5 4 4 

Cheque 80 20 17 18 17 6 

UPS 10 5 6 7 6 3 

CCE 50 6 2 3 2 2 

FES 5 2 3 4 5 1 

sms alert 102 21 18 19 21 1 

Total 105 26 22 28 22 12 

SAVING 
ACCOUNT

33%

TERM 
DEPOSITE

3%

LOAN
2%

MUTUAL 
FUND

4%

CURRENT 
ACCOUNT

4%

RD
2%

INSURANCE
2%

TOTAL
50%

PRODUCT DISTRIBUTION SBI
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Table 4: Product satisfaction 

Product- public sector banks   

Saving account 3.90 0.904 

Term deposite 3.22 0.521 

Loan 3.09 0.451 

Mutual fund 3.02 0.127 

Current account 3.04 0.292 

RD 3.09 0.351 

Insurance 3.03 0.264 

 

According to above table indicates the mean score of satisfaction/dissatisfaction of 

customer for various product of the bank. The mean scoreless then 3 indicates that the customer 

is dissatisfied with the product. The mean score 3-4 indicates that the customer satisfied with the 

product. Themean score indicates 4-5 that the customers are highly satisfied. The table indicates 

that the all satisfied with all products in public sector banks. 

According to above table indicates the mean score of satisfaction/dissatisfaction of 

customer for various service of the bank. The mean scoreless then 3 indicates that the customer 

is dissatisfied with the service. The mean score 3-4 indicates that the customer satisfied with the 

service. The mean score indicates 4-5 that the customers are highly satisfied. The table indicates 

that the all satisfied with all services in public sector banks. 

 

0

20

40

60

80

100

120

A
TM

IN
TE

R
N

ET
 B

A
N

K
IN

G

D
EB

IT
C

A
R

D

LO
C

K
ER

P
A

SS
B

O
O

K

M
O

B
IL

E 
B

A
N

K
IN

G

C
R

ED
IT

 C
A

R
D

C
H

EQ
U

E

U
P

S

C
C

E

FE
S

SM
S 

A
LE

R
T

TO
TA

L

USAGES OF BANKING SERVICES BY CUSTOMERS 

Usage of Banking Services 
by customers SBI

Usage of Banking Services 
by customers PNB

Usage of Banking Services 
by customers BOB

Usage of Banking Services 
by customers BOI

Usage of Banking Services 
by customers COI



Emerging Trends in Science and Technology 
(ISBN: 978-81-951982-2-1) 

 

41 
 

Table 5: Service Satisfaction 

Product Mean SD 

ATM 3.76 .889 

Internet banking 3.29 .629 

Debitcard 3.52 .781 

Locker 3.18 .459 

Passbook 3.94 .673 

Mobile banking 3.17 .469 

Credit card 3.07 .346 

Cheque 3.83 .744 

UPS 3.05 .261 

CCE 3.05 .439 

FES 3.01 .074 

SMS alert 3.46 .787 

Primary data  

 

Findings: 

• The clients of the bank who are account holders are the respondents for this investigation and 

their fulfillment changes in various value-based administrations of the bank. The variety 

might be because of distinction in quality or it tends to be in various social setting among 

specialist organizations and clients also.  

• Service quality holes in all measurements including unmistakable, responsiveness, 

dependability, compassion, correspondence, affirmation and responsibility exist. The desires 

for clients on factors estimating administration substantial quality yielded different normal 

scores. Out of the things, clients are especially keen on the productivity and viability of the 

hardware used to convey the administrations.  

 All Customers satisfied with all product and services in public sector banks. 

 

Suggestions: 

Following are the suggestions for the advancement of the administration nature of the 

public sector banks:  

• Unnecessary customs in giving advances and advances are the issues seen in this examination 

zone. In spite of the fact that the conventions are general in nature, steps might be taken to 



Bhumi Publishing, India 

42 
 

change the systems and customs so the individuals around there may get the advantage of 

getting advances rapidly with sensible conventions.  

• Most of the modernized administrations have not yet arrived at the parts of banks in this 

examination zone. The banks can find a way to modernize their branches with PCs and web 

to empower the clients to get quality administrations.  

 

Conclusion: 

It is found through the present research that the public sector banks in Bhopal locale are 

provide quality service to customers comparison to other banks SBI provides good quality 

services . To make due in this aggressive situation all open division banks are compelled to 

present imaginative services plots so as to hold existing clients and draw in new clients. 

Determinants of consumer loyalty are towards open part service quality and All Customers 

satisfied with all product and services in public sector banks. 
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Abstract:         

The double-slit experiment has played asignificant role in physics, from supporting the 

wave theory of light, via the deliberations of the wave particle duality of light (and matter) to the 

fundamentals of modern quantum optics. Today it keeps playing an active role in the framework 

of quantum optics experiments concerning single photons. In this review report, we review all 

the literatures of quantum eraser experiments and anticipated to fabricate portable double-slit 

apparatus which reveals both the wave particle duality of light and the phenomenon of quantum 

erasing.  

 

Introduction:  

In the initial 19
th

 era, double slit interference was used to demonstrate the wave nature of 

light, depends on the experiments by Thomas Young and their mathematical explanation by 

Augustin Fresnel. At the commencement of the 20th century, Double slit Interference received 

renewed interest after Albert Einstein (and Max Planck) introduced a corpuscular theory of light 

by putting Newton‘s conception of light as a stream of particles on innovative theoretical and 

experimental grounds. The wave particle duality of light and the particle wave duality of matter 

make known to by Louis de Broglie together with Heisenberg‘s uncertainly principle put the 

foundations of early quantum mechanics. For more than a century, Gedanken experiments based 

on the double slit (or more generally on two-path quantum interference) have been priceless 

teaching tools for introducing elementary and advanced concepts in quantum mechanics, like as 

superposition principle, quantum interference, entanglement and quantum erasure. The concept 

of quantum erasing (QE) was familiarized by Scully and Druhl in 1982.  A shortenedform of 

quantum eraser with light has been deliberated in allaspect by Kwiat and Hillmer, although their 

experimental execution (diffraction by a thin wire) was done with strong light only. We have 

used two-path interference in a Mach Zehnder interferometer and now a days in a Michelson 

javascript:void(0);
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interferometer to demonstrate quantum eraser with individual photons. In quantum mechanics, 

the quantum eraser experiment is an interferometer experiment that demonstrates numerous 

fundamental features of quantum mechanics, including quantum entanglement and 

complementarily. The basic phenomenon behind the quantum eraser is interference.  

Copenhagen interpretation:  

The Copenhagen interpretation was first proposed by Niles Bohr in 1920. It articulates 

that a quantum particle doesn‘t exist in one state or another, but in all of its probable states at 

once. It‘s only when we detected its state that a quantum particle is fundamentally forced to 

choose one probability and that‘s the states that we observed. Subsequently it may be forces into 

a dissimilar observable state each time, this explains why a quantum particle behaves 

unpredictably. 

Quantum Entanglement:  

In the field of quantum mechanics there is somewhat called quantum entanglement. It is 

what happens when two particlesinterrelate, vibrate in unison and are detached. They persist 

connected by something that defies logic, something science has yet to clarify. If the one particle 

vibrates, no matter the separation distance, the other particle reacts in unison. Even if there are 

oceans among them, even if there is universe unravelling them. 

Nonlinear optical device:  

The nonlinear optical expedient is a beta barium borate (BBO) crystal. This crystal alters 

the single photon into two entangled photons of lower frequency, a process recognized as 

spontaneous parametric down conversion (SPDC). 

Complementarily:  

The principle that have complementary possessions which cannot all be observed or 

restrained simultaneously 

Nonlocality:  

Nonlocality happensdue to the phenomenon of entanglement, whereby particles that 

interrelate with each other become permanently correlated, or reliant on on each other states 

aproperty, to the amount that they effectively lose their individually and, in numerous ways,acts 

as single entity. 

Causality:  

It is the association between causes and effects. Causality means that an effect cannot 

happen from a cause which is not in back (past) light cone of that event. Similarly, a reason 

cannot have effect exteriors its front (future) light cone. 

Retro-causality:  

It is any of numerous hypothetical phenomena or procedures that reverse causality, 

permitting an effect to occur before its cause. Retro-causality is mostly a thought experiment in 
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philosophy of science based on elements of physics, addressing whether the future can affect the 

present and whether the present effecton the past.  

Marlin O. Scully et al. in 1982 proposed a quantum eraser to obtain which path 

information without scattering the particles or otherwise introducing uncontrolled phase factor to 

them and also explain photon correlation experiment concerning observation and delay choice in 

quantum mechanics [1]. Wendell holladay et al. in 1993 The quantum eraser experiment 

apparently the photon is definitely traversing one path (or the other) but the wave, with one path 

―empty‖, continues along both paths manifested by the restoration of interference by the 

quantum eraser [2]. Thomas J. Herzog et al. in 1995 Demonstration of quantum eraser 

experiment with mutual exclusivity of observing interference and which path information, as 

demanded by Bohrs complementarity principle [3]. Yoon-Ho Kim et al. in 2000 protest of 

opportunity of delayed determination of particle like or wavelike performance via quantum 

entanglement. The single path or both path data of a quantum can be noticeable or erased by its 

entangled twin even afterward the registration of the quantum [4]. S. P. Walborn et al. in 2002 

proposed the experiment which is the optical analogy of the experiment proposed by Scully in 

1982. The interference can be destroyed by marking the path of the interference can be destroyed 

by marking the path of the interfering photon, and recovered, by making an appropriate 

measurement on the other entangled photon also this experiment investigates under the 

conditions of delayed erasure. Quantum eraser experiment seems to authorize that the 

complementarity principle is certainly a fundamental part of quantum theory. Although such 

experiments have complete much to exemplify the dual nature of quantum object [5]. Heonoh 

Kim et al. in 2003 Proposed the quantum eraser experiment with frequency entangled photon 

pairs generated by nondegenerate parametric down conversion process and also the revival of the 

fringe pattern by removing the path information in the interferometer by means of polarizations 

in front of the detector. The result of experiment agrees well with prediction of quantum 

mechanics, the complementarity principle, even with different wavelength of photons [6]. 

YakirAharonov et al. in 2005 Concept of the quantum eraser studied and extended in many 

different experiments and scenarios like quantum entanglement quantum eraser, the kaon 

quantum eraser and usage of quantum eraser entanglement to advance microscopic resolution. 

Nevertheless, Scully et al. (10, 11) have anticipated a new Gedanken experiment, where the loss 

of interference pattern in an atomic beam is not correlated to Heisenberg‘s position momentum 

uncertainty relation [7]. Johannes Fankhauser in 2017 The Delayed choice quantum eraser 

experiment resembles a Bell-type experiment and thus is not more mysterious than that. If an 

interpretation of quantum mechanics is adapted, there is a no need to invoke a notion such as the 

present action determines the past. Whether under any other interpretation retro causality is 

similarly avoided would need further investigation [8].                
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Suggested issue for investigation: 

Following are point wise issues which we want to propose for investigation.  

 Fabrication of the set up needed for demonstration of quantum eraser 

 Demonstration of quantum eraser.  

 Analysis of the result 

 

Selection of problem:  

This particular area of investigation is chosen because of following reasons 

 This problem describes a very fundamental and equally strange concept of quantum 

mechanics i. e. , observation/measurement destroys the initial state of the system.  

 This particular experiment is repeated and studied by many researchers all over the 

world, still this mystery baffle many. A simple demonstration of quantum eraser using 

low cost and readily available component can become a popular classroom experiments 

while teaching Quantum Mechanics.  

 

Expected implications: 

Expected implications of this proposed work is as follows 

 A simple classroom demonstration of quantum eraser will be made available to instructor 

teaching quantum mechanics.  

  Experimental and theoretical understanding of the student in the selected topic is going to 

enhance to large extent after doing this project.  

 

Methodology: 

Observed the photon from which slit it goes, if we trace the path that the photon passed 

through and find which slit induces then interference pattern disappears and the wave function 

collapse. The wave collapse by adding path information in which the photon passed through the 

slit and thus we can eraser and turn it back into the wave, this is called quantum eraser. Quantum 

eraser erases the observed information and turn into unobserved state. The methodology of 

quantum eraser can be done into three stages as follow 

 Do double slit experiment and see the wave pattern of light 

 Measure the path to identify which slit it passes through and see the wave pattern 

collapse 

Erase the which path information and see the wave pattern again 
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Laser diode

Polariser

Screen

 

 

Conclusion: 

Study the simple demonstration of quantum eraser using single, double slit and cover 

slip. The weirdness of the quantum mechanics can be easily understood by this experiment. This 

experiment shows the wave particle duality of quantum particles such as electron and photon 
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Abstract:  

The samples of breast milk collected 48-72 hours after child birth of Indian (Jaipur) 

nursing mother were examined for the presence of organochlorine pesticides by using Gas 

Liquid Chromatography. Significant residue levels of Aldrin, isomers of HCH, metabolites of 

DDT and Heptachlor were found in the entire milk sample analyzed. Results revealed the 

susceptibility of subjects towards the factors such as food habits, age, parity, weight, use of 

pesticides and gestation period to accumulate organochlorine pesticide residues in milk. No 

statistical difference could be observed between the two different categories of age, parity and 

food habits, statistically higher accumulation was observed in the milk of pesticide users (no 

persistent type), high weight category women and in the milk of subjects with preterm labour, 

The presence of organochlorine pesticides in human milk reveals its excretion and contamination 

resulting in sufficient neonatal intake which further poses problems of management of neonatal 

health and nutrition. 

Keywords: Human milk, Organochlorine, Contamination, Residues, Gas Chromatograph 

 

Introduction: 

Pesticides are a broad group of chemicals used by a man for the control of agricultural 

pests and various disease spreading vectors. Pesticides especially organochlorine pesticides 

(OCPs) are an important factor in agriculture development and protection of public health in 

India, since the tropical climate is very conducive to pest breeding. As a consequence, pests and 

plant diseases account for about 10% - 20% loss in agricultural production in India. The loss 

amounts to approximately Rs. 6,000 crores annually (Times of India, 11.6.93). However, we 

have largely overlooked the darker side of these chemicals i.e. unwanted and unwarranted 

environmental pollution caused by the indiscriminate use of pesticides, secondly their biocidal 

activity is not only restricted to the target organisms but extends to non-target organisms as well.  

mailto:mamta810@gmail.com
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Terrifying fact is that most of these chemicals reported to be carcinogenic [1],[2] mutagenic 

[2],[3] teratogenic [3],[4]immunosuppressive [5],[6] create endocrine dysfunction such as 

hypothyroidism or  high estrogenic activity [7],[8] disturb  reproductive processes [9],[10]growth 

depressants [11],[12] induces several psychogenic and neurogenic abnormalities in adult stages 

[13],[14], and are associated withabortions, premature deliveries, still births and infants with low 

birth weights [15]-[18]. OCPs have been in use in India nearly for a half century now. Even after 

having clear cut evidence suggesting that these chemicals have the ability to eliminate entire 

species from the planet, the annual consumption of pesticides in India is about 85,000 tonnes of 

which OCPs comprise the bulk [19]. Therefore, today the pesticides, in particular insecticides are 

perhaps the most ubiquitous of the potentially harmful chemicals encountered in the 

environment.The problem would further aggravate in the coming years, as many pesticides 

mainly OCPsbeing lipophilic and non-biodegradable due to their great chemical stability, low 

aqueous solubility and high fat soluble character [20] become concentrated and magnified as 

they move up in the food chain, Since, man is located at the top of the food chain, he receives 

and accumulates insecticide residues that vegetables and animals have stored up in various 

periods of development[21],[22], thus posing a challenge to ecologists and toxicologists.Since, 

the OCPs are lipid soluble and tend to accumulate in the food chain and store in high 

concentration in tissues and lipid rich organs such as adipose tissues and liver. Human milk is the 

most important and indispensable food for the newborn, during lactation, fat mobilization could 

take place from adipose tissue and therefore, organochlorine compounds are mobilized and 

excreted together with the milk. Thus, milk secretion is the most important route of excretion of 

those types of compounds in lactating women (Figure-1). 

Human milk is the primary and the potent source of infant nutrition. It is rich in fat and 

stands at the end of food chain. In the view of their lipophilic nature, pesticides could accumulate 

in milk in alarming concentrations; therefore, human milk can be used as one of the evaluation 

index of environmental contamination by these chemicals, although the main objective of its 

analysis is to determine the amounts ingested by children, who without a doubt, will have to face 

to the sources of contamination during their lives. Breast milk is about 3% fats; this fat appears 

to be in approximate equilibrium with the body fat stores. Surveys of human milk form 

unselected and presumably non-occupationally exposed women in India and worldwide have 

shown widespread contamination with OCPs[23]-[37]. We here report the results of the chemical 

analysis of milk samples from 101 women by using very sensitive and well controlled chemical 



Bhumi Publishing, India 

50 
 

analysis technique Gas Liquid Chromatography (GLC). The results are further stratified on the 

basis of food habits, age, parity, weight, use of pesticides and preterm labour by the women 

subjects. 

 

 

Figure 1: Possible route of entry of pesticides in the blood and milk of women 

 

 

Materials and Methods: 

101 pregnant women admitted to Zanana Hospital and Mahila Chikitsalya: attached to the 

Deptt. of obstetrics &Gynecology. S.M.S. Medical College, Jaipur (India) and two private 

hospitals "Sanjeevani Hospital" and " Meera Hospital", Bani Park, Jaipur are Included in the 

present study. In general they had no history of any occupational or accidental exposure to 

pesticides. However, they were asked to fill up a questionnaire giving information relevant to the 

pesticide residue accumulation such as age, dietary habits, area of residence, parity, social status, 

accidental or occupational exposure to pesticides etc. To study the effect of weeks of gestation 

on the accumulatory pattern of pesticides in milk, thirty subjects were identified; out of which 
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eight went into preterm labour while remaining twenty two subjects had full term normal 

delivery. 

Sample Collection: 

The breast milk, approximately 5 ml, from all the subjects were collected at the third day 

of parturition directly by the manual expression of breast into cleaned, pesticide free, 50 ml wide 

mouthed glass tube with a cap lined with aluminum foil. No breast pumps or other devices were 

allowed to be used for the collection of milk samples. Immediately after the milk samples 

collection of milk samples. Immediately after the milk samples were collected, the containers 

were capped and kept in deep freezer, till analyzed, generally within 48 hours. 

Extraction of Pesticide from Samples: 

Pesticides were extracted and separated from samples by liquid partition and column 

chromatography so that they could be analyzed by Gas Liquid Chromatography (GLC)and Thin 

Layer Chromatography (TLC) procedures. All reagents and chemicals used were of analytical 

grade and checked for any pesticide contamination. Specimens of milk were extracted by the 

methodology given by Takie and his Coworkers in 1983[38]with little modifications according 

to the prevailing laboratory conditions. Milk (2.5ml) was extracted by adding 2 ml of acetone 

and 1 ml of acetonitrile and 8 ml of hexane and the contents were shaken for 3 min. by hand. The 

upper layer of hexane was recovered and milk was re-extracted by adding hexane, acetone and 

acetonitrile. Pooled extract of hexane was washed with acetonitrile and 2% aqueous sodium 

sulphate and hexane. The analysis of pesticide residues in human milk was done on a whole milk 

basis. 

Cleanup of extracted samples: 

The florosil column used for Cleanup of extracted samples and was prepared essentially 

similar to that described by Bush and his coworkers in 1984[39]. 

Quantitative Estimation: 

Quantitative estimation of pesticide residues in all the extracts was done by HP 5890 

series II gas chromatograph (GC) equipped with Ni 63 Electron capture detector (ECD) coupled 

to HP 3396A integrator. Glass coiled column (1.43 m x 4 mm L x I.D) was packed with Solid 

Support, Chromosorb 100/120 mesh size along with the Liquid phase: 1.5% OV -14±1.95% OV-

210 .Purified nitrogen (IOLAR-1) gas was used as the carrier gas and a known volume of sample 

was injected in the column with the help of the 10 µl Hamilton syringe. Different peaks of the 

samples were identified by comparing their retention times with those of standards. Quantitation 
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of the samples were done by the data obtained from the integrator and were based on peak areas. 

Standards were obtained from Environmental Protection agency (EPA) U.S.A. 

Recovery Analysis and Confirmation of Pesticide residues: 

Recovery analysis was done by fortification experiments and the percentage recovery was 

95–98%.TLC was used for confirming the identity of the OCPs already detected by the GC.The 

pesticides for which the GC was standardized and were estimated were Aldrin, isomers of HCH 

(α, β & γ), metabolites of heptachlor (Heptachlor & Heptachlor epoxide) and DDT (DDE, DDD 

and DDT).   

Statistical Analysis: 

The calculations are based on biological statistics and values are expressed as mean± 

standard error (S.E.).The difference in the pesticide residue levels between different groups was 

analyzed with the help of student t test. Significance between the residue levels of different 

groups was judged at 5 % and 1% levels 

 

Results: 

The magnitude of excretion of OCPs through human milk collected 48-72 hrs. after 

parturition of Indian nursing mothers was examined. Significant amount of isomers of HCH, 

DDT and its metabolites and heptachlor and Aldrin were found to be excreted through breast 

milk. An attempt has been made to find out the effects of dietary habit, age, parity, weight, habits 

of pesticide use and seeks of gestation period on the accumulation and excretion of  via human 

milk (Table 1and 2).  

1. Total DDT and total heptachlor in the milk of non-vegetarian mother were significantly 

higher than vegetarian mothers (Table-1).  

2. A general trend of high residue levels but statistically insignificant was observed in the 

milk of younger mother as compared to older mothers (Table-1). 

3. Concentration of ∝- HCH,  𝛽 HCH, Heptachlor Epoxide, DDE, DDT and total HCH 

were found to be greater in the milk of primiparous cases in comparison to multiparous 

cases. But in the case of total HCH, heptachlor, Aldrin, DDD, total heptachlor and total 

DDT concentration was higher in multiparous mothers in comparison to primiparous 

mother. But no statistical difference could be observed between the above two categories 

(Table-1). 

4. The subjects were also categorized on the basis of their habit of pesticide use. A general 

trend of greater residue accumulation was observed in the group of pesticide users (non-

persistent type) for household and other purposes in comparison of mothers who are not 

using pesticides at all. Statistically higher accumulation in the milk of pesticide users was 

observed in case of Aldrin (Table-1). 
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5. A general trend of high residue accumulation was found in the milk of high weight 

category mothers in comparison of low weight category mothers (Table-1). 

6. Concentration of OCPs were found to be higher in the mothers undergoing preterm 

labour in comparison of women who had full term normal delivery (Table.2). 

 

Table.1: Stratification of pesticide residue data in human whole milk with respect to 

dietary habit, parity pesticide use, weight categories and age categories. (ppm) 

Sr. 

No. 

OCPs 

detected 

Dietary habit Parity Pesticides use 

 

Veg.  Non-Veg. Primiparous Multiparous Pesticides used Pesticides not 

used 

45 cases 

Mean ±S.E. 

56 cases 

Mean ±S.E. 

30 cases 

Mean ±S.E. 

71 cases 

Mean ±S.E. 

45 cases 

Mean ±S.E. 

56 cases 

Mean ±S.E. 

1. -HCH 0.1178±0.0206 

(n=44) 

0.0818±0.01151 

(n=55) 

0.1001±0.0203 

(n=29) 

0.0844±0.0113 

(n=69) 

0.0957±0.0164 

(n=44) 

0.0887± 0.0134 

(n=54) 

2. 𝛾-HCH 0.0321±0.0081 

(n=34) 

0.0329±0.0103 

(n=44) 

0.0238±0.0091 

(n=23) 

0.0251±0.0054 

(n=54) 

0.0607±0.0196 

(n=34) 

0.0255±0.0069 

(n=41) 

3. 𝛽-HCH 0.1134±0.0382 

(n=30) 

0.0773±0.0142 

(n=45) 

0.0900±0.0513 

(n=20) 

0.0393±0.0108 

(n=52) 

0.0981±0.0209 

(n=34) 

0.0784±0.0271 

(n=40) 

4. Heptachlor 1.0191±0.1637 

(n=26) 

8.3126±7.2813 

(n=35) 

1.1080±0.1997 

(n=17) 

6.8236±5.8058 

(n=44) 

1.0178±0.1449 

(n=32) 

9.8093±8.7621 

(n=29) 

5. Aldrin 0.1577±0.0356 

(n=40) 

0.1570±0.0235 

(n=48) 

0.1118±0.0188 

(n=28) 

0.1536±0.0254 

(n=60) 

0.2024±0.0396 

(n=41() 

0.1170±0.0151* 

(n=47) 

6. Heptachlor 

Epoxide 

1.2178±0.1916 

(n=31) 

1.0355±0.2590 

(n=35) 

1.2316±0.2368 

(n=22) 

1.0659±0.2159 

(n=44) 

1.0777±0.16973 

(n=29) 

1.1853±0.2678 

()n=36) 

7. DDE 0.145±0.0211 

(n=42) 

0.1468±0.0203 

(n=53) 

0.1701±0.0294 

(n=30) 

0.1475±0.0235 

(n=65) 

0.1709±0.0193 

(n=44) 

0.1266±0.0214 

(n=51) 

8. DDD 0.1033±0.0200 

(n=19) 

0.2788±0.2430 

(n=27) 

0.0711±0.0195 

(n=12) 

0.2606±0.1989 

(n=33) 

0.0827±0.0163 

(n=34) 

0.4040±0.3080 

(n=21) 

9. DDT 0.1022±0.0431 

(n=33) 

0.0624±0.0313 

(n=43) 

0.0850±0.0485 

(n=27) 

0.0767±0.0300 

(n=49) 

0.1127±0.0530 

(n=36) 

0.0542±0.0104 

(n=40) 

10.  HCH 0.2081±0.0408 

(n=45) 

0.1994±0.3452 

(n=56) 

0.2235±0.0509 

(n=30) 

0.1755±0.0286 

(n=71) 

0.2425±0.0456 

(n=44) 

0.1793±0.0399 

(n=55) 

11.  

Heptachlor 

1.7480±0.2445 

(n=38) 

6.4090±5.1345 

(n=50) 

1.5789±0.3142 

(n=26) 

5.7240±4.2865 

(n=60) 

1.5222±0.2289 

(n=38) 

6.9191±5.4591 

(n=47) 

12.  DDT 0.2659±0.0485 

(n=43) 

0.3253±0.1232 

(n=55) 

0.2656±0.0577 

(n=30) 

0.3036±0.0997 

(n=69) 

0.2793±0.0544 

(n=44) 

0.3275±0.1281 

(n=52) 
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Contd: 

Sr. 

No. 

 

 

OCPs detected 

Weight Categories Age Categories 

 45-55 Kg 56-75 Kg 17-24 Years 25-34 Years 

 56 cases 

Mean ± S.E. 

45 cases 

Mean ± S.E. 

55 cases 

Mean ± S.E. 

46 cases 

Mean ± S.E. 

1. -HCH 0.0766±0.0110 

(n=54) 

0.1232±0.0209* 

(n=44) 

0.0975±0.0152 

(n=53) 

0.0976±0.0172 

(n=45) 

2. 𝛾-HCH 0.0283± 0.0091 

(n=41) 

0.0373 0.0101 

(n=37) 

0. ±0.0089 

(n=44) 

0. ±0.0108 

(n=33) 

3. 𝛽-HCH 0.0886±0.0258 

(n=43) 

0.0967±0.0222 

(n=32) 

0.0943±0.0293 

(n=40) 

0.0931±0.0176 

(n=34) 

4. Heptachlor 0.9023±0.1307 

(n=38) 

12.8409±11.4636 

(n=22) 

8.0593±7.758 

(n=36) 

1.0927±0.1914 

(n=24) 

5. Aldrin 0.1437±0.0017 

(n=40) 

0.1676±0.0355 

(n=38) 

0.1554±0.0233 

(n=50) 

0.1588±0.0365 

(n=38) 

 

6. Heptachlor  

epoxide 

0.9612±0.0228 

(n=33) 

1.2658±0.2807 

(n=33) 

1.3543±0.2623 

(n=38) 

0.8407±0.1329 

(n=27) 

7. DDE 0.1602±0.0228 

(n=53) 

0.1287±0.0164 

(n=42) 

0.1701±0.0436 

(n=51) 

0.1656±0.0271 

(n=43) 

8. DDD 0.0466±0.0141 

(n=23) 

0.3825±0.2946 

(n=22) 

0.2916±0.02201 

(n=27) 

0.0863±0.0340 

(n=19) 

9. DDT 0.0814±0.0339 

(n=40) 

0.0848±0.0408 

(n=35) 

0.0676±0.0309 

(n=43) 

0.0977±0.0451 

(n=32) 

10.  HCH 0.1907±0.0346 

(n=56) 

0.2156±0.0395 

(n=45) 

0.25504±0.0431 

(n=55) 

0.1641±0.0274 

(n=46) 

11.  Heptachlor 1.3626±0.2060 

(n=46) 

7.9772±6.2392 

(n=41) 

7.0118±5.3451 

(n=48) 

1.3078±0.1815 

(n=38) 

12.  DDT 0.2323±0.0403 

(n=54) 

0.3894±0.15234 

(n=44) 

0.3395±0.1260 

(n=53) 

0.2565±0.0529 

(n=44) 

* Statistically Significant (P<.01) 

# Statistically Significant (P<.05) 
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Table-2: Concentration of OCPs in human milk samples of preterm and full term cases 

(ppm). 

Sr. 

No. 

OCPs 

 

 

FTND cases 

(Full Term Normal 

Delivery) 

Preterm cases 

(Premature Delivery) 

22 Cases 

Mean  ± S.E. 

8 Cases 

Mean ±  S.E. 

1. -HCH 0.1345 ± 0.0299 

(n=22) 

0.1202 ± 0.0145 

(n=8) 

2. 𝛾-HCH 0.0206 ± 0.0067 

(n=17) 

0.0464 ± 0.0206* 

(n=6) 

3. 𝛽-HCH 0.1412 ± 0.0245 

(n=17) 

0.0584 ± 0.0150 

(n=5) 

4. Heptachlor 1.5814 ± 0.2992 

(n=12) 

1.2185 ± 0.3276 

(n=8) 

5. Aldrin 0.0538 ± 0.0065 

(n=18) 

0.2572 ± 0.0510# 

(n=17) 

6. Heptachlor epoxide 1.1718 ± 0.2842 

(n=13) 

0.7216 ± 0.1325 

(n=6) 

7. DDE 0.1831 ± 0.0234 

(n=21) 

0.3031 ±0.1016* 

(n=6) 

8. DDD 0.0078 ± 0.0038 

(n=8) 

0.0303 ± 0.0151 

(n=6) 

9. DDT 0.1238 ± 0.0800 

(n=16) 

0.0366 ± 0.0170 

(n=6) 

10.  HCH 0.2792 ± 0.0551 

(n=22) 

0.2972 ± 0.1148 

(n=8) 

11.  Heptachlor 1.8582 ± 0.4045 

(n=18) 

1.7587 ± 0.3524 

(n=8) 

12.  DDT 0.2374 Σ 0.0309 

(n=22) 

0.2823 ± 0.0753 

(n=7) 

13.  OCI 2.3056 ± 0.4678 

(n=22) 

2.3117 ± 0.3777 

(n=8) 

* Statistically Significant (P<.01) 

# Statistically Significant (P<.05) 
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Discussion: 

According to Adamovicet al, 1978[40]  food is the source of 95% of the pesticides taken 

in, including items that show both high residue levels and form a high percentage of the total 

diet. Such as dairy product, meat dish, poultry and fruit. In the present findings total DDT and 

total heptachlor in the milk of non-vegetarian mothers were much higher than vegetarian mothers 

(0.3253 ppm against 0.2659 ppm and 6.409 ppm against 1.748 ppm respectively) presumably 

because of the higher contamination of non-vegetarian dishes comprising eggs and mutton ETC 

Than Vegetarian Dishes. However, Total HCH Residues in Human Milk were slightly higher in 

vegetarian mothers than in non-vegetarian mothers, contrary to the findings in other specimens 

where non-vegetarian mothers retained comparatively higher residue levels. The above findings 

are supported by the results of a survey study conducted by Takahashiet al,(1981) [41]  from 

Honolulu. Probable explanation for these findings could be, the OCPs being lipophilic tend to 

accumulate in the lipids and fat rich tissues and being non-biodegradable becomes persistent in 

the environment hence do not get metabolized or excreted. These pesticides then reach to 

animals and human beings through the food chain. Since, non- vegetarian dishes have animal 

tissues therefore; tend to be more contaminated with OCPs. Reference [42]-[47] reports the high 

levels of pesticides in eggs, meat fishes, chicken and dairy products. Even the vegetable oils of 

corn, soybean, sunflower and mixtures of oils which are the most popular sources of cooking 

worldwide are reported to be contaminated with OCPs [48].The above result clearly reflects the 

role of dietary habits in the OCPs burden in the milk of the mothers. 

Milk from older nursing mothers contained more DDT than that of younger mothers [49]. 

No trend could be observed in order to make any assumption in relation to age as no statistical 

difference existed between the two age groups. Relatively higher concentration of total HCH, 

total heptachlor and total DDT was found in the women of lower age category. Our results are 

supported by Polishuket al, (1977) [50]and Wilson et al, (1973) [51], they found higher residues 

of OCPs in milk from young women as compared to older women. Present findings are 

contradictory to the findings of Wickstromet al,(1983)[24] from Finland in which he 

mathematically expresses the dependence of DDT concentration on the age of the donor. Our 

results are further contradicted by the findings of Rogan, et al, (1986)[29] from North Carolina, 

in which he reported that levels of DDE  can be seen to increase with increasing maternal age, 

the higher ages have about 30%  higher levels. 

Concentration of - HCH,  𝛽 HCH, Heptachlor Epoxide, DDE, DDT and total HCH 

were found to be greater in primiparous cases in comparison to multiparous cases. These results 

suggest that level of total DDT in human milk decreases as the number of children nursed 
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increases. The mother may be in negative DDT balance during lactation (i.e. excreting more 

DDT than she is ingesting) as was suggested by Ouinbyet al, (1965)[52]. The above study is 

further supported by the study conducted by Bradt&Herrenkohl, (1976) [53] in Eastern 

Pennsylvania and by Takahashiet al, (1981) [46] in Honolulu and there are many other reports 

from different parts of the world supporting our studies [29],[34],[36]. But in the case of T- 

HCH, heptachlor, Aldrin, DDD, total heptachlor and total DDT concentration was higher in 

multiparous mothers in comparison of primiparous mothers. The reason attributed to the above 

findings can be that, not only parity but other factors such as age, dietary habits, weights, habits 

of pesticides use etc. also play important role in the accumulation of pesticides. Multiparty can 

be correlated with age, multiparous females belongs to higher age group and hence might have 

more accumulation of pesticides in comparison of primiparous females, But no statistical 

difference could be observed between the above two categories, The above results are supported 

by the findings of Rauhamaa and Antervo, (1988) [33] that multiparous mother excrete more of 

total DDT than does the primiparous mothers. This was due to increasing age of mothers. There 

are two reports, one from Yugoslavia [54] and other from Spain [25] in which it is reported that 

there was no difference between residue levels of OCPs in the milk of primiparous and 

multiparous mothers. 

A general trend of greater residue accumulation was observed in the group of pesticide 

user (non-persistent type- self reported) for household and other purposes in comparison of 

women who are not at all using pesticides. But the statistical higher accumulation could be 

observed only in the case of Aldrin. This study is supported by the results of Bradt and 

Hehrrenkohl, (1976) [53] but contradicted by the findings of a survey study conducted by 

Takahashi, eta al (1981) [41] from Honolulu. A possible cause for this difference may be that 

those mothers who are using pesticides for dealing with house hold pest or at work place or in 

agriculture fields are more exposed to OCPs than those who are not using for pesticides at all for 

any purposes as reported by Sharma and Bhatnagar (2017) (55).  

Statistically higher accumulation in the high weight category could be observed only in 

the case of - HCH (0.766 ppm, against 0.1232 ppm). Concentration of total HCH was 0.2156 

ppm total heptachlor was 7.9772 ppm, total DDT was 0.3895 ppm in high weight category in 

comparison to low weight category group where the concentrations were 0.1907 ppm, 1.3626 

ppm and 0.2323 ppm respectively.Our results are contradictory to the findings of Takahashiet al, 

1987(41) from Honolulu and Rogan et al, 1986 from North Carolina (29). 
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Concentration of - HCH, aldrin and DDE were statistically higher in the milk of the women 

who had premature deliveries. In the other pesticides such as total DDT, total HCH, DDD and 

total OCI concentration a general trend of greater accumulation in the milk of preterm mother 

were found whereas concentration of total heptachlor, T-HCH, 𝛽 HCH, heptachlor epoxide and 

DDT were found to be higher in the mothers with full term normal delivery. Therefore, females 

with preterm labour have more accumulated pesticide residues in comparison of mothers with 

full term labour. This could suggest some role of OCPsin the preterm deliveries (15). 

 Since, none of the subjects did not report any occupational or accidental exposure to 

pesticides,they might have been exposed to these toxicants via environment (56),(Fig. 1). 

It can be concluded that the magnitude of pollution is quantitatively enough to 

contaminate the food and environment and the pesticides reach the human body through various 

sources mainly by absorption form the gastrointestinal tract through contaminated food chain, 

are circulated in blood, stored milk and secreted during lactation resulting in sufficient neonatal 

intake. Since, the pesticides are reported to be carcinogenic, mutagenic, teratogenic, 

immunosuppressive, induces endocrine dysfunction and high estrogenic activity, disturb the 

reproductive processes, growth depressants, induces several psychogenic and neurogenic 

abnormalities in adult stages and are also reported to be associated withabortions, premature 

deliveries, still births, low birth weight consequences are obvious on the mother and on the 

developing baby. This poses various problems of management of nutrition and health of feeding 

mothers and calls for suggestion like special care in nutrition and in the environment of the 

women throughout the life especially during the pregnancy and lactation. It also reflects that 

there is an urgent need to develop less/non persistent and more/total biodegradable pesticides and 

other means by which we can to reduce the environmental pollution by the pesticides which is 

not only posing risk to human health but also jeopardising our future generations. Since, the 

pesticides are reported to be carcinogenic, mutagenic, teratogenic, immunosuppressive, induces 

endocrine dysfunction and high estrogenic activity, disturb the reproductive processes, growth 

depressants, induces several psychogenic and neurogenic abnormalities in adult stages and are 

also reported to be associated withabortions, premature deliveries, still births, low birth weight 

consequences are obvious on the mother and on the developing baby. This poses various 

problems of management of nutrition and health of feeding mothers and calls for suggestion like 

special care in nutrition and in the environment of the women throughout the life especially 

during the pregnancy and lactation. It also reflects that there is an urgent need to develop 

less/non persistent and more/total biodegradable pesticides and other means by which we can to 
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reduce the environmental pollution by the pesticides which is not only posing risk to human 

health but also jeopardising our future generations . 

It poses various problems of management of neonatal nutrition and health. It calls for 

suggestions like special care in nutrition and in the environment of mother throughout the life 

and especially during pregnancy and lactation It would be advisable for a woman to avoid the 

consumption of fatty food stuffs and heavily polluted working environment. It is also advisable 

for a Woman to avoid the use of insecticides for household purposes. 
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Power generated by PV modules and injected into the grid is gaining more and more 

visibility in the area of PV applications. This is because the global energy demand is 

progressively increasing. Not many PV systems have so distant been put into the grid. This is 

due to a comparatively high cost, compared with the more conventional energy sources, like oil, 

gas, nuclear, hydro, wind, etc. 

 

1. Introduction: 

  In the last few years solar energy technologies have become less expensive and more 

efficient, which have made it to an attractive solution, is being cleaner and more environmentally 

friendly energy resource than its traditional ones like fossil fuels, coal or nuclear. Nevertheless, 

the PV system is still very expensive than traditional ones, due to the high manufacturing costs 

of PV panels and material, but the energy that drives them –the light from the sun- is free, 

available almost everywhere and will still be present for millions of years, long after all non-

renewable energy sources have been depleted. 

One of the major advantages of PV technology is that it has no moving parts in the 

system. Therefore, the hardware is very robust; and has a long lifetime and low maintenance 

requirements. And, most importantly, it is one solution that offers environmentally friendly clean 

power generation.  Nowadays, PV panels are not only used in space applications, but also they 

are present in everyday life: powering to wrist watches, in small calculators, supplying loads in 

remote sites and, last but not least, they are connected to the public grid, generating the green 

power of the future. 
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2. Grid connected PV systems:  

A decentralized energy production using solar energy could be the best solution for 

balancing continuously-increasing energy need. Grid connected to PV systems had an enormous 

increase in the market share over the last decade. With a reasonable set of incentives, the sector 

of solar photovoltaic market in the U.S. is growing more than 30% per year over the next 20 

years, from 340MW of installed capacity to 9600 MW. This market growth is also present in the 

other countries worldwide.  

To based on the latest report of IEA PVPS on installed PV power,is during 2019 there 

was a total of 627 GW of installed PV systems, of which the majority are installed in china, 

germany, USA and Japan. At the end of the total installed PV capacity reached 90% of which 

around totel power generated. The growth of installed capacity since 1992 and the split of this 

capacity between the two primary applications for PV, representing grid connected and stand-

alone applications, can be seen in Fig. 1.1. 

 

 

Figure 1: Cumulative installed capacity between 1992 and 2019 in the IEA-PVPS reporting 

countries 

 

3. Micro Grid: 

The micro grid concept can be applied to any subsystem currently attached to the 

distribution grid. The size of the micro grid can vary. Multiple coordinating micro grids may be 

necessary to support a single building or one micro grid may be sufficient to support a single 
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family home. In either case, each micro grid coupled with an EMS should be sized based off the 

critical loads it supports and the DR available to support those critical loads. 

 

4. Photovoltaic: 

The first standard photovoltaic cells were made within the late 1950s, and throughout the 

1960s were mainly used to offer electric power for earth-orbiting satellites. within the 1970s, 

enhancements in producing, performance and quality of PV modules helped to reduce prices and 

spread out variety of opportunities for powering remote terrestrial applications, as well as battery 

charging for navigational aids, signals, telecommunications equipment and different crucial, low-

power desires. In the 1980s, photovoltaic became a well-liked power supply for consumer 

electronic devices, together with calculators, watches, radios, lanterns and different little battery-

charging applications. Following the energy crises of the 1970s, important efforts additionally 

began to develop PV power systems for residential and commercial uses, each for complete, 

remote power further as for utility-connected applications. Throughout a similar amount, 

international applications for PV systems to power rural health clinics, refrigeration, water 

pumping, telecommunications, and off-grid households increased dramatically, and stay a 

significant portion of this world market for PV products. Today, the industry‘s production of PV 

modules is growing at roughly 25 % annually, and major programs inside the U.S., Japan and 

Europe are using quick execution of PV frameworks on structures and interconnection of utility 

systems. 

 

Figure 2: Diagram of a photovoltaic cell 
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5. Types of PV Systems  

Photovoltaic cell system is generally classified in reliable way with their useful and 

effective needs, their constituent configurations, and the way the instrumentation is connected to 

different power sources and electrical loads. Three main arrays of solar PV and storage space 

systems: grid-tied, grid/hybrid and off-grid. All of them have their benefits and drawbacks and it 

extremely comes all the way down to the customer‘s current energy supply and what they need 

to get out of the system. There is two principal classifications are grid-connected or utility-

interactive systems and complete systems. Grid-connected or utility-interactive PV systems are 

designed to control in parallel with and interconnected with the electrical utility grid. The first 

element in grid-connected PV systems is that the inverter, or power conditioning unit (PCU). A 

duplex interface is produced between the PV system AC output circuits and the electrical 

network for the usefulness of PV system, usually at an on-site allocation panel or service entry.  

 

Figure 3: Diagram of grid-connected photovoltaic system 

 

Which permit the AC power formed by the PV arrangement to also present on-site 

electrical loads or to feedback based system to the grid, if the PV system output is bigger than 

the on-site load demand? at night and through alternative periods once the electrical loads are 

larger than the PV system output, the balance of power needed by the loads is received from the 

electrical utility This characteristic is needed all told grid-connected PV systems, and ensures 

that the PV system won't still operate and feed back to the utility grid once the grid is down for 

service or repair.  

 

6. Stand-Alone Photovoltaic Systems:  

Stand-alone Photo-Voltaic structure is considered to work independent of the electrical 

utility grid, and generally considered and form in size to provide assured DC and/or AC 

electrical load. Stand-alone PV (photovoltaic) systems are used once it's impractical to attach to 
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the utility grid. Standalone PV system may be a direct-coupled system, wherever the DC output 

of a PV module or array is directly connected to a DC load. Because for convenient use no 

power storage (batteries) in direct-coupled arrangement, the load simply work all the way 

through daylight hours, creating these styles suitable for common applications like ventilation 

fans, water pumps, and small circulation pumps for solar thermal water heating systems. 

Matching the impedance of the electrical load to the most power output of the PV array may be a 

essential a part of planning well-performing direct-coupled system. for certain hundreds like 

positive-displacement water pumps, a sort of electronic DC-DC convertor, referred to as a 

maximum power point tracker (MPPT), and is employed between the array and load to assist 

higher utilize the out there array maximum power output.  

 

Figure 4: Direct-coupled PV system 

In several complete PV systems, batteries are used for energy storage. Figure 1.8 shows a 

diagram of a typical complete PV system powering DC and AC loads. Figure  shows however a 

typical PV hybrid system may be organized 

 

Figure 5: Diagram of stand-alone PV system with battery storage powering DC and AC 

loads 

 

Figure 6: Diagram of photovoltaic hybrid system 
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7. Operation of PV Cell: 

A PV cell is essentially a large silicon PN junction (diode), Figure 7. The incoming of a 

photon makes the current flow: the PN junction has become a PV cell. 

 

Figure 7: Cross section of an abrupt PN junction  

 

The silicon atom contains four electrons in the outer shell. The electrons are a part of the 

electron pairs binding with four other silicon atoms. By doping the silicon with boron (p-doped), 

which has only three electrons in the outer shell, the silicon becomes electron deficit. Thus, a 

‗hole‘ is present in the silicon lattice, and positive charges may move around in the network. 

When doped with phosphorus (n-doped), which have five electrons in the outer shell, the silicon 

become electron saturated. These additional electrons are also free to move around in the lattice. 

The PN junction, where the two alloys meets allows free electrons in the n-doped layer to move 

into the holes in the p-doped layer. An internal field is being build and the electrons can no 

longer force the junction, thus the layers have reach equilibrium. 

The amplitude of the built-in potential is: 

ф
𝑖

=
𝑘.𝑇𝑐𝑒𝑙𝑙
𝑞

. ln 
𝑁𝑎 .𝑁𝑑

𝑛𝑖
2                                                        (1) 

Where Na and Nd are the acceptor and donor doping densities correspondingly, and ni is 

the intrinsic carrier density, which do not contain boron or phosphorus. The constant k is 

Boltzmanns (13.8x10
-24

 J/K), q is the electron charge (160x10
-19 

C), and Tcell is the absolute cell 

temperature. 

An incoming photon may ‗knock‘ off a carrier from the p-layer, which leaves a free hole, 

and the carrier is moving around in the p-layer. If the carrier reaches the PN junction before 

recombination, the internal field causes it to move into the n layer. On the other hand, the carrier 

may be a victim of recombination before it can reach the junction, thus it will not assist the 

current generation. Recombination is caused by irregularities in the lattice, impurities in the 
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material, or simply coincidence! Once the electron has forced the PN junction, is has two 

possible return paths. The electron can either pass through the PN junction (which then works as 

a diode) or it can pass through an auxiliary circuit, the load. 

The minimum energy required to release a carrier from the p-layer are in the span Egap = 0.2 to 

3.7 eV, which varies along with material, temperature, quantity of doping and layout of the PN 

junction. The empirical formula in (3.2) describes the band gap energy [59]: 

𝐸𝑔𝑎𝑝 = 𝐸𝑔𝑎𝑝 (0) −
𝛼.𝑇𝑐𝑒𝑙𝑙

2

𝛽 + 𝑇𝑐𝑒𝑙𝑙
                                                     (2) 

where Egap(0) is the band gap energy at 0 K, α and β are some constants, the values are 

given in Table.1. 

Table.1: Parameters describing the band gab energy as function of temperature. 

 

The energy of an incoming photon is: 

𝐸𝑝𝑜𝑡𝑜𝑛 = .𝑓 =
. 𝑐

𝜆
                                                             (3) 

Where h is the Planck constant (h = 66.3x10
-33

 Js = 4.14x10
-15

 eV, 1 eV = 160x10
-21

J), f 

is the frequency of the incoming photon, c is the speed of light (c = 300x106 m/s), and λ is the 

wavelength (79% of the suns spectrum is between 400 nm to 1500 nm). The energy-span for a 

‗normal‘ photon is therefore in the span from 0.84 eV to 3.15 eV. The necessity for excitation of 

an electron, into the n-doped layer, is that the energy of the incoming photon is larger than the 

energy needed for the electron to overcome the PN junction. 

Because some of the photons have energy lower than the required, these do not assist the carrier 

generation. Thus, the energy related with these photons is changed into heat. The photons that 

have energy bigger than required are the current generating ones. The scenarios are summarized 

below [60]. 

1) The photon is reflected at the surface, 

2) The photon passes through the PV cell, 

3) E photon < E gap =>The photon is transformed into heat, 

4) E photon = E gap =>A free carrier is generated  

5) E photon > E gap => Free carrier heat. 
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7.  PV Cell Equivalent Circuits:  

To understand the performance of PV modules and arrays it's helpful to contemplate the 

equivalent circuit. The one shown below is usually utilized.  

 

Figure 7: PV module equivalent circuit 

 

From the equivalent circuit, we have the following basic equations:  

 Load current in Amperes  

 - Voltage across the shunt branches 

 - Current through the shunt resistor 

The current through the diode is given by Shockley's equation: 

 and 

 

and Merging the above equations give the PV cell (module) characteristic equation: 
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The characteristic equations are often used for notice each the output voltage and current. 

Unfortunately, provide that voltage and current seem as they are doing, there's no analytical 

resolution. Generally numerical strategies would be used to solve the equation. 

At the boundaries, it's simple to use the equation to work out the electric circuit voltage and short 

current. Throughout electric circuit conditions, I=0 and also the equation reduce to: 

 

Typically Rsh is high compared to the circuit voltage and also the last term will be 

neglected. Neglecting the term and rearranging the equation offers: 

 

Similarly for the short current, we are able to set the output voltage to zero, giving:  

 

The assumption that Rsh is way above Rs which Io is tiny compared to I. With these 

assumptions, the last 2 terms will be neglected, giving: 

 

The series resistance (Rs), shunt resistance (Rsh) and reverse saturation voltage (Io) are 

dependent on the world of the PV cell. Typically the larger the cell the larger Io (bigger diode 

junction area) and therefore the lower Rs and Rsh are. The characteristic equation is wont to 

evaluate the result of varied parameters on the performance of the PV cell or module:  

• Temperature (T) - affects the cell by being a part of the exponential term and therefore the 

worth of the reverse saturation voltage. Because the temperature will increase, whereas the 

exponential can decrease the reverse saturation voltage can increase exponentially. Following 

result is to reduce the circuit voltage of the cell. Usually the voltage can decrease by 0.35 to 

0.5% for every degree increase in temperature.  

• Series resistance (Rs) - increasing incorporates a similar result to temperature in that the circuit 

voltage can begin to drop. Very high values of Rs can additionally reduce the out there short 

current.  

• Shunt resistance (Rsh) - decreasing will provide a greater path for the shunt current, again 

lowering the cell voltage. 
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7.1 Light Dependent Current Source: 

The current source in Figure 3.2, isun, is comparative to the amount of irradiation, and 

linear with respect to the PV cell temperature. According to (2), an increase in temperature 

involves a decrease in band gap energy, which results in more current generated by the incoming 

photons. The current is given as  

𝑖𝑠𝑢𝑛 =  𝑖𝑠𝑢𝑛 ,𝑆𝑇𝐶 + 𝑘𝑡𝑒𝑚𝑝 .  𝑇𝑐𝑒𝑙𝑙 −  𝑇𝑐𝑒𝑙𝑙 ,𝑆𝑇𝐶   .
𝑃𝑆𝑈𝑁

𝑃𝑠𝑢𝑛 ,𝑆𝑇𝐶
                        (4) 

where isun and isun,STC is the short circuit current at the given working point and STC, in 

that order. The constant ktemp is the temperature coefficient of isun. Tcell and Tcell,STC are the actual 

and STC cell temperatures, respectively. Finally Psun and Psun,STC are the irradiations at the nearby 

operating point and at STC, respectively. 

7.2 Diode: 

The current through the diode, id, is describe by the well-known diode-equation: 

𝑖𝑑 = 𝑖𝑟𝑠 .  𝑒𝑥𝑝  
𝑞.𝑢𝑑

𝑘.𝐴.𝑇𝑐𝑒𝑙𝑙
 − 1                                             (5) 

Where irs is the formality diffusion current, A is the diode quality feature (normal defined 

between 1 to 5), and ud is the voltage across the diode. The reverse saturation current increases 

with temperature. This must be included in order to make an accurate model of thermal effects. 

The reverse diffusion current can be modelled as: 

𝑖𝑟𝑠 = 𝑖𝑟𝑠 ,𝑆𝑇𝐶 .  
𝑇𝑐𝑒𝑙𝑙

𝑇𝑆𝑇𝐶
 

3

. exp 
𝐸𝑔𝑎𝑝  .𝑞 

𝑘𝐴
.  

1

𝑇𝑆𝑇𝐶
−

1

𝑇𝑐𝑒𝑙𝑙
                           (6) 

 

Where irs,STC is the reverse diffusion current at STC. Note that the equation given in and 

several others references includes q (the electron charge) in the Arrhenius part of (6), this is done 

to convert the gap energy from electron volts (eV) to Joules (J). 

7.3 Resistances: 

The two resistors included in the model, Rs, and Rp, explain the power losses due to 

resistance in the current-collecting bus-bars, fingers and connections between modules an the 

inverter, the purity of the semiconductor material and the constancy of the semiconductor lattice. 

The parallel resistance is high; it does therefore not have much manipulate on the PV cell 

characteristic. The size of the series resistance is measured in  and to approximately 1 Ω for a 72 

cells module, which corresponds to 14 mΩ per cell. The power loss per cell is therefore 

computed to (4.52 A) 214 mΩ = 0.28 W per cell, or 20 W for the entire module. The small-

signal impedance per PN junction is computed from (5) and (10) as - duPV /diPV, neglecting 
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resistive, inductive and capacitive elements which is the same as UMPP / IMPP at the maximum 

power point. 

𝑅𝑃𝑁 =
𝑑𝑢𝑃𝑉

𝑑𝑖𝑃𝑉
=

𝑘 .𝐴.𝑇𝑐𝑒𝑙𝑙

𝑞 .(𝐼𝑑+𝑖𝑟𝑠 )
=

𝑘 .𝐴.𝑇𝑐𝑒𝑙𝑙

𝑞 .( 𝑖𝑠𝑢𝑛 −𝑖𝑐𝑒𝑙𝑙  +𝑖𝑟𝑠 )
≈

𝑘 .𝐴.𝑇𝑐𝑒𝑙𝑙

𝑞 .(𝑖𝑠𝑢𝑛 −𝑖𝑐𝑒𝑙𝑙 )
         (7) 

7.4 Capacitance: 

The two layers of the PN junction form a capacitor. If the layers are regarded as being a 

plate capacitor without end-effects, the capacitance can be stated as: 

𝑐𝑐𝑒𝑙𝑙 = ԑ0. ԑ𝑟 .
𝑎𝑑𝑖𝑠𝑐

𝑑
                                                      (8) 

where Ɛ0 is the permittivity (dielectric constant) of free space (8.85x10-12 F/m), Ɛr is the 

relative permittivity of the semiconductor material adisc is the area of the discs and d is the 

distance between the two discs. The area of the discs is basically measured with a ruler, but the 

distance between the two plates is more difficult to measure. The distance depends on the useful 

voltage, doping, and temperature. However, the junction capacitance can be estimated as: 

 𝑐𝑐𝑒𝑙𝑙 = 𝑎𝑑𝑖𝑠𝑐 . (
1

2
.
𝑞 .ԑ0 .ԑ𝑟

ф𝑖−𝑢𝑑
.
𝑁𝑎 .𝑁𝑑

𝑁𝑎+𝑁𝑑
)                                          (9) 

Assume a cell temperature of 300 K, Na = 1018 cm
-3

, Nd = 1016 cm
-3

, ni = 1010 cm
-3

, the 

amplitude of the internal field is given by (1) to 0.833 V. If the PV cell is operated at MPP, 

around 0.492 V, and the size of the PV cell is 6‖ in diameter (standard silicon wafer size), the 

junction capacitance equals 9.0 µF per cell, and 9.0 µF / 72 = 125 nF per module. 

7.5 Electrical Circuit: 

The final model of the PV cell can then be established. The current through the terminals 

of the PV cell is given by (10), assuming infinite parallel resistance. The voltage across the PN 

junction is given by (11) and finally the power generated by the PV cell is given in (12). 

icell = isun - id                                                                 (10) 

ud = ucell + Rs · icell                                                           (11) 

Pcell = ucell · icell                                                                                               (12) 

The following procedure is advised to find the parameters describing the steady state 

operation of a PV cell (neglecting resistances).Nominal power at MPP, voltages and currents at 

MPP and open/short circuit conditions, and the temperature coefficient for the short circuit 

current. The number of cells in series and parallel are also of interest in order to determine the 

properties per cell (normally 36 or 72 cell in series, and only one string per PV module) and the 

used semiconductor material (determines the band gap energy). 

The STC reverse saturation current and diode quality factor can then be extracted from 

(5) and (10), assuming no series resistance, as:   
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ln(𝑖𝑟𝑠 ,𝑆𝑇𝐶)

 
𝑞

𝑘 .𝐴.𝑇𝑐𝑒𝑙𝑙
 
 =   

1 𝑈𝑀𝑃𝑃
1 𝑈𝑂𝐶

 
−1

 ·  
ln(𝐼𝑆𝐶 − 𝐼𝑀𝑃𝑃)

ln(𝐼𝑆𝐶)
                                       (13) 

where ISC is the short-circuit current, UOC is the open-circuit voltage, both recorded at 

STC. 

7.6 Thermal Modelling: 

 

Figure 3.3: Thermal model of the PV cell 

 

A simple thermal model of the PV cell is shown in Figure 3.4. The cell temperature can 

be modelled as: 

𝑇𝑐𝑒𝑙𝑙 ,𝑃𝑙𝑜𝑠𝑠 =  𝑃𝑙𝑜𝑠𝑠 ·
𝑅𝜃 ,𝐽𝐴

𝑠·𝑅𝜃 ,𝐽𝐴 ·𝐶𝜃+1
                                       (14) 

𝑇𝑐𝑒𝑙𝑙 ,𝑇𝑎𝑏𝑚 =  𝑇𝑎𝑏𝑚 ·
𝑅𝜃 ,𝐽𝐴

𝑠 · 𝑅𝜃 ,𝐽𝐴 · 𝐶𝜃 + 1
                                   (15) 

𝑇𝑐𝑒𝑙𝑙 = 𝑇𝑐𝑒𝑙𝑙 ,𝑃𝑙𝑜𝑠𝑠 + 𝑇𝑐𝑒𝑙𝑙 ,𝑇𝑎𝑏𝑚                                         (16) 

𝑇𝑐𝑒𝑙𝑙 =
𝑃𝑙𝑜𝑠𝑠 ·𝑅𝜃 ,𝐽𝐴 +𝑇𝑎𝑏𝑚

𝑠·𝑅𝜃 ,𝐽𝐴 ·𝐶𝜃+1
                                              (17) 

 

where Ploss is the heat generating power, Rɵ,JA is the thermal resistance from the junction 

to the ambient, Cɵ is the thermal capacitance, Tabm is the ambient temperature, and s is the 

Laplace operator. The steady state version of equation (17) dictates that the cell temperature is 

equal to the ambient temperature plus an amount from the ‘lost‘ power and thermal resistance. 

The heat generating power is equal to 

Ploss = Psun  - PPV ,                                                   (18) 

where PPV is the power generated by the PV module. Thus, the size of the thermal 

resistance can then be estimated by the Nominal Operating Cell Temperature 

(NOCT3) conditions as 

𝑅𝜃 ,𝐽𝐴 ≈  
𝑇𝑐𝑒𝑙𝑙 ,𝑁𝑂𝐶𝑇 −𝑇𝑎𝑏𝑚 ,𝑁𝑂𝐶𝑇

𝑃𝑠𝑢𝑛 ,𝑁𝑂𝐶𝑇
                                           (19) 
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8 Behaviour of PV Module: 

8.1 Partial Shadow: 

The PV module applies to the weakest-link principle. the avalanche breakdown 

phenomenon of the PV cell. The avalanche current can be calculated as 

id ,avalanche = -irs ,r · 𝑒𝑥𝑝  𝑞 ·
𝑢𝑑 ,𝑎𝑣𝑎𝑙𝑎𝑛𝑐 𝑒−𝑢𝑑

𝑘 .𝐴.𝑇𝑐𝑒𝑙𝑙
                                   ( 20) 

Where Irs,r is the reverse-bias saturation-current Hence, if one of the PV cells is 

shadowed, then it will be reversed biased and an avalanche current will start to flow, if the 

reverse voltage is high enough. This does not damage the PV cell, but it starts to dissipate power, 

being a load. If the PV module output current remains constant, the temperature of the shadowed 

cell may increase beyond the melting point of the laminate. The current should therefore be 

decreased in order to lower the risk of de-lamination. The temperature can actually reach as 

much as 170°C, which is very close to the damaging temperature of silicon. 

A solution is to include bypass-diodes in the PV module. Normally, one diode is used to 

bypass 20 to 40 PV cells. These bypass diodes are implemented with discrete components in the 

junction box, on the rear side of the PV module. A better, and still more expensive, solution 

would be to bypass each PV cell with a separate diode . This diode could be implemented in the 

same silicon wafer as the PV cell. Next are three cases shown, where the PV modules are 

partially shaded. 

 

Figure 8: Model of two 6x12 = 72-cell PV modules, each with three bypass-diodes mounted 

in the junction box, and partial shadow covering part of the first PV module. 

 

All calculations are made in PSPICE, using the established models, equations (4) to (6), 

and (10) to (13). The shadow covering the PV module is assumed being a lamppost, rod or 

similar. The surface of one cell in each row (only for one PV module, 6 PV cells) is fully 

shadowed, where the intensity of the shadow is between 0 and 1. Zero is the case where all the 

light is passed through the rod –the rod is removed! A shadow-factor between 0 and 1 is the case 
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where the rod is semi-transparent (a typical value is 0.7, measured with a pyranometer), and a 

shadow-factor equal to 1 for complete shadow (zero light) behind the rod. One quarter of the 

surfaces of the two neighbour cells is also covered with shadow, in total 12 PV cells. 

Thus, the short circuit current for each type of shadow are given as 

S = 1 -  
𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑏𝑒 𝑖𝑛𝑑

𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑓𝑜𝑟𝑒
                  (21) 

isun, no shadow = I sun                       (3.22) 

isun, 25%shadow = Isun ·(1-0.25S)                             (23) 

isun, 100%shadow = Isun ·(1-S)              (24) 

Where S is the amount of shadow. The breakdown voltage is assumed equal to 20 V per 

PV cell 

 

9. Modeling of PV Module:   

The power source for each half bridge of MLI is a solar PV panel of 54V rating. The 

output of solar PV is considered at MPP with solar irradiance 1000 W/m
2
and 25°C environment 

temperature. The nominal output voltage of solar PV module during run time is V = 54     volts, I 

= 4.8 Amp. For this setup we use 10 solar cells of 0.6V each which are connected in parallel 

connected to produce 6V shown in Figure 8. combination of three 6V solar modules make a 18V 

solar pannel shown in Figure 8 and finally combination of three 18V solar panel make 54V solar 

pannel which is shown in Figure 9 

 

Figure 9: MATLAB connection of solar cells containing 10 cells in parallel of 0.6V each 
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Figure 9: MATLAB connection of solar panel of 18V 

 

Figure 10: MATLAB connection of solar panel of 54V 
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Abstract: 

       Nanotechnology is helping to considerably improve, even revolutionize, many 

technology and industry sectors: information technology, energy, environmental science, 

medicine, homeland security, food safety, and transportation, among many others. Today's 

nanotechnology harnesses current progress in chemistry, physics, materials science, and 

biotechnology to create novel materials that have unique properties because their structures are 

determined on the nanometer scale. This paper summarizes the various applications of 

nanotechnology in recent decades.  

Keywords: Nanotechnology, Environmental Science, Agriculture, Food safety. 

 

1. Introduction: 

      In the past few decades, a tiny word paying enormous attention, interest and investigation 

around the world: ―nano‖. It has considerably changed every aspect of the way that we think in 

science and technology and will absolutely bring more and more surprises into our daily life as 

well as into the world in the future. [1-8] Nano science research has been rapidly increasing 

across the world during the last decade. It is accepted by the world scientific, industrial, 

government and business communities that nanoscience will be integral part in the development 

of future technologies. Nanotechnology will take part in an important position in the field of 

energy. The present natural energy resources will exhaust one day. The future generation will 

have to look for the alternative energy sources like solar energy and hydrogen based fueles. 

There is considerable research is going on to tap hydrogen fuel by splitting water using sun light 

in presence of nanomaterial‘s. Materials like carbon nano tubes used for hydrogen storage. 

Current cost of carbon nano tubes is very high but scientists are trying to find out very 

economical way of preparing them in large quantities. Numerous electronic gadgets need 

rechargeable, light weight batteries or cells. Some metal hydride nanoparticles like nickel 
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hydrides or high surface area, ultra-light weight materials like aerogels are found to be better 

options than the conventional materials in improved batteries.  

      Nanoscience is the scientific study at the atomic and molecular scale of molecular 

structures with at least one dimension measuring between 1 and 100 nanometers in order to 

understand their physico-chemical properties and identify ways to manufacture, manipulate, and 

control them. More generally,―nanoscience‖ can mean research on any structure of matter that 

comprises of at least one nanometric dimension, without necessarily being aimed at the 

manufacture of objects or materials for a specific purpose. The results of certain studies on the 

behavior of ultrafine particles with dimensions at this scale (e.g., from diesel engine emissions) 

that are accidentally released into the air can be used in nanotechnology to better understand the 

behavior of nanoparticles designed and made in the laboratory. Therefore, the difference between 

nanoscience and nanotechnology essentially reflects the conceptual distinction between science 

and technology. The word ―nanotechnology‖ was first introduced in the late 1970. While many 

definitions for nanotechnology exist, most groups use the National Nanotechnology Initiative 

(NNI) definition. The NNI calls something ―nanotechnology‖ only if it involves all of the 

following: - Research and technology development at the atomic, molecular, or macromolecular 

levels, in the length scale of approximately 1 to 100 nanometer range. Creating and using 

structures, devices, and systems that have novel properties functions because of their small 

and/or intermediate size. Ability to control and manipulation of matter at nanometer dimensions 

[9]. 

      In 1959 at the annual meeting a known physicist by the name Richard P Feynman quoted 

that there‘s plenty of room at the bottom [10]. ―In his introduction to the topic of his lecture he 

said, I would like to describe a field in which little has been done but in which an enormous 

amount can be done in principle. This field will not tell us much of fundamental physics but it 

might tell us much of great interest about strange phenomena that occur in complex situation. 

What I want to talk about is the problem of manipulating andcontrolling things on a small scale. 

Nano science research has been rapidly increasing across the world during the past decades. 

      Nano science is interdisciplinary nature; its practice requires chemists, physicists, 

materials scientists, engineers and biologists to work together. The collaboration between these 

disciplines will enable to takle the most challenging scientific problems.  

      Now a day‘s nanoscience is a combination of bottom up chemistry and top down 

engineering techniques. There is an explosion of novel ideas and strategies for making and 

manipulating, visualizing nanoscale materials and structures. Nano scale science and technology 

has emerged as a fast growing research area. Nano chemistry presents a unique approach to 
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building devices with molecular scale precision. The challenges to full utilization of nano 

chemistry focus on understanding new rules of behavior, because nano scale systems lie at the 

threshold between classical and quantum behavior and exhibit behaviors that do not exist in bulk 

material. 

 

2. Application of nanotechnology: 

2.1 Nanotechnology for medicine: 

      The scientific and scientific analysis areas have utilized the exclusive qualities of 

nanomaterial for various programs (e.g., comparison providers for mobile picture and 

therapeutics for the treatment cancer). Conditions such as biomedical nanotechnology, 

bionanotechnology, and nanomedicine are used to explain this multiple area. Features can be 

included to nanomaterials by interfacing them with scientific elements or components. The size 

of nanomaterials is just like that of most scientific elements and structures; therefore, 

nanomaterials can be useful for both in vivo and in vitro biomedical analysis and programs. Thus 

far, the incorporation of nanomaterials with chemistry has led to the growth of analytic gadgets, 

comparison providers, systematic resources, actual physical rehabilitation programs, and 

medication distribution automobiles [11]. 

2.2 Nanotechnology for environmental protection: 

       In the last few decades, highly toxic organic compounds have been synthesized and 

released into the environment in order to be used directly or indirectly over a long period. 

Among some of these elements are pesticides, fuels, polycyclic aromatic hydrocarbons (PAHs), 

and polychlorinated biphenyls (PCBs) [12]. Some combined chemical compounds resist highly 

against biodegradation via native flora in comparison with organic substances easily degraded 

through introduction into the environment. Thus, dangerous chemical compounds have been one 

of the most serious issues in the contemporary world. The management of contaminated soil and 

ground water is a major environmental concern. The presence of elevated concentrations of a 

wide range of contaminants in soils, sediments and surface-and ground waters, affects the health 

of millions of people worldwide [13]. Current clean up technology is not significantly and 

economically adequate to solve all of today‟s clean up needs. 

      Nanotechnology is one of the most important trends in science and perceived as one of 

the key technologies of the present century [14]. Nanotechnology could be a powerful tool in 

dealing with pollution remediation. Several studies indicate that combining nanoparticles with 

conventional treatment could increase the efficiency of contaminants removal, such as organic 
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materials. In Zhang‟s report [15], nano scale iron particles are very effective for the 

transformation and detoxification of a wide variety of common environmental contaminants, 

such as chlorinated organic solvents, organ chlorine pesticides, and PCBs. Nanoparticles remain 

reactive towards contaminants in soil and water for extended periods of time and rapid in situ 

reactions have been observed with TCE reduction up to 99% in a few days after the nanoparticle 

injection. Many researchers have shown that engineered nanoparticles such as TiO2 andZnO, 

carbon nanotube, metallic nanoparticles (e.g., iron, nickel) magnetic nanoparticles and 

amphiphilic polyurethane nanoparticles could be useful for remediation and treatment of 

contaminated water, soil or air. 

      Application of nanotechnology in environmental science is categorized into four parts: 

remediation, protection, maintenance, and enhancement. Among these four, remediation is 

known as the most rapid growing category, protection and maintenance make the main part of 

nanotechnology application in environmental science, while environmental enhancement 

represents the smallest part of nanotechnology application categories. Nanoparticles can be 

utilized in air and water treatment, mesoporous elements for green chemistry, catalytic 

applications and environmental molecular science. Along with decreasing the size of the 

particles, they gain new chemical, electronic and physical properties. Advantages include 

improved adsorption and unique catalytic properties that can accelerate oxidation or reduction 

reactions with different contaminants for particle that are less than 10 nm [16]. Nano scale 

materials have been at a number of contaminated sites with preliminary reports of success. 

Nanotechnology is also able to improve the environment via presenting influential control and 

preventing of contamination. For environmental treatment, different implementations of 

nanotechnology have been successfully implemented at the laboratory scale. However, mostly 

these applications need confirmation of their effectiveness and safety in the field. Traditional 

remediation technologies have indicated confined efficacy in reduction of the concentration of 

contaminations in air, water, and soil. According to Boehm [17] nanomaterial‘s can act more 

remarkably and influentially as filtration media in comparison with bigger particles with the 

same chemicals [18]. 

2.3 Nanotechnology for tissue engineering: 

      Nanotechnology can help to reproduce or to fix broken tissues. ―Tissue engineering‖ 

makes use of artificially activated mobile growth by using appropriate nanomaterial-based 

scaffolds and growth aspects. Tissue technology might alternative today‘s traditional treatments 

like whole body transplants or artificial improvements. Impressive types of tissues technology 

may cause to lifestyle development. For patients with end-state whole body unable, there may 
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not be enough healthier tissues for growth and hair surgery into the ECM (extracellular matrix) 

[19, 20]. In this situation, pluripotent control tissues are required. One potential source for these 

tissues is IPS (induced Pluripotent Control cells); these are common tissues from the patient‘s 

own whole body that are reprogrammed into a pluripotent condition, and has the benefits of 

avoiding being refused (and the possibly life-threatening problems associated with 

immunosuppressive treatments). Another potential source of pluripotent tissues is from embryos, 

but this has two disadvantages:  

1) It needs that we fix the issue of cloning, which is officially very challenging (especially 

avoiding abnormalities). 

 2) It needs the growing of embryos. Given that each one of us was once an embryo, this 

resource is legally challenging. 

2.4 Nanotechnology for food and agriculture:  

      The current global population is nearly 6 billion with 50% living in Asia. A large 

proportion of those living in developing countries face daily food shortages as a result of 

environmental impacts or political instability, while in the developed world there is a food 

surplus. For developing countries, the drive is to develop drought and pest resistant crops, which 

also maximize yield. In developed countries, the food industry is driven by consumer demand 

which is currently for fresher and healthier foodstuffs. This is big business, for example the food 

industry in the UK is booming with an annual growth rate of 5.2% and the demand for fresh food 

has increased by 10% in the last few years. The potential of nanotechnology to revolutionize the 

health care, textile, materials. Information and communication technology, and energy sectors 

has been well-publicised. In fact, several products enabled by nanotechnology are already in the 

market, such as antibacterial dressings, transparent sunscreen lotions, stain-resistant fabrics, 

scratch free paints for cars, and self-cleaning windows. The application of nanotechnology to the 

agricultural and food industries was first addressed by a United States Department of Agriculture 

roadmap published in September 2003. The prediction is that nanotechnology will transform the 

entire food industry, changing the way food is produced, processed, packaged, transported, and 

consumed. This short report will review the key aspects of these transformations, highlighting 

current research in the agri food industry and what future impacts these may have.  

      The EU‘s vision is of a ―knowledge-based economy‖ and as part of this; it plans to 

maximize the potential of biotechnology for the benefit of EU economy, society and the 

environment. There are new challenges in this sector including a growing demand for healthy, 

safe food; an increasing risk of disease; and threats to agricultural and fishery production from 
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changing weather patterns. However, creating a bio economy is a challenging and complex 

process involving the convergence of different branches of science. Nanotechnology has the 

potential to revolutionize the agricultural and food industry with new tools for the molecular 

treatment of diseases, rapid disease detection, enhancing the ability of plants to absorb nutrients 

etc., Smart sensors and smart delivery systems will help the agricultural industry combat viruses 

and other crop pathogens. In the near future nanostructured catalysts will be available which will 

increase the efficiency of pesticides and herbicides, allowing lower doses to be used. 

Nanotechnology will also protect the environment indirectly through the use of alternative 

(renewable) energy supplies, and filters or catalysts to reduce pollution and clean-up existing 

pollutants. An agricultural methodology widely used in the USA, Europe and Japan, which 

efficiently utilizes modern technology for crop management, is called Controlled Environment 

Agriculture (CEA). CEA is an advanced and intensive form of hydroponically-based agriculture. 

Plants are grown within a controlled environment so that horticultural practices can be 

optimized. The computerized system monitors and regulates localized environments such as 

fields of crops. CEA technology, as it exists today, provides an excellent platform for the 

introduction of nanotechnology to agriculture. With many of the monitoring and control systems 

already in place, nano technological devices for CEA that provide ―scouting‖ capabilities could 

tremendously improve the grower‘s ability to determine the best time of harvest for the crop, the 

vitality of the crop, and food security issues, such as microbial or chemical contamination. 

       The use of pesticides increased in the second half of the 20th century with DDT 

becoming one of the most effective and widespread throughout the world. However, many of 

these pesticides, including DDT were later found to be highly toxic, affecting human and animal 

health and as a result whole ecosystems. As a consequence, they were banned. To maintain crop 

yields, Integrated Pest Management systems, which mix traditional methods of crop rotation with 

biological pest control methods, are becoming popular and implemented in many countries, such 

as Tunisia and India.  

     In the future, nanoscale devices with novel properties could be used to make agricultural 

systems ―smart‖. For example, devices could be used to identify plant health issues before these 

become visible to the farmer. Such devices may be capable of responding to different situations 

by taking appropriate remedial action. If not, they will alert the farmer to the problem. In this 

way, smart devices will act as both a preventive and an early warning system. Such devices 

could be used to deliver chemicals in a controlled and targeted manner in the same way as nano-

medicine has implications for drug delivery in humans. Nano medicine developments are now 
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beginning to allow us to treat different diseases such as cancer in animals with high precision, 

and targeted delivery (to specific tissues and organs) has become highly successful.     

      Technologies such as encapsulation and controlled release methods, have revolutionized 

the use of pesticides and herbicides. Many companies make formulations which contain 

nanoparticles within the 100- 250 nm size range that are able to dissolve in water more 

effectively than existing ones (thus increasing their activity). Other companies employ 

suspensions of Nano scale particles (nano-emulsions), which can be either water or oil-based and 

contain uniform suspensions of pesticides or herbicidal nanoparticles in the range of 200-400 

nm. These can be easily incorporated in various media such as gels, creams, liquids etc., and 

have multiple applications for preventative measures, treatment or preservation of the harvested 

product.  

      New research also aims to make plants use water, pesticides and fertilizers more 

efficiently, to reduce pollution and to make agriculture more environmentally friendly. 

Agriculture is the backbone of most developing countries, with more than 60% of the population 

reliant on it for their livelihood. As well as developing improved systems for monitoring 

environmental conditions and delivering nutrients or pesticides as appropriate, nanotechnology 

can improve our understanding of the biology of different crops and thus potentially enhance 

yields or nutritional values. In addition, it can offer routes to added value crops or environmental 

remediation.  

        Particle farming is one such example, which yields nanoparticles for industrial use by 

growing plants in defined soils. For example, research has shown that alfalfa plants grown in 

gold rich soil, absorb gold nanoparticles through their roots and accumulate these in their tissues. 

The gold nanoparticles can be mechanically separated from the plant tissue following harvest.  

Nanotechnology can also be used to clean ground water. The US company Argonide is using 2 

nm diameter aluminum oxide nano-fibres (Nano-Ceram) as a water purifier. Filters made from 

these fibres can remove viruses, bacteria and protozoan cysts from water. Similar projects are 

taking place elsewhere, particularly in developing countries such as India and South Africa. The 

German chemical group BASF‟s future business fund has devoted a significant proportion of its 

105 million USD nanotechnology research fund to water purification techniques.  

      Research at Lehigh University in the US shows that an ultrafine, Nano scale powder 

made from iron can be used as an effective tool for cleaning up contaminated soil and 

groundwater- a trillion-dollar problem that encompasses more than 1000 still-untreated 

Superfund sites (uncontrolled or abandoned places where hazardous waste is located) in the 
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United States, some 150,000 underground storage tank releases, and a huge number of landfills, 

abandoned mines, and industrial sites. The iron nanoparticles catalyze the oxidation and 

breakdown of organic contaminants such as trichloroethene, carbon tetrachloride, dioxins, and 

PCBs to simpler carbon compounds which are much less toxic. This could pave the way for a 

Nano-aquaculture, which would be beneficial for a large number of farmers across the world. 

Other research at the Centre for Biological and Environmental Nanotechnology (CBEN) has 

shown that Nano scale iron oxide particles are extremely effective at binding and removing 

arsenic from groundwater (something which affects the water supply of millions of people in the 

developing world, and for which there is no effective existing solution). 

      It has been argued that nanotechnology holds the potential to eliminate the concept of 

waste and pollution [21]. In a more modest vein it has been suggested that nanotechnology 

promises to drastically cut resource consumption and pollution, will strongly reduce prices for 

sustainable converters of energy such as solar cells and will make much improved recycling and 

detoxification technology possible. Nanotechnology has also been argued to allow for greater 

selectivity in chemical reactions, and to contribute to improved energy efficiency and to toxics 

reduction [21]. However, the emergence of nanotechnology has also sparked debate about the 

hazards of ultrafine particles [22]. This author now concentrates on hazards of nanoparticles as 

they are currently used in or contemplated for use in production and products and on the issue of 

what can be done to limit the associated risks 

      Many current or prospective applications use fixed nanoparticles and are thus not 

inherently dispersive. A longstanding example thereof is the use of carbon black for printing and 

in the production of tires. Newer applications include coatings, textiles, ceramics, membranes, 

composite materials, glass products, prosthetic implants, anti-static packaging, cutting tools, 

industrial catalysts, and a variety of electric and electronic devices including displays, batteries 

and fuel cells. Other uses of nanoparticles are inherently dispersive or „free‟ (Royal Society). 

These include drugs, personal care products such as cosmetics, quantum dots and some pilot 

applications in environmental remediation [23]. Apart from manufactured nanoparticles, there 

are also ultrafine particles that are generated in unintended ways. These include particles 

originating in the combustion of fuels, e.g. ultrafine particles emitted by diesel fueled cars [23] in 

smelting processes of metals, heating of polymers [24] or frying foods [25] and are also called 

non-manufactured nanoparticles. Most of the manufactured nanoparticles currently used are 

made from metal oxides, silicon and carbon [26]. So far the majority of nanosized approved drug 

delivery systems are lipid, liposomal and poly ethylene glycol- based [27]. Potential exposure to 

manufactured nanoparticles may increase dramatically in the future [28-37].  
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2.5 Nanotechnology for catalysis: 

      Substance catalysis advantages especially from nanoparticles, due to the incredibly huge 

surface place to quantity rate. The program prospective of nanoparticles in catalysis varies from 

energy mobile to catalytic converters and photo catalytic gadgets [38]. Catalysis is also essential 

for the development of substances. Jewelry nanoparticles are now being regarded in the next 

creation of automobile catalytic converters because the very high place of nanoparticles could 

decrease the quantity of platinum needed. However, some issues have been brought up due to 

tests indicating that they will automatically burn if methane is combined with the normal air. 

Continuous analysis at the Center Nationwide de la Recherché Scientifique (CNRS) in Italy may 

take care of their real effectiveness for catalytic programs. Nano filtration may come to be an 

essential program, although upcoming analysis must be cautious to examine possible poisoning 

[39]. 

2.6 Nanotechnology for recycling of batteries: 

       In view of the moderately low energy thickness of batteries the working time is 

constrained and a substitution or reviving is required. The colossal number of spent batteries and 

collectors speak to a transfer issue [40]. The utilization of batteries with higher energy substance 

or the utilization of rechargeable batteries or super capacitors with higher rate of reviving 

utilizing nanomaterial could be useful for the battery transfer issue. 

2.7 Nanotechnology for filtration: 

       A strong influence of Nano chemistry on waste-water therapy, air filtration and energy 

storage gadgets is to be expected. Technical or chemical techniques can be used for efficient 

filtration techniques. One class of filtration techniques is based on the use of walls with 

appropriate whole sizes, whereby the liquid is pushed through the tissue layer [41]. Nano porous 

walls are appropriate for an analog filtration with extremely small skin pores smaller than 10 nm 

(―Nano filtration‖) and may be consisting of nanotubes. Nano filtration is mainly used for the 

removal of ions or the separating of different liquids. On a larger scale, the tissue layer filtration 

technique is named ultrafiltration, which works down to between 10 and 100 nm. One important 

field of application for ultrafiltration is medical reasons as can be found in kidney dialysis. 

Attractive nanoparticles offers an efficient and reliable method to remove metal pollutants from 

spend H2O by making use of magnetic separating techniques. Using Nano scale contaminants 

increases the performance to process the pollutants and is relatively inexpensive compared to 

traditional rainfall and filtration techniques. Some water-treatment gadgets integrating 

nanotechnology are already on the market, with more in development. Low-cost nanostructured 
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separating walls techniques have been shown to be efficient in producing safe and clean H2O in 

majority of folks [42]. 

2.8 Nanotechnology for information and communication: 

       Current high-innovation generation techniques are in view of customary top down 

procedures, where nanotechnology has as of now been presented noiselessly [43]. The basic 

length size of incorporated circuits is as of now at the Nano scale (50 nm and underneath) with 

respect to the entryway length of transistors in CPUs or DRAM gadgets. 

2.9 Nanotechnology for increasing the efficiency of energy production: 

      Modern best solar panels have levels of several different semiconductors placed together 

to process mild at different efforts but they still only handle to use 40 percent of the Sun's 

energy. From the commercial perspective available solar panels have much lower effectiveness 

(15-20%). Nanotechnology could help increase the performance of mild transformation by using 

nanostructures with a procession of band gaps [44]. The level of efficiency of the internal 

combustion engine is about 30-40% currently. Nanotechnology could enhance losing by creating 

particular aspects with enhanced place. In 2005, scientists at University of Toronto designed a 

spray-on nanoparticle content that, when used to a place, instantly transforms it into a solar 

panel. 

2.10 Nanotechnology for memory storage: 

       Electronic memory plans in the past have to a great extent depended on the arrangement 

of transistors. On the other hand, research into crossbar switch based gadgets have offered an 

option utilizing reconfigurable interconnections in the middle of vertical and flat wiring shows to 

make ultra-high thickness memories [45,46]. Two pioneers around there are Nantero which has 

added to a carbon nanotube based crossbar memory called Nano-RAM and Hewlett-Packard 

which has proposed the utilization of memristor material as a future substitution of Flash 

memory 

2.11 Nanotechnology for household:  

      The most unmistakable utilization of nanotechnology in the family unit is cleaning 

toward oneself or "simple to-clean" surfaces on pottery or glasses. Nano ceramic particles have 

enhanced the smoothness and hotness safety of normal family supplies, for example, the level 

iron [47]. 

2.12 Nanotechnology for cosmetics: 

      One field of use is in sunscreens. The customary substance UV security methodology 

experiences its poor long haul steadiness. A sunscreen in view of mineral nanoparticles, for 

example, titanium dioxide offers a few focal points [47]. Titanium oxide nanoparticles have a 
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tantamount UV security property as the mass material; however lose the cosmetically 

undesirable whitening as the molecule size is decline. 

2.13 Nanotechnology for construction:  

      Nanotechnology can possibly make development quicker, less expensive, more secure, 

and more changed. Computerization of nanotechnology development can take into account the 

formation of structures from cutting edge homes to enormous high rises substantially more 

rapidly and at much lower expense [48]. 

2.14 Nanotechnology for energy and reduction of energy consumption: 

      The most advanced nanotechnology tasks related to power are: storage, transformation, 

manufacturing developments by reducing materials and process rates, power saving (by better 

heat insulating material for example), and improved alternative power [49]. 

      A decrease of power intake can be achieved by better insulating material techniques, by 

the use of more effective illumination or burning techniques, and by use of less heavy and more 

powerful materials in the transport industry. Currently used lights only turn roughly 5% of the 

power into mild [50]. Nano technological techniques like light-emitting diodes (LEDs) or huge 

caged atoms (QCAs) could lead to a strong decrease of power intake for illumination. 

2.15 Nanotechnology for nanosensors: 

Nano sensors related to polymers are utilized to screen food microbes and synthetic 

substances during capacity and travel measures in shrewd bundling. Moreover, brilliant bundling 

affirms the uprightness of the food bundle and legitimacy of the food item [51]. Nano-gas 

sensors, nano-keen residue can be utilized to identify ecological contamination [52]. These 

sensors are made out of conservative remote sensors and transponders. Nano barcodes are 

likewise an efficient component for recognition of the nature of farming fields [53]. An 

electrochemical glucose biosensor was nanofabricated by layer by-layer self-get together of 

polyelectrolyte for identification and evaluation of glucose [54]. Nano sensors can identify 

natural changes, for instance, temperature, mugginess, and gas creation, just as metabolites from 

microbial development and results from food debasement. The sorts of Nano sensors utilized for 

this reason incorporate exhibit biosensors, carbon nanotube-based sensors, electronic tongue or 

nose, microfluidic gadgets, and Nanoelectromechanical frameworks innovation [55]. 

 

3. Conclusion: 

       Based on the review in this paper, Nanotechnology has the potential to be the key to a 

brand new world in the fields of food and agriculture, construction materials, mechanical, 
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medicine and electrical engineering. Although replication of natural systems is one of the most 

promising areas of this technology, scientists are still trying to grasp their astonishing 

complexities. Furthermore, nanotechnology and nanomaterial‘s is a swiftly growing area of 

research where new properties of materials on the Nano scale can be utilized for the benefit of 

industrial and a number of capable developments exist that can potentially modify the service life 

and life-cycle cost of construction infrastructure to make a new world in future. 
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Abstract: 

 The wastes which are generating due to the manufacturing process or industrial process 

or any kind of mill as well are called Industrial waste. The disposal of these industrial solid 

wastes is a serious problem in various developed and developing countries. These industrial solid 

waste management must be financially sustainable, technically feasible, socially, legally 

acceptable and environmentally friendly. These waste materials can be used for various 

applications in several industries. In this present chapter, various industrial solid waste and their 

resources are discussed. Furthermore, the waste management policies implemented in India are 

also briefly discussed.  

Keywords: Industrial solid wastes; Fly ash; GGBS; Nickel slag; Silica fume; Copper slag; Red 

mud; Rice husk. 

1. Introduction: 

The population of the world is increasing every day, and the consumption of various 

materials is also increasing due to their developed lifestyle and purchasing power. Thus million 

tons of waste is generating every day and it is one of the major concerns for today‘s world. 

Waste can be defined as substances which are worthless after use or defective, unwanted, or 

discarded[1]. It is important to define waste and manage the waste to save the environment with 

respect to the health aspects. The wastes which are generated from the industrial or 

manufacturing processes any kinds of mill as well are called industrial solid waste. It is required 

to control the pollution caused by waste disposal and utilize these waste materials in various 

value added products for various applications in different sectors. There is needed to develop a 

proper infrastructure facility, appropriate safeguards, and guidelines to dispose of the industrial 

waste. Various industries which are generating waste need to manage such waste by following 

the government rules and regulations. Further, it is also required to assess the nature of waste 

generated for various applications. The major industrial solid wastes generators are the coal-

based electricity generating plants, iron and steel industries, aluminum, zinc, and copper 
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industries etc. In this present chapter, various solid industrial waste and their resources are 

discussed.   

2. Industrial wastes and their resources: 

2.1. Fly ash 

 Fly ash is one of the industrial by-products generated during pulverized coal combustion 

in electricity generating plants. The coal-based thermal power plants not only produce fly ash 

powder, along with fly ash powder, it also produces bottom ash, fluidized gas bed ash, and boiler 

slag. The coal ashes that fall through the airflow and collected at the bottom of the boiler are 

called bottom ashes, coarse and solid mineral residue. The bottom ashes are removed by the 

mechanical method. The fine particles which are collected from the exhaust gases or flue gases 

by using the electrostatic precipitators are called fly ash [2]. The major constituent present in the 

fly ash powder is SiO2, Al2O3, along with some minor constituents[3][4]. Approximately 70 % of 

by-products from the coal-based thermal power plant are fly ash powder, and it is very difficult 

to handle and dispose. Million tons of fly ash is being generated every year around the globe. 

The disposal of these gigantic amounts of fly ash is a prime matter of concern. It utilizes various 

fertile lands for disposal purposes and possesses multiple environmental issues such as air 

pollution, surface and groundwater, or soil pollution due to toxic components' leaching[5]. 

2.2. Ground granulated blast furnace slag 

Ground granulated blast furnace slag (GGBS) is another industrial by-product obtained 

by quenching molten iron slag from a blast furnace in steel plants. Blast furnaces in steel plants 

are operated at a temperature of near about 1500
o
C, and a control mixture of coke, iron ore, and 

limestone is given. The fed materials are molten inside the furnace and form two products as 

molten iron and molten slag. The molten slags are consistedmostly of SiO2, Al2O3, and CaO, 

lighter in weight, results in floatation above the molten iron. These molten slags are cooled by 

using high-pressure water jets and forms granular particles. The granulated slag is dried then 

ground by using a ball mill to achieve a very fine powder. These very fine powders are called 

GGBS, which contains around 95% amorphous calcium-alumino silicates [6]. It can also be used 

to replace ordinary Portland cement. The use of these materials in  cement and concrete has 

various advantages over the environment, such as reduces the emission of CO2, saves energy, 

and preserves natural resources, improved strength, enhanced durability, decrease permeability, 

good resistance to sulfate attack, improved surface finish, suppresses efflorescence, reduction in 

maintenance and repair costs, GGBS production involves zero carbon dioxide emissions, and no 
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emissions of sulfur dioxide and nitrogen oxides, Low heat of hydration, enhance the durability of 

concrete structures, high resistance to chloride penetration. 

2.3. Nickel slag 

Nickel slag is one of the industrial by-products produced from a pyrometallurgical 

process at the smelting stage during nickel production [7]. During one ton of nickel production, 

around sixteen tons of nickel slag is generated. This industrial waste material is usually stored in 

the landfill, and it is hazardous for ground and underground water and the environment. The 

major constituent present in the nickel slag is SiO2, MgO, CaO, Al2O3, and Fe2O3 along with 

some minor constituents.These presences of amorphous minerals in this industrial waste material 

are above 50 %, and it shows pozzolanic behavior. So, it can be used for various applications in 

various industries.  

2.4. Red mud 

Red mud is an industrial waste material from the aluminum industry. During the 

production of aluminum from bauxite by using the Bayer process, these waste materials are 

generated [8]. It is composed of a mixture of solid and metallic oxides. These materials contain 

various major elements such as silica (Si), iron (Fe), calcium (Ca), titanium (Ti), and aluminum 

(Al), along with some minor elements such as sodium (Na), potassium (K), chromium (Cr), 

nickel (Ni), zinc (Zn), copper (Cu), etc. The presence of iron in the red mud is about 30 to 60% 

on a weight basis, which results in the red color of these materials. For 1 tonne of alumina 

production, 1.5 tonnes of red mud is generated[9]. Various problems are associated with the 

disposal of red mud, such as vast land area is required for disposal. It shows high pH (>13), 

which pollutes underground water, a minor and trace amount of heavy metals seepage into 

groundwater, alkaline airborne dust problems, etc. The red mud has various applications in 

various industries such as building (building materials, paving blocks) and chemical industries 

(feedstock for manufacturing adsorbents and catalyst supports), waste water treatment, metal 

recovery industry etc.  

2.5. Silica fume 

Silica fume is one of the by-products of the silicon and ferrosilicon industry. Silicon 

metals and alloys are produced in electric furnaces where the fed raw materials are coal, quartz, 

and woodchips. Silica fume shows high compressive, flexural, and tensile strength, increase 

durability, enhanced abrasion resistance on decks, floors, overlays and marine structures, high 

modulus of elasticity, very low permeability to chloride and water intrusion, good electrical 

resistivity, low permeability, improve toughness, excellent resistance to various chemical 

(chlorides, acids, nitrates, and sulfates) attack. Silica fume has various applications such as 
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refractory and ceramics, cementitious repair products, oil well grouting, silica fume shortcrete, 

and also used in concrete. 

2.6. Rice husk 

Rice husk is a material obtained from the rice grains by the process of milling. This waste 

material is available in rice producing countries such as China, India, Bangladesh, Vietnam, 

Thailand, Indonesia, etc., which contains organic carbon about 30-50%[10]. It is estimated that 

more than 700 million tons of rice are producing in worldwide, and china (30% of the 

production) is the largest producer, followed by India (24%), Bangladesh (7%), Indonesia (7%), 

Vietnam (5%) and Thailand (4%). The major constituents present in the rice husk are cellulose 

(about 50%) along with other constituents such as lignin (25% to 30%) and silica (15% to 20%). 

During the burning of rice husk, lignins along with cellulose are removed and result in silica 

formation. Various process variables such as burning temperature, time and rice husk 

composition play a dominant role in ash quality. The specific surface area of ash powder is 

directly corresponding to the reactivity of ash. The silica in this material can be amorphous or 

crystalline depending on the various conditions, such as burning and cooling conditions, 

respectively. Rice husk ash has various applications in multiple fields such as the cement and 

concrete industry, insulators, waterproofing chemicals, ceramic glaze, refractory, oil spill 

absorbent, roofing shingles, etc. Due to its pozzolanic activity, the use of this rice husk in the 

cement and concrete industry shows various advantages such as improved mechanical strength, 

durability, environmental benefits, and reduced emissions of CO2[11]. 

2.7. Copper slag 

Copper is one of the materials which exhibit good conductivity of electricity and heat. 

During the production of copper metal by smelting process, copper slag is generated as a by-

product [7]. During the copper extraction process by using smelting, the impurities are float 

above the molten metal. These molten slags are cooled by two methods such as air cooling under 

ambient temperature and rapid cooling by adapting the quenching process. The quenched copper 

slag shows amorphous nature and has much more demand as a comparison to the air-cooled slag. 

3. Waste management policy implemented in India: 

The Ministry of Environment, Forest and Climate Change (MoEF&CC), Government of 

India has introduced the Solid Waste (Management and Handling) Rules 2016 by replacing 

Municipal Solid Wastes (Management and Handling) Rules 2000 after 16 years. In this rule, the 

jurisdiction is extended beyond the municipality area, and the word ―municipal‖ has been 

removed. The salient features of this Waste (Management and Handling) Rules 2016 is source 
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segregation of waste, duties of waste generator, collection and disposal of sanitary waste, the 

introduction of the concept of partnership in Swachh Bharat, collect back scheme for packaging 

waste, user fee and spot fine, promotion of waste to energy, marketing, and utilization of 

compost, criteria, and standards for the waste treatment facility and pollution control, duties of 

secretary, state urban development department, commissioner municipal administration, director 

of local bodies, local authorities and village panchayats, duties of ministry of urban development, 

management of waste in hilly areas, etc.[12]. 

4. Conclusion: 

There are various types of industrial wastes available, and all the wastes have their 

characteristics. These characteristics need to be analyzed to avoid the various effects on the 

health of human beings as well as on the environment. We should follow the waste management 

hierarchy, i.e., prevention, minimization, reuse, recycling, recovery, disposal. Disposal should be 

the least preferred choice. Waste can be utilized as a resource by various industries. New 

material can be developed by utilizing these waste materials, creating new job opportunities for 

new generations and new entrepreneurs to start their own businesses. Thus the mining of various 

new materials can be reduced, and the environment can be saved. 
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Abstract:         

The comparison between standardized and fabricated optical phase shifter can be carried 

out by using the basic interferometry technique i.e. Michelson‘s Interferometer. To compare the 

results, the variable voltage is supplied to both the optical phase shifters and the phase shift is 

introduced between the successive circular fringe patterns recorded by digital camera. The phase 

information is extracted by using five phase shifting technique. Five number of phases shifted 

correlation fringe patterns are required to implement five step temporal phase shifting technique 

to extract phase map from the speckle patterns. 

Introduction:  

Electron speckle pattern interferometer (ESPI) is an optical device which is used to 

quantify deformation on a rough surface. This method is developed by Butter and Leendertz in 

1970 [1]. ESPI technique has a large application in the field of industry as well as medicine [2]-

[4]. However, deformation of a rough surface cannot be quantified directly due the presence of 

random noise in speckle pattern [5]. Various methods are available to obtain deformation on 

object such as Fourier transform methods [6], phase shifting methods [7] and image processing 

algorithms [8]. Phase shifting method is straightforward among them [9] in which phase of the 

reference beam is relatively shifted to object beam, and its intensity modulation is recorded in 

digital camera. Quantitative information such as displacement/deformation of an object can be 

extracted from out-of-plane and in plane setup of ESPI with the help of phase shifting method. 

The phase shifting method is classified as Temporal phase shifting method in which by using 

optical phase shifter, phase of the one of the interfering beam is shifted and as Spatial phase 
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shifting method in which two or more CMOS cameras are used to analyze the phase of the 

shifted light waves. But the handmade optical phase shifter can be fabricated in the laboratory by 

attaching mirror on the cost-effective piezoelectric disc. However commercial optical phase 

shifter is more expensive. Due to the property of piezoelectric effect, the mirror attached to the 

piezoelectric disc is translated from its mean position with respect to the variable voltage applied 

to the optical phase shifter. Hence with respect to variable voltage applied to the optical phase 

shifter, the phase of the light wave reflected from translated mirror is shifted. In this project, the 

calibration of fabricated phase shifter is demonstrated using the intensity profile of circular 

interference fringe patterns of Michelson‘s interferometer. 

Speckle pattern:  

When a light from a highly coherent source such as laser is scattered by a rough surface 

or inhomogeneous medium then the random intensity distribution pattern is generated which is 

called as speckle pattern. 

 

Figure 1: Speckle Pattern 

Speckle interferometer:  

When a rough surface is illuminated by monochromatic source of light the speckle 

pattern is formed due to the scattering of light from the rough surface. A speckle pattern 

interferometer is a two-beam interferometer in which monochromatic light from source is split 

up into two beams.  The speckle interferometer is used to study the deformation on the rough 

surfaces.  

Electronic speckle pattern interferometer:  

Electronic speckle pattern interferometer technique is an optical technique which enables 

interferometric measurements of surface displacements on almost any surface and material. The 

illumination of rough surface with coherent laser light and subsequent imaging using a digital 

camera generates statistical interference patterns called as speckle patterns. It relies on the 
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interference between diffusely reflected light from the test object and a reference beam. The 

image before and after deformation is recorded by digital camera and analyzed using an image 

analysis software. The any displacement in the rough surface results in the change in the 

intensity distribution in the speckle pattern. Electronic Speckle Pattern Interferometer (ESPI) was 

developed in the early 1970s as a method of producing interferometry data using a video camera 

instead of photographic film. ESPI has vast of applications in many fields including automotive, 

aerospace, electronics and materials research, for the study of material properties, fracture 

mechanics, fatigue testing and dynamic behavior of variety of components.  

To record speckle pattern, Speckle photography was used by Burch and Tokarski[32] in 

1968.Later on Archbold et.al. [33] Designed Speckle interferometer to study surface deformation 

using a telescope. He observed that speckle moves when surface undergoes deformation. Speckle 

interferometer was developed by Leendertzet.al., Butter and Leendertz[34], Jones and 

Leendertz[35]. Leendertz[36] modify Michelson interferometer by replacing mirror with 

optically rough surface to measure out-of-plane displacement and in-plane displacement.  

Electronic Speckle pattern Interferometer was first developed by Butter and Leendertz[37] using 

electronic system in speckle interferometer and Macovskiet. al. [38] simultaneously. In this, both 

beams illuminate the test object at equal angle from opposite side of the normal. The resultant 

fringe called correlation fringe can be obtained by subtraction of two recorded speckle patterns 

corresponding to two different object positions with help of charge couple camera (CCD). This 

system is used to measure the vibration of disc.Lokberg[39] developed an alternative ESPI 

system to obtain laser pulses from a continuous laser light to study vibrations of unstable objects. 

Over the years many phase evaluation methods were developed. Some of the famous methods 

are phase shifting methods [40], Fourier transform [41], Digital image correlation (DIC) [42]. 

Phase shifting technique is reasonably popular among them. Phase shifting technique uses either 

temporal or spatial phase modulation for the quantitative phase determination [43]. Phase-shifted 

data are acquired in a temporal sequence of camera frames in temporal phase shifting whereas in 

spatial phase shifting method data are required recorded simultaneously, either by several 

cameras with the appropriate static phase shift for each of the images or encoded by a carrier 

fringe pattern on one video target. Both the methods have their advantages and disadvantages 

and should be considered in respect to the applications. Active research is going on to develop 

simple, efficient, fast and accurate technique for quantitative analysis of phase especially for 

dynamic deformation [44]. Processing of interference signal in the temporal domain instead of 

spatial domain can improve the measurement range making it more accurate with less noise 

compared to spatial phase shifting method.  
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Electronic speckle pattern interferometer (ESPI) technique is used to quantify different 

types of mechanical or thermal deformation on object. It also used on to find out the crack 

detection of metal plates and photovoltaic cells [45]. Recently Zhu et. al.[46] used ESPI 

technique for dynamic thermal measurement of the printed circuit board with a chip. ESPI is 

used to check up aging artwork [47] and to study drying of coatings [48]. Roughness of the thin 

films was also studied using ESPI technique [24]. 

Experimental set up of Michelson’s Interferometer: 

    The schematic diagram of Michelson‘s interferometer set up is as shown in the figure 2 

 

 

Figure 2: Schematic diagram of Michelson’s Interferometer 

 

The original photograph of Michelson‘s Interferometer set up with fabricated phase 

shifter is as shown in figure 3. 

The experimental set up of two beam Michelson‘s interferometers with fabricated phase 

shifter is as shown in figure number 2. In this set up, the light from the semiconductor diode laser 

is incident on the beam splitter which consists of a glass plate with a partially reflective surface. 

About 50% light is reflected from the surface and 50% is transmitted. By matching the path 

length of the beams, the interference will be produced and the circular fringe patterns are 

captured by digital camera. To obtain the circular fringe patterns the lens is placed in between 

diode laser and the beam splitter. The fabricated optical phase shifter consisting of piezoelectric 

Diode 

Laser 
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disc is used to introduce the phase shift between the fringe patterns. When the variable voltage is 

given to the phase shifter, the mechanical extension occurs in the piezoelectric disc and hence the 

mirror on it is translated. Because of the translation of mirror the phase is shifted in the light 

reflected from the phase shifter. In this way the phase shift is introduced between the circular 

fringe patterns with phase shifter at various voltage and the fringes are captured with the help of 

digital camera. 

 

 

Figure 3: Original photograph of Michelson’s Interferometer set up with fabricated phase 

shifter 

 

Results and Discussions:  

Phase shifter needs to be calibrated before applying it experimental setup of ESPI. 

Calibration of the optical phase shifter is done on the basis of the one-dimensional intensity 

profile of correlation fringes. Speckle pattern obtained from without deformation of the rough 

surface is stored in the PC and taken as a reference speckle pattern. The afterward object is 

deformed by applying load on the object and its speckle pattern is stored in PC. Later on, a 

variable voltage is supplied to optical phase shifter which can result in an extension in PZT 

mirror. Due to an extension in PZT mirror, light wave reflecting from its surface can change its 

path length. Hence the phase of light wave reflecting from the PZT mirror is also changing with 

increasing voltage. This implies that phase of a light wave depends on the voltage applied to PZT 

mirror. The voltage given to the PZT mirror is increased by 1 volt and its corresponding speckle 

patterns are recorded and stored in PC. After taking the difference between the speckle pattern of 

the deformed object recorded at different voltage and speckle pattern of the before deformation 

object, correlation fringes were appeared. From these correlation fringes, the one-dimensional 

intensity profile is obtained by plotting its intensity versus pixels. 
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Fig. 4.1a Fig. 4.2 b Fig. 4.3 c 

Fig. 4.1 a): Photograph of fabricated optical phase shifter, 

Fig. 4.2 b): Calibration curve of fabricated Optical phase shifterOptical phase shifter 

Fig.4.3 c): Calibration curve of Standardized 

 

Fig.4.1: a) shows the photograph of fabricated optical phase shifter, Fig.4.2: b) and 4.3:c) 

shows the calibration curve between phase shift versus voltage supplied to PZT mirror for 

Fabricated and Standardized optical phase shifter respectively. The R square values for both the 

linear fitting of phase shifted fringes was found nearly equal to 1, which is clearly showing the 

linearity between phase shift and applied voltage.  

The phase shifting in light wave reflected from the PZT mirror due to applied voltage can 

be an account on the basis of the one-dimensional intensity profile. One dimensional line profile 

of the correlation fringe pattern at zero volts is nearly same as correlation fringe pattern at 5 

volts, this means light wave reflected from the PZT mirror has shifted by an amount of 2π. In 

order to calculate the deformation or displacement of the object we choose five frame algorithms 

because it minimizes the calibration error if phase step is equal to π/2. This phase step is 

introduced into the path of reference beam using fabricated optical phase shifter. The errors were 

minimized but still present in the phase shifted correlation fringes as shown in the Fig. 4.3: b). 

Correlation fringe patterns at different phase shift at voltage 0V, 1V, 2V, 3V, 4V and 5V are 

shown in the figure. From these correlation fringe patterns nearly phase shift 2π is observed at 

5V. A constant phase shift π/2 is introduced between the speckle patterns by changing the 

voltage given to the PZT mirror. From the figure it is observed that the phase shift of the first 

frame and fifth frame is slightly differed, but we neglected this difference because the necessary 

y = 58.90x + 24.91
R² = 0.998

0

200

400

600

800

1000

1200

1400

1600

0 5 10 15 20 25 30

P
h

a
s
e
 s

h
if

t

Voltage supplied to PZT mirror

Phase shift

Linear (Phase shift)

y = 90x - 90
R² = 1P

h
as

e
 s

h
if

t

Voltage applied to PZT mirror



Bhumi Publishing, India 

108 
 

condition is that the phase shift must be equal. On the other hand, standardized optical phase 

shifter gives the 2π phase shift at 0.35 µm. Calibration curve for the standardized optical phase 

shift is shown in the Fig.4.2: c). 

 

Conclusion: 

Phase shifter is fabricated by attaching the mirror to the piezoelectric disc using adhesive. 

Later on,phase shifter is calibrated using interference pattern obtained from the Michelson‘s 

interference pattern. Calibration has been done by one-dimensional intensity profile of both 

interference fringes. A calibration curve shows the linearity between phase shifts due to applied 

voltage to the phase shift. By using five phases shifting technique the phase maps are extracted 

from the circular fringe patterns obtained using fabricated and standardized optical phase shifter. 

By comparing fabricated optical phase shifter with commercial phase shifter, it is concluded that 

fabricated optical phase shifter can gives the better phase map. It will also confirm the reliability 

of fabricated optical phase shifter. By using these optical phase shifter cost of ESPI set up will be 

minimize. 
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Introduction: 

Customer Loyalty 

With a backup of loyal customers, the organization could enjoy a number of 

advantages.Therefore, organizations should keep ―building customer loyalty‖ as their prime 

agenda. This chapter provides detailed insight to the readers on the following aspects relating to 

building customer loyalty. The discussion has been presented under the following heads: 

 Understanding brand 

 The process of brand choice 

 Customer loyalty and the types 

 Loyalty towards brands 

 The brand switching behavior 

 Towards reaching loyal customers 

 The loyal customer ladder 

 Why does an organization need loyal customers 

Customer Loyalty 

Repetitive buying of the product is a clear cut exhibition of likeness and approval of the 

product. And sticking to the same brand and avoiding shift over to other brands is absolutely a 

commitment to the fact that the customer has identified with a product and demonstrated loyalty 

to it. Loyalty of customers, for is a creditable achievement of a business man and  is satisfying. 

Loyalty in sense is a wilful commitment to the brand in view of perceived satisfaction. The 

action of loyalty is a positive, repeated behaviour of preferring one brand of a product from 

among the several brands available. 

Customer Loyalty may fall into Several Types that include: 

• Loyalty towards Brands 

• Loyalty towards Stores 
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• Loyalty towards Organization 

• Loyalty towards Sales Persons and 

• Loyalty towards any other Related Aspect in the Process of Purchase and Consumption. 

 

Towards Reaching Loyal Customers 

 The reach of loyal customers involves a sequence of actions, starting with identification 

of the right market for the product concerned. The sequence has been illustrated as below 

Figure 1.6 

Market identification 

 

Segmented and targeted market 

 

Prospective customers 

 

Customers 

 

Loyal customers 

      Towards Reaching Loyal Customers 

Source: Peeru, Mohamed, & A Sagadevan. (2003) 

 

Loyal Customer Ladder 

 A customer reaches the status of loyal customer by passing through a series of stages. An 

analytical look at the process of reaching the status of loyal customer would reveal the following 

sequences: 

1. Customer by chance 

2. Customer by occasion 

3. Customer by choice  

4. Customer by repetition 

5. Customer by insistence 

6. Customer by loyalty 

The above sequence has been illustrated in the below figure: 
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Customer by  

Loyalty 

 

Customer by  

Insistence 

 

Customer by  

Repetition 

 

Customer by  

Choice 

 

Customer by  

Occasion 

 

Customer by  

Chance 

Figure 1.1: Loyal Customer Ladder 

Source: Peeru, Mohamed, & A Sagadevan. (2003)  

 

Purpose of CRM 

 A good CRM program can improve customer service by facilitating communication in 

several ways: 

 Provides all users of the system see the same view of the customer (reduces confusion). 

 Help to identify potential problems quickly 

 It provides a good system for registering of customer complaints  

 It provides a good system  for problems and complaints of company consumers. 

 It provides a good mechanism for improving on the service deficiencies  

 It can use the internet cookies to track customer interests and it can offer relevant 

products 
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Abstract: 

Gas phase and solution reactions are easy to study than the solid-state. Many factors of 

solid-state are not relevant other reaction type. However, inorganic solid-state reaction has 

economic importance. In solid state reaction method reaction is induced by heat, ultrasound or 

any other kind of energy  for the transformation in a solid. Here one solid material converts in to 

another. In the beginning of reaction when the temperature t is zero the rate of reaction is 

maximum as the amount of reactant is maximum. In case of some solid-state reactants, there is 

adsorption of gases on the solid before the reaction begins and  loss of gases quickly when the 

reaction begins.Solid-state synthesis method is useful for the synthesis of nanomaterial. The 

analytical techniques TGA, DSC, TMA are useful to study the kinetic transformation. 

 

Introduction: 

The reaction in gas phase and Solutions are better to understand on the molecular level, 

whereas reactions in solid states are very common and useful too. In inorganic chemistry many 

compounds are in solid state. In solid state reactions there are many factors which are not 

relevant to the reactions with gas-phase or in solution. Therefore, the study of solid-state 

reactions frequently gives little more tension in the presentation of inorganic chemistry,  but a 

great deal is known about many of the reactions. Many of the reactions in Inorganic solid state 

have economic importance which also reveal a great deal about the behaviour of inorganic 

materials.  Therefore, this chapter is devoted to presenting many of the basic important ideas 

about the reactions in solids and discussing the methods used in this area of novel chemistry.  

 

Basic Characteristics of Solid-State Reactions: 

The solid-state reactions are induced by several ways. It includes application of heat, 

electromagnetic radiation, pressure, ultrasound or any other kind of energy for the transformation 
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in a solid. From the many centuries it has been witnessed that solid state materials are subjected 

to heat to determine their thermal stability, to observe their physical properties, or to convert one 

material into another, for example commercial production of lime (reaction 1).  

CaCO3(s)                     CaO (s) + CO2(g)………………1 

Solid state reactions are very vastly different from the reactions occurring in solutions. 

Numerous reactions in the case of solid state involve inorganic materials. This chapter is mainly 

focused on several types of reactions, however, there is no attempt made to present a 

comprehensive coverage of the hundreds of reactions which take place in the solid state. 

Reaction between two solid phases, and the discussion mainly deals with one component. There 

are a number of reactions of such types where it involves the decomposition of a solid so as to 

produce the difference solid and volatile product as shown in the above reaction 1.  

In case of reactions carried out in solutions the rate of reactions is expressed as 

mathematical functions of concentration of the reactants as variables, the rate law. Whereas in 

case of solid-state reactions this is not feasible as any particle of uniform density possesses the 

same number of moles per unit volume. Therefore, rate laws are usually written in terms of that 

quantity, which is  measured by the geometry of the sample, formation of active sites, diffusion 

or some other factor. Therefore, in case of solid-state rate loss are derived based on this 

consideration. Whereas in the majority of  reactions it becomes impossible to interpret rate law 

on the general concepts which are related to bond breaking and board making steps. In case of 

some solid-state reactants, there is adsorption of gases on the solid before the reaction begins and  

loss of gases quickly when the reaction begins. 

In case of a solid-state reaction, the rate of reaction is maximum in the beginning, 

because the quantity of reactants present in the beginning is maximum at temperature t 0. As the 

reaction begins there are frequent combinations of the surface of solid materials because surface 

tension works to produce a minimum surface area. As the temperature rises there is an increase 

in mobility of structural units which leads to the rounding off surfaces. This process is called a 

sintering process, in which closing of pores and welding of single particles together. Because of 

this, difficulty arises to volatile products to escape out from the reacting solid. Whereas, in some 

reactions if a gaseous product is held by adsorption or absorption on solid such process is known 

as retention. Retention of gases leads to incompletion of reaction as the gases are involved in the 

product. 

  Moreover, other factors are also important in specific types of reactions. If the reaction is 

taking place on the surface of solid, reducing the particle size leads to an increase in surface area. 

Such a type of sample reacts faster than that of an untreated sample, but in many cases the 
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change in particle size does not alter the rate which is observed in the dehydration reaction of 

CaC2O4.4H2O. 

Reactions Involving Two Solids: 

There are a number of reactions where two solids are involved as reactants which are 

induced by heating the reaction mixture or by supplying the energy by any other different kind 

for example heat or pressure. That if two solids are suspended in an inert liquid, or application of 

ultrasound can also induce the reaction. The application of ultrasound exhibits in a similar way 

as the application of heat and pressure because the particles are driven together as Cavitation 

occurs. Due to Cavitation the cavities implode, and the particles which are suspended are driven 

together violently leading to create internal pressure. Hence the reaction may occur between the 

particles. the example of such type is shown in reaction 2 

                       CdI2 + Na2S            ultrasound                     CdS + 2NaI………………2 

      dodecane 

The reaction is required to begin on the surface of the particles in two solid reactions. 

Solids having no anisotropy in the structure, in such case diffusion takes place equally in all 

directions, therefore a three-dimensional diffusion model would seem to be appropriate. 

Techniques of Analysis: 

It is evident from the above discussion that in the case of solid-state reaction practically it 

is not possible to determine the concentration of some spaces during a Kinetic study. Continuous 

analysis of the sample is necessary. The accidental method for the analysis of samples which 

allows the measurement of the progress for the reaction, particularly when the temperature is 

increased, are especially valuable. There are two techniques for the continuous analysis namely 

thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). These two 

techniques are very widely used to characterize solids, to determine thermal stability, to study the 

phase changes extra. 

Thermoanalytical method includes a number of techniques which determine the property 

at different temperatures. The thermogravimetric analysis technique measures the mass of the 

sample, differential scanning calorimetry technique measures the heat flow of the sample, 

thermomechanical analysis (TMA)technique relates the magnetic character of sample, and many 

other properties such as dimensional change.All these techniques give the information about the 

changes undergone by the sample. By studying the changes, it is possible to draw the Kinetic 

information about the transformation of samples.  

When solid is subjected to heat, many solids evolve gaseous. For instance, we can 

consider the example of a carbonate containing sample, when such a type of sample is heated 

then carbon dioxide is evolved. According to the loss of mass of sample extent of reaction can be 

determined. In thermogravimetric analysis techniques the sample is heated in a pan surrounded 
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by a furnace. To measure the weight loss sample pan suspended from microbalance, so that mass 

of the sample can be monitored continuously according to rise in temperature. The recorder 

provides the reading in the form of a graph which shows the mass as a function of the 

temperature. The graph clearly explains the loss of mass of the sample from which it is possible 

to establish the Stoichiometry of the reaction and also it becomes possible to analyse the Kinetic 

data. As the mass is the property measured, TGA is useful to study the process of reaction in 

which the volatile gases are produced during the reaction.  

In thermodilatometry technique, the volume of the sample is considered during change in 

temperature. While phase transition, the sample undergoes the change in density of the material 

therefore the volume of the sample will also change. The properties like the magnetic behaviour 

of samples can also be studied during the change in temperature. 

In differential scanning calorimetry technique, the sophisticated electronic circuits are 

used to compare the heat flow necessary to keep the sample and the reference at the same 

temperature as both are heated. In the case of endothermic transition, the reaction requires more 

heat to raise the temperature at a constant rate otherwise reaction will not occur. On the other 

hand, if the reaction is exothermic transition type, minimum heat is required to raise the 

temperature at a constant rate. Because of this difference the recorder shows different types of 

peak when the reaction is endothermic or exothermic, respectively. The amount of heat required 

to absorb or liberate is directly proportional to the area under peak. After obtaining the 

calibration peak it becomes possible to determine the ΔH for the transition from the area under 

the peak. 

The completion of reaction is obtained by comparing the area under peak after heating to 

several intermediate temperatures which occurred to that corresponding to the complete reaction. 

By knowing the extent of reaction which is a function of time or temperature it is possible to 

determine the rate law for the transformation. 

The DSC techniques can also be used to study the reactions where there is no mass loss 

during the transformation that absorbs or liberates heat.Hence it is used to study the changes in 

crystal structure in addition to the chemical reactions. 

The brief introduction of TGA and DTA is intended to present the types of measurement. 

Furthermore, it is intended to see how the methods are helpful to study the changes in solid, 

whereas it is not necessary to see the details of the operation of the instruments. However, it 

becomes clear that this discussion shows the usefulness of these techniques to study the solid-

state reactions.  

Additionally, another technique used to study the definite types of changes in a solid is 

Infrared Spectroscopy where the sample contains in a cell which can be heated. The change in 

bonding mode of sample after heating can be observed by monitoring the infrared spectrum at 
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several different temperatures. This technique is used to observe the phase transition and 

isomerization in combination with another technique like TGA, DSC, and variable temperature 

spectroscopy.  

Examples of Reactions of solid inorganic compounds: 

  There are a large number of inorganic substances which undergo some type of reactions 

in solid state. It also includes the solid converts into another solid phase and in the product 

including volatile gases. The number of solid compound reactions are known, many reactions not 

studied kinetically. Here are reactions shown that take place at elevated temperature.  Specific 

compounds require particular temperature and some general reactions are also included. 

Where metal carbonate is subjected to heat it decomposes to produce metal oxide and 

carbon dioxide. economically decomposition of limestone that is calcium carbonate is the most 

important reaction to get the product lime Which is used for the preparation of mortar and 

concrete (reaction 1). 

Example of reactions: 

Metal sulphate lose SO2 after heating  

          MSO3(s)                     MO(s) + SO2(g)………………3 

Partial decomposition: To prepare tetrasodium diphosphate involves the thermal dehydration of 

2Na2HPO4. 

         2Na2HPO4                            H2O + Na4P2O7………………4 

         CdS2O6 (s)                    CdSO4+ SO2 (g)………………5 

       SrS2O6(s)                       SrSO4 (s)+ SO2(g)………………6 

 

By heating the solid of oxalates, they produce corresponding carbonates and evolve CO. 

        MC2O4(s)                       MCO3(s)+ CO (g)………………7 

Ho2(C2O4)(s)                       Ho2O3(s)+3CO2 (g) + 3CO(g)……8 

 

By heating an Alkali metal peroxydisulfate results in the breaking O-O bond of S2O8
 2

- 

ion with loss of oxygen as shown below. 

      Na2S2O8(s)                      Na2S2O7(s) + ½ O2 (g) …………9 

Ammonium salts decomposes and produces the gaseous products. Example 

decomposition of ammonium carbonate leads to produce gaseous products. 

 (NH4)2CO3(s)                     2NH3(g) + CO2(g) + H2O (g) …10 

 

The interesting reaction of study is the dehydration of CaC2O4.H2O………………11 

     CaC2O4.H2O                    CaC2O4 (s) + H2O (g) …………12 
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Now a day the solid-state reaction is very vastly used for the synthesis of nanoparticles. 

For example, reaction of polymer with inorganic salt. Polymer as polyphynelene sulphide (PPS) 

is in solid state, it reacts with various salts such as silver nitrate, silver acetate, copper nitrate, 

copper sulphate etc. Which lead to produce metallic Ag/AgS, CuO/CuS, ZnO/ZnS etc 

nanoparticles. 

 

Conclusion:  

Solid-state reaction method is very different and useful method for the transformation of 

one material in to another. It can be kinetically study by using various analysis techniques like 

TGA, DSC TMA. Solid-state synthesis method is novel method for the synthesis of 

nanomaterials. 
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Abstract:  

Now a days there is several problem related to security, there is many platform where 

people mainly post there videos and photos for interaction to other people. Data security is 

becoming increasingly important along with the increase of digital form of communication on 

the internet. In this paper we use several algorithm technique for implements the security of 

images such as steganography method where we hide the image and text in cover and 

cryptography method for using security key and encryption of files. 

Keywords: Steganography, Metamorphic Cryptography, Cryptography, Keys. 

I. Introduction: 

Now a days securing sensitive secret text and image in the personal computers (PC) or in 

our smart gadgets because the benefit for our use when we need of them. Nowadays information 

hiding as main means in some areas such as secure communications, protection of intellectual 

property rights and content authentication, has been majorly studied and applied. In order to 

provide confidence and safety to the user to protect his information on a particular gadget, we 

combine cryptography and steganography techniques, i.e. for hiding sensitive data, as presented 

earlier for hiding in images [2] but here utilizing image based steganography. The word 

Steganography is of Greek origin and means "covered or hidden writing". Steganography is 

implemented in several fields like military and Industrial applications. By using lossless 

steganography techniques messages are often sent and received securely. Traditionally, 

steganography was supported hiding secret information in image files. Cryptography is mainly 

used for encrypting the secret plain text converting it to cipher text [1]. Cryptography and 

steganography are widely used technology for securing data as well as hide data. These 

techniques have many applications in computer science and other related fields: they are used to 

protect e-mail messages, credit card information, corporate data, etc That will make sure that 

albeit the embedded text is discovered, nobody can know its content because it's encrypted. For 

taking a example of steganography and cryptography from our real world i.e. when we used to 
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play hide and seek game so first we have to choose a place where to hide and also did some 

changes in that place by which players did‘nt know how to find. The advantage of using image 

files in hiding information is the added security against hacker attacks due to the relative 

complexity of normal files. In further process we use two techniques i.e. Steganography and 

cryptography (Metamorphic Cryptography) for protecting data more securely. 

o Cryptography: 

The technique called cryptography is a process of changing the data from original to 

unreadable format i.e.cipher text or data. It is always assumed that a third party, often called 

adversary, can listen to the communication channel carrying such a message and accordingly by 

applying a cryptographic mechanism called encryption algorithm using a piece of information 

that is only know to the communicating parties and explicitly can acquire the message. 

Preventing such adversary from understanding the message is achieved unknown to the 

adversary.  This piece of information is called the key of the encryption algorithm and the 

algorithm along with the key is called a cryptosystem. Cryptography provides a number of 

security properties to ensure the privacy of data, non-alteration of data and so on. Cryptography 

is widely used today because of great security. The most desirable property of any image 

cryptography is to maximize the strength of the secret key in order not to be hacked and to be 

secured against detection by unauthorized parties. Encryption is a way to protect information 

from unwanted attacks by changing it into a form that cannot be recognized by any attackers. 

Data encryption is used for changing the data i.e. audio, text, image, etc.by which it is 

unreadable, invisible or impenetrable during the transmission. So in order to recover the original 

data from the encrypt data we just use decryption method by which we receive original data 

called decryption. 

 

Numerically by which we know that it is encryption process are: C = E (P, K) 

Where, P = Original data 

    E = Encryption Algorithm 

    K = Encryption Key 

    C= Cipher message(unreadable) 

 

Numerically by which we know that it is decryption process are :P= D (C, K) 

Where, 

      C = Cipher message; 
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      D= Decryption Algorithm 

      K= Decryption Key;  

      P= Recovered data 

Types of cryptography: 

a. Symmetric key cryptosystems 

Symmetric key cryptosystems was developed before 1970 and its widely used because the 

secret key is used for both encryption and decryption are same. Here we discuss about some 

popular widely used symmetric key: 

AES (Advanced Encryption Standard) 

DES (Data Encryption Standard) 

Symmetric key algorithms are algorithms for cryptography that use the same 

cryptographic keys for both encryption of plaintext and decryption of Cipertext.  The secret is 

used for both encryption and decryption. The main problem in symmetric is that it has no 

capacity to handle large network of communication. On the other hand, the symmetric key 

requires a smaller size for the same level of security as public key cryptosystems, thus, making 

the communication faster and memory required smaller. 

b. Public key cryptosystems 

In this type of cryptosystems, there are two separate keys: a public key, which is known 

publicly and the secret key, which is only known to the owner. This type of system is known as 

‗asymmetric‘ for the reason of using a different key for decryption and encryption (the public 

and private key). The data is encrypted by using some secret (public) key and only decrypted 

using the private key. 

o Steganography: 

When existence of a message/information is hidden by concealing it in a cover file 

(Image, Video, Audio, Text, Network Headers etc that process is called steganography. In 

steganography the changes are done in the cover file without amending or distorting the message 

here the cover file undergoes changes. So if the existence is compromised then the secret 

information is also compromised. Key is introduced which is used to encode/decode the secret 

message where the stego object is the file obtained after concealing the secret information in the 

cover file. At the time of decoding the secret information original cover file is required to 

regenerate the secret message. The overall step of steganography model shown in below figure 2. 

There are various types of steganography based on the type of cover file used: 

● Image Steganography: Here an image is used as the cover file the LSB of the each RGB 

component of the image is replaced with the secret message. 
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● Video Steganography: In this type video is used as the cover file increasing the payload of the 

system which means we can hide more data in video as a video comprises of multiple frames and 

audio. 

● Audio Steganography: In this steganography the audio file is used as the cover file. Concealing 

message in audio is typical as the range of frequencies audible to human are vast so this method 

is challenging. 6 

● Text Steganography: In this steganography the secret message is hidden in the text. It can be 

done by any means by adjusting the vertical spacing between the lines or between the words or 

even adjusting the vertical and horizontal length of alphabets. 

● Network Steganography: In this Steganography the network header is used as the cover for the 

secret information. Above mentioned are the type of steganography now their are various 

techniques of steganography. 

 LSB 

Least significant bit (LSB) insertion is a common, simple approach to embedding 

information in a cover image [4]. The least significant bit (in other words, the 8th bit) of some or 

all of the bytes inside an image is changed to a bit of the secret message. When using a 24-bit 

image, a bit of each of the red, green and blue colour components can be used, since they are 

each represented by a byte. In other words, one can store 3 bits in each pixel. An 800 × 600 pixel 

image, can thus store a total amount of 1,440,000 bits or 180,000 bytes of embedded data. 

Comparison between Cryptography and Steganography: 

Table 1: Comparison between cryptography and steganography 

Steganography Cryptography 

Existence of secret information is hidden Secret message is disguised or written 

secretly 

Key is not necessary for encryption Key is required for encryption 

Various Cover files are Used (Audio, Video, 

Text etc) 

It is text based as the message is 

encrypted 

Still Under Development for other formats Most of the algorithms are known 

Here the cover file is altered keeping secret 

message intact 

Here the message is altered to give it a 

disguise or make it unreadable 

Compromised once known about the 

existence 

Compromised once known about the 

technique used 

Doesn‘t require high computing power for 

decoding 

Require high computing cost for decoding 
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Cryptography and Steganography are two different ways for secure communication 

cryptography focuses on disguising the information whereas steganography focus on hiding the 

existence/presence of the secret information. Both of them has their own limitation cryptography 

will be compromised if the disguise is blown and steganography is compromised if the existence 

is blown. Table 1 shows a comparison between the steganography and cryptography by 

considering various parameters. 

II. Proposed Work: 

Our work mainly focuses on providing double layer security for the Text and Image using 

Metamorphic Cryptography. Each frame of the image is first Encrypted using Symmetric Key; 

each frame of the encrypted text is further concealed with cover image resulting into Stegno 

image. In such a way all frames of encrypted text and image is steganograph. Finally the set of 

all Stegno images (Stegno Encrypted Text) is sent to the receiver. Our proposed Metamorphic 

Cryptography model is as follows: 

 

                                                 Figure 1: Proposed Method 

III. Future Scope: 

Metamorphic cryptography helps provide accountability, fairness, accuracy, and 

confidentiality. It can prevent fraud in electronic commerce and assure the validity of financial 

transactions. And in the future, as commerce and communications continue to move to computer 

networks, cryptography will become more and more vital. We will use more secure process in 

future work that how to protect each and every single module of the data by using 2 or 3 security 

layer. 

IV. Conclusions:  

We have presented a novel method for integrating in an uniform model cryptography 

and steganography. The proposed approach has many applications in hiding and coding 

messages within standard Medias, such as images. The algorithm has a large enough key space 

to resist all kinds of brute force attack. The proposed technique can be developed to generate a 

secret key with a different key size with different image blocks to expand its usages and with 

holds different attack methods. In addition, the algorithm can be developed to be used with 

different types of image formats, encrypt/decrypt images. Image-Stegano tool can be used by 

individuals/organization. This tool is platform independent and is handy for analyzing common 
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steganography methods. Though there are several others steganography tools available but 

Image-Stegano can be said as combination of many tools and since it is open source so new 

functionalities will be added over time by volunteer contributors. Secure communication is a 

must these days for doing so the techniques used for it must be capable of providing the desired 

security so that the sensitive information is not mishandled or misused. We came to know that 

both cryptography and steganography has limitations after combining both the techniques the 

robustness of the system increased and it became really difficult for a intruder to intercept the 

information and misuse it. Combination of cryptography and steganography makes the secret 

information both unreadable and undetectable. 
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IoT – AN IMPORTANT SUBJECT FOR STUDENTS 

Abhishek Gupta 

Founder and M. D.,  

Scientico Medico Engineering Instruments, Ambala Cantt 

 

Before starting with IoT I would just like to share some questions which I think are very 

important to consider before going with the technicalities of IoT.IoT has already changed us and 

our lives too. Following questions will explain you how this statement is true. 

Kya Biometric Attendance system ne aapki life main kuch change kiya? 

Kya Ola aur UBER ne aap sab ki life main kuch change kiya? 

Retail shop – Purchasing system has changed and changed our lives too. 

What is IoT?  

IoT is a network of physical objects or things embedded with electronics and software to 

collect and exchange data where physical objects can be anything like animals, plants, human 

body etc.  

A phone can be connected to internet network or to another mobile or PC by wire or 

wirelessly.  

How about if I connect an electric bulb or water pump to a fan or an Air Conditioner or 

any physical object with it. As you can exchange data from mobile to mobile, PC to PC, mobile 

to PC than we can exchange data from mobile to bulb or mobile to fan as well. Exchange of data 

here means we can switch off / on lamp, we can control speed of a fan by mobile or by itself 

using sensors.  

Here I would like to discuss some applications where IoT plays a major role in our day-

to-day life.  

IoT in day-to-day life:  

Biometric Attendance System:  

This is one of the most common examples of IoT. See what a big relief from 

conventional attendance systems.  

Connected Cars of Taxi: 

Cars are the physical body but with the help of IoT these are connected to internet 

networks. You must be aware of that Uber is the world's largest taxi company and is not having a 

single car or a driver of its own. An app is a whole company Uber or ola are using this 

technology.  
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Retail Shops: 

In Big Bazaar, metros, best price if there is no bar coding or RFID tags, we can imagine 

huge queue at cash counter. Also, an owner of the retail shops will never be able to know what 

inventory he is having and what is required.  

Smart Agriculture and Farming: 

Farmers has to go to his fields at 4 a.m. just to start a water pump with this technology he 

can start it with his mobile from where ever he wants.Soil MoistureSensors and drones for 

chemical spray are also so good options given by IoT.  

Smart Homes:  

Doors are physical objects with the help of biometric sensors these become a part of a 

network and they lock and unlock with identification. Bulbs ON / OFF air conditioners can be 

switched on by sensing the presence of the human body. Motion sensor, human body sensor and 

number of sensors are available which can make a home, a smart home.  

Connected Health:  

First Aid to operation Ambulance, Skype with doctor, BP, ECG sensors, chip made medicines all 

are because of IoT. 

AI news anchor: 

First news anchor debut in China. News anchor is basically a news reader  

There are numerous examples which can‘t be discussed in few lines. 

One thing that appeals about IoT is – 

“Make Things Smart, and Make People Fearless”. 

It converts Chalk Board to a Smart Board, Phone to a Smart Phone, aHome into a Smart 

Home, aClassroom into a Smart Class and there are numerous examples. 

An owner of a small shop can never take a leave, because in his absence may be his own 

employees willingly or unwillingly can do some malpractices. But malls, like Big Bazar, DMart, 

VMartetc have a chain of malls. You will never find their owners anywhere in the mall. Due to 

IoT, owner of malls become fearless. Connected cars like OLA and UBER make parents and 

their wards fearless during travel. Rightly said this technology make people fearless.  

How Can We Design an IoTProject? 

Basically, we require 3 devices  

 Input Device  

 Development Board withIDE(Software) 

 Output Devices  
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Input devices are sensors. A sensor is a device which senses physical change and convert it 

into an electrical signal.  

Output devices are actuators like led, buzzer, relays etc.  

Development board:  

A development board is a printed circuit board to facilitate work with microcontroller. 

Most easily available and highly economical available board is Arduino. Arduino means two 

things a development Board a piece of hardware and IDE integrated development environment a 

software. There are more than 20 Arduino Boards available in the market. Most common is 

Arduino Uno. 

SMEI make bluetooth trainer: 

I am working on IOT technology from last three years. It takes around one months to 

design this trainer. The major challenge is to make this instrument in a way so that a school 

going student can use this kit to learn and perform experiments.  

Main features of bluetooth trainer: 

 It‘s made in sturdy wooden box 

 Most of the modules are screwed on the panel for a physical view for students. 

 Robust Instructional Manual- all the experiments are with complete details are provided 

in the manual 

 All accessories are provided in a pouch provided along with the trainer. 

Trainer consists of 4 parts: 

1. Inbuilt SMPS power supply for 5V and 3.3V. 

2. On board Arduino Uno, 16 x 2-line LCD display, breadboard and various sensor 

modules like MQ135, DHT11, Two relay module. 

3. Accessories like Temp. Probe, LDR probe, HC-05, Jumper wires, data cable, gas 

lighter etc packed in a pouch. 

4. Manual with complete details 
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How to get started with arduino uno: 

SMEI MAKE IOT Lab Trainer consists of Arduino Uno both heart and brain of the 

trainer. 

To use Arduino Uno, follow the following steps. 

Step 1: 

Download the IDE from the official Arduino website www.arduino.cc. Since the Arduino 

uses a USB to serial converter (which allow it to communicate with the host computer), the 

Arduino board is compatible with most computers that have a USB port. Once downloaded, 

install the IDE and ensure that you enable most (if not all) of the options, INCLUDING the 

drivers. 

Step 2: 

After connecting the Arduino Uno board using USB cable. Next step is to get Arduino 

Com Port Number. For getting com port, right click on ‗Computer‘ in the ‗Start Menu‘ and click 

‗Manage‘. A ―Computer Management‖ pop-up menu will open. Clicking the device manger on 

the left menu will show the com port number. Windows can change the com port so, it is 

advisable to check the com port on every start. 

Step 3: 

Now, we have to configure the IDE i.e Arduino software. This means we have to tell 

which arduino board we are going to connect and on which com port. 

For this we will open IDE and click Tools Tab and Board as ―Arduino / Genuino UNO‖. 

And by clicking PORT we will going to select ―COM #‖ (# is the number which will get from 

the previous step). 

Step 4: 

Loading the Basic Example will make on board LED blink for a second and 

continuously. To load this example, click File > Examples > 01.Basics > Blink. 

With the example loaded, it‘s time to verify and upload the code. The verify stage checks 

the code for errors, then compiles the ready-for-uploading code to the Arduino. 

To verify and compile the code, press the check mark button in the upper left window. If 

the compilation stage was successful,upload the code in the Arduino Uno. To do this, click the 

arrow next to the check mark. 
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Different modules on bluetooth trainer kit: 

Arduino Uno 

 

Pin type Definitions: 

Reset Reset Arduino Sketch on Board 

3v3 3.3 V in & out 

5v 5 V in & out 

Gnd Ground 

Vin Voltage IN for sources over 7V (9V – 12V) 

Analog In Analog inputs, can also be used as Digital 

Rx / Tx Serial comm. Receive and Transmit 

Digital In /Out Input or output, HIGH or LOW 

PWM (~) Digital pins with output option of PWM 

ARef External reference voltage used for analog 
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LCD Module: 

 

Features of 16×2 LCD module: 

1. Operating Voltage is 4.7V to 5.3V 

2. Current consumption is 1mA without backlight 

3. Alphanumeric LCD display module, meaning can display alphabets and numbers 

4. Consists of two rows and each row can print 16 characters. 

5. Each character is build by a 5×8 pixel box 

6. Can work on both 8-bit and 4-bit mode 

7. It can also display any custom generated characters 

 

8 LED array: 
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DHT 11 

Description: 

The DHT11 is a basic, ultra low-cost digital 

temperature and humidity sensor. It uses a 

capacitive humidity sensor and a thermistor 

to measure the surrounding air, and spits out 

a digital signal on the data pin (no analog 

input pins needed). Its fairly simple to use, 

but requires careful timing to grab data. 

 

Technical details: 

1. Low cost 

2. 3 to 5V power and I/O 

3. 2.5mA max current use during 

conversion (while requesting data) 

4. Good for 20-80% humidity readings 

with 5% accuracy 

5. Good for 0-50°C temperature 

readings ±2°C accuracy 

6. No more than 1 Hz sampling rate 

(once every second) 

7. Body size 15.5mm x 12mm x 5.5mm 

8. 4 pins with 0.1" spacing 
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BUZZER 

PCB Mounted Buzzer  

Supply voltage can be 3 – 12 V. 

Middle point is not connected. 

 

 

 

Led (multicolor) 

One 220 ohm resistance is connected 

internally on ground. 

Direct 5v can be supplied to vcc pins 

 

Gas sensor 

For air quality 

sensitive for benzene, alcohol, smoke. 

The heater uses 5v 
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Bluetooth hc-05 

Bluetooth modules are used for short distance 

and point-to-point wireless data transmission 

and reception. The range of distance varies 

from module to module depending on the 

version of the module being used. 

 

Relay module 

Two relay module is provided. Relays 

operate on 5v. 

 

 

Few pages from bluetooth trainer manual: 

Experiment no. 2 – blinking led (external) 

Purpose 

To blink an external LED.  

Procedure 

1. Connect data cable to USB port and upload the code. 

2. After uploading the software, you can disconnect the data cable. 

3. Connect 5V of power supply provided in the kit to Vin input of the Arduino through 

breadboard 

4. GND of inbuilt power supply to any GND pin of Arduino through breadboard 

5. Connect Gnd of LED module to breadboard and Positive terminal of LED to 13 pin of 

Arduino. 

6. Switch on the kit and observe the blinking LED. 

7. By changing the value of delay LED ON or OFF time will vary.   
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Connection diagram 

 

Code for experiment-2 

intLEDPin = 13; 

void setup() {  

pinMode(LEDPin, OUTPUT); 

} 

void loop() { 

digitalWrite(LEDPin, HIGH);   // turn the LED on (HIGH is the voltage level) 

  delay(1500);                       // wait for a second 

digitalWrite(LEDPin, LOW);    // turn the LED off by making the voltage LOW 

  delay(1500);                       // wait for a second 

} 

 

Experiment no. 12- interfacing bluetooth module (hc05): 

Purpose 

Receiving Data from Mobile Phone on Arduino And Display on LCD through HC05 
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Pin configuration of hC05 

 

 

Procedure: 

1. For connectingHC05 (Bluetooth) module, connect its Vcc leg to 5V, Gnd leg to Ground, 

Tx legto pin 0 and Rx leg to pin 1 (through potential divider of 1K & 2.2 K) of the 

arduino.As Rx can take signal upto 3.3V that‘s why we connect it through potential 

divider.  (As shown in connection Diagram) 

2. Connect LCD to Arduino as described above. 

3. Connect Data Cable to USB port and upload the code. 

4. After uploading the code you CANNOT disconnect the data cable as data will display on 

both LCD as well as Serial Monitor. 

5. Sending ―On‖ through mobile will make inbuilt LED 13 glow and ―Off‖ will close the 

led. 

6. Sending messages will be shown on both LCD as well as on Serial Monitor. 

7. In mobile app, firstly connect the bluetooth device named HC05 with the code 1234 or 

0000, (though I checked it for 1234). Then go to Terminal section to send the messages. 

 

NOTE: Before doing this experiment, make sure you have to download a Arduino Bluetooth app 

from mobile app store. I checked this experiment by Arduino BlueControl version 3.7 by 

BroXcode. 
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Connection diagram: 

 

Code for experiment 12: 

#include <LiquidCrystal.h> 

LiquidCrystallcd(12, 11, 5, 4, 3, 2); 

intledPin = 13; // We assign the word ledPin as an integer variable 

String readString; // We assign the word readString to a string type variable 

void setup() { 

Serial.begin(9600); // initialize serial communication 

pinMode(ledPin, OUTPUT); // It is determined that pin 13 will be used as output 

lcd.begin(16, 2); 

lcd.clear(); 

lcd.noAutoscroll(); 

  //lcd.setCursor(0, 0); 

lcd.print("SMEI INDIA SMS"); 

  delay( 200 ); 

} 

void loop() { 

  while (Serial.available()) { // The availability of the serial port is verified  

    delay(3);                  // through a loop 

    char c = Serial.read();  // Read the characters that enter through the port 

readString += c;         // each character is stored in readString 

  } 
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  if (readString.length() >0) { // Verify that the variable contains information 

lcd.clear(); 

lcd.setCursor(0, 0); 

lcd.print("SMEI INDIA SMS"); 

Serial.println(readString);  // what has the variable is sent 

lcd.setCursor(0, 1); 

lcd.print(readString); 

    if (readString == "On")     // compares if the word that arrives is "On" 

    { 

digitalWrite(ledPin, HIGH); // If "On", the led of pin 13 lights up 

      delay(1000); 

    } 

    if (readString == "Off")  // Compare if the word that arrives is "off" 

    { 

digitalWrite(ledPin, LOW); // if it is "off" the led of pin 13 goes off 

    } 

readString=""; // The variable is cleaned  

  }  

} 
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Abstract:  

Today, PLC controllers are a fastener mechanism to control operation of huge number of 

machines and devices in the industry. These systems cheap human interference and increased the 

flexibility in the process control. The control problems are defined with respect to their 

applications in different industries such as automotive, steel, oil and electronics The main focus 

of automation are addition of industrialized processes, enlarged safety level of operator as well 

as work piece to raise productivity, get better quality, efficiency and cut labor cost as well as the 

human errors. For the automation of a process the essential necessities are mainly, power source, 

suitable input and out puts, correct feedback and commands. All the problems are solved using 

Ladder Logic programming on Automation. 

 

1. What is Automation?  

The technique of making an apparatus, a process, or a system operate self guided with the 

help of techniques like Controllers (PLC), HMI,SCADA, DRIVEs. Automation or automatic 

control is the use of a range of control systems for operating tools such as machinery, 

manufacturing  in factory, boilers and heating of ovens,   aircraft and other applications and 

vehicles with least or dense human interference. Some systems have been fully automated.  

Automation applications ranging from a domestic controlling a boiler, to a huge industrial 

control system with thousands of input and output measurements control signals. In control 

difficulty it can change variety of simple on-off control to multi-variable high level algorithms. 

In the simplest way of an automatic control system, a controller compares a actual value of a 

process with a desired set value, and processes the resulting error signal to modify some input to 

the process, in such a technique that the process stays at its set point despite disturbances. This 

closed-loop control system is a example of negative feedback to a system. 

https://en.wikipedia.org/wiki/Programmable_Logic_Controller
mailto:siddharthshukla01@gmail.com
mailto:amit.hvps@gmail.com
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Some different types of automation tools exist: 

 ANN – Artificial Neural Network 

 DCS – Distributed Control System 

 HMI – Human Machine Interface 

 SCADA – Supervisory Control and Data Acquisition 

 PLC – Programmable Logic Controller 

 Instrumentation 

 Motion control 

 Robotics 

 

2. What is PLC? 

Information technology, together with industrial machinery and processes, can assist in 

the design, implementation, and monitoring of control systems. One example of an Control 

systems can be designed, implemented, and monitored with the help of information technology 

and industrial machinery and processes. A programmable logic controller is an example of an 

industrial control system (PLC). PLCs are hardened computers that are often used to synchronies 

the flow of inputs from (physical) sensors and events with the flow of outputs to other devices. 

A PROGRAMMABLE LOGIC CONTROLLER  (PLC) is an industrial computer control system 

that continuously tracks the state of input devices and controls the state of output devices using a 

custom software. 

 

Figure 1: PLC basic  block 

A programmable logic controller (PLC) is an industrial solid-state computer called a 

programmable logic controller (PLC) tracks inputs and outputs and makes logic-based decisions 

for automated processes or devices. 

https://en.wikipedia.org/wiki/Artificial_Neural_Network
https://en.wikipedia.org/wiki/Distributed_Control_System
https://en.wikipedia.org/wiki/Human_Machine_Interface
https://en.wikipedia.org/wiki/Supervisory_Control_and_Data_Acquisition
https://en.wikipedia.org/wiki/Programmable_Logic_Controller
https://en.wikipedia.org/wiki/Instrumentation
https://en.wikipedia.org/wiki/Motion_control
https://en.wikipedia.org/wiki/Robotics
https://en.wikipedia.org/wiki/Information_technology
https://en.wikipedia.org/wiki/Industry
https://en.wikipedia.org/wiki/Machinery
https://en.wikipedia.org/wiki/Industrial_process
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Figure 2: input/output of PLC 

3. How PLC Works? 

Concept a programmable logic controller (PLC) is a microprocessor-based programming 

technique used in industrial processes to perform a variety of tasks. The operation of a 

programmable logic controller is identical to that of a regular controller. However, various 

operations are performed by machines in this framework. It is only necessary to modify the 

programmer in the software if we want to change the programmed. 

Instructions are decoded in the CPU & this CPU sends out various signals to monitor or 

run the system's various devices. When these devices shift their location or trigger a regulated 

variable to shift. CPU is given a sample of the controlled variable to show that the shift in the 

controlled variable has been removed. PLCs are made up of a ladder network that performs tasks 

based on the needs of the customer.. 

Three fundamentally steps in operation of all PLCs contains Input Scan, Program Scan, 

Output Scan, and Housekeeping. These are the steps which continually take place in a repeating 

loop. 

 

 

Figure 3 : PLC Scanning Process 
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4. PLC Structure:  

The basic components of a PLC are as follows. Input and output module Programming 

system CPU (central processing unit). The PLC system's heart is the central processing unit. The 

CPU replaces central relays, registers, timers, and sequencers with a microprocessor-based 

control system. In a PLC, a processor only exists once and may be either a one-bit or a word 

processor. When it comes to logic operations, one-bit processors are appropriate. When 

processing text and numerical data, calculations, gauging, managing, and recording, as well as 

the simple processing of signals in binary code, PLCs with word processors are used. The 

operating theory of a CPU can be summarised as follows. The CPU receives (reads) data from a 

variety of sensors, runs the user programmer from memory, and sends relevant output commands 

to control devices. The low-level voltage needed by processor and I/O modules requires a direct 

current (DC) power source. Depending on the PLC system manufacturer, this power supply may 

be integrated into the CPU unit or be a separate unit. The CPU has a variety of electrical 

components and receptacles for attaching cables to other systems and operational key switches. 

The following are typical service main switch positions. The machine cannot be run or 

programmed if it is turned off. Enable the system to run, but no software changes are permitted. 

Program: This option disables output while allowing the development, modification, and deleting 

of programs. 

 

Figure 4: Basic parts of PLC 
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5. Input and Output Modules of PLC:  

Input/output modules connect input devices (such as start and stop buttons, sensers, 

limited switches, and selector switches) to the microprocessor. Often used to connect output 

devices (such as electrical heaters, lamps, solenoid valves, relays, buzzers, and fans) to the 

microprocessor. The input data is sent to the processor via the input module, and the output data 

is sent to the output module. The input/output module is responsible for ensuring that input 

devices and processes are kept separate. Also, to provide isolation between the processor and the 

output devices. Using the opto coupler for isolation modules. 

Push buttons, limited switches, sensors, and selector switches are all hard-wired to 

terminals on the input modules. The output modules are hardwired with output devices such as 

small motors, motor starts, solenoid valves, and  indicator lights. 

Input interface modules accept signals (e.g. 220V AC) from computer or process devices 

and convert them to signals (e.g. 5VDC) that can be used by the controller, or processor output 

interface modules convert controller or processor signals (e.g. 5VDC) into external signals (e.g. 

220V AC) used to control the machine or process. 

The block diagram with its circuit of input modules is shown in figure. It performs 4 basic 

tasks in PLC system. They are as follows: 

• They senses when a signal is obtained from a sensor on the machine's input. 

 they translate the input voltage to the PLC's correct voltage level. 

• They protect the PLC from voltage or current fluctuations in the input signal. 

At end they send the signal to the PLC. 

 

6. The Scan Cycle: 

A PLC's service is very easy. The processor makes decisions based on a user-written 

ladder logic programmer. The PLC must coordinate with the different field instruments it is 

responsible for tracking and managing in order to use the software properly. It then compares the 

field devices' actual conditions to what the software instructs them to do, and updates the output 

devices accordingly. 

Operational Sequence 

The operational sequence is as follows: 

1. Input switch is pressed. 

2. Input module places a ―1″ in the input data table, 

3. The ladder logic program sees the ―1″ and caused a ―1″ to be put into the output data 

table. 
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4. The output data table causes the output module to energize associated point. 

5. The output device energizes. 

PLCs work by scanning programmers continuously and repeating the procedure several 

times per second. When a PLC starts up, it performs self-tests to search for faults in the hardware 

and software. The PLC will begin the scan cycle if there are no issues. The scan cycle is made up 

of three steps: input scan, programmer execution, and output scan. 

Input Scan: The PLC takes a snapshot of the inputs and solves the logic, to put it another way. 

The PLC examines each input card to decide if it is ON or OFF, then records this information in 

a data table for later use. This accelerates the process and eliminates instances where an input 

varies from the beginning to the end of the programmer. 

Execute Program (or Logic Execution): The PLC executes a program one instruction at a time 

using only the memory copy of the inputs the ladder logic program. For example, the program 

has the first input as ON. Since the PLC knows which inputs are ON/OFF from the previous 

step, it will be able to decide whether the first output should be turned ON. 

Execute Program (or Logic Execution): The ladder logic programme is executed one 

instruction at a time by the PLC, which uses only the memory copy of the inputs. For instance, 

the program's first input is set to ON. The PLC will be able to determine if the first output should 

be switched on because it knows the inputs are ON/OFF from the previous phase. 

Output Scan :The outputs are modified using the temporary values in memory after the ladder 

scan is completed. The outputs' status is updated by the PLC based on the inputs were ON in the 

first step and the effects of running a programme in the second step. The PLC now restarts the 

process by initiating a fault self-check. 

 

Figure 5: PLC Scan Cycle 
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7. Input of PLC: 

There are two types of PLC inputs are commonly referred for DI and AI (Digital and 

Analog). 

Analog Input 

Analog Inputs contains of Temperature sensors/transmitters, current sensors, voltage 

sensors, and other analogue inputs that can transform a physical quantity to an electrical signal . 

4-20ma, 0-20ma, or 0-10 v dc are the most common electrical signals used for PLC input. 

1. LVDT (Linear Variable Differential Transducer)  

2. Pressure Transducer 

3. Flow Transducer 

4. Temperature Transducer :- (a) RTD  and (B)  Thermocouple 

 

8. Digital Input: 

Digital Inputs consist of Push-buttons, limit switches, relay contacts, proximity switches, 

photo sensors (On/Off), pressure switches, and other types of switches are all available. Digital 

input devices come in both DC and AC versions, and some, including switch contacts, are 

voltage independent. 

1. Limit Switch 

2. Proximity Switch 

3. Photoelectric Switch 

4. Push Button 

5. Emergency 

6. Foot Switch 

7. NO-NC Terminal  

 

9. General Procedure for Ladder logic Programming:  

There are many pieces of PLC available in the market today, but we will focus on the 

Mitsubishi FX5U PLC model for our consideration. We'll look at how PLC programming is done 

in Ladder Logic in this.  

All companies have different programming software, The programming software needed 

for our FX5U is GX Works3.  

General Procedure of making, downloading and monitoring the Program to PLC. 

1. Open software ‗GX Works3‘ from the desktop, or ‗Start>All Programs>MELSOFT> GX 

Works3> GX Works3‘ 
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2. Go for Project Menu and then click on New You will get pop up window asking for PLC 

type choose Series- FX5CPU, Type- FX5U and Programming Language- Ladder and 

then click OK. 

3. Three basic components will be opened by software, left most column is showing 

‗Navigation bar‘. On the right side ―Element Selection‘ and Central Area will be 

WORKSPACE. 

There are some steps for this mentioned below. 

1. From the instruction tool bar, select the NO contact button. 

 

Figure 6: Instruction tool bar 

 

2. Now press ‗Enter' or click on the NO. You may also choose any other kind of contact from the 

list as shown. 

 

Figure 7: Input selection bar 

3. Give address ―X0‖ to this contact. Select another contact and name it ―X1‖ 

 

Figure 8: contact address bar 
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4. Now click on the coil icon. 

 

Figure 9: output contact selection 

 

5. Name that coil ―Y0‖ and press ENTER. 

 

Figure 10: output contact address 

6. Click Rebuild All from Convert menu and then click OK in all dialogue box. 

 

Figure 11: rebuild the program 
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7. Go for Online and then click on Current Connection Destination(for selecting PLC 

connection)  

 

Figure 12: online connection 

8. Select directly connection to CPU. 

 

Figure 13: selection of online connection 

9. Choose Ethernet adapter and then click on ok. 

 

Figure 14: Ethernet connection 
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10. Select Write to PLC from online menu. 

 

Figure 15: Program write to PLC 

 

11. A pop-up window will appear asking online data operation click on ―select all‖ and then  

execute. 

 

Figure 16: program writes option 
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12. After completing the Execution of Online Data Operation again go for Online Menu and 

then select Monitor > Stat Monitor (All windows). 

 

Figure 17: PLC program monitoring 

 

13. Now press the switch connected to X0 port and look output y0 will be on. 

 

Figure 18: PLC program execute 

 

This is the complete method of Ladder logic programming for PLC   
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Abstract: 

There is a strong interaction between electric and magnetic parameter in multi ferroic 

materials, resulting in the occurrence of ferromagnetism and ferro electricity. This interaction 

gives a magneto electric effect in which polarisation can be produced under the vicinity of 

magnetic field and magnetisation can be produced under the application of electric field. The 

multiferroic BiFeO3 exhibits the multiferroism at room temperature. Most of the research work 

was carried out on bismuth ferrite in bulk, thin film and multilayer structures form presents the 

poor ferroelectric response because of higher leakage current density and weaker 

ferromagnetism in the BiFeO3 material, it restricts its real application. The BiFeO3 materials 

have been synthesized at nanoscale presents the improved ferroelectric as well as magnetic 

response. In this connection, the present article reports the various synthesis methods for the 

nano-level preparation of the BiFeO3 materials. 

Keywords: Multiferroics, BiFeO3, Synthesis routes, Applications 

 

Introduction: 

Multiferroic materials describe electric as well as the magnetic nature at the same time, 

resulting in the co-occurrence of ferroelectricity and magnetism [1]. The magnetoelectric effect is 

a new phenomenon that arises from the interactions of ferroelectric as well as magnetic ordered 

parameters (ME). In the ME effect, the electrical field induces the magnetization, while the 

magnetic field produces  an polarisation. It provides an additional incentive for the fabrication of 

microelectronic and spintronic devices in particular [2-4]. 

Bismuth ferrite: 

The BiFeO3 perovskite is the multifunctional material which displays magnetoelectric 

coupling at room temperature with ferroelectric Curie temperature TC ∼ 1143K and Neel 
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temperature TN ∼ 643K [5-8]. The ferroelectricity in BiFeO3 is due to 6s
2
 lone pair electrons 

of Bi
3+

 while, Fe-O-Fe superexchange interactions results in magnetism [9]. 

Applications of bismuth ferrite: 

Due to their extensive range of applications, the multiferroic materials are attracting a 

lot of attention in information storage like non-volatile multiple state as well as ferroelectric 

random access memories, sensor applications which comprises spintronic and magnetoelectrics, 

communications applications like microwave, radio, digital recording, and satellite 

communication [10-15]. It is also applicable in the thin film capacitors, photo-electrochemical 

cells, nonlinear optics, electric field powered ferromagnetic resonance systems and permanent 

magnets [16-17]. 

1. Synthesis methods: 

Sol-Gel method: 

The sol-gel method is used to prepare the materials in different forms such as bulk, 

porous, fiber, composite, powder and films. In this route, both hydrolysis and poly-condensation 

reaction takes place, the starting precursors undertakes a polymerization and hydrolysis gives sol 

and a processing over the sol gives a gel [18]. The sol gel method is widely used because it is a 

cost effective technique, energy efficient and rapid productivity of the materials [19]. The 

following flowchart describes the methodology for the synthesis of materials by sol gel auto-

combustion method. 

 

Flowchart: Powder synthesis using sol-gel method 
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Suastiyanti et al. [20] reported the preparation of pure BiFeO3 nanoparticle using sol-

gel route. The secondary phase Bi2O3 results in voltage decrement and growth particle size. 

Vanga et al. [21] prepared sol gel synthesized the Nd-Cr codoped BiFeO3 nanoparticles, the 

samples present improvement in the saturation magnetisation as well as improved polarisation 

because of leakage current reduction in the samples. 

The preparation of BiFeO3 nanoparticles through a simple soft chemical route, with 

particle sizes ranging from 4 to 30 nm measured using TEM technique by Hu et al. [22]. 

Shisode et al. [23] prepared the nanoparticles of BiFeO3 by using sol-gel method, the room 

temperature magnetic studies of BiFeO3 nanoparticles of exhibits a weaker ferromagnetism. 

Sinha et al.[24] reported the preparation of BiFeO3 nanoparticles using sol-gel synthesis. The 

XRD pattern depicts the samples has rhombocentred structure with presence of secondary phase 

formations and the observed particle size in BiFeO3 material is around 200 nm. 

Sol –Gel auto-combustion Method: 

For the preparation of a wide range of materials, the sol gel auto combustion route is 

generally used. The following flowchart describes the methodology for the synthesis of 

materials using this sol gel auto-combustion method. 

 

Flowchart: Powder synthesis using sol-gel auto-combustion method 
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Godara et al. [25] reported the preparation of BiFeO3 nanoparticles by sol-gel auto-

combustion technique at low temperature exhibits less leakage current density, room 

temperature magnetic measurements describe a weak ferromagnetism. Ahmadi et al. [26] 

reported the methodology of BiFeO3 nanoparticles using sol-gel auto-combustion route, the 

prepared sample presents the secondary phases and magnetic studies shows improved coercivity 

after calcination of the samples. Hussain et al.[27] applied the sol-gel auto-combustion method 

for the preparation of pure BiFeO3 and Sr incorporated BiFeO3, the dielectric constant presents 

decrement with increasing frequency for all the samples and improved magnetisation with Sr 

doping. Hamed et al. [28] reported the sol-gel auto-combustion route to prepare the pure and 

Nd incorporated BiFeO3 nanocrystals shows enhanced ferromagnetism of the samples. 

Solution Combustion Method: 

The solution combustion synthesis is applicable to prepare the nano-materials. This is a 

very fast and simple technique [29]. The given flowchart describes the methodology for the 

synthesis of materials using this sol gel auto-combustion method. 

 

V. Sesha Sai Kumar et al. [30] employed the solution combustion method for the 

preparation of nano- crystalline BiFeO3 samples with and exhibits an rhombhohedral perovskite 

phase and DTA studies represents ferroelectric phase transformation around 831 
0
C in the 

sample. 
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Wrzesinska et al. [31] reported the microwave-assisted solution combustion method for 

the preparation of nanocrystalline La, Eu and Er incorporated BiFeO3 and observed that, the 

band gap reduces with doping in pure BiFeO3 samples. 

Penalva et al. [32] reported the preparation of BiFeO3 nanoparticles using solution combustion 

method, the surface morphology presents the pores like structure with no agglomeration of the 

particles. 

Priyadharsini et al. [33] reported the synthesis of BiFeO3 nanoparticles using glycine-

assisted combustion route, it was observed that, the sample exhibits a hysteresis loop with 

presence of partially destructed antiferromagnetic organization of the moments and the shows 

room temperature magnetic as well as ferroelectric ordering. 

Microwave assisted Hydrothermal synthesis: 

The hydrothermal and solvothermal routes are more useful for the nanomaterial 

preparation, these techniques have more enhanced quality and reproductively if it can be 

combined with the microwaves and magnetic fields [34]. 

Biasotto et al. [35] reported the synthesis of BiFeO3 nanoparticles by applying the 

microwave assisted hydrothermal technique, it was observed that, this method is beneficial to 

produce a single phase material and morphological studies showed a homogeneous size 

distribution of BiFeO3 nanoparticles. Li et al. [36] prepared the nano-plates of BiFeO3 sample 

using microwave‐ assisted hydrothermal route, it was observed that, the microwave action on a 

BiFeO3 sample produces a crystallinity enhancement in BiFeO3 nanocrystals. 

Joshi et al. [37] studied the preparation of BiFeO3 nano-cubes by microwave synthesis 

technique with sizes about 50 nm to 200 nm for the photo-electrode and photocatalytic 

applications. 

 

Conclusion: 

The present article reports the various preparation route for the preparation of bismuth 

ferrite nanomaterials like sol-gel, sol–gel auto-combustion, solution combustion and microwave 

assisted hydrothermal method. 
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Introduction: 

Computers are influencing every aspect of life such as social economic and educational 

in most of the task there is invalid involvement of both human being and computer interaction. In 

the most of the task there is involvement of both human being and computer interaction.  

Computer literacy is seen to more and more positively relate with our success. Computers have 

invaded in all fields of life. Both our  private and professional both the lives have been totally 

changed due to the use of computers. Almost all our daily activities are associated with 

computers. 

Educational technology and computer play an important role in education. Since the use 

of technology is no longer confined only to computer science student it is essential for all 

students, present and future teachers to use and understand the computer and implement 

technology in order to be successful in their present and future carriers.  Although an increasing 

number of teachers are using computer in education yet many teachers feel themselves 

comfortable for the use of computers. Teaching and learning activities have a huge impact on 

educational technology. 

Phobia: 

When we hear the word ‗phobia‘ we think of a fear of spiders, heights, water, depth, 

exams, or flying. But phobic reactions are often triggered by almost anything even computers 

and phones. With the widespread use of Technology, names for these tech included fears and 

anxieties have long circulated the web. However the psychological state care diagnostic 

manual DSM 5(Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition) doesn't list out particular phobias. In fact patients are only technically diagnosed as 

having a ‗specific phobia‘ paired with one of the five categories, animal-blood-injection- 

injury, natural environment situational or other. 

Computer Phobia: 

Only a minimum percentage of people are regularly using computers in many do not 

use computers for various reason one of the reason is their fears towards using the computer. 
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Most of them unknowingly have an irrational fear for this electronic machine. Even many of 

the teachers have this irrational fear for the utilization of computers. This irrational fear 

towards computer is known as computer phobia. In other words, computer phobia means a 

resistance in handling and thinking about computers and also the thoughts and fear or anxiety 

towards computers. If a teacher gets rid of computer phobia and becomes a computer friendly 

then he or she can make use of computer during his or her teaching process without any 

hesitation and make the teaching learning process interesting and effective.  

In the present scenario many times the computer knowledge of the children is more than that 

of the teacher. Therefore it is the need of art that the teacher makes use of the advanced 

technology to hold the interest of the student. Therefore there is a need to study the computer 

phobia of teachers. However overcoming this phobia is an important part of existing in 

today's world. And albeit ever-changing technology is often overwhelming, it can also be 

extremely helpful and beneficial.  

There are different types of phobias associated with the computers, smart phones, 

technology etc, as the 'abnormal fear or anxiety about the effects of advanced technology', 

affecting one third of the population, causing health problems and the inability to work 

efficiently. The development of the mobile, both in its design process and its following 

socioeconomic success, features a prominent effect on our society generally. Some of them 

are given below: 

(1) Logizomechanophobia / Cyberphobia: 

Besides the use of computers and its benefits few things are there which hampers the 

progress that is phobia related to; the computers, the technology, the phones, use of internet, 

cyber-crime, etc. Logizomechanophobia is the fear of computers, which is directly related to 

working on /with computers. The origin of the word log is Greek (meaning talk or word), 

machano is Greek (meaning machine) and phobia is Greek (meaning fear). 

Logizomechanophobia is additionally related Cyberphobia (fear of computers 

or performing on a computer) and Technophobia (fear of technology). 

In the early 1980s, the age of private computer had arrived and ―computerphobia‖ was 

suddenly everywhere. Sufferers experience ―a range of resistances, fears, anxieties, and 

hostilities,‖ consistent with the book 1996 women and computers. ―These can take such 

forms as fear of physically touching the pc or of damaging it and what's inside it, a 

reluctance to read or mention computers, feeling threatened by those that do know something 

about them, feeling that you simply are often replaced by a machine, become a slave thereto, 

or feeling aggressive towards computers.‖ 
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Human often converge around massive technological shifts around any change, really, 

with the flurry of anxieties. In the youth of the phonephone , people wondered if the 

machines could be wont to communicate with the dead. Today, it's the Smartphone that has 

people jittery. Three decades ago, ―computerphobia‖ came up in magazines, newspapers, 

computer training manuals, psychology studies, and advertising copy.  

What some people didn't understand in the 1980s was that learning to use a computer 

was ―much more like taking up a musical instrument then following instructions how to use 

an electric appliance, such as a toaster,‖ wrote Paul Stressmann in his 1985 book, 

Information Pay off. ―Computers won‘t make toast or vacuum a carpet,‖ wrote the author of 

a 1983 Personal Computing cover story about ―computerphobia.‖ The same article identify 

the subsets of anxieties that contribute to the phobia: fear of breaking the pc , fear of losing 

power, fear of looking stupid, and fear of lacking control. ―Perhaps we‘re led to  believe that 

anyone who doesn't have a keen interest in and desire to use the personal computers must be 

sick,‖ Personal Computing Charles Rubin wrote so. 

Several publications devoted coverage to ―computerphobia,‖ and offered tips  for a 

way to treat it. ―The most important thing to remember about computer phobia is that it's a 

natural reaction to something unfamiliar,‖ Ruben wrote. ―If you are trying to use a personal 

computer are considering using one, remember: allow yourself to be a little ignorant for a 

while. Plan to spend a while learning; give the pc an opportunity to prove itself before you 

opt you cannot use it; take things a step at a time; make sure you read the documentation 

carefully; and finally don't forget that you are in charge, not the computer. 

For others ―computerphobia‖ wasn't as much about fear as it is about apathy. Word 

processors weren't really scary but boring, ny magazine wrote in 1986. ―If the new word 

processors are being offered as an antidote to computer phobia…. the companies introducing 

them for get one major ingredient that is fun. ―Computerphobia‖ didn't fall out of fashion 

until the 1990s when a replacement realm of Technological anxiety becomes the target: 

cyberspace. Another word that today is sounds impossibly old-fashioned, but in its earliest 

utterances was futuristic enough for a few people to seen frightening. 

(2) Technophobia: 

Technophobia (from Greek word ‗technē‘, "art, skill, craft" and ‗phobs‘, "fear") is the 

fear or dislike of advanced technology or complex devices, especially computers. ... The 

term is usually utilized in the sense of an irrational fear, but others contend fears are 

justified. Chromophobia is also linked to Technophobia (Fear of Technology).  
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If you have ever hesitated to use your child‘s Smartphone, or some others, or wondered how 

to operate a computer without someone's guidance, you may not be alone. A number of 

individuals find it difficult to affect technology and gadgets inspire fear in them. Some 

people take this fear to an extreme and should be called ‗technophobia‘ by psychologists. 

Although tech phobias don't have official clinical terms, they will still exist. Technophobia is 

granddaddy of them all the broad phrase first gained recognition during the Industrial 

Revolution. and has continued to evolve. The term is defined as ―the abnormal fear or 

anxiety about the effects of Technology people or groups who feel uncomfortable or excess 

about and around advanced technology can also be considered technophobes.―There is no 

question that some individuals are fearful of Technology or of particulate gadgets for various 

reasons,‖ Canada based professor, researcher and phobia, specialist Dr Martin Atony tells 

and continues that, ―Any of these tech phobias might be diagnosed as specific phobia.‖  

Despite the fact that tech phobias might exist, we shouldn't expect the clinical diagnosis 

anytime soon. There is little or no data in scientific literature about tech-related phobias and 

anxieties says Doctor Marla Deibler, psychologist and executive at The Centre of Emotional 

Health Philadelphia. Technophobia isn't an officially recognized mental disease but it's the 

acute and irrational fear of Technology. Usually this sphere is related to irrational fear of 

computers, robots, artificial intelligence, weapons, and other such things which seems 

advanced in scientific thought. Many people fear of genetically modified organisms too 

(GMO), though research shows that they are safe to consume. In other words we hear of 

science and technology is a very real problem in our societies and it wouldn't be an 

exaggeration to say that one can find a technophobic around every Street corner.  

Fear or just aversion to technology: 

Here, we are getting to discuss technophobia as a general term, not because 

the extreme avoidance of computers as people know it . So, for the scope technophobia is 

hesitation or a version towards new technologies, specially cloud Technology, mobile 

applications, the use of internet or of coding. This is a huge problem today because a number 

of business are still using computers that run on Windows XP and refuse to bring in any sort 

of technological advancement to their companies. This has resulted in loss of growth, 

stagnation of economy and a general sense of lethargy that's simply not required. 

Most of these companies which refused to adapt to new technologies often have CEOs that 

are resistance to changes. Directors who are technophobic in its real term and other 

people who just don't want to ascertain any quite changes made in the least . All these 
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categories of individuals have hampered the expansion of their own companies and of 

society generally. 

(3) Nomophobia: fear of being without a mobile device  

If you are a cell phone addict, this phobia may resonate with you. ‗Nnomophobia‘ means 

‗no mobile,‘ was coined in 2008 study by UK post office and has been brought to light in popular 

media. ―Recent discussion has questioned the descriptions of one's functioning (a cell phone) 

may cause when an individual experiences the stress when unable to access their mobile device, 

or even the distance associated with catastrophic ‗what if ‗ thoughts regarding the potential for 

losing contact with his or her device,‖ says Deibler. 

This phobia generates panic or feelings of anxiety when your phone isn't available. 

Specific features include losing reception, running out of precious battery power, and worst of 

all, losing your phone. 

(4) Cyberphobia: 

The fear of computers. This is the fear of computers or working on a computer. The 

term started in 1985 and originally meant an aversion or anxiety caused by technology. 

Cyberphobia is considered to be a specific phobia, which is related with the internet, also 

known as chromophobia/technophobia. Cyberphobia or technophobia those are fear of 

computers or fear of working on the common devices. Cyberphobia is usually accepted that 

phobias arise from a mixture of external events and internal predispositions (geneticor 

heredity). Many specific phobias are often traced back to a selected triggering event, usually 

a traumatic experience at an early age. Social phobia and agoraphobia have more complex 

causes that are not entirely known at this time. It is believed that heredity, genetics, and brain 

chemistry combined with life experience is to play a major role in the development of 

phobias. 

Symptoms:  

As with any phobia, the symptoms vary by person depending on the level of fear. The 

symptoms typically include extreme anxiety, dread and anything associated with panic, 

excessive sweating, nausea, dry mouth, inability to articulate words or sentences, shortness 

of breath, rapid breathing, irregular heartbeat and shaking. 

(5) Telephone phobia: 

This isn't a fear of the phone itself, but instead of a fear of answering and receiving 

calls. It's very almost like glossophia, the fear of speechmaking . The ring of the phone can 

make people feel intimidated, and in some causes cause hyperventilation or panic attacks. 



Bhumi Publishing, India 

166 
 

Deibler says, ―this could also be better described as social mental disorder , 

since it's typically associated with a fear of being criticized for appearing foolish.‖ 

(6) Selfiephobia:  

Fear of taking a photograph of one self 

Convinced that fear of Selfie is a real and diagnosable thing (So I too am trying to 

overcome). With the popularity of selfies, it is no surprise ―selfiephobia‖ has become widely 

used. Although it has not been verified by professionals, the team has been floating around 

the internet. There are various reasons on why people are selfiephobic. Some might 

not think they're photogenic, while others may even see it's a cry out for attention or a 

superficial act. Out of a few present day phobias and selfie phobic was the first on the list.  

Fear of computers: how to stop being afraid of computers 

At one time or another, most of us have experienced or heard about computers doing 

funny things. Some people can become very anxious when they can template using 

computers and fear they do not have the knowledge or ability to do so. 

Lack of computer experiences is one of the most obvious reasons for this anxiety. Using a 

computer and the internet requires a certain amount of practice and perseverance. As you 

acquire more and more knowledge of computers along the way, you'll automatically discover 

how useful employing a computer are often in lifestyle . The visual steps books offer a lot of 

support for learning how to use computer and surfing the internet. These books are written 

along with the visual steps method. An important characteristic of this method is that 

the way during which you receive step-by-step instructions. These are accompanied by visual 

aids, by means of numerous screenshots of all the operations. In this way, you will see 

exactly where to click at each step and you will see the results of your actions right away. On 

the www.visualstudio.com / look inside web page you can take a look inside a typical Visual 

Steps Book. This will give you an impression of the special method used if you are not 

experienced enough using the internet you can ask a more experience to computer user.  

Misconceptions about the computer and the internet 

Although there are many misconceptions about using the computer these 

misunderstandings are often an important cause of fears and objections below we have listed 

number of frequent misconceptions: 

(i)You need to be technical to be able to use computer or tablet: not true 

(ii)You need to know how to type well: not true 

(iii)Fear of pressing the wrong key: not true 

(iv)You can get hooked on using the computer or the table: not true 
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(v)You will always attract viruses and spyware to your computer or tablet when you 

open a website or an email message: not true 

Overcome through the phobia 

Just once you think you‘ve gotten a handle on the newest trend or gadget, something 

comes out that needs an entire new learning curve. This feeling of ―never having the 

ability to stay up‖ can cause some older adults to disregard technology altogether.  

However, overcoming computerphobia/technophobia is an important part of existing in 

today‘s world. And albeit ever-changing technology is often overwhelming, it can also be 

extremely helpful and beneficial. Here are few ways you can overcome technophobia:  

1. Take a Class: 

There are many options for classes geared specifically toward helping seniors  find out 

how to use new technologies. Look for options at your local library or senior center. If there 

isn‘t a category offered near you, simply voicing your interest could help get an area learning 

program started. 

2. Ask a Friend or Relative: 

Whether it‘s your tech-savvy children, grandchildren or an honest friend, you would 

possibly be surprised by how willing your loved ones are to assist you learn. Since getting 

tips from someone you‘re already comfortable with can help limit the intimidation 

factor, this might be an honest place to start out improving your skills. 

3. Seek Specific Skills: 

You probably don‘t care about owning a computer game headset, but learning the way 

to video chat together with your far-away relations would be great. Keep it simple and 

specific to the talents you would like to find out which will positively impact your life the 

foremost. Start by learning skills that fit your hobbies. 

4. Don’t Be Afraid To Self-Teach: 

If you get a replacement smartphone that seems significantly more complicated than 

your last cellphone, don‘t be afraid to fiddle and learn as you go. Since such a lot of 

technology is intuitive lately, you would possibly be surprised by what proportion you'll find 

out. And don‘t worry — most devices are tons harder to interrupt than you think that. 

5. Be Open to New Possibilities:  

You don‘t need to become a computer whiz to profit from technology. A little little 

bit of knowledge can go an extended way. For instance, if you‘re hospitable learning the way 

to access sites like Google and YouTube (if you aren‘t already familiar),  you'll literally 
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find the solution to almost any question you may have. 

Engaging with practical and straightforward technology tips, without having to desire you‘re 

constantly maintaining with everything new, can make the entire process seem more 

manageable. 

6. Self help:  

It does not get the credit, but usually deserves while books like- The Secret and other 

others are penned by certain people, there are a lot of self help techniques that can actually 

work. You will got to determine what's best for you. If you think your aversion towards 

technology is irrational which it must be paid attention to, you've got already reached a 

particular level of insight. This insight can further be developed into making positive 

changes in life which will help to introduce Technology slowly but surely. 

7. Counseling:  

If self-help techniques do not help, counseling can be the next step. 

Counselors don't train psychological state issues nor are they trained to try to to that. The 

only help you to gain clarity about your situation and advice what would be the best thing to 

do counselors may assess your situation and tell you why you are avoiding Technology do it 

is obviously harming you. They may teach you certain techniques and hear you 

patiently once you discuss your fears. Most people may ridicule your technophobia but a 

counselor will validate your fears and emotional emotions. That alone is enough to assist you 

begin making positive changes in your life. 

8. Support groups:  

When just counselling will not help, you may seek the help of support  groups. 

Support groups are great for people that wish to share their stories with others. They can help 

you learn from others how they are dealing with the particular issue. By choosing support 

groups, one can understand what others do to beat technophobia and 

imbibe equivalent techniques back once they face issues. Most importantly, support groups 

help people to realize that they are not alone. They reflect that the very fact that there are 

other people who to face technophobia can be epiphany of sorts. 

9. Cognitive Behaviour Therapy:  

When simple counselling or support groups do not have any effect, one may need 

professional help from a psychologist. Psychologists often used cognitive behaviour therapy 

to change the thought pattern that might be in a building the fear. They also gradually 

introduced the clients to the feared stimulus, and help them to reduce anxiety, fear, and stress 

during those situations. 
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10. Psychodynamic Therapy:  

Sometime psychologist aim to treat the underlying cause, which usually is a traumatic 

incident in the past, that comes back to haunt the individual in the form of technophobia. 

Addressing the past trauma helps the psychologist to treat the neurosis and help the client  to 

beat technophobia. This usually involves the client seeing the psychologist at least once a 

week and discussing the past experiences is that leads to developing the phobia.  

The path to recovery from technophobia: it's now clear that technophobia isn't a 

recognized mental disease but just an absurd aversion towards all things technological. This 

may vary from avoiding computers and smart phones to demonizing GMO products. This 

may be a minor issue and may be self-limiting or it may affect the person so much that he 

may not be able to take up regular jobs. Technophobia is a serious issue that needs mental 

health treatment in case if one is not able to do anything about it. Technophobia may cause 

loss of jobs, bad financial situation, lost friendships, stress, and a general sense of 

unpleasantness. 

Whether we love it or not, technology is here to remain. Why not find out how to use 

it to your advantage? 
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Abstract: 

An Ethnobotanical study among the various tribal communities of Vindhyan region of 

Madhya Pradesh was carried out during the year 2012- 2018 .This study mainly focuses on the 

study of Endangered healing herbs of vindhyan region and their conservation .According to the 

International Union of Conservation of Nature (IUCN), it is estimated that the current species 

extinction rate is 10,000 times higher than other medicinal plants . Hence there is a need for 

systematic efforts for conservation. 

 

Introduction: 

It is a well-known fact that worldwide thousands of plant species are endangered and 

facing extinction with the current trend of their exploitation and destruction (Pai, et al. 2011 and 

Wyse et al. 2009). In recent years, there is a growing awareness concerning the impact of 

temperature rise, industrialization, desertification and shift in the growing seasons of plants, loss 

of pollinators, seed dispersers and increasing frequency of intense weather events such as 

drought, storms and floods making several valuable plants extinct (Bapat, et al. 2008 and 

Gardener, et al. 2009). According to the International Union of Conservation of Nature (IUCN), 

it is estimated that the current species extinction rate is between 1000 and 10,000 times higher 

than it would naturally be. It is acknowledged that the future survival of humanity depends on 

the conservation and protection of natural wealth, and destruction of a species or a genetic line 

symbolizes the loss of a unique resource. 

     This type of genetic and environmental impoverishment is irreversible. Changes in the 

structure in the multiplicity of resources lessen the society‘s scope to respond to new problems 

and opportunities, and there is the danger of new plant diseases or pests, climatic change due to 

the greenhouse effect and other setbacks. To overcome these hurdles, there is a need for 

coordinated efforts of scientists, government departments and nongovernmental organizations to 

undertake effective measures for conservation of plants. Methods to support conservation 
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consisting of education, providing enticements and adding capacity building need to be adopted 

at the earliest. 

     To avoid the loss of biodiversity the government authorities have formulated stringent 

rules to safeguard and protect the existing biodiversity, ensuring protection of the present natural 

assets. This guided enactment of the Biological Diversity Act for India controls access to all 

genetic resources of the country and includes provision for equitable profit-sharing. The detailed 

specific rules are available on the webpage of the Ministry of Environment and Forests, 

Government of India, and the National Biodiversity Authority, a statutory and regulatory body 

established under Biological Diversity Act, 2002. IUCN and other organizations undertake wide 

ranging research projects on the status of biodiversity to protect specific species, manage and 

restore national parks, botanical gardens (Blackmore, et al. 2011) and other protected areas, and 

promote the sustainable uses of natural resources (Tisdell, 2011 & Wilson, 2009). 

 

Conservation of Medicinal Plants: 

     The modus operandi of biodiversity conservation, however, has to be implemented 

considering not only protection of any plant life in its natural status but its further multiplication 

and subsequent plantation followed by utilization which have other economic reflections 

(Hollingsworth, et al. 2009). Considering the new concept of bio-power applied to numerous 

crops, fruit and plantation crops as well as forest trees, saving endangered plants has to focus on 

their further utility, if any, for various benefits to civilization. In this context, the role of a 

botanist assumes prime significance to undertake a particular project on threatened plants. The 

tasks of a botanist can be broadly divided as: (i) Identification and characterization of an 

endangered plant. (ii) Study of taxonomy, ecology and physiology. (iii) To understand the 

reasons for a particular plant becoming endangered. (iv) Propagation of the plant under 

controlled environment followed by in situ and ex situ conservation. (v) To create a self-

sustainable population of threatened species in their natural habitat. (vi) Compilation of database 

and documentation of all threatened plants. (vii) To explore the utility of an endangered plant, if 

any, for basic as well as commercial applicability. (viii) Use of molecular markers and molecular 

diagnostic tools to give valuable support for the rapid and accurate identification of plant species 

through DNA bar-coding (Armstrong and Ball, 2005). Considering the tasks outlined here, 

recent assessment projects provide important lessons learnt and demonstrate that plant 

conservation can be achieved in a timely manner with sufficient training and human resources. 



Bhumi Publishing, India 

172 
 

     The success of each project depends upon the formation of a network of local botanists 

with expertise on both the species themselves and threats to their habitats (Stokes et al. 2009). 

Authorities capable of validating the assessments, formulating regional plant conservation 

strategies and ultimately making recommendations to both governmental and non-governmental 

organizations are directed to mitigate the loss of plant diversity. National herbaria provide most 

of local botanists with regional assessment networks, creating the necessary bridge between 

taxonomic collections and conservation, particularly for a group of plants in which many species 

are ‗known‘ only in the herbarium. Against this background, the aims of biodiversity 

conservation are to maintain the current level of biodiversity as well as to stop any further 

decline. 

     Hence, a distinction has to be made between a wrongful exploitation of a particular 

species purely for commercial gains, without giving any attention to the continued existence of 

the exploited species, and a botanist who wishes to protect and rescue the plant from 

disappearance. The authorized botanist has to be allowed to bring the endangered plant to his 

work place and study the various aspects as listed earlier. Assessment of the work of a plant 

scientist can be made during a specific period and, if found satisfactory, he may be encouraged 

further. Implementation of the Biodiversity Act becomes a stumbling block for a plant scientist 

to pursue his research; he must have open and free access to the plant source. A botanist 

considers grassroot programmes, aimed at educating rural farmers and urban consumers, while 

also providing technical guidance to regional and national governments in the development of 

natural resource policies. Several rare plants have been successfully rescued and established, and 

the micropropagation technology has helped save numerous rare plants such as Ceropegia 

fantastica (Chandore, et al. 2010), Huernia hystrix (Amoo, et al. 2009), Daphne cneorum (Mala 

and Bylinsky, 2004), Frerea indica (Desai, et al. 2003), Coronopus navastii (Iriondo and Perez, 

2004). Taking into account the contribution of a plant scientist, creating a barrier for a botanist to 

undertake any work on endangered plants will simply defeat the main purpose of biodiversity 

conservation. There is no second opinion concerning banning unrestricted cutting and harvesting 

of valuable germplasm only for monetary benefits. A balanced and judicious biodiversity 

conservation programme is necessary taking into consideration a botanist predicament and 

problems. The most effective conservation programmes generally involve institutions with long-

term commitment to a particular region becoming increasingly well adapted to the constraints of 

the local, cultural and political environment. The research centres having an impressive record of 

accomplishment with their natural, long-term commitment to the maintenance of living 

collections and overall plant diversity have an institutional mandate for stability and 
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conservation. The safeguarding of biodiversity is expected to permit such research institutions to 

have free access to collect the research material of endangered plants. This will help create the 

best conditions for plant systems to survive through the creation of regional networks of 

corridors, close technical integration with rural farmers, and educational and policy outreach to 

the general public and government officials. In India, several research institutions are doing 

commendable work for plant biodiversity conservation. 

     It has become clear that the mission to protect plant diversity is more demanding than has 

been anticipated. This is because of a better understanding of the impacts of climate change. 

Also, it is recognized that the complexities of conservation biology will require a multitude of 

different approaches to be applied to achieve the conservation of such a wide diversity of plant 

species and ecosystems. Sustaining and building on that momentum and enthusiasm will be one 

of the key factors in assuring its success during the coming decade (Brooks, et al. 2009). Rapid 

progress in biological sciences and instrumentation for scientific data has widened the role of a 

botanist considerably. The term ‗botanist‘ may have to be expanded since molecular biologists, 

geneticists (Kramer and Havens, 2009), biochemists, a forester (Gardener, et al. 2009) or a 

bioinformatics expert could also play a vital role in biodiversity conservation in a broader 

perspective. For example, advancement in molecular diagnostics provides the opportunity to 

survey deeply and accurately the identification of a species as well as predict the history and 

relationship between different evolutionary lineages (Kress and Erickson, 2007). 

     Hence, thinking across knowledge systems with an open view concerning bridging the 

gaps in biological sciences will enhance our accumulation of knowledge for an effective 

conservation strategy. Additionally, integration of the understanding from various disciplines of 

biology will hasten the process of conservation considerably and effectively. A particular 

endangered plant may be a cereal, a legume, a fruit plant, or an ornamental flowering plant or 

even a tree, and depending upon the type of the plant, a botanist has to plan his conservation 

strategy with help from other biologists. For the beginning of any conservation, a plant scientist 

has to study sources and priorities of a particular plant material followed by methods of 

collection and sampling of the collected material. Another task for a botanist is to decide 

between in situ and ex situ conservation of a particular species. Some rare plants may not survive 

in an ex situ environment, but will grow well in an in situ location, and vice versa. However, a 

majority of the plants conserved so far have shown the ability to grow both in situ and ex situ 

surroundings. Several options under ex situ conservation are available, such as botanical gardens, 

seed banks (Wen, 2009), orchards, tissue culture3 or cryopreservation (Sakai and Engelmann, 
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2007), and depending upon the plant system, a researcher has to select a cost effective and 

appropriate plan. Ex situ conservation procedures have an imperative role in the protection of 

rare plants and are a source of fundamental research, education and publicity. Simultaneously, 

they offer to supply plant propagules to return to the wild as part of any future recovery 

endeavours. However, a botanist has to avoid unwanted hybridization and genetic drift events 

between a rescued plant and its surrounding allied species in the environment. 

     In situ conservation has certain constraints of regular monitoring, difficult access to the 

location or a danger of destruction from wild animals or birds. However, this does not 

undervalue the significance of in situ conservation. It is essential to decide methods for in situ 

conservation from habitat management to direct manipulation of the populations. Planting of 

rescued plant material in natural habitat is done either by sowing of seeds or through vegetative 

propagules depending on the plant system. It has to be kept in mind that the selected protected 

area will cover only a small portion of the total diversity of a rescued rare plant. Hence several 

areas will have to be conserved for a single species under in situ conservation. Sometimes the job 

of a scientist becomes difficult during in situ conservation because certain plant members belong 

to the intricate ecosystem – moist tropical forest trees, which are mutually dependent for 

survival; plants with high dormancy that cannot be broken by conventional techniques, or plants 

having specialized breeding systems. Recently, a combination of ex situ and in situ conservation 

methods of a critically endangered plant (Ceropegia fantastica Sedgw.) has been demonstrated. 

Against this backdrop, a well judged decision has to be taken by a botanist between ex situ and in 

situ conservation. Additionally, patents and intellectual property rights are significant 

mechanisms of conserving biodiversity, and it is necessary for a scientist to ensure that patents 

support the aims of biodiversity conservation and its sustainable use (Lawson, 2009) Botanists 

have a crucial role to play in conservation, bio-prospecting and sustainable utilization of plant 

diversity because they know about the plants, their distribution, status, importance, species that 

need immediate measures and methods of conservation. Although conservation of RET species 

is a difficult task, it is not impossible and many plant species can be conserved with human 

inputs. If all the botanists of the country contribute to understanding the causes for their rarity, 

constraints in reproduction, ecology, propagation and development of nursery techniques for 

RET species, most of the species can be successfully conserved. Only botanists can generate 

baseline data crucial for conservation. Collaborative efforts and cooperation among government, 

policy makers, funding agencies, society and botanists is the need of the hour for plant 

conservation, especially RET species. 
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     Lastly, a new entrant to the science of biodiversity has to work in the rapidly changing 

scenario of modern-age technologies, patent and intellectual property rights, though he/she may 

have different mindset and approaches to conserve the precious gifts of nature. The idea of 

conservation, although basic priorities remain unchanged, will be having wide and effective 

strategies. 

 

Results: 

1. Status of Medicinal Plants: 

During the field trip the author tried to have some idea of endangered, vulnerable, 

threatened and rare medicinal plants. The status of species has been determined as per 

method mentioned in Methodology. Some of these may be common in other parts of 

India. However, to preserve the biodiversity in the area this scarcity needs attention. The 

threatended species of the area are mentioned in the following table 1: 

Table No. 1: Status of medicinal plants of  Vindhyan region. 

Botanical Name Local Name Family Status 

Abrus precatorious L Ratti Fabaceae EN 

*  Acorus calmus L. Bach Araceae EN 

* Andrographis paniculata Wall ex. Nees Kalmegh Acanthaceae R 

** Bixa orellana L. Sinduri Bixaceae R 

Boerhaavia diffusa L. Punarnava Nyctaginaceae CR 

Buchhania lanzan Sprengel. Char Anacardiaceae VU 

Caesalpinia cristita L. Gatayan Caesalpiniaceae VU 

Centella asiatica L. Brahmi Apiaceae CR 

* Chlorophytum tuberosum Bak. Sayed -mulsi Liliaceae EN 

Cissus quadrangularirs L. Harjoor Vitaceae EN 

** Coleus aromaticus Benth. Patharchur Lamiaceae R 

Cyperus rotundus L.Sp. Nagarmotha Cyperaceae R 
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Dioscorea daemona Roxb. Barhakanda Dioscoreaceae R 

Gloriosa superba L. Kalihari Liliaceae R 

Hedychium coronarium Koen. ex. Retz. Gulwakawali Zingiberaceae VU 

Heliotropium indicum L. Hanthisur Heliatropiaceae VU 

Mucuna pruriens L. Kemanch Febaceae VU 

Plumbago zeylanica L. Chitrak Plumbaginaceae R 

Prosopis juliflora (Sw.) DC. Shami Mimosaceae VU 

Rauwolfia serpentina (L) Benth. ex. Kurz. Sarpgandha Apocynaceae R 

Santalum album L. Chandan Santalaceae EN 

Sapindus mukorossi Gaertn. Ritha Spindaceae VU 

Smilax macrophylla Roxb. Ramdatun Smilacaceae EN 

Soymida febrifuga (Roxb.) Chitrak Miliaceae R 

** Spilanthes calva DC. Akarkara Asteraceae R 

** Stevia  reabaudiana Stevia Asteraceae R 

Terminalia bellirica (Gaertn. ) Roxb. Bahera Combretaceae R 

Terminalia chebula Retz. Harra Combretaceae R 

Tribulus terrestiris L. Gokhru Zygophyllaceae R 

Wendlandia exserta (Roxb.) Tilia Rubiaceae R 

Withania somnifera (L.) Dunal. Ashwagandha Solanaceae EN 

*    Endangerd in wild state but abundant in cultivation 

**       Not found in wild state/found only in cultivation 

VU= Vulnerable, EN=Endangered, CR = Critically Endangered, R = Rare 
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 It is obvious that the biodiversity of the study area is eroded. During field work the author 

found 17 plants which are scarce in the area. But to preserve diversity in the area this scarcity 

needs attention. The endangered and vulnerable species of the study area are: 

1.          Abrus precatorius (Ratti) 

2.          Acorus calamus (Bach) 

3          Boerhaavia diffusa (Punarnaba) 

4.          Buchania lanzan (Char) 

5.          Caesalpinia cristata (Gatayan) 

6.          Centella asiatica (Brahmi) 

7.          Chlorophytum tuberosum (Safed-musli) 

8.          Cisus quardangulasris (Harjor) 

9.          Hedychium coronarium (Gulwakawali) 

10.       Heliotropium indicum (Hanthisur) 

11.       Mucuna pruriens (Kemanch) 

12.       Nigella sativa (Karayal) 

13.       Piper longum (Kali-pipal) 

14.       Prosopis juliflora (Shami) 

15.       Santalum album  (Chandan) 

16.       Sapindus mukorossi (Rita) 

17.      Withania somnifera  (Ashwagandha) 

In addition to above, author tried to have some idea of rare plants in the area and has 

come across at 9 plants which find mention in recent literature like Red Data Book and other 

publication on rare and threatened plants of India published by BSI (Jain, 1983; Jain and Sastry, 

1983; Nayar and Sastry, 1987, 1988, 1990). These are. 

1.          Andrographis paniculata (Kalmegh) 

2.          Bixa orellana  (Sinduri) 

3.          Coleus aromaticus (Patharchur) 

4.          Gloriosa superba (Kalahari) 

5.          Plumbago zeylanica (Chitrak) 

6.          Rauwolfia serpentina (Sarpagandha) 

7.          Spilanthes calva  (Akarkara) 

8.          Stevia rebaudiana (Stevia) 

9.          Tribulus terrestris (Gokhru) 
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Conclusion: 

The inhabitants of the Vindhyan region do not have any well defined conservational 

strategy. But they do conserve and protect the plants that are economically, socially, medicinally 

and culturally significant to them. Moreover, they adopted their own ways and tools for the 

conservation of biodiversity. There are a number of medicinally important annual herbs i.e. 

Abrus precatorius (Ratti), Boerhaavia diffusa (Punarnava), Centella asiatica (Brahmi), 

Phyllanthus niruri (Bhui Amla), Rauwolfia serpentina (Sarpagandha), Withania somnifera 

(Ashwagandha) etc. in their home gardens. The farmers are taking keen interest in cultivation of 

some threatened medicinal plants like Andrographis paniculata (Kalmegh), Chlorophytum 

tuberosum (Safed-musli), Coleus aromaticus (Patharchur), Gloriosa superba (Kalahari) etc. 

These are sincere steps towards biodiversity conservation. Tribal and rural people are very 

religious and their conservation strategies have also been dependent on faith, tradition, taboos 

and sacred beliefs. Such as nobody can not nor destroy the plants which have religious aspects. 

     To protect the most exploited endangered and vulnerable species, they do follow certain 

unwritten and undocumented rules in form of so called traditional beliefs. For example, they 

mostly collect the parts of plants, not complete plants. Likewise, they collect the herbs on certain 

days and nakshatras. If it is not followed, it will have no effect. During collection enough parts 

will be left over for further use and propagation. Moreover, these plants should be unnoticed by 

anyone during the collection. All these general rules help in preserving the plants from 

destruction. However, unscrupulous vegetation, felling of trees and shrubs for timber, wood etc. 

still go on. Hence there is a need for systematic efforts for conservation. 

     Some of the conservation strategies followed by the inhabitants of the study area are as 

below : 

(I)  In-situ conservation: 

Biodiversity at genetic, species and ecosystem level can be conserved on a long-term 

basis only in nature. Unless plant populations are conserved in the wild, that is in natural 

habitats, in variable breeding population, they run the risk of extinction. 

Medicinal plant populations have large and often disjunct area of distribution, while some 

species are confined to a few pockets. Conservation of these species a is being done by the forest 

department with the participation of local people by raising stone wall fencing. By this process 

the naturally generated plant population would be increased. However, for a long term 

conservation and management of medicinal plants in-situ network need to be integrated into 

regular forestry and wild life management. Essential training should be given to the local people 

to involve them in protection and management of the biodiversity. 
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(II)   Ex- situ conservation: 

Domestication or ex- situ conservation is an essential step towards the protection of 

biodiversity. The tribal and rural people of Vindhyan region adopted following ways for the 

conservation of medicinal plants: 

(i)          Home gardens: 

Ethonomedicianl gardens are more favourable for the ex-situ conservation of medinicinal 

plants. Though there are several botanical gardens in our country, the natural genetic wealth 

including wild relatives of cultivated plants, rare and threatened species are not given priority 

over ornamental plants and other exotic flora in these gardens. Such types of gardens are not 

available in the study area. However, the inhabitants raised their own home gardens where they 

grow and protect some valuable medicinal herbs viz., Acorus calamus (Bach), Allium sativum, 

(Lahsun), Boerhaavia diffusa (Punarnaba), Centella asiatica (Brahmi), Eclipta prostrata 

(Bhringraj), Mentha arvensis (Pudina), Leucas cephalotes (Gumma), Ocimum sanctum (Tulsi), 

Piper longum (Kali-pipal), Phyllanthus niruri (Bhuamla), Rauwolfia serpentina, (Sarpgandha), 

Solanum nigrum (Makoya), Tridax procumbens (Ghawa-patti), Withania somnifera 

(Ashwagandha). In addition to spice and vegetable plants, it is a sincere step towards the 

conservation of medicinal diversity by the rural people. 

(ii)        Nurseries: 

The most urgent task in order to ensure immediate availability of plants and planting 

materials to various uses groups like farmers, plant breeders, industry and to conservation 

organisation is to promote and develop the network of medicinal plants nurseries which will 

multiply all the regional specific plants that are used in current practice of traditional medicine. 

Moreover, these nurseries should be source of supply of plant materials.  

The forest department, agricultural extention agencies, non-government organizations and some 

private enterprises are playing vital role in establishing these nurseries. These are store-house of 

many valuable medicinal herbs. Short-term loans are also offered by the rural and nationalized 

banks to establish the nurseries. 

(iii)     Cultivation and agriculture production: 

Due to over exploitation, greedy treders and urgent needs, the natural sources of 

medicinal plant are decreasing while the demand is gradually increasing in recent years. The 

demand so far has been met mainly from wild sources. Hence, to meet the growing demand, 

commercial cultivation of medicinal plants is urgently needed. 
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Cultivation of medicinal plants, however, is inversely linked to prevalence of easy and cheap 

collection from the wild forms. Lack of regulation in trade concerning of the profits from the 

wild collection by a vast net work of traders and middlemen and absence of industries interest in 

providing buy bank gurantees to growers. Moreover, cultivation of medicinal plants is also not 

easly due to lack of standardized agronomic practices. However, the field cultivation is equally 

economic as compared to other crops. 

In addition to cultivating traditional medicinal herbs like Allium sativum (Lahsun), 

Asparagus racemosus (Satawar), Phyllanthus emblica (Amla), Foeniculum vulgare (Saunf), 

Mentha arvensis (Pudina), Nigella sativa (Karayal), Zingiber officinale (Adarakh) etc., They are 

very much interested in the cultivation of some threatened species viz., Andrographis paniculata 

(Kalmegh), Chlorophytum tuberosum (Safed-musli), Coleus aromaticus (Patharchur), Gloriosa 

superba (Kalihari) and Mucuna pruriens (Kemanch). It is important step towards the 

conservation of diversity of medicinal plants of the study area. 

3       Faith, tradition and religious aspects: 

The tribal and rural people do not know well difined conservational strategy of the kind 

we understand in modern terms like ex-situ and in-situ. However, they do conserve plants that 

are medicinally, socially, culturely and economically significant to them. Their mode of 

conservation is depending upon faith, tradition and religious aspects. No body cut nor destroyed 

the plants like Aegle marmelos (Bel), Azadirachta indica (Neem), Ficus benghalensis (Bargad), 

Ficus racemosa (Umbar), Ficus religiosa (Peepal), Madhuca indica (Mahua), Ocimum sanctum 

(Tulsi), Prospis juliflora (Shami) etc. They marked these plants and protect them. The plants 

used in religious ceremonies like Butea monosperma (Palas), Cynodon dactylon (Doob), Ficus 

racemosa (Umbar), etc. have also been protected by the inhabitants. 
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Abstract 

Vision may be a major source of data for human creatures. Prior it was outlandish to 

attain but due to the advancement of unused advances it has been made possible‘. Picture 

processing has its affect on communication gadgets moreover. By computerized picture handling 

we will upgrade the picture, extract the content from picture, edges of pictures can be distinguish 

and we are able apply other impacts moreover. We are able get any points of interest 

approximately the pictures. There are numerous applications of advanced picture preparing. 

Nearly this technique is utilize in each field, restorative field, rorbotics, neural organizing, 

moreover valuable in Wrongdoing department for examination. The Advanced Picture preparing 

is the title alluded to the strategies and strategies connected on input picture to convert into yield 

picture or extricate data from picture.With due to fast development within the innovation, huge 

data is accessible within the shape of pictures which have to be prepare for different reasons such 

as programmed content extraction from pictures, activity law authorization utilizing CCTV 

cameras, handling of restorative pictures for analyze the diseases etc. The extend present chapter 

primarily bargains with one of the application of computerized picture preparing that's 

identifying edges within the pictures. 

Keywords: Morphological Operators, Sobel Operator, Homogeneity Operator, Canny Edge 

Detector 

 

1. Introduction: 

1.1 Definition 

Advanced picture preparing envelops a wide extend of equipment, computer program and 

hypothetical underpinnings. The basic steps required to perform an image-processing assignment 

are Equipment and program issues are talked about here. Digital picture preparing is concerned 

with preparing of an image. Picture preparing may be a strategy to perform operations on 

pictures like improving pictures, extricating content from picture, recognizing edge of picture 

and numerous other operations. In digital picture handling we take an picture and convert that 

picture in several shapes. Like in the event that we take color picture we will change over it into 

mailto:abbasphdcse@gmail.com
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dark picture. In this both the input and yield is an picture. More often than not Picture Handling 

framework incorporates treating pictures as two dimensional signals whereas applying as of now 

set flag handling strategies to them [1].Nowadays, its is quickly developing innovation. It shapes 

center inquire about zone inside designing and computer science disciplines as well. Picture 

preparing has its wide applications in mechanical technology, machine learning, neural 

organizing, flag handling, restorative field, illustrations and livelinesss and in numerous other 

areas [1] [2]. 

1.2 History 

Numerous methods of computerized picture preparing were created in ,1960s at the Fly 

Impetus Research facility, Massachusetts Founded of Innovation, Chime Research facilities, 

College of Maryland. The taken a toll of preparing of picture was exceptionally tall. But that 

changed in 1970s, when advanced picture handling develop quickly as cheaper computer and 

equipment got to be accessible. Pictures at that point might be prepared in genuine time. With the 

advancement of quick computers accessible in 200s,digital picture handling has gotten to be one 

of the foremost common form of picture preparing. It is utilized since it isn't as it were the 

foremost flexible strategy, but too the cheapest [3]. 

1.3 Stages In Image Processing 

 In common, advanced picture prepare is begun with securing of input picture. It 

may be a colored, gray or dark and white picture. The input picture may procure by Portable 

Camera, Advanced proficient camera, CCTV or Filtered duplicate of an picture. After securing 

input picture, picture got to be pre-processed by utilizing pre-processing procedures [1] [4]. 

 The taking after is the list of pre-processing strategies: 

Binarization:It could be a strategy to change over colored or gray scale picture into dark and 

white picture in such a way that one of the color speaks to foundation and other frontal area. 

Thewell-known strategies are Otsu Binarization, Niblack Binarization, Souvoal thresholding. 

Denoising:It is carried out to expel undesirable signals from the picture so that smooth picture 

can be recreated. The well-known strategies are Cruel channel, Middle channel, Wavelet 

channel. 

Deskewness: It could be a strategy utilized to adjust the input picture into level and vertical 

headings. It is in such a way so that unique substance ought to be protected. The vertical and 

flat projections are well-known strategies to de-skew an picture. 
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Figure1: Generalized Procedure of Image Processing 

 

1.4 Applications 

Almost in each field, computerized picture preparing puts a live impact on things and is 

developing with time to time and with modern advances [5]. 

1. Picture honing and rebuilding: It is the method in which we are able alter the picture. 

We are able change over the color picture to dim picture, honing, upgrade of the picture, 

recognizing edges, and acknowledgment of pictures. 

2. Medical field: Now a days in the event that we have brain tumor through the picture 

handling the tumor is distinguish that where the tumor is. Additionally it is utilized to 

identify any kind of cancer. Xray imaging, therapeutic CTScan , UV imaging depends on 

the working of computerized picture handling. 

3. Robot -Vision: There are a few mechanical machines which work on this strategy. 

Through this strategy robots discover their ways. Like they can distinguish the jump and 

line devotee robot. 

4. Pattern- recognition: It includes ponder of picture- handling. It is additionally combined 

with the counterfeit insights such that computer-aided determination, penmanship- 

acknowledgment and pictures- acknowledgment can be effortlessly executed. 

 

1.5. Advantages And Disadvantages 

Advantage 

1. Processing of pictures are speedier. It require less time to prepare the picture. There's no 

require of movies and other photographic equipment.  

2. Interactive strategy for recognizing confront, recognizing fingerprints, recognizing cancer 

.  
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3. It is eco inviting handle since it does not require chemicals whereas handling images. 

4.We can alter the quality of picture. Ready to compress , upgrade , quality of picture 

delivered are great.Image can be made in any required format. 

4. Now a days each and every book is available on the digital stage. The demand and needs 

of people are changing so having optimized digital book is need of todays generation so 

the digital image processing plays vital role in publishing world. 

5. It dissect blood cells and their composition in our body.  

6. Through this procedure robots can distinguish their visions. Its too makes a difference in 

design acknowledgment. 

Disadvantage 

1. It is more time consuming. 

2. It is cost effective. 

3. More complex program are required for implement digital image processing. 

 

2. Software Requirement Specification 

2.1 Introduction 

This area characterizes the extend arrange for ‗Edge Detection Of Image‘. The usefulness of the 

framework, scope of the venture and other data approximately details is included in this arrange 

[9]. 

2.1.1 Purpose: The purpose of this software is to take the input image and detect the edges in 

that image. 

2.1.2 Intended Audience: It is  an interactive system whose basic data element is an array that 

does not require dimensioning. This allows you to solve many technical computing problems, 

especially those with matrix and vector formulations. 

2.1.3 Intended Use: This software can be use to develop any application using different 

algorithms, data analysis, medical field, scientific and engineering graphics, solving 

mathematical problems using functions. 

2.1.4 Scope: The scope of software is vast. It can be used for designing video, electric circuits. 

Can be use in medical industry , automobile industry. 

2.1.5 Definition and acronyms: MATLAB – Matrix Laboratory 
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2.2 General discription around software “MATLAB” 

For actualizing advanced picture handling able to compose code in any language like 

python, java and any other dialect. We are able too utilize the computer program ‗MATLAB‘ 

which offers parcels of highlight to software engineers for investigating their creative energy and 

can make any ventures related to computerized picture handling by utilizing their coding 

skills[6] [7] [8].  

Some characteristic of MATLAB are: 

1. 1.It has a few in built commands and math capacities that offer assistance in performing 

scientific calculations.  

2. It too gives an intuitively environment for plan and issue solving.  

3. MATLAB highlights a family of include on application particular arrangements called 

tool compartments. Tool kits permit us to memorize and apply uncommon technology.  

4. We can include tool kits for flag -preparing, control -frameworks, neural- systems, and 

numerous other areas. It has offices for showing vectors as charts, and printing these 

charts. 

5. It incorporate tall level work for two dimensional and three dimensional information 

visualization, picture processing,and introduction graphics.  

6. We can make GUI with the assistance of GUI direct to form our extend more effective.  

7.  GUI guide contains numerous inbuilt capacities through which we are able make 

numerous unintrols like pushbutton, flip buttons, records , checkboxex, axes. It gives 

numerous capacities and calculations with outside applications and dialects such as C, 

Java, .NET. 

2.3 System Requirements 

The software requires the following to be in the system. 

2.3.1 Toolboxes 

2.3.2 Minimum 5GB space required 

 

3. Software Design 

 User interface, This prototyping of this GUI is done with the help of GUI Guide. 

 After creating the above GUI , the image is taken as input  

 Convert the coloured input image in gray scale image. 

 From the list choose the suitable edge detector of your choice and click on apply button. 

 Final image which detect the edges in the input image. 
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Figure 1: Designing of GUI 

 

 

Figure 2: Procedure of General 

4. Software Testing: 

The edges must be identify in picture utilizing diverse edge identifying operator. The 

picture in MATLAB database must be accurately identify the edges within the input Image. 

              Test steps: 

1. Click on the get input image button. 

2. Now choose any of the operators from the list box and click on apply button. 

3. Check the output image. 

4. If you does not choose any option by default the grayscale image will be displayed. 
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Result:  

The edges should be identify within the input image.. 

 

Figure 3: Input image 

 

 

Figure 4: Apply any operator 
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Input Image                                      Gray Image 

 

Sobel                                                    Prewitt 

 

Log                                                   Canny 

 

5. Conclusion: 

In a discpline of computer vision computerized picture preparing is getting to be 

prevalent day by day.Edge discovery is the beginning step of recognizing protest. Edges portray 

the boundaries of the protest that's valuable for distinguishing proof of objects that are displayed 

within the scene such as X-ray picture. Edge discovery is for the most part utilize in picture – 
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division . But all the edge discovery procedures are not same. They are distinctive from each 

other. In this paper we have made endeavor to distinguish the edges within the input pictures 

utilizing diverse strategies. This diverse edge discovery method is executed through the program 

‗MATLAB R2008a‘. It has been watched that canny edge discovery is more predominant than 

prewitt , sobel , log , roberts edge finder. 

 

6. Future Scope: 

Due to the quick improvement within the computer innovation , future of the image- 

handling is attending to be more adaptable. Advanced picture handling has wide run of 

applications. In future it has been anticipated to be less costly. Due to advancement of this 

innovation there will be millions of robots in world. Propels within the picture- handling and 

manufactured insights will include talked commands, interpretation of dialects, recognizing the 

finger prints, following of individuals and things, diagnosing restorative conditions, performing 

surgery and consequently driving all shapes of transport. With an expanding control of present 

day computing, the concept of computation can go past the show limits and in future, picture 

handling innovation will development. Long run slant in inaccessible detecting will towards 

made strides sensors that record the same scene in numerous unearthly channels. Design 

information is getting to be imperative presently days in picture handling app1ications in future 

picture preparing procedure. 
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1. Introduction to Artificial Intelligence 

Humankind has given itself the scientific name „homosapiens‟-- man the wise - as a result 

of our mental capacities that are so necessary to our everyday lives and our sense of self.  

Humans have the ability of a system to calculate, reason, perceive relationships and analogies, 

use natural language fluently, store and retrieve information from memory, learn from 

experience, solve problems, comprehend complex ideas, classify, generalize, and adapt to new 

situations which is nothing but intelligence. The field of artificial intelligence, or AI, strives 

to make intelligent entities and attempts to grasp intelligent entities. Artificial Intelligence 

consists of two words “Artificial” and “Intelligence”, where the word Artificial defines “man-

made”, and intelligence defines “thinking power”, thus AI means “a man-made thinking 

power”. AI is in existence when a machine shall have human based skills such as learning, 

reasoning, and solving problems. AI has created several vital and spectacular products even at 

this early stage in its development. Although its longer term intimately cannot be predicted, it‘s 

clear that computers with human-level intelligence (or better) would have an enormous impact 

on human lives and on the future course of civilization. 

AI was formally initiated in 1956, when its name was coined. Although, the study of 

intelligence is one of the very ancient disciplines and for over 2000 years, philosophers have 

tried to understand how seeing, learning, remembering, and reasoning could, or should be done. 

The advent of usable computers within the early 1950s turned the learned but armchair 

speculation concerning these mental faculties into a theoretical and true experimental discipline.    

There are hundreds of definitions of artificial intelligence. Most of it contain a bias as to 

whether they see it as trying to model humans or capturing intelligence (rationality) abstractly or 

whether the writer of the definition sees AI as dealing with thinking versus acting, and as 

mentioned in Table 1. 
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Table 1: Thinking versus Acting in AI 

 Humanly Rationally 

Thinking Thinking humanly- cognitive modeling. 

Systems should solve problems the 

same way humans do. 

Thinking rationally- the use of logic. 

Need to worry about modeling 

uncertainity and dealing with complexity. 

Acting Acting humanly- The Turing Test 

approach 

Acting rationally- the study of rational 

agent: agent that maximize the expected 

value of their performance measure given 

what they currently know. 

 

1.1 Concerns in AI 

Artificial Intelligence is seen by many as a great transformative technology. AI has both 

scientific (nature of intelligence) and engineering (design and production of intelligent agents) 

aspects as explained below.  

1.1.1 AI science: the nature of intelligence 

AI researchers study the nature of intelligence, where intelligence involves sensing, 

thinking, and acting as discussed in table 2. 

Table 2: AI Science 

SENSING THINKING ACTING 

Translation of sensory inputs 

(percepts) into a conceptual 

representation: 

 Computer Vision 

 Speech Recognition 

 Language Processing 

Manipulation of the conceptual  

representation: 

 Knowledge Representation 

 Problem solving/ Planning 

 Learning (making 

improvements based on the 

results of past actions 

Translation of intent 

(physical) actions (reflexive 

or deliberative): 

 Robotics 

 Speech and Language 

Synthesis 

 

1.1.2 AI Engineering: Intelligent Agents 

An AI system is the study of the rational agent and its environment. The agents sense the 

environment through sensors. Agents act on their environment through actuators. An AI agent 

can have mental properties such as belief, knowledge, intention, etc. Thus, an agent runs in the 

cycle of perceiving, thinking, and acting. An agent can be: 
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a. Human-Agent: A human agent has eyes, ears, and other organs which work for sensors 

and hand, legs, vocal tract work for actuators. 

b. Robotic Agent: A robotic agent can have cameras, infrared range finder, Neuro-

Linguistic Programming (NLP) for sensors and various motors for actuators. 

c. Software Agent: Software agent can have keystrokes, file contents as sensory input and 

act on those inputs and display output on the screen. 

To understand Intelligent Agents, it is important to understand few terminologies which 

are defined below: 

a. Sensors: Sensor is a device which detects the change in the environment and sends the 

information to other electronic devices.  

b. Actuators: Actuators are the component of machines that converts energy into motion. 

The actuators are only responsible for controlling a system. An actuator can be an rails, 

gears, electric motor, etc. 

c. Effectors: Effectors are the devices which affect the environment. Effectors can be 

wheels, fingers, legs, fins, arms, wings and display screen. 

Intelligent Agents:  

An intelligent agent is an autonomous entity that acts on an environment using sensors 

and actuators for achieving goals as shown in figure 1. An intelligent agent could learn from the 

environment to comprehend their goals. They can operate autonomously in complex 

environments. Example is a thermostat. Following are the main four rules for an AI agent: 

Rule 1: An AI agent must have the capability to perceive the environment. 

Rule 2: The observation must be able to make decisions. 

Rule 3: An action must be the result of decision. 

Rule 4: An AI agent must take a rational action. 

 

Rational Agent:  

A rational agent is an agent that has models uncertainty, clear preference, and acts in a 

way to maximize its performance measure with all potential actions. A rational agent is claimed 

to perform the right things. AI is about making rational agents to use for decision theory and 

game theory for various real-world scenarios. For an AI agent, the rational action is most 

significant because in AI reinforcement learning algorithm, agent gets the positive reward for 

each best possible action, and a negative reward for each wrong action.  
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Figure 1: Intelligent Agent 

Rationality:  

The performance measure of an agent measures rationality of an agent. Rationality can be 

judged on the basis of following points: 

a. Performance measure which describes the success criterion. 

b. Prior knowledge of the environment by the agent. 

c. Best possible actions performed by an agent. 

d. The sequence of percepts. 

AI cares with the assembly of intelligent agents. To design an agent, four things should 

be specified, i.e., PEAS: 

1. Performance measures (P) 

2. Environment (E) 

3. Actuators (A) 

4. Sensors (S) 

Performance Measure is the numeric description and objective function of the agent‘s 

work and the results of its performance. Actuators are basically the equipments or tools using 

which agent perform actions in the environment. This acts as the output of the agent. The input 

to the agent are the sensors using which agent perceives the state of the environment..  

To understand PEAS, let us take an example of Automated Car Driver with PEAS 

descriptor as: 

a. Performance Measure: 

Safety: Automated system must be able to drive the car safely without an accident. 

Comfortable journey: Automated system must give a comfortable journey to the end user. 

Optimum speed: Automated system must maintain the optimal speed depending upon the 

environment. 
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b. Environment: 

Roads: Automated car driver should be able to drive on any kind of a road ranging from street 

roads to highways. 

Traffic conditions: Traffic conditions are different for different type of roads. 

c. Actuators: 

Steering wheel: to direct car in desired directions. 

Accelerator, gear: to change the speed of the car. 

d. Sensors: Cameras, sonar system etc. take input from environment. 

An agent could be a combination of Agent program and Architecture. The 

‗agent program‘ performs the mapping of percept sequences to actions. ‗Architecture‘ is the 

platform where the agent run its program. The architecture has three functions: 

a. It maps sensory input to data structures that is included in the program, 

b. it runs the program, and 

c. it maps program outputs onto signals to the effectors. 

The agent program is usually a subroutine that maps the current percept to an action. 

Some controller iteratively calls this subroutine until the agent is dead. The implementation of 

such a subroutine is as follows: 

1. The input to the subroutine is the current percept. 

2. Optionally, information is used from this percept to enhance knowledge about the 

environment. 

3. Compute some useful information based on the updated state, to help make an action in 

the next step. 

4. Choose an action where the action may be chosen by reflex, or by 

using search or planning techniques, or by consulting a utility function that maps a state 

to a real number that result in a happy agent. 

1.2 Importance of Artificial Intelligence 

  Following are some of the main reasons to learn about AI: 

1. With the help of AI, softwares or devices are often created which might solve real-world 

problems very easily and with accuracy such as health issues, marketing, etc. 

2. With the help of AI, a personal and private virtual assistant such as Cortana, Google 

Assistant, Siri, etc. may also be created. 

3. With the help of AI, robots can be built which can assist in an environment where 

survival of humans can be at risk. 

4. AI opens a path for other new technologies, new opportunities, and new devices. 
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1.3 Goals of Artificial Intelligence 

The main goals of Artificial Intelligence are: 

1. Replicate human intelligence 

2. Solve knowledge-intensive tasks 

3. An intelligent connection of perception and action 

4. Building a machine which can perform tasks that requires human intelligence such as: 

a. Proving a theorem 

b. Playing chess 

c. Plan some surgical operation 

d. Driving a car in traffic 

5. Creating some system which can exhibit intelligent behavior, learn new things by itself, 

demonstrate, explain, and can advise to its user. 

 

1.4 Discipline Areas and Study Areas for Artificial Intelligence  

Artificial Intelligence isn‘t just a neighborhood of computing even it is so vast and 

requires many other factors which may contribute thereto. To create the AI first, it should be first 

known about the composition of intelligence. Intelligence may be an intangible part of our brain 

which is a combination of reasoning, learning, problem-solving perception, language 

understanding, etc. 

To achieve the above factors for a machine or software, AI requires the following 

disciplines as shown in figure 2 such as Mathematics, Biology, Psychology, Sociology, 

Computer Science, Neuroscience, Statistics. 

 

Figure 2: Disciplines of Artificial Intelligence 

 

The different areas of study in AI as shown in figure 3 include Vision, Speech 

recognition, Robotics, Natural Language Processing, Knowledge Representation, Automated 
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Reasoning, Inference, both in monotonic and non-monotonic logic, Common Sense Reasoning, 

Uncertainty and Probability, Genetic Programming, Artificial Life, Ontology, Epistemology, 

Expert Systems, Solving problems with no tractable deterministic algorithmic solutions, Deep 

Learning, Machine Learning, and many more. 

1.5 Advantages of Artificial Intelligence 

The main advantages of Artificial Intelligence include: 

1. High Accuracy with minimum errors: AI machines or systems are prone to less errors and 

are highly accurate as it takes decisions as per pre-experience or information. 

2. High Speed: AI systems can be of very high-speed and fast-decision making. 

3. High reliability: AI machines are highly reliable and can perform the same action 

multiple times with high accuracy. 

4. Useful for risky areas: AI machines can be helpful in situations such as defusing a bomb, 

exploring the ocean floor, where to employ a human can be risky. 

5. Digital Assistant: AI can be very useful to provide digital assistant to the users such as AI 

technology is currently used by various e-commerce websites to show the products as per 

customer requirement. 

6. Useful as a public utility: AI can be very useful for public utilities such as a self-driving 

car which can make our journey safer and hassle-free, facial recognition for security 

purpose, Natural language processing to speak with humans in human-language, etc. 

 

Figure 3: Application Areas of AI 

 

1.6 Disadvantages of Artificial Intelligence  

Every technology has some disadvantages, and the same goes for Artificial intelligence. 

Being so advantageous technology, still it has some disadvantages which must be keep in mind 

while creating an AI system. Following are the disadvantages of AI: 

1. High Cost: The hardware and software requirement of AI is very costly as it requires lots 

of maintenance to meet current world requirements. 
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2. Can't think out of the box: Even smarter machines are made with AI, but still they cannot 

work out of the box. Example: Consider a robot that will only do that work for which 

they are trained or programmed. 

3. No feelings and emotions: AI machines can be an outstanding performer, but still it does 

not have the feelings and thus, it cannot make any kind of emotional attachment with 

humans, and may sometime be harmful for users if the proper care is not taken. 

4. Increase dependency on machines: With the increment of technology, people are getting 

more dependent on devices and hence they are losing their mental capabilities. 

5. No Original Creativity: As humans are so creative and can imagine some new ideas but 

still AI machines cannot beat this power of human intelligence and cannot be creative and 

imaginative. 

 

2. History of Artificial Intelligence  

Artificial Intelligence is neither a new word and nor a new technology for researchers. AI 

has experienced several different stages that divided based on their specific developmental 

features, as shown in Figure 4. The three stages are Inference Period, Knowledge Period and 

Learning Period which are described below in detail. 

1. Its first stage is known as “Inference Period (1956-1974)” and was considered as a golden 

period for AI development. The most important task in this period was to make the 

computers capable of logical inference.  

2. When it came into the 1980s, knowledge engineering became the keyword of AI research, so 

the second stage is called as “Knowledge Period (1980–1987)”. In this period, the emphasis 

of AI research was from theoretical research to practical applications. With the 

commercialization of AI techniques and with the development of intelligent robots and fifth-

generation computers, AI research experienced a second boom and a prosperous age in this 

period. However, at the end of the 1980s, after more than a decade of prosperity and 

considerable progress in some fields, the AI research began to appear in crisis again. 

Generally speaking, there were mainly two problems: one is the so-called interaction 

problem, i.e., the traditional AI method is hard to interact with the environment. The other 

was the poor generalization capability, i.e., the traditional AI method is only suitable for the 

narrow domain expert system, and it was hard be extended to larger and wider complex 

systems.  
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3. After the short break in the second winter, AI began a new round of exploration since the early 

1990s called as “Learning Period (1993–present)”, when it was successfully applied 

throughout the technology industry. The impressive feature of this period is that computers 

should have certain self-learning ability with or without the aid of human. To achieve this 

purpose, it analyzes the potential features and patterns from multiple sources submerged in 

the unstructured big data.  

In addition, due to certain criticisms and limitations, AI also encountered two winter 

periods. However, researchers never stopped their works in related techniques, and breakthrough 

of numerous applications were also accompanied. Figure 5 summarizes some milestones in the 

history of AI which defines the journey from the AI generation to the development till date. 

 

 

Figure 4: Development History of AI 

 

2.1 Maturation of Artificial Intelligence (1943-1952) 

a. Year 1943: The first work which is now recognized as AI was done by Warren 

McCulloch and Walter pits in 1943. A model of artificial neurons was proposed by them. 

b. Year 1949: Donald Hebb demonstrated an updating rule for modifying the connection 

strength between neurons. His rule is now called Hebbian learning. 

c. Year 1950: The Alan Turing who was an English mathematician and pioneered Machine 

learning in 1950. Alan Turing publishes ―Computing Machinery and Intelligence‖ in 
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which he proposed a test. The test can check the machine's ability to exhibit intelligent 

behavior like human intelligence, called a Turing test. 

2.2 The birth of Artificial Intelligence (1952-1956) 

a. Year 1955: An Allen Newell and Herbert A. Simon created the first AI program which 

was named as ―Logic Theorist‖. This program had proved more elegant proofs for some 

theorems and had also proved 38 theorems out of 52 Mathematics theorems.  

b. Year 1956: The word "Artificial Intelligence" first adopted by American Computer 

scientist John McCarthy at the Dartmouth Conference where AI coined as an academic 

field for the very first time. 

c. At that time high-level computer languages such as FORTRAN, LISP, or COBOL were 

invented.  

2.3 The First Hype Cycle and golden years-Early enthusiasm (1956-1974) 

a. Year 1966: The researchers emphasized developing algorithms which can solve 

mathematical problems. Joseph Weizenbaum created the primary chatbot in 1966, which 

was named as ELIZA. 

b. Year 1972: The first intelligent humanoid robot was built in Japan which was named as 

WABOT-1. 

 

 

Figure 5: Evolution of AI 
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2.4 The first AI winter (1974-1980) 

a. The duration between years 1974 to 1980 was the first AI winter duration. AI winter 

refers to the time period where computer scientist dealt with a severe shortage of funding 

from government for AI researches. 

b. During AI winters, an interest of publicity on artificial intelligence was decreased. 

2.5 Brief Resurgence and a boom of AI (1980-1987) 

a. Year 1980: After AI winter duration, AI came back with ―Expert System‖. Expert 

systems emulated the decision-making ability of a human expert after it were 

programmed. 

b. In the Year 1980, the first national conference of the American Association of Artificial 

Intelligence was held at Stanford University. 

2.6 The second AI winter (1987-1993) 

a. The duration between the years 1987 to 1993 was the second AI winter duration. 

b. Investors and Government stopped funding for AI research because of its high cost but its 

result was not that much efficient. The expert system like XCON was very cost effective. 

2.7 The emergence of intelligent agents and Rebirth of AI (1993-2011) 

a. Year 1997: In the year 1997, IBM Deep Blue beats world chess champion, Gary 

Kasparov, and became the first computer to beat a world chess champion. 

b. Year 2002: For the first time, AI entered the home in the form of Roomba, a vacuum 

cleaner. 

c. Year 2006: AI came in the Business world till the year 2006. Companies that started 

using AI were Twitter, Facebook and Netflix. 

2.8 Big data, Deep learning and artificial general intelligence (2011-present) 

a. Year 2011: In the year 2011, IBM‘s Watson won jeopardy, a quiz show, where it had to 

solve the complex questions as well as riddles. Watson had proved that it may solve 

tricky questions quickly and could understand natural language. 

b. Year 2012: Google has launched an Android app feature ―Google now‖, which provides 

information to the user as a prediction. 

c. Year 2014: In the year 2014, Chatbot ―Eugene Goostman‖ won a competition in the 

infamous ―Turing test‖. 

d. Year 2018: The "Project Debater" from IBM debated on complex topics with two master 

debaters and also performed extremely well. 
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e. Google has demonstrated an AI program ―Duplex‖ which was a Virtual Assistant which 

took hairdresser appointment on call, and lady on the other side didn't notice that she was 

talking with the machine. 

Now, AI has developed to a remarkable level. The concept of big data, deep learning and 

data science are now trending like a boom. Nowadays companies like IBM, Facebook, Google 

and Amazon are working with AI and creating amazing devices. The future of AI is inspiring 

and can accompany high intelligence. 

 

3. Types of Artificial Intelligence  

The powerful capabilities and substantial growth of AI have made people paranoid about 

the inevitability and proximity of an AI takeover. Also, the transformation caused by AI in 

several industries has made business leaders and therefore, the mainstream public thinks that we 

are on the brink of achieving the height of AI research and maxing out AI‘s potential. However, 

the long road ahead for AI research is based on understanding the types of AI that are possible 

and the types that exist now will give a clearer picture of existing AI capabilities. AI can be 

categorized into two types, first based on capabilities and the other based on functionally of AI. 

Flow diagram 6 explains the types of AI. 

 

3.1 AI type-1: Based on Capabilities 

This includes classification of the technology into Narrow AI or Artificial Narrow 

Intelligence (ANI), General AI or Artificial General Intelligence (AGI), and Super AI or 

Artificial Superintelligence (ASI) as mentioned in figure 7. 

 

Figure 6: Types of AI 
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3.1.1 Weak AI or Narrow AI or Artificial Narrow Intelligence:  

 Artificial Narrow Intelligence (ANI) or Narrow AI refers to AI systems that can only 

perform a specific task autonomously using human-like capabilities. These machines can only 

perform tasks what they are asked to do. Thus, they have a very limited or narrow range of 

competencies. ANI uses the most complex AI that uses deep learning and machine learning. 

Important features of ANI include: 

a. Narrow AI is a type of AI which is able to perform a dedicated task with intelligence. The 

most common and currently available AI is Narrow AI in the world of AI. 

b. Narrow AI cannot perform beyond its field or limitations, as it is only trained for one 

specific task, thus it is also termed as weak AI.  

c. Apple Siri is a good example of Narrow AI, but it operates with a limited pre-defined 

range of functions. 

d. IBM's Watson supercomputer also comes under Narrow AI, as it uses an Expert system 

approach combined with Machine learning and natural language processing. 

e. Some Examples of Narrow AI are playing chess, purchasing suggestions on e-commerce 

site, self-driving cars, speech recognition, and image recognition. 

 

3.1.2 General AI or Artificial General Intelligence:  

Artificial General Intelligence is the ability of an AI agent to learn, perceive, understand, 

and function completely like a human being. These systems will be able to independently build 

multiple competencies and form connections and generalizations across domains. This will make 

AI systems capable equivalent to humans by replicating our multi-functional capabilities. 

 

Important features of AGI include: 

a. General AI is a type of intelligence which could perform any intellectual task with 

efficiency like a human. 

b. The idea behind the general AI to make such a system which could be smarter and think 

like a human by its own. 

c. Currently, no such system exists which could come under general AI and can perform 

any task as perfect as a human. 

d. The worldwide researchers are now focused on developing machines with General AI. 

e. As systems with general AI are still under research, and it will take lots of efforts and 

time to develop such systems. 
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3.1.3. Super AI or Artificial Superintelligence:  

The development of Artificial Superintelligence will probably mark the pinnacle of AI 

research. In addition to replicate the multi-faceted intelligence of humans, ASI will do 

exceedingly better due to overwhelmingly greater memory, faster processing of data and 

analysis, and decision-making capabilities. The development of AGI and ASI will result in a 

scenario most popularly mentioned as the singularity. These machines may also threaten our 

existence or at the very least, our way of life because of the high potential of powerful machines. 

Important features of ASI include: 

 

 

Figure 7: AI type-1: Based on Capabilities 

 

a. Super AI is a level of Intelligence of Systems at which machines could surpass human 

intelligence, and can perform any task better than human with cognitive properties.  

b. Some key characteristics of strong AI include capability include the ability to think, to 

reason, solve the puzzle, make judgments, plan, learn, and communicate by its own. 

c. Super AI is still a hypothetical concept of Artificial Intelligence. Development of such 

systems in real remains world changing task. 

 

3.2 Artificial Intelligence type-2: Based on functionality 

The degree to which an AI system can replicate human capabilities can be used as an 

criterion to determine the types of AI. This is because AI research purports to make machines 

emulate human-like functioning. AI is often classified under one, among all sorts of AI 

depending on how a machine compares to humans in terms of versatility and performance. An 

AI can be considered as a more evolved type of AI if an AI can perform more human-like 

functions with equivalent levels of proficiency as humans; while an AI is considered as an easier 

simpler and less evolved type that has limited functionalities and capabilities. 
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There are two ways in which AI is generally classified based on the above criterion. One 

type of classification of AI is AI-enabled machines based on their likeness to the human mind, 

and their ability to ―think‖ and ―feel‖ like humans. There are four types of AI or AI-based 

systems according to this system of classification, i.e., reactive machines, limited memory 

machines, theory of mind, and self-aware AI as shown in figure 8. 

 

3.2.1. Reactive Machines AI:   

These are the oldest forms of AI systems that have extremely limited capabilities. These 

machines do not have memory-based functionality. These machines don‘t have the ability to 

―learn‖ as they cannot use previously gained experiences to inform their present actions. 

 

 

Figure 8: AI type-2: Based on Functionality 

These machines could automatically respond to a limited set or combination of inputs. 

They cannot rely on memory to improve their operations. A popular example of a reactive AI 

machine is IBM‘s Deep Blue, a machine that beat chess Grandmaster Garry Kasparov in 1997. 

The key features of reactive machines AI include: 

a. Purely reactive machines are the most basic types of Artificial Intelligence. 

b. Such AI systems do not store memories or past experiences for future actions. 

c. These machines only focus on current scenarios and react on it as per possible best 

action. 

 

3.2.2. Limited Memory AI:  

 Limited memory machines are machines that have the capabilities of purely reactive 

machines, and are also capable of learning from historical data to make decisions. For instance, 

http://www.nyu.edu/gsas/dept/philo/courses/mindsandmachines/Papers/mcdermott.html
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an image recognition AI is trained using thousands of images and their labels to train it to name 

objects it scans. After an image is scanned by such an AI, the training images are used as 

references to understand the contents of the image presented to it. It then labels new images with 

increasing accuracy based on its ―learning experience‖. Almost all present-day AI applications, 

from chatbots and virtual assistants to self-driving vehicles are all driven by limited memory AI. 

The key features of limited memory AI include: 

a. Limited memory machines can store past experiences or some data for a short period of 

time. 

b. These machines can use stored data for a limited time period only. 

c. Self-driving cars are one of the best examples of Limited Memory systems. These cars 

can store recent speed of nearby cars, the distance between other cars, limit of the speed, 

and other information to navigate the road to prevent any accidents. 

3.2.3. Theory of Mind AI:  

This type of AI exist either as a concept or as a work in progress. Researchers are currently 

engaged in innovating the theory of mind AI systems. The entities could be better understood by 

the theory of mind level AI that are interacting with it by discerning their beliefs, needs, 

emotions, and thought processes. While artificial emotional intelligence is an area of interest for 

leading AI researchers  and is already a budding industry, achieving theory of mind level of AI 

would require development in other branches of AI as well to truly understand human needs. The 

key features of Theory of Mind AI include: 

a. Theory of Mind AI should understand the human emotions, people, beliefs, and be able 

to interact socially like humans. 

b. These type of AI machines are still not developed, but researchers are making lots of 

efforts and improvement for developing such AI machines. 

3.2.4 Self-Aware AI:  

This is the hypothetical type of AI. Self-aware AI is an AI that has evolved to be like the 

human brain and has developed self-awareness. Creating this sort of AI will always be the 

ultimate objective of all AI researchers. This type of AI will have beliefs, emotions, needs, and 

potentially desires of its own. The key features of self-aware AI include: 

a. Self-aware AI is the future of Artificial Intelligence. These machines will be super 

intelligent, as it will have their own sentiments, consciousness, and self-awareness. 

b. These machines will be smarter than human mind. 

c. Self-Aware AI does not exist in reality still and it is a hypothetical concept. 

https://www.allerin.com/blog/artificial-emotional-intelligence-the-future-of-ai
https://www.allerin.com/blog/artificial-emotional-intelligence-the-future-of-ai
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4. Conclusion 

Artificial Intelligence is slowly is taking our mind to the next level and changing the way 

people think and act. Imagine a machine that has the ability to think, learn, create and form its 

own ideas and thoughts with almost similar replication of the human mind and the level of 

curiosity that drives the consistent thirst and digestion of knowledge. Computer power has 

increased by massive amounts and millions have been spent on research to explore the benefits 

and potential of such platform. AI has explored a variety of paths, and in doing so it has achieved 

several successes and has assembled many powerful computational tools.  
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Introduction: 

Existing power infrastructures are facing with lots of adversities as chief concern are 

carbon dioxide emissions in the environment, line losses, rising in energy demand, failure of 

equipments due to outages. Another major issue is that the majority of people live in rural or 

isolated areas, which do not have access to electricity and extending of grid is often considered 

complications and uneconomical. Renewable energy resources such as biomass, geothermal, 

wind, solar, hydro, wave or tidal with a huge potential of alternating energy generation [1]-[5]. 

Because of above mentioned adversities the installation of renewable energy based distributed 

generation (DG) increase in distribution network. Furthermore, increasing penetration of 

distributed generation creates new technical and economical challenges. Installation of distributed 

energy resources (DERs) suffers from the drawback of huge capital investment and intermittent 

power production [6]-[11].To overcome these deficiencies and increase efficiency researchers has 

provided a unique power distribution control system Smart grid [12]-[15]. Development of Smart 

grid is a continuous process that happens over time and not in a single step. 

Smart grid is the concept of modernizing the electric grid. Though the implementation of 

smart grid technologies the grid becomes more flexible, interactive and is able to provide real 

time feedback. To enable the provision of secure, reliable, clean economic electricity demand by 

end users deployment of Smart grid increases. As per International Electro technical Commission 

(IEC) definition of smart grid is ―A smart grid employs innovative products and services together 

with intelligent monitoring, control, communications and self healing features to facilitate the 

connection and operation of generators, allow consumers to play a part in optimizing the 

operation of the system; provide consumers with greater information and choice of supply; 

significantly reduce the environmental impact of the whole electricity supply system; deliver 

enhanced levels of reliability and security of supply‖. As a tool to support access electricity, 

smart grids could enable a transition from simple, one-off approaches to electrification (e.g., 

mailto:vandanasondhiya95@gmail.com
mailto:kaustubh@rgtu.net
mailto:kulsum.aslam@gmail.com
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battery- or solar photovoltaic-based household electrification) to micro- and mini-grids that can 

later connect to national and regional grids. 

    Microgrids combine the distributed generation units, wind turbines, storage, energy units 

and control units. Nanogrid differs from the microgrid in terms of scale. A nanogrid is a power 

distribution system for a single house/ small building with the ability to connect or disconnect 

from other power entities via a gateway. It is more compact, flexible, and reliable and operated in 

networked or Islanded mode through a gateway. Gateway may be one way or two-way for power 

exchanges, interoperability and communications along peripherals [16]-[19]. Controller is the 

Brain of the nanogrid which has to control the level of power supplied to the loads, set the local 

electricity price and manage internal storage. Nanogrid includes energy storage to explore 

stability and flexibility in planning of the renewable energy resources requirement in the grid. 

Usually, sunlight is not available during night and rainy season similarly; wind speed is higher at 

night when demand is low, so due to the intermittent nature of renewable energy resources, 

energy storage system would be better solution to help shift the demand profile from peak periods 

to off peak periods [20]-[25]. 

Yet been few researches have been conducted in the field of energy management. Here 

after more investigations to be concentrated on the control and energy management of nanogrid. 

Network characteristics can be enhanced by adopting optimization techniques to get the optimal 

location, capacity, and power factor of DGs. Lots of approaches have been proposed to control 

and energy management of MG/ NG, out of these practical methods of centralized control which 

is preferable for NGs[26]-[29]. In spite of providing system observability and controllability of 

the power system network, it has some disadvantages related to a single point of failure and the 

reduction of reliability and flexibility. Heuristic research and analysis must be done to ensure the 

efficient use of energy and maximize the technical benefits. Integration of control circuits with the 

peripheral units is a major concern in operating NGs. Reliability of centralized control is affected 

due to the use of a single controller, On the other hand, a decentralized control proves to be very 

fast and reliable as it is especially designed for applications in distributed systems of restricted 

area as NGs[38]-[41]. Compact Nanogrid for home application, in remote or isolated areas 

proposed in [42] easily integrates with commercial home automation and provides the optimal 

solution for interoperability of devices belonging to a system. 

The various literature based on nanogrid focuses on the hardware and control network 

with the objectives of minimizing supply costs and enhanced efficacy. More emphasis on 

segregation of advantages and disadvantages with various characteristics to identify nanogrids as 

a complete Power Structure. To have a clear vision of nanogrid contribution as a decentralized 
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power this chapter address an overview related to NGs. The chapter combines the distinguished 

features of NG. Nanogrid is usually defined as a power structure confined to a single 

home/building. Concept and approach of nanogrid is different by distinguished researchers. 

 

II. Definition and Background of Nanogrid: 

Start from the scratch a nanogrid is a power distribution system, as it is true for 

microgrid. Nanogrids have the capability of operating in islanded or grid connected mode which 

again is a characteristic also found when discussing microgrids. Another common attribute is to 

operate either as AC, DC or hybrid power structures. Although the nanogrid structure clearly 

favours DC. They both consist of source often preferred renewable energy. There are lots of 

challenges to define power structure as divergent opinions and indistinct boundaries between 

power structure. Various authors suggest a nanogrid analogous to a microgrid. To distinguish 

nanogrid from microgrid terms such as ―low power‖ and ―complexity‖ is difficult to define, 

some key characteristics can be adopted to separate the two power structures. When segregating 

nanogrids from microgrids the implication of relative size is given but needs to be refined further 

to create a quantitative perimeter. The structure of nanogrid is changed somewhat by this 

definition; here nanogrid is defined as ―a single domain for voltage, price, reliability, quality and 

administration‖, which still works with consensus. The characterisation of nanogrid is interesting 

as it allows systems such as Universal serial bus, power over Ethernet (PoE), Universal Power 

adapters and variety of other power structures. Effective defining characteristic of nanogrid is 

that it is confined to a single home/ building whereas span of microgrid is multiple homes/ 

buildings, a clear boundary is set. 

2.1 Definition of Nanogrid 

On the basis of above information presented, a precise definition of the nanogrid is: 

―A nanogrid is a power distribution system for a single house/ small building, with the 

ability to connect or disconnect from other power entities via a gateway. It consists of local 

power production powering local loads, with the option of utilizing energy storage and/or a 

control system‖. 

The following reasons are identified to make clear Distinction of Nanogrid with 

Microgrid as follows: 
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Table 1: Comparison between Nanogrid and Microgrid 

Sr. No. Characteristics Nanogrid (NG) Microgrid (MG) 

1 Cost A nanogrid allows a power 

structure to be obtained at a 

relatively cost. 

Microgrid is comparatively 

expensive. 

2 Area Nanogrid structure is confined 

to a single home/ building. 

Span of microgrid belongs to 

multiple buildings /homes. 

3 Hierarchy  Nanogrid is single. By connecting multiple 

nanogrid,  micro grid is 

formed. 

4 Installation A nanogrid allows an ease and 

immediate installation without 

major changes in existing grid. 

Installation of micro grid is 

requires major changes 

among interace. 

5 Complexity  A centralized control facilitates 

optimization of the NG 

operation because the single 

controller knows the state of the 

Entire system perfectly. 

Optimization between supply 

and demand in micro grid is 

complex.   

 

2.2 Components /Structure of Nanogrid 

The basic structure of a nanogrid is shown in fig.1; it consists of the following 

components: 

(i) Local Power Production: Nanogrid has the key skill to enhance the efficient use of 

domestic sized distributed generation. Nanogrid also has the facility to integrate variety 

of renewable/ non renewable resources. The typical renewable energy resources are Solar 

and wind whereas, the non renewable energy resources are fuel cells or diesel generators. 

(ii) Energy Storage: Energy storage is considered optional to nanogrid, but addition of 

energy storage enhances stability. Mostly used energy storage for nanogrid is  battery 

bank. 

(iii) Local Load: At least one local load is used to supply from nanogrid. The loads may be 

any of the domestic appliances such as Mixer grinder, Washing machine, Water Cooler, 

Lighting etc. 
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(iv) A Gateway: Gateway is a ―plug and play‖ integration of renewable resources, local 

storage and optimal management of storage. It may be  one or two way interface between 

nanogrids, microgrids and national grid to exchange information on price, availability 

and capacity. Each gateway implements communications and power exchange. The 

gateway also has the facility to disconnect from the external power entities allowing 

nanogrid to operate in islanded mode. 

(v) Controller: Controller is the core of nanogrid, which enables to enables to control the 

power supplied to its loads, negotiates with other grids through gateways, sets the 

electricity price and manage internal storage. Controller has the authority to grant or deny 

the requests by loads. To maintain under various circumstances controllers also have the 

embedded preferences about management of energy storage and supply. 

 

 

Figure 1: Nanogrid Block Diagram 

Conclusion: 

This chapter reviews the nanogrid basic structure and background of nanogrid. Nanogrid 

hold promising for bringing basic electricity services to people who lack them. Nano grid 

provides interoperability within and between nanogrid and reduces complexity.Nanogrids have a 

similar structure  to microgrids, however, as the name would suggest, nanogrids are smaller in 

capacity. The two are not mutually exclusive. By connecting multiple nanogrids micro grid can 

be formed. Heuristic research of nanogrid is required for further implementation and evaluation. 
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Abstract: 

Mobile ad hoc network (MANET) is a self-configuring infrastrucless wireless network. 

In this whole mobile nodes works as a router and they can choose and forward the packets. There 

is a number of routing protocol in which AODV is one of the most suitableprotocols for 

delivering the packets from one end to another end. Howeverbecause of the self-motivated nature 

of the networks it is more susceptible to severe type of security threats for example hello flood 

attack, Sybil attack, black hole, wormhole etc. Black hole attack is a kind of denial of service 

(DoS) attack which vaccinatedeceitful route for the transmission of packets which performs as 

―freshest‖ or shortest route. In case of manifoldmalevolent nodes that work self-possessed with 

accommodatingly, the influence will be more. Such type of threat is known as co-operative black 

hole attack. In this work, we mainly present the literature work related to the detection and 

prevention of black hole attack, discusses classification of routing protocols and also presented 

the pros and cons of various methodology used in literature for removal of black hole attack. 

Keywords: AODV, Threats, Mobile nodes, MANET, Security Threats, Malevolent. 

 

1. Introduction: 

The wireless mobile network is heavily used by the data declaration network from 

previous years. For personal use, a wireless network under infrastructure. Due to its natural 

flexibility it can easily join or leave and create an automated network for the transfer of packets 

from source to destination [1,18]. In such a network the individual cell nodes behave as a router 

that can select the appropriate route or shortcut itself. Such networks provide the right to use 

programs such as conferences, conference events, battlefields and under catastrophic conditions 

(such as floods, fires) etc. Transferring the package from source to source uses three-step 

protocols: table-based protocols, in-demand search protocols and hybrid protocol. The protocols 
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run on the table are DSDV and OLSR, which are highly sought after by AODV, DSR, TORA 

and hybrid protocol by ZRP. This paper discusses in detail the AODV protocol [5] which is the 

primary source of compliance. It distributes the RREQ package in neighboring mode and later 

transfers it to their nearest locations. When the RREQ message package reaches the destination 

node. It meets a node with a route to the destination where the response is assigned. That 

response comes from the route response message (RREP). From the point of view of the security 

feature of various routing networks wireless Ad-hoc networks do not protect against the attacks 

of bad notes between them where Black Hole Attack is one of them in the network and different 

types of attacks. A black hole is a type of malicious node attack which means you have a short 

and new way to move packets to destination. The remaining section of the paper is structured as 

follows: In section II, wediscusses about the AODV protocol. Section III, also presented about 

the Black hole attack. Section IV presents the literature work done by various authors or 

researchers for detection and removal of black hole attack and Last section present overall 

conclusion of the paper. 

 

Figure 1: Mobile ad hoc networks 

 

2. Outline of aodv routing protocol: 

In this section we describe the overview of AODV routing protocol in mobile ad hoc 

network. The routing in the Ad hoc networks is an incredibly serious assignment because of the 

nonexistence of any central coordinator or base station and the dynamic topology. 

 

Figure 2: Hierarchy of Routing Protocols [3] 
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AODV is reactive routing protocol and therefore, routes are available where needed. [20] 

When a source node wishes to send a message to a specific recipient node and does not have a 

valid route to the recipient, the source node begins the process of finding a way to share another 

node. It distributes the route application package (RREQ) to its nearest locations, and later 

transfers it to its nearest locations. This process continues until it reaches the recipient or central 

node with a "new enough" route to the destination. When an RREQ message packet completes a 

destination or meets a node with a route to your destination the response is guaranteed. That 

refund occurs with the transmission of a route response message (RREP). Suppose, if a node 

detects that a route has been destroyed or hidden it sends a route error message (RERR) to the 

source [4]. Figure 3 below shows the operation of the AODV routing protocol. 

 

Figure 3: Flow of Control Messages 

 

3. Black hole attack in AODV: 

The mobile ad-hoc network is influence by severe type of attack. There are two types of 

attack that are active and passive attack.  

 

Figure 4: Active attack 

 

The most common network coverage is wormhole attack, Sybil attack, blackhole attack, 

flood attack hello etc. The black hole attack is done with a single node or collection of nodes as 

shown in Figure 5. This attacker node is also called a selfish node. In a black hole attack a 
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malicious node sends a fake Route reply (RREP) to the source node from the order of the route 

finding process to find the road to the node location. When a source node receives multiple 

RREPs, it selects the largest as current route information and selects the router that controls that 

RREP package [5]. If the sequence numbers are equal select the method with the least number of 

hop. The attacker corrupted the contrast with the target and sent an RREP with a more targeted 

sequence number than the authentic source sequence no to source. After that; opponents drop all 

data packets instead of forwarding them to the destination node. As shown in Figure 6 below, 

source node 1 broadcasts the RREQ message to find the router to send packets to the destination. 

RREQ broadcasts from node 1 are received by neighboring areas 2, 4 and 5. RREP the message 

immediately without having to get to your destination. RREP message sent by malicious node is 

the first message that reaches the source node .When the source node receives a message sent to 

the node of malicious attackers, it refreshes its router table the new target route and discards any 

RREP message from others nodes are adjacent to or from the actual destination. As soon as the 

source node finds a route, it starts sending broken packets of data from that router assigned to the 

malicious node. However, the black hole node discards all packets of data rather than forwarding 

it. 

 

Figure 5: Black Hole Attack in AODV 

 

4. Literature review: 

With the discovery and prevention of black hole invasion several authors have proposed 

and implemented a different algorithm. This section discusses the text of the solution for fighting 

blackhole: 

Taranpreet Kaur et al. "To protect MANET from the flood of military applications under 

the Group Mobility" [6] have proposed a code of conduct to detect violent flooding on the 

battlefields. From a fighting situation; especially the Group Mobility model is followed so the 
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collection of nodes by clusters has various advantages. The node (test of its behavior on the 

network) of the node is calculated in the group heads. This method has a dual nature, so it 

effectively corrects the false detection of real nodes as malicious. The effectiveness of the new 

method compared to the AODV protocol based on the various operational measures is noted that 

the proposed strategy has better performance in various stages. 

NeelamKhemariya et al. "Defined Effective Blackhole Attack Algorithm for AODV 

MANETs" [7] proposed an effective algorithm for detecting black hole attacks described. This 

algorithm first identifies a black node hole in a given Network Ad hoc Network and then 

removes the input of that node from the router table. The algorithm is developed in the form of 

an active AODV (Ad hoc On demand Distance Vector Routing). The advantage of the proposed 

algorithm is that it applies in both cases where there is no declaration (e.g., a node is not 

working) and when the declaration node (node is not working). This algorithm can detect both 

single black hole attacks and Black Algorithm attack. 

Sen, J. et al. "How to Recognize Cooperative Black Hole Attack Attacks in Mobile Ad 

Hoc Networks" [8] suggested a method of protection against black hole co-operation. The 

proposed approach alters the AODV protocol by introducing two concepts, such as (a) the data 

path (DRI) table and (b) the opposite assessment. In the proposed system, the nodes that respond 

to the RREQ message of the source node during the route acquisition process send two pieces of 

additional information. Each node stores an additional DRI table. table, bit 1 represents „true‟ 

and 0 stands for „false‟. The first bit bitFrom ‟represents the data in routing data packet from the 

node (in the node filed), while the second bit" Through ‟represents information about moving the 

data packet during the node. In this source method (SN ) broadcasts the RREQ message for a 

secure route to the target node.The middle node (IN) responds with Next Hop and DRI for the 

Next Hop Node (NHN) in source node. After receiving feedback from IN, the source node 

checks its DRI table for the integrity of the IN node. When it is here in the DRI table, SN starts 

sending packets of data via IN node, otherwise SN sends FREQ to NHN via After-detecting the 

NHI for its NHN and DRI for IN, the source node re-evaluates its DRI table to find the reliable 

IN.If the reliance on IN reveals the source node (SN) starts sending packets of data through that 

IN node if not, and the source node sends an additional application for the corresponding central 

node. then, this method cannot fully detect node holes that work in conjunction. 

AnkitasinghKushwah et al., ―Review of Black Metro Prevention and Detection 

Procedures at MANNET‖ [9] proposed the DPRADOV method using a new portable package 

called ALARM and the alternatives are a number of robust limits. AODV standard; The RREP 
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sequence number is tested to see if it is higher than the limit value or not. If the RREP sequence 

value The number is greater than the limit value when the sender is identified as an invader and 

updates it in the blacklist. ALARM is passing it on to its black-listed neighborswhich is why 

RREP from the wrong place is blocked but not processed. On the other hand, the variable value 

is converted by calculating the sequence number that goes between the sequence number and the 

RREP packet at all times. According to the plan the attack on black holes is not only detected but 

also prevented by renewing the limit that responds to the active area of the network. The 

advantage of DPRAODV is that it gets a higher delivery rate than the AODV novel unless it 

takes a slightly higher route and ends at the end of the delay. But DPRAODV simply found black 

holes connected rather than black hole attacks. 

KaminiMaheshwar et al. "Black Hole Effect Analysis and Prevention through IDS in 

MANET Environment" [10] proposed a process for the detection and response of MANETs that 

works better than the AODV protocol in front of the Black Hole Attack, with false attributes and 

percentage of packages delivered. Security on MANET against Black Hole attacks is provided 

through the IDSAODV protocol. 

Hidehisa Nakayama et al. "Detecting Black Hole Attacks on AODV-based Mobile Ad Hoc 

Networks via Dynamic Learning Method" [11] suggested the process of finding inaccuracies 

using a robust training method where training data is updated on regular occasions. The 

simulation results show the efficiency of the method compared to the standard method. 

Surya Narayan Patro et al. "A counter-blackproof attack rate on AODV-based Mobile Ad-Hoc 

Networks" [12] suggested a tracking number system to detect black hole attacks on MANET 

based on a pre-processor called Pre_Process_RREP and it is easy and do not change internal 

functionality or of destination. It does not change even the performance of standard AODV. The 

process continues to accept RREP packets and calls a process called Compare_Packets (packet 

p1, packet p2) actually-. 

Manuel D. et al. "Accurate Discovery of Black Pits on MANET using Collaborative 

Bayesian Watchdogs" [13] suggested a number of regular Bayesian guards based on a messaging 

process for each viewing organization that allows publishing both personal and neighbourly 

pride. The watchdog paradigm simply suggests packets being transferred and acquired by its 

neighbors, including packets to be reset, and calculates the level of reliability of all neighbors as 

the amount of packets is transferred to the packets that should have been reset. If the node 

resumes all the packets that should have been redirected. It has 1 confidence level. If a node has 

a reliability level below the tolerance limit for that node it is considered dangerous. Every node 

running watchdog collects reputation data to find α and β values across a neighbor. The idea of 
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this method is that if the Bayesian guard is effective in detecting dark holes. A team of nearby 

Bayesian watch companies will be able to make a quick and very accurate discovery. In line with 

the Bayesian security guard, integrated Bayesian security teams listened to the network to collect 

information about packets sent and received by their neighbors. In addition, it finds α and β 

values throughout its population. These numbers are almost identical to those obtained by the 

Bayesian guard in the same view; so-called initial information ‟or‟ specific information ‟. In 

some cases, a watchdog shares this information with its neighbors and is referred to as secretive 

information or indirect reputation. The focused watchdog has expertise to significantly reduce 

the time to find black hole sites and also deteriorate the impact of false and false profits. 

Pramod Kumar Singh et al. "Effective Prevention of Black Hole Problems in AODV Routing 

Protocol at MANNET" [14] proposed a method that uses a node loosening mode. This mode 

corresponds to a node to cut and read each network package from the rest. Loose behavior mode 

indicates that if node A is limited to the width of node B, it can listen to the connection to and 

from B even if that information indirectly involves A. When a malicious node is detected, an 

alarm message floods the network about the malicious node to disconnect it. The simulation 

result shows that we are able to protect the AODV protocol from the attack of the black hole and 

get a high increase while keeping the track above. 

Baadache et al. ―Avoiding black hole invasion and black hole interactions in ad hoc 

networks‖ [15] suggested the Merkle tree method where it is a single leaf with a single hash 

value and mediation areas that use hash values to produce a new compound hash. Figure 6 shows 

this development in a single Merkle tree. Here h describes the effectiveness of one hash method. 

Eg.Function SHA-1 [16]. || is concatenation operator. The values of 1,2,4 leaves, respectively, 

are: h (a), h (b), h (c) The value of the internal node 3 is: h (h (a) || h (b)) which is the result of 

hashing of aggregate values of children 1 and 2. The dem node 5 whose value is h (h (h (a) || h 

(b)) || h (c)) and children are: 3 and 4 By detecting black hole attacks, each node contains a hash 

that is a combination of nodes id and a secure value known only by nodes. Source node has the 

concatenation of all the hashes of a single route to the location in its memory. The process of 

checking hash values is shown in the figure. In Fig. 7, each node sends a combination of its hash 

and previous nodes to a route with an RREP package from your destination to the source. The 

source node checks this value for the previously saved hash value of this route in its memory and 

if a discrepancy is found, then it notifies other nodes about the disadvantages of this route. The 

difference between the saved value and the new value indicates that one node may drop RREQ 

packets and not send packets to its destination without the correct value. 
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Table 1: Different approaches with its advantages and disadvantages 

 

Sharma et al., "Black Hole Detection and prevention" [17] proposed an algorithm 

designed to implement the ZRP protocol. Included in this additional code is a bluff probe packet 

and the detection and prevention of black hole attacks. This algorithm is divided into the 

Sr.

No. 

Proposed approach Advantages Disadvantages 

1 Clustering Based  Detect only existing attack  It can‘t detect new attack  

2 Secure Efficient 

Algorithm  

Able to detect black hole in 

idle or not idle both the 

condition  

Can‘t able to detect the black 

hole in cross layer 

3 DRI approach  Avoid collaborative black hole 

node 

Memory Overhead 

4 DPRAODV Improved the throughput Time Delay, Routing 

overhead  

5 IDS-AODV Improved Throughput  and 

PDR 

Neighbor nodes may give 

false information , Extra 

database need to maintain to 

update table 

 

6 Merkle Tree Consume less energy enormous overhead 

7 Anomaly detection 

scheme using dynamic 

training 

limited bandwidth induced  enormous overhead 

8 Sequence number 

based scheme 

Improves PDR Time delay  

9 Bayesian Watchdog Less computation overhead, 

Reduces false positive and 

false negative 

Overhead increases 

10 Promiscuous mode Routing overhead minimal Possibility of collision  

11 Bluff-Probe Based 

approach 

improves the throughput introduces more time delay 
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following sections (i) where there is an intra-zone connection (ii) where local communication is 

performed. The Bluff probe packet is distributed through the source node of the intra-zone 

connection and the bluff probe package generates the destination address which is not available 

at all. When they receive this bluff probe package the direct neighbors nodes check the route 

table input if they have access to this non-local node and send the package to the next neighbor. 

If the missing node is considered a malicious node then they will provide a quick response to that 

source node using the central node. According to the response, the source node declares it as a 

black hole location and blocks this node. After that, the source node alerts the neighbors directly 

to the change in the route of the route table. 

GayathriNagasubramanian et al. "Detection and prevention of black hole attacks on 

mobile ad hoc networks: a review", Distributed management and a strong MANET environment 

make it vulnerable to many types of security attacks. One such attack is the black hole attack 

which is a well-known security threat. The node discards all packets to be transmitted, claiming 

that it has a shorter route to the location. The Access system identifies unauthorized users in the 

system. IDS collect and analyze audit data to detect unauthorized users of computer systems. 

This paper aims to identify Black-Hole and AODV attacks through the Intrusion Detection 

System, analyzing these attacks found contradictory. [19] 

 

5. Conclusion: 

The wireless network is dynamic in nature and due this property it is more susceptible to 

sever type of attacks. In this paper we present the literature of the dissimilar solution proposed by 

someresearchers/ author to combat the black hole attack in wireless ad hoc network but some of 

the method proliferates the overhead and also hard to perceive the malevolent node. So in future 

work, need to implement an approach which has enhanced performance in recognition and 

anticipation ratio of single or cooperative black hole which create less overhead. 
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Abstract: 

When heavy fault occurrences at utility side a three phase four wire Dynamic Voltage 

Restorer (DVR) with bidirectional power electronic transformer structure is proposed to inject 

required compensating series voltage to the electric power system in such a way that continuous 

sinusoidal voltage is seen at load side. The above Proposed structure is composed of a three 

single phase high frequency transformers, three phase four- leg inverter, three cyclo converters 

and high frequency harmonic filter that are connected to the utility. For a pulse generation three 

dimensional space vector modulation (3DSVM) methods is used. Fourth added wire enables the 

DVR to compensate unbalance voltage disturbance that are customer power quality problems in 

electrical utility. In this paper via simulation results proposed DVR performance was studied. 

This simulation results validated the satisfying operation of the proposed DVR. 

Keywords: PET, DVR; 3DSVM; Power Quality  

 

Introduction: 

Power quality is one of major problems in the today‘s scenario. It has become important 

with the introduction of complex devices, whose performance is very sensitive to the quality of 

power supply. An occurrence developed as a nonstandard voltage, current or frequency is the 

Power quality problems which results in a failure of end use equipments. Some of the major 

problems dealt here is the power sag and swell. This paper describes in low voltage distribution 

systems the effectiveness of using dynamic voltage restorer (DVR) in order to mitigate voltage 

sags and swells. DVR (dynamic voltage restorer) can provide the most cost effective solution to 

mitigate voltage sags and swells that is required by customer. The Dynamic Voltage Restorer 

(DVR) is a rapid, flexible and resourceful solution to power quality problems. 

Where electricity is involved Power quality is of great importance in all modern 

environments, power quality can be essentially influenced by an important factor like quality 
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service. Today power quality problem is one of the major concerns in electricity industry. 

Basically, above most of the power quality problems are due to different fault conditions. These 

conditions cause voltage sag, voltage swell, transients, voltage interruption and harmonics. These 

problems may cause the apparatus tripping, shutdown commercial, domestic and industrial 

equipment, and miss process of drive system. Dynamic voltage restorer (DVR) can provide the 

lucrative solution to mitigate voltage sag by establishing the appropriate voltage quality level, 

necessary. So DVR is recently being used as the active solution for mitigation of power quality 

problems. 

 

Literature review: 

Design and study of DVR is presented in [1-5]. It gives an overview of DVR control 

scheme and its Modeling. It shows that DVR provide efficient voltage restoration capability. The 

basic structure and the operating principle of DVR are shown. Different compensation technique 

of DVR is discussed. 

Different control technique commonly used for Voltage Source Inverter (VSI) is 

presented in [6-10]. Different control scheme is shown and are discussed. The performance of 

various techniques are evaluated and compared. 

The performance evaluation of DVR with Sinusoidal Pulse Width Modulation (SPWM) 

and Space Vector Pulse Width Modulation (SVPWM) is presented in [11-14]. Two PWM based 

control techniques are shown to control the VSI. SVPWM technique is compared with SPWM 

technique and shows that SVPWM has better DC utilization and lesser harmonics are produced 

as compared SPWM. 

Simulation of SVPWM and its application in three phase inverter is presented in [15-16]. 

The paper gives an idea of SVPWM algorithm and its simulation. The simulation result shows 

that SVPWM techniques are best suited for high power applications. 

New scheme to control the two level VSI is presented in [17]. Detailed study of one of 

the SVPWM scheme i.e. seven segment space vector modulation (SVM) is done. Determination 

and realization of different switching states, sector value calculation, approximation of reference 

voltage vector and switching time calculation for linear modulation range is discussed. 

SVPWM based DVR is presented in [18-21]. In this control algorithm in which the three 

phase supply, is converted into synchronously rotating d-q reference frame. The d-component 

gives information for depth of sag and q-component tells us about phase shift information. The 

error generated is given to SVPWM for DVR operation. 
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 Dynamic voltage restorer (DVR) provides the worthwhile solution to mitigate voltage 

sag. 

 

Proposed work: 

 Dynamic voltage restorer (DVR) provide the worthwhile solution to mitigate voltage sag 

by establishing the proper voltage quality level, necessary.[1] It is recently being used as the 

active solution for mitigation of power quality problems. 

 

 
 

Figure 1: Basic Structure of A DVR Figure 2: Three-Phase Four-Wire DVR 

 

Basic principal of DVR is to transfer the voltage sag compensation value from DC side of 

the inverter to the injected transformer after filter. The compensation capacity of a particular 

DVR depends on the maximum voltage injection capability and the active power that can be 

supplied by the DVR. When DVR‘s voltage disturbance occurs, active power or energy should 

be injected from DVR to the distribution system A DC system, which is connected to the inverter 

input, contains a large capacitor for storage energy. It provides reactive power to the load during 

faulty conditions. When the energy is drawn from the energy storage capacitors, the capacitor 

terminal voltage decrease. Therefore, there is a minimum voltage required below which the 

inverter of the DVR cannot generate the require voltage thus, size and rating of capacitor is very 

important for DVR power circuit. 

The proposed DVR is shown in Fig. 2. The purpose of control scheme is to maintain the 

load voltage at a desired value. In order to control the three-phase four-wire inverter, 3DSVM 

method is used that has some advantages such as more efficiency, high DC link voltage 

utilization, lower output voltage THD, less switching and conduction losses, wide linear 

modulation range, more output voltage magnitude and its simple digital implementation 
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The main objectives of this Proposed system are:- 

1. Detection of voltage sag/swell in the power system network. 

2. To mitigate the power quality issue using DVR and its behavioral study. 

3. To select the best suitable control technique for DVR. 

4. To control the device in order to obtain desired performance 

 

Simulation and Results: 

 In this section, the proposed system in Fig. 2 is simulated in PSCAD-EMTDC. It should 

be noted that the series transformers are operating in the linear region. Fig. 3 shows the 

simulation results under unbalance voltage sag condition with the values of 60%, 50% and 40% 

on phases a, b, and c, respectively. As can be seen, under such conditions Fig. 3.(a), the DVR 

injects unbalance voltage Fig. 3.(b) in such a way that the load voltage Fig. 3.(c) remains 

balanced and sinusoidal and doesn‘t sense the voltage sag. Fig. 5.2 shows the simulation results 

under balance voltage sag condition. It is clear that the load voltage is restored to the nominal 

condition (before sag occurrence) after a time lower than a half cycle. 

 

 

Figure 3: Unbalanced voltage sag (a) utility voltages                                                                   

(b) injected voltages (c) load voltages 
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Figure 4: Balanced sag (a) utility voltages (b) injected voltages (c) load voltages 

 

As can be seen, the load voltage remains continuously balanced and sinusoidal. The THD 

values of utility voltages and load voltages compensated are given in TABLE. The THD of the 

load voltage is less than 3% that lays in the criterion reported in IEEE standards 5l9-l992[22]. 

Voltage THDa THDb THDc 

Utility Voltage %38.87 %32.02 %4l.66 

Load Voltage %2.28 %l.9l %2.37 

 

Conclusion: 

The proposed DVR performance was studied via simulation results. This simulation 

results validated the satisfying operation of the proposed DVR. According to the results, DVR 

injects appropriated series voltage during utility voltage disturbance and maintains the load 

voltage at desired value. Also the THD values of the load voltage are less than the standard 

values. 

 

References: 

[1] Anita Pakharia, Manoj Gupta ―Dynamic Voltage Restorer for Compensation of Voltaage 

Sag and Swell: A Literature Review‖, International Journal of Advance in       Engineering & 

Technology, vol 4, issue 1, July 2012, pp.347-355. 

[2] Himadri Ghosh, Pradip Kumar Saha, ― Design and Simulation of a Novel Self Supported 

Dynamic Voltage Restorer (DVR) for Power Quality Improvement.‖ International Journal of 

Scientific & Engineering Research, vol. 3, issue 6, june2012, pp 1-6. 



Emerging Trends in Science and Technology 
(ISBN: 978-81-951982-2-1) 

 

233 
 

[3] Mahmoud A. El-Gammal, Amr Y. Abou-Ghazala,―Dynamic Voltage Restorer for Voltage 

Sag Mitigation‖ International Journal on Electrical Engineering and Informatics- volume-3, 

number 1, march 2011, pp 1-11. 

[4] Rosli Omar, NasrudinAbd Rahim, ― Mitigation of Voltage Sags/Swells Using Dynamic 

Voltage Restorer (DVR)‖ ARPN Journal of Engineering and Applied Sciences, vol. 4, no. 4, 

june 2009, pp.50-56 

[5] M.N. Tandjaouli, C. Benachabia, ― Sensitive Loads Voltage Improvement Using Dynamic 

Voltage Restorer‖ 2011 International Conference on Electrical Engineering and Informatics, 

Bandung, Indonesia, 17-19 July 2011 

[6] Ajay K. Damor, Prof. V. B. Babaria, ― Voltage Sag Control Using DVR‖, National 

Conference on Recent Trends 

[7] E. Babaei ,M. FarhadiKangarlu, ―Voltage quality improvement by a dynamic voltage restorer 

based on a direct three-phase converter with fictitious DC link,‖ IET Generator Transmission 

Distribution, vol. 5, Iss. 8, pp. 814–823, 2011. 

[8] A. D. RanjithPerera and S. S. Choi, ―Performance Improvement of the Dynamic Voltage 

Restorer With Closed-Loop Load Voltage and Current-Mode Control,‖ IEEE Transactions 

on Power Electronics, vol. 17, no. 5, Sept. 2002. 

[9] N. H. Woodley, L. Morgan, and A. Sundaram, ―Experience with an inverter-based dynamic 

voltage restorer,‖ IEEE Transactions Power Delivery, vol. 14, pp. 1181– 1186, Jul. 1999. 

[10] C. Ngai-man Ho, S. H. Chung and T. K. Au, ―Design and Implementation of a Fast 

Dynamic Control Scheme for Capacitor-Supported Dynamic Voltage Restorers,‖ IEEE 

Transactions on Power Electronics, vol. 23, no. 1, Jan. 2008. 

[11] C. S. Chang, S. W. Yang, and Y. S. Ho, ―Simulation and analysis of series voltage 

restorer (SVR) for voltage sag relief,‖ in Proceedings IEEE Power Electronics System 

Winter Meeting, vol. 4, pp. 2476–2481, Jan. 2000. 

[12] Y.W. Li, F. Blaabjerg, D. Mahinda Vilathgamuwa and P.C. Loh, ―Design and 

Comparison of High Performance Stationary-Frame Controllers for DVR Implementation,‖ 

IEEE Transcations on Power Electronics, vol. 22, no. 2, Mar. 2007. 

[13] M. J. Ryan, W. E. Brumsickle and R. D. Lorenz, ―Control topology options for single-

phase UPS inverters,‖ IEEE Transactions Industrial Applications, vol. 33, pp. 493–501, 

Mar./Apr. 1997. 



Bhumi Publishing, India 

234 
 

[14] Chris Fitzer, Mike Barnes and Peter Green, ―Voltage Sag Detection Technique for a 

Dynamic Voltage Restorer,‖ IEEE Transactions on Industry Applications, vol. 40, no. 1, 

Jan./Feb. 2004. 

[15] M. F. McGranaghan, D. R. Mueller, and M. J. Samotyj, ―Voltage sags in industrial 

systems,‖ IEEE Transactions Industry Applications, vol. 29, pp. 397–403, Mar./Apr. 1993. 

[16] J. G. Nielsen, F. Blaabjerg, and N. Mohan, ―Control strategies for dynamic voltage 

restorer compensating voltage sags with phase jump,‖ in Proceedings IEEE APEC‘01, vol. 2, 

pp. 1267–1273, 2001. 

[17] Kiran P. Varade, P. C. Tapare and C. Veeresh, ―Enhancement of Power Quality using 

Power Electronics Transformer based DVR ,‖ International Journal of Science Technology 

Management and Research ,vol.2,issue 5, 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Emerging Trends in Science and Technology 
(ISBN: 978-81-951982-2-1) 

 

235 
 

SECURITY ISSUES, ENCOUNTERS AND SOLUTIONS FOR 

 INTERNET OF THINGS (IOT) TECHNOLOGY 

Harsh Pratap Singh1* and Divakar Singh2 

1Sri Satya Sai University of Technology and Medical Sciences, Sehore(M.P.), India 

2BUIT, Bhopal (M.P.), India 

*drharshprataps@gmail.com  

 

Abstract: 

The internet of things (IoT) is promptly used technology for connecting the devices and 

resources from anytime and everyplace. This technology is used in numerous areas such as 

health-care, smart building, smart city, agricultural industry, etc. but the absence of security may 

cause adversity. Because of diverse nature, lack of standardization, security is very indispensable 

in IoT which can not only cause the loss of information or personal data while it also becomes 

the life-threatening. The IoT is vulnerable to various types of threats and malfunction because of 

the resource limitation, computational power, and computational constraints. It becomes very 

challenging for us to find the proper solution to recover from it. In this paper, we present the 

security requirement for IoT, dissimilar types of attacks in IoT, issues and also discuss the 

solutions proposed for improving the security in IoT and future recommendation. 

Keywords: Internet of Things, Security, Smart Home, Threats, Vulnerable, Heterogeneous. 

 

1. Introduction 

Nowadays Internet of Things becomes emerging technology and gaining popularity in the 

scenario of wireless communication because of its connecting and computing behaviour the 

resources and devices can be accessed from anywhere and anytime. The basic concept of IoTwas 

proposed by a famous author Kevin Ashton in 1999, a research group working in the area of 

RFID (radio frequency identification) and other novel sensing technologies. The elementary idea 

of IoT is the ubiquitous presence around us of a variability of things or objects, such as sensors, 

actuators, RFID tags, digital gadgets, etc. which are capable to intermingle with each other and 

cooperate with their neighbors over unique addressing mechanism [1]. IoT will generate 

remarkable opportunities to progress peoples‘ lives. Nevertheless, the precise prospective area of 

IoT also promotes sombre anxieties over discrete security in the new environment of smart 

things. The purpose for this is that the procedure of sampling and distribution of information in 

IoT can be basically carried out everywhere. Pervasive connectivity through Internet access 

worsens the problem because, unless distinctive mechanisms are considered, personal 

information might become worldwide available. Therefore, privacy preservation in IoT has 
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becoming an increasingly important field of research. A number of methods for protecting user 

data privacy in the world of IoT have been proposed [2,3].  Security in IoT is very important and 

critical because in case of IoT the lack of security is not limited to the loss of information or 

personal data, but it may go beyond and become also life-threatening. For example, in the case of 

hacking smart houses, the hacker can monitor the house and the user‘s activities, such as eating 

or leaving [6], control the settings of the camera, and give control to others [4]. Also, by hacking 

the smart home lock, the hacker can trespass into the home without alerting the house members, 

and maybe steal or threaten their lives [5]. In addition, in the medical environment, Implantable 

Medical Devices (IMD), implanted in patients' bodies to monitor and monitor their health, may 

be cut off. It is often presented in IMDs, such as insulin pumps, pacemakers, and ICDs where, 

for example, a criminal may change the dosage or drain the device battery [6]. For the above 

reasons, IoT security is very important and should be taken seriously. Although much research 

has been done to find the best security solutions since the advent of IoT, this research is still 

ongoing. The complex nature of IoT systems, which often incorporates reduced power tools and 

performance limits, makes finding IoT security solutions a major challenge [7]. 

1.1 Characteristics of IOT 

The basic qualities of the IoT are as per the following [30-32]:  

Interconnectivity: as to the IoT, anything can be interconnected with the worldwide data and 

correspondence foundation.  

Things-related administrations: The IoT is fit for giving thing-related administrations inside 

the imperatives of things, like security assurance and semantic consistency be-tween actual 

things and their related virtual things. To give thing-related administrations inside the 

imperatives of things, both the advancements in actual world and data world will change.  

Heterogeneity: The gadgets in the IoT are heterogeneous as dependent on various equipment 

stages and organizations. They can associate with different gadgets or administration stages 

through various organizations.  

Dynamic changes: The condition of gadgets change progressively, e.g., dozing and wak-ing up, 

associated and additionally detached just as the setting of gadgets including area and speed. 

Besides, the quantity of gadgets can change progressively.  

Enormous scale: The quantity of gadgets that should be overseen and that com-municate with 

one another will be at any rate a significant degree bigger than the devic-es associated with the 

current Internet. Significantly more basic will be the administration of the information produced 

and their translation for application purposes. This identifies with semantics of information, just 

as productive information taking care of.  

Security: As we acquire profits by the IoT, we should not disregard wellbeing. As both the 

makers and beneficiaries of the IoT, we should plan for security. This incorporates the wellbeing 
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of our own information and the security of our actual prosperity. Getting the endpoints, the 

organizations, and the information getting across every last bit of it implies making a securi-ty 

worldview that will scale.  

Availability: Connectivity empowers network openness and similarity. Accessi-bility is getting 

on an organization while similarity gives the regular capacity to con-sume and create 

information. 

1.2 Motivation 

The Internet of things should acquire client's trust to be extensively acknowledged by the 

business. For accomplishing trust of clientIoT should guarantee solid security and protection of 

its clients. Despite the fact that it is a functioning exploration point, there is next to no work 

distributed, which survey the security of IoT [8]. Anyway the work isn't exceptional. As new 

dangers in IoT are distinguished regularly subsequently we felt a need of most recent and 

exhaustive survey of IoT security to control specialist about their endeavors needed in explicit 

secu-rity territory. Other than this help layer security in IoT isn't examined in accessible re-sees. 

We fell the hole by recognizing and talking about many help layer security is-sues in our paper. 

Confirmation and access control is a significant security challenge in IoT and numerous works 

has been done around there. We give an investigation of the most recent confirmation and access 

control components in IoT. 

1.3 Organization of the paper 

The rest paper is organized as follows: In section second we present the architecture of 

IoT. In section third discusses about the various types of security threats found in the each layers 

of IoT. In section fourth we briefly discusses the proposed security solution for IoT by various 

researchers and lastly we concluded the paper and recommends some future solution for 

improving the security over IoT technology. 

 

2. Internet of Things Challenges and Architecture 

2.1 Challenges in IoT 

There are key challenges and implications today that need to be addressed before mass 

adoption of IOT can occur. [18, 20]  

Protection and Security  

As the IoT become a vital component of the Future Internet and the utilization of the 

Internet of Things for huge scope, in part crucial frameworks makes the need to address trust and 

security works satisfactorily. New difficulties recognized for security, trust and dependability 

are: • giving trust and nature of-data in shared data models to empower re-use across numerous 

applications. • Providing secure trade of information between IoT gadgets and buyers of their 

data. • Providing security components for weak gadgets.  
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Cost versus Usability  

IOT utilizes innovation to interface actual items to the Internet. For IOT selection to 

develop, the expense of segments that are expected to help abilities like detecting, following and 

control systems should be moderately reasonable in the coming years.  

Interoperability  

In the conventional Internet, interoperability is the most essential fundamental belief; the 

principal re-quirement of Internet network is that "associated" frameworks have the option to 

"talk a similar language" of conventions and encodings. Various enterprises today utilize various 

guidelines to help their applications. With various wellsprings of information and hetero-geneous 

gadgets, the utilization of standard interfaces between these assorted elements be-comes 

significant. This is particularly so for applications that supports cross organiza-tional and 

different framework limits. In this way the IOT frameworks need to deal with serious level of 

interoperability.  

Information Management  

Information the executives is a significant viewpoint in the Internet of Things. While 

considering a universe of items interconnected and continually trading a wide range of data, the 

volume of the created information and the cycles associated with the treatment of those 

information become basic.  

Device Level Energy Issues  

One of the fundamental difficulties in IoT is the means by which to interconnect "Things" 

in an interoper-capable way while considering the energy requirements, realizing that the 

commu-nication is the most energy burning-through task on gadgets. 

 

2.2 Architecture of IoT 

The architecture of IoT ought to be plastic in nature, since it needs to interrelate grouped 

items in billions and trillions. There are different wanted for designs for IoT however every one 

of them are not yet congregated to shape an unmistakable area model yet. Numerous 

improvements are introduced that have abetted to make an aggregate engineering of IoT 

dependent on mechanical vacillations and explores. We are talking about three layer architecture 

which are utilized ordinarily by numerous specialists and in trade from pool of designs accessible 

[28]. 

Three Layer Architecture 

The most straightforward architecture is three-layer architecture [29,30] as shown in 

figure 1. It was familiarised in the premature stages of research in this area. It has three layers, 

explicitly, the perception, network, and application layers. 
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Figure 1: Three- and Five-layer architecture of IOT 

 

(i) The perception layer is the physical layer, which has sensors for sensing and congregation 

information approximately the environment. It senses selected physical parameters or 

categorizes further smart matters in the environment.  

(ii) The network layer is answerable for connecting to other smart things, network devices, and 

servers. Its geographies are correspondingly used for transmitting and dispensation sensor 

data.  

(iii) The application layer is guilty for delivering application definite services to the user. It 

defines innumerable presentations in which the Internet of Things can be installed, for 

example, smart homes, smart cities, and smart health. 

The three-layer architecture characterizes the principal thought of the Internet of Things, 

however it isn't required for research on IoT on the grounds that examination frequently 

considerations on better characteristics of the Internet of Things. That is the reason; we have 

incalculable more layered designs projected in the writing. One is the five-layer design, which 

furthermore accepts the dispensation and business layers [29, 30]. The five layers are 

discernment, transport, dispensation, application, and business layers (see Figure 1). The job of 

the perception and application layers is equivalent to the architecture with three layers. We 

diagram the function of the leftover three layers.  

(i) The transport layer moves the sensor information from the insight layer to the preparing 

layer and the other way around finished up networks for instance remote, 3G, LAN, 

Bluetooth, RFID, and NFC.  

(ii) The processing layer is otherwise called the middleware layer. It stores, con-siders, and 

practices huge volumes of information that radiates from the vehicle layer. It can oversee 

and manage the cost of an assorted arrangement of administrations to the lower layers. It 
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commitment numerous advances like data sets, cloud computing, and large information 

handling modules.  

(iii) The business layer deals with the entire IoT framework, computing applications, business 

and benefit models, and clients' isolation. The business layer is out of the extent of this 

paper. Henceforward, we don't talk it assistant.  

The layers of preparing in the human brain energize alternative architecture proposed by 

Ning and Wang [27]. It is animated by the sagacity and limit of people to think, feel, think back, 

make decisions, and answer to the actual climate. It is established of three sections. First is the 

human arrangement, which is relating to the administration and information the executives unit 

or the server farm. Second is the spinal rope, which is comparable to the disseminated 

organization of information dis-pensation hubs and brilliant entrances. Third is the network of 

nerves, which equals to the networking apparatus and sensors. 

 

3. Security Threats in IoT 

3.1 Security Requirement  

In this part, security prerequisites like accessibility, secrecy and honesty and so forth are 

talked about and afterward different methodologies proposed in the writing to arrange 

weaknesses of IoT are assessed.  

There are obviously contending, muddled security necessities to be sent on a stage with 

presumably limited assets [9]. Most significant security and protection prerequisites with 

cryptographic perspective are summed up in Figure 2.  

 

Figure 2: Security prerequisites 

 

 Availability: It can be depicted as the framework can keep on working even in the most 

basic conditions [11].  

 Authenticity: Intrusion to the framework or arriving at sensitive information by illicit 

clients are not permitted [10].  

 Confidentiality: Confidentiality give that data is made dark to unapproved people, 

substances, and cycles. 
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 Integrity: Integrity guarantees that information has not been adjusted by an outsider (ac-

cidentally or deliberately) [11].  

 Non-disavowal: It guarantees that the sender of the message can not decline having sent 

the message later on . 

 Privacy: It guarantees that clients' personalities ought not be recognizable nor perceptible 

from their activities and their developments in the framework [11].  

 

3.2 Security threats in IoT Layer  

We introduced the construction of three-layer IoTarchitetcure and point by point the 

usefulness of each layer. Each layer in IoT is dependent upon various attacks or dangers, albeit a 

few attacks are not select to a particular layer and may show up in any layer, like Denial of 

Service Attack (DoS) [3]. In this segment, we present in detail the basic likely dangers and 

attacks in each layer of the three-layer IoT engineering.  

 

3.2.1 Perception Layer  

The perception layer is answerable for collecting data and information utilizing technol-ogies 

like RFID, WSN, sensors, and so forth The security of the discernment layer is frequently diffi-

religion and muddled [4]. In the insight layer, the danger isn't restricted to digital attacks, as 

actual attacks are likewise conceivable. The sensors that read information are frequently found in 

open regions, presenting them to the danger of the actual control of hard-product segments by 

assailants, which thus influences the framework and its yields [3]. What's more, restrictions in 

figuring, force, and capacity in this layer increment the danger of being attacked [3]. Likewise, 

the signs sent between the sensors can be effectively obliterated [3]. The insight layer is helpless 

against the accompanying attacks:  

 Node Capture Attack: This is an actual attack where the aggressor catches a hub and 

controls it truly. The aggressor may change or supplant the catch hub or control the 

equipment segments of the hub or the IoTdevice. For this situation, the assailant can get 

significant and delicate information from the caught hub, for example, steering tables, 

radio key, bunch correspondence key, and so on Likewise, the assailant can infuse bogus 

information in the caught hub, which thusly prompts the transmission of incorrect 

information in the framework and influences the rightness of the IoT application's offered 

types of assistance [12], [13], [14], [15]. 

 Malicious Code Injection Attack: Like Node Capture attack, this is additionally a physi-

calattack. The aggressor adds a hub to the IoT framework with vindictive code or da-ta in 

its memory. By infusing noxious code, the aggressors can not just power the framework 
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to do explicit capacities, yet additionally can oversee the entire framework [12], [13], 

[15].  

 Denial of Service Attack (DoS): This is a common attack that can occur in all IoT layers. 

The assailant makes the assistance inaccessible by depleting the framework's assets [15], 

[16].  

 Replay Attack: In this attack, the assailant utilizes substantial ID data that was gotten 

beforehand by the objective host. Utilizing this legitimate recognizable proof data, the 

assailant can get the trust of the framework and can utilize a noxious hub to send a bundle 

to the objective host [15].  

 Side Channel Attack (SCA): In this attack, the assailant gets the encryption key by 

investigating the IoT framework's actual execution. Assailants generally abuse spills in 

time utilization, electromagnetic radiation, or force utilization to get the encryption key. 

The circumstance attack is a sort of SCA attack in which the at-tacker gets data by 

examining the execution season of the encryption algo-rithm [15].  

 Sleep Deprivation Attack: In this sort of attack, the aggressor misuses the limita-tions of 

IoTdevices. IoTdevices are intended to enter rest mode to diminish power utilization. The 

aggressor gain admittance to these devices and changes their resting strategies to make 

them alert constantly. Consequently, sooner or later, these devices burn-through the 

entirety of their energy and mood killer; as result, the framework becomes inaccessible 

[16].  

 

3.2.2 Network Layer  

The organization layer is powerless against a significant number of the typical attacks 

that were referenced in area 3.2.2, for example, DoSattacks and snooppingattacks, that abuse the 

integri-ty, secrecy, and security of information [13]. Some normal security attacks in the 

organization layer are:  

 Man-in-the-Middle Attack: In this attack, the assailant utilizes vindictive hubs or devices 

between two devices or hubs in the IoT framework to capture and snoop on 

correspondence among them and get required data. This attack is set up just on the 

correspondence conventions utilized by IoT frameworks. By this at-tack, the protection, 

secrecy, and respectability of information are disregarded [15].  

 Sybil Attacks: In this attack, a Sybil node or device can produce an alternate character in 

IoT framework. Since the hub has diverse personality, it can send bogus information to 

any remaining devices in the organize and get acknowledged by them [15].  

 Sinkhole Attack: The aggressor makes a malignant hub or device appealing by imagining 

that it has an unmistakable determination, like computational force, that makes different 
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nodes select this node as the sending hub to course their information. Subsequently, the 

aggressor can gather information before it is conveyed to the IoT sys-tem. This attack 

disregards secrecy and can prompt different attacks, for example, a DoSattack [15], [16].  

 

3.2.3 Application Layer  

The application layer is powerless against the accompanying attacks:  

 Phishing Attack: In this attack, the assailant misuses the client's opening of phish-ing 

messages or sites and gets the client's certifications and touchy data [15], [16].  

 Malicious infections, worms, or scripts: The aggressor spreads pernicious infections or 

worms into IoT applications to get, annihilate, or change a client's sensi-tive data. 

Malevolent contents are comparable; at whatever point the client runs a content, the 

assailant gains admittance to the client's data [15]. 

4. Security Threat Solutions for IoT 

For IoT applications, the arrangement that fits best is Native Client [12] and its new 

expansion WebAssembly [13]. While this innovation is as yet under the normalization 

interaction, it portrays a bytecode that ought to be run in a sandbox. The way the bytecode is 

planned permits a confirmation interaction to decide the specific application conduct [26] and if 

there are any potential security issues. Any guidelines that pass the confirmation cycle can't 

execute anything perilous. The bytecode is executed with a translator or safely converted into 

CPU directions and execut-ed.  

 

A. Sandboxing  

All in all, sandboxing is the strategy to get programming. This suggests running a piece 

of programming in a confined climate. The product running can do just a modest quantity of 

unaided activities, with the remainder done by a manager programming or equipment. Sandboxes 

come in two flavors: equipment and programming. Equipment sand-boxes, CPU rings, are forced 

by the CPU, utilizing run levels, restricting the guidelines that can be executed, and secure 

memory access. Then again, programming ap-proaches, as virtual machines, holders and 

translators, utilize the working framework and other advantaged programming (or by ahead 

sealing of the double) [16]. The most minimal degree of sandboxing is done by means of running 

bytecode that doesn't execute guidelines straightforwardly on equipment. Guidelines are perused 

individually and executed through a product virtual machine. This methodology is taken by 

JerryScript [14], the underlying Dalvik machine and the underlying JVM [15]. These 

methodologies display exceptionally close security on the grounds that every guidance is 

confirmed, the equipment is gotten to through some product security layer and memory isn't 

gotten to straightforwardly. The double is gadget free, so it is convenient  what's more, typically 
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not defenseless against equipment security defects as the security framework doesn't altogether 

rely upon the equipment. Lamentably, this methodology is moderate, announced ly much more 

than ten times more slow [17]. A quicker methodology is executed in programs. Java script code 

is gathered on the fly into parallel code and executed utilizing the hard-product [18]. As the 

software engineer isn't the one producing the paired code, a few delicate product security layers 

can be applied. Indeed, even with these, the twofold code produced isn't pre-sealed and an 

assailant could abuse the manner in which this paired code is created. Despite the fact that there 

are a few ways to deal with fix this, these have some overhead and utilize the human mediation. 

Running Java script motors has been ported from the program utilizing NodeJS. Here the 

sandbox limitations are absent (it ex-represents the likelihood to stack local libraries) and thusly 

an assailant could possibly play out an assault.  

 

B. Google Native Client  

As the greater part of the current programming is as of now composed and conveyed in 

paired configuration, changing everything utilizing javascript and running it in a program 

sandbox isn't al-ways practical. A fascinating method of managing running untrusted double 

code is the Native Client proposed by Google [12]. This infers running parallel code on the CPU, 

however the code is being investigated and altered before it is run. A few guidelines that are 

considered hazardous are not permitted. In addition, hops are confined to known promotion 

dresses and a few leaps are adjusted to ensure they don't hop outside the assigned memory. 

Twofold code not regarding these limitations won't be run by any stretch of the imagination. This 

methodology permits the sandbox to incapacitate the majority of the guidelines that abuse 

equipment weaknesses. An exact report has not yet been made with regards to Meltdown and 

Specter assaults.  

 

C. Compartments  

A later method of running untrusted code is compartments [22]. These offer similar part 

yet run measures in discrete namespaces. Security is authorized by a rundown of abilities that the 

holder opens to the applications in it. While they display a few security highlights, compartments 

are as yet inclined to equipment security issues, as they too run parallel code straightforwardly 

on the CPU. Portable frameworks manage this in an unexpected way.  

Android began by utilizing a full virtual machine that was running just bytecode. Client projects 

would not approach local guidelines. This has been demonstrated to be extremely lethargic with 

the goal that Dalvik empowered clients to append local code to it and later added a JIT compiler. 

This makes it inclined to equipment issues. Then again, iOS permits stacking of untrusted 

parallels and applies to them security profiles [23]. These profiles have a great many lines of 



Emerging Trends in Science and Technology 
(ISBN: 978-81-951982-2-1) 

 

245 
 

code and have been demonstrated to have a few blemishes that are not paltry to identify and fix 

[24]. As they run untrusted twofold code, they are still  inclined to equipment issues. A few 

applications need in excess of a solitary piece of delicate product to run. The most well-known 

method of sandboxing a framework is the Virtual Machine (VM). These arrangements have 

critical overhead, as they need to execute all the equipment capacities. As the entire framework 

is given as a product machine, any code that the client would run ought not influence the 

fundamental machine. This has been refuted by making an incognito channel between two VM 

running on a similar exposed metal machine [11]. As the VM runs parallel code 

straightforwardly on the CPU, it is ex-presented to the equipment security issues. 

 

5. Conclusions 

IoT is the extremely used technology for the wireless communication these days. Its 

prospective is to accumulate whole world for sharing the information from anywhere and 

anytime.  With the integration of various technologies, devices and different architecture this IoT 

technology becomes more prone to severe type of security threat which create the loss of 

information and the consumption of battery power etc. In at every layer of IoT architecture 

different types of security threats can be found such as denial of service attack, resource 

consumption, man-in-the middle, sinkhole, phishing attack etc. In this paper, we presented 

various security solutions for the enhancing the security of IoT but after study it is found that 

they are not more efficient in respect to security measures. This inclusive study will direct the 

researcher as to where efforts should be participated to improve security solutions for IoT. In 

future, we need to design such hybrid architecture and also apply hashing mechanism to make 

our architecture secure.    
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Abstract: 

 Essential oil of different herbal plants have lot of phytochemical constituents but the 

development of authentic analytical technique for determination of bioactive constituents is a 

major challenge for scienceThe present study develop high performance liquid chromatography 

and gas chromatography method for determination of active components of orange oil.  The 

chromatogram of both methods were compared, which found that concentration of major 

constituents is more than 90% with yield 0.3%.Both methods are the fast emerging as one of the 

major tools for quality control and estimation of active constituents of orange oil. 

 Keywords: HPLC, GC, Citrus sinensis,Clevenger apparatus 

 

Introduction: 

 Orange is commonly known Citrus sinensisand belongs to the family Rutaceae.This tree 

was basically from Mediterranean Asia and generally grown in Israel, Spain, United States and 

India. Its derived from an arabic word―Naranj‖. Mother Nature has been very generous in 

endowing peels of oranges with so many useful compounds.Limonene is one of them d- 

limonene is a monoterpene found in oil extracted from peels of oranges, a discarded part of the 

fruit. 

 

Chromatographic analysis: 

  The most promising methods of separations are chromatography; it includes lot of rapid 

method of separation like gas chromatography, high performance liquid chromatography, 

capillary electrophoresis etc. 

 Analytical chemistry is primarily the chemistry of the identification in separation of 

substances- the resolution of the substances into their components and their subsequent 

mailto:*shw_sha@yahoo.co.in
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determination. The classification of chromatographic methods is relatively simple and boon for 

natural compounds The analysis of herbal products are become so easy because of 

chromatography. 

 

Gas chromatography (GC): 

 In gas chromatography the mobile phase is a gas and solutes are separated as vapours. 

Separation is feasible by partitioning the sample between a mobile phase gas and thin layer of 

nonvolatile, high boiling liquid held on a solid support. Incredible advances in the field of 

instrumentation make this technique very popular, in short, we can say that it takes very short 

span of time for analysis that's why a large number of scientific papers appears every year in this 

field. This is the best method for authentication of results and a little refinement it could be used 

for the separation of nonvolatile compounds. 

 

High Performance Liquid Chromatography (HPLC): 

 Several devices were used in liquid chromatography to expediate separation, including 

high pressure head on column, coarse packing material as the stationary support etc. However, 

with the discovery of high pressure pump as well as knowledge of effluent analysis with 

refractive index or UV detectors, the technique of high pressure liquid chromatography, later 

termed high performance liquid chromatography attained greater significance in separation 

science. HPLC has solved all the problem of classic methods of separation and its special feature 

is that it can accommodate thermally unstable and nonvolatile compounds and inorganic ions. 

HPLC is also an authentic method for the determination of results in natural products or herbal 

drugs. This chapter is based on phytochemical analysis of orange oil that isextracted from peels 

of oranges.  

 

Material and Methods: 

Plant material: 

Orange peels were procured from the local market at Bhopal. 

Extraction of oil: 

The orange oil was extracted by steam distillation on clevenger apparatus. Half of the 

round bottom flask was filled with chopped orange peels then sufficient amount of water was 

added to the flask. It was heated to boiling on heating mantle for 3 to 4 hours and distillate was 

collected. This distillate contains lower layer of water and upper layer of oil. The upper layer was 

decanted off into a collection vail and the water into a vat. The oil sample after drawing over 
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anhydrous sodium sulfate was subjected to Gas Chromatographic analysis and High Performance 

Liquid Chromatography analysis. 

Formula for calculation of yield of oil in orange peels: 

Percentage of oil in orange peels =  Part/ Whole*100 

The yield of orange oil is 0.3 %. 

 

Physico-chemical properties of oil: 

Appearance Light yellow orange oil 

Odor Fresh Orange Aroma 

Specific gravity(25
0
C)  0.842-0.846 

Refractive index(20
0
C)  1.4720-1.4740 

Aldehyde 1.0-2.5 

Boiling point  349
o
 F 

Evaporation rate   slow  

Vapour pressure (20
0
C)  2 mm Hg 

Solubility in water  Insoluble  

Optical rotation (25
0
C)  +94

o
- +99

o 

 

Phytochemical studies of oil by GC: 

The orange oil was analysed on GC using Chemito Capillary GC. Column: 50 MTR BP 

20, Detector: flame ionization detector, temperature: 250
0
C, injection temperature :230

0
C sample 

:0.2µlitre 

Phytochemical studies of oil by HPLC: 

0.2µlitre of orange oil were dissolved in in HPLC grade CH2Cl2(19.8 ml)and 

isopropanol( 0.2ml). 

Further, the orange oil was analysed on HPLC using Waters Model.Column:microporasil, 

Mobile gas  : dichloromethane: isopropanol( 99.9%: 0.1%) ,Detector: UV detector, Detector 

wavelength: 259 nm, Injection: 5 microlitre, flowrate: 1 ml/min, Runtime: 45 minutes 
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Figure 1: GC chromatogram of orange oil 

 

 

Figure 2: HPLC Chromatogram of orange oil 

 

Conclusion: 

The chromatogram of Gas Chromatography and High Performance Liquid 

Chromatography were compared and both the chromatograms showed the maximum yield of d-

Limonene and other components like Citral,Mycerene, Linalool, aldehyde etc which are present 

in minor concentrations.This shows that d-Limonene is the major constituents of the orange oil 

and responsible for the major medicinal properties of orange oil. 
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Abstract: 

  In the present study, antagonistic bacteria were isolated from rhizosphere of neem trees. 

Four bacterial isolates viz., NRB1, NRB2, NRB3 and NRB4 were selected and screened for their 

antifungal activity against Phomopsis azadirachtae, a deuteromycetous fungus causing die back 

of neem by dual culture method. NRB2 that showed good inhibition of the pathogen growth was 

subjected to biochemical tests and sequencing of 16s rDNA, based on which it was identified as 

Bacillus cereus NBR2. The bacterium was further tested against the pathogen using crude ethyl 

acetate extract of its culture filtrate by poisoned food technique. B. cereus NBR2 exhibited 

significant antifungal activity against P. azadirachtae by completely inhibiting its mycelial 

growth at 25 ppm concentration. The results obtained suggest that the B. cereus strain isolated 

could be developed and formulated as a biofungicide against P. azadirachtae for the eco-friendly 

management of die-back of neem. 

Keywords: Phomopsis azadirachtae, phytopathogenic fungi, rhizosphere bacteria, eco-friendly 

management, Bacillus cereus NRB2 

 

Introduction: 

Neem (Azadirachta indica A. Juss) is an evergreen tree native to and mainly cultivated in 

the Indian subcontinent. All parts of the tree possess medicinal properties (seeds, leaves, flowers 

and bark). The Sanskrit name ‗nimba‘ is derived from the term ‗Nimbati swasthyadadati' 

meaning ‗to give good health‘. Neem finds many applications in different fields such as pest 

management, environment protection and medicine. Neem is a natural source for bio- 

insecticides, pesticides and agrochemicals (Brahmachari, 2004; Girish and Shankara Bhat, 

2008a).  

mailto:*salmakheel@gmail.com


Emerging Trends in Science and Technology 
(ISBN: 978-81-951982-2-1) 

 

255 
 

Neem is recognized for its antifungal and antibacterial properties. However, it is 

susceptible to a few microbial diseases. Many bacteria and fungi infect neem (Girish and 

Shankara Bhat, 2008b). At present neem trees are greatly suffering from a destructive disease, 

die-back, incited by a deuteromycetous fungus Phomopsis azadirachtae Sateesh, Bhat and 

Devaki (Sateesh et al., 1997). The pathogen is seed borne (Girish et al., 2009a) and results in the 

lessening of life span and seed production of neem. Neem seeds having many medicinal 

properties are the major commercial product of neem and India stands first in neem seed 

production (Fathima et al., 2009). The disease is spreading at an alarming rate in all neem 

growing regions of India and was observed in all regions of Karnataka and Tamilnadu (Fathima 

et al., 2004). Therefore effective management of this pathogen is of prime importance.  

P. azadirachtae can be managed by synthetic fungicides (Girish et al., 2009b), but 

synthetic fungicides are known to be biohazardous causing adverse effects to the components of 

ecosystem. Even their regular use might result in resistant pathogenic strains (Fathima et al., 

2009). Thus there is a need for the development of an ecofriendly alternative strategy for the 

effective management of phytopathogens. Biocontrol of phytopathogenic fungi by antagonistic 

rhizobacteria has proved to be a reliable alternative to synthetic chemicals. Rhizosphere bacteria 

have been successfully used to control phytopathogens (Devakota et al., 2011; Hammami et al., 

2013). In the present study, bacteria were isolated from neem rhizosphere and screened against 

P. azadirachtae in vitro with an attempt to develop a biocontrol strategy for the effective 

management of die-back of neem.  

 

Materials and Methods: 

Collection of infected neem twigs:  

 The infected neem twigs were collected from different regions of Krishnarajanagara 

taluk, Mysuru, India. Samples were collected from die-back infected neem trees, placed 

separately in polythene covers and brought to the laboratory. Samples were stored at 4°C in a 

refrigerator until used.  

Isolation of Phomopsis azadirachtae from die-back infected neem explants: 

 The collected die-back infected neem twigs were first cut using sterile blades into 2-3 cm 

pieces having the middle transition region of healthy and infected portions. Healthy twigs served 

as control. Both healthy and infected twig pieces were washed separately with running tap water 

for an hour. The pieces were then cut into 1-1.5 cm segments with a transition zone at the middle 

portion. After removing the bark, segments were washed thoroughly with running tap water and 
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surface sterilized using sodium hypochlorite solution (with 5% available chlorine), then rinsed 

few times with sterile distilled water. The surface-sterilized twig segments were placed 

aseptically, at the rate of four segments per plate, in 90 mm Petriplates, containing 20 mL of 

potato dextrose agar (PDA, Himedia) per plate. The inoculated plates were incubated for 10 days 

at 26 ± 2°C with 12 h photoperiod. After incubation the plates were observed for the growth of 

the pathogen. The incubation was continued for 15 days to allow sporulation. 

Isolation of neem rhizosphere bacteria:  

  Soil samples were collected from the rhizosphere of neem tree. In the lab, the samples 

were serially diluted up to 10-6 dilution. 100 mL of nutrient agar (NA, Himedia) medium was 

prepared and sterilized. 20 mL of sterilized media was poured in to Petriplates and allowed to 

solidify. 1.0 mL of inoculum, from 10-5 and 10-6 dilutions, was inoculated on to NA plates by 

spread plating. Inoculated plates were incubated at 37°C for 24 - 48 h. After incubation period 

the plates were observed for bacterial growth. 

Screening of neem rhizosphere bacteria against Phomopsis azadirachtae by dual-culture 

method: 

PDA medium was prepared and sterilized. About 20 mL of medium was poured on to the 

sterilized Petriplates and allowed to solidify. Then 5.0 mm disc of P. azadirachtae was placed on 

one corner of the plate and on the other bacterial inoculum was streaked as a straight line. Same 

procedure was followed for all the bacterial isolates. In another method, 5.0 mm discs of P. 

azadirachtae were inoculated at the center of the solidified PDA medium taken Petriplates. Each 

bacterial culture was then streaked above and below the fungal disc at a distance of 2.0 cm. 

Control PDA plates were inoculated only with fungal disc. All the inoculated Petriplates were 

incubated at 37°C for 7-10 days. After incubation the plates were observed for biocontrol of 

fungi by bacteria (by the formation of zone of inhibition or reduction in the mycelial growth in 

comparison to control plate). The strain that showed better inhibition of fungal growth was 

selected and used for further studies. 

Characterization of rhizosphere bacterium showing significant antagonism against 

Phomopsis azadirachtae: 

 To identify the bacterial characteristics the biochemical tests were the criteria in addition 

to the staining. IMViC test, catalase test, urease test, starch hydrolysis and gelatin hydrolysis test 

were conducted according to standard manual (Aneja, 1996). The selected bacterial strain was 

also subjected to molecular characterization.  
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Molecular characterization: Extraction of DNA: 

 Bacteria was grown overnight at 37°C in nutrient broth medium (NB, Himedia). The cells 

were pelleted at 6000 X g for 10 min and resuspended in 200 µL lysis buffer (100 mmol/L
 
Tris-

Hcl, pH 8.0; 100 mmol/L
 
EDTA; O.75 mol/L sucrose; 10 U lysostaphin; 10 mg/mL

 
lysosyme) 

and incubated at 37°C for 30 min. 20 µL of Proteinase K solution (20 mg/mL) and 1% SDS were 

added followed by incubation at 37°C for 2 h. The lysates were extracted with phenol-

chloroform-isoamylalcohol 25:24:1 and precipitated with 3 mol/L sodium acetate solution 1/10 

volume and 0.9 volume isopropanol. The isolated DNA was then washed with ethanol and 

dissolved in 50 µL water. Chromosomal DNA was purified and then used as a template for the 

PCR. Successful DNA extraction was determined by spectroscopy at 260 nm using 

spectrophotometer (Oliwa-Stasiak et al., 2010). 

16S rDNA PCR Amplification: 

 The PCR was carried out using reagents procured from Bioline. The PCR mixture (25 

µL) contained 200 µmol/L each of dNTP, 1X PCR buffer, 20 pmol primer set and 1.5 U BioTaq 

polymerase. For the amplification of 16S rDNA, BSF (Forward: 5‘ -

GAGTTTGATCCTGGCTCAGG-3‘ and BSF (Reverse: 5‘- TCATCTGTCCCACCTTCGGC-3‘) 

were used. In a PCR thermal cycler, conditions for amplification were an initial denaturation step 

for 5 min, 30 cycles at 94°C for 30 s, 54.5°C for 1 min and 72°C for 1 min and final extension 

step for 7 min. 5 µL water without bacterial DNA was included in PCR run that served as 

negative control. 5 µL of PCR product was analysed by 1.5% agarose gel electrophoresis in 0.5X 

TBE buffer, p
H
 8.0, at 90 V for about 1 h 30 min. Gel was visualized using ethidium bromide 

staining in TBE buffer and photographed under the UV light (Oliwa-Stasiak et al., 2010). 

Phylogenetic tree construction: 

 Phylogenetic tree was constructed by comparing with strains from GenBank with highest 

similarities (accession number in parentheses). Tree was constructed with bootstrap method 

using kimura 2 model. The neighbour-joining tree and sub-tree were generated using MEGA2 

software. Numbers show the level of bootstrap support from 1,000 repetitions. The tree is drawn 

to scale, with branch lengths in the same units as those of the evolutionary distances used infer 

the phylogenetic tree. All positions containing alignment and gaps and missing data were 

eliminated only in pairwise sequence comparisons (Shobharani and Halami, 2014).  

Isolation of ethyl acetate fraction from bacterial culture filtrate:  

The antifungal fraction from the bacterial culture filtrate was extracted using ethyl acetate 

(Girish et al., 2009c). 100 ml of nutrient broth (Himedia) in 500 ml Erlenmeyer flask was 
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inoculated with a loop of 24h-old-culture of B. cereus NRB2. Totally 1.0 L of broth was 

inoculated. All the flasks were incubated at 37
o
C for 72 h. After incubation the cells were 

harvested by centrifugation (9000 x g for 10 min at 4
o
C). The supernatant was collected, the 

volume of each culture filtrate was made up to 1.0 L with sterile distilled water, filter sterilized 

using 0.45 μm membrane filter and stored at 4
o
C. For extraction, the culture filtrates were 

concentrated to 10% of their original volume by using a flash evaporator at 50
o
C and using 1.0 N 

HCl, pH of the concentrated bacterial culture filtrate (100 ml) was made to 3.6. The culture 

filtrate was then extracted three times with equal volume of ethyl acetate. After each extraction 

step the organic extracts of culture filtrate were collected, pooled and evaporated at RT that 

yielded brownish, semi-solid crude extract.  

Effect of ethyl acetate fraction of bacterial culture filtrate on mycelial growth of Phomopsis 

azadirachtae:  

Stocks solution (1000 ppm) of bacterial ethyl acetate fraction was prepared by dissolving 

fractionated material in sterile distilled water containing 0.1% Tween-20 (1.0 mg/ml). Sterilized 

distilled water containing 0.1% Tween-20 served as control solution. Ethyl acetate fraction of B. 

cereus NRB2 culture filtrate was tested against the P. azadirachate using poisoned food 

technique (Girish et al. 2009c). Stock solution of ethyl acetate fraction was added at different 

concentrations separately to sterile PDA to obtain final concentrations of 10, 15, 20, and 25 ppm. 

PDA amended with the control solution served as control. All treated and untreated PDA were 

poured into separate Petri dishes of 90 mm diameter (20 ml / plate). After solidification the 

plates were inoculated with 5.0 mm of fungal disc at the centre and incubated at RT with 12 h 

photoperiod for 10 days. Three replications were maintained for each treatment and the 

experiment was repeated twice. After incubation the mycelial growth was measured in mm, 

mean colony diameter was determined and the percentage inhibition of mycelial growth was 

calculated. Fungitoxicity was measured by comparing the colony diameter in the treated plates 

with that of in control plates. Percent inhibition (PI) was determined using the formula PI = (C-T 

/ C) X 100, where C is the colony diameter in the control plates and T is the colony diameter in 

the treated plates. 

 

Results: 

Isolation of Phomopsis azadirachtae from infected neem twigs: 

 The fungus was isolated from all the diseased neem twig samples collected. All the 

isolates were confirmed as Phomopsis species by observing the conidiogenesis, shape and size of 

conidia, mycelial nature and mycelial pigmentation. All the isolates produced two types of 
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conidia alpha and beta conidia and were confirmed as Phomopsis azadirachtae based on Sateesh 

et al. (1997) (Figures 1-4). 

Isolation of rhizosphere bacteria: 

 Bacterial colonies developed on NA plates inoculated with rhizosphere soil (Figure 5). 

Four bacteria were randomly picked based on their morphological characteristics and were 

subcultured on to NA slants by streaking. The isolates were named as NRB1, NRB2, NRB3 and 

NRB4 respectively (NRB- Neem Rhizosphere Bacteria) (Figure 6). 

 

Figure 1: Growth of Phomopsis 

azadirachtae from die-back infected 

neem twigs 

Figure 2: Phomopsis azadirachtae 

culture on PDA (10-days-old) 

Figure 3: Alpha conidia at 45X  

magnification 

Figure 4: Beta conidia at 45X  

magnification 
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Figure 5: Neem rhizosphere bacteria on 

NA plates 

Figure 6: Cultures of neem 

rhizosphere bacteria on NA tubes 

(24-hour-old) 

 

Screening of isolated rhizosphere bacterium against Phomopsis azadirachtae:   

 All the bacteria screened such as NRB1, NRB2, NRB3 and NRB4 exhibited significant 

antifungal activity against P. azadirachtae showing the zone of inhibition / reduced mycelial 

growth in comparison to control after 10 days of incubation in dual culture method (Table 1). 

However, NRB2 exhibited comparatively better antifungal activity and was selected for further 

studies (Figure 7). 

 

A B C 

Figure 7: Bacterial isolate NRB2 showing antifungal activity against Phomopsis 

azadirachtae (B & C); A- Control 
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Biochemical Tests 

 The results of biochemical tests on the bacterial isolate NRB2 are presented in table 2. 

Table 1: Antifungal activity of bacteria 

against Phomopsis azadirachtae in dual 

culture assay 

Bacteria Activity against 

Phomopsis 

azadirachtae 

NRB1 + 

NRB2 +++ 

NRB3 + 

NRB4 + 

(NRB: Neem Rhizosphere Bacteria; + : 

Inhibition of mycelial growth) 

 

Table 2: Results of biochemical tests on 

the bacterial isolate NRB2 

Tests NRB2 

Gram‘s staining + 

Shape Bacilli 

Catalase test + 

Indole + 

Methyl red + 

Voges Proskauer -- 

Citrate utilization -- 

Gelatin hydrolysis + 

Starch hydrolysis + 

Urease test + 
 

 

Molecular characterization: DNA Isolation and 

quantification: 

DNA was isolated from NRB2 culture. OD 260 

/ 280 value was 1.53 and concentration of DNA was 

97.2 µg/mL. 

PCR amplification and Sequencing of 16s rDNA: 

16s rDNA amplification with BSF (Forward: 5‘ 

-GAGTTTGATCCTGGCTCAGG-3‘ and BSF 

(Reverse: 5‘- TCATCT GTCCC ACCTTCGGC-3‘) 

resulted in 1.5 kb amplicon (Figure 8). The sequence 

data of the same is presented in Figure 9.  

Phylogenetic tree and identification of bacteria: 

Based on the experimental results, the culture 

NRB2 was found to be identical to Bacillus sp. 

According to NCBI blast search the sequence is having 

homology with Bacillus cereus (Figure 10) and was 

named as Bacillus cereus NRB2. 

 

Figure 8: 16s rDNA amplification 

with Forward: 5’ -

GAGTTTGATCCTGGCTCAGG

-3’ and reverse : 5’- TCATCT 

GTCCC ACCTTCGGC-3’ ; M – 

DNA ladder; 1 – PCR product. 
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Figure 9: 16s rDNA partial sequence of NRB2 bacterial strain 

 

Figure 10:  Phylogenetic analysis of NRB2 bacteria. Homology was found with Bacillus 

cereus 

 

Table 3: Antifungal activity of ethyl acetate fraction of Bacillus cereus NBR2 

Concentration of 

Extract 

Control         

(0 ppm) 
10 ppm 15 ppm 20 ppm 25 ppm 

Mycelial growth (mm)  65.34 49.14 20.34 12.6 0.0 

Growth (%) 100 75.21 31.13 19.28 0.0 

Growth inhibition (%) 0.0 24.79 68.87 80.72 100 
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Figure 11: Effect of ethyl acetate fraction of Bacillus cereus NBR2 at concentrations of 10, 

15, 20, and 25 ppm respectively against Phomopsis azadirachtae 

 

Effect of ethyl acetate fraction of bacterial culture filtrate on mycelial growth of Phomopsis 

azadirachtae: 

 Ethyl acetate fraction of Bacillus cereus NBR2 culture filtrate exhibited significant 

antifungal activity by causing complete suppression of mycelial growth of P. azadirachtae at 25 

ppm concentration (Figure 11 and Table 3). 

 

Discussion: 

Neem plays an important role in Indian economy. Establishment of neem plantation is the 

main objective of neem foundation. However, the die-back disease is posing a great problem to 

attain this goal. This disease is spreading at an alarming rate and presently the management of 

this devastating disease is a major task. P. azadirachtae could be managed using synthetic 

fungicides (Girish et al., 2009d). However, usage of synthetic pesticides poses health risks and 

causes other undesirable effects. Therefore, an increasing concern on alternative control 
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measures has emerged in recent years wherein biological management tools including microbial 

biocontrol agents have gained acceptability (Ciancio et al., 2016). 

In the present study the efficacy of rhizosphere bacteria of neem was tested against P. 

azadirachtae and an attempt was made to identify the bacteria. Bacteria were isolated from the 

soil collected from neem rhizosphere following standard procedures. Several bacterial strains 

having antifungal activity were isolated from different plant rhizospheres (Devakota et al., 2011; 

Sarbadhikary and Mandal, 2017). Four bacteria were randomLy picked and screened for 

antifungal activity against P. azadirachtae by dual culture method. Dual culture is commonly 

employed to screen the antifungal activity of bacteria (Hammami et al., 2013; Pankaj kumar et 

al., 2012). 

Among four bacteria selected one bacterium (NRB2) showed comparatively effective 

inhibition of mycelial growth of P. azadirachtae. Biochemical and molecular characterization 

indicated that the bacterium belonged to Bacillus genera. NCBI blast search and phylogenetic 

analysis showed that NRB2 16S rDNA sequence is having homology with Bacillus cereus. PCR 

based methods with specific primers provide a rapid and reliable means to identify 

microorganisms (Girish et al., 2009a). 16S rDNA sequencing has played a key role in the precise 

identification of bacterial isolates and in the discovery of novel strains of bacteria (Woo et al., 

2008). 16S rDNA analysis has been employed by many researchers for the identification of 

rhizosphere bacteria (Pankaj kumar et al., 2012; Sarbadhikary and Mandal 2017). Application of 

bacterial strains belonging to Gram-positive genus Bacillus, including B. cereus, for the 

management of various phytopathogenic fungi have been reported (Arguelles-Arias et al., 

2009; Kumar et al., 2009; Mandal et al., 2017). 

Ethyl acetate fractions of B. cereus NBR2 showed complete mycelial growth inhibition of 

P. azadirachtae at 25 ppm concentration. With the increase in the concentration of bacterial 

extract there was increased suppression of mycelial growth of the pathogen. This might be due to 

the exposure of pathogen to increasing concentrations of antifungal secondary metabolites 

produced by the bacteria. Similar result was reported by Girish et al. (2009c). 

 

Conclusion: 

An attempt was made to find eco-friendly management strategy for die-back of neem 

pathogen. The study showed that rhizosphere bacterium of neem, B. cereus NBR2, has 

significant inhibiting activity against P. azadirachtae and could be considered for its biocontrol. 

The results obtained in the present study will pave way for further investigations to evolve 

suitable biocontrol management strategies against P. azadirachtae. 
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