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THE FUNDAMENTAL FORCES, ‘GOD PARTICLE’ AND GURU NANAK’S MESSAGE 
ON BUILDING BLOCK OF THE UNIVERSE 

 
A. B. Bhattacharya 

Pro Vice Chancellor, JIS University, Kolkata 700109, West Bengal, India 
pro.vc@jisuniversity.ac.in 

 
Abstract: The properties of the four fundamental forces, viz., gravity, electromagnetism, weak 
and strong, as well as the messenger particles associated with them are critically examined in this 
paper including the relative strength of the four forces and the masses of the messenger particles. 
Importance of the symmetries in the micro world is focused. The decay of pion to a muon and 
then to an electron and also the behavior of the strange particles are discussed including the 
probability of unification of four forces into a single force. The fundamental forces carried by the 
messenger particles are considered in parallel to the message of Guru Nanak about the formation 
and mysteries of the universe elaborating his philosophical depth in scientific vision. Comparing 
Guru Nanak’s verses with the present day works it is observed that many recently considered 
problems have been explained by Guru Nanak by his analytical depth in scientific vision. Nanak 
was able to offer some doctrines which were very new to the scientific community. Scientists 
believe in creation out of 'Nothingness' while Guru Nanak proposed that the creation process of 
the Universe started under the command of Almighty and is devoid of matter and not of energy. 
In this paper we have also highlighted Philosopher Guru Nanak and the Mathematician 
Ramanujan with their similar views where both of them expressed their scientific achievements 
as thought of God. Guru Nanak enunciated that there is a ‘Creator’ of the Universe and a perfect 
correspondence is there between the ‘Big-Bang’ and the creation out of ‘Sunya’. 

Keywords: Fundamental Forces, Messenger Particle, String Theory, Micro World, Strange 
Particles, Early Universe, Creator 
 

1 Introduction 
Out of the four fundamental forces in the everyday world, viz., gravity, electromagnetism, weak 
and strong nuclear forces only two forces, gravity and electromagnetism can be attributed owing 
to significant effects at observable ranges. Scientists are primarily interested in the sources of the 
force and their intrinsic strength of interactions [1] besides the space-time properties of their 
propagation through space and how during the propagation it affects the motions of particles. For 
investigating the properties they have also considered both the classical description of the forces 
and the quantum-mechanical picture as appropriate. Gravity is one of the most familiar forces 
from falling apples to collapsing galaxies Electromagnetism, on the other hand, is a force of 
infinite range. The source of this force is electric charge of both positive and negative polarity 
and at the time when two charges are at rest, the electrostatic force follows Coulomb’s law, 
similar to Newton’s gravitational law [2].  
 

2 Comparison Fundamental Forces 
A comparison of four fundamental forces with their relative strength, ranges and associated 
messenger particles is presented in Figure 1, showing the strength of the other three type of  
particles with respect to the strong force [3-5]. 
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Figure 1 Comparison of four fundamental forces with their relative strength, ranges and 
associated messenger particles [https://www.tes.com/lessons/I69cokZQMDfK2w/] 

 
It appears that the four fundamental forces can be distinguished clearly from their characteristic 
differences and the unique messenger particles are associated with each of them [6]. Table 1 
reveals the names of the messenger particles of different fundamental forces and their 
corresponding masses. 
 

Table 1 Messenger particles of the fundamental forces and their masses 

Fundamental  
Forces 

Particle Name 
Mass of Messenger 
 particles 

Weak Nuclear  Weak Gauge Bosons 86, 97 

Strong Nuclear  Gluon 0 

Gravitational  Graviton (?) 0 

Electromagnetic Photon 0 

 
In Table 2 a comparison among some properties of fundamental force particles is made. The 
force carrier particles and their ranges have shown in the table. It appears that the relative 
strength from gravity to strong force becomes much weaker to much stronger. 
 
The God Particle 
It is interesting to define how the name ‘God particle’ came in particle physics. The Nobel Prize-
winning physicist Leon Lederman referred to the Higgs bosons as the "Goddamn Particle." The 
nickname was given to mention how difficult it was to detect the particle. In fact, it took almost 
half a century and a multi-billion dollar particle accelerator to get the success. The Higgs 
Boson particle or the so called God particle tries to define a particle wherefrom objects (Atoms, 
protons, neutrons) derive mass which is the only intrinsic property of a substance to define all the 
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properties and its interactions with its surroundings. The Higgs boson or God 
particle gives particles mass to bind together and form things, like stars and planets. In true 
sense, countless Higgs boson particles make up an invisible force throughout the Universe called 
a Higgs field. In 2012, scientists confirmed the detection of the long-sought Higgs boson using 
the Large Hadron Collider (LHC), the most powerful particle accelerator on the planet. In simple 
terms, Higgs boson particle is a particle in the Standard Model of physics, which are responsible 
for all the physical forces. Other known bosons are the W and Z bosons, photon and the gluon. 
The Higgs boson is the subatomic particle that has brought a Nobel Prize to Higgs who in 1964, 
along with five other scientists, proposed the Higgs mechanism to explain why particles have 
mass. Higgs bosons can be produced only by particles that interact with the Higgs field.  

 
Table 2 Comparisons of properties of fundamental force particles 

 

Type of 
Fundamental 
Force 

Basic 
Properties 

Force 
Carrier 
Particles 

Particles 
Experiencing 

Range Relative 
strength 

Gravity Acts between 
the objects 
with mass 

Graviton 
[Not yet 
observed] 

All the 
particles with 
mass 

Infinity  

Much 
Weaker 

 

Much 
Stronger 

Weak Force Governs 
particle 
decay 

W+, W-, Z0 

[W and Z] 

Quarks and 
Leptons 

Short range 

Electromagnetism Acts between 
the 
electrically 
charged 
particles 

ᵧ 

[Photon] 

Electrically 
charges 

Infinity 

Strong Force Binds quarks 
together 

g 
[Gluon] 

Quarks and 
Gluons 

Short range 

 
According to the theory formulated by Peter Higgs and others it is the universe-wide field that 
gave mass to all matter right after the Big Bang, forcing particles to amalgamate into stars and 
planets. It gives particles mass which permits them to bind together and form things, like stars 
and planets. Broadly, countless Higgs boson particles make up an invisible force throughout the 
universe known as Higgs field.  
 
3 Grand Unification in Natural World  
To identify opportunities for studying the building blocks of the Universe through the particle 
physics and cosmology has now become a subject of great interest.  Grand unification in natural 
world can be tested only at energies many orders of magnitude greater than those accessible by 
ordinary accelerators and it is the main limitation for verifying many promising ideas. However, 
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recent advances with the supporting evidence for an accelerated cosmological expansion as well 
as evidence for inflation from the cosmic microwave background (CMB) data and atmospheric 
and solar neutrinos verify the big-bang nucleosynthesis prediction. A very useful symmetry in 
this category is the space-time symmetries, precisely known as charge conjugate symmetry, 
related to the interchange of particles with their antiparticles [7]. It has been reported that the 
dynamical symmetries of space and time have important role to provide universal conservation 
laws like momentum, energy etc. The basic problem is now to establish a relation among 
neutrino astrophysics; cosmology, gamma- and X-ray astrophysics with the fundamental forces 
of particle physics [8]. In fact, it may be considered as an infinitely ambitious theory with an 
expectation of taking the role of ‘Theory of Everything’ [9]. Successes of string theories are 
likely to close the existing gap at present. 
 
3.1 Cosmic Information Carriers  
Present day knowledge of the Universe is mainly gathered from the observation of photons 
which have advantages as cosmic information carriers. The photons we find from the Sun 
originate in photosphere which is away from the hydrogen-fusing core. In order to study the 
inner workings of the astrophysical objects it appears that we need an electrically neutral probe 
so that its trajectory remains unaffected by magnetic fields and penetrate the regions opaque to 
photons.  

 
Figure 2 Supernova 1987A, locating the bright star at the centre of the image 

[https://upload.wikimedia.org/wikipedia/commons/0/0a/Eso0708a.jpg] 
  
At the time of formation of a neutron star in the heart of a supernova, the conversion of iron 
nuclei to neutrons produces burst of neutrinos [10]. One such burst as observed from Supernova 
1987A is shown in Figure 2 where the bright star can be found at the centre of the image.   
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4 Guru Nanak’s Verses vis-a-vis Scientists Approach 
Comparing Guru Nanak’s verses with the approach of modern scientists, we may arrive at the 
identical conclusions what Nanak did long back. Stephen Hawking, brilliant theoretical physicist 
and the author of the widely accepted title 'A Brief History of Time’ described in a popular 
manner how the Earth orbits around the Sun and how the Sun, in turn, orbits around the center of 
huge number of stars called Galaxy. It is important to note that Guru Nanak (1469-1539) pointed 
out this problem in the form of a question following the Indian myth, "If the earth is settled on 
the horns of a bull, where does the bull stand? Or for that matter how many earths support bulls 
or how many bulls support earths” [11, 12]? It may be mentioned that in Sri Guru Granth Sahib 
(SGGS), the holy scripture of the Sikhs, answers to all questions about the mysteries of universe 
are available.  

Hawking in his book mentioned that Copernicus proposed in 1514 the idea that the Sun was 
stationary at the center and the earth with other planets revolving in circular orbits around the 
Sun [11]. In the Copernican model it was further mentioned that "fixed stars did not appear to 
change their positions apart from a rotation across the sky caused by the earth spinning on its 
axis; hence it became natural to suppose that the fixed stars were objects like our sun.” This idea 
was implemented after a century by Kepler as well as by Galileo Galilee. However, just around 
the time when Copernicus was toying with his idea, Guru Nanak had already explained 
confidently, "Numberless are earths and the mountains for doing virtuous deeds and numberless 
over numberless Dhruvs (stars), the instruction receivers. Numberless are Indras, the moons, the 
suns; numberless are the universes and numberless countries." (SGGS: p.7). It is interesting to 
note that some questions raised by Hawking have been well explained by Guru Nanak long back. 
If Guru Nanak’s explanations are compared with the modern scientists, we observe that they are 
also in agreement with the same conclusions. The answers given by Guru Nanak were 
convincing and are ultimately proved today from scientific perspectives. All these reply came 
from his deep knowledge and vast experience; both divine and worldly. From the investigations 
done by many of the modern scientists with present day technological supports, many of the 
mysteries have empirically verifiable with time [12]. 

During the days of Guru Nanak scientific approach was primarily a neglected area in India and to 
some extent science was mainly the casualty of orthodoxy. In true sense there was a need for 
awakening of the people so that they can be properly taken out of the darkness of ignorance and 
at the same time to propagate the true path as shown by Guru Nanak. At the time of Guru Nanak, 
the world was not even familiar with the laws of gravitation, solar system, earth's rotation around 
the Sun and the existence of countless stars and galaxies in the Universe. Even it was unknown 
during that time that the air was a creation from heat and water was created from air. It was the 
Sun-rays that supported for the origin of nature. Besides scientific and analytic mind, Guru 
Nanak had a great vision. Through his wisdom and analytical depth in scientific vision, he was 
able to propound certain doctrines which were very new to the scientific community and were 
under study. Guru Nanak for all practical purposes undertook journeys to develop scientific mind 
and keeping that in mind moved from one place to another enlightening the people about the 
truth of life and reality. His novel approach to the study of universe was analytical, systematic 
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and scientific and his propagation of scientific truth was realistic in true sense. Through his 
experience, intuition and super-consciousness, he answered even the most difficult and 
challenging questions which modern science is seriously thinking so far and is not likely to get 
the suitable answer if it does not change the methodology of inquiry. The way Guru Nanak 
answered many questions, theories, concepts and doctrines are considered as the guideline for 
future inquiries and so we should give priority for solving related problems going through his 
messages. It is a common question to many scientists how Nanak predicted the creation of 
Universe more than 500 years before Scientists proposed the Big Bang Theory. One answer is 
that Guru Nanak was a Natural Philosopher (Scientist) and his philosophical observations were 
so powerful that it helped him to predict many complicated behaviour of the universe. 

A good number of scientists, including Stefan Hawking, believe in creation out of 'Nothingness'. 
Guru Nanak never wanted to make any hypothesis based on just some assumptions from simple 
imagination and considered always better to leave this type of problems open.  According to him, 
the creation process started under the command of Almighty, the creator of the universe [13]. 
Timothy Ferris, the famous author of 'The Science of Liberty' wrote: "For legendary 
astrophysicist Stephen Hawking, who redefined cosmology by proposing that black holes are 
mortal, the Nobel Prize for Physics remained elusive as his theory cannot be observed or 
verified. However, in recent years his theory is though firmly accepted in theoretical physics, but 
there was no accepted method to verify if black holes are mortal." In fact, it needs billions of 
years to see the explosion of Black Holes into gamma rays [11, 12]. 

 

Figure 3 Photograph of Stefan Hawking at the Tata Institute of Fundamental Research (TIFR), 
Mumbai with String Theorists D. Gross and Ed Witten during an International Conference on 

String Theory in 2001 
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From both the ways of line of thinking it is apparent that it must have been created by a 
superpower. The four fundamental forces carried by the messenger particles are considered by 
the scientists as very important elements for making the building blocks of the universe and the 
message of Guru Nanak about the formation and mysteries of the universe long back when the 
science and technology was not at that level is really extraordinary with wonderful philosophical 
depth. Figure 3 shows a photograph of Stefan Hawking in TIFR, Mumbai with String Theorists 
D. Gross and Ed Witten during an International Conference on String Theory in 2001. 

It is true that any theory at the background of new scientific discovery has always a possibility to 
undergo a major change in the future. It is a fact that all the established theories are based on 
certain scientific information based on strong logic but still there is a chance to change the same 
approach either fully or partly with new discoveries. Theologians have sometimes argued that 
since theories developed by scientists are improving and changing with the time, so the science 
may not be considered as a very stable field. They rather like to comment that the ‘Almighty’ has 
revealed the theology to the prophets, Gurus, deities [14]. 

4.1 Guru Nanak and Ramanujan 
In modern sense and according to general definition, Guru Nanak was not a Scientist but was a 
great philosopher to find the science near and far. To be more specific to the statement and also 
for comparison, one may recall the solution of 'My Predicament' in S. Ramanujan, the greatest 
Indian Mathematician. He wrote 3900 Theorems with answers but no solutions [15].  

 

Figure 4 Photographs of Guru Nanak (1469-1539) and Srinivas Ramanujan (1887-1920), the 
two great Indian Philosophers 

The well known English mathematician Prof. Hardy brought Ramanujan to Cambridge in 1914. 
Ramanujan devoted his mathematical career with entire fundamental concept in his short life and 
was able to develop many mathematical theorems which he believed had been sent to him as 
visions from a Hindu goddess. Though he had no formal training in Mathematics but was 
received the honour as the youngest Fellow of Royal Society. His research was interrupted 
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during the First World War and he died only at the age of 32 years after his return to India. It is 
surprising to note how he wrote all those complicated formulae in mathematics which are now 
being used to investigate Black Holes and String Theory. Once in replying a similar question he 
said: "My equations have no meaning unless it expresses a thought of God." According to him he 
received the Solutions to his Theorems in his Visions revealed by the family Goddess 
‘Mahalakshmi of Nammakal’.  
 
The great philosopher Guru Nanak also claimed assertively that the WORD “Shabad or Bani” is 
revealed to him by God and that is why his visions about Universe focused him the 'The Truth'. 
All those truths as observed by Guru Nanak are now being confirmed through a number of 
scientific theories like ‘Big Bang’. Photographs of Guru Nanak (1469-1539) and Srinivas 
Ramanujan (1887-1920), the two great Indian Philosophers have shown in Figure 4. 
 
5 Modern Science versus Nanakian Philosophy 
Guru Nanak firmly believed that there is a ‘Creator’ of the Universe and so there is no 
'Singularity' in Nanak's vision. Some verses from SGGS is quoted below to establish his 
viewpoint on Creation of the Universe [16, 17]: 
“God created the Universe by uttering a word. 
God created the air, from air came water and from water the world was created. 
God spirit permeates all the beings”. 

It is interesting to note that there is a high correspondence between the ‘Big-Bang’ and the 
creation out of ‘Sunya’ as enunciated by Guru Nanak in ‘Raaga Maru Solhe’, an important hymn 
on Sikh cosmology [18]. Science and Nanakian philosophy are highly intertwined each other. In 
order to understand Nanakian philosophy it is extremely essential to have the latest scientific 
material and systematic information. In addition, it is required to understand the methodology 
and techniques used by Guru Nanak for interpreting his philosophy. In most of the situations, 
Guru Nanak quoted simple science and logic for illustrating his views. Also consider the purpose 
sometime he cited ancient mythological works and rituals, usually accepted by the masses with a 
view to explain his philosophy. Moreover, he used many allegoric expressions for simplification 
to the readers so that they can understand his philosophy easily. Under some circumstances he 
used another method where he put question first and then the answers, again based on his 
philosophy [19].  

It is important to note that the scholars, who would interpret his philosophy, have to be diligent 
enough and required discriminating intellect for distinguishing his philosophy from the ancient 
mythological works as cited in his philosophy. Regarding the origin of Universe the Nanakian 
philosophy as incorporated in the Aad Guru Granth Sahib (AGGS) can be considered as 
important scientific message of Guru Nanak explaining clearly the building blocks of the 
universe with a priority to its origin which has been accepted by the theories in the present 
Science Age. 

It is said, in general, that to understand any concept the simplest way is to think its opposite 
which in turn determines the values and virtues to put into action. Many times Gurū Nānak used 
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the word ‘dharam’ for describing a way of living in harmony that resides in every human.  The 
word ‘dharam’ besides meaning a particular ‘faith’ suggests a right way of an intrinsic property; 
e.g. the ‘dharam’ of the sun is to shine, the ‘dharam’ of water is to flow.   Humans have a shared 
spiritual identity characterized by the properties of the spiritual self and we are meant to mobilize 
this character.   Guru Nanak saw that ‘dharam’ was evaporating everywhere as society got 
engulfed by forces rooted in the worst of human nature.   He taught the need to integrate prayer, 
hard work and service to others, rather than separating out ‘religious’ and ‘secular’ roles, into the 
rhythm of our day-to-day journey in life to achieve harmony.  He was successful to lesson a 
spiritual consciousness in parallel with environmental and social consciousness. 

5.1 Orbit of Planets to the Microscopic Life on Earth 
It is interesting that the principles of harmony are reflected in the natural world, from the orbit of 
the planets where they rotate following a certain path to the microscopic levels of life on the 
planet earth.  As a matter of fact, we have enough to learn at every step from ‘Nature’s 
grammar’.  This is one very important aspect of ‘dharam’. It is a practical environment where 
everything is ordered and balanced in the world.  The word ‘dharam’ in a broad sense carries the 
sense of a more cosmic, infinite ‘grammar’ that reinforces harmony of an aesthetic, technical and 
scientific principle. It helps us to recognize the balances in nature and the cosmos. The teachings 
of the Guru Granth Sahib widely focus on the human mind depicting the state of an enlightened 
or liberated person who is able to arrive at a point of inner equipoise transcending the effects of 
different emotions to pull us apart in different directions and to spin us out of balance. “One, 
who remains detached from joy and sorrow, realizes the true essence of life”, but Nanak clearly 
said that it is not an easy game to reach this state of equipoise [20]. The word ‘Sikh’ means a 
‘disciple’ or ‘learner’ and harmony from the Sikh perspective is a practice to draw on inner 
reserve of spiritual qualities for responding to the world and to shape the world with others, thus 
characterizing the nature of thoughts and actions which flow when we recognize our own latent 
divinity and spiritual identity. Today, science is observing some grains of truth following the 
way humans have traditionally referred to many thought processes.  With time we are 
discovering that the heart itself has a small brain whose intricate network of neurons and 
neurotransmitters communicate with our ‘head brain’ to influence our thought and 
decision.  Positive emotions bring harmonious and coherent flow of communication between the 
heart and head which benefits our overall wellbeing and thus resulting equipoise and harmony. 

The human soul, heart and mind all contribute to the rationality for taking any actions. Across 
human cultures, we have a number of ways to express the instinctual values-led thought 
processes. Our character traits as humans differ largely depending on the degree to which we 
align ourselves. The knowledge and wisdom are brought together to dialogue with the mind, 
move the heart and to bring inner enhancement or transformation.  As the skill of a driver can be 
tested in emergencies, a harmonious mindset enables us to refocus and rebalance when 
unexpected changes occur in our internal or outward condition. This is a dynamic quality and is 
well reflected in a music program.   One notable story associated with a legendary musician of 
sixteenth century Tansen, tells how he devised a certain ‘rāg’, a melodic framework in Indian 
classic music with distinct musical motifs [21]. The effects of the said ‘rag’ were so powerful 
that a range of different instruments which had been laid out together and tuned to the identical 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

10 
 

frequency, began to play according to their own accord.  This extraordinary account shows both 
the generative and integrative power of harmony when diverse people find synergy among 
themselves [22]. For all practical purposes, it can regenerate and reenergize our relationships, 
interactions and the true paths through which we can jointly work by virtue of the harmony, a 
dynamic force. 
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EXAMINATION OF CONSUMER PROTECTION AMENDMENT ACT IN THE LIGHT 
OF SOCIAL DEVELOPMENTS IN INDIA 
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Abstract: The Consumer Protection Act was enacted in 1986. It was a beneficial legislation in 
India. Over the period of years the efficacy of the legislation was examined in the light of socio-
economic developments in India. After liberalization and globalization many forms of 
distribution of products and services in India developed. So the legislature thought about 
amending about the Act. So the article examined the new Amendment Act of 2019 which created 
Central Consumer Protection Authority as a regulator. 

Keywords: Consumer Protection Act, Legislation, Socio-economic Developments, Distribution 
of Products, Amendment Act 

1 Introduction 
During early 1960s, India was under command and control regime. So state was expected to 
provide all the services required in all the sectors. The Monopolies and Restrictive Trade 
Practices Act, 1969 was enacted which addressed restrictive trade and unfair trade 
practices.Later on in 1986, the Consumer Protection Act, was enacted which addressed all the 
unfair trade practices in the country. A 3 tier system of Consumer Forum was created including 
District Forum, State Commission and National Commission. The Competition Act was enacted 
in 2002 and amended in 2007 which addressed all the restrictive trade practices. Thereafter the 
Consumer Protection Amendment Act was enacted in 2019, which created a regulator in the field 
of consumer affairs. The article examines the efficacy of the new Act [1-3]. 
 
2 Literature Review 
This article is written keeping in mind the interests and rights of consumers in respect of 
products and services [4, 5]. The books that were reviewed to create preliminary understanding 
included the following: 

(a) Mohammed IrshadunNabi, Mohammed KamalunNabi, Kishore C. Raut, Consumer 
Rights and Protection in India, New Century Publication, 1st Edition, 2014.The lacuna in 
the literature which has led to fresh examination of the issue of rights of tourists in India 
and the laws in the country are as follows. In the book as the main focus is on products 
and services, there is very less treatment of services obtained by tourists. Generally the 
types of services that they get, include, the information on the tourist sites, the price of 
the hotels, the amenities there, the flights and travel details. Based on those services the 
tourists within India, outside India plan their tour. All of them believe the services 
advertised as true. After staying in the hotel and availing the services whenever they 
realize the advertisements being false, they take the recourse of law. The Book does not 
have empirical figures of tourists who had availed the services and faced deficiencies. 
Consumer Forum in India are the Courts where they redress their grievances. My article 
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is written taking into consideration the new Consumer Protection Regulator that will be 
in operation once the new Consumer Protection Bill will be passed. Then they can file the 
cases before the Regulatory Body and the adjudicatory body. 

(b) DrSouvikChatterji, Competition Law in India and cartels in India and USA, Volume 2, 
Allahabad Law Agency, India, 2017.The lacuna in the literature is in the context of unfair 
trade practices. Although the restrictive trade practices are addressed which are tried by 
the Competition Appellate Tribunal, dubious advertisements which affect the tourists in 
India are not dealt at length. The article deals with that. 

(c) VK Agarwal, Consumer Protection Law and Practice, 5th Edition, BLH Publishers, New 
Delhi, India, 2009. The lacuna in the literature is related to the shortcomings of the 
existing Consumer Protection Act, 1986. Presently there is no regulator in the sector. 
After the passing of the new Consumer Protection Bill, the regulator will be in place. 
There are chances where the hotels, travel agencies and related will face standard 
information delivering guidelines, which if infringed will be addressed by the Courts. 

(d) DrSouvikChatterji, Laws of Infrastructure Development in India, Volume 1, Y Books 
International, India, 1st Edition, 2014. The lacuna in the literature is related to the specific 
treatment of the tourist and travel sector as a whole. The tourism sector in India is 
diversified. At present there are no regulators. So no organization acts a watchdog with 
respect to infringements. Travellers after being cheated or in redress approach the 
Consumer Forum and sue for compensation. But the article focuses on the road open to 
file complain before the regulator so that the lack of service does not occur at the 
threshold. 

The Acts which were reviewed included the Consumer Protection Act, 1986, the Consumer 
Protection (Amendment) Act, 2019, the MRTP Act, 1969, the Competition Act, 2002. The Acts 
are studied in details. And as they are the law of the land, the article and the research is based on 
the provisions that are already in place for the tourists and travelers [6, 7]. 

3 The hypothesis of the Research 
The hypothesis of the research is as follows. The Consumer Protection Amendment Act, 2019 
and Competition Act, 2002, as amended by the Competition (Amendment) Act, adequately 
address the rights of consumers in the country [8, 9]. 
Research gap 
As the research is doctrinaire in nature, the researcher had not collected empirical statistics 
relating to the number of travellers per year are affected by the unlawful practices of the travel 
agencies, hotels and related industries in the sector. But the cases that are referred showcase the 
agony of the consumers where grievances did arise.  
 
Examination of Consumer Protection Act, 1986, Competition Act, 2002 and Consumer 
Protection (Amendment) Act, 2019 
In 1986, the Consumer Protection Act was enacted so that consumers in the country could 
redress their grievances in Consumer Forum. A 3 tier Consumer Dispute Redressal system was 
created including District Forum, State Commission and National Commission. Defects in goods 
and services could be brought before the Forum and the Quasi-Judicial Forum gave decisions 
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relating to those cases. In 2002, Competition Act was enacted which primarily addressed anti-
competitive activities, abuse of dominance and combination review. A separate adjudicatory 
body was created where cases and appeals could be filed. In 2019, the Consumer Protection 
(Amendment) Act, was enacted which brought a number of developments to the existing 
Consumer Protection regime and created a regulator called CCPA. 
 
The New Act establishes the Central Consumer Protection Authority (CCPA) to promote, protect, 
and enforce the rights of consumers as a class.  The CCPA may: issue safety notices;  pass orders 
to recall goods, prevent unfair practices, and reimburse purchase price paid; and  impose 
penalties for false and misleading advertisements.  The Presidents and members were very 
apprehensive of interference of CCPA in the decisions and orders of District Consumer Forum. 
Their main concern is that CCPA will be a body of bureaucrats while the members and presidents 
are legal persons. Interference may affect the consumers. 

     The increase of Pecuniary jurisdictions of District Consumer Forum, State Commission and 
National Commission is a new development. It has been increased as follows; District: Up to Rs 
one crore; State: Between Rs one crore and up to Rs 10 crore; National:  above Rs 10 crore. The 
process of mediation introduced in the New Act is a new development. The CPA 2019 now 
provides for settlement of disputes by way of mediation in case there is a possibility of 
settlement at the stage of admission of complaint or at any later stage, if acceptable to both 
parties. A mediation cell will be attached to each district, state and National Commission and its 
regional Benches for quick resolution. 

 
      The new definition of product liability under the New Amended Act of 2019 created a new 

dimension. The Act has proposed provisions for product liability under which a manufacturer or 
a service provider has to compensate a consumer if their good/service cause injury or loss to the 
consumer due to manufacturing defect or poor service. For instance, if a pressure cooker 
explodes due to a manufacturing defect and harms the consumer, the manufacturer is liable to 
compensate the consumer for the injury. 

 
      4 Case Studies 
      Here are few cases: 

In NihalKaur v. Director, P.G.I.M.S.R, (1996) CPJ 112, a patient dies a day after the surgery and 
the relatives found a pair of scissors utilized by the surgeon while collecting the last remains. 
The doctor was held liable and a compensation of Rs. 1.20 lakhs was awarded by the state 
consumer forum, Chandigarh. 
In Malay Kumar Ganguly v. SukumarMukharjee case, no guarantee is given by any doctor or 
surgeon that the patient would be cured. 

The doctor however must undertake a fair reasonable and competent degree of skill, which may 
not be the highest skill. 

Adoption of one of the modes of treatment was mentioned. If there are many and treating the 
patient with due care and caution would not constitute any negligence. One other criteria is 
failure to act in accordance with the standard, reasonable degree of case and skill and knowledge 
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which he possesses. Failure to use due skill in diagnosis with the result that wrong treatment is 
given would be negligence. 

In a complicated case, the court would be slow in attributing negligence on the part of the doctor, 
if he is performing his duties to be best of his ability. 

5 Conclusions 
In conclusion it can be said that the hypothesis is proved. The extension of E-commerce within 
the domain of Consumer Protection Amendment Act 2019 is great development of Consumer 
Protection regime in India .E-commerce will now be governed by all the laws that apply to direct 
selling. The guidelines propose that platforms like Amazon, Flipkart, Snapdealetc will have to 
disclose sellers’ details, such as their address, website, email, etc and other conditions related to 
refund, exchange, terms of contract and warranty on their website to increase transparency. 
 

Acknowledgements 
I humbly acknowledge the inspiration from my late Father Chitta Ranjan Chatterjee, Hon’ble 
Vice Chancellor Sir, Hon’ble Pro Vice Chancellor Sir, Hon’ble Dean Sir, JISU, and the authors 
of Text Books and articles whose contributions inspired me to write the paper. 
References 

1. Monopolies and Restrictive Practices Act, 1969. 
2. Competition Act, 2002, as amended by Competition (Amendment) Act, 2007. 
3. Mohammed IrshadunNabi, Mohammed KamalunNabi, Kishore C. Raut, Consumer 

Rights and Protection in India, New Century Publication, 1st Edition, 2014 
4. VK Agarwal, Consumer Protection Law and Practice, 5th Edition, BLH Publishers, New 

Delhi, India, 2009 
5. https://www.jatinverma.org/govt-to-establish-central-consumer-protection-authority, last 

visited on 24th May 2020 
6. NihalKaur v. Director, P.G.I.M.S.R, (1996) CPJ 112 
7. Malay Kumar Ganguly v. SukumarGanguly, Calcutta High Court, 19th March, 2004 
8. DrSouvikChatterji, Competition Law in India and cartels in India and USA, Volume 2, 

Allahabad Law Agency, India, 2017 
9. Souvik Chatterji, Laws of Infrastructure Development in India, Volume 1, Y Books 

International, India, 1st Edition, 2014. 
 

 
 

 

 

 

 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

16 
 

TOURISM AND ITS ENVIRONMENTAL IMPLICATIONS: A CASE STUDY OF 
KAZIRANGA NATIONAL PARK, INDIA 

Misha Roy 

Department of Environmental Science, Directorate of Distance Education & Centre for 
Environmental Studies, Vidyasagar University, Midnapur, West Bengal, India 

 
Abstract: Kaziranga illustrates one of the unchanged National Parks in the north-east region of 
India; being a part of the Himalayan range it has a huge potentiality for implementing successful 
wildlife ecotourism. This national park was declared as a world heritage site by UNESCO in 
1985 and recognized as a “biodiversity hotspot”. The park with its rich biodiversity is the 
preferred destination of domestic and international tourists. This study investigates the 
environmental impact of tourism activities in Kaziranga National Park. In this paper, an attempt 
has been made to quest the path to minimize the negative impact on the environment by applying 
the concept of ecotourism. It was observed that in the last few years, the illegal poaching of 
animals and road accidents have been increased. A decrease in elephant population implicit the 
conflict of tourism with the conservation biodiversity. 

Keywords: Biodiversity, Wildlife, Tourism, Ecotourism, Kaziranga National Park 
 

1 Introduction 
During recent years exploring wildlife has added a new dimension to the tourism industry by 
exposing virgin wilder areas to tourists. The increasing popularity of National Park and 
Sanctuaries have created vast potentials for the development of tourism and at the same time has 
resulted in continuous degradation of the ecosystem and the biodiversity by exposing them to 
human interferences which ultimately prove detrimental. The concept of wildlife tourism has 
changed considerably during the recent years, with increasing urban stress owing to expanding 
urbanization and industrialization people tend to spend their leisure time amidst serene natural 
beauty. The urbanization and unsustainable practices have created immense pressure on the 
ecosystem. These invasions often include deforestation, disruption of habitat, pollution, all of 
which contribute to environmental degradation and had a harsh effect on wildlife. 
 
Environmental impacts are mostly multifaceted and slow which leads to long-term changes [1, 
2]. Although most tourist activities are highly localized, their effects can be felt far-off. It was 
found that the environmental impacts of tourism are dependent on mostly four parameters: (1) 
number and density of tourist (2) resilience of the area (3) time or season (4) transformational 
character of tourists [3]. The nature and degree of environmental impacts appeared to depend on 
the interaction among the type of recreational activity, climatic, and edaphic factors [4]. A full 
understanding of how different factors integrated to create the resulting environmental impacts 
remain unclear, except that, overall, impacts do increase. Wildlife tourism causes significant 
conflicts to animals in their natural habitats. These frighten animals and harm breeding and 
social behavior, feeding of wildlife also affects their behavior pattern. The present study is 
conducted to understand the environmental implications of wildlife tourism to identify and shield 
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the gap areas amidst the successful implementation of ecotourism practices and biodiversity 
restoration in Kaziranga National park. 

2 Study Areas 
Kaziranga National Park is known globally for its conservation of one-horned Indian Rhino, also 
it is a habitat for several threatened species and migratory birds. The Kaziranga National Park 
(Figure 1) is situated in Golaghat and Nagaon Karbi Anglong districts of Assam (92o50’E and 
93o 41’ E to 26o 30’N and 26o 50’N).  Established in 1908, it is spread over an area of 429.49  
km2. It was declared as World Heritage Place by UNESCO in 1985 under the Criteria N (ii) and 
N (iv). The unique ecosystem created by Brahmaputra River and Karbi Anglong hills, makes it 
striking for development of a wide diversities of plant and animal communities. The park is 
mainly famous for one-horned rhino, additionally, it is also the house of a variety of wildlife 
such as Wild buffalo, Elephant, Swamp deer, Hog deer, Barking deer, Samber, Wild boar, Tiger, 
etc. Timeline of important achievements of Kaziranga National park is shown in Table 1. 
 

 

Figure1 Location Map showing Kaziranga National Park 

 
Table 1 Timeline of achievements of Kaziranga National park 

 
Year Achievements of Kaziranga 

1905 Notification of Kaziranga as a Reserve Forest 

1908 Declared as Reserve Forest 

1916 Declared as Game Sanctuary 

1937 Sanctuary opened for visitors 

1950 Renamed as Kaziranga Wildlife Sanctuary 

1974 Declaration of sanctuary as Kaziranga National Park 

1985 Park was inscribed as World Heritage Site by UNESCO-IUCN 

2006 Declared a Tiger Reserve 
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3 Climates and Vegetation  
Three distinct seasons are observed in the area, summer, which is generally dry and windy (Mid-
February to May), reaching a high of 37 °C. The monsoon conditions are warm and humid (May 
to September) with an annual rainfall of 2,220 mm and winter (November to Mid-February) 
when the climate is dry with a mean high of 25°C and low of 5°C. There is a difference in 
altitude between the eastern and western areas of the park (80 m to 40 m). The western region of 
the park is dominated by grasslands. Tall grasses, known as elephant grassare found on higher 
lands, while short grasses cover the lower lands. The vegetation types according to the climate 
are broadly classified into 3 categories i.e. Alluvial Grasslands, Tropical Wet Evergreen Forests 
and Tropical Semi-evergreen forests. Besides, the park is predominantly covered by evergreen as 
well as deciduous trees such as Aphanamixis polystachya, Talauma hodgonii, Dillenia indica, 
Garcinia tinctoria, ficus rumphii, Cinnamomum bejolghota, Albizia procera, Daubanga 
grandiflora, Lagerstroemia speciosa, Crtateva unilocularis, Sterculia urens, Grewia 
serrulata,Mallotus phiippensis, Bridelia retusa, Aphania rubra, Leea indica, L.umbraculifera and 
species of Syzygium [5]. 
 
4 Wetlands in Kaziranga National Park 
Kaziranga has expanses of fertile alluvial soil, made by silt deposition ofthe Brahmaputra River. 
The park contains scattered lakes known as, beels, formed through floods and elevated regions 
known as, chapories. The freshwater lake or beel of this park covers 5% of the surface area. The 
wetlands of this park are the habitats of diverse varieties of mammals, including one-horned 
rhinoceros and breeding places of migratory birds.  
 
4.1 Biodiversity of Kaziranga National Park  
Kaziranga National Park harbors more than 35 mammalian species out of which 15 falls in the 
IUCN threatened category [6-11]. The park is home to the largest population of the One-Horned 
Rhino, Wild Asiatic water buffalo, Eastern swamp deer, and includes large numbers of 
Elephants, Gaur, and Sambar.  It is one of the breeding areas large cats, such as Bengal 
tigers and leopards. It is a habitat for Royal Bengal Tiger and endangered Ganges 
dolphin. Around 42 species of reptiles including the endangered Gharial and the rare Assam 
Roofed Turtle are recorded in the park. Numerous water bodies constitute a rich reservoir of food 
and thousands over a hundred species of migratory birds visit the parks seasonally. Kaziranga’s 
magnificent birds have been luring bird watchers from all over the world. A total of 478 
speciesincluding 25 globally threatened species and 21 near-threatened species, along with more 
than 40 species of fishes, 7 species of reptiles, 5 species of amphibian are documented in 
Kaziranga National Park (Table 2). 
 
5 Methodologies 
The present study is confined to the biodiversity hot spot tourist destination Kaziranga National 
park. The data for the present study has been collected both from primary and secondary sources. 
Primary data are collected through discussion and interviews with both domestic and foreign 
tourists and entrepreneurs of the study area. A questionnaire was also administered to the tourists 
selected on a random basis, to find out their level of satisfaction and other problems identified in 
the park. Group discussions with the management staff, villagers and infrastructure owners 
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provided information on the current situation and problems associated with tourism in the park. 
The secondary data have been collected from the Directorate of Kaziranga National park, 
Directorate of Tourism, Assam, Published news items, reports, and articles in newspapers, 
magazines, etc. Tentative list of fauna recorded in Kaziranga National Park is shown in Table 2. 
 

Table 2 Tentative list of fauna recorded in Kaziranga National Park 
Mammals Reptiles 
Rhinoceros(Rhinoceros unicornis) Assam Roofed turtle (Kachuga sylhetensis) 
Asiatic Wild Buffalo(Bubulas bubalis) Indian Roofed Turtle (Kachuga tecta) 
Royal Bengal Tiger(Panthera tigris) Indian Tent Turtle (Kachuga tentoria) 
Capped Langur (Presbytis pileatus) Tricarinate Hill Turtle (Melanochelys tricarinata) 
Hoolock Gibbon(Hylobates hoolock) Indian Eyed Turtle (Morena petersi) 
Leopard(Panthera pardus) Gangetic Softshell Turtle (Aspideretes 

gangeticus) 
Sloth Bear(Melursus ursinus Indian Peacock Softshell Turtle (Aspideretes 

hurum) 
Indian Elephant(Elephus maximus) Narrow Headed Softshell Turtle (Chitra indica) 
Gangetic Dolphin(Platanista gangetica) Indian Flapshell Turtle (Lissemys punctata) 
Otter(Lutra lutra) Oldham's Leaf Turtle (Cyclemys oldhami) 
Wild Boar(Sus scrofa) Indian Black Turtle (Melanochelys trijuga) 
Gaur(Bos gaurus) Keeled Box Turtle (Pyxidea mouhotii) 
Sambar(Cervus unicolor) Malayan Box turtle (Cuora amboinensis) 
Swamp Deer(Cervus duvauceli) Spotted Pond Turtle (Geoclemys hamiltonii) 
Hog Deer(Axis porcinus) Brown Roofed Turtle (Kachuga smithii) 
Barking Deer(Muntiacus muntjak) Common Indian Skink (Mabuya carinata) 
Common langur( Presbytis entellus) Assam Olive-Brown Skink (Mabuya 

multifasciata) 
Rhesus Macaque(Macaca mulatta) Tuckto Gecko (Gecko gecko) 
Assamese Macaque(Macaca assamensies) Ticticky House Gecko (Hemidactylus frenatus) 
Indian Porcupine(Hystrix indica) Common Bengal Monitor (Varanus bengalensis) 
Fishing Cat(Felis viverrina) Common Indian Skink (Mabuya carinata) 
Jungle Cat(Felis chaus) Assam Olive-Brown Skink (Mabuya 

multifasciata) 
Large Indian Civet(Viverra zibetha) Tuckto Gecko (Gecko gecko) 
Small Indian Civet(Viverricula indica) Indian Water Monitor (Varanus salvator) 
Mongoose (Herpestes edwrdsi) Assam Greyish-Brown Gecko (Hemidactylus 

garnotii) 
Small Indian Mongoose (Herpestes 
auropunctatus) 

Light-Olive Assam Garden Lizard (Calotes 
emma) 

Indian Fox(Vulpes bengalensis) Assam Garden Lizard (Calotes maria) 
Jackal(Canis aureus) Dotted Garden Skink (Lygosoma punctata) 
Chinese Ferret Badger(Melogale moschata) Indian Water Monitor (Varanus salvator) 
Hog Badger(Arctonyx collaries) Black Krait (Bungarus niger) 
Eastern Mole(Talpa micrura)  
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Pangolin(Manis crassicaudata) 
Squirrel(Dremnonys lokriah) 
Bats(various species) 
Birds 
Swamp Francolin (Francolinus gularis) Greater Adjutant (Leptoptilos dubius) 
Lesser White fronted Goose(Anser 
erythropus) 

Lesser Adjutant (L.javanicus) 

Ferruginous Pochard (Aythya nyroca) Finn’s Weaver (Ploceus megarhynchus) 
Baer’s Pochard(A. baeri) Black breasted Parrot bill (Paradoxornis 

flavirostris) 
Blyth’s Kingfisher(Alcedo hercules) Jerdon’s Babbler (Chrysomma altirostre) 
Pale capped Pigeon(Columba punicea) Mah Babbler (Pellorneum palustre) 
Bengal Florican(Houbaropsis bengalensis) Bristled Grassbird (Chaetornis striatus) 
Nordmann’s Greenshank(Tringa guttifer) Rufous vented Prinia (Prinia burnesii) 
Black bellied Tern(Sterna acuticauda) Hodgson’s Bushchat (Saxicola insignis) 
Spot billed Pelican (Pelecanus philippensis) Dalmatian Pelican (P.crispus) 
 
6 Tourism Infrastructures 
The Kaziranga had a very uneventful existence for long, due to the inaccessible tract with 
impenetrable masses of reeds and swamps. There was no road/ path /track inside the forest 
except the trails laid out by the regular movement of the animals, hence only forest officers were 
allowed to travel inside the park. However, with the decrease in the Wild Life population due to 
the destruction of habitat and indiscriminate killing, there was a growing awareness to preserve 
our wildlife; due to which people started taking interesting wildlife tourism. As a result, 
Kaziranga was opened to interested visitors in 1937 and two elephants were implemented for 
visitors to conduct elephant safaris, since then it started gaining fame among wildlife lovers. 
Visitors willing to view wildlife by motor cars are conducted through these roads by the staff of 
this department. Foot safari and driving inside the park at night is prohibited.Central and State 
governments have taken various initiatives for the development of eco-tourism in Kaziranga 
National Park. The state government’s continuous effort helped in increasing both domestic and 
foreign tourists. The number of tourists visited Kaziranga and the revenue earned are shown in 
Table 3. In present-day Kaziranga occupies a significant position in the national and international 
tourism as one of the best wildlife resorts in the world [12]. 
 

Table 3 Number of Visitors and Revenue Collection by the forest Department 

Year No. of Visitors Total Total Revenue 
(Rs.) 

 Indian Foreigner   

2008-09 100284 5767 106051 11220689 

2009-10 105264 7580 112844 12168000 
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2010-11 112392 7447 119839 13673000 

2011-12 117308 7521 124829 14946000 

2012-13 93747 7418 101165 20576098 

2013-14 119289 6922 126211 26865775 

2014-15 123360 7994 131354 28392304 

2015-16 162799 11417 174216 41976727 

2016-17 159669 7383 167052 49315104 

2017-18 81721 3891 85612 26728821 

                                            Source: Directorate of K.N.P. 

7 Analyzing Reports 
The details of the animal census of some major animals are given in Table 4. The table shows an 
increase in elephant mortality in the last few years, however, there is an increase in the 
population of other animals. There are also records of illegal Rhino poaching in the last 10 years 
(Table 5). The records also show that there is an increase in the rate of animal mortality 
associated with road accidents in the last few years (Table 6). The records also reveal that there 
is a fall in the number of tourist visits in the past years (Table 7).  
To understand the effect of tourism on the ecology a survey was conducted among the tourist, 
the management staff, and the entrepreneurs of the study area. The demographic details of the 
tourist are mentioned in Table 7. The survey showed that around 30 % of both domestic and 
international tourist are not satisfied with the tourism practices and reports the lack of better 
implementation of ecotourism practices (Figure 2). The survey depicts that the key threats to 
ecology in the area include tourism pressure, illegal poaching, erosion, invasive species and 
livestock grazing.  The management needs a long-term strategy for dealing with tourism-related 
issues, human-wildlife conflicts and boundary issues relating to the additional areas to the 
national park. Proper research and periodic monitoring of the park should be carried out 
regularly for proper implementation of scientific management practices and ecotourism 
principles. 

Table 4 List of the animal census from 1991 to 2017 

Year Rhino Elephant Tiger Swamp Deer Buffalo 

1991 1069 515 50 635 1090 

1993 1164 1094 72 427 1034 

1997 - 945 80 - - 

1999 1552 - - 398 1192 
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2000 - -- 86 468 - 

2001 - - - - 1431 

2002 - - - --  

2003 - -- - -- - 

2004 - - - -  

2005 - - - - - 

2006 1855 - -  - 

2007 - - - 681 - 

2008 - 1293 - - 1937 

2009 2048 - - - - 

2010 - - 106 - - 

2011 - 1165  1168 - 

2012 2290 - - - - 

2013 2329 -- - - - 

2014 - - - - - 

2015 2401 -- - 1129 - 

2016 - - - 1148 - 

2017 - 1089-  - - 

                                                                       Source: Directorate of K.N.P. 

Table 5 Rhino Poaching Death in the last 10 years in Kaziranga National Park 

Year Number of Rhinos 
Poached 

2008 06 

2009 06 

2010 05 

2011 03 

2012 11 
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2013 27 

2014 27 

2015 17 

2016 18 

2017 06 

Source: Directorate of K.N.P. 

Table 6 Animal Mortality due to road accidents during 2011-2017 

Species 2011 2012 2013 2014 2015 2016 2017 

Rhino  32 13  9 15 14 

Hog Dear  2     1 

Swamp 
Deer 

       

Buffalo        

Samber  1      

Wild Boar  7      

Hog 
Badger 

       

Porcupine        

Pelican 
Bird 

       

Python  2      

Fox       1 

Leopard 
cat 

       

Total  45 13  9 15 16 

Source: Directorate of K.N.P. 

Table 7 Details of Tourist Visit 

Category  Age  Domestic 
Tourist  

Foreign 
Tourist  

A  60 & above  18%  30%  
B  40-59  58%  50%  
C  18-39  24%  20%  
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Figure 2 Tourist Satisfaction Survey (Source: Directorate of K.N.P.) 

8 Discussions 
The Kaziranga National Park is unique for its diverse flora and fauna and it attracts a large 
number of tourists every year. As a biodiversity hotspot, it is a classic tourist spot however it 
needs scientific approach sustainable tourism development practices. The main problems 
associated with the park are the flood and erosion in the area; feeding of animals, animal 
accidents, illegal poaching, and pollution from tourism activities. To get more benefit from eco-
tourism practices, infrastructure development, especially road, transport, accommodation should 
be enhanced. More focus should be given in promoting wildlife ecotourism advertisements in 
national and international levels. Proper cooperation and coordination between the state tourism 
department, forest department, and local N.G.Os are needed for enhancing tourism. Besides, the 
following management practices are suggested for better implementation of ecotourism and to 
reduce the environmental implications of tourism:  

1. Reducing erosion: Strategies may be needed to stabilize river banks to decrease the 
likelihood of erosion. 

2. Construction of Underpasses/ Overpasses: Road accidents are a negative impact of 
tourism, which has increased the number of animal mortality in the last few years, with 
the increase in tourism. To avoid road accidents of animals underpasses/ overpasses can 
be constructed that can protect animals escaping from floods and traffic. Further corridors 
should be avoided while planning the road safaris to reduce the disturbances to the 
animals. 

3. Avoiding animal feeding: The most common approach to managing wildlife feeding is to 
prohibit such practices. 

4. Pollution reduction strategies: Proper steps should be taken to reduce the various 
pollutions created though the rise in tourism. The major pollutions affecting the ecology 
of the area are the noise pollutions and air pollutions arising from the safaris and other 
tourist activities. The use of pesticides and insecticides also creates soil pollution. Proper 
noise management techniques should be implemented and control of visitor activities by 
sanctuary management at locations where animal habitats exist should be monitored to 
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reduce the impact of noise pollution. Limiting the number of vehicles and promoting the 
elephant and other eco safaris could reduce the impact of vehicular pollution. The use of 
organic pesticides and insecticides can reduce the harmful impact on soil. 

 
9 Conclusions 
The study presented above shows that the ecotourism practices provides an opportunity for 
sustainable use of biodiversity resources, and can be used to improve the well-being of forest-
dependent local communities. This case study of Kaziranga National park provides an insight 
into the tourism dynamics and conservation ecology which together forms ecotourism. 
Considering the wide geographical and biological diversity, the scope of ecotourism in 
Kaziranga National Park is very high; if these resources are utilized successfully we can 
transform the face of the wildlife tourism industry.  
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Abstract: Heat related illness is increasing day by day not only in different industries but at the 
same time it affects local people. Heat cramps, heat exhaustion among people are very common 
now a day with increasing incidence of severe heat stroke. Rise in ambient air temperature due to 
climate change is the main reason behind this. This research study shows the thermal stress and 
discomfortability over two stations of India viz, Patiala (30.34°N, 76.39°E) and Gorakhpur 
(26.75°N, 83.37°E). Two mostly accepted heat indices i.e., Thermohygrometric Index (THI) and 
Wet Bulb Globe Temperature (WBGT) are used in this study to estimate the summer thermal 
heat stress for the last two decades. According to THI estimation, it is observed that 83.6% and 
1.9% days of Patiala and 20.7% and 14.3% days of Gorakhpur are fall in discomfort and stressful 
category respectively. In case of WBGT heat stress calculation, 27.6% days of Patiala are fall in 
the discomfort category III whereas 95.6% days of Gorakhpur are in the category I. An 
increasing trend of heat stress is observed in case of Patiala whereas a positive trend is also noted 
in case of Gorakhpur since last three years.  
 
Keywords: Heat stress, Thermal discomfort, Thermohygrometric Index (THI), Wet Bulb Globe 
Temperature (WBGT) 
 
1 Introduction  
In the present world, climate change is one of the biggest issue as well as a burden among the 
scientists. It has a direct and indirect effect on man, machine and environment system. The main 
reasons behind the climate shift are urbanization, industrialization and increased air pollution 
which cumulatively increases the global temperature [1, 2]. It also increases ambient air 
temperature which in turn leads to heat stress or thermal discomfortability. In heat related illness, 
heat stroke is the most fatal one in which mortality rate may be increased as 10 to 50% [3]. 
Violent behavior, convulsion, confusion, dehydration, shock and coma are the special clinical 
characteristics of heat stroke [4]. It is well know now that thermal discomfort starts from 24°C 
with 100% relative humidity [5]. Heat stress not only has a directly effect on health condition of 
the population, but also it has a negative effect on efficiency and productivity of the workers [6-
8]. This thermal stress is more vulnerable to the workers engaged in outdoor occupations for 
most of the day time such as construction workers, textile workers, bakery workers, automobile 
workers, iron workers, farmers, miners, dye workers, sugarcane/ molasses workers etc. It has 
been reported that rural or semi-urban based unorganized cottage based small scale industries’ 
workers are affected more from the heat stress during summer seasons [9]. The thermal comfort 
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is nothing but the pleasant sensation of the mind of a person in respect to his/her surrounding 
thermal environment and this thermal comfort depends on environmental factors (ambient 
temperature, wind pattern, relative humidity and radiant heat) as well as behavioral factors 
(clothing insulation, metabolic rate, heat exchange ability) [10, 11, 12]. Several researches are 
going on to estimate the thermal stresses during different season around the world [13, 14, 15, 
16, 17, 18, 19, 20]. In India hot days and heat waves are observed particularly during the summer 
seasons i.e., April to middle of the June. According to Pani et al. [21], during last few years’ 
coverage of the heat waves has been increased than the earlier decades. So, the hot summer 
months are becoming more hazardous for the local as well as outdoor workers now a day. In this 
present research, an attempt is made to estimate the summer thermal stress over the north-east 
and north-western parts of India.    
 
2 Materials and Methods 
In this study two stations of India viz. Patiala and Gorakhpur are selected (Figure 1). Radiosonde 
weather data with some data gap for the months of April, May and June of last 20 years (2000 to 
2019) are used in this study [https://ruc.noaa.gov/raobs/].  
Patiala (30.34°N, 76.39°E), Punjab is a city of north-western part of India and situated 254 m 
above the mean see level and it lies under the hot semi-arid climate of Koppen Climate 
Classification. The mean annual temperature of the city is 24.5°C with a yearly average rainfall 
is about 750mm. Highest and lowest temperatures are normally recorded in the month of May 
and February respectively.    
 

 

Figure 1 Study areas 
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Gorakhpur (26.75°N, 83.37°E; 84m msl) under the state of Uttar Pradesh is a city of north-
eastern part of India and lies under the humid subtropical climate of Koppen Climate 
Classification. The average annual temperature of the city is 26°C which riches to 40°C during 
summer months with an annual average rainfall of about 1282mm. Maximum and minimum 
temperatures of Gorakhpur are normally recorded during the month of May and January 
respectively. 
According to Epstein and Moran (2006) [22], more than 40 thermal or heat stress indices are 
now using throughout the world to estimate the thermal discorfortability. In this present study, 
Thermohygrometric Index (THI) and Wet Bulb Globe Temperature (WBGT) are used to 
estimate the thermal load of Patiala and Gorakhpur. 

Thermohygrometric Index (Thom, 1959) [23] is calculated with Ta (air temperature in °C) and 
Tw (wet-bulb temperature in °C) as follows 

THI = 0.72 (Ta + Tw) + 40.6 … (1) 

Wet Bulb Globe Temperature (Yaglou and Minard, 1957) [24] is calculated with the help of Tw 
(wet- bulb temperature in °C), Ta (air temperature in °C) and Tg (black-globe temperature in 
°C), the formula is,  

WBGT = 0.7 Tw + 0.1 Ta + 0.2 Tg … (2) 

In this study, we have used 5 graded thermal or heat discomfort scale or score to categorize the 
heat load of the studied stations during summer months (Table 1). 

Table 1 Five graded discomfort scale 

Discomfort score Degree of discomfort THI WBGT 
I Comfortable <75 ≤ 27.7 
II Partial discomfort 75 to 79 27.8 to 29.4 
III Discomfort 80 to 84 29.5 to 31.0 
IV Stressful 85 to 89 31.1 to 32.1 
V Severe stressful ≥ 90 > 32.2 

 

3 Results and Discussion 
It is observed from our study that the dry bulb summer (April to June) temperature of Patiala and 
Gorakhpur varies from 30.1°C to 34.2°C with an average of 32.4°C and 20.1°C to 41.4°C with 
an average of 29.9°C. The maximum temperature of Patiala is recorded in the year 2016 and the 
minimum temperature is recorded in 2001 whereas the maximum and minimum summer 
temperatures of Gorakhpur are recorded in the year 2018 and 2015 respectively as shown in the 
Table 2. 
From Figure 2, it is seen that in Patiala the THI and WBGT ranges from 83.3 to 84.4 and 28.8 to 
29.4 with an average of 83.9 and 29.1 respectively. In Gorakhpur, the THI and WBGT varies 
from 74.1 to 85.5 (mean 78.2) and 21.3 to 28.9 (mean 24.6) respectively. A positive trend of heat 
stress indices are also found in case of Patiala whereas negative trends are found in case of 
Gorakhpur (may be due to availability of data).  A gradual increase of discomfort scores are 
observed during last few years in Patiala whereas the opposite trend is seen in case of Gorakhpur  
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Table 2 Summer temperature variations of Patiala and Gorakhpur 

 Patiala Gorakhpur 
Year DBT±SD 

(°C) 
Max 
(°C) 

Min (°C) DBT±SD 
(°C) 

Max (°C) Min (°C) 

2000 31.7±1.4 32.5 30.5 33.8±4.5 40.0 26.6 
2001 32.1±2.4 33.6 30.1 33.4±4.1 40.0 26.6 
2002 32.3±1.5 33.4 31.2 30.8±4.8 39.0 23.0 
2003 33.0±0.8 33.5 32.3 35.3±3.2 40.0 29.0 
2004 32.5±0.9 33.3 32.1 35.3±2.4 39.0 32.2 
2005 32.6±0.5 33.0 32.2 27.3±4.3 37.6 20.8 
2006 31.8±0.9 32.4 31.1 29.6±3.8 35.3 25.4 
2007 32.0±1.3 32.9 31.1 27.7±2.7 36.0 25.0 
2008 31.7±1.9 32.9 30.1 26.2±4.5 38.4 21.0 
2009 33.0±0.2 33.1 32.8 27.9±5.0 36.6 21.4 
2010 32.5±1.5 33.4 31.2 28.1±4.2 38.0 22.2 
2011 31.9±1.6 33.1 30.7 25.2±4.8 37.8 20.2 
2012 33.1±1.2 34.0 32.3 30.2±6.7 40.4 23.3 
2013 32.6±1.7 33.5 31.1 28.4±4.6 38.6 23.4 
2014 33.1±1.4 33.9 31.8 27.5±7.6 38.3 20.4 
2015 32.8±1.5 34.1 31.8 27.0±4.8 40.0 20.1 
2016 32.9±2.3 34.2 30.9 28.9±3.5 35.8 24.2 
2017 32.4±1.9 33.9 31.2 29.2±4.7 37.9 21.8 
2018 31.9±0.8 32.5 31.3 36.8±4.7 41.4 23.0 
2019 32.3±1.2 32.9 31.1 30.1±4.3 39.0 25.0 

 

 

Figure 2 Trend analysis of THI and WBGT of Patiala and Gorakhpur 
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except in the year 2018. In previous studies, positive trends of heat stress indices had been found 
in different cities of India viz., Kolkata, Kalyani, Digha, Vishakhapatnam, Goa etc. whereas 
costal station Thiruvananthpuram had shown a negative trend [9, 16, 18]. 

Figure 3 shows the frequency distributions of THI and WBGT indices of the study areas. 
According to THI values, it is observed that 14.5%, 83.6% and 1.9% days of Patiala and 37.8%, 
20.7% and 14.3% days of Gorakhpur are fall in partial discomfort, discomfort and stressful 
category respectively. In case of WBGT heat stress calculation, 63.9% and 27.6% days of Patiala 
are fall in the discomfort category II and III whereas 95.6% days of Gorakhpur are in the 
category I. It is also noted that 1.1% day of summer months of Patiala are stressful for local 
people. 

 

Figure 3 Frequency distributions of THI and WBGT of Patiala and Gorakhpur 

4 Conclusions 
An increasing trend of heat stress is observed in Patiala and a positive trend is also observed in 
Gorakhpur during last few years which indicate a comprehensive need to implement different 
heat stress measures and guidelines for common people especially for the workers engaged in 
several outdoor works. Heat stress not only causes different heat related illness such as heat 
cramps, exhaustion and stroke but at the same time it can decrease work capacity and efficiency 
of the workers which may lead to decrease the productivity. Proper work-rest cycle with 
recommended hydration can minimize the risk of heat stress and discomfort [25, 26]. In addition, 
general awareness, education and behavioral changes of the people will minimize the heat related 
illness and mortality.  
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Abstract: Remote patient monitoring (RPM) is a technology that helps us to monitor 
patient even when the patient is not in the clinic or hospital. It may increase access to 
health services and facilities while decreasing cost. Remote Patient Monitoring saves time 
of both patient and doctor, hence increasing efficiency and reliability of health services. 
Heartbeat and body temperature are the major signs that are routinely measured by 
physicians after the arrival of a patient. 

Keywords: Patient monitoring, Temperature, Physicians, Health Services 

1 Introduction 
Remote patient monitoring (RPM) is a technology to enable monitoring of patients outside 
of conventional clinical settings, such as in the home or in a remote area, which may 
increase access to care and decrease healthcare delivery costs[1].Incorporating RPM in 
chronic-disease management may significantly improve an individual's quality of life, by 
allowing patients to maintain independence, prevent complications, and to minimize 
personal costs RPM facilitates these goals by delivering care through telecommunications. 
This form of patient monitoring can be particularly important when patients are managing 
complex self-care processes such as home haemodialysis. Key features of RPM, like 
remote monitoring and trend analysis of physiological parameters, enable early detection 
of deterioration; thereby reducing emergency department visits, hospitalizations, and the 
duration of hospital stays [2]. 

2 Benefits of RPM 
 Better access to health care 

 Improved quality of care 
 Peace of mind and daily assurance 
 Improved support, education and feedback 

 
3 Work-flow 
A recurring point of resistance against widespread implementation of remote patient 
management (RPM) is the prospect of changing existing clinical workflows. It is an 
important point, and an understandable one. Hospitals and healthcare delivery 
organizations of all shapes and sizes have endured continuous workflow overhauls in 
recent years — from implementing electronic health/medical records (HER/EMH) and 
complying with HIPAA to simply staying up to speed with communications and 
administrative technology, many organizations have dealt with a constant change to 
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their clinical workflows over the past decade [3]. The remote patient monitoring device 
is shown in Figure 1 while the flow chart is presented in Figure 2. 

 
 

 
 

Figure 1Remote patient monitoring Device 
 

 
 

Figure 2 Flow Chart 
 

4 Importance of the Study 
a. Streamline the patient experience to drive adherence and accurate data 

collection 
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b. Manage and analyze in coming data 
c. Detect and report clinically relevant data to the appropriate care team members 
d. Facilitate clinical interventions and changes to care plans as necessary 

 
5 Practice Spotlight 
When Froedtert and the Medical College of Wisconsin decided to implement remote 
patient monitoring for diabetes and hypertension, they needed to develop a complex 
workflow across multiple departments. Representatives from each pivotal department 
assembled to collaboratively map the workflow [4]. Each department’s specific role 
was defined, and standard communication templates were created to ensure consistent 
documentation and efficient handoffs between departments. Each department also 
created internal workflows that delineated specific communication procedures at each 
handoff point [5]. One master workflow was compiled and communicated to ensure all 
departments understood how their actions impacted the other departments. The team 
continued to improve the workflow through weekly meetings [6]. 
 
6 Future Applications and Development 

a. The device can be connected to PC by using serial output so that measured 
heartbeat and temperature can be sent to PC for further online or offline 
analysis. 

b. Warning for abnormalities of health condition can be displayed. 
c. Sound can be added to the device so that the device makes a sound each time 

a pulse is received and alarm is started for abnormal health conditions. 
d. More parameter like blood pressure may be added. 
e. The output cab be sent to mobile phones by using GSM module or Bluetooth 

module for further analysis. 
f. In addition to the system can provide more than one numbers so that more than 

one user can receive emergency message. 
g. According to availability of sensors or development in biomedical trend more 

parameter can be sense and monitor which will drastically improve the 
efficiency of the wireless monitoring system in biomedical field. 

 
7 Practices in India 
The patient monitoring market is an expanding and profitable sector in the global 
healthcare industry. A new report by Global Data, Global Patient Monitoring Market 
Analysis and Forecasts to 2015, shows the global patient monitoring market was valued 
at US $4.9 billion in 2008[7]. Driven by the rise of the chronic disease population, the 
market is forecast to grow by 3.8 percent annually until 2015 to reach US $7.2 billion [8]. 

 
The growth in the patient monitoring market is driven by wireless and ambulatory 
monitoring as well as using the technique of micro electromechanical systems, promoted 
by anincreaseddesireforflexibility.Together,thisaccountedfor24.9percent of the overall 
market in2008[9]. Globally, the US remains the largest patient monitoring market. In 
2008, it was valued at US $2.4 billion and is forecast to grow by 4.3 percent annually 
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during 2008 to 2015, to reach US $3.6 billion [10]. However, with most of the demand 
originating from the emerging economies, the centre of the global patient monitoring 
market activity is up for a huge shift. India and China are forecast to grow faster than the 
average, driven by rise in the number of hospitals and large chronic disease populations. 

In India, estimated market size is roughly around Rs.230 crores. In all, five crucial 
product segments have been identified in this market, which include multi-parameter 
patient monitors, wireless and ambulatory patient monitors, remote patient monitoring, 
non-invasive blood pressure monitors and micro-electromechanical systems [11]. Growth 
in the market for patient monitoring is also driven by increasing awareness among 
medical professionals and growing incidence of diseases. 

 
8 Conclusion 
Remote Patient Monitoring systems are especially useful because they let the patients 
live their life while at the same time afford constant medical attention [12]. The need 
for visiting the clinic/doctor is pushed to only deserving cases. 
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ABSTRACT: Now-a-days all nations keep its security at high priority. A country’s arm forces 
consist of three professional uniformed services: the army, the navy and the air force. Soldiers 
being the backbone of any armed force usually lose their lives due to lack of medical help when 
in emergency, also soldiers who are involved in missions or in special operations get straggled 
on war fields and lose contact with the authorities. To overcome this situation we had build this 
project which, using wireless body area sensor network (WBANS) such as temperature sensor, 
heartbeat sensor etc. will monitor the health status of the soldier whenever required. Also using 
GPS we can track the soldier’s exact location whenever required. Using oxygen level sensor we 
can also monitor the environmental condition, so authorities can provide essential aids. The 
communication is established between the soldiers and authorities via GSM. Any problem in the 
readings of wireless body area sensor network (WBASNs) is considered as a trigger for GSM to 
establish the connection between the soldier and base unit and send current location and health 
status to the receiver. By using all this equipments we had tried to implement the basic guarding 
system for the soldier in low cost. 

 
Keywords: All time protection of a soldier, Base camp information, Communication, GPS, GSM, 
Guarding system, War time help 

1 Introduction 
The nation’s security is monitored and kept by army, navy and air-force. The important and vital 
role is of soldiers who sacrifice their life for their country. There are many concerns regarding 
the safety of the soldier. Soldiers entering the enemy lines often lose their lives due to lack of 
connectivity, it is very vital for the army base station to known the location as well as health 
status of all soldiers. India has already lost so many soldiers in war-fields as there was no proper 
health backup and connectivity between the soldiers on the war-fields and the officials at the 
army base stations. All must be really concerned about the safety of the soldiers, so we have 
decided to build a project which will efficiently keep a check on the health status of the soldier, 
and his precise location to equip him with necessary medical treatments as soon as possible. 
Soldier’s tracking is done using GPS and GSM is used to provide wireless communication 
system. For monitoring the health parameters of soldier we are using bio medical sensors such as 
temperature sensor and heart beat sensor.  
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Helmet mounted visors, capable of displaying maps and real-time video from other squad 
members, ranges of physiological sensors display the heartbeat, body temperature, atmosphere 
pressure, surrounding oxygen level etc. These devices will improve awareness for collateral 
military personnel as well as who will exchange information using wireless networks along with 
host. The challenge was to integrate these piecemeal components into a lightweight package that 
could achieve the desired result without being too bulky and cumbersome or requiring too much 
power. Communicating with the base (control room) station become the fundamental challenges 
in military operations also the proper navigation between soldier’s organizations plays important 
role for careful planning and co-ordination. This paper focus on tracking the location of soldier 
from GPS, which is useful for control room station to know the exact location of soldier and 
accordingly they will guide them. Also we have considered High-speed, short-range, soldier-to-
soldier wireless communications to relay information on situational awareness, such as Bio-
medical sensors, GPS navigation, and Wireless communication. 

2 Literature Survey 

During any kinds of war’s and military search operation, soldiers get injured and some time 
becomes losses. To find the soldiers health situation and provide any kind of suggestion during 
soldiers mission, and contact to army base station and need GPS device for location soldiers, 
LM35 to sense health related parameters of soldiers and a wireless transceiver to transmit the 
data wirelessly. Some scientists are discussed on recent advantage in this type of technology, and 
on various portable and small size sensors that have been developed for monitoring of the human 
physiological parameters.  

In real time the body sensor network consists of biomedical and physiological sensors such as 
Blood Pressure Sensor, Electro Dermal Activity Sensor which can be placed on human body for 
health monitoring. There are many instruments which can be used to view the health status of 
soldiers as well as ammunitions on them. The Bio sensor which consists of various types of 
small physiological sensors, transmission modules have great processing capabilities and can 
facilitates the low-Cost wearable solutions for health monitoring. Also there are systems that 
give ability to track the soldiers at any moment additionally, the soldiers will be able to 
communicated with control room using GPS coordinate in their distress. The location tracking 
has great importance since World War II, when military forces realized its usefulness for 
navigation, positioning, targeting and fleet management. It is able to send the sensed and 
processed parameters of soldier in real time. It enables to army control room to monitor health 
parameters of soldiers like heart beat, body temperature, etc. using body sensor networks. The 
parameters of soldiers are measured continuously and wirelessly transmitted using GSM. 

3 Materials   Studied 

As supervised hardware technique is there some prerequisite knowledge is needed to start the 
project work. After the processing of the provided equipments, many electrical feature 
characteristics are obtained. Therefore, to classify obtained characteristics further and to find out 
significant electrical characteristics is present in the result of the hardware module, knowledge 
about different modules is necessary. Those are: 
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1 .ARDUINO UNO 

2. GPS MODULE 

3. SIM900A GSM MODULE  

4. LDR 

5. LM35 TEMPERATURE SENSOR 

6. I2C MODULE 

7. DISPLAY 

8. JUMPER WIRES 

9. RESISTORS 

10. BATTERY 

 

1. ARDUINO   UNO: The Arduino Uno is a microcontroller board based on the 
ATmega328. It has 14 digital input/output pins of which 6 can be used as PWM outputs, 
6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP 
header, and a reset button. It contains everything needed to support the microcontroller; 
simply connect it to a computer with a USB cable or power it with an AC-to-DC adapter 
or battery to get started. The Uno differs from all preceding boards in that it does not use 
the FTDI USB-to-serial driver chip. Instead, it features the Atmega16U2 (Atmega8U2 up 
to version R2) programmed as a USB-to-serial converter. The Arduino Uno can be 
powered via the USB connection or with an external power supply. The power source is 
selected automatically. External (non-USB) power can come either from an AC-to-DC 
adapter (wall-wart) or battery. The adapter can be connected by plugging a 2.1 mm 
center-positive plug into the board's power jack. Leads from a battery can be inserted in 
the Ground and Vin pin headers of the POWER connector. The board can operate on an 
external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may 
supply less than five volts and the board may be unstable. If using more than 12V, the 
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 
volts [1]. 

2. GPS MODULE: Although originally developed for the military, the Global Positioning 
System (GPS) has proven invaluable for a multitude of civilian applications. Each 
application demands specific performance from the GPS receiver and the associated 
requirements often vary widely. The fundamental receiver measurements are described 
and the qualities of these measurements are related to the aforementioned receiver 
architectures [1]. 

3. SIM900A GSM MODULE: This is an ultra compact and reliable wireless module. The 
SIM900A is a complete Dual-band GSM/GPRS solution in a SMT module which can be 
embedded in the customer applications. Featuring an industry-standard interface, the 
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SIM900A delivers GSM/GPRS 900/1800MHz performance for voice, SMS, Data, and 
Fax in a small form factor and with low power consumption. With a tiny configuration of 
24mmx24mmx3mm, SIM900A can fit in almost all the space requirements in user 
applications, especially for slim and compact demand of design. 

4. LDR: LDR is a light sensor, which its resistance rises if the intensity of the light 
decreases. To measure the interval time, the light-sensitive part of the LDR sensor was 
partially covered (cover area 2.5 × 1.0 cm 2 ), which make the LDR has two sensitive 
areas. This allowed a single LDR sensor to measure the velocity of an object. The sensor 
responses when the object passing through it was analyzed from voltage to time graph. 
These size differences produce different voltage outputs so that the effect of the object 
size to the sensor responses can be analyzed. Also, by placing a cover that unequally 
divides the LDR light-sensitive part, the object motion direction could be predicted from 
the voltage to time graph pattern. The resulting output signal depended on the size of the 
object passing through the sensor, the size of the LDR, and the size of the LDR cover. 

5. LM35TEMPERATURESENSOR: The LM35 series are precision integrated-circuit 
temperature devices with an output voltage linearly-proportional to the centigrade 
temperature. The LM35 device has an advantage over linear temperature sensor 
calibrated in Kelvin, as the user is not required to subtract a large constant voltage from 
the output to obtain convenient centigrade scaling. To find the health status of soldier 
base station should know the body temperature and pulse rate of the soldier.[2]  

6. I2CMODULE: I2C is a serial protocol for two-wire interface to connect low-speed 
devices like microcontrollers, EEPROMs, A/D and D/A converters, I/O interfaces and 
other similar peripherals in embedded systems. The initial I2C specifications defined 
maximum clock frequency of 100 kHz.[3] 

7. The LCD display is used to display the temperature and heart beat rate, current time, 
date and the position of the soldier.[4] 

8. Jumper wires are simply wires that have connector pins at each end, allowing them to 
be used to connect two points to each other without soldering. Jumper wires are 
typically used with breadboards and other prototyping tools in order to make it easy to 
change a circuit as needed.[5] 

9. RESISTOR: Resistors are required to stop the over flow of current in the circuit which 
will make the circuit safe from any inconveniences. 

10. BATTERY: The batteries in a flashlight typically have a voltage of 1.5 volts. A 9-
volt alkaline battery — the kind used in portable radios — is rated at 1 ampere-hour, 
which means this battery can continuously supply one ampere of current for 1 hour 
before it reaches the voltage threshold and is considered depleted.[6] 

 
4 Operation of the System 

    The main component used in this project is arduino uno. Other important components 
used in the circuit is LM35, heartbeat rate sensor and its receiver, GSM modem, GPS 
modem and some discrete components.[1] 
 
     Arduino uno controls and co-ordinate the working of the circuit. It consists of it has 14 
digital input/output pins of which 6 can be used as PWM outputs, 6 analog inputs. Firstly we 
have connected the Rx, Tx of arduino uno with the bread board. Then the connection will be 
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done between GSM module and Arduino uno. The TX will be connected to digital pin 7, Rx 
to digital pin 8, GND to GND. After that pin wiring of I2C to Arduino is done. The SDA is 
to be connected to SDA, SCK to SCK, GND to GND and VCC to 5V.LDR to Arduino 
connection is Signal to AO, GND to GND, VCC to 5V.LM35 to Arduino connection is 
DATA to A1, GND to GND, VCC to 5V.After that we have connected the push button to 
the digital pin 6.After that the GPS is connected to arduino and the connection is TX to RX, 
RX to TX, GND to GND, VCC to 5v.Now the whole connection is ready. After that we 
download the program and load it to the arduino. The required fields to be filled like phone 
number, name and other essential things what we want to put so. [6] Now if the base camp 
wants to know about the information of the soldier then they have to send the message 
‘LOCAL’ then the message will be received by the whole system and the important 
information like temperature, location, heart beat counting will come to the base camp. If for 
any emergency soldier wants to connect he has to push the push-button and a message 
‘Hello I need help’ will come to the base camp. [6] 
 
     The function of the temperature sensor LM35, heartbeat sensor, GPS module to the 
program are written on to it. The LM35 is the temperature sensor that senses the temperature 
and converts it into typical voltage [7]. Heartbeat sensor has heart rate transmitter and a 
heartbeat receiver. A complete heart rate measuring system consists of a polar transmitter 
worn around the chest and receiver built into the end user equipment. The transmitter detects 
every heartbeat through two electrodes with ECG accuracy and transmits the heart rate 
information wirelessly to receiver with the help of a low frequency electromagnetic field. 
The receiver receives the transmission, and passes a digital pulse corresponding to each 
heartbeat to the end user equipment electronics. The coils in the transmitter and receiver 
must be aligned parallel in order to gain optimum performance. The end user equipment 
contains a microcontroller that calculates current heart rate value based on the time interval 
between the pulses sent by the receiver to the microcontroller. This helps to know about the 
physical status of the soldier. Decreasing in heart beat may be of the injury by a gunshot, 
bomb blast or any other causes. It also helps us to know whether the soldier is dead or alive 
during mission. The GPS unit calculates the position of the soldiers and then sent the 
latitudinal and longitudinal values corresponding to the position of soldier to the 
microcontroller. [7,8] 

5 Results and Discussion 
The result of our study is summarized below. 

 

 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

42 
 

We have done this project in a pure research work matter. Figure 1 shows the block diagram of 
the steps followed while outline of the steps is shown in Figure 2. It was eventually a purely trial 
and error method  to find our best results we can achieve.Firstly we have sent an emergency 
message like “LOCAL” to the system and then we have got the all informations of the 
soldier.Secondly we have push the push button of the system and saw that a message like 
“HELP” come to the basecamp. Like this couple of times we have done the same. 

 

 

Figure 1 Block diagram of the steps followed 

 

 

Figure 2 Outline of the steps 

Figure 3 reveals the algorithm of the problem. The System also consists extra feature with the 
help of that soldier can ask for help manually or send a distress signal to military if he is in need. 
The GPS modem sends the latitude and longitude position with link pattern with the help of that 
military can track the current position of the soldier. The system is very helpful for getting health 
status information of soldier and providing them instant help. 
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Figure 3 Algorithm of the problem 

6 Conclusions 
Following conclusions can be retrieved from above implementation: 

 
i. Soldiers Security and safety: GPS tracks position of soldier anywhere on globe and 

also health system monitors soldier’s vital health parameters and environmental 
situation which provide security and safety for soldiers. 

ii. Modules used are smaller in size and also lightweight so that they can be carried 
around. 

iii. So in this way concept of tracking and navigation system is very useful for soldiers 
when they are on military field during war. And also for base station so that they 
can get real-time view of soldier [8]. 
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Abstract: Patients suffering from diabetes and other comorbidities could have a greater 
susceptibility to infection from the novel coronavirus or SARS-CoV-2. The immune system 
being compromised due to the comorbid condition in the patients could explain the 
susceptibility. Especially, in the case of diabetes, as the glucose levels rise the immune cells are 
unable to function optimally. The lack in proper functioning of the immune system puts an 
individual at a risk for getting not just coronavirus, but any type of infection. Other comorbid 
conditions such as diabetic kidney disease and ischaemic heart disease are diabetic complications 
which can complicate the conditions for individuals suffering from diabetes, making them more 
fragile and increasing their susceptibility to COVID-19. The aim of our study is to understand 
how diabetes affects the immune system and how such immune compromised individuals 
become susceptible to infection by the novel coronavirus. We searched for articles in NCBI, 
PubMed and other scholarly articles with the key words being, “Diabetes”, “Effect on immune 
system”, “Covid-19”, “Comorbidity”, “Immune dysfunction”, “Death rate”, “Prevalence of 
diabetes”. In the dearth of data, it is difficult to conclude that diabetic patients are highly at risk 
from SARS-CoV-2 infection. We can hypothesise that, a lesser effective immune system, 
combined with various comorbidities may put individuals at a risk of being infected by any 
pathogen thus at a higher risk of being infected by the SARS-CoV-2.  

Keywords: Diabetes, COVID-19, Comorbidity, SARS, MERS, SARS-CoV-2 

1 Introduction 
Diabetes Mellitus (DM) is a metabolic disease that involves elevated blood glucose levels. It is 
of several types or categories which include, Diabetes Mellitus type 1, type 2, maturity-onset 
diabetes of the young (MODY), gestational diabetes, neonatal diabetes, and secondary causes 
due to endocrinopathies, steroid use, etc [1]. The type 1diabetes, which results from defective 
insulin secretion and the type 2 diabetes which results from defective insulin action are the two 
main sub types of diabetes [1].   

The centres for Disease Control and Prevention and the World Health Organization say that 
COVID-19 can be particularly dangerous to older adults and people with chronic illnesses like 
heart disease, lung disease and diabetes. In individuals suffering from diabetes, the glucose 
control is not very good. An average blood sugar levels of above 200mg/dL puts an individual at 
a risk for getting not just coronavirus, but any type of infection. 

When someone has diabetes, their body’s ability to produce insulin is impaired or completely 
stops. Type 1 diabetics produce no insulin at all and need to inject it into their body. Type 1 
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makes up 10 percent of those who are living with diabetes globally. The more common type is 
Type 2, in which the body is not able to use insulin properly or is not able to make enough of it. 
It has many forms of treatment which can include medications, diet, exercise and many might 
need to start insulin injections. Either one results in high blood sugar and high blood sugar can 
make people more susceptible to other illnesses. Diabetic patients have weak immune-responses 
to infection that includes both T-cell and macrophage activation. This impairs several aspects of 
the immune responses to viral infection in the lungs. 

Obesity is a major issue and risk factor for severe infections, and many type 2 diabetic patients 
are obese [2, 3]. Studies from the influenza A H1N1 epidemic in 2009 suggested that individuals 
who were obese were affected more severely and the infection had twice the duration of 
infection than the duration in individuals who were not obese. Especially, metabolic active 
abdominal obesity is associated with higher risk [2- 5]. An impaired immune system is induced 
by the improper secretion of various adipokines and cytokines such as TNF-alpha and interferons 
which are a feature characterised in cases of abdominal obesity. Mechanical respiratory problems 
are also a common condition observed in people with severe abdominal obesity, which reduces 
ventilation in the basal lung sections which in turn increases the risks of occurrence of 
pneumonia and also may result in reduced saturation of blood with oxygen [4].  

Diabetic kidney disease and ischaemic heart disease are diabetic complications which can 
complicate the conditions for individuals suffering from diabetes, making them more fragile and 
increasing their susceptibility to COVID-19 [4]. 

2 Materials and Methods 
A literature review was carried out to search for articles in PubMed and Google Scholar 
databases. Retrospective case studies from Wuhan, China and Italy were studied to check for the 
prevalence of diabetes in SARS-CoV-2 infected patients. Articles from NCBI, PubMed and other 
scholarly articles were studied from the various databases to study the effects of diabetes on the 
immune system and how it could make an individual susceptible to infections from pathogens. 
The data regarding comorbid conditions leading to deaths in COVID-19 infected patients was 
also studied from various databases. 
 
3 Results and Discussion 
3.1 Effects on the immune system  
The immune system can be divided into the innate and adaptive immunity. The adaptive 
immunity can be further be divided into humoral and cellular immunity. In patients suffering 
from DM, some of the innate humoral immune functions such as the functioning of some of the 
cytokines and the complement proteins are decreased, while some remain the same, in 
comparison to patients not suffering from DM [6]. The patients suffering from type 1 and type 2 
diabetes presented a notably lowered chemotaxis of the polymorphonuclear leukocytes compared 
to those in controls [6]. Glucose concentration or haemoglobin A1c levels and the chemotactic 
responses showed to have no correlations, but in one of the studies it was observed that 
hyperglycaemia did further reduce the chemotaxis [6]. It was observed in another study that on 
incubating the PMNs with either glucose or insulin did not bring back the chemotactic levels to 
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normal, but when the PMNs were incubated with both glucose and insulin together, the PMNs 
showed normalised levels of chemotactic responses [7]. The enhanced levels of chemotaxis can 
be explained by the fact that the functioning of the PMNs is an energy dependent process, and 
thus it requires a sufficient amount of energy for the PMNs to function at their best [6]. As 
insulin is required by glucose to aid in its entry into the PMNs to generate energy for their 
functioning, it thus explains why on incubating the PMNs together with glucose and insulin an 
improvement was observed in the chemotactic responses [6]. Exposing macrophages to high 
glucose levels as is the condition in diabetic patients, it was observed in one of the studies that it 
sensitizes the macrophages to stimulation by cytokines, but it also has an effect on its phagocytic 
and its bactericidal functions. The reduced glycolytic capacity and glycolytic reserves of these 
cells may be the reason for the reduction in its functions [8]. 
 
3.2 Immune system and type 1 diabetes  
Type 1diabetes is an autoimmune disease, whereby the body’s immune system reacts against its 
own cells, in this case the insulin producing cells in the pancreas, and begins to kill these cells. 
The causal factors of type 1 diabetes are not yet well understood. Researchers believe that type 1 
diabetes results from a combination of genetic predisposition followed by an environmental 
factor that ‘triggers’ the disease to develop. When the disease is triggered, T lymphocyte cells 
start to target and kill off the insulin producing beta cells in the pancreas [9]. 
 
3.3 Immune system and type 2 diabetes  
The immune system also plays a part in type-2 diabetes. Researchers have linked insulin 
resistance to high levels of cytokines, which are released in response to inflammation in the 
body. The immune’s system’s response to inflammation leads to fat cells being unable to 
respond well to insulin and sees the fat cells releasing fatty acids into the blood, leading to higher 
than normal levels of cholesterol [9].  

Table 1 Data of covid-19 patients in West Bengal [10] 

S.No. Subject Number 

1. Total covid-19 cases confirmed till 7th May 1,548 

2. New covid-19 cases confirmed on 8th May 130 

3. Total covid-19 cases confirmed till 8th May 1,678 

4. Total discharged 323 

5. Total deaths due to covid-19 88 

6. Total deaths due to comorbidity 72 

7. Active covid-19 cases as on 8th May 1,195 

8. Discharge rate 19.25% 
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3.4 Data from around the world on covid-19 in diabetic patients 
The severity and deaths from various viruses, such as the in the patients infected by the influenza 
A (H1N1), SARS-CoV and MERS-CoV  during the pandemics caused by them, it was observed 
that diabetes and uncontrolled glycaemic conditions were found to be the major determining 
factor for the graveness of the pandemic [11]. Not a lot of data is available of studies on diabetic 
patients suffering from covid-19 in India and the world at large. However, from the data obtained 
from 12 studies carried out in China from 2,108 Chinese patients who were infected by covid-19 
in a meta-analysis reported a diabetes prevalence of 10.3%. Another study conducted in Italy 
among 146 patients who were positive for SARS-CoV-2 showed similar patterns [11].  

Conversely, from a retrospective study conducted in Wuhan it was reported that around 10% of 
the type 2 diabetic patients who were infected by covid-19 experienced at least one episode of 
hypoglycaemia [11]. 

4 Conclusions 
In the dearth of data on diabetic patients infected by SARS-CoV-2, it is very difficult to conclude 
with absolute certainty that diabetic patients are at a higher risk. It is also difficult to predict the 
mechanisms by which SARS-CoV-2 is affecting patients with comorbidities at this point of time. 
But something that can be understood from the various data available from around the world 
that, it is individuals of aged 50 and above that have been affected and infected majorly during 
this pandemic. The reason behind this could be ageing and less effective immune systems in 
these individuals. We can hypothesise that, a lesser effective immune system, combined with 
various comorbidities may put individuals at a risk of being infected by any pathogen and with 
respect to our study we can say that the individuals may be at a higher risk of being infected by 
the SARS-CoV-2. 
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Abstract: Vehicle-to-Grid (V2G) is expected to replace conventional vehicles owing to the 
large number of benefits they have. The V2G may aid in reduction of environmental pollution 
caused due to burning of fossil fuels, and also, act as a source of power for the system due to 
the presence of batteries which may charge and discharge to the grid when required. Apart 
from these benefits, the V2G may provide ancillary support to the system like, active power 
support, reactive power support, frequency regulation, power factor correction, etc. A critical 
survey of the different scenarios under which V2G have been made in this paper. Also, the 
integration of renewable sources along with V2G to the existing system is discussed. The 
impacts of integration of renewable sources and V2G to the system are finally discussed at 
length. 
 
Keywords: Ancillary support, Frequency regulation, Plug-in electric vehicles, Renewable 
sources of energy. 

 
1 Introduction 
With the growing demand of electrical power in the world, it is very essential to maintain the 
balance between electrical power demand and supply. In order to fulfil this, more production 
of electricity by the burning of fossil fuel is done which results to emission of hazardous gases 
into the atmosphere. The environmental pollution is increasing day by day posing serious 
threat to the ecosystem. The researchers throughout the world are struggling hard to find more 
eco-friendly ways of production electricity. One of the most common replacement of fossil 
fuel is the renewable energy sources (RES) or non-conventional sources of power generation 
like solar power, wind energy, tidal energy, etc. Works are in progress all over the globe to find 
alternative eco-friendly sources of power generation and their integration with the existing 
power system so that the conventional plant need to produce less power and is compensated by 
the power generated from the non-conventional sources. So, the integration of the power 
generated from the non-conventional sources with the power grid is a topic of great interest 
nowadays. Similarly, many other non-conventional sources of power generation has come up 
which can feed the power to the grid when integrated to the power grid. Some of them are aqua 
electrolyzer, fuel cell, super magnetic energy storage, etc. Also, battery energy storage source 
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(BESS) may be used to meet the ever growing electrical power demand. In order to choose an 
alternative of fossil fuels, conventional fuel based vehicles are liable to be replaced by electric 
vehicles (EVs) in the near future. The vehicles seat idle either at the parking lot in office or 
garage at home for around 90% of the day. So, the researchers are thinking of another important 
concept in which the EVs will be connected to the grid to supply power at the idle period. The 
EVs are also one type of BESS due to the presence of batteries which store the charge during 
the light load condition. The EVs mainly consists of batteries which can charge during light 
load condition and discharge during peak load condition to the power grid. This mode in which 
the EVs are feeding power to the grid is known as vehicle-to-grid (V2G) or PEVs. A number 
of EVs connected to the charging station may feed power together to the grid to meet the 
demand. 
 

2 Systems with the incorporation of V2G 
This section gives an overview of the different systems investigated with the incorporation of 
EVs. EVs are one type of BESS which are expected to play an important role in the future if 
integrated to the system. EVs when connected to the power grid in discharging mode are 
known as V2G. An overview of V2G is shown in Figure 1 in which the whole bidirectional 
power flow from grid to the EVs and from the vehicles to the grid is presented.  
 

 
 

Figure 1 Bidirectional power flow of V2G 
 
In recent years, V2G is a very important area of research and the authors in [1] studied 
Western Danish system which mainly consists of Wind power penetration. But due to the 
intermittent behavior of wind, the authors studied EVs as a replacement and studied the system. 
The authors found that the integration of EVs result to less regulation than that in the absence 
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of EVs. Moreover, BESS are expensive, this also motivated the researchers to find alternative. 
Hence, the authors in [2] use EVs and heat pump water heater (HPWH) in the power system 
having the same capacity as of BESS and also carried out LFC of the integrated system. Yilmaz 
et al. [3] provides a review on V2G technology, Grid-to-vehicle (G2V) technology, the effect 
of their incorporation in the system, their benefits, and the challenges to be faced. The authors 
also provide a description about different components of V2G technologies and power flows. 
They also explain the different ancillary supports which the EVs can provide when used in 
V2G mode. Datta et al. [4] presented frequency control of system embedded with solar 
photovoltaic (PV) and EVs. The system when included with PV imparts fluctuations in 
frequency. This paper presents fuzzy logic based controlling approach for grid connected PV 
and EVs, and it has been found that it works very effectively. It has been claimed again and 
again that with integration of RES in the conventional system, frequency regulation becomes 
a major concern. Hence, the authors in [5] studied the role of EVs in frequency regulation of 
Great Britain power system embedded with renewable sources.The authors developed a tool 
for evaluating EVs charging load, capacity of battery, maximum travel range and state of 
charge (SOC) of battery. Yang et al. [6] proposed a new method of approach based on 
distributed acquisition to control a large number of EVs. The application of the proposed 
method based on consensus filtering applied EVs can achieve constant frequency in one and 
two areas. The authors in [7] present a new synchronized V2G control and traditional 
frequency controller for robust LFC in the smart grid with large wind farms. The SOC of 
battery is regulated by the optimized SOC deviation control. PSO based on the fixed structure 
mixed control technique H2/H is applied to tune the PI control parameters of LFC 
simultaneously. Simulation results establish the robustness and coordinated control effects of 
the proposed V2G control and proportional-integral (PI) controllers of LFC against the 
changed system parameters and various operating conditions. The authors in [8] carried out 
modeling of a distribution network of a system with high penetration of distributed sources and 
EVs for AGC studies. The authors provide an optimization model for evaluating the capacity of 
EVs in AGC studies from economic point of view. To implement and validate the 
effectiveness of proposed approach, realistic analysis is performed on the system modeled. It 
was discovered from the investigations that with the proposed approach, the system operators 
may easily manage the ancillary supports provided by EVs to the system. The potential of EVs 
to store energy and rapid real power control of converters are the two characteristics that allow 
plug-in electric vehicles (PEVs) to give various auxiliary supports. Izadkhast et al. [9] proposed 
a new model for PEV with the incorporation of participation factor which enables several EV 
fleet characteristic. The authors conclude that PEVs perform well in frequency regulation and 
hence improve the frequency responses of the system. The authors in [10] have proposed a new 
scheme for LFC including EVs so as to provide stability to the thermal system. Initially a state 
space model is presented, then, a four area model incorporating EVs is presented. The authors 
designed novel distributed functional observers for each area in order to implement global 
state feedback controller. The simulation results obtained show the effectiveness of the presented 
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control scheme.  

Izadkhast et al. [11] proposed a new model by considering distribution network 
characteristics, and maximum permissible current of lines and transformers. Then, the 
distribution network characteristics and maximum permissible current of line and transformer 
the model of PEVs are modified. The results so obtained using the proposed model show 
appreciable improvement in the results. Xie et al. [12] introduced another concept of EV 
battery swapping station unlike EV storage, which is believed to provide more reliable 
frequency control. The authors have proposed a new AGC scheme using battery swapping 
station. A stochastic method of simulation called Monte-Carlo is utilized for evaluating the 
manageable capacity of battery swapping station, and then from the lumped to grid equivalent 
model subject to SOC limits and controllable capacity (CC) constrains is presented. The 
proposed AGC technique is tested in a two-area system with substantial load and wind power 
variations. The authors in [13] applied the concept of V2G for charging and discharging of EV 
batteries with respect to system frequency and SOC. For the analysis, the authors converted a 
35-bus system into a three area system, and simulation was done. The results obtained are 
satisfactory and justify the effectiveness of the proposed method. Padhy et al. [14] applied 
modified Grey wolf optimization technique optimized cascade PI-PD controller for AGC study 
of a system incorporated with PEVs. The studies carried out by the authors reveal that 
integrating PEVs in the system will assist in frequency control and hence maintain system 
frequency. The authors in [15] presented an LFC scheme of a multi-area multi-source system 
with the integration of EV fleets in each area under deregulated environment. The application 
of Flower pollination optimization technique optimized fractional order controllers have been 
used for secondary LFC. Results verify the effectiveness of the controller and the performance 
of EVs in controlling the system frequency. Izadkhast et al. [16] provides a novel design for 
frequency-droop control of PEVs for LFC of system which improves the frequency response of 
the system. Also, the impact of PEVs in economic way has also been studied. The integration 
of RES and EVs to the existing system may assist in frequency regulation as studied by 
researchers. The authors in [17] have applied model predictive control (MPC) for frequency 
regulation of multi-area interconnected system. The authors designed the system by using two 
MPC in each area, making it a total of six MPCs for the overall system. The authors in [18] 
introduced a lifelong (LL) learning based complementary generation control (CGC) of system 
integrated with EVs and different RES.  

Many case studies have been done to estimate the working of LL for multi-layer CGC on a 
practical system. Till now, studies on frequency regulation using EVs were confined to only 
fleet level, and the individual level was not considered, which includes satisfying the power 
demand and minimizing the harm caused to batteries due to charging and discharging. Hence, 
Zhang et al. [19] proposed a strategy consisting of three parts, first is demand declaration 
based on which grouping of PEVs will be done, secondly, frequency control strategy at EV 
level is illustrated, and lastly, LFC of the system considering driving demand of EV is 
explained. The results obtained upon simulation show that the proposed strategy can fulfill the 
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demand of individual EVs contributing in frequency regulation. The authors in [20] and [21] 
proposed two strategies, area control error and area regulation market, for the EVs connected 
to the charging station for LFC of the system considering the charging demands of EVs. The 
results obtained by using the proposed strategies show that the deviation in frequency has 
reduced by an appreciable percentage. The authors in [22] study a three area thermal system 
with solar-thermal power plant in one area and EVs in all the three areas. 2DOF-PID controller 
is used as secondary controller in all the three areas for frequency regulation of the system 
under consideration. Gaur et al. [23] extended the work carried out in [22] by modifying the 
system to a multi-source system. Frequency regulation is carried out by using WDO optimized 
controllers. Also, the impact of incorporating solar-thermal power plant in the existing power 
system is studied. Moreover, the impact assessment of V2G is tested in the system, the 
assistance of V2G in frequency control of the system is tested and it is found that V2G helps in 
frequency regulation to a much greater extent. Similarly, the effects of incorporation of EVs 
have been studied rigorously under different system conditions in [24]. In all the system 
conditions it was found that the incorporation of EVs in the system is beneficial in frequency 
control.  

The authors in [25] incorporated dish-stirling thermal system (DSTS) in one area and EVs in all 
the three areas; the impact of integrating DSTS and EVs in the system under different system 
conditions have been tested and it is found that their incorporation assist in frequency control. 
Gaur et al. [26] studied three area thermal systems with EVs in all the three areas. The effect of 
including EVs in the system has been studied and it was observed that their inclusion helps in 
regulating system frequency. 

3 Conclusions 
This paper presents an introduction to electric vehicles (EVs) and their use in the form of 
vehicle-to- grid (V2G). Overviews of the different types of systems studied with the 
incorporation of EVs have been discussed. Also, an outline of the integration of EVs and 
renewable sources of energy together in a system has been presented in this paper. The benefits 
and application of EVs in V2G mode in frequency regulation of interconnected systems have 
been also described in the presented paper. 
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Abstract: This research paper revolves around the concept viable use for alternative and 
more efficient fuel substituent for use in nanomorphic cell which finds a huge use in 
microsystems in the field of Bioelectronics. The advances in microsystems offer new 
opportunities and capabilities to develop systems for biomedical applications, such as 
diagnostics and therapy. This paper considers physical principles and trends in extremely 
scaled autonomous microsystems such as integrated intelligent sensor systems, with a 
focus on energy minimization and increasing energy efficiency. It explores the 
implications of energy minimization on device and system architecture. It further details 
behavior of electronic components and its implications on system-level scaling and 
performance limits. In particular, fundamental scaling limits for energy sourcing, 
sensing, memory, computation and communication subsystems are developed and new 
applications such as optical, magnetic and mechanical sensors are presented. The 
preferred use of different fuel substituent will enable better and more integrated function 
of any microsystem based equipment. We look forward to incorporating such fuel in the 
formation and production of newer and better power sources (nanomorphic cells) for our 
microsystem devices. 

 

Keywords: Microsystems, Nanomorphic Cells, Wireless Integrated Microsystems, 
Bioelectronics, Hydrogen Fuel, Fuel Cells 

 

1 Introduction 

Microsystem have evolved from solid state integrated circuits technology, through the 
development of micro-fabricated sensors and then of smart sensors, to the invention of 
micro- fabricated movable mechanical parts and micromotors and finally to the concept 
of the microsystem, viewed essentially as a silicon wafer incorporating the processing 
circuit and either a micro sensor, or a micro-actuator, or one or more mechanical, or 
fluidic, or optical components, or their combination. In WIMS, the emphasis is on 
adding non-electrical components to the wireless sensor micro- systems. The 
combination of semiconductor and micro electro-mechanical elements (MEMS) into one 
hybrid system considerably enhances system functionality and expands the application 
space. An important application space is in the area of neural probes, where electronics is 
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integrated with micrometer-scale multi-electrode arrays. Another WIMS example is 
miniature high-resolution pressure sensors that are used, for example, for cardiovascular 
measurements. Perhaps one of the most impressive examples of a hybrid WIMS system 
is a prototype gas chromatography system, for high-sensitive chemical detection. The 
demonstrated prototype of this complex automated system had a volume of only ~200 

cm3 (on the order of 10 × 10 × 2 cm) and further developments are intended to 
eventually achieve wristwatch implementations [1]. In general, the combination of 
embedded signal processing and wireless communication with MEMS is enabling broad 
new applications, covering different areas, including homeland security, health care, 
food and environmental monitoring. The basic center research is organized in four 
thrusts, dealing with micropower circuits, wireless interfaces, sensors and micro-
instruments, and micro-packaging with a clear goal to develop systems that are rapidly 
configurable, reconfigurable, and self-testing and to define their fundamental limits in 
the face of conflicting constraints imposed by power sources, process technology, circuit 
limits, wireless power-range tradeoffs, and size. The size, range, and operating lifetime 
of wireless microsystems are strongly dependent on the power sources required to run 
them. While batteries are slowly improving, substantial improvements in system 
performance appear possible through lower-power circuit techniques that may also make 
the use of renewable energy sources viable. Efforts are focusing on the use of low-
voltage deep-submicron technology to achieve high functionality at very low power.  

 
2 Application of WIMS  
Integrated sensors based on microelectronic technology were first developed in the late 
60s for medical applications. Today they have evolved into wireless integrated 
microsystem (WIMS), combining micropower circuits, wireless interfaces, hermetic 
packaging, embedded power sources, and MEMS. Such devices are poised to provide 
important breakthroughs in health care [2]. This paper traces the development of medical 
microsystems by looking at three of its earliest devices. Catheter-tip pressure sensors 
have evolved into smart stents and wireless intraocular monitors; wristwatch-size gas 
chromatography systems are emerging for the rapid identification of biomarkers for in 
breath; and neural interfaces are permitting revolutionary advances in neuroscience and 
in prostheses for deafness, blindness, epilepsy, paralysis, Parkinson's disease, and other 
disorders. Center research is organized in four thrusts, dealing with micropower circuits, 
wireless interfaces, sensors and micro-instruments, and micro packaging. These efforts 
are extending existing micropower circuit techniques and sensor-driven controller 
architectures, developing single-chip communication transceivers based on 
micromechanics, exploring a variety of self-testing micro-instruments (including 
chemical, mechanical, and thermal devices), and developing hermetic wafer-level 
packaging using deposited thin films and vacuum-sealed cavities. 

The goal is to develop systems that are rapidly configurable, reconfigurable, and self-
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testing and to define their fundamental limits in the face of conflicting constraints 
imposed by power sources, process technology, circuit limits, wireless power-range 
tradeoffs, and size. The thrusts are being coordinated by focusing them on two 
application test bed systems: an rf-powered implantable microsystem (initially a cochlear 
prosthesis for the profoundly deaf, with subsequent extension to devices for treating 
epilepsy and Parkinson's disease); and a battery-powered environmental monitoring 
system capable of gas analysis as well as the measurement of barometric pressure, 
temperature, humidity, and other variables. Each of these test beds is aimed at achieving 
a significant breakthrough in its own right while emphasizing the challenges that will be 
found in microsystems generally. The size, range, and operating lifetime of wireless 
microsystems are strongly dependent on the power sources required to run them. While 
batteries are slowly improving, substantial improvements in system performance appear 
possible through lower-power circuit techniques that may also make the use of 
renewable energy sources (e.g., solar) viable. Efforts are focusing on the use of low-
voltage deep-submicron technology to achieve high functionality at very low power. The 
challenges are not only in low-voltage mixed-signal circuits but also in areas such as 
self-test, noise suppression, active power management, and digital sensor compensation. 
The use of in-module data interpretation (increasing power dissipation in the controller) 
must be weighed against the power required for wireless data transmission. The 
fundamental power-range requirements must also be better understood, taking advantage 
of MEMS-based antenna structures and micropower MEMS resonators for filtering and 
frequency conversion. 

 

Figure 1 Architecture for Wireless Integrated Microsystems 
3 Integral Parts of a Micro-system  
EnvironmentFor nanomorphic micron-scale systems, such as integrated analytical 
Microsystems [3], implantable diagnostics, and drug delivery devices, the available 
volume for on-board energy supplies is very limited. Thus, the capacity of an energy 
supply, both in terms of energy stored and the rate at which it can deliver energy can 
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place severe constraints on system design. Further, it is sometimes possible to directly 
harvest energy from the surrounding environment when the delivery of the energy can be 
either unintentional or directed. Architecture for Wireless Integrated Microsystems is 
presented in Figure 1. 

 

In the unintentional category, energy sources might include ambient electromagnetic, 
solar, vibration, fluid flows, thermal gradients, etc. An overview of the energy available 
for harvesting from a variety of sources is also provided. 
 
4 Energy in the Integrated Micro-scale Energy Sources 
Embedded energy sources are a key enabler for applications with limited or no physical 
access to external energy supplies [4, 5]. For nanomorphic micron-scale systems, such as 
integrated analytical Microsystems, implantable diagnostics, and drug delivery devices, 
the available volume for on- board energy supplies is very limited. Thus, the capacity of 
an energy supply, both in terms of energy stored and the rate at which it can deliver 
energy can place severe constraints on system design. This paper investigates 
fundamental scaling limits for a variety of micron-sized energy sources, which include 
the galvanic and fuel cells, the super capacitor, and radioisotope sources. Further, it is 
sometimes possible to directly harvest energy from the surrounding environment when 
the delivery of the energy can be either unintentional or directed. In the unintentional 
category, energy sources might include ambient electromagnetic, solar, vibration, fluid 
flows, thermal gradients, etc. An overview of the energy available for harvesting from a 
variety of sources is also provided. Graphical representation of energy function for 
differential layers of cell unit Nanomorphic electronics is shown in Figure 2. 

 
      Figure 2 Graphical representation of energy function for differential 

layers of cell unit Nanomorphic electronics 
The autonomous microsystems must have an electronic control unit, which is assumed to be 
a specialized micro-scale computer. The capability of the unit is determined by its 
complexity (e.g., the device count) and its energy of operation. The system's “intelligence” 
needs to be maximized to reduce the communication costs. System scaling limits need to be 
studied to understand the amount of “intelligence” that could be expected from a volume of 
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matter 10 mm in size. This paper investigates fundamental scaling limits for micro-scale 
electronic circuits, constructed from binary devices and interconnects. Graphical 
representation of function coefficient is shown in Figure 3. These device and interconnect 
models are developed from basic physics using a generic energy barrier representation for 
binary devices. In order to estimate circuit performance, it is necessary to relate the device 
and interconnect system properties such as switching energy and switching times, number of 
electrons, etc., to the physical layout of the processor.  
It is argued that the layout geometry can, in the limit, be viewed as an assembly of small 
square (cubic) tiles, to each of which is associated with size, energy and travel (i.e. delay) 
time parameters derived from basic physics. The estimates of limits are performed for the 
device and interconnect systems assumed to operate at the threshold of failure. Implications 
for higher levels of device and system reliability are also considered.  

 

Figure 3 Graphical representation of function coefficient 

5 Sensors at the Micro-scale  

The nanomorphic cell must have mechanisms that enable it to obtain information about the 
external environment and, in particular, about the state of a target living cell. It is stipulated 
that the nanomorphic cell must measure external parameters in a non-invasive way. Thus, an 
essential function of the nanomorphic cell for bio-applications is to receive and transform 
signals from its environment and biological signals from the living cell into an electrical 
form for subsequent processing and analysis to provide a basis for further actions. For the 
purposes of this discussion, the sensors must be of a size commensurate with that of the 
artificial cell. This paper discusses the basic principles of sensor elements and scaling 
projections for micron-sized sensors are investigated [6, 7]. The barrier model is shown to be 
a generic abstraction for many classes of sensors. 

 
The concept of the signal-to noise ratio is important for understanding sensor scaling while 
the barrier formulation is used to derive a model for thermal Johnson-Nyquist noise. It is 
argued that in many cases, sensors can be regarded as either digital or analog devices (e.g. 
transistors) and that the scaling limits of sensors are therefore close to the limits of the binary 
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switches. The discussion in this paper is focused on three types of sensors: (i) bio-electrical; 
(ii) biochemical; and (iii) bio- thermal. It serves as integration of concepts from both 
biological and physical sciences. Micro-dissection of anomorphic cell communication unit is 
exhibited in Figure 4. 

 
             

Figure 4 Micro-dissection of anomorphic cell communication unit 
 
Communication is an essential function of autonomous microsystems. We assume that the 
nanomorphic cell collects data that need to be communicated to a receiver external to the 
body. It follows that the cell must be equipped to transmit and receive data and, of course, 
there are space and energy questions that arise in this connection. The purpose of this paper 
is to explore the physical limits for a micron-scale communication system and especially to 
obtain lower bound estimates for the energy required to transmit one bit of data. For 
autonomous operation, the communication channel should be wireless since it is assumed 
that the nanomorphic cell is untethered. Also, from a practical point of view, it would be 
advantageous for transmission from the nanomorphic cell to be omni-directional, i.e. uniform 
in all directions independent of the position and orientation.  

 

5.1 Nanomorphic Cell 
The proton exchange membrane fuel cell (PEMFC) uses a water-based, acidic polymer 
membrane as its electrolyte, with platinum-based electrodes. PEMFC cells operate at 
relatively low temperatures (below 100 degrees Celsius) and can tailor electrical output to 
meet dynamic power requirements. Due to the relatively low temperatures and the use of 
precious metal-based electrodes, these cells must operate on pure hydrogen. PEMFC cells 
are currently the leading technology for light duty vehicles and materials handling vehicles, 
and to a lesser extent for stationary and other applications. The PEMFC fuel cell is also 
sometimes called a polymer electrolyte membrane fuel cell.  

Nanomorphic Cell dissection 

Hydrogen fuel is processed at the anode where electrons are separated from protons on the 
surface of a platinum-based catalyst. The protons pass through the membrane to the cathode 
side of the cell while the electrons travel in an external circuit, generating the electrical 
output of the cell. On the cathode side, another precious metal electrode combines the 
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protons and electrons with oxygen to produce water, which is expelled as the only waste 
product; oxygen can be provided in a purified form, or extracted at the electrode directly 
from the air. Figure 5 shows the ion exchange mechanisms of the cell. 

 

 
Figure 5 Ion exchange mechanisms 

 
A variant of the PEMFC which operates at elevated temperatures is known as the high 
temperature PEMFC (HT PEMFC). By changing the electrolyte from being water-based to a 
mineral acid-based system, HT PEMFCs can operate up to 200 degrees Celsius. This 
overcomes some of the current limitations with regard to fuel purity with HT PEMFCs able 
to process reformate containing small quantities of Carbon Monoxide (CO). The balance of 
plant can also be simplified through elimination of the humidifier. 
 

Table 1 Differences between the two PEMFC variants 

 Low Temp. PEMFC High Temp. PEMFC 

Operating temperature 80-100 C Up to 200 C 

Electrolyte Water based Mineral acid based 

Pt loading 
O.2 - 0.8mg/cm2 1.0 - 2.0 mg/cm2 

CO tolerance <50 ppm 1 - 5% by volume 

Other impurity tolerance Low Higher 

Power density Higher Lower 

Cold start Yes No 

Water management Complex No 
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Variants of PEMFv 
HT PEMFCs are not superior to low temperature PEMFCs; both technologies find niches in 
where their benefits are preferable [4]. The Table 1 summarizes differences between the two 
PEMFC variants: 

A running FC is usually fed continuously with the hydrogen on the anode side and with the 
air on the cathode side. Electrochemical reactions occur at the surface of the CLs. On the 
anode side, hydrogen is oxidized: 

 

H2→2H+ +2e− 
 

Protons travel through the membrane, while the electrons travel through the CLs, the GDLs, 
and the external electric circuit where they perform electrical work and return to the cathode 
side. 
With the protons transferred through the membrane and the electrons through the external 
circuit, the oxygen is reduced on the cathode side: 

 
½ O2 + 2H + +2e− → H2O 

 
Combined the reactions on the anode and cathode sides, the global reaction is 

 
½ O2 + H2 → H2O... (i) 

With the conversion of chemical energy to electrical energy and heat, the by-product water is 
generated and expelled mostly with the unreacted air from the cathode side. The maximum 
amount of electrical energy generated in a FC corresponds to Gibbs free energy. In the 
reaction (1), denoting the difference between the Gibbs free energy of the products and the 
that of reactants as ΔG (expressed in (eV) for one mole H2O), the theoretical potential (ideal 
voltage) of the FC corresponding ΔG is 

 
E = −ΔG / 2F... (ii) 

Where F is the Faraday’s constant. This gives a value of about 1.2 V for a FC operating 

below 100 C . However the voltage of a practical FC is usually less than this value. Voltage 
losses in an operational FC are caused by several factors. 

 
Figure 6 shows, the distance between the real open circuit voltage and the ideal output 
voltage which is caused by the factors such as the crossover of the reactants. The curve that 
characterizes the relationship between the voltage and the current is called the polarization 
curve. Three main factors that impact the voltage losses are marked in the figure.  
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Figure 6 Various voltage losses and polarization curve of an operating PEMFC 
The effects of the three factors are easy to distinguish. Activation losses, ohmic losses, and 
concentration losses predominate respectively in the zones I, II, III shown in Fig. 9. When 
drawing a useful current, the voltage of a single FC is about 0.7 V, which is too small in 
most cases. In order to produce a more useful voltage or power, many cells have to be 
connected in series, which functions as a FC stack. In practice, the cell interconnection is 
usually achieved by using the bipolar configuration.  

      6 Results and Discussion 

Catalysts are used with fuels such as hydrogen or methanol to produce hydrogen ions. 
Platinum, which is very expensive, is the catalyst typically used in this process. Companies 
are using nanoparticles of platinum to reduce the amount of platinum needed, or using 

nanoparticles of other materials to replace platinum entirely and thereby lower costs. Fuelvi 

cells contain membranes that allow hydrogen ions to pass through the cell but do not allow 
other atoms or ions, such as oxygen, to pass through. Companies are using nanotechnology 
to create more efficient membranes; this will allow them to build lighter weight and longer 
lasting fuel cells. Small fuel cells are being developed that can be used to replace batteries in 
handheld devices such as PDAs or laptop computers. Most companies working on this type 
of fuel cell are using methanol as a fuel and are calling them DMFC's, which stands for 
direct methanol fuel cell. DMFC's are designed to last longer than conventional batteries. In 
addition, rather than plugging your device into an electrical outlet and waiting for the battery 
to recharge, with a DMFC you simply insert a new cartridge of methanol into the device and 
you're ready to go. Fuel cells that can replace batteries in electric cars are also under 
development. 
Hydrogen is the fuel most researchers propose for use in fuel cell powered cars. In addition 
to the improvements to catalysts and membranes discussed above, it is necessary to develop 
a lightweight and safe hydrogen fuel tank to hold the fuel and build a network of refuelling 
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stations. To build these tanks, researchers [7] are trying to develop lightweight nanomaterials 
that will absorb the hydrogen and only release it when needed. Coming to the idea of 
applications [8], nanotechnology is giving way to lot of creative ideas of the researchers all 
around the globe. Replacement of expensive catalyst with less expensive nanomaterials is 
taken up as a cost-efficient and environment-friendly option. When nanostructured vanadium 
oxide is used in the anode of solid oxide fuel cells, the structure forms a battery, as well a 
fuel cell, therefore the cell can continue to provide electric current after the hydrogen fuel 
runs out. Use of nanomorphic cells also leads to the increase in the catalyst surface area and 
efficiency compared to the deposition of platinum on porous alumina. 

       
      7 Conclusions 

Usage of nanomorphic cells in generation of fuel for vehicles would be a golden opportunity 
as it is the most cost effective and eco-friendly substitute to various non-renewable source of 
energy. It works on the principle of conversion of chemical potential energy directly into 
electrical energy. The fuel cells avoid the “thermal bottleneck”, a consequence of the second 

law of thermodynamics and are thus, inherently more efficient than combustion engines, 
which first needs to convert chemical potential energy into heat, and transform it into then 
mechanical energy for work. Hydrogen can be produced in an environment friendly manner, 
while oil extraction and refining is very damaging. As these fuels are made out of hydrogen, 
the direct emissions from a fuel cell vehicle are just water and a little heat. This is a huge 
improvement over the internal combustion engines litany of greenhouse gases. Moreover, as 
fuel cells have no moving parts, they are much more reliable than traditional engines. In 
other words, it can be said that allowing the use of lower purity and therefore coming up as 
less expensive alternative, hydrogen fuel cells can be used to power cars and various other 
such appliances.  
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Abstract: Music has always been the best getaway from our day to day hassles of life. It not 
only soothes our mind also helps to change our mood and perspective towards life as well. Sound 
is used for various therapeutic procedures in order to heal patients from illness. Sound therapy 
has shown significant improvements in the patient’s health over time through the use of various 
genres of music. Moreover, this form of healing is completely painless and without any 
underlying side effects. After listening to music the person’s physiology, neurology, and 
psychology tend to be better and are quite established. Here in this paper, we have tried to 
evaluate and analyze the Electromyogram signal to obtain inferences on the effect of listening to 
music to a particular genre of music. Three objects we are appointed for the experiment the 
Electromyogram signal was obtained from the right hand of each of the subjects. The signal was 
recorded before and after the listening of the music. A soothing nature of music was taken to 
judge the behavior in a prominent fashion. The results were analyzed and the Non-Linear signal 
processing approach is used to arrive at a particular conclusion at the end. It was concluded that 
music has positive effects on the human body. 

 
Keywords: Electromyography, music therapy, recursive plot analysis, stress, anxiety, isometric 
plot analysis, music. 
 

1 Introduction 
Music has always been used as a tool for recreation from the very beginning of the medieval 
ages [1]. The elixir of the music is still unexplored in the field of engineering and biomedical 
applications. Small strides are now being taken to devise ways to fully utilize the true potential 
of music. Rohit S Loomba et al. [2] mentioned that music has a significant effect on self-
induced. Anxiety, elucidating the prevalent nature of music as a fringe benefit. He also 
mentioned that the systolic blood pressure (S.B.P.) showed a significant decrease in the SBP 
after listening to music. A significant decrease in diastolic blood pressure (D.B.P.) and also the 
heart rate (H.R.). Music has also been devised in dentistry to calm the patients during the 
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extraction procedure Tantry Maulina et al. [3] devised Islamic classical music for the procedure. 
It was found that the participant’s blood pressure (B.P.) before and after extraction procedures 
showed almost the same figures. Blood samples collected from the participants before and after 
the procedure showed promising results. The nor-adrenaline plasma (N.A.P.) level showed a 
decrease indicating the calming nature. Nina Schaffert et al. [4] say the close relationship with 
humans and music is due to the importance of auditory for movement and execution. Sadik Kara 
et.al. [6] Says chronic depression is resolved to a greater extent after listening to music. 
Xiaopeng Jiang et.al. [7] Says that the efficiency and the cognitive abilities of a person can also 
alter depending on what music he has been listening. Cesari, Pet.al. [8] Studies emphasized that 
response of individuals are more accurate than who were not made to listen music [9-10]. 
Various operating rooms (OR) music is used to increase the efficiency of the doctors and 
reduction of stress levels of both patients and the doctors [11].Several studies are conducted in 
various fields to elucidate the close relationship of music and the human body and recent 
research greatly tends to utilize the full potential of music. The sole purpose is to elucidate the 
unresolved and unknown correlations between the human body and music by the use of non-
invasive Electromyogram (E.M.G.) signals when listened to Rabindra sangeet and analyzing the 
signal. 
 
2 Materials and Methods 

Data collection 

Three subjects were chosen for the experiment belonging to the age group of (18-20 years) each 
of the subjects was allowed to rest for 15 min after arrival and then was asked to solve 5 math 
problems. After solving the Electromyogram (E.M.G) signal was recorded from the right upper 
limb. After the completion of the signal acquisition procedure, each subject was made to listen to 
4 Rabindra sangeet chosen by us. The songs were the same for all 3 subjects. The signal was 
recorded after the session and analyzed. All the subjects were physically fit and none of them 
had any physical or neurological impairment. 

Processing 

The Electromyogram signal was obtained by the use of our very own developed E.M.G signal 
acquisition circuit. The Signal acquisition circuit filter consists of a band pass filter that cuts of 
frequencies below 20 Hz and frequencies above 500Hz (approximately) and is amplified in 
subsequent stages to produce a faithful reproduction of the EMG signal. Each of the data was 
obtained in a digital format with the help of Arduino with a baud rate set at 14400 and data 
obtained were analyzed by the use of BIOSANALYSER software. The data is processed with 
non-linear signal processing techniques. Various plots like recursive plots, isometric plots, were 
obtained for each of the obtained signals. The mean values for the radial isometry and 
consecutive radial isometry of the obtained data were calculated in order to draw proper 
conclusions. 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

70 
 

Recurrence Plot Analysis 

It was first introduced by J.P. Eckmann et al [5].The recursive plot plays an important role in 
elucidating the hidden chaos trends or the non-linear pattern present in the signal. Natural 
processes have a distinct characteristic to repeat their behavior or have a periodic nature but also 
show quite irregularities. The reoccurrence of the states implies the closeness of the system to the 
same point after some time separation. Let’s consider any two points in phase space say xi and xj. 

Then the distance between these two points will be given as xi-xj. Then the recurrence of the 
point’s xi and xj can be given by the binary equation as. 
 

𝑅 𝑖, 𝑗 1 𝑖𝑓, |𝑥𝑖 𝑥𝑗| 𝜀
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

…… (1) 

 
The above equation can be modified and written in the form of Heaviside function as follows 
 

𝑅 𝑖, 𝑗 𝜃 𝜀 𝑥 𝑥 …… (2) 

Where R is an N×N square matrix. And 𝜃 is the Heaviside function or a step function. The R 
matrix stores a value of 1 where the value of ‖𝑥𝑖 𝑥𝑗‖ 𝜀and is represented by a black dot at 
that point and when ‖𝑥𝑖 𝑥𝑗‖ 𝜀 the points are represented by 0 and the points are highlighted 
by white color. Hence the Recursive Plot (R.P.) contains only two colors. 

The plot of the RP can be used to derive various dynamical patterns in the data such as 
periodicity, quasiperiodicity, noise effect, nonstationary behavior and chaotic behavior or non-
linear behavior [1]. 

If two points are recurrent in the phase space then isometry is said to be existent. And two points 
are said to be in consecutive isometry if [1]. 

𝑅 𝑖, 𝑗 𝜃 𝜀 ‖𝑥 𝑥 ‖  

Where L belongs to the positive integer set. 

Plots 

The recursive plot of the EMG signal various subjects were prepared 1n stands for the first 
subject in normal state and 1m stands for the first subject after hearing music. Our findings have 
shown in Figures 1, 2 and 3. 

The isometric plot of the EMG signal of various subjects were prepared 1n stands for the first 
subject in normal state and 1m stands for the first subject after hearing music. The Consecutive 
radial isometry plot of the EMG signal various subjects were prepared 1n stands for the first 
subject in normal state and 1m stands for the first subject after hearing music. 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

71 
 

Recursive plots before and after listening to music 
Subject Before After 

 

1 

 

 

2 

 

 

 

3 

 

 
Figure 1 Recursive plots before and after listening to music 
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Isometric plots before and after listening to music 

Subject Before After 

 

 

 

 

     1 
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    3 

  

 
Figure 2 Isometric plots before and after listening to music 
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Consecutive radial isometry plot before and after listening to music 

Subject Before After 

1 

  

2 

 

3 

  

 

Figure 3 Consecutive radial isometry plot before and after listening to music 
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3 Results 
The mean values of the radial isometry and the consecutive radial isometry for each of the 
subject was calculated and listed in the tabular form. This is shown in Table 1.  
 

Table 1 Mean values of the radial isometry and the consecutive radial isometry 

 
Before After 

 

Subject 
Radial 

isometry 
Consecutive 

radial isometry 
Radial 

isometry 
Consecutive 

radial isometry 

1 7.9858 9.9717 7.4982 9.9973 

2 6.9416 9.2601 6.7831 15.3653 

3 6.7796 9.3831 6.7324 11.8433 

 
4 Conclusions 
The above data shows a particular trend in itself. It can be observed that the mean radial isometry 
value has decreased for each of the subjects after listening to the music. Also it can be noted that 
the consecutive isometry value has increased after listening to Rabindra sangeet. All these factors 
tend to conclude that the data is unidirectional and the data trends signify obtained from the 
radial isometry and consecutive isometry that listening to music has a calming effect on human 
muscles which can be greatly used to reduce the stress and fatigue in a completely painless 
fashion. 
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Abstract: Hepatitis C is India’s hidden epidemic. In some of the places in India, almost 80% of 
the population is suffering from HCV. Our main objective was to study the prevalence, risk 
factors, symptoms, testing and impact of HCV in pregnant women. Prevalence of HCV in 
pregnant women was found to be 1.03%. Some of the risk factors found in HCV positive 
pregnant women are sexual transmission, blood transfusion and intravenous drug use. There are 
no identifiable risk factors in 40 % of cases. Most pregnant women have no symptoms of HCV. 
New HCV infections are usually found to be asymptomatic. One out of twenty infants born to 
mothers with HCV gets the virus i.e., in 7–8 % casesHCV may get transfer from HCV positive 
mother to their offspring. Universal screening of all pregnant women should be done for HCV. 

Keywords: Asymptomatic; Hepatitis C Virus; Pregnancy; Prevalence; Risk factors 

1 Introduction 
Hepatitis C virus is positive sense single strand RNA virus belonging to the family flaviviridae.  
Hepatitis C virus is a global health problem with a prevalence of 2-3% across the world.In 2016, 
HCV prevalence in India was reported to be 0.4% - 0.7% of the population [1]. According to a 
research paper, there are 6-12 million people infected with HCV every year in India [2]. There 
are 71 million people infected with HCV every year in the world. North Indian states likes 
Punjab, Haryana and parts of Western Uttar Pradesh are the most affected part in India. 
Prevalence of HCV in pregnancy in Indian population is 1.03 %. 
 
2 Materials and Methods 
Case studies from Indian States like Punjab, Haryana and Western part of Uttar Pradesh were 
studied to check the prevalence of HCV in pregnant women in India. Articles from NCBI, 
PubMed and other scholarly articles were studied to know the risk factors, impact and testing. 
Various healthcare websites were also studied to check the symptoms of HCV in pregnant 
women. 
 
3 Results and Discussion 
3.1 Risk factors 
These are some common risk factors for HCV infection in pregnant women- previous blood 
transfusions, dilatation and curettage (D&C), previous abortions, acupuncture and tattooing, 
previous surgery, multiple sexual partners and intravenous drug abuse[3].Some of the risk factors 
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found in HCV positive pregnant women are sexual transmission, blood transfusion and 
intravenous drug use. Reused syringes, surgical procedures and dental procedures with 
inadequately sterilized equipment are some of the well-knownrisk factors which causes 
transmission of HCV. However, in 40 % of the positive cases, any risk factor can be hardly 
identified as HCV infections are usually asymptomatic. Approximately, 7–8 % of hepatitis C 
virus-positive women can transmit hepatitis C virus to their offspring [4]. 
 

Table 1 Risk factors in HCV positive pregnant  
women [3, 4] 

Risk factors Percentage (%) 

1. Blood transfusion 4.8 

2. Dilatation and curettage 14.3 

3. Abortions 14.3 

4. Previous surgeries 11.9 

5. Dental procedures 7.2 

6. Acupuncture and 
tattooing 

4.8 

 
Table 2 Risk factors on the basis of age, residence and parity in HCV positive  

pregnant women [5] 
Age Percentage (%) 

17-20 5 
21-25 45 
26-30 30 
31-35 15 
>=35 5 
Residence Percentage (%) 

1. Rural  72.5 
2. Urban  27.5 

Parity Percentage (%) 
1. Multipara  60 
2. Primipara  40 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

78 
 

3.2 Symptoms 
Most pregnant women have no symptoms of HCV whereas some women show symptoms like 
nausea and jaundice when they are infected initially. Women who are bearing the virus in their 
liver for more than 6 months are known as carriers of hepatitis C [6]. Most carriers live for many 
years without showing any symptoms or major health problems, but some may have liver 
cirrhosis and cancer [6].  
 
3.3 Impact of HCV in pregnancy 
According to some of the research papers it was found that during pregnancy there is a down 
regulation of the HCV positive pregnant women. This may cause a reduce in the amount of 
immune-mediated hepatocellular damage and increase in serum leveland decrease in alanine 
transaminase(ALT)levels in HCV positive pregnant women in the second and third trimesters of 
pregnancy [6].  
 
3.4 Complications in pregnancy 
Complications in pregnancy due to Hepatitis C virus may show an increased risk of adverse 
perinatal outcomes like premature delivery, low birth weight infants, and infants with congenital 
anomalies. There is a increased risk for poor maternal outcomes such as preeclampsia, caesarean 
section, haemorrhagic complications and death, and neonatal outcomes such as preterm delivery, 
low birth weight and neonatal death, in HCV positive pregnant women with liver cirrhosis[7].  
 
Table 3 Mode of delivery in HCV positive pregnant women 
Mode of delivery Percentage (%) 

1. Vaginal delivery 42.5 

2. Caesarean section 57.5 

 According to a research paper “HCV and Pregnancy" from Department of Obstetrics and 
Gynaecology of GGS medical college, there were a significantly higher number of HCV positive 
pregnant women with pregnancy-induced hypertension and antepartum haemorrhage in their 
hospital [8]. 

 
3.5 Testing 
Universal testing of pregnant women to check HCV infection is recommended to enhance 
mother’s health concerns [9].For evaluation and thorough care of HCV infected women and 
infants early identification is a key. HCV antibody test is a useful tool to test women with HCV 
infection. If the serological tests are positive then this should be followed with testing for HCV 
RNA [9].  
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HCV-positive women should be under antiviral treatment and that can be initiated at the 
appropriate time. The benefit of antiviral treatment prior to pregnancy should be advised to 
women of reproductive age with HCV infection to improve mother’s health and to eliminate the 
risk of mother-to-child transmission (MTCT) [10]. Women who become pregnant while on 
direct-acting antiviral needs to discuss the risk factors with their physicians. There are some 
basic laboratory testing such as tests to check the level of bilirubin, ALT and aspartate 
aminotransferase, albumin, platelet count and prothrombin [10].  

4 Conclusions 
Some of the major risk factors for HCV transmission in pregnant women were surgical 
procedures and blood transfusions. Sexual route was found to be an uncommon route of 
transmission.  In 40% of the cases, HCV was found to be asymptomatic i.e., no identifiable 
symptoms or risk factors were found. Increase in serum level and decrease in ALT levels were 
seen during pregnancy in HCV positive pregnant women. Complications such as preeclampsia, 
caesarean section, haemorrhagic complications and death, and neonatal outcomes such as 
preterm delivery, low birth weight and neonatal death were found. Proper sterilization of surgical 
instruments and thorough screening of blood and components for transfusion are some of the 
preventive measures should be taken for lowering the transmission of HCV. Mass campaign is 
also done for public awareness and for awareness among healthcare workers to reduce the 
incidence of infection. Universal screening is must for all pregnant women for HCV. One in 20 
infants, born to mothers with HCV, get the virus which can happen in the womb during delivery 
or after the baby is born. Studies showed breastfeeding is not a risk for HCV infection from 
mother to child transmission as maternal infection in breast-fed and bottle-fed infants showed 
similar rates. The new born baby will need to be tested for hepatitis C. Sometimes testing is done 
at 2 months of age and again at 18 months of age. There is no way to prevent the virus from 
spreading to the baby. 
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Abstract: Competition Law is an emerging Act in India. It basically controls the enterprises 
from influencing the market illegally. Some activities are called illegal as per the Competition 
Act i.e., anti-competitive agreement, abuse of dominance, merger and acquisition. This paper 
would critically analyse the abuse of dominance provisions as referred in Competition Act. It 
basically finds out the applicability of abuse of dominance clauses by referring some case laws in 
order to understand the significance of competition law. This paper is going to find out the 
source of it, but also constitutionally validity and its applicability. On 1969 the Monopolies 
Restrictive Trade Practices Act was enacted to control the practices of enterprises, but on 1991 
the liberalization took place throughout India. Therefore, the rethinking of competition law was 
necessary for the legislatures. Subsequently, the Competition Act came into force on 2002. This 
paper would like to review few unanswered disputes which remained as the abuse of dominance 
provisions but could have been rethought by our legislatures to uphold free and fair competition 
as the key goal of legislation.  

Keywords: Anti-Competitive Agreement, Abuse of Dominance, Relevant geographic Market, 
Relevant Product Market, Predatory pricing. 

 
1Introduction 
First competition law was found on 50 B.C at Rome in the name of ‘Lex Julia De Annona’ i.e., 
any individual attempting to destroy incoming vessels carrying cargo with the attempt to 
sabotage competing commercial endeavours would be prosecuted[1]. Most probably Julius 
Caesar introduced this law over Rome to control the market economy in a legal way. First 
codified competition Law was found in America in the name of Sherman Act 1890. 
Subsequently Clayton Act 1914, Cellar-Keaufer Act 1950 were introduced by America. Over 
Indian context firstly to restraint economic concentration in a single hand an Act was introduced 
as Monopolies Restrictive Trade Practices Act 1969 by Indian Government considering the 
report of Mahalnavis Committee. On 1991 the era of ‘Nationalisation’ asserted by former Prime 
Minister Indira Gandhi came to halt. Privatization model was introduced by then Finance 
Minister Manmohan Singh at parliament and another regime was been introduced over India. As 
a consequence, the Competition Act has been enacted by Indian Government on 2002 
considering the proposal of Raghavan Committee.  
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2Constitution of India speaks 

As we know that our Constitution is the guide-book for every Act passed by the Parliament. This 
paper has searched the necessity of Competition Law in our Constitution. Article 19(1) (g) 
ensures that the people of India have “freedom of practicing any profession or to carry on any 
occupation, trade or business” [2]. Article 38(1) provides “the state shall strive to promote the 
welfare of the people by securing and protecting as effectively as it may a social order in which 
justice, social, economic and political, shall inform all the institutions of the national life [3]”. 
Article 39(b) provides that “the ownership and control of the material resources of the 
community is so distributed as best to sub serve the common good” and 39(c) provides that the 
operation of economic system does not result in the concentration of wealth and means of 
production to the common detriment [4]”. Therefore, the Competition Law has too much 
significance to assure and ensure economic justice to every individual. To ensure economic 
justice as our fundamental right and to assure the common good to every individual is the 
directive principal of state policy. So, the state must prevent some sort of economic 
concentration which causes adverse effect to the common detriment. 

To understand the abuse of dominance laws and its application, to know the definition of 
anticompetitive agreement directed in Competition Act 2002 is important. Some agreements 
which have adverse effect into competition should be made void by the rule of law otherwise 
free and fair competition cannot be upheld, which is the basic aim of Indian Constitution.  

1. Anti-Competitive Agreement: Section 3 of Competition Act 2002 prohibits some 
agreements which have an adverse effect upon competitors as well as consumers relating 
to production, distribution, supply, storage of goods and services. Any kinds of 
cartelization directly or indirectly determines purchase or sale prices;  limits or controls 
production, supply, markets, technical development, investment or provision of services; 
shares the market or source of production or provision of services by way of allocation 
of geographical area of market, or type of goods or services, or number of customers in 
the market or any other similar way;  directly or indirectly results in bid rigging or 
collusive bidding, shall be presumed to have an appreciable adverse effect on 
competition or some kinds of agreements like (a) tie-in arrangement; (b) exclusive 
supply agreement; (c) exclusive distribution agreement; (d) refusal to deal; (e) resale 
price maintenance of were void by Competition Act 2002[5]. 

2. Abuse of Dominance: let’s know the definition of dominant position. Dominant 
position meansa position of strength, enjoyed by an enterprise, in the relevant market, in 
India, which enables it to— (i) operate independently of competitive forces prevailing in 
the relevant market; or (ii) affect its competitors or consumers or the relevant market in 
its favour[6]. According to Competition Act 2002 any kind of dominance is not illegal, 
but its abuse is illegal so that some provisions have been set by Competition Act in order 
to determine the abuse of dominance. The provisions are follows: 
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Section 4 of Competition Act 2002 as amended Competition (Amendment) Act 2007 
characterizes following provisions as to understand the grounds of abuse of dominance: 

a) Directly or indirectly, imposes unfair or discriminatory— (i) condition in purchase or sale 
of goods or service; or (ii) price in purchase or sale (including predatory price) of goods 
or service. 

b)  Limits or restricts— 
(i) production of goods or provision of services or market therefor; or 
(ii) technical or scientific development relating to goods or services to the 

prejudice of consumers; or  
c) Indulges in practice or practices resulting in denial of market access in any manner; or 
d) Makes conclusion of contracts subject to acceptance by other parties of supplementary 

obligations which, by their nature or according to commercial usage, have no connection 
with the subject of such contracts; or  

e) Uses its dominant position in one relevant market to enter into, or protect, other relevant 
market.[7] 

Taking into consideration the above criteria relating to define the grounds of abuses of dominant 
position this paper may like to say that not any yardstick has been set by the Act to determine an 
enterprise or group as dominant so easily. The Monopolies Restrictive Trade Practices Act 1969 
provided that an undertaking having 20% market shares would be considered as monopoly 
enterprise[8]. But in Competition Act 2002, as there is no specific yardstick has been set, the Act 
gives a discretionary power to the Competition Commission, the Deciding authority, relating to 
determine an Enterprise as dominant. The Act gives the power to Commission regarding 
measuring the enterprise as dominant. 

 In the case of Meru travel solution Pvt Ltd v Uber India System Pvt.Ltd. &others, case no-
96/2015, decided on 10/02/2016[9]; the CCI on the basis of Director General Report adjudicated 
that Uber India is not a dominant firm. In this case the Commission considered two research 
reports, i.e.,‘TechSci report’ and ‘6Wresearc report’. The ‘Tech Sci report’ submitted by the 
informant showed the market share of UBER on the basis of different parameters to 44.2%(fleet 
size), 41.38%(active fleet size) and 50.1%(number of trips) as opposed to the market share 
figures of the next competitor i.e., OLA (along with taxi for sure) which are 32%(fleet size), 
275(active fleet size) and 23.1%(number of trips). The 6w researc report on the other hand, 
shows that the market share of OLA to be 52.9%(fleet size), 54.3%(active fleet size), 
52.3%(monthly revenue) and 57.5%(number of daily trips) as opposed to UBER’s market share 
which stated to be 17.6%(fleet size). 7.8 % (active fleet size) and 3.8 % (monthly 
revenue)[10].Evidently, there are gross differences in the data and results depicted by the two 
research reports i.e. ‘6Wresearc Report’ and ‘Tech Sci report’; creating a serious doubt on their 
authenticity and neutrality.  
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The conflicting result indicate that either the data relied upon in the said reports is accurate or the 
data had been selectively collected and relied upon to reach some predetermined results. But as 
Commission does not have any specific yardstick to determine an enterprise as dominant it has to 
believe upon the private companies result card which may not be proper on every time. 
Thereafter, in this paper an attempt is made to find out that how the dominance is assessed.  
Section 19 of Competition Act 2002 as amended Competition (Amendment) Act 2007 stipulates 
some grounds to assess an enterprise as dominant. The grounds are follows: 

According to section 19(4) of the Act, The Commission shall, while inquiring whether an 
enterprise enjoys a dominant position or not under section 4, have due regard to all or any of the 
following factors, namely:— (a) market share of the enterprise; (b) size and resources of the 
enterprise; (c) size and importance of the competitors; (d) economic power of the enterprise 
including commercial advantages over competitors; (e) vertical integration of the enterprises or 
sale or service network of such enterprises; (f) dependence of consumers on the enterprise; (g) 
monopoly or dominant position whether acquired as a result of any statute or by virtue of being a 
Government company or a public sector undertaking or otherwise; (h) entry barriers including 
barriers such as regulatory barriers, financial risk, high capital cost of entry, marketing entry 
barriers, technical entry barriers, economies of scale, high cost of substitutable goods or service 
for consumers; (i) countervailing buying power; (j) market structure and size of market; (k) 
social obligations and social costs; (I) relative advantage, by way of the contribution to the 
economic development, by the enterprise enjoying a dominant position having or likely to have 
an appreciable adverse effect on competition; (m) any other factor which the Commission may 
consider relevant for the inquiry[11].Based on the above mentioned provisions, this paper may 
like to say that there have been already twelve conditions in order to determine an enterprise as 
dominant along with an another section which is section 19(4)(m). It provides a discretionary 
power to the Commission so that they can follow any factor to define a firm as dominant. 
 Keeping the factors in mind this paper now is going to search the provisions relating to 
abuse of dominance determination on relevant market. According to section 2(r) of the 
Competition Act the relevant market is comprised by geographic market and product market. 

2.1.Relevant geographic Market: According to section 2(s) of Competition Act“relevant 
geographic market” means a market comprising the area in which the conditions of 
competition for supply of goods or provision of services or demand of goods or services 
are distinctly homogenous and can be distinguished from the conditions prevailing in the 
neighbouring areas[12]. 

2.2.Relevant Product Market: According to section 2(t) of Competition Act “relevant 
product market” means a market comprising all those products or services which are 
regarded as interchangeable or substitutable by the consumer, by reason of characteristics 
of the products or services, their prices and intended use[13]. 

This paper presumes that as there are no specific test as fixed by Competition Act, therefore, to 
measure the relevant product market share, the Commission is given a discretionary power to 
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determine the interchangeability or substitutability. In terms of the relevant geographic market 
definition, the Competition Commission seems to have presumed that it has a discretionary 
power to determine the neighbouring areas. Before submitting a case law to search this view’s 
applicability let’s see what are those criterias set by Competition Act to inquire relevant product 
market and geographic market. 

2.3.Conditions to determine relevant geographic market: Section 19(6) of Competition 
Act, The Commission shall, while determining the “relevant geographic market”, have 
taken into consideration the following factors, namely: — (a) regulatory trade barriers; 
(b) local specification requirements; (c) national procurement policies; (d) adequate 
distribution facilities; (e) transport costs; (f) language; (g) consumer preferences; (h) need 
for secure or regular supplies or rapid after-sales services[14]. 

2.4.Conditions to determine relevant product market: Section 19(7) of Competition 
Act,The Commission shall, while determining the “relevant product market”, have taken 
into consideration the following factors, namely:— (a) physical characteristics or end-use 
of goods; (b) price of goods or service (c) consumer preferences; (d) exclusion of in-
house production; (e) existence of specialised producers; (f) classification of industrial 
products[15]. 

 
3 Case Analyses 

In Ajay Devgan Films Production House v Yash Raj Production & others case[16]the 
Commission was of the opinion that Yash Raj Production did not make any abuse of its 
dominant power upon film market as it was not having a dominant position because so many 
other film production houses lay upon the Film Industry. The fact was there was an agreement 
took place between Yash Raj Films production house with all the single screen theatres of India 
that after blockbuster hit of EkTha Tiger every single screen theatre houses publish the next film 
produced by Yash Raj Production house on Eid, the holy ritual of Muslims. Subsequently Ajay 
Devgan promoted his next film Son of Sardar and declared that this film was going to be 
released on Eid. Soon after that the Badsah of bollywood, Sahrukh Khan with the help of Yash 
Raj Fims Production agreement with single screen theatres promoted to release Jab TakHaiJaan 
on Eid, the very same occasion when Ajay Devgan’s Film was going to be released. Thereafter 
Ajay Devgan filed information to the Commission to adjudicate this dispute alleging that under 
section 3 and section 4 of Competition Act were violated by Yash Raj Film Production. But 
Commission relied that the number of Multi screen Theatre are higher than single screen 
Theatre. And the Film Industries earned more revenue from Multi screen theatre. The 
commission was unable to accept such a narrow approach while determining the relevant market. 

 A large number of movies are released in India every year. As per the information available in 
public domain, in Bollywood itself, 107 opposite parties produced only 2-4 films each year. This 
could not be said to amount to dominance even in the Bollywood industry, leave aside film 
industry in India. Therefore, the claim of the informant that opposite parties were dominant 
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players in the market ‘film industry in India’ could not be accepted. The decision raised several 
concerns whether the relevant market in the present case should have restricted to only single-
screen theatres, including multiplexes across the India. The Commission assumed the well-
known fact that cities and large towns are predominantly dominated by multiplexes and single 
screen theatres are prevalent mostly in small towns and villages.  

Though admittedly, it is important to conduct a proper economic analysis and survey on this 
subject, before coming to any such legal conclusion. Thus consumer in rural areas would stand to 
lose their right of choice as to what film to watch if the single screen theatre in their area could 
only screen one film over a particular period of time, as was the case in the current dispute where 
single screens were compelled to buy rights to telecast the movie ‘Jab TakHaiJaan’ instead ‘Son 
of Sardar’[17]. Not only that as thesis has presumed that as there is no specific test rendered by 
Competition Act to determine the substitutability, Commission had overlooked the right of rural 
areas film visitors where only Jab TakHaiJaan were exhibited .The consumer preferences were 
restricted by the tie arrangement between Single screen theatre and Yash Raj Films. This is the 
common condition in both relevant geographic market and relevant product market. This treatise 
may like to say that if the single screen theatre would be considered as the area or relevant 
geographic market the judgment seems to be changed. Though, Bollywood Film Industry earns 
more (65%) revenue in respect of single screen theatre (35%). Area is being changed on case to 
case. But as Indian Competition Law concerns in most of the cases the commission determine 
across the India as relevant geographic market. It has been carrying an odd precedent criticized 
by VinodDhall in his eminent editorial book, Competition Law Today on page number 552 
discussing about relevant geographic market.  

In the Uber case, the Commission believed that there was no abuse of dominance as many rivals 
were competing. Supporting this view Commission considered the market share ratio of OLA, 
which was the nearest competitor of Uber. However, there was no test stipulated by Competition 
Act as well as there was no specific definition of substitutability referred, the Commission did 
not pay any notice relating to the offer given by Uber in “Radio Taxi Service” market. If the 
Commission considered the market size and resources of Uber the result was seems to be 
changed. Because already on radio taxi service market segment the Uber had made agreements 
with many local taxi owners to provide “relative advantage, by way of the contribution to the 
economic development, by the enterprise enjoying a dominant position having or likely to have 
an appreciable adverse effect on competition”, which is one of the determining factor regarding 
assessment of dominance, stipulated under section 19(4) (l) of Competition Act 2002.  

Not even that the Commission considered the report card made by two private company as 
6Wresearc Report and Tech Sci report because the Commission has no government appointed 
body to find out the report from grass root level as well as no specific test like SSNIP test or 
Interchangeability of Product test were not precedentially followed by Commission. Therefore, it 
can be presumed that Commission has the discretionary power because of having lot of grounds 
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as referred by section 19(4) of this Act with section 19(4)(m) which gives the discretionary 
power to Commission. 

In JIO case the Commission was of the opinion that as the Reliance JioInfocom Ltd. being a new 
enterprise can give such a supplementary offer for a long period. This enterprise was formed by 
Reliance Industries Ltd. In this case the BhartiAirtel was the Informant and Reliance Industries 
Ltd. was the Opposite party 1 and Reliance Infocomm Ltd. was the Opposite party 2 
respectively. One Infotel Broadband Services Private Limited won the spectrum auction in 2300 
MHz band category on pan India basis in 2010. Subsequently, OP-1 acquired majority stake i.e. 
around 96 per cent in IBSL, which was later on re-named as Reliance JioInfocomm Limited (i.e. 
OP-2)[18]. Thereafter, it started its business from 5th September 2016 with a free offer in all 
segment of 4G Networking services. They had obtained a time period for this free welcome offer 
up to 31st December from Telecom Regulatory Authority of India (TRAI), which is the 
regulating body as well as quasi adjudicating body in telecommunication area. Subsequently this 
time period was reduced by TRAI from 31st December to 03rd December, 2016. But the Reliance 
JioInfocomm Ltd. did not pay any heed into the decision taken by TRAI. Not even that they had 
continued the offer up to 31st December thereafter they again introduced a new offer in the name 
of happy New Year offer. From September to December their market subscriber had reached to 
72 million. But for 28 days, from 03rd December to 31st December, which was above the period 
set by TRAI for giving such offer, were not counted by Competition Commission at the time of 
addressing the Reliance JioInfocomm Ltd did not do predatory pricing. 

 Predatory pricing means; “the sale of goods or provision of services, at a price which is below 
the cost, as may be determined by regulations, of production of the goods or provision of 
services, with a view to reduce competition or eliminate the competitors”[19]. If 28 days would 
be counted may be the result could have changed. Therefore, this paper would like to refer this 
case because even though a big market size of Reliance Industries in Reliance JioInfocomm Ltd 
despite to it was not considered as dominant because Commission was only to determine the 
market share of Reliance JioInfocomm. But both the Opposite party had tie arrangement which 
affected the market grossly resultantly according to April-June quarterly report 2019, published 
by TRAI, the Reliance JioInfocomm Ltd has obtained the first rank over telecommunication 
market[20]whereas on  February 2017 report published by TRAI showed that the Reliance 
JioInfocomm Ltd had only 6.4% market share.  

In between two years the Jio  achieved the first rank by defeating the, BhartiAirtel, who was on 
the first position having 23.5 percent market share over the telecom market. Vodafone and Idea 
has been struggling for their existence and some rivals have already withdrawn them from 
telecom market such as Tata, System etc. so that the Commission may considered the time 
during when without the approval time period of TRAI the OP 2 continued their offer. Section 
14 of TRAI Act 1997 speaks: any monopolistic, restrictive trade practices will be decided by 
MRTPC followed by Competition Commission not by Telecom Regulatory Administrative 
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Tribunal. If the Commission does not give any probative value of TRAI’s regulation some 
doubts can raise against the power of regulation regulated by TRAI. 

4 Conclusions 

This paper depicted a microscopic view of abuse of dominance law and its applicability into the 
market. As we know that the society is dynamic so that the law should be dynamic otherwise it 
cannot be protect us. This paper critically analyses the abuse of dominance laws through the 
landmark judgment given Competition Commission. The Uber case, Ajay Devgan case, Jio case 
are taken into consideration because of some flaws still remain into judging an enterprise as 
dominant or not. The discussion problems may be kept to rethinking the legislatures as to protect 
the free and fair competition between markets. On 1991, India opened its market for investment 
of foreign funds so it must accelerate a lubricating path in which the foreign investment can 
come and enhance our economic growth. Perhaps, the Vodafone Company is in a way to wrap up 
their business from India as because the Jio’s entry which affects the market immensely. The 
local authorities like Meru Travel Solution faced irreparable loss because of underground tie 
arrangement in place between local taxi owners and Uber. Ajay Devgan faced damages because 
he could not screen his film in single screen theatre as there is an agreement happened between 
single screen theatre owners and Yash Raj film. So, these things could have been investigated by 
the Judiciary as well as our legislatures to prevail free and fair competition. 
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Abstract: Thundersquall, rainfall and wind due to thunderstorm causing heavy loss in life, 
property and agriculture in the tropics mainly during pre monsoon months. The analysis of the 
upper atmospheric soundings has introduced different stability parameters which give 
information about the stability of the atmosphere. Stability parameters like SWI, LI, KI,TT, CT, 
VT, SWEAT, CAPE, CIN and BRN are studied for forecasting atmospheric stability and 
thunderstorm potential.Theirforecasting skill isverifiedduring thunderstorms events at Dhaka, 
Bangladesh andthe analysis also extended fortornado events over this area. So a regional based 
detail investigation will be needed to predict the extreme weather events to prevent the degree of 
the casualties. 

Keywords: Thundersquall, Rainfall, Premonsoon, Atmospheric Soundings, Stability parameters 

1 Introduction 
Thunderstorm is the common weather phenomenon in the tropics mainly during pre monsoon 
months (Marchto May). The frequency of occurrence of these events in West Bengal and 
Bangladesh in premonsoon season is very high. Premonsoon storms in this area are known as 
Nor’westersand characterized bythunder squall, rainfall and wind causing heavy loss in life, 
propertyand agriculture. It also associated with intra cloud (IC), cloud to cloud (CC) and cloud to 
ground(CG) lightning discharges. The lightning from these thunderstorms results severeaviation 
hazards. Instabilityof the atmosphere, lifting of air parcel and moisture content are the three 
major factors which produces deep moist convection [1-3].  
The generation of thunderstorms is mainly guided by thethermodynamic conditions of 
atmosphere. Different studies have been conducted yet to gather information of pre and post 
features associated with thunderstorm [4-8]. Thunderstorm Forecasting is one of the harder 
problems because of its complex nonlinear nature. The thermodynamical, microphysicaland 
electrical properties of thunder cells determine the severity of the storm.The analysis of the upper 
atmospheric radiosondedata has introduced different stability parameters which give information 
on atmosphericstability.  
Attempts are made to find relation between stability indices and prediction of thunderstom 
development by the researchers over the globe [9–13].The critical values of the indices are 
estimated on regional basis in different occasion sothat the best skill in forecasting thunderstorm 
can be made. 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

91 
 

2 Stability of the Atmosphere 
The atmospheric stability actually depends on the environmental lapse rate and adiabatic lapse 
rate. ELR (environmental lapse rate) is less than PLR (parcel lapse rate) indicates that air parcel 
is cooler than its surrounding and the atmosphere is stable. Conditional instability exists if ELR 
is between DALR (Dry adiabatic lapse rate) and WALR (Wet adiabatic lapse rate). Figure 1(a) 
shows the skew T plot, 1(b) shows Stuve plot and 1(c) shows hodograph indicates 
Meteorological elements of normal day (28.05.2018) and thunderstorm day (31.05.2018) over 
Dhaka, Bangladesh. 
 

 
 

Figure 1(a) Skew T plot of a normal day and thunderstorm day over Dhaka 
 

Figure 1(b) Stuve plot of a normal day and thunderstorm day over Dhaka 
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Figure 1(c) Hodograph of a normal day and thunderstorm day over Dhaka 

[Courtesy: Wyoming University Atmospheric Database] 
 
Different stability parameters is introduced to estimate the instability of the atmosphere like 
Lifted Index (LI), Severe Weather Threat Index (SWEAT), Cross Total Index (CT), Vertical 
Total Index (VT), Total Total Index(TT), Convective Available Potential Energy (CAPE), 
Convective Inhibition (CIN), Bulk Richardson Number (BRN). Lifted index (LI) is graphed to 
calculate difference of temperature between lifted parcel and the surrounding at 500 hPa level to 
estimate average moisture and temperature within PBL (Planetary boundary layer) [14]. Total 
Total index (TT) has of two parts:(i) Vertical Total Index (VT) which calculates lapse rate 
between 850 hPa and 500 hPa and (ii)Cross Total Index (CT) accounts the dew point at 850 hPa 
[5,15]. SWEAT assesses potential of storm by incorporating kinematics and thermodynamic 
information [16].CAPE accounts the amount of buoyant energy available for lifting parcel until 
its temperature equalizes to the temperature of the environment [17–19]. CIN measures the work 
required to bring parcel to the level of free Convection (LFC). Bulk Richardson Number (BRN) 
adds the buoyant energy (CAPE) and vertical shear of the horizontal wind [20, 21]. The 
occurrences of thunderstorms are probable in the regions where the stability parameters are 
above the threshold values. SWEAT > 300 is the potential for thunderstorm and SWEAT > 400 
have potential for tornadoes. Tornadoes also happen below 400 if thunderstorms and or boundary 
interactions increase the shear. The Stability parameters LI, TT, CT, VT, SWEAT, CAPE, CIN 
and BRN are studied for forecasting atmospheric stability and potential and  verified for the year 
2018 thunderstorms in and around Dhaka, Bangladesh. Among these thunderstorms, maximum 
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rainfall of 78 mm and 82mm happened on 29.04.2018 and 31.05.2018 in Dhaka respectively [22, 
23].  
3 Data Analysis 
Occurrences of thunderstorm in premonsoon season over Dhaka have been taken into account for 
the year 2018. The stability parameters are computed by using radiosonde data for the 
thunderstorm days. The critical values of the parameters are taken and compared to the 
calculated values to verify the skill of the stability parameters to forecast thunderstorm potential 
[24, 25]. 
4 Results and Discussion 
Thunderstorm cases for the year 2018 over Dhaka are studied for verification. The mean, SD and 
Skew of the stability parameters are depicted in Table 1.A comparison of the mixing ratio and 
the total precipitable water content (mm) in the entire soundings has done in Figure 2 and it is 
seen that a clear proportionate relationship exists there. The percentage of cases of different 
parameters having values both above or below the critical values. These we have shown in Table 
2. LI, SWEAT, CT, VT, TT and CAPE are showing good prediction potential. Also a scattered 
plot is drawn to find out the relationship between Showalter Index (SWI), Lifted Index (LI), 
SWEAT and TT vs Kinetic Index (KI) which is shown in Figure 3.  
We compared the average value of the stability parameters of the 11thunderstom events and 17 
tornado events occurred in this region in Table 3. A linear relation is found within KI with SWI, 
LI, SWEAT and TT. It is observed that the indices are much higher for tornado than the 
thunderstorm events. The values for LI, SWEAT, CAPE and BRN for thunderstorm and tornado 
cases are -1.12, 273.46, 386.13, 42.12 and -6.91, 480.61, 6322.31, 135.03 respectively which 
clearly distinguishing the two phenomenon. 

 
Figure 2 Comparison between mixing ratio (kg/kg) and precipitable water content (kg/kg) in the 

soundings 
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Figure3Scattered plot of SWI, LI, SWEAT and TT vs KI 

 
Table1 Descriptive statistics 

Parameters Mean SD 

LI 1.12 +1.63 

SWEAT 273.46 +1.59 

CT 20.06 +3.27 

VT 25.74 +3.11 

TT 45.8 +2.79 

CAPE 386.13 +4.36 

CIN -208.72 -89.86 

BRN 42.12 +62.04 

KI 32.96 +2.77 

SWI -0.43 +2.74 
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Table 2 Cases above the Critical Values of the parameters 
Variables Critical Values % of cases  
LI 0 81.82 
SWEAT 140 90.90 
CT 15 100.0 
VT 25.1 63.63 
TT 40.2 100.0 
CAPE 1000 22.22 
CIN -150 55.56 
BRN 100 22.22 

 

Table 3 Comparison between thunderstorm and Tornado Events 
Indices Thunderstorms Tornado 
LI -1.12 -6.91 
SWEAT 273.46 480.61 
CT 20.06 19.41 
VT 25.74 28.27 
TT 45.8 47.64 
CAPE 386.13 6322.31 
CIN -208.72 -0.01 
BRN 42.12 135.03 

 
5 Conclusions 
The probability for successful prediction of thunderstorm events of LI, SWEAT and TT are 
81.82%, 90.90% and 100% respectively. So these four parameters may have better skill for 
thunderstorm prediction than other parameters. The mean value of LI and CAPE are remarkably 
high for tornado cases over thunderstorm. These two parameters may be used to differentiate the 
thunderstorm and tornado cases. More detailed studies on the stability parameters and extending 
the analysis for other thunderstorm events of tropical region will help to develop a regional based 
simple tool for disturbed weather. 
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Abstract: Contingency Analysis is an important tool to find out the security of the power 
system. Contingency Analysis helps up to plan for a new power system. The main reason of 
doing this Contingency Analysis is to give the operator the information about static security. Any 
of the power system components can go into certain disturbances which may result in the 
disturbance of the whole system. Contingency Analysis is done to identify those disturbances 
considering different power system components and the effect it would have in the whole 
system. Contingency Analysis also provides us the guide for resiliency and enables the grid to 
continue even in case of fault conditions. Here in this paper-work we have considered a six bus 
system having three generators on three buses of different capacity and at the other three buses 
load is connected of different capacity. We have done the contingency analysis taking into 
account of three major faults in power system i.e. fault in generator, fault in transmission line, 
fault in both generator and transmission line. We have calculated the effect of this fault in the 
total six bus system using MATLAB software. The data and results are taken from the software 
for the contingency planning. 
Keywords: Contingency Analysis, Grid, MATLAB Software, Six Bus System. 
 
1 Introduction 
Secured operation of a power system requires not only that the system operates within specified 
system operating conditions, but also that proper operation is maintained when contingencies 
occur. Contingency Analysis simulates credible contingencies to analyze their impact on the 
operation of the power system [1]. Contingency analysis is one of the best methods to forecast 
the condition of power system if any one unwanted event occurs in the power system. To plan a 
power system and to operate the power system, the Contingency Analysis is a very major activity 
[2-3]. Contingency Analysis is the analysis of the power system during non-functionality of 
equipments or devices. Outages of generators, transmission lines have been carried out and the 
results are analyzed. The off line analysis, to predict the effect of individual contingency is a 
tedious task as a power system contains large number of components [4-5]. Contingency analysis 
is used to calculate violations in the power system [6]. Though modern power grids are 
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continuously monitored by trained system operators equipped with sophisticated monitoring and 
control systems, large blackouts occur frequently. To prevent such blackouts, it is necessary to 
perform contingency analysis [7]. 
 
The main security function contingency analysis is the study of power system by which change 
in power flow in lines and bus voltage on the system due to any unscheduled outage of a line 
component or generator or any disturbances such as change in load demand is assessed [8]. 
Contingency can be defined as the non-functionality in the power system of a device such as a 
generator, transformer, transmission line and more or the change of the device state which may 
include the possibility in a transformer substation of an unplanned opened circuit breaker. The 
purpose of the contingency plan is to check the change in the functioning of the device that will 
occur after the fault element is removed. 
 
2 Methods of Contingency Analysis 
Contingencies of a power system contain some abnormalities e.g. over voltage at some buses, 
over loading on the lines, which if are unchecked, can collapse the total system It is also 
necessary to predict the effect of any component failure. So maintenance should be done in a 
regular basis on the generating units and transmission lines. During this, a unit is taken and 
isolated for servicing purposes. The effect of this forced outage on other parts of the system can 
be observed using contingency analysis [9].  
 
The methods of contingency analysis are given below:  
a. AC Load flow method  
b. DC Load flow method  
c. Z-Matrix method  
d. Performance Index method [9] 
 
Here in this paper we have used DC Load flow method to analysis the contingency of a six bus 
power system. DC Power Flow is a commonly used tool for contingency analysis. Recently due 
to its simplicity and robustness it is used increasingly for the real time dispatch and contingency 
analysis of power systems [10]. The DC Power Flow Model find its widespread utilization in the 
contingency analysis. There are two versions of this model, namely, Hot Start and Cold Start 
Models. Since the bus voltage profiles are inevitably considered to be flat the accuracy of Cold 
Start are of great concern [11]. Generally, the fast power flow solution techniques such as DC 
load flow methods are used to quickly evaluate the risks associated with each contingency. 
 
2 Power Systems 
For the contingency analysis of the power system we have considered a six bus network power 
system in this paper which diagram is given in Figure 1. 
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Figure 1 The bus network power system 
 
This contingency analysis is performed in MATLAB through programming. The procedures are 
described below step by step: 

1. To perform this at first we have to form the Y-Bus Matrix. Then we have to input 
this Y-Bus matrix into the system. 

2. In next step we have to from the P-Vector with the help of generator data and 
distributed load data. Then we have to input this P-Vector into the system. 

3. Then the all active and reactive powers will show in the system. 
4. Then Option will appear in which we have to choose the Option for Generator 

Contingency/Line Contingency/ Line & Generator Contingency/ N-1 Analysis /N-
1-1 Analysis. 

I. Generator Contingency: If we choose the first option the generator 
contingency can be simulated. In this case one or two generator can be 
shut down and this power will equally divide on the other running 
generators. 

II. Line Contingency: If we choose the second option the line contingency 
can be simulated. In this case at first the numbers of lines to be shut off 
must enter and then the line numbers one by one. 
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III. Generator and Line Contingency: If we choose the third option the 
generator and line contingency can be simulated. In this process the above 
two input rules must be needed. 

IV. Full N-1 Analysis: If we choose the fourth option the full N-1 analysis can 
be simulated.  The only input here is the value that the power flow on any 
line should not be greater. After that, if there are some violations of this 
rule, the alarms will raise with the information when it appears (which line 
contingency is potentially dangerous to the system security). If there are 
no violations it will show that the power system is secure and there is no 
violation of the rule. 

 The Y bus matrix which we have used is given below: 

YBUS = 

⎣
⎢
⎢
⎢
⎢
⎡

25 0 8 7 10 0
0 20 5 9 0 6
8 5 23 0 10 0
7 9 0 26 0 9
10 0 10 0 28 8
0 6 0 9 8 23⎦

⎥
⎥
⎥
⎥
⎤

 

The P vector which we have used initially is given below: 

P Vector = 

⎣
⎢
⎢
⎢
⎢
⎡

2
2.25

2.25
2

2.125
2.125 ⎦

⎥
⎥
⎥
⎥
⎤

 

 
4 Results and Discussions 
After having the MATLAB Code we have executed that code in the MATLAB software and get 
the following results: 
(I) FOR GENERATOR CONTINGENCY: 
(A)  At first we have considered that the Generator at bus 4 is in off condition and the load of 
 Generator at bus 4 is being shared by the Generators at Bus 3 and 6.  
Reduced suceptance matrix, taking node 1 as the reference node and reduced vector of the 
injected active power:  

Br=

⎣
⎢
⎢
⎢
⎡

20 5 9 0 6
5 23 0 10 0
9 0 26 0 9
0 10 0 28 8
6 0 9 8 23⎦

⎥
⎥
⎥
⎤

  Pr=

⎣
⎢
⎢
⎢
⎡

2.250
2.250
2.000
2.125

2.125 ⎦
⎥
⎥
⎥
⎤

 

Taking the generator of bus 4 in the off condition, the new P matrix becomes and reduced vector 
of the injected active power 
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P1=

⎣
⎢
⎢
⎢
⎢
⎡

2
2.25

3.25
0

2.125
3.125 ⎦

⎥
⎥
⎥
⎥
⎤

     Prb =

⎣
⎢
⎢
⎢
⎡

2.250
3.250

0
2.125

3.125 ⎦
⎥
⎥
⎥
⎤

 

The following table shows the variation of the change in bus voltage angle 𝜃 at stable system and 
when the generator at bus 4 is in off condition: 

Value of 𝜽  at 
different buses in 
radian 

At normal system  When generator 
at bus 4 is 
removed 

𝜃1* 0.0000 0.0000 

𝜃2 0.0220 0.0045 

𝜃3 0.1051 0.1545 

𝜃4 0.1379 0.0606 

𝜃5 0.0056 0.0280 

𝜃6 0.1541 0.1705 

*The subscript for 𝜃 shows the respective value of 𝜃 for that bus only. 
The following table shows the variation of the change in active power flow P at stable system 
and when the generator at bus 4 is in off condition: 

Value of P in per 
unit 

At normal system When generator 
at bus 4 is 
removed 

𝑃1 3* -0.840554 -1.235605 

𝑃1 4 -0.965109 -0.424041 

𝑃1 5 -0.056465 -0.279777 

𝑃2 3 -0.415219 -0.749666 

𝑃2 4 -1.042626 -0.504358 

𝑃2 6 -0.792155 -0.995796 

𝑃3 5 0.994227 1.264729 

𝑃4 6 -0.145607 -0.989156 

𝑃5 6 -1.187238 -1.140047 

*The subscript of P shows the value of active power flow in the transmission line connecting 
those buses. 
 
(B) Now in this case we have considered that the Generators at bus 3 and 6 are in off 
condition and the load of Generator at bus 3 and 6 is taken up by the Generator at Bus 4.  
The reduced suceptance matrix is same as before. 
Taking the generator at bus 3 and 6 as the off generators the new P matrix becomes and reduced 
vector of the injected active power is 
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P1=

⎣
⎢
⎢
⎢
⎢
⎡

2
2.25
0

6.375
2.125
0 ⎦

⎥
⎥
⎥
⎥
⎤

     Prb=

⎣
⎢
⎢
⎢
⎡

2.250
0

6.375
2.125
0 ⎦

⎥
⎥
⎥
⎤

 

The following table shows the variation of the change in bus voltage angle 𝜃 at stable system and 
when the generator at bus 4 is in off condition: 

Value of 𝜽  at 
different buses in 
radian 

At normal system  When generators 
at bus 3 and 6 is 
removed 

𝜃1* 0.0000 0.0000 

𝜃2 0.0220 0.0618 

𝜃3 0.1051 -0.0052 

𝜃4 0.1379 0.3088 

𝜃5 0.0056 -0.0429 

𝜃6 0.1541 0.1220 

 
*The subscript for 𝜃 shows the respective value of 𝜃 for that bus only. 
The following table shows the variation of the change in active power flow P at stable system 
and when the generator at bus 4 is in off condition: 

Value of P in per 
unit 

At normal system When generators 
at bus 3 and 6 is 
removed 

𝑃1 3* -0.840554 0.041726 

𝑃1 4 -0.965109 -2.161764 

𝑃1 5 -0.056465 0.428861 

𝑃2 3 -0.415219 0.334977 

𝑃2 4 -1.042626 -2.223394 

𝑃2 6 -0.792155 -0.361583 

𝑃3 5 0.994227 0.376703 

𝑃4 6 -0.145607 1.681019 

𝑃5 6 -1.187238 -1.319436 

*The subscript of P shows the value of active power flow in the transmission line connecting 
those buses. This is known as Generator Contingency. 
(II) FOR LINE CONTINGENCY 
(A)  At first we have considered that the transmission line between the bus 1 and 3, bus 5 and 
6,  bus 4 and 2 are removed i.e. in this case we have removed 3 transmission lines. 
Reduced suceptance matrix taking node 1 as the reference node and taking the line contingency 
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Br= 

⎣
⎢
⎢
⎢
⎡

11 5 0 0 6
5 15 0 10 0
0 0 17 0 9
0 10 0 20 0
6 0 9 0 15⎦

⎥
⎥
⎥
⎤

 

The following table shows the variation of the change in bus voltage angle 𝜃 at stable system and 
when the three transmission lines are removed: 

Value of 𝜃  at 
different buses in 
radian 

At normal system When 
transmission lines 
between 1-3; 5-6 
and 4-2 is 
removed 

𝜃1* 0.0000 0.0000 

𝜃2 0.0220 0.0422 

𝜃3 0.1051 0.1398 

𝜃4 0.1379 0.2954 

𝜃5 0.0056 -0.0363 

𝜃6 0.1541 0.3358 

*The subscript for 𝜃 shows the respective value of 𝜃 for that bus only. 
The following table shows the variation of the change in active power flow P at stable system 
and when the three transmission lines are removed: 

Value of P in per 
unit 

At normal system When generators 
at bus 3 and 6 is 
removed 

𝑃1 3* -0.840554 0.000000 

𝑃1 4 -0.965109 -2.067907 

𝑃1 5 -0.056465 0.363322 

𝑃2 3 -0.415219 -0.488322 

𝑃2 4 -1.042626 0.000000 

𝑃2 6 -0.792155 -1.761678 

𝑃3 5 0.994227 1.761678 

𝑃4 6 -0.145607 -0.363322 

𝑃5 6 -1.187238 0.000000 

*The subscript of P shows the value of active power flow in the transmission line connecting 
those buses. 
(B) At first we have considered that the transmission line between the bus 1 and 4, bus 3 and 
2,  bus 3 and 5, bus 1 and 5 are removed i.e. in this case we have removed 4 transmission 
lines 
Reduced suceptance matrix with taking line contingency 
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Br= 

⎣
⎢
⎢
⎢
⎡

15 0 9 0 6
0 8 0 0 0
9 0 9 0 9
0 0 0 8 8
6 0 9 8 23⎦

⎥
⎥
⎥
⎤

 

 
The following table shows the variation of the change in bus voltage angle 𝜃 at stable system and 
when the four transmission lines are removed 

Value of 𝜽  at 
different buses in 
radian 

At normal system When 
transmission lines 
between 1-4; 5-6 
and 4-2is removed 

𝜃1* 0.0000 0.0000 

𝜃2 0.0220 -0.4286 

𝜃3 0.1051 0.2813 

𝜃4 0.1379 -0.2500 

𝜃5 0.0056 -0.5871 

𝜃6 0.1541 -0.3214 

 
*The subscript for 𝜃 shows the respective value of 𝜃 for that bus only. 
The following table shows the variation of the change in active power flow P at stable system 
and when the four transmission lines are removed: 
 

Value of P in per 
unit 

At normal system When 
transmission lines 
between 1-4, 5-6 
and 4-2 is 
removed 

𝑃1 3* -0.840554 -2.250000 

𝑃1 4 -0.965109 0.000000 

𝑃1 5 -0.056465 0.000000 

𝑃2 3 -0.415219 0.000000 

𝑃2 4 -1.042626 -1.607143 

𝑃2 6 -0.792155 -0.642857 

𝑃3 5 0.994227 0.000000 

𝑃4 6 -0.145607 0.642857 

𝑃5 6 -1.187238 -2.125000 

*The subscript of P shows the value of active power flow in the transmission line connecting 
those buses. This is known as Line Contingency. 
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(III) FOR GENERATOR AND LINE CONTINGENCY 
(A)  At first we have considered that Generator at bus 3 is removed and the transmission line 
 between bus 5 and 6, and between bus 2 and 6 is removed. 
Reduced suceptance matrix, with taking line contingency and reduced vector of injected active 
power is 

Br=

⎣
⎢
⎢
⎢
⎡

14 5 9 0 0
5 23 0 10 0
9 0 26 0 9
0 10 0 20 0
0 0 9 0 9⎦

⎥
⎥
⎥
⎤

   Prb= 

⎣
⎢
⎢
⎢
⎡

2.2500
0

3.1250
2.1250

3.2500 ⎦
⎥
⎥
⎥
⎤

 

The following table shows the variation of the change in bus voltage angle 𝜃 at stable system and 
when the generator at bus 3 and the two transmission lines are removed 

Value of 𝜽  at 
different buses in 
radian 

At normal system When the 
generator at bus 3 
and the 
transmission lines 
between 2-6 and 
5-6 are  removed 

𝜃1* 0.0000 0.0000 

𝜃2 0.0220 0.1058 

𝜃3 0.1051 -0.0296 

𝜃4 0.1379 0.4310 

𝜃5 0.0056 -0.1211 

𝜃6 0.1541 0.7921 

*The subscript for 𝜃 shows the respective value of 𝜃 for that bus only. 
The following table shows the variation of the change in active power flow P at stable system 
and when the four transmission lines are removed: 

Value of P in per 
unit 

At normal system When the 
generator at bus 3 
and the 
transmission lines 
between 2-6 and 
5-6 are  removed 

𝑃1 3* -0.840554 0.237193 

𝑃1 4 -0.965109 -3.016946 

𝑃1 5 -0.056465 1.210746 

𝑃2 3 -0.415219 0.677062 

𝑃2 4 -1.042626 -2.927062 

𝑃2 6 -0.792155 0.000000 

𝑃3 5 0.994227 0.914254 
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𝑃4 6 -0.145607 -3.250000 

𝑃5 6 -1.187238 0.000000 

*The subscript of P shows the value of active power flow in the transmission line connecting 
those buses. 
 
(B) At first we have considered that Generator at bus 3 and Generator at bus 4 are removed and 
the transmission line between bus 1 and 5, and between bus 2 and 4 is removed. 
Reduced suceptance matrix with taking line contingency and reduced vector of injected active 
power: 

Br=

⎣
⎢
⎢
⎢
⎡

11 5 0 0 6
5 23 0 10 0
0 0 17 0 9
0 10 0 18 8
6 0 9 8 23⎦

⎥
⎥
⎥
⎤

  Prb=

⎣
⎢
⎢
⎢
⎡

2.2500
0
0

2.1250
6.3750 ⎦

⎥
⎥
⎥
⎤

 

The following table shows the variation of the change in bus voltage angle 𝜃 at stable system and 
when the generator at bus 3 and bus 4 and the two transmission lines are removed: 

Value of 𝜽  at 
different buses in 
radian 

At normal system When the 
generator at bus 3 
and 4 and the 
transmission lines 
between 1,5 and 
2,4 are  removed 

𝜃1* 0.0000 0.0000 

𝜃2 0.0220 0.0293 

𝜃3 0.1051 0.0412 

𝜃4 0.1379 0.2088 

𝜃5 0.0056 0.0801 

𝜃6 0.1541 0.3944 

*The subscript for 𝜃 shows the respective value of 𝜃 for that bus only. 
 
The following table shows the variation of the change in active power flow P at stable system 
and when the four transmission lines are removed: 

Value of P in per 
unit 

At normal system When the 
generator at bus 3 
and 4 and the 
transmission lines 
between 1,5 and 
2,4 are  removed 

𝑃1 3* -0.840554 -0.329647 

𝑃1 4 -0.965109 -1.461559 
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𝑃1 5 -0.056465 0.000000 

𝑃2 3 -0.415219 -0.059501 

𝑃2 4 -1.042626 0.000000 

𝑃2 6 -0.792155 -2.190499 

𝑃3 5 0.994227 -0389147 

𝑃4 6 -0.145607 -1.670353 

𝑃5 6 -1.187238 -2.514147 

*The subscript of P shows the value of active power flow in the transmission line connecting 
those buses 

 
From the above two cases it is understood that during any fault in both the generator and the 
transmission line the bus voltages and the active power flow in the transmission line changes 
accordingly. This is known as Generator and Line Contingency. 
(IV)  FULL (N-1) ANALYSIS: 
 The value that the power flow on any line should not be greater to: 𝑃 1 

(A) When contingency 1-3 appear (All are in per unit) 
ALARM! P1 4  1.228359ALARM!  P3 5  1.573383 , ALARM! P5 6  1.147778 
(B) When contingency 1-4 appear (All are in per unit) 
ALARM! P1 3  1.194062ALARM! P2 4  1.419062 ALARM! P5 6  1.661619 
(C) When contingency 1-5 appear (All are in per unit) 
ALARM! P5 6  1.165112 
(D) When contingency 2-3 appear (All are in per unit) 
ALARM! P2 4  1.281111, ALARM! P3 5  1.216496 
(E) When contingency 2-4 appear (All are in per unit) 
ALARM! P1 4  1.336070ALARM! P2 6  1.407233 ALARM! P5 6  1.190829 
(F) When contingency 2-6 appear (All are in per unit) 
ALARM! P2 4  1.565458ALARM! P5 6  1.494066 
(G) When contingency 3-5 appear (All are in per unit) 
ALARM! P1 3  1.494684ALARM! P5 6  1.542953 
(H) When contingency 4-6 appear (All are in per unit) 
ALARM! P5 6  1.257868 
(I) When contingency 5-6 appear (All are in per unit) 
ALARM! P1 4  1.582597ALARM! P2 6  1.268948 ALARM! P3 5  1.544737 
We have done the analysis again using a different value of P . 

The value that the power flow on any line should not be greater to: 𝑃 2 

There are no violations of the input condition. Thus the system is safe and is within its working 
limit. 
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5 Conclusions 
Through this paper work we have seen that how the voltage angle and the active power flow in 
the different line changes with the change in different generator and transmission line parameter 
in a six bus system. We have taken three buses as generator bus and other three buses as load 
bus. We have considered different critical cases of contingency. From the generator contingency 
it is seen that when a generator or two have been removed or are under faulty condition, then the 
loads of the generator or generators are taken up the other generator. Similarly, the changes in 
the bus voltage angles and the active power flows in the line are taken into account. From the 
Line Contingency, it is seen that when one or more transmission line connected between two 
buses are removed or under faulty condition, then the change in active power flow in the 
remaining transmission line is measured. In this paper we have considered also another critical 
case of having both generator and transmission line in faulty condition. There also we have 
measured the active power flow and the change in the bus voltage angle. We also have 
incorporated an alarm system in this paper, i.e. when a transmission line crosses its maximum 
power carrying capacity the alarm will raise and thus saving the transmission line from being 
under faulty condition. Thus in this paper we have considered most of the critical case that can 
occur in a six bus network and we have also provided the necessary changes that may occur in 
the bus voltage angles and active power flow through the transmission line. We have also 
incorporated an alarm system in this paper which can save the transmission line from carrying 
excess load. 
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Abstract: An attempt has been made to understand the relative strength of binding of some 
steroidal inhibitors with the active site of AhpD, an enzyme found in Mycobacterium 
tuberculosis. The resistance of Mycobacterial tuberculosis to the drug isoniazid (INH) is caused 
by the suppression of a catalase-peroxidase enzyme (KatG) which activates INH. In absence of 
KatG the antioxidant protection to the bacteria is given by another enzyme AhpC which is 
reduced by AhpD. Hence potential inhibitors to AhpD can stop the antioxidant protection given 
by AhpC to the bacteria. The molecular modeling, docking of inhibitors in the active site of 
AhpD with subsequent energy minimization and dynamics simulation of inhibitor-AhpD 
complexes could throw some light on the interaction pattern of the inhibitors with the enzyme 
AhpD. The binding energy calculation by LIE method is in agreement with the experimental 
value  

Keywords: steroidal oxime inhibitors, AhpD, Mycobacterium tuberculosis, molecular 
modeling, docking, molecular dynamics 

1 Introduction 

Tuberculosis, caused by Mycobacterium tuberculosis (MTb)is still a challenge to humanity. The 
infection is treated by a combination of drugs known as multi drug therapy. The drugs used in 
chemotherapy are isoniazid, rifampicin, pyrazinamide and ethambul or streptomycin. Recently 
multidrug resistant strains of MTb have posed a threat to mankind. At least three out of four 
drugs are resistant towards MDR strains of MTb; WHO findings are quite alarming. It says that 
almost 79 percent of tuberculosis cases are caused by MDR strains. Some enzymes present in 
mycobacterium tuberculosis are responsible for the synthesis of fatty acids which are important 
components of bacterial cell wall. InhA (trans-2-enoyl-ACP-reductase) of MTb is one such 
example. It helps in the formation of long chain fatty acids (mycolic acids). The TB specific 
drugs, like isoniazid (INH) and ethionamide, inhibit the enzyme InhA and stop the synthesis of 
bacterial cell wall, killing the bacteria. In this process INH is converted into an active drug by 
catalase peroxidase (KatG) of MTb. The active drug then attaches with the active site of InhA. 
Mutation in KatG prevents INH conversion into the active form, hence the drug becomes 
ineffective. The resistance to INH is caused by the mutation of KatG. A decrease in the 
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antioxidant protection is dangerous to the bacteria because MTb resides in highly oxidative 
environment of host macrophages. AhpC and AhpD are two enzymes that help to decrease 
antituberculosis drug activity [1]. So, to inhibit AhpD and AhpC/AhpD system new potential 
inhibitors should be searched for[2-5].The hydroperoxide group (-OOH) of the substrates of 
AhpDwere replaced by isosteric oxime (=NOH) moiety for synthesis of potent in vitro inhibitors.   

2. Materials and Methods 

2.1 Identification of new inhibitors 

To understand the mechanism of AhpD of Mycobacterium tuberculosis crystal and molecular 
structure of AhpD at 1.9 A resolution was studied [4]. The coordinates were taken from the 
Protein Data Bank (PDB). It is known that loss of KatG activityis associated with elevated 
expression of AhpC and AhpD. AhpD has alkylhydroxyperoxidase activity. This activity of 
AhpD provides an essential antioxidant defense in absence of KatG. The protein data bank 
structure of AhpD shows that the protein is a trimer, each unit has all helical fold. Two catalytic 
sulfhydryl groups of Cys130 and Cys133 are located near a central cavity.Cys 133 has a pivotal 
role to play in the catalytic process. Cys 133 is deprotonated by a glutamic acid. This is done via 
His137 and a water molecule. The cysteine then reacts with peroxides to produce a sulfenic acid 
that produce a disulphide bond with Cys 130. These structural details were used for modeling 
and docking of some steroidal oximes into the active site of AhpD structure. 

2.2 Modeling of InhA inhibitor complexes by molecular docking: 
The coordinates of the crystal structure of AhpD were taken from Protein Data Bank in Europe 
(PDB entry 1MNC) with 1.9 A resolution(Figure1). The model was validated by correcting 
improper bond lengths, bond angles, torsion angles, connectivity and missing atoms. The 
inhibitors with their inhibition data were collected from literature(Figure 2).Small molecule 
inhibitors with   oxime moiety(C=N-OH)were selected. Different conformations were found due 
to rotation around C-N. The inhibitors were modelled and energy minimized by using 
CHARMM force field available in Discovery suite of software. The potential active site was 
examined in the refined structure of AhpD. The modeled inhibitors in Figure 2 were docked into 
the active site with LibDock program using both rigid docking and flexible docking options. The 
different possible conformations of docking were generated using BEST algorithm. These 
conformations were placed into the spheres around binding site based on triplet matching 
hotspots. The top 20 conformations with highest scores were chosen for calculation of binding 
energy between the inhibitor and AhpD. Energy minimization was performed to remove any 
steric hindrance or van der waalsclashes in the inhibitor-enzyme complex structure. 500 steps of 
Steepest Descents followed by Conjugate Gradient methods with free movements of atoms 
within the binding site were used during minimization. The enzyme inhibitor poses with the 
lowest binding energy were selected for further analysis. 
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Figure1 Trimer formation of AhpD crystal structure (PDB: Entry 1MNC) 

 

 

Figure 2 Inhibitors of AhpD 
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2.2Molecular dynamics simulation 
Molecular dynamics simulation was performed with the CHARMM force field. The AhpD 
inhibitor modeled complexes with lowest binding energies were solvated with TIP3P water 
molecules in an explicit spherical boundary condition.  Subsequently heating, equilibrium and 
production run were carried out by molecular dynamics (MD) simulation in Discovery suite of 
software for 10 nano seconds at 300 K. The production run was carried out at a time step of 
2femto second. The dynamics trajectories were saved after every 20 pico second intervalsfor 
further analysis. 
 
3 Results and Discussions 
The active site is composed of the following residues: Cys130, Cys 133, His 132, His 137 and 
water molecules. Cys 130 and Cys 133 are two key residues which take part in reduction of alkyl 
hydroxy peroxidases by AhpD. The substrate binding site has polar character as found from 
electrostatic potential calculation. Central cavity is positively charged and filled up with water 
molecules (Figure 3). 
 

 

Figure 3 Stereo drawing of the active site residues in AhpD 

A prominent hydrophobic groove is formed by side chain of Ile 77, Met 78, (in helix 5), Met 
104, Ile 106, Ile 107 and Phe 117 (in helix 6). The phenyl group of the inhibitors interacts with 
the hydrophobic pocket of AdpH. Compound 4 (3E, 17-dioxime of testosterone) has the Ki value 
50±2nM and is found to be the most effectively bound inhibitor. The two -NOH groups in the 
inhibitor strongly bind the inhibitor with the enzymes. The two hydrogen bonds formed with the 
oxime group and two residues of enzymeare:Gln 118 - NOH (2.54 A) and Cys 133 – NOH (2.24 
A) . It was verified that two oxime groups in the inhibitor are essential for strong inhibitory 
activity and elimination of either of the oxime weakensinteraction. 

The interaction energy   between inhibitors and amino acids within the active site were 
calculated to show the contribution of important residues in the for the tight binding of the 
inhibitors. Linear Interaction Energy method was used to gain quantitative idea about the binding 
affinities. The MD simulation results were at per with the experimental results. Table 1 shows 
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the peroxides activity of the enzyme in presence of the inhibitors and corresponding binding 
energy  

Table 1peroxides activity of the enzyme 

Compound % activity of 
peroxides activity 

of enzyme 

 
Binding 

energy kcal/ 
mol 

I. 40 -9.86 

2 35 -9.91 

3 80 -8.32 

4 25 -10.2 

5. 80 -8.12 

6 100 -7.62 

7 95 -7.34 

8 90 -7.30 

9 100 -7.61 

10 90 -7.32 

   

 
4 Conclusions 
A computer- simulated study of some steroid oximes complexed with the active site of 
Mycobacterium tuberculosis AhpD enzyme showed that compounds with two oxime groups 
show better inhibitory activity. It also revealed the importance of Cys 133 and Gln 118 as the 
two key residues to make hydrogen bonds with the oxime groups.   These findings may help to 
design potential inhibitors for AhpD as potential tuberculosis drugs. 
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Abstract: In this paper we present a method based on a fuzzy logic, a motion detection scheme. 
A fuzzy quantity (motion confidence) is calculated for each pixel, indicating the membership 
degree of the fuzzy set “motion”. This fuzzy quantity is used to perform adaptive temporal 
filtering, where the amount of filtering is inversely proportional to the determined membership 
degree. As big motion changes reduce temporal filtering; a non-stationary noise will be 
introduced. Experimental results show that the proposed method outperform other state of the art 
non-multiscale motion detection techniques and are comparable with some multi-scale (wavelet) 
based motion detection techniques. 

Keywords: Fuzzy Logic, Image Processing, Motion Confidence 

1 Introduction 
In electrical engineering and computer science, image processing is any form of signal 
processing for which the input is an image, such as photographs or frames of video; the output of 
image processing can be either an image or a set of characteristics or parameters related to the 
image. Most image-processing techniques involve treating the image as a two-dimensional signal 
and applying standard signal-processing techniques to it. Image processing is a prominent area 
that supports applications in different fields, such as medicine, astronomy, national security, 
autonomous systems, product quality, industrial applications, etc. A high volume of research 
work is published every year in this area. These publications cover different topics in the image 
processing area. One of the most challenging works is the development of image processing 
algorithms to try to simulate in some way the human visual system. As is known, these kinds of 
algorithms require modeling of complex systems, which require processing of information with 
high degree of uncertainty and subjectivity. Some algorithms developed under the scheme of 
traditional logic, crisp approach, have been developed [1-3]. As a consequence, information 
uncertainty and subjectivity are difficult to model in the algorithms. A better structure to model a 
real system, in this case, the human visual system, must incorporate tools to model better 
subjective concepts and must be able to deal with the uncertainty of the information. A 
mathematical framework that incorporates these tools is fuzzy logic. Fuzzy logic allows one to 
model uncertainty and subject concepts in a better form than crisp models. Image processing 
usually refers to digital image processing, but optical and analog image processing are also 
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possible. In this paper, we give general techniques that can be applied to all of them. The 
acquisition of images (producing the input image in the first place) is referred to as imaging. An 
intriguing problem in pattern recognition yet to be solved is the relationship between the problem 
to be solved (data to be classified) and the performance of various pattern recognition algorithms 
(classifiers) [4-6]. 

2 Techniques of Image Processing 

Some techniques which are used in digital image processing include: Linear Filtering, Principal 
Components Analysis, Independent Component Analysis, Hidden Markov models, Partial 
Differential Equations. Self-Organizing Maps, Neural Networks, Wavelets 

2.1 Fuzzy Set Theory in Image Processing 
The idea of fuzzy sets is simple and natural. For instance, we want to define a set of gray levels 
that share the property dark. In classical set theory, we have to determine a threshold, say the 
gray level 100. All gray levels between 0 and 100 are element of this set, the others do not 
belong to the set (left image in Figure1). But the darkness is a matter of degree. So, a fuzzy set 
can model this property much better. To define this set, we also need two thresholds, say gray 
levels 50 and 150.  
All gray levels that are less than 50 are the full member of the set, all gray levels that are greater 
than 150 are not the member of the set. The gray levels between 50 and 150, however, have a 
partial membership in the set (right image in Figure1).  

 

 

 

 

 

Figure 1 Representation of "dark gray-levels" with a crisp and a fuzzy set 

Fuzzy image processing is not a unique theory. It is a collection of different fuzzy approaches to 
image processing. Nevertheless, the following definition can be regarded as an attempt to 
determine the boundaries: 

Fuzzy image processing is the collection of all approaches that understand, represent and process 
the images, their segments and features as fuzzy sets. The representation and processing depend 
on the selected fuzzy technique and on the problem to be solved. Fuzzy image processing has 
three main stages: image fuzzification, modification of membership values, and, if necessary, 
image defuzzification (Figure2). 
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Figure 2 The general structure of fuzzy image processing 

The fuzzification and defuzzification steps are due to the fact that we do not possess fuzzy 
hardware. Therefore, the coding of image data (fuzzification) and decoding of the results 
(defuzzification) are steps that make possible to process images with fuzzy techniques. The main 
power of fuzzy image processing is in the middle step (modification of membership values 
[Figure 2(a)]. After the image data are transformed from gray-level plane to the membership 
plane (fuzzification), appropriate fuzzy techniques modify the membership values. This can be a 
fuzzy clustering, a fuzzy rule-based approach, a fuzzy integration approach and so on. 

 

Figure 2(a) Steps of fuzzy image processing 

3 Reasons for Using Fuzzy Image Processing: 

There are many reasons of using fuzzy techniques in image processing. The most important of 
them are as follows: 

 Fuzzy techniques are powerful tools for knowledge representation and processing 

 Fuzzy techniques can manage the vagueness and ambiguity efficiently 
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 In many image processing applications, we have to use expert knowledge to overcome the 
difficulties (e.g. object recognition, scene analysis). Fuzzy set theory and fuzzy logic offer us 
powerful tools to represent and process human knowledge in form of fuzzy if-then rules. 

 Many difficulties in image processing arise because the data/tasks/results are uncertain. This 
uncertainty, however, is not always due to the randomness but to the ambiguity and 
vagueness. Three kinds of imperfection can be solved by fuzzy logic in image processing 
 Grayness ambiguity 
 Geometrical fuzziness 
 Vague (complex/ill-defined) knowledge 

These problems are fuzzy in the nature. Using fuzzy technique we can solve various problems 
like, whether a pixel should become darker or brighter than it already is, where the boundary 
between two image segments is, or what the tree in a scene analysis problem is. All of these and 
other similar questions are examples for situations that a fuzzy approach can be the more suitable 
way to manage the imperfection. 

 

Figure 3 Uncertainty/imperfect knowledge in image processing 

As an example, we can regard the variable colour as a fuzzy set. It can be described with the 
subsets yellow, orange, red, violet and blue: 

Color = {yellow, orange, red, violet, blue} 

The non-crisp boundaries between the colors can be represented much well. A soft computing 
becomes possible (Figure 4). 
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Figure 4 Representation of colors as fuzzy subsets. 

3.1 Problem Definition 

The disadvantage of the binary motion detection is the dependency of the selected threshold, 
which either detects false motion pixels due to noise (when the motion threshold is low) or 
detects not enough true motion pixels (when the motion threshold is high). Based on such motion 
detection output the algorithm decides if the pixel value will be filtered in temporal direction or 
not, where the amount of filtering is fixed. This usually produces either motion blurring (case 
when not enough motion is detected) or impulse-like artifacts (some noise is also considered as 
motion).This motion detector combines membership degrees appropriately using defined fuzzy 
rules, where the membership degrees are determined by a membership function. As an output the 
motion detector produces the membership degree in the fuzzy set “motion”, which is expressed 
as a real number between the two extremes: zero (no motion for sure) and one (motion for sure). 

4 Solutions Using Fuzzy Set Theory 

The formal fuzzy image-processing scheme defined in Equations 1 to 3 is as follows: 

 I(x,y) is the original image, F defines a set of mapping functions to map the original image into 
the fuzzy domain, (0,1), or perception domain. The perception domain is used when the image 
processing algorithm deals with the perception of a subjective characteristic of the image. The 
perception mapping is also made to the (0,1) interval. However, the qualifier of perception 
provides a better meaning in some cases, as it will be illustrated in other sections.  

The image in the fuzzy domain is represented by IF(x,y). The fuzzy image is processed by a 
fuzzy set of operators F′ yielding a new fuzzy image IF(x,y)′. 

Finally, the fuzzy image is mapped back to the original domain through the defuzzification 
function D. The processed image in the original domain is represented by IF(x,y)′: 

 

F : I(x,y)→ IF(x,y) 

F': IF(x,y) → IF(x,y)′ 
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D:IF(x,y)′→I′(x,y) 

 

Figure 5 Fuzzy image processing scheme 

5 Fuzzy Logic for Motion Detection 

We tried to detect motion in noisy video sequences and propose the framework for the fuzzy 
logic based motion detection method. In the following, an image pixel will be denoted as I(x, y, 
t), where (x, y) and t stand for the spatial and temporal coordinate of the image sequence I, 
respectively. 

In order to determine motion detection from the input noisy sequences, we investigate the 
relative correlation of the absolute luminance differences Δ(x, y, t), defined as follows: 

Δ(x, y, t) = |Iin(x, y, t) − Ip(x, y, t − 1)|   (1) 

in a small spatial 2D neighborhood, where sub indexes ‘in’ and ‘p’ stand for the input noisy 
frame and the previous temporally filtered frame, respectively. We assume that a certain pixel 
position being a part of a moving object if some spatial neighbors are part of this object too. 
Therefore, in order to detect motion for the current pixel position (x, y, t), we also take into 
account the following eight differences:  

δ1 = Δ(x − 1, y − 1, t), δ2 = Δ(x − 1, y, t), 

δ3 = Δ(x − 1, y + 1, t), δ4 = Δ(x, y −1, t), 

δ5 = Δ(x, y +1, t), δ6 = Δ(x+1, y −1, t), 

δ7 = Δ(x+1, y, t), δ8 = Δ(x + 1, y + 1, t). 
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Specifically, the proposed motion detection is based on the following fuzzy rules: 

Fuzzy Rule 1 

IF (Δ(x, y, t) is BIG) 

AND  

 (at least 3 of the δi’s are BIG) 

THEN  Iin(x, y, t) is a MOTION PIXEL 

Fuzzy Rule 2 

IF (Δ(x, y, t) is LITTLE  

OR 

 (Δ(x, y, t) is BIG) AND (all δ’s are LITTLE)  

OR 

 (Δ(x, y, t) is BIG) AND (7 of the 8 δ’s are LITTLE) 

OR 

 (Δ(x, y, t) is BIG) AND (6 of the 8 δ’s are LITTLE) 

THEN  Iin(x, y, t) is a NONMOTION PIXEL 

 

Because “BIG” and “LITTLE” are non-deterministic features, these terms are represented by 
fuzzy sets [3]. Fuzzy sets can be represented by membership functions. In the proposed 
algorithm we have used membership functions μBIG (2) for the fuzzy set BIG and μLITTLE (3) 
for the fuzzy set LITTLE, which are defined as follows: 

 

 0 if Δ(x, y, t) < a 

μBIG(Δ(x, y, t))= (Δ(x,y,t)−a)/(b−a) if a ≤ Δ(x, y, t) ≤ b 

 1 if Δ(x, y, t) > b 
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 1 if Δ(x, y, t) < a 

μLITTLE(Δ(x, y, t))= 1–(Δ(x,y,t)−a)/(b−a) if a≤Δ(x, y, t)≤b 

 0 if Δ(x, y, t) > b 

 

Where the parameters a and b are determined as a function of the estimated standard deviation, 
from the input video sequence frame.  

In fuzzy logic, triangular norms and co-norms are used to represent respectively the conjunction 
and the disjunction operators of Fuzzy Rule 1 and 2. Some well-known triangular norms 
(together with their dual co-norms) are the minimum (maximum) and the product (probabilistic 
sum). We use the product for the conjunction and the probabilistic sum for the disjunction 
operators. 

Based on the Fuzzy Rules (1) and (2), we calculate the membership degree of the fuzzy set 
“motion pixel” (Mtrue(x, y, t)) and the membership degree of the fuzzy set “non motion pixel” 
(Mfalse(x, y, t)), respectively. Finally, the degree of motion confidence θ is determined in the 
following way: 

θ(x, y, t) = Mtrue (x, y, t)/( Mtrue (x, y, t) + Mfalse (x, y, t)) 

 The degree of motion confidence “one” indicates existence of motion for sure while the zero 
motion confidence degree indicates the total absence of motion. All degrees between these two 
extremes indicate that there is some kind of uncertainty. 

6 Conclusions 
In this paper, we proposed a fuzzy logic approach for motion detection. This scheme is proposed 
as an alternative to crisp image processing algorithms. The proposed scheme involves image 
fuzzification function and fuzzy operators. Fuzzy motion detection is followed by a recursive 
temporally filtering and spatial filtering. The temporal and spatial filtering using fuzzy “if then 
else” is kept for future work. In future we plan to integrate our approach to detect human motion 
from noisy video file or from any video. 
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Abstract: In this paper we have designed a compact planar passband frequency selective surface 
(FSS) which operates at the resonance frequency of 16.5 GHz. The proposed FSS is composed of 
sole layer of the cross type with the interdigital capacitance connecting the corners of metallic 
patches printed on single side of the substrate. The performance of transmission and reflection 
coefficient for the projected FSS exhibits tremendous resonance constancy for diverse 
polarization and various incident angles. Here we have designed a unit cell which is essentially a 
cross and here we have demonstrated the performance of this unit cell at a definite frequency 
range. This paper depicts the S Parameters which are S11 and S21 for TE 00 mode that is for 
Perpendicular Polarization. Similarly here we have shown the S Parameters which are S 12 and S 
22 for TM 00 mode that is for Parallel Polarization. 

Keywords: FSS, S Parameter, Polarisation, Resonance 

1 Introduction 

A Frequency Selective Surface (FSS) is a flat amalgamated formation intended to be visible in 
some frequency bands while reflective or absorbing at other frequencies. They are usually 
smooth and collected of metal screens. A frequency selective surface (FSS) is a structure 
comprising of most characteristically of two dimensional periodic elements, as illustrated in 
figure, which exhibits frequency filtering characteristicsclose to those of frequency filters in 
conventional radio frequency RF circuits. Instances of element geometries are dipole, square 
patch, circular patch, cross, and Jerusalem cross, for which the whole domain functions have 
been fruitfullyconcerned [1-4]. Circular rings as well as square loops are also considered broadly 
[5-7]. These element geometries are demonstrated in Figure 1 
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Figure 1 Some typical FSS element shapes 

 

 

Figure 2 Grating lobes of this unit cell FSS 

 FSS are diffraction gratings. They will diffract an applied wave into various directions. In figure 
2, Grating lobes of this unit cell FSS is shown. A terrificquantity of control over the shape of the 
response of a FSS can be appreciated utilizing multilayered resonance structures. This approach 
can unite longitudinal resonance, absorption, transverse resonance and diffraction into a 
particular device. Multilayer structures are more responsive to angle of incidence. By means of 
cascaded periodic structures, we can acquire a broader top and quicker roll off. On the other 
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hand, the bandwidth will differ significantly with angle of incidence. The investigation and 
design of FSS, and the computation of their parameters, is essentially multidisciplinary, 
challenging facts of antenna, electromagnetic theory and FSS analysis and design regulations. 
For instance, when a parameter is customized in a FSS, these amendments have some 
electromagnetic consequences, and consequently also influence the frequency filtering. 
 

2 FSS fundamentals  
A periodic array comprising of conducting patch or aperture elements is identified as a frequency 
selective surface (FSS). FSS may possibly have low-pass or high-pass spectral activities, 
depending on the array element sort (i.e., patch or aperture), likewise to the frequency filters in 
conventional radio-frequency (RF) [8]. A Two-dimensional planar periodic structure is depicted 
in Figure 3.  

 
Figure 3 Geometry of a two-dimensional periodic structure 

 
Many design constraints and principles are linked with the periodic structure, for example 
element shape, size, lattice geometry, dielectrics, grating lobes, and Wood’s anomaly. A number 
of regularconstituent shapes are: circular, rectangular, dipole, cross dipole, Jerusalem cross, 
tripole, three or four-legged dipole, ring, square loop and gridded square loop [8]. There are 
component formats that can be acquired from aamalgamation or alteration of plain elements for 
example those revealed above, and elements of very complex shapes for instance convolutional 
or fractals [9-10]. An FSS is defined as a periodic array of aperture or patch elements, which are 
presented in Figure 4.  
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Figure 4 FSS elements: (a) type aperture and (b) type patch 
 
Aperture constituent FSS replicates at low frequencies and transmits at high frequencies (close to 
a high-pass filter), while the patch-element FSS transmits at low frequencies and reproduces at 
high frequencies (resembling a low-pass filter) [9]. Numerous techniques have been utilised to 
analyze FSS. One of the simplest techniques is the equivalent circuit representation. In this study 
a variety of strip elements that form aisolated patch element in a periodic array are formed as 
inductive and capacitive apparatus on a transmission line. From the explanation of this circuit, 
the reflection and transmission coefficients of the FSS are established. 
 
3 Designs and Simulation 
Here we can analyze this FSS in ANSYS HFSS by considering it as an infinite structure. That 
means this FSS will be illuminated by a pure TEM mode. And that is a particular scenario also. 
Those waves are coming from a far distance and it’s a pure plane waves. So that particular 
scenario we need to generate in software. We are using this FSS with some Antennas or with 
some objects which is very large. Incident waves are coming from a farawaythat is purely TEM 
modes. So this scenario we can generate in software using a Floquet Port and this analysis we 
call it a Floquet Mode analysis. Now the incident angle can change the reflection and the 
transmission behavior of our unit cell.  
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Figure 5 Design of our unit cell FSS 

 

Figure 6 Design of LaticePair1 Figure 7 Design of LaticePair2 
 

Figure 5 depicts the design of our proposed unit cell FSS. It is a square substrate of 12.5 mm 
length. A slot of cross shape is cut out from it. The slot dimension is given in the figure 5. Now 
in figure 6 and figure 7 we have given the design of Latice Pair 1 and Latice Pair 2 respectively. 
And in figure 8 and figure 9 we have given the design of Floquet Port 1 and Floquet Port 2 
respectively.  
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Figure 8 Design of FloquetPort1 Figure 9 Design of FloquetPort2 
 

Figure10  S Parameter Result ( S 11 and S 21 ) for TE 00 mode 
 

Figure 10 depicts the S Parameters which are S11 and S21 for TE 00 mode that is for 
Perpendicular Polarization. Now S11 is for Reflection Characteristics and S21 is for Transmission 
Characteristics. So from figure 10 we see that this unit cell FSS is transparent at our operating 
frequency 16.5 GHz as it has a reflection of only -19.4069 dB which is near about -20 dB that is 
only 2 % of reflection. Similarly figure 11 depicts the S Parameters which are S 12 and S 22 for 
TM 00 mode that is for Parallel Polarization. Now S 12 is for Reflection Characteristics and S 22 is 
for Transmission Characteristics for the TM00 modes or Parallel Polarization.So from Figure 10 
and Figure 11 it is cleared that both these reflection and transmission characteristics are same for 
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these two modes (TE00 and TM00). So it is cleared that this unit cell FSS is working very well for 
both the Parallel as well as Perpendicular Polarization.   

 
Figure 11  S Parameter Result ( S 12 and S 22 ) for TM 00 mode 

Figure 12  variation of VSWR with respect to frequency 
Figure 12 depicts the VSWR result for this unit cell FSS at TE 00 mode. From figure 12 it is 
cleared that VSWR is approx. 1 at our operating frequency 16.5 GHz. So it is a very good 
condition for the working of this unit cell FSS.  

Figure 13  Transmission characteristics for both the Perpendicular Polarization (TE 00) and 
Parallel Polarization (TM 00) 
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Figure 13 depicts the Transmission Characteristics for both the Perpendicular Polarization (TE 00 
mode) and Parallel Polarization (TM 00 mode). From this figure it is cleared that this unit cell 
FSS has equally transmitted for both Parallel Polarization and Perpendicular Polarization signal.  

 

 
Figure 14  Electric Field vector at unit cell FSS 

Figure 14 depicts the Electric Field Vector at unit cell FSS. From this figure it is cleared that 
Electric Field is perpendicular to this unit cell. 

4 Conclusions    
In this paper, the authors have established a compact frequency selective surface with passband 
properties at the resonance frequency of 16.5 GHz. Besides the compactness, the proposed FSS 
reveals resonance constancy at an angle incidence with independent polarization. The projected 
FSS provides a almost linear phase deviation over the frequency band which makes it helpful for 
increasing radiation characteristicsfor example gain, directivity, front to back ratio of the 
antennas with omni-directional or bi-directional radiation (slot antennas as well as CPW antenna) 
over a broad bandwidth when utilized as a reflector. 
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Abstract:  In this paper the schematic diagram for execution of multiband rectifier circuithas 
been presented. Here we have implemented the rectifier circuit at 1.9 GHz. -10 dB m, 0 dB m, 10 
dB m input power are taken for the design and simulation of the rectifier circuit. Variation of 
input power with respect to DC voltage is shown at 1.9 GHz frequency.Alterations of Efficiency 
(%) with respect to input power (dB m) is presented when load 10KOhm and frequency 1.9 GHz. 
Change of DC output voltage with respect to load is depicted when input power -10dBm and 
frequency 1.9GHz. Here we have shown the variation of Efficiency with respect to load when 
input power -10dBm and frequency 1.9GHz.It is explained the variation of output DC voltage 
with respect to frequency when input power -10dBm and load 10KOhm. In this paper we have 
also presented the variation of real and imaginary part of input impedance (Zin) with respect to 
Frequency (GHz) when input power=-10 dB m and load =10Kohm. Here the authors have shown 
the change of return loss S (1, 1) (dB) with respect to frequency when input power -10dBm and 
load 10KOhm. 
 
Keywords: Rectifier, Return Loss, RF Energy Harvesting, Rectifier Circuit 
 
1 Introduction 
Energy harvesting is a procedurein which energy accumulated from atmosphere is changed in 
electrical energy intended for power electrical devices. As a result of this energy replace, it is 
described energy scavenging and power harvesting [1, 2]. In modernperiods, energy harvesting 
at radio frequency (RF) has been a fastincreasingtopic. Since the initial wireless energy 
transmission was anticipated and acknowledged in the 1890’s by Nikola Tesla [3-4]. The field is 
lengthened and associated to numeroususesfor example microwave-powered helicopter 
prototype, solar power satellite system (SPSS), microwave power transmission in space and 
radio-frequency identification (RFID) [5-8].  The RF energy harvesting is thrived by the wireless 
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energy transmission technique for harvesting and reprocessing the ambient RF energy that is 
widely transmitted by a variety of wireless systems such as mobile communication systems, Wi-
Fi base stations, wireless routers, wireless sensor networks and wireless portable devices. A 
rectifier and an antenna are combined to be the rectenna that was first and foremostconsidered by 
W. C. Brown for altering the microwave power to the direct current (DC) power [5], [10]. 
Therefore, the most vital aspect of the RF energy harvesting is the rectenna that categorizes the 
ambient RF energy by the antenna and changes the received energy to the DC power by the 
rectifier circuit. To realize the elevated RF-to- DC power transformation efficiency for the RF 
energy harvesting, high gain and broadband antennas must be anticipated to boost the power 
density and harvest each and all one of the ambient RF energy. The rectifier circuit is employed 
to vary the RF input into DC and pass through to the DC output load which is utilized in 
different uses. 
 
2 Rectifier Design 
The role of the rectifier is to straightforwardlychange microwave RF energy into DC electrical 
energy. Schottky Diodes (SMS7630-079LF) are selected as if at all possible low forward bias 
voltage of 0.15 V with fast switching at high frequencies which is essentiallysuitable for 
tremendouslylittle RF input power functions.  Here we have designed the rectifier with matching 
network operated at 1.9 GHz shown in Figure 1. DC output voltage of rectifiers depends on 
various parameters for instance width, length of layer etc.The circuit is etched on the substrate 
having Dielectric constant = 3.55 and h = 0.813mm, T=0.017mm. The circuit was intended and 
optimized employing Advance Design System (ADS). 
 

 

Figure 1 Schematic Diagram of rectifier Circuit 
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3 Results and Discussion 
Figure 2 represents the variation of Output DC voltage (Volt) with respect to input power (dBm) 
When load 10kOhm and frequency 1.9GHz, At 1.9GHz frequency, we obtained the output DC 
voltages 0.507V,0.952V,0.955V with input power, -10dBm,0dBm and 10dBm respectively.   

 

Figure 2 Variation of input power vs. output dc voltage when frequency =1.9GHz and 
load=10Kohm 

Input power (dBm) Output DC voltage Remark 
-10dBm 0.507V When load =10kohm and 

frequency=1.9GHz are 
constant 

0dBm 0.952V 
10dBm 0.955V 

From Figure 2, it is revealed that maximum output DC Voltage is obtained at 1.9 GHz frequency 
and 10dBm input power when load is 10KOhm.From Figure 2, it is clear that we can get the 
output DC voltages at any change of input power. 

 

Figure 3 Variation of Efficiency (%)vs. input power (dB m) when frequency =1.9 GHz and 
load=10KOhm 
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Input power(dBm) Efficiency (%) Remark 
-10dBm 50.034% When load =10kohm and 

frequency=1.9GHz are 
constant 

0dBm 12.478% 
10dBm 2.236% 

 

Figure 3 represents the variation of Efficiency(%) with respect to input power (dBm) when load 
10KOhm and frequency 1.9GHz, At 1.9 GHz frequency ,we obtained the Efficiency 
50.034%,12.478%,2.236% with input power,-10dBm,0dBm and 10dBm respectively.  From 
figure 3, it is revealed that maximum Efficiency is obtained at 1.9 GHz frequency and -5dBm 
input power when load is 10KOhm. 

 

Figure 4 Variation output dc voltage (V) vs. load when frequency =1.9GHz and input power=-
10 dB m 

DC output voltage(V) Load(KOhm) Remark 
0.213V 1KOhm When frequency 

=10kohm and input 
power=-10dBm 

0.453V 5 KOhm 
0.507V 10 KOhm 

 

Figure 4represents the variation of DC output voltage with respect to load when input power -
10dBm and frequency 1.9GHz, At 1.9 GHz frequency ,we obtained the output DC  voltage  
0.213V,0.453V,0.507V with varying load of 1KOhm, 5KOhm and 10KOhm respectively.  
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Figure 5 Variation of Efficiency (%) vs. load when frequency =1.9GHz and input power=-
10dBm 

efficiency Load(KOhm) Remark 
52.415% 1KOhm When frequency =10kohm 

and input power=-10dBm 
are constant  

60.049% 5 KOhm 
50.034% 10 KOhm 

 

Figure 5 represents the variation of Efficiency with respect to load when input power -10dBm 
and frequency 1.9GHz, At 1.9 GHz frequency ,we obtained the Efficiency  
52.415%,60.049%,50.034% with load,1KOhm, 5KOhm and 10KOhm respectively. 

 

Figure 6Variation of output dc voltage (V) vs. Frequency when load=10KOhm and input 
power=-10dBm 
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DC output voltage(V) Frequency(GHz) Remark 
0.507V 1.9GHz When load =10kohm and 

input power=-10dBm are 
constant  

0.582V 1.906 GHz 
0.381V 4.497 GHz 
0.383V 4.5 GHz 
0.196V 5.768 GHz 
0.113V 5.8 GHz 
 

Figure 6 represents the variation of output DC voltage with respect to frequency when input 
power -10dBm and load 10kOhm respectively. We obtained the DC voltages 0.507V, 0.582V, 
0.318V, 0.383V, 0.196V and 0.113V with frequency, 1.9GHz, 1.906GHz, 4.497GHz, 4.50GHz, 
5.768GHz and 5.80GHz respectively 

 

Figure 7 Variation of Efficiency (%) vs. Frequency when load=10KOhm and input power=    -
10dBm 

Efficiency (%) Frequency(GHz) Remark 
50.034% 1.90GHz When load =10kohm and 

input power=-10dBm are 
constant 

53.817% 1.906 GHz 
23.112% 4.497 GHz 
22.561% 4.50 GHz 
3.959% 5.768 GHz 
3.725% 5.80 GHz 

 

Figure 7 represents the variation of Efficiency respect to frequency when input power -10dBm 
and load 10kOhm.  We obtained the DC voltages 50.034%, 53.817%, 23.112%, 3.959% and 
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3.725% with variation of 1.9GHz, 1.906GHz, 4.497GHz, 4.50GHz, 5.768GHz and 5.80GHz 
frequency respectively. 

 

Figure 8 Variation of Real and Imaginary part vs. Frequency when load=10KOhm and input 
power=-10dBm 

Frequency(G
Hz) 

Real Part 
[real(Zin1)] 

Imaginary Part 
[imaginary(Zin1)}] 

Remark 

1.90GHz 36.608  80.724 When load =10 kohm 
and input power = -
10dBm 

1.906 GHz 56.796 81.660 
4.497 GHz 12.443 7.635 
4.50 GHz 13.419 9.967 
5.768 GHz 36.419 -6.545 
5.80 GHz 459.286 89.650 

Variation of real part of input impedance (Zin) and also Variation of imaginary part of input 
impedance imag(Zin) with respect to Frequency(GHz)is shown in Figure 8 when input power=-
10dBm and load =10KOhm.  

 

Figure 9 Variation of Reflection Coefficient   vs. Frequency when load=10KOhm and input 
power=-10dBm 
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Here three resonant frequency 1.906GHz, 4.497GHz and 5.768GHz are obtained from figure 
9.Variation of return loss S(1,1) (dB) with respect to frequency is shown in figure 9 when input 
power -10dBm and load 10KOhm.—23.966dB, -20.596dB and -35.639dB return losses  are  
obtained at frequencies 1.906GHz, 4.497GHz and 5.768GHz for our proposed rectifier. 

4 Conclusions 
RF power harvesting method represents a powerful vision in small power consumer electronics 
and wireless sensor arrangement. With growing the set up frequency of rectifier circuits it has 
been recognized that DC output voltage is noticeably diminished when the length and width of 
rectifier circuits vary. A number of vital design contemplations with reference to the selection of 
the diodes and the collection of small power devices (for instance the low power comparator and 
the DC-to-DC converter) have been implemented. This paper focuses on the RF to DC 
conversion unit of a RF energy harvesting structure which operates radio frequency waves as the 
input source.The RF energy restricted by the receiving antenna is supplied into the rectifier. A 
matching network is employed to match the input impedance of the rectifier with that of the 
antenna’s output impedance so as to minimize power loss.  
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Abstract: In this paper we have presented the variation of Specific Absorption Rate (SAR) of 
Human Brain. For this analysis we have consider a dipole antenna whose overall length is 168 
mm. The gap between the dipole is 1.4 mm. Here we have taken the wire diameter of 3.2 mm. To 
determine the local SAR and average SAR of Human Brain we have considered the brain as like 
a bowl whose inner radius and thickness are 106.2 mm and 5 mm respectively. The outer radius 
of this bowl is 170 mm. Here we have taken the effective permitivity εr of 4.6. The effective 
permitivity, conductivity and density of brain fluid are taken as 42.9, 0.9 and 1 g/cm3 
respectively. The distance between the dipole antenna and Human  Brain is taken 13.4 cm.The 
purpose of this paper is to study and to examine the influence of the laterality of mobile phone 
employ on the disclosure of the brain to radio-frequencies (RF) and electromagnetic fields 
(EMF) from dissimilar mobile phone models. The average SAR persuaded by the mobile phone 
in the half hemisphere of the brain in ipsilateral revelation is superior to in contralateral 
coverage. A half-wave dipole antenna was utilised as a revelation basis to diminish the worries 
of the placing of a actual mobile device and creating the simulations simply replicable. 

Keywords: Human Head, Mobile Phone, Specific Absorption Rate, Electromagnetic Fields 

1 Introduction 
In the precedent few years, the growth of mobile communication devices has been one of the 
essentially vital effects in the purpose of the electromagnetic (EM) theory. In that order, 
noteworthy efforts have been dedicated to measure the interface connecting wireless terminals 
and biological tissues for example averting brain tumours that may be based by the EM radiation 
from mobile phones [1–2]. In modern years, a lot interest has been compensated to health 
repercussion of electromagnetic (EM) waves, particularly human head part, which is covered to 
the EM fields emitted from handsets.With the sudden increase of customer require for wireless 
devices, clients and the media have turn into conscious of and are worried with the biological 
results of long period revelation to Radio Frequency Radiation (RFR). To make sure public 
security, the Federal Communication Commission (FCC) has expanded security values that 
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wireless devices are necessary to gather in sort to be sold in the US (related strategies exist in 
other countries).  
2 Technical Details 
The measure employed to compute the total of energy immersed is the Specific Absorption Rate 
or SAR. The SAR is the mainly suitable metric for finding out EM outcome revelation in the 
extremely near field of a Radio Frequency (RF) source [3-7]. The local SAR (W /kg) at every 

point in the human head is expressed as:
2

SAR= 
2

E


, where E is the peak amplitude of the 

electrical field in the human head tissue (V/m),   is the tissue conductivity (S/m) and   is the 

tissue density (kg/m3).SAR is a computation of the rate of RF (Radio Frequency) energy 
assimilation by the body from the source being calculated. It can be expressed also as 
assimilation of other types of energy by tissue, as well as ultrasound. It is defined as the power 
absorbed per mass of tissue and has units of watts per kilogram (W/kg). In the subsequent figure 
we have exposed the average SAR of whole Human Body. 

 

Figure 1 Average SAR of whole Human Body 

SAR for electromagnetic energy can be calculated from the electric field within the tissue as: 

2
( ) ( )1

( )sample

r E r
SAR dr

V r




   

Where   is the sample electrical conductivity 
            E is the RMS electric field 
 is the sample density 

V is the volume of the sample 
 
SAR measures revelation to fields between 100 KHz and 10 GHz (identified as Radio Waves). It 
is usually utilised to compute power absorbed from mobile phones and throughout MRI scans.In 
the following  figure 2 representation of Human Brain associated with mobile phone is depicted. 
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Figure 2 Representation of Human Brain when it is associated with mobile phone 

Whiledetermining the SAR because of a mobile phone is positionedin opposition to a depiction 
of a human head (a “SAR phantom”) in a talk location .SAR value is then considered at the 
position that has the uppermost absorvation rate in the whole head,which in the case of a mobile 
phone is frequently as close to the phone’s antenna as probable. A variety of governments have 
defined utmost SAR levels for RF energy produced by mobile devices: 

US/India: SAR level at or under 1.6 (W/kg) Taken over the volume restraining a mass of 1 g of 
tissue that is engrossing the most signal. 

European Union: SAR maximum value is 2 W/kg averaged more than the 10 g tissue a 
engrossing the most signal. In Table 1 we have illustrated the magnetic resonance imaging limit. 

Table 1 Magnetic Resonance Imaging Limit 
     
Body 
Region → 

whole body exposed 
body part 

Head head trunk Extremities 

Operating 
Mode ↓ 

(W/kg) (W/kg) (W/kg) (W/kg) (W/kg) (W/kg) 

Normal 2  Whole 
body SAR 

Partial 
body SAR 

Head SAR Local SAR 
(a) 

1st Level 
Controlled 

4 4-10 3.2 20 (c) 20 40 

2nd Level 
Controlled 

>4 >(4-10) >3.2 >20 (c) >20 >40 

Short 
duration 
SAR 

The SAR limit over any 10 s shall not exceed two times the stated values 
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3 Geometry of Electric Field and Local SAR 
In Figure 3 distribution of Electric Field at various mesh point has been presented in our paper. 
Here ANSYS HFSS solves the various Electric Field at different mesh point.  

 

Figure 3 Distribution of Electric Field at various mesh point 

Now Local SAR is expressed by the following equation : 

2
( , , ) ( , , )

2 ( , , )

x y z E x y z
LocalSAR

x y z




  

Where:   is the electrical conductivity of the dielectric material 
E is the peak phasor electric field 
 is the density of the dielectric material 

 

Figure 4 Distribution of Local SAR at different mesh point 

In the above figure 4 we have shown the distribution of Local SAR at different mesh point.Local 
SAR is calculated at each mesh point.Local SAR is not averaged over a volume when creating a 
field overlay plot,HFSS computes local SAR at each mesh point on an overlay plot.values 
between the mesh points across the plot are interpolated.When plotting or calculating the average 
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SAR at a point ,HFSS reports the averaged over a volume surrounding this point,e.g.1 g or 10 g 
of tissue. 

4 Designs and Simulation 
This model is anticipated to illustrate how to produce, simulate and examine simple phantom, 
which is usually utilized to regulate Specific Absorption Rate test apparatus, by means of the 
ANSYS HFSS. Here in this paper we have created and also simulated the simple phantom which 
is used for the calibration of SAR. For this calibration of SAR, the test equipment we have used 
ANSYS HFSS. The quantity used to quantify the amount of energy absorbed is the Specific 
Absorption Rate or SAR. Figure 5 depicts the design of dipole antenna. In figure 6 and figure 7 
we have presented the design of outer brain and inner brain (brain fluid). Figure 8 illustrates the 
human brain with brain fluid. In figure 9 and figure 10 the variation of Local SAR and Average 
SAR of Human Brain with respect to distance are presented. From figure 9 and figure 10 we 
have obtained Local SAR and Average SAR of Human Brain are 16.7 W/kg and 11.5 W/kg 
respectively. Figure 11 represents the SAR Field of Human Brain. Similarly, in figure 12 the 
Electric Field under Brain Fluid or Inner Brain is shown.  
 

 

Figure 5 Dipole Antenna                                                                 Figure 6 Outer Brain 
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Figure 7 Inner Brain (Brain Fluid)                    Figure 8 Human Brain with Brain Fluid 

 

Figure 9 Variation of Local SAR of Human Brain with respect to Distance 

 

Figure 10 Variation of Average SAR of Human Brain with respect to Distance 

 

Figure 11 SAR Field of Human Brain 
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Figure 12 Electric Field under Brain Fluid or Inner Brain 

5 Conclusions 
Specific Absorption Rate is one of the important term  to analyze Electro Magnetic 
Radiation.Investigating the SAR deviation in a covered flat phantom model, exposes that the 
prediction of SAR dissimilarities, while the dielectric assessments are augmented, is much easier 
in a definite geometrical figure than in a difficult anatomical tissue formation for example the 
human head. The averaging mass is moreover a significant aspect while measuring RF energy 
absorption. If the peak SAR in a particular voxel is studied, there is generally an augment in the 
SAR assessment. SAR deviation is frequency dependent presenting that by raising the dielectric 
standards, SAR value alteration are not the identical between the particular frequencies. This is 
as a result of a lesser depth of penetration of the E field and an elevated plane SAR while the 
frequency is elevated. The RF energy amalgamation is, as usual, frequency dependent and the 
selection of averaging amount is a significant inconsistent when investigating SAR with 
computational techniques. The width and composition of various tissue layers in the covered are 
as inside the human head take part in an additional noteworthy task in SAR deviation contrasted 
to the alteration of the tissue dielectric constraints. 
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Abstract: The super cyclonic storm Amphan has a great impact on the eastern part of India 
especially West Bengal and Odisha. The deadly effect of this rarest happening cyclone creates 
widespread damages over the land parts of the Bay of Bengal. It the first cyclone happened in the 
cyclonic seasons of North Indian Ocean in 2020. After 1999, Odisha cyclone this one was more 
powerful and deadly one. Originating a few distance from Colombo, Sri Lanka on May 13, 2020 
as a tropical depression its starts gaining potentials from the warm surface of sea water after that 
several cyclonic modification it becomes a super cyclone on May 17, 2020. Though it losses 
some energy through wing shear but that’s not help the cyclone to become a normal one. Its wind 
speed for 1 minute sustention was 260km/hr which is not even assumed. In this paper we have 
analysed Radiosonade data in addition to Satellite and DWR data to get perfect anatomy of this 
rarest happening storm.   

Keywords: SuCS, cyclone, isobar, geopotential height, radiosonade 

1 Introduction 
A Super Cyclonic Storm named as Amphan caused a great impact on the places of Eastern India 
particularly in West Bengal on the May 20, 2020. This is a deadly and powerful tropical cyclone. 
It was the strongest tropical cyclone to strike The Ganges Delta since Sidr of the 2007 [1] and 
also after the 1999 Odisha cyclone [2]. It is the first super cyclone of 2020 in North Indian Ocean 
cyclone season which occurs in Bay of Bengal (BOB) causing a widespread damage. On 
13thMay 2020 this first tropical cyclone of this season is originated from a low pressure belt 
300km from the east of Colombo, Sri Lanka. Then it is tracking northeastward direction and the 
disturbance is organized over exceptionally warm sea surface.The exceptional heating of sea 
surface confirms this as a tropical disturbance on 15 May. Severe steps of cyclonic storm 
formation of the disturbance arecompleted on May 17 by rapid intensification within 12 hours 
time [3]. The severe cyclonic storm reached its peak intensity on 18thMay with rapid cycle 
ofeyewall replacement.Therefore 1 minute sustained wind results with 260km/h speed. The dry 
air along with the wind shear disrupted this eye wall replacement process and that somewhat 
helps the storm Amphan to be weaken gradually as it approaches the Indian eastern coastline. On 
the day May 20 at 10:00 to 11:00 UTC, the cyclone approaches in place between Odisha and 
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West Bengal. At that time, Amphan's wind speed sustention for 1-minute is 155 km/h [4]. 
Thereafter, once inland interaction is done the cyclone is weakened and shortly dissipated. In this 
paper we will discuss the physical characteristics of formation of the Super Cyclonic storm and 
we will model the transient behavior of the formation of super cyclone like Amphan. In due 
process of this study of the life cycle of the cyclone we have analyzed the data of radiosonade 
station along with satellite and Doppler Weather Rader (DWR) based recorded outputs from 
Indian Metrological Department (IMD). 
 
2 Development of the Super Cyclonic Storm 
A low pressure belt is developed on south eastern side of the Bay of Bengal about 1020 km or 
635 miles to the south east direction of Visakhapattanam, Andrapradesh, India on 13thMay 2020. 
The good outflow of wind in the equator-ward direction, warm surface temperature of sea water 
and lower value of wind shear in vertical direction make the favorable environment for the 
further development of the area of low pressure. Over the next few of days, the system happened 
to be more distinct and also consolidated further with the bands of convection of deep 
atmosphere thus covering the low-level center.The India Meteorological Department (IMD) 
reported on 16thMay that a depression had been developed from the low pressure area and 
designated as BOB 01[5]. At that time its location was 1,100 km or 685 miles to the south of 
Paradip, Odisha, India. Thus by moving northward continuously an organized form of the 
depression is observed and it’s become a storm of cyclonic form after passage of few hours. It 
has got a pre assigned name Amphan as given by the Thailand [6]. The intensification of the 
cyclone was temporarily impeded as the moderate wind shear in east direction disrupted the 
cloud pattern. More improved conduction of upper level wind helps the condition of rapid 
intensification on 17thMay. The Joint Typhoon Warning Centre (JTWC) the Saffir-Simpson scale 
confirms the cyclone as equivalent to a Category 4 hurricane by assessing the increase of wind 
speed from 140 km/h or 85 mph at 12:00 UTC to 130 mph or 215 km/h within six hours from the 
starting of intensification [7].By this time the IMD upgraded this cyclone to an extremely severe 
cyclonic storm on the cyclone intensity scale.  
 
The characterization of the broad storm was done by extension of the cloud shield for more than 
1,110 km or 690 miles and 10 nautical mile wide sharply outlined eye. The microwave imagery 
confirms two distinct eyewalls in concentric position and this was happened on the early 
morning of 18thMay, 2020. This is a telltale sign, relevant for an eye wall replacement cycle 
andfor very intense cyclones it is a typical signature [8]. This changing of internal core is 
hampered by the wind shear effect that causes the eyewall to erode by the night time on 18th 
May. Around 5:30 P.M. on IST or 12:00 UTC the cyclone made its landfall near Bakkhali, West 
Bengal, India with a speed of wind 155 km/h or 100 mph. This disorganization of the cyclone is 
locatable by the downgrading the storm to Category 1 equivalency and issuing the final warning 
by JTWC [9]. 
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3 Physics behind this Rarest Storm 
The cyclonic development commence on the area of low pressure in the atmosphere where the 
winds become spiral upward and designed from the simple concept of thunderstorms. The 
oceanic temperature should be well above its threshold value i.e. approximately 280C so the 
storm development can happen. The wind field of the tropical cyclone is inward rotating spiral 
around the axis thus developing the cyclonic movements. The outer edge of the cyclone is nearly 
clam and planetary rotation supplies a finite angular momentum. The cyclonically rotation of the 
air is observed in case of inward coming air which is distinguished as counter-clockwise 
movement in the Northern Hemisphere and clockwise movements in the Southern Hemisphere 
thus conserving the angular momentum and due to the Coriolis effect [10]. At an inner radius of 
the tropospheric ascend of the air column is happened. The three regions by which cyclones can 
be characterized are the eye, eye wall and tail. The eye part is absolutely clam so nearly clear sky 
can be observed in this region and the eyewall part is more violent and devastating though the 
last tail part is also a violent region but its effect is less than that of eyewall. The radius of 
maximum winds is formed in the eyewall region. The air flies off from the centre of the storm 
produces the cumulonimbus cloud and in higher region of tropospheric level cirrus cloud is 
formed. The speed of the wind starts to increase from the centre to the outer region as it reaches 
the radius of maximum winds. Some variably in temporal and spatial cases may be observed in 
the wind field due to the local atmospheric effects such as horizontal instability in flow and 
thunderstorms. The very rapid intensification of the tropical cyclone is done on the rare cases 
where maximum sustained wind speed increase at about 30 knots during 24 hours period. The 
heat and moisture from warm ocean water is the source of energy of the storm. The weakening of 
the cyclone is done only if it passes through the land and cold sea water [11]. The physics of heat 
convection of the cyclone suggests that the relative humidity of higher value is required in the 
middle and lower tropospheric region for the cyclone development that reduces the rate of 
evaporation in the cloud and by increasing the precipitation amount the maximization of the 
latent heat emission increases [12].The wind shear in vertical direction is also important for 
cyclone environment this shear can be classified as wind direction changing and speeding up 
with the enhancement of the altitude. The weak wind shear allows the development of storm as 
the condensation latent heat is released directly from the top most body of the storm. The 
dispersion of the latent heat from the larger area is done when weak wind shear is observed so 
rather than vertical storm development a slanting storm development is obtained [13]. The 
Carnot’s Heat engine can be approximated with tropical cyclones due to the energy drawing 
from the ocean surface through evaporation and the formation of the tall towers of heat 
convection within the main body of the storm [14].Therefore by cooling release of the latent heat 
condenses for cloud and feeds the storm. The thunderstorm cluster initiation results from this 
process. Tropical depression to storm development time is near about a few numbers of days. 
Thus to become a cyclone the same time is required. There are number stages involved in the 
development of the cyclone. In the initial stage, the falling of the central pressure and the 
continuous increment of maximum surface wind speed is observed. Continuation of this process 
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leads to development of cyclonic eye.  The mature stage of the cyclone with time reaches the 
maximum intensity. At this time the pressure in the central region reaches minimum and the 
surface wind reaches maximum. At the decaying phase of the cyclone the increase of the central 
pressure region is observed with the weakening of the maximum surface wind is locatable [15]. 
Climatologically Amphan is a super cyclonic storm and developed within the distribution of ±2.5 
degree at latitude 10 degree north and 87.0 degree east of the usually locatable genesis point 
[16]. It is having a curved track in clock wise in north-west direction with a total track length 
1765Km [17]. The anticyclonic movement present in the upper and middle of the tropospheric 
region. Towards the north east the cyclonic centre steers to and the storm development 
progresses. In the figure 1 the upper tropospheric anticylonic development is shown [17-18]. 
Low vertical wind shear is observed in the process of developing cyclone which is approximately 
10-15 knots. That favours the storm to become cyclone from a deep depression [16, 17]. The 
abnormal heating of the sea surface persists for the range of days during which the cyclone have 
developed. Here the temperature ranges from 30-31 degree Celsius and recognized as the very 
warm sea surface that basically results the excessive bulging of sea surface at the point of 
formation of depression. The heat potential of the Amphan cylone is 100-120 Kilo Joule per 
meter square, which is very high [18]. The notable indication of this cyclone to be super one 
come from the physical analysis of the lowest value of the lowest estimated central pressure at 
the peak of maximum surface wind value of 240-250 kmh[19]. 
 
 

 

Figure1 Schematic diagram of super cyclonic storm and its energetics 
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In Figure 1, while discussing the physical aspect related with the rare happened storm Amphan, 
we have modelled the development scheme of the super cyclonic storm (SuCS) event with their 
rapid intensification process [20]. There is a very low pressure region should be developed on the 
sea surface due to excessive heating and for SuCS the sea surface temperature should be persists 
greater than 30 degree Centigrade. The spiral movement of the hot wind carrying excessive 
moisture is done through the eye wall surrounding the clam eye. The cumulonimbus cloud 
formation happens due the release of latent heat by the air [21]. The low vertical wind shear 
allows the storm development. The flow through the eyewall is high thus cyclonic formation is 
intensified. Another aspect related to the intensification is the churning of sea water for 
withdrawal of hot water from the surface and placing the more cold water thereby [22]. The 
Energetics of the super cyclonic event can be approximated by the Carnot Engine of Classical 
Thermodynamics. Here in the figure 1 the broken line in superposition with the schematic model 
of SuCS shows the Carnot Cycle [23].  
 
Line along the sea surface shows the isothermal expansion where heat of air is increased and 
reduction of the pressure is achieved. Thus the total heat and entropy are increased. The line 
grazing along the eyewall justifies the adiabatic expansion where exchange of heat is blocked so 
pressure is reduced while temperature faces constant decrement thus keeping total heat and 
energy constant. The small downward straight leg on the rightside of the engine there is an 
isothermal compression where cooling of the air is observed and the pressure is increased 
therefore the total energy and heat are decreasing. The nonlinear downward line segment on the 
engine suggests an adiabatic compression where no heat exchange is offered and an increase of 
pressure is observed while total heat and energy is conserved. 
 
4 Radio Signal Analyses: SuCS Amphan 
In the Figure 2 the atmospheric telemetric analysis of radio signals through the radiosonade 
system is done in the frequency 403 MHz and 1680 MHz [24]. The period of which these 
relevant data are analyzed is 16 to 20th of May 2020 at 12 hour gap although the last two days 
data are taken for continuous 24 hrs. The Geopotential Height at the surface level is 6 and the 
pressure is varying from 993.0 mbar to 1003 mbar at those days. The figure 3(a) shows 
prediction of the storm by the Indian Meteorological Department (IMD) where the development 
and dissipation of the storm basically depicted by the variation of surface pressure on the sea vs. 
the time of estimation. The pressure on the depression day is predicted to be less varied although 
on the 18thMay the rapid intensification of the cyclonic storm happens, the pressure variation 
ranges between the values 940 to 920 mbar. Thereby it is showing a very low pressure on the sea 
surface. The graphical variation of the six parameters from radiosonade data reveals important 
information in conformity with the estimation of IMD on the SuCS Amphan. Staring from 16th 
May extending to 20thMay the development of cyclone affects the pressure, dew point 
temperature, wind direction and wind speed. 
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Figure 2 The graphs a - e based on radiosonade data outputs of six parameters for the period 16th 
May to 20th May 2020. The indicators present in the graphs based on the colours where 
indicators shows parameter,date,times in UTC (The starting time of the experiment) (a) 

Geopotential height, (b) Pressure in millibars,(c) Temperature in tenths of degree Celsius, (d) 
Dew point temperature in tenths of degree Celsius, (e)Wind direction in degree,(f)Wind speed in 
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Figure 3 Shows the variation of (a) Estimated Central Pressure (ECP) and (b) Estimated 
maximum Sustained Surface Winds (MSSW) over the estimation timein UTC at a time period of 

300 UTC taken on the range days from 16 to 20thMay 2020. 
 

 

 

 

Figure 4 The graphs a to e based on radiosonade data outputs of six parameters on 20th May 
2020 for 24 hrs. from two Indian station Calcutta Dumdum ,West Bengal and Bhubaneswar, 

Odisha (Abbreviated here as CAL_DD for Calcutta Dumdum and ODI_BH for Bhubhaneswar) . 
(a) Geopotential height(H), (b) Pressure in millibars (P), (c) Temperature in tenths of degree 

Celsius (T), (d) Dew point temperature in tenths of degree Celsius (DWT), (e)Wind direction in 
degree (DR),(f)Wind speed in knots (DS) 
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An isobar is identified from the correlation of figures 2 (a) and (b) characteristics at a value 925 
mbar. The geopotential heights at this isobar may represent the air columns [25]. On 16thMay 
this value shows the formation of depression then changing to a lower value showing the deep 
depression. On 17thMay the lower value is achieved that is 648 meter and again some 
improvement in this value is shown on 18thMay nearly 698 meter. This higher value can be 
observed from the physical perspective as the wind movement going to be violent and the 
location of the Amphan development still at a recognizable distance from the place of 
experiment. On 19thand 20thMay the air column height at the selected isobar increasingly 
diminished to 696 and 638 meters respectively at the circumference of the experiment location. 
This suggests the movement of cyclonic centre towards this location. The temperature profile 
figure 2 (c) suggests that the temperature on the surface layer of the troposphere increases over 
28 degree centigrade and remains around 34 degree centigrade on an average till the dissipation 
of the storm. The increase of temperature on 18thMay, 2020 on the surface level shows the rapid 
intensification of the cyclone and it drops to normal value on 20thMay 2020. It can be said that 
the land interaction following the violent atmosphere with great amount of rainfall are resulted 
from that temperature variation. The dew point temperature variation is shown by figure 2(d). 
Here on 16th May localized formation of cloud and high relative humidity is observed. The 
consistent presence of lower difference between dew point and air temperature is observed on 
19th May and that effect increases rapidly on 20th May. The air temperature and dew point 
temperature difference varied from 0.7 degree Celsius to 1.2 degree Celsius showing the 
maximum possibility of unrest in the lower atmosphere. This result of analysis can be depicted 
here as the cyclonic movement matching with estimated and recorded parameters through the 
test centre [24]. The IMD estimated characteristics maximum sustained surface wind (MSSW) 
shows in the figure 2(c) where the growth of MSSW is observed on 16thMay to 18th May 2020 
but a rapid fall is estimated on 19th May [26]. The vertical wind shear may have been 
incorporated for that estimation. It is predicted on 20thMay i.e. at the land fall day that the 
MSSW to fall at a very low value i.e.10kt. The wind direction spread of the cyclone from 16 to 
20thMay is shown by the figure 2(e) which shows north eastern movement of the cyclone from 
genesis point. The angle in degree, below 3.5 km of the geo potential height, the wind spreads 
become convergent as the time before the land fall decreases. The decreasing value of angle 
within the said height from 16 to 20th May in the wind direction characteristic confirms the 
approach of the super cyclone. The wind speed distribution in figure 2(f) shows the abnormal 
increase of speed on 20th May starting from 44 knots at 744 meter to a highest value 50 knots at 
10 Km height, than those for other days. This confirms that the land fall occurred on 20thMay 
2020 by the cyclone.  

The comparison of the two radiosonade station one is the Dumdum, Kolkata, India other 
Bhubaneswar, India on the 20th May 2020 on the land fall day are shown in the figure 4(a) to (e). 
From the figure 4(a) and (b) it can be said that the pressure at the sea surface and tropospheric 
level from two station values suggests that the lower pressure is observed in the Bhubaneswar 
than Kolkata that predicts the approach of the cyclone [24]. The dew point temperature is nearly 
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equal to the air temperature in Kolkata than in Bhubaneswar so very great thunderstorm and 
rainfall event can be predicted from the figure (c) and (d). Wind direction from the figure (e) 
become superposed for the two stations that predicts the landfall will be any place in the vicinity 
of these two stations. Further the wind speed distribution from the figure (f) shows that the super 
cyclone passage is directed maximally over the West Bengal than Odisha. 

 

Figure 5(a) Insat 3D satellite enhanced colour imageries for the part of the life cycle of SuCS 
AMPHAN (16/05/2020 to 20/05/2022) , (Courtesy :IMD, New Delhi, India), (b)Dopplar 

Weather Rader data: 20 May, 2020,(Courtesy :IMD, Kolkata,India) 

The above Figure 5(a) shows the development and steered motion of the SuCS Amphan as 
observed by the Insat-3D satellite images [27]. The red colour circling over the white area in 
whirling motion in this figure shows the cyclone. On 16th May it is formed from a depression to a 
deep depression at Bay of Bengal (BOB), the further movement and strengthening of the 
depression to become severe cyclone is completed on 17th May. The rapid intensification is 
shown by the large radius of wind circles on 17th May when very severe cyclonic storm is 
developed. The extremely severe and super cyclone is shaped on 18th May shown by the distinct 
eye formation. On 19th May it moves to the north eastern coast of the India. The land interaction 
shown in this figure is happened on 3.30 P.M. on 20thMay thereby it losses it intensity and at 
midnight decays to a severe cyclone and approaches Bangladesh. Four different time Doppler 
weather data recording on 20/05/2020 is shown Figure 5(b) [28]. The time 0342 UTC block in 
this figure shows the approaching of the cyclone to the coastal region of BOB at West Bengal. 
Strong land interaction with heavy wind and rainfall over the part of the state of West Bengal 
and Odisha is observed. At time 1452UTC the DWR result shows the passing of the storm and 
reduction in intensification of the same. 
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5 Conclusions 
Primal effect of such intensified cyclonic event results from the conduction happened due to the 
excessive heating of the sea surface. That lies between 32 and 34 degree Celsius constantly for 
the first 2 weeks of the month of May. Changing of climate is one of the causes for such 
abnormally warm surface water [29, 30]. Though the physics behind the various type severe 
cyclones happened in recent times are explored by extensive researches, in that context our try is 
to model schematically the SuCS to give some light into this topic. The analysis of recorded 
radio data for this cyclone helps us to get into the anatomy of its intense behaviour. The 
advancement of Indian Meteorological Department observation and prediction is absolutely 
remarkable and pin pointed on the basis of approaching time, initial place of land interaction and 
wind speed value is recognized by our radiosonade data analysis. The climate effect due to 
global warming left with the unforeseen violent behavior of the atmospheric entities. Therefore 
to curve the damage in life, important belonging of the mankind and other species by giving 
them sufficient time to be shifted at less affected area these predictions are utmost important.  
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Abstract: This paper is highlighting a new idea of transformer fault prediction by using IOT 
devices. Online transformer diagnostics using conventional technologies like carrier power line 
communication, radio frequency based control systems, supervisory control and data acquiring 
systems, distributed control system and internet based communication having their own 
limitations but this method having much more better compare then existing and previous 
running online monitoring method. GSM is an open, digital cellular technology used for 
transmitting mobile voice and data services. This project’s objective is to develop low cost 
solution for monitoring health conditions of remotely located distribution transformers using 
GSM technology to print premature failure of distribution transformer and improving the 
reliability of services to the customers. An embedded based hardware design is developed to 
acquire data from electrical sensing systems. It consists of a sensing system, signal conditioning 
electronic circuit, advanced embedded hardware for middle level computing, a powerful 
computer for further transmission of data s to various places. A powerful GSM networking is 
designed to send data from a network to another network for proper corrective actions at the 
earliest. Any change in parameter of transmission is sensed to protect the entire system .The 
performance of prototype model developed is tested for monitoring various parameters like 
transformer over load, over voltage, over temperature, and oil level. 
 
Key words: Smart Technology, Transformer Fault, IOT implementation, Flowchart, Hardware 
and Software implementation 

1 Introduction 
Electricity is one of the essential sources in our daily life. As for the humans the 
dependency of electricity is really vital, usually for households, industrial and many 
other purposes. So Power System comes in the picture as it plays an important role for 
generating and transmitting electricity to the required consumers. It consists of many 
components and equipments that help to transfer electricity with certain measures and 
protections and one of the most important components is known to be transformer. It is 
also said that transformer is the heart of the power system. Its role is to either step up or 
step down for transmitting the power generally. As these devices are being operated for 
several years so they also require a proper maintenance and conditioning to increase 
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their life span and work in proper manner for avoiding certain failures like overloading, 
heating of high or low voltage current which can be a cause for unavailability of 
supplied power to the consumers and cause for expenses of capital investment. 
Overloading, oil temperature load current and ineffective cooling of transformer are the 
major cause of failure in distribution transformer. 

 
  2 Issues regarding fault in Transformer 
As large numbers of transformers are distributed in wide area so in present situation the 
monitoring has been propagated as it has gone through manual operation. So the humans 
has to go to the transformer along with testing kit to monitor as periodic monitoring 
which consumes more time. So as there are many transformers distributed in large area 
so it is difficult to maintain and measure the condition manually of every single 
transformer. Such as: (a) Normal transformer measurement system generally detects a 
single transformer parameter. While some ways could recognize multi parameter, the 
time of acquisition and operation parameters is too long and testing pace is not 
sufficiently quick; (b) monitoring system can only monitor the operation state or guard 
against steal the power, and is not able to monitor all useful data of distribution 
transformers to reduce costs; (c) Auspicious detection data will not be sent to observing 
centers in time, which cannot judge distribution transformers three phase equilibrium; 
(d) Detection system itself is not reliable. The main principle execution is the device 
itself instability, poor anti jamming capability, low measurement accuracy of the data. 
Mechanical fault of transformer winding and repairing technique is illustrated in Figure 
1. 

 

Figure 1Mechanical fault of transformer winding and repairing 

In order to avoid such failure there should a advance monitoring system to detect the 
fault in real time with minimizing of human involvement such as overloading of current 
and voltage ,transformer oil and encompassing temperature and humidity fault in 
transformer and send it to monitoring system . It provides the necessary information 
about the health of the transformer. This will help and guide the utilities to optimally use 
the transformer and keep this equipment in operation for longer period which is in terms 
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known as IOT or Internet of things.  

3 Proposed System to Overcome the Fault Occurrence in Transformer 
This proposed paper presents design and implementation of an IOT embedded system to 
measure load current, over voltage, transformer oil level, oil temperature. This is 
implemented by using online measuring system using Internet of Things (IOT), with 
single chip arduino microcontroller and sensors. It is installed at the distribution 
transformer site. The output values of sensors are processed and recorded in the system 
memory. System defined with some predefined instruction to check abnormal condition. 
If there is any abnormality on the system, details are automatically updated in the 
internet through serial communication. The Internet of Things (IOT) will help the 
utilities to optimally utilize transformers and identify problems before any catastrophic 
failure occurs. Thus online measuring system is used to collect and analyze temperature 
data over time. So transformer health monitoring will help to identify or recognize 
unexpected situations before any serious failure which leads to a greater reliability and 
significant cost savings. Transformer is one of the essential electrical equipment that is 
used in power system. Monitoring of transformer for the problem before they occur can 
prevent faults that are costly to repair and result in a loss of electricity. Currently, failure 
of transformer can be detected by color changing of silica gel and decrease in quality and 
viscosity of oil. 

The main aim of the project is to acquire real time data of transformer remotely over 
the internet falling under the category of Internet of Things – 

i. For this real time aspect we take one temperature sensor , one potential and 
current transformer (that acts like a sensor) for sense sing and monitoring 
parameters like voltage , temperature and current of transformer 

ii. These three analog values are taken in multiplexing mode and connected to a 
programmable microcontroller arduino UNO. 

  4 Internet Of Things 
The internet of things (IoT) is a system interrelated computing devices, mechanical and 
digital machines provided with unique identifiers (UIDs) and the ability to transfer data 
over a network without requiring human to human or human to computer interaction. It 
refers to a type of network to connect anything with the internet based on stipulated 
protocols through information sensing equipments to conduct information exchange and 
communication in order to achieve smart recognitions, positioning, tracing, monitoring 
and administration. An artistic presentation of internet of things is shown in Figure 2. 

4.1 Literature Survey 
As we know the power transformers are one of the most important aspects of electric 
networks. They are very expensive in industrial purpose and for household too. So the 
monitoring systems will be valuable for preventing damage to them. Experts are required 
to examine the transformers to make an appropriate decision in case of problems 
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occurred to prevent premature damage. With the help of internet, it is possible to collect 
appropriate information from the widely spread transformer around the geography 
connecting to a central node for monitoring purposes under the supervision of high 
voltage engineering experts. The aim of this paper is to view the main problems related 
to power transformer and review the mitigation methods for the monitoring of power 
transformer. There are various kinds of developments, papers and thesis work done for 
this. The supervisory control and data-Acquisition (SCADA) system has been developed 
from about 1998 and it is in use from generations up to substation level. Here a case, that 
it is not used fully to control monitoring of transformer status and mainly focused on 
GSM technologies and stays in substation level. 

 

 
Figure 2 The Internet of things 

 

i) In the journal of Energy and power Engineering 7 (2016) 2181-2187, Samson et al 
published a paper titled “Development and implementation of GSM-based distribution 
Automation system with graphic user Interface in Nigeria electric power distribution 
Network”. They come up to develop a distribution automation system for Nigeria’s 
electric power distribution network mainly using GSM network for communication on 
the published paper. [1] 

ii) In the thesis paper titled “development of a novel fault management in distribution 
system using distribution automation system in conjunction with GSM communication” 
implementation and development of novel fault management at low voltage to enhance 
depending of power for the customer was focused on. As far the system has been 
induced with current sensor as field data interface device, GSM as communication 
network, computer/mobile phones as master terminal device and visual basic as human 
machine interface (HMI) software. To find the fault location they come up with a fault 
design development of WCDMA based DTMS 12 management strategy which finds 
fault location effectively without human interaction after a fault occurred. This thing was 
published on the international journal of Smart Grid and Clean Energy, vol. 2, no. 3. [2] 
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iii) On another thesis paper published on the IQRS journal of Electrical and Electronics 
Engineering titled “Arduino Based substation Monitoring and control system with GSM 
modem”, Amit Sachan designed a project to acquire the remote electrical parameter like 
voltage, current and frequency and sends these values to GSM network using GSM 
modem/phone also with the temperature at power station [3-5]. By operating 
Electromagnetic Relay their objective is to protect the electrical circuit so they designed 
the project for this purpose. Here the relay can be used to operate a circuit breaker to 
switch off the main electrical supply. In the form of SMS user can send commands to 
check the remote electrical parameters. The system thereby can also send the real time 
electrical parameters periodically in the form of SMS. Whenever the circuit breaks or 
current exceeds the limit the system is designed tp send SMS alert [6-10]. 

This paper study will be better monitoring compare than above .This monitoring scheme 
can access anywhere of world that fault deduction, rectification will be much simpler 
than any other methods. 

5 Experimental Techniques 
A simplified block diagram is shown in Figure 3. Components used for the purpose are: 
Arduino Board, LCD DISPLAY (16*2), GSM Module, Capacitor, Transistor, Cables 
and Connectors, Diodes, PCB, LED, Transformer, RELAY, Sensors. For the Arduino 
Board: The uno R3 CH340 G development board is the low cost version of the popular 
uno R3 Arduino. It is assembled with the CH340 USB to serial converter chip. The only 
time the CH340 chip is used in during programming and when using the serial output of 
the USB port.  

 

Figure 3 Simplified block diagram 

5.1 Working Process (Algorithm) 
The main motive of our paper is to build a protective circuit for the distribution 
transformer. So as per the determined diagram we have executed the various working 
points. 

 As the power is being supplied from the source, so before letting supplied power 
to the distribution transformer, the supplied power is to be examined. So No fault 
can occur. 

 The supplied power is being transmitted to the power transformer to the all 
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devices which is being connected to the circuit. The power transformer is being 
stepped down for a conversion of Ac to DC. 

 As the power is being converted to Ac to DC for the purpose of low input 
voltages devices (so that no devices is being affected).The DC voltage is supplied 
to (arduino uno, different sensors (current, voltage, temperature, ultrasonic), 
display, GSM module, Fan (DC). As the DC voltage is divided into two ways. 
One is being regulated to low voltage for the supply of arduino uno and other is 
given to the fan 

 Now as arduino is being with some voltages. It has been activated and devices 
which are being interfaced with it (sensors) also get the input voltage from the 
arduino and also the GSM module. 

 As all the sensors are being activated to the required input supply. So now it 
fetches all the data value. 

  The sensors (current, voltage) gather the values of the supply source and 
recorded which is being displayed at real time. The temperature sensor senses the 
temperature of transformer at real time and also the sonic sensor checks the oil 
level of transformer in real time. 

 Now as the sensors (which are the inputs) has being programmed or got it is own 
threshold limit. If the accessed data’s are more than that real time, it occurs to be 
a fault. 

 So the fault power is being eliminated by disconnecting the supply before it is 
being accessed to the distribution transformer through relay. 

 Similarly temperature sensor, the temperature increases to its limit, the fan is 
being activated for cooling purpose. 

 
The recorded data can be sending through GSM module and can be accessed from 
anywhere. This helps in identifying without human dependency. This helps in 
identifying and solving a problem before a failure without human dependency. 

 
 5.2 Software Part 
We have run the program and successfully implemented in Chip but due to Pandemic 
situation we are not implemented it in real transformer still now. 

#include<LiquidCrystal.h> ///initilized lcd 

LiquidCrystal lcd(5,6,7,8,9,10); // 
creat instance int fan_pin=13; 
//initilized fan output pin 
////////////////////////////////////////// 
int trigg_pin=0; //initilized sonic sensor 
output pin int echo_pin=1; // initilised 
sonic sensor input pin 
/////////////////////////////
//////////// float 
value; //for current 
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sensor float 
voltage; 
float current; 
float temp; //for temp 
sensor float distance; 
// for sonic sensor 
////////////////////////
/////////////// void 
sonic() 
{ 
digitalWrite(trigg_pin,LOW);// 
declare pin as low 
delayMicroseconds(2); // for 2 micro 
second 
digitalWrite(trigg_pin,HIGH);// 
declare pin as high 
delayMicroseconds(10);  // for 10 
micro second 

float duration=pulseIn(echo_pin,HIGH); // store echo_pin 
value in duration distance=(duration*0.0343)/2; // eqation of 
sound speed 
//////////////////////////// 

// for 
displaying 
poutpose 
lcd.setCursor(1
,0); 
lcd.print("DIST
ANCE:"); 
lcd.setCursor(1
0,0); 
lcd.print(distan
ce); 
delay(1000); 
lcd.clear(); 
if (distance<10) 
{ 
} 
} 

void temprature() 
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{ 
temp=analogRead(A1);// take input at temp 

 
//for 
displaying 
pourpose 
lcd.setCursor(
1,0); 
lcd.print("TE
MP:"); 
lcd.setCursor(
6,0); 
lcd.print((tem
p-2)/2); 
delay(1000); 
lcd.clear(); 
// 
co
ndi
tio
n 
if(t
em
p>
50)
; 
{ 
digitalWrite(fan_pin,HIGH); 
} 

} 
void current_sensor() 
{ 
value=analogRead(A0); 
// take input 
voltage=(value*12)/508; 
current=(voltage-
0.5)/185; 
// for displaying pourpose 

 
//////////////////////
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// 
lcd.setCursor(
1,0); 
lcd.print("VO
LTAGE:"); 
lcd.setCursor(
9,0); 
lcd.print(volta
ge); 
delay(1000); 
lcd.clear(); 
////////////////////
/// 
lcd.setCursor(
1,0); 
lcd.print("CU
RRENT:"); 
lcd.setCursor(
11,0); 
lcd.print(curre
nt); 
delay(1000); 
lcd.clear(); 
} 
void setup() { 
lcd.begin(16,2); // decleare lcd 

pinMode(fan_pin,OUTPUT); // declare 
fan_pin as output 
digitalWrite(fan_pin,LOW); // declare initial fan_pin at LOW 
pinMode(trigg_pin,OUTPUT); // declare fan_pin as output 
pinMode(echo_pin,INPUT); // declare fan_pin as input 
} 
void 
loop() 
{ 
current
_senso
r(); 
tempra
ture(); 
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sonic()
; 

} 
  
6 Advantages of the Proposed IOT based Power Failure Monitoring System 
Here are some advantages of IOT based power failure monitoring system: 
Communication: The communication between devices of IOT based power failure 
detection system, also known as machine to machine communication. Because of this the 
physical devices are able to stay connected and available with good quality. 
Automation and control : By using the detection system the physical objects are 
connected and controlled digitally with the wireless system, there is a huge amount of 
automation and control in the research work without human observations the machine are 
able to connected and communicate with each other. 
Information: In this IOT based power failure detection system that having more 
information helps making its better decisions as need to know what kind of changes 
happened in this system. 

Monitoring: The most probably advantage in this detection system continuously 
measuring the voltage, current load variations and any changes in Power transformer. 
With the help of this advantage we know the exact quality supplies on the power 
transformer. 
Time: In the today’s modern life, we all could use more time. In the previous examples 
the amount of time saved because of IOT could be quite large. 
 
7 Conclusions 
In this IOT based power failure detection system is designed for the assessment of power 
transformer in the control and considering electrical, mechanical and physical 
transformers parameters. This system can be used to help continuously measuring the 
voltage, current load variations and any changes of power transformer. The study of 
present method of the power transformer condition monitoring, analyzing the power and 
fault diagnosis indicated few problems as mentioned here: (i) The power failure 
detection system can be modified to access more number of transformer parameters for 
analyzing the condition and diagnosis of all the types of faults; (ii) The monitoring 
system can be made advanced and multi access system with flexibility and reliable 
techniques and detection technologies; (iii) This monitoring system can be used for 
current, voltage load variations and any changes in power transformer. 

 
In electrical network power transformer being the vital and essential device has gained 
the maximum importance. The power fault leads to failure of power transformer and 
sudden breakdown or failure leads to unplanned output of power transformer. It can be 
effect of designer of life span of step down power transformer and its cost effective. If 
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suddenly the voltage up or voltage down in a step down power transformer it can be also 
a fault in Transformer. In this work a fault detection system of a step down transformer 
is denoted and developed as IOT based monitoring of power failure in transformer 
detection system. The research work means IOT based monitoring of power failure in 
transformer detection system enhanced our practical knowledge. The smooth functioning 
of transformer failure detection system depends on IOT to a large extent to the Arduino 
based projects. This system is monitoring the power fault on the power transformer 
continuously measuring the side of voltage, current and transformer load variations. This 
developed transformer power failure detection system experimentally verified with 
results in the laboratory only. Real life implementation is necessary to implement any 
project. Hopefully we will do it after pandemic situation is over. 
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Abstract: COVID-19 is an infectious disease that is primarily caused by severe acute respiratory 
syndrome coronavirus 2((SARS-CoV-2). According to the latest figures by the world health 
organization, the number of confirmed cases for the COVID-19 pandemic worldwide is more 
than 10 million and the number of fatalities reported is over 500,000. It has been found from 
several studies that medical imaging coupled with AI holds great promise in the detection and 
follow-up of the COVID-19 disease due to the enhanced accuracy in results of the experiments 
performed by the researchers.AI-based solutions can be used to simultaneously analyze multiple 
input computed tomography (CT) images of chest and lungs. Further, AI is used to detect any 
abnormalities that may lead to early detection of the disease efficiently. 

Keywords: SARS-CoV-2, COVID-19, CT scan, image processing, Deep Learning. 

1 Introduction 
COVID-19 is an infectious disease that is primarily caused by the severe acute respiratory 
syndrome coronavirus 2((SARS-CoV-2) of the genus Betacoronavirus [1].In comparison with 
other strains of coronavirus such as the severe acute respiratory syndrome coronavirus (SARS-
CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV), the SAR-CoV-2  is 
highly contagious with a rapid transmission capability leading to the onset of respiratory distress 
symptoms and even death[2,3].TheCOVID-19 has been declared as a pandemic in 213 countries 
owing to the steep increase in the number of confirmed cases as is evident from the papers 
published by different researchstudies[1, 4]. According to the latest figures by the world health 
organization(WHO), the number of confirmed cases for the pandemic is more than 10 million 
worldwide and the number of fatalities reported is over 500,000[5]. Medical imaging can be used 
to create a visual representation of the interior portion of the human body so that anomalies can 
be detected and further intervention can be carried out. Medical imaging modalities such as 
thoracic, chest, and lung CT scans are widely being used in the diagnosis and follow-up of the 
COVID-19 disease. These imaging techniques coupled with AI solutions are quite effective in 
the early detection of disease. The major advantage of such methods is better prediction 
capability, lower miss diagnosis rates, and lowers the workload of radiologists [1].The imaging 
techniques along with AI can also be employed for classification and positive confirmation of 
COVID-19 from also a large number of cases analyzed in a short period [4].  
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Techniques such as deep learning (DL) enable the effective management of COVID-19 patients 
and can help avoid transmission [6, 7, 8].The imaging techniques[1, 4, 6] commonly used for 
positive confirmation and detection of the COVID-19 are low resolution computed tomography 
(LR CT), High resolution computed tomography (HR-CT),Non-contrast thoracic CT, etc as 
shown in Figure 1.This review is dedicated to the study of four DL techniques for the 
classification of lung CT images infected by COVID-19. The paper is divided into six sections: 
section 1 gives the introduction. Section 2, 3, 4, and 5 presents four working DL models for the 
classification of lung CT images. Finally, the paper concludes in section 6. 

 
 
Figure 1 Lung CT image infected by COVID-19 pneumonia with bilateral multi-lobar peripheral 

ground-glass opacities in both lungs predominantly in mid to lower zones (image 
courtesy:https://radiopaedia.org/cases/covid-19-pneumonia-26) 

2 DL model for chest CT Classification 
In the proposed work by OphirGozes, Heather Greenspanet al. [4] non-contrast thoracic CT 
scans are used for identification and follow-up of the COVID-19 disease. DL algorithms have 
been used with 2D & 3D models to predict the possibility of the disease. Multiple international 
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datasets, including from Chinese disease-infected areas were included for setting up 
development, testing, and lung segmentation. These datasets were obtained from several 
hospitals in China and other places. The dataset mainly consisted of abnormal thoracic CT scans 
considered as suspicious for COVID 19, normal thoracic CT scans, CT scans of normal chest & 
lungs. The study used a combination of 2D & 3D deep learning models along with existing AI 
models and clinical understanding of the system. A Corona score was generated based on the 
analysis of the performance of the proposed system to identify the features of thoracic CT that 
would lead to the detection of COVID-19 disease and the timely progression of the disease with 
a 3D volume review. The score is robust to slice thickness and pixel spacing as it includes pixel 
volume.The proposed system detects possible COVID-19 cases along with the generation of lung 
abnormality localization map for suspected cases after thoracic CT images are fed as input to the 
system.In addition to the visualization, the system automatically extracts several outputs of 
interest, including per slice localization of opacities (2D), and a 3D volumetric presentation of 
the opacities throughout the lungs. The proposed system is divided into two major subsystems 
(3D volume analysis and 2D slice analysis) which perform analysis of CT images at two 
different levels. The subsystem A performs a 3D analysis of the case volume for nodules and 
focal opacities whereas the subsystem B performs a newly developed 2D analysis of each slice 
of the case to detectand localize larger-sized diffuse opacities including ground glass infiltrates 
which have been clinically described as representative of the COVID 19.Utilizing the DL image 
analysis system developed, the researchers achieved classification results for Coronavirus vs. 
Non-coronavirus cases per thoracic CT studies of 0.996 AUC (95%CI: 0.989-1.00) on Chinese 
control and infected patients. Possible working point: 98.2% sensitivity, 92.2% specificity.The 
paper concludes that using machine learning techniques and innovative AI algorithms, in 
combination with pulmonary CT detection platform, an effective tool can be utilized for the 
screening and early detection of patients who may have contracted the COVID-19 pathogen 
 

3 UNet DL Model for Chest CT scan 
The paper of Menget al. [6]discusses a standard framework for the discharge of COVID-19 
patients from the hospital .research was carried out using a combination of chest CT of COVID-
19 patients with consecutive negative respiratory pathogen nucleic acid test results and a novel 
deep learning algorithm.Data was collected from Wuhan Union Hospital and the Affiliated 
Tumour Hospital of Zhengzhou.Respiratory secretions for testing were collected from the 
patients using the pharyngeal swabs in addition to viral load testing. Subsequently, low dose CT 
scans of all patients were also collected.A U-Net DL model was employed in the study due to the 
advantages of lesion detection with a large size variation and pneumonia volume was an 
important clinical index to evaluate the stage of illness and prognostic. Furthermore, precise 
pixel-level segmentation was required and U-Net provided a natural choice for its segmentation 
capability.The average intersection over union is 0.7894. Fifty-seven (21.1%) and 213 (78.9%) 
patients exhibited normal lung findings and pneumonia, respectively. 54.0% (115/213) involved 
mild interstitial fibrosis. 18.8% (40/213) had a total volume ratio of lesions to the lung of more 
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than and equal to 50% according to our severity scale and were monitored continuously in 
hospital, and three cases of which had a positive follow-up nucleic acid test during hospital 
observation. None of the 230 discharged cases later tested positive or exhibited pneumonia 
progression. 
 
4 CNN for Lung CT Classification 
Sally et al.paper[9]discuss an Artificial Intelligence-inspired Model for COVID-19 diagnosis and 
prediction for patient response to treatment AIMDP.The functionalities of the system are 
performed using two modules namely the Diagnosis Module (DM) and Prediction Module (PM). 
The study used the Tensor Flow framework which is a popular open-source library for DL.The 
diagnosis module uses a convolutional neural network (CNN) shown in Figure 2and processes 
CT scans which can be used for the identification of positive COVID-19 patients.  
 
The prediction module on the other side employs a whale optimization algorithm [10]and can 
predict the treatment response-ability of the patient based on different factors such as the stage of 
infection, organ failure, and procedure of treatment. The major phases in the proposed model are 
the pre-processing, segmentation, feature selection; classification, prediction, and diagnosis 
recommendation phase.The results show good performance for the proposed diagnosing and 
prediction modules, using a dataset with hundreds of real data and CT images. The performance 
of AIMDP is evaluated showing the effect of implementing FSWOA and using CNNs as a deep 
learning technique. The results are compared against the most recent diagnosing models. 
 
5 Dense CNN for lung-CT classification 
The major purpose of the study byYanget al. [1] was to find out how well the Densely Connected 
Convolutional Networks (DenseNet) performed the diagnosis of COVID-19 features on the input 
high resolution computed tomography (HRCT) images. Dataset was obtained from the Shanghai 
Public Health Clinical Center, Fudan University. Two hundred and ninety-five patients (male: 
female, 154:141; median age, 37.5 years old; age range, 15–80 years) were enrolled in this study, 
in which, 149 were a healthy person and 146 were patients with positive SARS-CoV-2 nucleic 
acid antibody (10 patients without pulmonary lesions on HRCT were excluded). 
 
The DenseNet was trained and tested to classify the images as having a manifestation of 
COVID-19 infected or as healthy. The DenseNet algorithm model yielded an AUC of 0.99 (95% 
CI: 0.958–1.0) in the validation set and 0.98 (95% CI: 0.972–0.995) in the test set. The threshold 
value was selected as 0.8, while for validation and test sets, the accuracies were 95% and 92%, 
the sensitivities were 100% and 97%, the specificities were 90% and 87%, and the F1 values 
were 95% and 93%, respectively. The sensitivity of radiologist was 94%, the specificity was 
96%, while the accuracy was 95%. It was concluded that deep learning (DL) with DenseNet can 
accurately classify COVID-19 on HRCT with an AUC of 0.98, which can reduce the miss 
diagnosis rate (combined with radiologists’ evaluation) and radiologists’ workload. 
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Figure 2 A basic convolution neural network model (image courtesy: AtheroPointTM) 

6 Conclusions 
Medical imaging coupled DL holds great promise in the detection and follow-up of the COVID-
19 disease due to the enhanced accuracy in the results of the experiments performed by the 
researchers. The imaging techniques along with AI can also be employed for classification and 
positive confirmation of COVID-19 from also a large number of cases analyzed in a short period. 
Techniques such as DLhas enabled the effective management of COVID-19 patients. AI-based 
solutions can be used to simultaneously analyze multiple input Computed Tomography (CT) 
images of the chest may lead to early detection of the disease efficiently. 
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Abstract:  Himalayan zone is one of the richest biodiversity, which is a house of various 
biological species whether it is Plants, Animals and other species. Cordyceps sinensis or 
commonly called as “The Himalayan Fungus” is an Ascomycete fungus which grown at high 
altitude zones, is constitute of many Bio-active compounds and potential of showing several 
medicinal or Therapeutic Benefits. Although People of China, India, Bhutan and Nepal had 
knowledge about this from ancient times, but for the western counties, the concept of The 
Himalayan fungus is quite new. The recent studies have suggested that the Cordyceps sinensis is 
an effective medicinal Fungus and can potentially show the effects such as Anti-oxidant, Anti-
Tumor, Immuno-modulation, Anti-Ageing, Neuro-protective and Anti-Inflammatory etc. The 
local Population of Northern Sikkim has been using this for cure of several illnesses such as 
Tuberculosis, Infertility, Erectile dysfunction, Jaundice, Arthritis, Bronchitis, Heart Disease, 
Kidney-Disease, chronic-pain Etc. Although, Cordyceps sinensis was first introduced to the 
western market, the earliest discussion of this fungus comes from 2000 years old Chinese literary 
works. As its grows only in a specific type of atmospheric condition and geography as well, it is 
one of the rarest natural products and so in United states, it is currently sold at Price of $20000 
Per Kilogram. Although there are several claims on its medicinal value, there is still requirement 
of lot of studies to analyze its activity and nature properly. Due to its less availability in nature 
and great medicinal effects, the artificial cultivation methods have been developed for CS. 

Keywords:Cordyceps sinensis; himalayan zone; himalayan fungus; medicinal fungus; artificial 
cultivation.  

1 Introduction 
Whenever the Allopathic and modern medicine fail to cure any disease or illness, the alternate 
medicines are taken in the account, and world start looking at the Ayurvedic, Chinese and other 
ancient medicinal and therapeutic systems for the cure of diseases. The Type of Mushroom, 
some time called as “The Himalayan Fungus” Cordyceps sinensis has shown some remarkable 
effects on the human health from the ancient times in the High-altitude regions of South Asian 
Countries (India, China and other High-Altitude regions)[1,2]. Although the concept of this 
fungus is quite new in western continents and countries, Cordyceps sinensis has been a part of 
common therapeutic usage in the South Asian Regionsfrom a long period[2,3]. 
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Cordyceps sinensis is an Ascomycete-fungus;it has different names in the different regions like 
in Chinese it is called as “Dong Chong Xia Cao”, in Japanese “Tockukaso” and in Tibetan as 
“Yarsa-gumba” [3]. Its discussion in history dates back to 620 ADS, Where in Chinese literature 
it has been called as a Magical Creature [4-7]. The Himalayan Fungus is rich in various 
Biological Active compounds and elements which shows a great impact in terms of Human 
health. It has been found that the fungus is constitute of Nucleosides like Cordycepin, adenosine 
etc, Polysaccharides such as EPSF (Exopolysaccharide fraction), APS (Acid Polysaccharide) 
CPS 1 & CPS 2 (a water soluble polysaccharide) and sterols like Ergosterols etc [8-12]. On the 
other hands it does contain essential elements like (Mg, Fe, Cu, Mn, Zn, Pi, Se, Al, Si, Ni, Sr, Ti, 
Cr, K, Na, Ca) which are micronutrients and actively participate in several Biological Actions 
[3,12]. 

In the Taxonomy, GenusCordyceps Belongs to Ascomycota, Pyrenomycetes, Hypocreales, and 
Clavicipitacea[4].It is a Parasitic in nature, which means is dependent on Larvae and pupae of 
insects for its habitat and Grow In humid and tropical regions[4]. Specifically,Cordyceps sinensis 
(Also called as Caterpillar Fungus) is Found in High Altitude regions as Discussed earlier. The 
Himalayan Fungus is very active in a broad spectrum, as found in studies it can act as an 
Antioxidant, Anti-inflammatory, immune-modulator, Anti-Tumor, Neuro-protective 
andantiaging agent [13- 20]. Although many claims related to its “Magical” effects, are a subject 
of discussion and debate. [3]. This fungus is prominently used in the regions of North Sikkim as 
a traditional medicine for the illnesses such as Erectile dysfunction, Tuberculosis, Female 
Aphrodisiac, Infertility, Bronchitis, Arthritis, Jaundice, Liver disease, Kidney disease, Coronary 
Heart disease, Chronic Pain etc. [8]. in last century several scientific evidences has came out 
which has proven its medicinal value by showing its importance in Combating the Erectile 
dysfunction problem and can be used as an alternative natural product against Viagra and as a 
stamina booster[6, 8, 9, 14]. 

Table1 General Details of Cordyceps sinensis; Ashok kumar Panda 2010[8] 
English Name Caterpillar Fungus 
Latin Name Cordyceps sinensis 
Chinese Name Dong Chong Xi Cao 
Japanese Name Tocheikasa 
Nepali Name Keera Jhar, Jeevan Buti 
Phylum Ascomycota 
Class Ascomycetes 
Order Hypocreales 
Family Clavicipitaceae 
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2 Morphology 
On the Morphological level, structurally they are divided into two parts, The Upper Fungal 
Section or Stroma and lower or Basal Caterpiller The Stroma or upper fungal part is longer than 
the basal caterpillar (Upper = 4 cm to 10 cmand basal = 3.5 cm approx.). Stroma is Further 
divided into two parts, Basal stem (2.5 to 8.5 cm long and 2 to 3 mm wide) and upper head (1 to 
2.5 cm long and 3 to 5 mm wide), The stem is glabrous, slender and longitudinally rigid and the 
head is swollen and fusiform, on the other hand Caterpillar region has parts head, neck, body 
segments and legs which are clearly visible. The head region of Stroma is a fertile region where 
the apex is distinct and sterile (2 to 4 mm long and 2 to 4 mm wide) [5, 7, 10]. 
 
3 Ancient History  
The concept of Cordyceps sinensis is although new for most of the population belonging to the 
western countries but from the ancient texts and literature of south Asian regions, it can be 
clearly understood that people of ancient times had a good knowledge of this fungus and its 
effects on the health. The first discussion/reference of Cordyceps as a medicinal fungus comes 
from the Chinese texts of 101 BC, 2nd Major record come from the period of Tang Dynasty (618 
AD – 907 AD) as a magical creature which shows a transformation from animal to plant form in 
the hot season and plant to animal in cold season or winters.Author Wu-Yiluo in the Ben Cao 
Congxin (1757 AD), has given the first proper scientific description of Cordyceps during the 
period of Qing Dynasty and in 19th century this fungus was first time marketed in the United 
States[3, 8, 13]. 
 
4 Medicinal Values 
Cordyceps sinensis has many medicinal and therapeutic Effects. Cordyceps sinensis Extract is 
prepared in lab by autoclaving and later on filtered out and exact yield than used for test 
treatment of various health problems to check its effect. 
4.1 Anti-aging benefits of CSE 
Anti-aging effects are very relatable to Anti-oxidative effects. Antioxidants are the compounds, 
which invades the oxidation reaction and prevents cell damage. [18] CSE has been used to treat 
the Aging problems from ancient times. Its mechanism had been observed in mice, where they 
provide CSE to it and effect were developed. ICR mice had been used for water maize test for 
memory and learning effects with the impact of CSE. It is observed that level of oxidative 
degradation of lipids decreases and enhance the activity of superoxide dismutase in brain, liver 
and erythrocytes. Thus, it improves learning ability and memory loss problems due to aging 
effects in mice by increasing anti-oxidative enzymes. [3, 15, 22] 
4.2 Control on Pulmonary Hypertension (PH) 
PH is type of disease which causes high blood pressure problem and mainly effects arteries in 
lungs and heart. It is life threatening disease and if not treated sometimes it leads to death. The 
problem of PH is characterized by abnormal multiplication of vascular cells in lungs, increased 
inflammatory issues and imbalance between antioxidants and free radicals. As per the scope of 
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traditional medicines, scientist test “Yarsa-gumba or Cordyceps sinensis” on HPASMCs 
(primary human pulmonary artery smooth muscle cells). HPASMCs were isolated from patients 
of PH disease and then treated with the CSE (Cordyceps sinensis Extract). The mechanism was 
obtained that CSE decreases expression of cyclin and cyclin dependent kinase and promotes G1 
phase cycle. The results were than observed according to research paper was that there is 
reduction of proliferation of HPASMCs. [21] 
 

4.3 Enhance and Suppress Immune Response 
Immune response against antigens is mandatory by body cells but sometimes cells unable to 
respond to these antigens properly. C.sinensis has been used to modulate immune responses in 
body. There are mainly two states of immune system that is to enhance or suppress immune 
response. When white blood cells react to antigen, it starts producing more cells and antibodies 
to kill the invader. In low immunity cases C.sinensis helps in production of WBCs mainly in 
cancer, hepatitis and HIV-AIDS patients. In hyper immunity condition where cells react to their 
own-cells, like in Lupus and Lymphoma state. When CS given in that state, it cause suppression 
of immune response and also, WBC count drops. [22] 
 

4.4 Controls Blood sugar and Cholesterol level 
Up and downs in blood sugar levels are common in Diabetic patient. CS has been used in 
treating diabetic problems. It induces blood glucose level, polydipsia and hypoglycemic activity. 
By study of team of Taiwan, CS has been used to observe its reaction over pancreatic B-cells and 
incitement were demonstrated in treating with Type 2 Diabetes. The cell viability ameliorates in 
vitro on treating with mouse pancreatic B-cells. CS improves electrolytic balance and decreases 
problems related to Diabetes millitus. [3] Hypoglycemic activity was observed in CS by doing 
experiment on genetically diabetic mice where the polysaccharides (CS-F30) were obtained from 
C. sinensis culture medium of mycelium which shows hypoglycemic activity. CS lowers down 
cholesterol level and improves ratio of HDL (good cholesterol) and lowers down number of LDL 
(bad cholesterol) [22]. 
 

4.5 Anti-Cancer and Anti-tumor properties 
C.sinensis has great role in anti-cancer and anti-tumor properties. [17]. CS stimulates adenosine 
A (3) receptor by activating of glycogen synthase kinase. CS inhibits the growth of melanoma 
cells B16. To evaluate this, the experiment was done invitro by Chun-Yi Jen & team in Taiwan. 
They use MA-10 cells which are Mouse Leydig tumor cells. Cordyceps Sinensis dose were given 
at different concentration [18]. Cell Number decreases in time. Morphology of cells then 
observed in Light microscope and observes decrease in G1 phase & G2 phase in MA-10 cells. 
Different concentration of cordycepin extract was given to patient. Furthermore, it induces 
apoptosis. In studies of china, 50 patients with lung cancer were given 5.6g/day of CS and 
“tumor” reduces in size, in 23 patients. C.sinensis when used with combination to chemotherapy 
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appears to have an immune-stimulatory effect, enhance positive results and balances side effects 
[19, 22]. 
 
5 Invitro Cultivation 
As per the need of large scale biomass production of Cordyceps sinensis thus In vitro cultivation 
methods are developed by many researchers.CS1197 strain of CS is isolated on natural basis 
from dead larvae and confirmatory tests are done by liquid chromatography and mass 
spectroscopy to assure the presence of adenosine and cordycepin. This CS fungal strain is 
maintained on PDA slants and sub culturing was done every month. [16] 
 
6 Conclusions 
The Himalayan Fungus has been in the common usage from ancient times for the several health 
purposes in the South Asian Regions (China, India, Nepal and Bhutan) for example for the 
illnesses like Erectile dysfunction, Tuberculosis, Female Aphrodisiac, Infertility, Bronchitis, 
Arthritis, Jaundice, Liver disease, Kidney disease, Coronary Heart disease, Chronic Pain etc. It 
was first introduced in 19th century in the market of United States.Cordyceps sinensis has great 
health impact and useful in treating various diseases and show medicinal or therapeutic effects 
such as control of blood sugar and cholesterol level. Many scientific proofs by eminent 
researchers for the medicinal value of CS are available and more research work can be 
performed as information is there. As it is not easily available in all areas thus its artificial 
cultivation has been started. The world is now curious about this medicinal mushroom and its 
importance giving chance to every researcher to do more research work which is still pending of 
CS. 
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Abstract: In today’s competitive environment, Information management and processing 
at all levels becomes a very crucial task for any type of organization. It is very important 
to maintain and manage every informational aspects of the organization to become 
successful entity. Educational institutes also not the exception in this era. ESAT E-
Business Site is an ERP Software solution to tackle above cut edge information 
management needs of any technical education institute. Proposed system provides a 
simple and user friendly environment to manage various levels of information in any 
educational institute. The Department Activity Management System is based on client 
server architecture where server side is controlled by administrator and different types of 
client users can interact with the server to serve their informational need. The ESAT E-
Business Site consist four major categories of user such as students, teachers, operators, 
and administrator. Student user can add various student details for further analysis, view 
notes and assignments, check academic performances, view attendance details, view 
events and notices. Teacher user can upload notes and assignments, enters attendance 
records for respective subjects, enter marks of different levels of tests, view or analyses 
students performances, view events and notices. Operator is responsible for event, 
notices, and data entry managements. Administrator controls the system at all levels. 
Only admin can enter all administrative details in the system. The ESAT E-Business Site 
specially focuses on notifying academic and attendance performance of the students to 
their parents. Parents are able to receive messages about their child’s on their registered 
mobile numbers as well as emails. 
Keywords: Information Processing, Performance, Attendance, Reporting, Assignments, 
Notes, Events and Notices 
 
1 Introduction 
E-SAT E-business Site desktop application is the one kind of desktop application which 
integrates all the modules and functionalities of department system on a single system 
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that can be handled by the administrative head and access by the students and faculties 
with valid user id and password. The main goal of the entire system is to provide a user 
friendly interface and powerful data system which make this system more useful [1]. The 
E-SAT E-business Site System computerizes all the details of the department system 
which are updated by admin only can access by the students and faculties. ERP on 
department management system reduces the most of the human work that are done earlier 
to managing the department system. Once the details are entered into the system by the 
authorized person then there is no need for other users to deal with separate section. Only 
a person that is having an administrative authorization is enough to maintain all the 
reports and records of the system. The security can also be provided as per the 
requirements. The main thing is that our system reduces the human works at a great 
effort.  

It can be helpful such that 

 Records are always updated. 

 Manpower is decreased or reduced.  

 Large amount of data regarding department and their modules can be stored. 

 Accurate and perfect calculations are made. 

 Maintenance of file is efficient and flexible [2]. 
 

2 System Architecture 
This architecture shows how the E-SAT System works. It is presented in Figure 1. 

 

Figure 1 Architecture to show how the E-SAT system works 
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I. ADMIN: 

Administrator can Control to handle whole E-SAT System and Authenticate data or 
information also manage the database.  The admin module is important because without 
approval of administrator student, staff and operator can’t Login into the system .Purpose 
approval is that unauthorized person cannot login into the system or access these system. 
Before approve the student or staff the admin can check their information, whenever he got 
any fraud or fake information regarding student or staff then that time admin can decide to 
block student or staff after block the student or staff then student or staff can’t login into the 
system.. The Admin are managing to access the student information, staff information, assign 
the roles, and add events & notices.  Admin is the Central Processing System [3]. 

Admin Workflow: 

Step 1: Start 

Step 2: Login by Admin 

Step 3: Display Menu 

- Student Performance, Teacher Progress, Roles and Responsibilities. 

Step 4:   

4.1: If (student performance) 

- Display menu  
- Personal information / Attendance academic records 

If (personal information) 

- Fetch and display information 

       Else if (attendance) 

- Fetch and display date wise attendance 
- Fetch and display subject wise monthly attendance. 
- Generate attendance report 

Else  

- Fetch and display academic details 

4.2: If (teacher progress) 

- Fetch and display teacher information 
- View notes and assignment and its progress 
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- View personal time tables 

 4.3: if (events / notes) 

- View events / notes 
- Approve events/ notes 

4.4: if (roles and responsibilities) 

- Check user status 
- Approve / Reject user 
- Assign responsibility to the staff user 

Step 5: Stop 

II. TEACHER/STAFF: 
Staff members are registered by administrator and login details are generated by 
administrator. After that the list of staff can be approved by admin. Also the roles of staff are 
assigned by the admin. After role assigning the class teacher can maintain all the information 
of student regarding academic and extra curriculum and extra-curricular activities, and also 
health record are maintained by class teacher. Subject wise teacher can be assign by admin. 
Then as per the subject wise teacher assigning teacher can manage daily/monthly attendance 
record of student And also upload all the study related material for the student use and also 
give all the notices regarding events and any activities to student and also maintain all the 
exam marks records like class test and prelim exam and also university exam marks etc. The 
main purpose of this system is that the class teacher can send the student academic progress 
report, Marks and attendance report via SMS to the parents [3]. 

Teacher/Staff Workflow 

Step 1: Start 

Step 2: Login by staff / teacher 

Step 3: Display menu to teachers 

Step 4: 

 If (view) 

- Display student info. 

        If (add) 

- Insert new records (academic details) 
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         If (update) 

- Update existing academic records 

Step 5: If (attendance) 

- add date wise attendance entries 
- view previous attendance entries 
- check attendance status 
- generate attendance report 
Step 6: If (upload) 

 
- upload notes according to subject 
- upload assignments to batch wise 
Step 7: If (time-table) 

- View departmental time table  
- generate personal time table 

      Step 8: Stop 
III. STUDENT 
Student members are registered by operator. After that the list of student can be approved by 
admin. Then the student can used to access or view their daily attendance report, marks, time 
table etc. And also student can edit/update their personal information, sport related information 
etc. And also view events and notices. Also student can fetch academic details such as TW, PR, 
OR, Tests, final marks etc [3].  

Student Workflow  

Step 1: Start  

Step 2:  Display Menu to the Student   

- View Information, View Attendance, View Notes and Assignments.  

Step 3:  

3.1: if (View Information) 

- Fetch basic information from Database and Display  

3.2: if (View Attendance) 

- Then Display menu(Daily Attendance/ Monthly Attendance/ Overall Attendance )  
If (Daily Attendance)  
o Fetch attendance details according to given Data.  
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   Else if (Monthly Attendance)  

o Fetch attendance details according to given Month.  

Else  

o Fetch overall attendance  
o Prepare attendance report and display it to the Student  

3.3: if (View notes. attendance) then  

- Display Menu notes, assignment  

If (View Notes)  

o Fetch notes according to selected Subject  
         Else  

o Fetch assignment according to Subject  

3.4: if (View Academic) then  

- Fetch academic details such as TW, PR, OR, Tests, Final Marks and Display  

Step 4: Display Menu Notice Events  

If (Notice Event)  

o Fetch notices/Events and Display  

Step 5: Stop  

IV. OPERATOR 
If any of the teachers is not available in the college then that time teacher can approve the 
operator to do all the work of Teacher. Operator can use to fill the appropriate record whenever 
student can’t fill their correct information. And the main role of operator is that after taking 
student provisional list by student section operator can upload this list for the approval of admin. 
And also operator can upload notices[3]. 

Operator Workflow 

Step 1: Start 

Step 2: Login by operator 

Step 3: Display menu Upload/Add/Reports 

Step 4: If (Upload) 
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- prepare and upload events 
- prepare and upload notices 
- edit/update events/notices 

Step 5: If (Add) 

- Add course info 
- Add departmental info 
- Add tasks assigned by admin/teachers 

Step 6: If (Reports) 

- Generate attendance reports 
(Daily/monthly/overall) 

- Generate performance reports 

Step 7: Stop 

 

3 Results 
Figure 2 to Figure 8 below show the essential different steps to be followed for all practical 
purposes. 
 

 

Figure 2 admin_view_events_by_operator 
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Figure 3 admin_view_notes_by_teachers 

 

 

Figure 4 notice_approval_by_admin 
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Figure 5 operator_upload_events 

 

 

Figure 6 operator_upload_notice 
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Figure 7 student_download_notes_assignments 

 

Figure 8 student_view_events 

4 Conclusions 
The fundamental problem in maintaining and managing the Manual work by the administrator is 
hence overcome. Also we keep all the records of students and overall information of department. 
Manual work is decreased by using this software. Prior to this it was a bit burdensome for 
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maintaining the schedule and also keeping track of the daily timetable. And also send daily 
attendance report to the parents on their Mobile number. But by developing this Network-based 
application the administrator can enjoy the job, doing it effortlessness and also by saving the 
precious time. 
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Abstract: Clean air is one of the most essential requirements to sustain healthy living of life 
forms on earth. During the past few decades, the global air-pollution issue has garnered 
worldwide attention. The pollutants responsible for human health hazards viz. NO2, SO2, PM2.5, 
PM10 etc. have been increasing day by day as an by-product of industrialisation, animal farming 
etc.  In December 2019, the outbreak of a virus borne disease labelled as Novel Corona virus 
started in Wuhan region of China, which now has become popularly known as Covid-19. The 
disease has spread to almost 188 countries by now and has been declared as a global pandemic in 
March 2020 by World Health Organization (WHO). To contain the spread of the virus, a drastic 
measure such as lockdown has been taken by countries worldwide. This impacted the pollution 
levels of environment and improved air and water quality in a very short span, owing to very less 
human activities. In this paper, we have analysed and compared the air pollution level of densely 
populated urban localities like Kolkata and Howrah during the pre-lockdown period to the 
lockdown period (from March to May 2019 and 2020). We have found that the average AQI 
during the three months for all the four stations in 2020 significantly falls by maximum ~ 44 
below that of 2019. The percentage of “moderately unhealthy” air quality days has also 
decreased by at most ~ 46% in 2020 compared to 2019, whereas, the “good” air quality days has 
risen by maximum ~ 12% and “satisfactory” days has risen by maximum ~ 36%. This clearly 
indicates how the industrial and automobile emissions lead to the degree of degradation of air 
quality in a typical urban hub. Human awareness is the need of the hour to adopt a sustainable 
lifestyle to improve the air quality which can restore our ecological balance and can possibly 
arrest future pandemics to a significant extent. 
 
Key words: Air Pollution; Air Quality Index; COVID-19; Lockdown; PM2.5;  
 
1 Introduction  
The rapid industrial development globally has led to numerous negative environmental impacts 
on health and climate. Air pollution is one of them. It is a major threat to human health, a leading 
cause of the worldwide disease burden and shortens life expectancy as well [1-3]. According to 
the United Nations Environment Programme, it has been estimated that, about 1.1 billion people 
globally breathe in unhealthy air [4]. The various air pollutants emitted into the atmosphere by 
anthropogenic activities, including industry, transportation, power generation, residential energy 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

198 
 

usage (heating and cooking) are primarily NO2 , SO2 , CO, PM2.5 , PM10, NH3 , O3 and Pb [5]. 
Particulate matter (< PM2.5) are able to penetrate deep into bloodstream, tissues and organs, 
posing the risk of serious health issues [6-10]. India is suffering from severe PM2.5 pollution, 
with nine cities among the top ten most polluted cities in the world as reported by the World 
Health Organization [11]. Exposure to high levels of PM2.5 causes about 1 million premature 
mortality per year across India [12]. The primary health hazards triggered by air pollution 
include stroke, ischemic heart disease, chronic obstructive pulmonary disease, lung cancer and 
acute respiratory infections [13, 14]. Over the past six months, the whole world has been fighting 
against a pandemic associated with a virus borne disease (now referred to as COVID-19). It is a 
highly contagious disease caused by Novel Coronavirus, firstly identified in Wuhan, Central 
China in December 2019 [15]. Till March 23rd, over 14,000 people have died, and more than 
334,000 people have been tested COVID-19 positive [16]. The corona virus outbreak has 
emerged as one of the deadliest pandemics of all time in human history. This has compelled 
several countries of the world to observe complete lockdown forcing people to live in their 
homes to contain the virus. In India, the government declared a nationwide lockdown since 
March 25th, 2020 for 21 days (first phase) which led to the shutdown of all the industrial and 
transportation activities. Since then, the lockdown has been extended several times with gradual 
lifting of restrictions.   
Amidst the devastating pandemic, a rare positive has been the significant global decrease in air 
pollution levels. In fact, several studies have been published demonstrating the positive impact 
on air pollution in Europe, China, Latin America [17-19]. Air pollution levels in several cities of 
India dropped significantly as soon as four days after imposition of the nationwide lockdown 
following strict quarantine measures enforced by the government as reported by the Central 
Pollution Control Board [20-23]. In this work, we focus our attention on the city of Kolkata, the 
capital city of West Bengal state in India and Howrah, the twin city of Kolkata regarding the 
assessment of air pollution level. Both the cities have witnessed rapid industrialization since past 
few decades. Kolkata is located at latitude 22.5726°N, longitude 88.3639°E and 9 m above mean 
sea level, it covers  an area of 206 square kilometres and sub-divided into 16 boroughs by the 
Municipal Corporation. It has a population of roughly 4.5 million and ranks as the third largest 
densely populated city in India [24]. Howrah is located close by Kolkata at latitude 22.5957°N, 
longitude 88.2636°E and 12 m above mean sea level. It covers an area of 63.55 square 
kilometres with a population of 1.3 million. 
2 Materials and Methods 
An environmental index is used to assess the overall environmental status and trends, based on a 
specific standard [25, 26]. According to Thom and Ott, an “air pollution index” is defined as a 
scheme that transforms the values of individual air pollution related parameters into a single 
number, or a set of numbers [27].  

The equation to calculate AQI from the concentration of a given pollutant in air is given by [28], 

𝐼 𝐶 𝐶 𝐼 …………………………… (1) 
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Where, 

Ip= Index for the pollutant p 

Cp=The pollutant concentration 

Chigh= The concentration breakpoint that is greater than or equal to Cp 

Clow= The concentration breakpoint that is less than or equal to Cp 

Ihigh= AQI corresponding to Chigh 

Ilow= AQI corresponding to Clow 

The pollutant that has raised worldwide concern in recent years is PM2.5, i.e. airborne particles 
having diameter of 2.5 micrometers. They can cause long-term damage in the human respiratory 
system as they penetrate deeply into the lung [6]. 

We have considered the AQI in relation with PM2.5 in this paper. In Table 1, the six different 
categories of AQI and their corresponding range, pollutant concentration breakpoint and health 
impact is shown [28]. 

Table 1 AQI and health status 

Level AQI 
range 

PM2.5 
(μg/m3) 

Health Status Health impact 

I 0-50 0.0-12.0 Good Minimal impact of air pollution. 
II 50-100 12.0-35.4 Satisfactory Air quality is acceptable; a very small 

number of people may face moderate 
health concerns. 

III 101-200 35.5-
150.4 

Moderately 
unhealthy 

General healthy individual is not 
affected, but children, elderly people 
and those with respiratory or cardiac 
diseases are at a greater risk. 

IV 201-300 150.5-
250.4 

Unhealthy Most people experience significant 
health concern like breathing 
discomfort. 

V 301-400 250.5-
350.4 

Very 
unhealthy 

Serious and adverse health issues due to 
prolonged exposure. 

VI 401-500 350.5-
500.4 

Hazardous Health warnings for everybody. 

 
We have compared the pollution level of four WBPCB stations over Kolkata and Howrah, viz. 
Rabindra Bharati University, US Consulate of Calcutta, Ghushuri and Padmapukur for the 
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months March, April, May for the years 2019 and 2020. The analysis of the air pollution status is 
done by taking the mean of the daily AQI data collected from www.aqicn.org data platform on 
weekly basis.  
3 Results and Discussions 
The variation of average weekly AQI in the four stations during the months March to May is 
depicted in Figure 1-4. The range of obtained AQI is 4 to 259 as shown in Table 2. 

 

Figure 1 Variational pattern of AQI in Rabindra Bharati University for 2019(dotted line)  

and 2020 (solid line) 
 

 

Figure 2 Variational pattern of AQI in US Consulate of Calcutta for 2019 (dotted line)  
and 2020 (solid line) 
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Figure 3 Variational pattern of AQI in Ghushuri for 2019 (dotted line)  
and 2020 (solid line) 

 

 

Figure 4 Variational pattern of AQI in Padmapukur, Howrah for 2019 (dotted line)  
and 2020 (solid line) 
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Table 2 Range of AQI for Pre-Lockdown versus Lockdown 

Station 
 
 
     Month 

Rabindra Bharati 
University 

 
Max  Min 

US Consulate 
of Kolkata 

 
Max  Min 

Ghushuri, 
Howrah 

 
Max        Min 

Padmapukur, 
Howrah 

 
Max  Min 

MARCH 
‘19 

203 141 157 117 162 98 208 120 

APRIL ‘19 167 89 145 63 159 69 134 72 

MAY ‘19 148 101 149 48 150 60 150 60 

MARCH 
‘20 

186 60 191 60 259 73 176 5 

APRIL ‘20 135 33 140 37 148 47 126 5 

MAY ‘20 73 12 77 25 91 42 96 4 

 

The frequency distribution of AQI for the four stations is depicted in Figures 5  to 8. In Rabindra 
Bharati University area, 93.4% days of the study interval were found in category III, i.e. in 
moderately unhealthy range of air pollution in the year 2019. In 2020, the days in this category 
have decreased to 50.7%, and 12.68% days have been found in category I, i.e. of good quality 
air, whereas there were no day in this category last year. The days in category II has also 
increased from 5.26% to 36.62%.In US Consulate station area, 58.43% days were found in 
category III 2019. In 2020, the days in this category have decreased to 42.16%. The days in 
category I and II has increased from 3.37% to 8.43% and 38.2% to 49.39% respectively. 

 

Figure 5 Frequency Distribution of pollution level in Rabindra Bharati University 
 in 2019 (black column) and 2020 (grey column) 
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Figure 6 Frequency Distribution of pollution level at US Consulate  
of Calcutta in 2019 (black column) and 2020 (grey column) 

 

 
 

Figure 7 Frequency Distribution of pollution level Ghushuri  
in 2019 (black column) and 2020 (grey column) 

 

 

Figure 8 Frequency Distribution of pollution level Padmapukur, 
Howrah in 2019 (black column) and 2020 (grey column) 

0

10

20

30

40

50

60

70

I II III IV V VI

P
E

R
C

E
N

T
A

G
E

 O
F

 
D

A
Y

S

0

10

20

30

40

50

60

70

I II III IV V VI

P
E

R
C

E
N

T
A

G
E

 O
F

 D
A

Y
S

0

10

20

30

40

50

60

70

80

90

I II III IV V VI

P
E

R
C

E
N

T
A

G
E

 O
F

 D
A

Y
S



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

204 
 

In Ghushuri, the days in category III has decreased to 41.77% in the current year from 62.93% in 
last year. 3.79% days have been found in Category I this year. The days in category II has also 
increased from 37.07% to 54.43%.In Padmapukur, a significant decrease in the percentage of 
days in category III has found; it has decreased to 33.34% this year, compared to 79.76% in the 
previous year. The days in category I and II has increased from 0 to 9.72% and 20.24% to 
56.94% respectively. 

 
Table 3 Overall scenario of mean AQI in March-April-May 

STATION YEAR-2019 YEAR-2020 
RabindraBharati University, 

Kolkata 
141.8±28.002 97.4±39.792 

US Consulate, Kolkata 109.9±30.658 94.1+39.498 
Ghushuri, Howrah 102.4±27.465 98.7±41.661 

Padmapukur, Howrah 126.5±28.054 89.4±40.693 
 

4 Conclusions 
In this work, we have found that the pattern of weekly average AQI in 2019 all the four stations 
for the three month period (March-May) overshoots that of 2020. The percentage of category-III 
days (moderately unhealthy) has uniformly decreased (by maximum ~ 46%)  in all the four 
stations in 2020 compared to 2019 at the expense of rise in the number of category-I (by 
maximum ~ 12%)  and II (by maximum ~36%) days during the months of March-May. This has 
naturally led to the fall (by maximum ~ 44) in three month average AQI in all the four stations in 
2020 with respect to 2019. Even in monsoon months in Kolkata the maximum AQI level in 2019 
was about 153[29]. The complete shutdown in the wake of the COVID-19 pandemic has ensured 
that most of the activities like vehicular movement and industrial operations have been halted, 
resulting in clean and fresh air indicated by lowered AQI as found in our study.  
The pandemic and the subsequent improvement of air quality have illuminated a severe issue 
regarding the current high levels of air pollution in urban areas. The nationwide lockdown has 
led to the improvement of not only air quality, but also noise pollution, water quality, and 
biodiversity as well. This positive implication of this outbreak should boost positive lifestyle 
changes.  National policies and investments supporting cleaner transport (electrification), energy-
efficient housing, power generation, industry and better municipal waste management can 
effectively reduce key sources of ambient air pollution.  It’s crucial that when the pandemic 
comes under control and people return to their normal activities, they join hands to build a 
healthy planet.   
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Abstract: GDP and per-capita income are considered as the major indices for country’s 
economic growth and development which in turn affect the saving and investment patterns. 
Saving rate in India was extremely low and was about 9% during 1950-1951 but improved to 
23.6% in the ninth plan and was still 36.9% in 2007-08 and fell down a little and was 33.7% in 
2009-10 and this felt the need to have some security even after retirement in order to maintain 
the same standard of living. It has been observed that ageing population globally has become a 
worry and India too is witnessing an increase in old-age dependency. India does not have a 
universal social security system as large number of elderly Indians were not covered under any 
pension scheme. Thus, a reform in pension system will not only ensure a sense of social security 
to the citizens but also help the State Government and Central Government to cut their liabilities. 
An attempt has been made to study the awareness and perception level of investors about NPS in 
NCR. 

Keywords: Contributory, National Pension System, Pension Funds, Beneficiaries, Equity, 
Investment 

1 Introduction 
NPS is a contributory system under which both the employer and employee will have to 
contribute certain amount from their salary and employee will be provided regular income from 
their contribution after retirement. The amount of contribution invested in pension funds will 
depend upon the guidelines prescribed by PFRDA. In order to promote, develop and regulate the 
pension market in India, PFRDA was established in 2003 and this development authority 
provides the right to beneficiaries/subscribers to choose any sort of pension funds and investment 
patterns and it is quite clear that the expected risk and returns depends upon the type of portfolio 
taken by the subscriber. It is a fact that larger the contribution, higher the returns earned and 
longer the period of investments, higher will be the retirement benefits available to the 
employees. PFRDA has been appointed as a nodal agency managed through a set of 
Intermediaries who have experience in their own areas of operations. Each intermediary, looks 
after to specific activities such as recordkeeping, fund transfers, fund management and custodial 
services etc., has been selected through competitive bidding process to bring about the 
advantages of low-cost and effective checks & balances in the system to the subs Central 
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Recordkeeping Agency- Appointed by PFRDA and entrusted with the record keeping of the data 
of individual subscribers (Figure 1).  
 

 

Figure1Flow chart of the system 

2 Points of Presence (POP) and POP-Service Provider (POP-SP) 
These are the banks and non-banking financial companies registered with PFRDA for 
registration and servicing of subscribers to the NPS. They include mainly commercial banks who 
act as the first points of interaction of the NPS subscriber under the NPS architecture. The 
authorized branches of a POP, called Point of Presence Service Providers (POP-SPs), act as 
collection points and extend a range of customer services to NPS subscribers [1-7]. 
 
2.1NPS Trust & Trustee Bank: The NPS TrustEstablished by the PFRDA, handles the funds 
aspect of the transactions between various entities. Axis Bank Ltd. is the designated bank to 
facilitate fund transfers across subscribers, fund managers and annuity service providers based 
on the instructions received from CRA. 
2.2Pension Funds Managers: Intermediaries appointed to invest the contributions received 
from various subscribers.  

2.3 Annuity Service Providers: Are appointed by the PFRDA to provide annuity to the 
subscribers through their various schemes. It is the will of subscribers to choose any of the 
Annuity Service Providers for buying an annuity and thus, delivers monthly pension to their 
subscribers. 
2.4 Custodian:Handles the security side of the transactions. The PFRDA has appointed the 
Stock Holding Corporations of India Ltd as the custodian. 
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Figure 2Classified for Government sector and for Private sector 
 

3 Literature Review 

Singh, Charan et. al.(2015) in their paper entitled “Social Security Schemes: A case for 
universalisation”: Discussed about different schemes launched  by PM Sh. N.K. Modi such as 
Pradhan Mantri Suraksha Bima Yojana (PMSBY), Pradhan Mantri Jeevan Jyoti Bima Yojana 
(PMJJBY) and Atal pension Yojana (APY) and further tried to evaluate the nature of social 
security schemes, second section comprises of existing pension and life/accident insurance 
schemes in which the number of subscribers enrolled under NPS from 2011 to 2014 were 
discussed in addition to nominal and real weighted returns in NPS. The study recommended the 
need for a properly crafted universal scheme for social security to achieve wider coverage. A 
defined flat benefit scheme financed through taxation in the areas of life and accident insurance 
option as it can guarantee wider coverage of social security.  

Dani, Shefali and Modi, Swati (2015) in their study entitled “A study on financial inclusion 
with special reference to Jan Dhan Yojana and Atal Pension Yojana in 
Ahmadabad”:Analyzed the general well-being regime framework and role of micro-finance 
including Government schemes by using both primary and secondary data. The paper discusses 
about inclusive growth with regard to inequality, poverty, education and also provides an insight 
into different modes of financial inclusion such as SHG, MFI and also the government schemes 
in providing better social security to the working class. The major findings of the study shows 
that though Jan Dhan Yojana has received tremendous responses from all quarters of society but 
still a lot need to be done because more than half of the Indian population is still without bank 
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accounts and therefore government is also making an attempt which will boost the savings and 
thus, helps in capital formation. It is also found through the study that much of the people are not 
completely aware about the benefits of schemes, so it is advisable to create more awareness and 
improve the market program and therefore making it more effective. 

Valavan A., Thiruma (2015) in his study on “A Combo of PMSBY and PMJJBY-the success 
story of Suraksha Bandhan”: Highlighted through this paper the implementation of various 
pension schemes and their success with respect to PMSBY and PMJJBY with special reference 
to Suraksha Bandhan. The paper puts a slight light on how special drive on raksha Bandhan will 
reach out to the pool of eligible bank account holders who are not yet enrolled under these 
schemes so as to get their life cover although a new step taken by government for empowering 
women for their personal security. Nowadays government is using festival of raksha Bandhan to 
enable women to receive the benefits instead of receiving cash. 

According to the survey conducted by KPMG on “employee pensions in India-Moving 
towards pensioned society”:By taking responses from 167 organisations and put forward its 
results by saying thataround 82% of the respondent companies are contributing towards PF on 
full basic salary of employees while 13% restrict the same on statutory monthly limit of INR 
15,000. 36% of the respondent companies have registered for NPS. It has been concluded that 
tax benefits for employees continuing to be one of the important motivating factor to opt NPS. 

Barik, Bijaya Kumar in his paper on the topic “Analysis of Mutual Funds Pension Scheme & 
National Pension Scheme (NPS) For Retirement Planning”:Focussed on analysing the returns 
on mutual fund pension schemes & NPS available for voluntary investments by generalpublic 
and further tried to make comparative performance between the two. The study finds that NPS 
does not provide any exit option even for emergency purpose and clearly to be utilized 
postretirement. After 60 also, compulsorily 40% of corpus has to be annuitized for pension. The 
study further analysed that biggest drawback for NPS at present is that the corpus at the end of 
60 years of age will be fully taxable. This isbecause the product is classified as EET (exempt on 
contributions made, exempt on accumulation but taxed onmaturity). The NPS will be more 
attractive if tax exemption status is given. Both these products are market-linked and do not offer 
guaranteed returns. The returns in MF schemes over 3 to 5 years period are similar to returns in 
NPS schemes. It has been  seen that MF debt is more inclined towards  60% in debt and 40% in 
equity have given an average return of approx. 13% in 3 years &10% in 5 years horizon. But 
NPS returns having similar debt/equity exposure will give similar returns. 
 
Kamath, Vani and Patil, Roopali (2017) in their paper on the topic “Cost Benefit Analysis of 
National Pension Scheme”: Presented the detailed overview regarding the working of NPS in 
comparison to other schemes offered including the returns after considering taxes and other 
processing charges and concluded that the new scheme is generally the cheapest form offered to 
the investors and the processing charges under NPS is minimal compared to Unit Linked Pension 
Plans. 
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4 Research Gap and Objectives of the Study 
On the basis of above literature, it has been noticed that no study has been done regarding 
perception and awareness level of investors about NPS in NCR. Our objectives are: (i) To have 
an insight about NPS and its working, (ii) To find out the awareness level and perception about 
NPS among investors. 
 

5 Research Methodologies 

A Pilot study has been conducted in Delhi-NCR during the period September, 2019 to 
February.2020. A sample of 150 individual pension fund investors was surveyed through a pre-
tested questionnaire. The investors were selected on the basis of who have invested in NPS and 
who have some knowledge about the basic terminologies involved with the scheme. An attempt 
has been made to find out the investor’s perception regarding NPS and further tried to identify 
the important factors which motivate them to invest in the scheme through their awareness level. 

6Analyses and Interpretation 

Our analysing data are presented in Table 1. We considered both male and female gender in 
different age groups which have shown in the table. 

Table 1Demographic profile of respondents 
Variables Percentage 
Gender  
Male 53 
Female 47 
Total 100 
Age  
15-25 42 
25-35 16 
35-45 5 
45-55 31 
55-65 6 
Total 100 

 

6.1 Reliability Analysis 

Case processing summary is given in Table 2 while reliability statistics can be obtained from 
Table 3. 
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Table 2 Case processing summary 
 N % 
Cases Valid 80 100 
Excluded 0 0 
Total 80 100 
 

Table 3 Reliability Statistics 
Cronbach’s Alpha No. of items 
0.901 31 
 

The Table 3 reveals that alpha for the study is 0.901 which means that the internal consistency of 
the questionnaire is excellent. 

 The following question was put: “Are you aware of who can join NPS?” The results have shown 
in Table 4. 

Table 4Distribution of choices of the first question 
S.No. Choices Percentage 
1 Only Government employees 19 
2. Only private employees 15 
3. Any citizen between the age of 18-65 years 42 
4. Only NRI (subject to regulations prescribed by RBI & 

FEMA) 
6 

5. Don’t know 18 
Total  100 

 

The percentage distribution of government employees, private employees and other ctegories 
have considered and the results are plotted in the histogram as shown in Figure 3. 

It has been observed from the analytical table and graph that 19 per cent of the investors think 
that only government employees can join NPS while 15 per cent of them are aware that only 
private employees can join NPS whereas 52 per cent of them are of the understanding that any 
citizen between age of 18-65 years can join NPS, 6 per cent of them feels that only NRI can join 
NPS whereas 18 per cent of them have no awareness level at all. 

The following question was put: “How did you open your NPS account?” The results have 
shown in Table 5. 

It has been observed from the analysis that 76 per cent of the respondents have opened their NPS 
account through online mode while 24 per cent have opened through POP-SP. The following 
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question was put: “Select the account you have opted for under the scheme?” The results have 
shown in Table 6. Figure 5 shows the percentage of the two categories. 

 

Figure 3Histogram showing the percentage distribution 

Table 5 Distribution of choices of the second question 
S.No. Choices Percentage 
1. Online mode 76 
2. Offline mode (through POP-SP) 24 
 

 

Figure 4Histogram showing the percentage distribution of two categories 

Table 6Distribution of choices of the third question 
S.no Choices Percentage 

1. Tier-I 56 
2. Both Tier-I and Tier-II 44 
Total  100 
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Figure 5 Percentage of the two categories 

The above figure showed that 56 per cent of the NPS investors out of 80 have opened NPS 
account under Tier-I while rest of them (44 per cent) have opted both the tiers. 

The following question was put: “Do you know the minimum contribution that is required to 
open NPS account?” The results have shown in Table 7. 

 
Table 7 Distribution of choices of the fourth question 

S.no Choices Percentage 
1. Yes 18 
2. No 82 
Total  100 

 

 

Figure 6 Percentage of different categories 

It appears that18 per cent of the investors are aware about the minimum contribution required to 
open an account under NPS while 82 per cent have no idea about the contribution amount. 
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The following question was put: “Do you know the amount of contribution that you and your 
employer both are required to contribute?” The results have shown in Table 8. 

Table 8 Distribution of choices of the fifth question 
S.no Choices Percentage 
1. Yes 78 
2. No 22 
Total  100 

 

 

Figure 7 Percentage of yes/No categories 

It has been seen from the above figure that 78 per cent of the investors have idea about the 
minimum amount of contribution required to be contributed by both the employer and employee 
while 22 per cent of them have no idea about it. 

The following question was put: “If yes, then what is the percentage contribution?” The results 
have shown in Table 9. Percentage of different categories is shown in Figure 8. 

Table 9 Distribution of choices of the sixth question 
S.No Choices Percentage 
1. 10% of (BP+DA) by employee 

as well as employer 
44 

2. 12% of (BP+DA) by employee 
as well as employer 

32 

3. No contribution is required 2 
4. Don’t know 22 
Total  100 
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Figure 8Percentage of different categories 

The above figure shows that 44 per cent of the investors thinks that the contribution that will be 
required to contribute is 10% of (BP+DA) while 32 per cent of them are aware that the amount 
of contribution will be 12% of (BP+DA), whereas 2 per cent believe that no contribution is 
required and 22 per cent have no idea about it. 

The following question was put: “Select your pension fund manager?” The results have shown in 
Table 10. Percentage of different categories is shown in Figure 9. 

Table 10 Distribution of choices of the sixth question 
S.no Choices Percentage 
1. LIC Pension Fund Limited 23 
2. SBI Pension Funds private limited 15 
3. UTI Retirement Solutions Limited 5 
4. ICICI Prudential Pension Funds Management 

Limited Company 
13 

5. Kotak Mahindra Pension Fund Limited 11 
6. Reliance Capital Pension Fund Limited  15 
7. HDFC Pension Management Company Limited 7 
8. Birla Sun Life Pension Management Limited 

 
2 

Total  100 
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Figure 9 Percentage distribution 

Table 11 Distribution of choices of the seventh question 
S.no Choices Percentage 
1. Active Choice 40 
2. Auto Choice 60 
Total  100 

 

Figure 10 Percentage of active choice and auto choice 

Out of the total 80 respondents 23 per cent of them have LIC as a PFM, 15 per cent of them have 
SBI as PFM,5 per cent of them have UTI as PFM, 13 per cent of them have ICICI as PFM, 11 
per cent of them have Kotak as PFM, 15 per cent of them have Reliance as PFM,7 per cent of 
them HDFC as PFM whereas 2 per cent of them have Birla sun life as a PFM. 
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The following question was put: “Select your investment option?” The results have shown in 
Table 11. Percentage of different categories is shown in Figure 10. 

It was seen from the figure that 40 per cent of the respondents have opened NPS account under 
active choice while 60 per cent of the subscribers have chosen auto choice option. 

The following question was put: “Are you satisfied with the returns provided under scheme?” 
The results have shown in Table 12. Percentage of different categories is shown in Figure 11. 

Table 12 Distribution of choices of the eightth question 
S.no Choices Percentage 
1. Yes 48 
2. No 52 
Total  100 

 

 

Figure11Percentage distribution 

The figure showed that 48 per cent of the investors are satisfied with the returns provided under 
the scheme while 52 per cent of them aren’t satisfied at all. 

7 Conclusions 
The role of NPS in the economy and capital market can be examined in terms of accumulation of 
institutional capital, development of capital market through creation of demand for financial 
instruments, support to improve financial market research, risk rating standard, corporate 
governance etc. which not only gives momentum to growth but also lead towards economic 
development of the country. It has been observed from the study that Indian debt market showed 
continued decline in terms of investment purpose which was only 3.2% in 2007, in GDP terms 
but gained a lead with the introduction in pension reforms i.e. NPS. 
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Abstract: An attempt of ground water prospect mapping has been made to identify the regional 
groundwater potential zones in Purulia district, West Bengal, India with an aerial extent of 6259 
sq km by systematic overlaying of thematic map prepared through remote sensing and GIS 
technique. The thematic layers considered in this study are DEM, Drainage-Drainage density, 
Lineament-Lineament density, Land use and surface water body which were prepared using the 
LANDSAT and SRTM satellite imagery and conventional data. In totaling, Lithology and Soil 
maps were digitized as of published maps. For the same, all thematic layers important from 
ground water occurrence and movement point of view were digitized and integrated in the GIS 
environment using Weightage Overlay Analysis method. An index model for groundwater 
potential zones was obtained by overlaying all the thematic maps in terms of weighted overlay 
methods using the spatial analysis tool in ArcGIS 10.3. During weighted overlay analysis, the 
ranking has been given for each individual parameter of each thematic map and weights were 
assigned according to the influence such as Geology, Dem, Land use/land cover, Soil, Lineament 
Density, Drainage Density, Slope and then find out the potential zones in terms of Excellent, 
Good, Moderate, Poor, Very Poor. Through this integrated GIS analysis, ground water prospects 
map of the study area was prepared qualitatively. 

Keywords: Ground Water, Thematic Map, Remote Sensing and GIS, Satellite Imagery, Geology 

1 Introduction 

Groundwater is defined as water in the saturated zone that fills all the pore space of soils and 
geologic formations. It is formed by rainwater or snowmelt water that seeps down through the 
soil and into the underlying rocks. Due to several qualities such as consistent temperature, 
widespread availability, excellent natural quality, limited vulnerability, low development cost 
and drought reliability, groundwater is considered as one of the most valuable natural resources. 
In a densely populated country like India, groundwater resource has highest level of importance. 
In this paper we have made an Integration of both remote sensing and the geographical 
information system (GIS) data for the exploration of groundwater resources for assessing, 
monitoring and conserving groundwater resources. The spatio-temporal variations in rainfall, 
regional/local differences in geology and soil have led to an uneven distribution of ground water 
in different regions. The poor prospects and over- exploitation in certain zones are the main 
reasons leading to scarcity of drinking water in many parts of the country (NRSA, 2000). The 
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Indian Remote Sensing program is directed towards the realization of operational capabilities in 
space and ground segments of the technology for regular monitoring of earth resources and 
environment [1, 2]. With ground water occurrence being a subsurface phenomenon, its 
identification and location are based on indirect analysis of some direct observable terrain 
features like geology, slope, elevation and their hydrologic characters. Satellite data provides 
quick and useful baseline information on the parameters controlling the occurrence and 
movement of groundwater like geology, lineaments, soil, land use and land cover etc. Temporal 
data from remote sensing enables identification of groundwater aquifers and assessment of their 
changes, whereas geographical information system (GIS) enables user-specific management and 
integration of multi-thematic data. One of the greatest advantages of using remote sensing data 
for hydrological investigations is its ability to generate information in spatial and temporal 
domain, which is very crucial for successful analysis, prediction and validation. Hence, 
geological and other data have been utilized for delineation of ground water potential zones 
regionally in Purulia district of West Bengal through GIS and remote sensing technique. 

2 Study Area 
The study area, Purulia district is located in the western most part of West Bengal, belonging to 
the eastern plateau region of India (Fig 1).  

 
Figure 1 Location of Study area, Purulia district in the western most part of West Bengal, 

belonging to the eastern plateau region of India 
 
It is surrounded by Paschim Medinipur, Bankura and Burdwan districts of West Bengal and 
Dhanbad, Bokaro, Hazaribagh, East and West Singhbhum of Jharkhand state. Purulia district 
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extends between 22˚ 42' 35" N and 23˚ 42' 00" N latitudes and 85˚ 49' 25" E and 86˚ 54' 37" E 
longitudes covering an area of 6259 sq. km. About a hundred km district boundary follows the 
Damoder River in the north and the Subarnarekha in the west. The land shape of Purulia is 
unique having distinctive soil, terrain, drainage, forest and whole gamut of physical environment 
setup which is within the ambit of Rarh tract of West Bengal. At present the district has 20 police 
stations, 20 community development blocks, 3 municipalities, 170 grampanchayet, 2683 Mouzas 
and 2487 inhabited villages and 7 towns. This data was extracted from the GADM database 
(www.gadm.org), version 2.5, July 2015. 
2.1 Climate and Rainfall 
Climatically, the area is subtropical and sub-humid, with hot wet summers and cool dry winters 
characterized by annual mean temperature of 25.60 C and mean summer and mean winter 
temperature of 29.00 C and 21.30 C, respectively. The monsoon is the main source of 
precipitation, which starts in May and continues up to October. It has an annual average 
precipitation of 1393 mm. About 82% of the annual rainfall occurs during the monsoon which 
lasts roughly from June to September. 
2.2 Groundwater of Purulia 
Purulia has a long history of water scarcity. Both physical and economic water scarcity are 
observed in Purulia. Physical water scarcity is inadequate water resources to meet a country's or 
regional demand, including the water needed to fulfill the demand of ecosystems to function 
effectively [3]. Arid regions frequently suffer from physical water scarcity. Economic water 
scarcity is caused by a lack of investment in infrastructure or technology to draw water from 
rivers, aquifers or other water sources, or insufficient human capacity to satisfy the demand for 
water. 
 
3 Objectives and Work Plan 
Integrated remote sensing and GIS can provide the appropriate platform for convergent analysis 
of diverse data sets for decision making in groundwater resource mapping and planning. This 
work aims to develop and apply integrated methods combining the information obtained by 
analyzing multi-source remotely sensed data in a Geographic Information Systems (GIS) to 
assess the groundwater resources. The specific objectives of the study are: (i) To prepare 
thematic maps of the area such as Lithology, lineament, land use-land cover, slope, stream order, 
drainage density, Digital Elevation Model (DEM), Soils from remotely sensed data and other 
data sources; and (ii) A conceptual model to identify and delineate groundwater potential zones 
by creating suitable maps through integration of various thematic layers with GIS techniques. 
3.1 Data Sources 
In this study we have used the following data sources: 
Geological Map of Purulia District from Geological Survey of India, Scale 1:250000 
Soil map of Purulia District from Central Ground Water Board, Scale 1:1000000 
Remote sensing Image from LANDSAT OLI 8 and TIRS data  
Remote sensing Image from SRTM DEM 
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4 Methodologies 
Methodologies adopted in the study area are as follow: 
Acquiring Landsat 8 OLI &TIRS satellite Image from USGS server and image processing for the 
enhancement and extracting of lineaments in using a multi-spectral Landsat 8 OLI product by 
ERDAS IMAGINE. The FCC generated from red, green and blue spectral bands (4, 3 and 2). 
From that, with the help of unsupervised classification the Land Use / Land Cover map was 
prepared. Setting up procedures through a Geographic Information System (GIS) for the 
comparison and evaluation of the lineaments are detected on Landsat 8 OLI &TIRS, as potential 
lineaments. Emphasis has been given to large-scale lineaments that might have relevance with 
specific drainage patterns commonly related to lineaments depicted by SRTM DEM model. 
ArcGIS software has been used for digitization, editing, and topology creation. Assignment of 
weightated of different themes and classes, integration of multi-thematic information and 
delineation of groundwater prospect map generated through GIS processing. 

4.1 Spatial Database Building 
ArcGIS software provides various tools to generate datasets of features, attribute tables, topology 
and other data items in database. Thematic maps are created using following procedure: (i) 
Digitization of scanned toposheets / maps (ii) Editing for elimination of errors (iii) Assignment 
of attributes for each layer (iv) Providing projection (v) The thematic maps of Soil and Geology 
of the study area have been prepared (vi) Lineament density thematic map has been prepared by 
automated extraction method by LINE modular in PCI Geomatica software (vii) Slope, Stream 
order and Drainage density map have been produced by ArcGIS from SRTM DEM (viii) FCC 
and Land Use/Land Cover map was generated from Landsat 8 OLI &TIRS satellite image by 
ArcGIS and ERDAS IMAGINE 2014 (ix) (ix) Elevation map has been recreated by ArcGIS 
from SRTM_DEM. 
 
5. Database Analysis 
Spatial analysis is a significant process using study of locations of geographic phenomena 
together with their dimensions and attributes, table analysis, classification, polygon classification 
and weighted assignment and classification.  
 
All thematic maps, such as geology, Stream order, drainage density, lineament density, soil, 
slope, land use land cover and elevation contour map, have been prepared and each theme has 
been duly assigned and its individual classes were assigned weight and rank depending upon its 
influence on groundwater occurrence and movement and also guided by existing literature. For 
example, geology plays prominent role in identification of groundwater potential zones than 
slope; hence higher weighted is given to geology. The individual layers and their classes are 
assigned by weighted in percentage and rank ranging from 1 to 5. The higher value of weightage 
for each layer indicates most influential factors and higher rank indicates less favorable sites for 
Groundwater prospects. 
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5.1 Data Integration through GIS 
All these thematic layers are overlaid on each other to generate intersecting polygons, in a paired 
combination. Using this overlay analysis a new composite map is generated which is integration 
of various features from these thematic maps and this is the final composite map for groundwater 
potential zones. In assigning final weightages to the polygons in the final integrated layer overlay 
analysis has been adopted to integrate various thematic maps. Weightage Overlay Analysis is a 
technique for applying a common measurement scale of values to diverse and dissimilar inputs to 
create an integrated analysis. Weightage Overlay Analysis method takes into consideration the 
relative importance of the parameters and the classes belonging to each parameter. GIS modeling 
technique of index overlay method was then used to produce groundwater potential map. The 
average score is defined by Bonham Carter (1994) as follows: S =∑SSijWi/∑Wi, where S is the 
weight score of an area object (polygon, pixel), Wi is the weight for the ithinput map and Sij is 
the rating score of the jth class of the ith map. The resultant composite coverage was classified 
into five groundwater potential zones: (1) Excellent, (2) Good, (3) Moderate, (4) Poor and (5) 
Very poor. 
5.2 Geological Analysis 
Ground water potentiality and availability of any region depends on the geologically controlled 
aquifer system of the region. The district Purulia falls under the category of Peninsular Shield. 
The Peninsula is a region of relative stability and occasional seismic disturbances. The district 
embraces diverse groups of rocks, various geological ages ranging from archaean to recent, viz. 
(i) the Chotanagpur Gneissic Complex (CGC), covers most part of the district,(ii) plutonic 
gabbro and anorthositic rocks, (iii) metasedimentaries and metabasics of Singhbhum Group, (iv) 
Dalma Group of basic volcanic rocks, (v) intrusive granites (Kuliapal, Manbhum granites), (vi) 
Gondwana group of sedimentaries with coal seams and (vii) Quaternary sediments in order of 
decreasing antiquity. The boundary between the Singhbhum Group and Gneissic Complex is 
closely followed by a prominent, WNW-ESE trending tectonically disturbed shear zone, known 
as ‘South Purulia Shear Zone’ (SPSZ). Another such shear zone has been traced further to the 
north between Jhaldia and Raghunathpur and is designated as North Purulia Shear Zone’(NPSZ) 
[4, 5] from Figure 2 (a) and (b). 
 
The Purulia-Bankura Shear Zone (TPSZ) is a ductile- to-brittle-ductile, tectonically disturbed 
narrow zone of 8 nearly 150 Km with a WNW-ESE trend. Purulia district is invariably 
associated with granitic rocks and meta-sediments of the Chhotanagpur Gneissic Complex of 
Precambrian age. In the Purulia districts, the CGC is composed largely of migmatites and granite 
gneiss. The rock types other than granite gneiss are amphibolites, mica schist, quartzite, quartz 
vein, cal silicate rocks with inter banded crystalline limestone. The upper surface of the district is 
composed of thin soil cover followed by crystalline massive metamorphic rocks of very high 
resistivity. Metamorphic rocks are also exposed on the surface at several locations [6]. In the 
hard rocky areas like Puruliya, occurrences of groundwater depend on secondary porosity and 
permeability [7]. Mica schist and phyllite contain more weak planes susceptible to develop 
secondary porosity than granite gneiss. Sand, Silt and Clay region have high permeability 
whereas the regions with Granite gneiss has low permeability [8].  
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Figure 2(a) Standard geological map (digitized) of Purulia (GSI) 

 

 
Figure 2(b) Standard geological map of Purulia (Classified) 

 
5.3 Mapping and Assessment of Land use/Land cover  
As shown in Figure 3, land use  and land cover map describes how a piece of land is used 
whereas land cover describes the materials present on the surface [9]. Monitoring, mapping and 
assessment of land use/land cover in temporal sequence are essential for planning and 
development of land resources. A sudden change in land use/land cover may be indicative of 
change in terrain character. The land use pattern and land management of an area reveal 
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indirectly the conditions of the people of the area their economic status and resources. The 
satellite data of Landsat 8 OLI &TIRS have been used in the analysis the present study area 
covers different types of land use/Land cover categories. Six types of land use/Landover 
categories have been identified in the study area. They are Fallow land, agriculture land, forest, 
stream, river and water bodies. In LULC high rank is assigned to water bodies and low value is 
assigned to Fallow land. 

 
Figure 3 Land use-Land Cover Map of Purulia district 

 
5.4 False Color Composite Map 
A False Color Composite (FCC) image is an effective means for visual interpretation of 
multispectral imagery (Figure 4). This is because the human eye is more sensitive to color than 
grey scale brightness variations and thus interpretation is easier. To generate RGB (red-
greenblue) composites associated with both high spatial and spectral information, several 
combinations have been tested mainly between Bands 4, 3, 2. The processed lineaments are then 
superimposed on RGB composites in order to visualize the lineaments positions and tonal 
difference. 
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Figure 4 FCC map of Purulia derived from LANDSAT OLI 8 Satellite Image 

5.5 Soil Map 
The soil map of the study area is shown in Figure 5. It is prepared from the map published by 
Central Ground Water Board. The area is covered by six different soil types: Coarse loamy, Fine, 
Fine Loamy, Fine loamy-Coarse Loamy, Gravelly loam and Gravelly Loam-Loam. The majority 
of the study area is dominated by Fine loamy. Soil ranking is related to the infiltration capability. 
Infiltration rate depends on soil thickness and grain size (permeability). Fine-grained soils have 
low permeability as compared to coarse-grained material. 

 

Figure 5(a) Standard soil map of Purulia (digitized) 
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Figure 5(b) Standard soil map of Purulia (Classified) 

5.6 Drainage Density 
The general drainage pattern of the basin is dendritic to sub-dendritic. Drainage pattern reflects 
the characteristic of surface as well as subsurface formation or underlying lithology [10]. A 
drainage density map as shown in Figure 6(a) and (b) is prepared from drainage length per 
square kilometer. Drainage density is an inverse function of permeability. The less permeable 
rock has the less rate of infiltration of rainfall, which conversely tends to be concentrated in 
surface runoff [10, 11]. The entire drainage map is divided into five categories. 

 

Figure 6(a) Drainage (Stream order) map of Purulia extracted from SRTM DEM 
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Figure 6(b) Standard Drainage density map (Classified) 

6 Lineament Analyses 
Numerous linear or curvilinear features as lineaments observed on the processed LANDSAT 8 
OLI multispectral image after automated extraction PCI LINE modular Geomatica Software. The 
extracted lineaments as GIS layer has been coincided with the lineaments digitized from 
geological map. Some places of the area digitized lineaments lines are follow the automated 
lineaments where as in some places it follows slightly tangential relationship.  
 
The lineament analysis of the area from remotely sensed data provide important information on 
subsurface fractures. To determine the lineament density in the study area the total study area is 
subdivided in a number of grids of dimension 1 km x 1 km. Density of the lineaments of a single 
grid is obtained from the values of the total length of the lineaments in a single grid (SL). 
Calculation of the density of the lineaments in the area involves the ratio of SL to A. By 
calculating the value of SL/A for each grid and locating the value at the center of that grid the 
density of the lineaments of the study area is calculated. These values are joined by lines to 
prepare a lineament density map using Arc GIS 10.3 version software. Lineaments provide 
important clues on subsurface structures that may control the movement and storage of 
groundwater.  
 
Good to moderate prospects depending on nature and intensity of lineaments and lineament 
intersection density are shown in Figure 7. The peaks in the lineament density and lineament 
intersection density contour maps are the places of interest for groundwater resource 
development. In the present study the high values of lineament density are found to be excellent. 
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Figure 7 Thematic map of lineaments and lineament density map (Classified) of Purulia 

Slope: It is one of the factors controlling the infiltration of ground water into sub-surface; hence 
an indicator for the suitability for groundwater prospect. In the gentle slope area the surface 
runoff is slow allowing more time for rain water to percolate, whereas high slope area facilitate 
high runoff allowing less residence time for rain water hence comparatively less infiltration. The 
slope map has been prepared from GSI geomorphometric map (Figure 8). 

 

Figure 8 Slope map and classified slope map of Purulia 

Stream order: The most important river in this area is Subarnarekha River which is flowing 
through the western boundary of the block. The other important channels are Burda Nadi, Karru 
Nadi, soblia Nadi, Turga Nadi, Kistobazar Nadi, Daurigarha Nadi and Sanka River. The Stream 
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order map of the area was prepared, based on SRTM DEM elevation data using ARC GIS 10.1 
software. Drainage (Stream order) map of Purulia extracted from SRTM DEM is shown in 
Figure 9. 

 

Figure 9 Drainage (Stream order) map of Purulia extracted from SRTM DEM 

7 Digital Elevation Model 
At the second phase of this investigation, standard GIs techniques have been carried out to help 
in the evaluation of the lineaments detected on the processed images, as potential lineaments. 
Compared to two-dimensional satellite data, a Digital Elevation Model (DEM) has advantage of 
representing the vertical extension of the earth's surface by assigning height. In this work, a 
DEM of 90 m x 90 m spatial resolution and vertical accuracy of ±10 m has been used for the 
three-dimensional representation of the terrain. It has been produced using SRTM 3arc seconds 
images and processed by Global Mapper GIS software. Digital terrain model of Purulia District 
produced from SRTM is presented in Figure 10. 
 

 

Figure 10 Digital terrain model of Purulia District produced from SRTM 
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Elevation Map: The groundwater potentiality is largely influenced controlled by topographic 
elevation like depression, flow direction, high ground level and slope. So, from DEM a thematic 
contour map has been prepared ArcGIS software to understand the regional gradient and the 
overall flow direction control of the water due to elevation difference. The district is 
characterized by undulating topography with rugged hilly terrains in the western and southern 
parts. General elevation of the land surface ranges from 150 m to 300 m, the master slope being 
towards the East and South-East (Figure 11). In the eastern and south-eastern part of the district 
the slope ranges between 10 to 20 m/km. In the central part of the district the slope in less than 
10m/km and forms a depression. In the western part the slope is higher and ranges from 20-
80m/km. As a result of undulating topography, the maximum amount of precipitation which is 
the main source of water input transfers from the district boundary to the surrounding regions as 
surface runoff which ultimately creates a situation of water shortage. It is clearly defined that the 
water runoff movement is well controlled by elevation difference of Purulia which is running 
from East to west direction. So for ground water storage and infiltration the elevation difference 
and the gradient have also been classified in different level to give input ground water potential 
model. 

 

Figure 11 Thematic elevation contour map from STRM DEM 

Weight Assignment: Thematic layers viz., Geology, Land use /Land cover, Soil, Lineament 
density, Slope, Stream order and Elevation maps have been considered for site suitability 
parameters in controlling the occurrence, storage and distribution of groundwater, weighted of 
25%, 15%, 10%, 15%, 15%, 10%, 10% were assigned for Geology, Land use /Land cover, Soil, 
Lineament density, Slope, Stream order and Elevation respectively. Each of the classes, based on 
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its ability to facilitate water infiltration has been given ranks from 1 to 5.The higher value of 
weighted for each layer indicates most influential factors and higher rank of each theme indicates 
less favorable sites for Groundwater prospects. The final score has been calculated by the 
multiplication of the rank and weighted of the class. 

8 Results and Discussion 

The groundwater potential zones were obtained by overlaying all the thematic maps in terms of 
weighted overlay methods using the spatial analysis tool in ArcGlS 10.3. During the Weighted 
overlay analysis, the ranking has been given for each individual parameter of each thematic map 
and the weighted were assigned according to the influence of the different Parameters. The 
modeling involves delineation of zones of varying Groundwater potential based on integration of 
thematic maps in a raster-based GIS [12-14]. Ground water Potential zone model generated from 
WIOA method by ArcGiS 10.3 is shown in Figure 12. 

 

The spatial distribution of the various zones of groundwater potential obtained, generally shows 
regional patterns related to lithology, soils, drainage, lineament and Land use patterns, 
Lineament density and drainage density. 

 

Figure 12 Ground water Potential zone model generated from WIOA method by ArcGiS 10.3 

The excellent zonal categories are strongly influenced by geological units mainly along 
sandstone, shale and clay region and high lineament density area with structural control also 
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highlighting the importance of soil units for groundwater investigations. Good zonal areas 
mainly follow surrounding areas of excellent zonal area, strongly influenced by the phyllite and 
mica schist zones and coarse loamy soil type area. Good to moderate drainage density zone also 
belong to moderate ground water potential zone area. Moderate areas are also strongly 
influenced by amphibolites and hornblende schist zone with fine to coarse loamy soil Zone. 

The poor and very poor categories of groundwater potential are distributed mainly along high 
hills, ridges and pediments with rock types belong to Chhotanagpur gneissic complex, Granite 
gneiss with quartz veins and pegmatite veins. Muscovite and biotite schist, highly foliated, 
massive granites and pegmatite and quartzite veins belong to Archean and Precambrian age. 

9 Conclusions 
Geologically it is observed that the groundwater is mainly confined to sandstone, shale and clay 
region. The hard granite gneisses act as barriers for the groundwater flow in the region. From the 
generated ground water prospect map, it is observed that high potential zones are mainly located 
along lineaments and cover around (6.57%) of the total area. Very poor and poor potential 
regions are mainly located along the region of granite gneisses. 
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Abstract: In spite of serving the rural economy in a positive way, the negative effect left on the 
environment owing to stone quarrying activities in the Chanda, Pachami and Hatgacha villages 
of the Md. Bazar CD Block of Birbhum District, cannot be overlooked. The unplanned 
extraction and grinding of stones have hindering impacts on human health and ecology of the 
region. In nonappearance of other choices, the poor rural people are forced to work in the stone 
khadans (mines) to meet their essential needs for survival. This study is an endeavour to bring 
out both the positive and the adverse effects of stone quarrying. This work is a report of the 
hundreds of positive as well as negative feedback surveys conducted, through several years, on 
the physical and financial aspects of life lived by the people of the above mentioned area. Here 
we report a measure of 350 respondents, data and information. 

Keywords: Rural Economy, Positive and Negative Impact, Stone Quarrying, Khadans 

 

1 Introduction 
Stone quarrying is one of the key financial exercises within the Md.Bazar CD Block, providing, 
the bulk of stone of varying size aggregates, to the development of construction industry inside 
the district and beyond. It has been proved exceptionally effective in reinforcing the 
neighbourhood economy. Concurrently, it has negatively influenced the encompassing soil, air 
and water qualities and has debased the whole natural set-up of the region. Such kind of 
dangerous exercises of mankind by and large has raised serious environmental concern. Other 
than the environmental issue, it has unfavourably influenced the health of the destitute labourers. 
In recent years, the mining and quarrying exercises have advanced and extended to meet the 
internal demands of the country and the significance of this segment within the economic 
purview has expanded. But, illicit, unplanned and informal mining in recent times, have brought 
about colossal misfortune of exchequer to the country.  
  
 2 Materials and Methods 
The study is based on both auxiliary and essential information that have been collected from 
different sources. A blended strategy approach has been utilized, utilizing both quantitative and 
qualitative procedures.  Information on demographic traits of the region has been collected from 
Census 2011. Detail depiction with respect to the physical characteristics of the area has been 
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obtained from Locale Gazetteer of Birbhum, 2011. Distinctive topographical sheets and cadastral 
maps are utilized to plan the base outline. Essential information, both quantitative and subjective, 
have been collected during distinctive months of 2018-19 through field study and coordinated 
interaction with the quarry labourers with the assistance of semi-structured survey plan. Three 
villages namely Chanda, Pachami and Hatgacha were overviewed and about 350 respondents 
(quarry workers) have been drawn nearer by irregular sampling strategy. Noise pollution level 
and pH level have been measured by the authors with the assistance of scientific instruments. 
 
 3 Location of the Study Area 
The total study area comprises near about 15 square miles in villages Hatgacha, Pachami, and 
Chanda, P.S.-Mohammad Bazar, Block- Mohammad Bazar, District-Birbhum of West Bengal. The 
study area can be located in toposheet no. 72P/12. It is situated 10 Km. from Suri, the District 
Headquarter of Birbhum, on Suri-Rampurhat Main road.  The nearest railway station is Mollarpur on 
Sahebgunj Loop of Eastern Railway which is 12km away from the study area (Figure 1). 
 

 

Figure 1 Location of the study area 

3.1 Physical Characteristics of the Study Area 

Physiography and Regional Geology  
The land is majorly north dipping. There is no prominent waterway streaming through this 
region. A perennial nala streams from south to north within the western portion of the study 
region. The major sources of water within the buffer region are Ghaghar nala (streaming close 
the northern boundary), Dwarka waterway (streams in SW heading at 5.6km away) and Kanoor 
nala (streams in NE course at 5.5km away). The drainage design of the region is dendritic. 
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Drinking water is accessible in most of the nearby villages in shape of Bore holes, Burrowed 
Wells and Tube wells. 

The Regional Geology is demarcated by the extensive spread of basalt of Rajmahal Volcanics. 
These volcanic rocks are of middle Jurassic to Lower Cretaceous in age. The Rajmahal volcanic 
rocks incorporate thick arrangement of basalt and intertrappean sediments. These basaltic rocks 
rest either on the Dubrajpur arrangement of Upper Triassic (Upper Gondowana age) or the 
Lower Gondowana Silt. The maximum thickness of the Rajmahal volcanic suite is of the order of 
330m. It diminishes in thickness towards the south, close to the eastern outskirts of the Raniganj 
Coalfields where it accomplishes a thickness of approximately 100m. The intertrappean skyline 
shifts in thickness from 1m to 26m. More than 15 intertrappean beds are present inside the 
grouping of 300m of Rajmahal traps.   
 
 Climate and Meteorological Parameters 
The zone experiences tropical climate. A dry and hot summer with temperatures frequently rises 
over normal 40° C (104° F). As for the course of the wind, it is continuously blows from the 
south-east. The summers begin from middle of March and endure till the middle of June. The 
region brags of a high average precipitation indeed higher as compared to the eastern region of 
the district. Winters are dry and temperatures are around 10° C (50° F). During winters, wind 
blows from the north-west. The winter commences from December and carries on till the month 
of February. 
  

Soil and Forest type 
The soils of the study region have been generated for the most part from enormous granitic rocks 
and meta sedimentary inter trappeans. These soils are gray to red in colour, medium sized, 
constituting quartz, sand and ferruginous concretions. Its physical and chemical characteristics 
show very little variation in constituency. Most of the forested areas are basically of dry tropical 
deciduous sort with great development of Sal forest. 
 

 Demographic Characteristics 
This study includes the aspects of demographic profile with respect to urban and rural base, 
male, female and working class pattern in the study area. The total population of the study area is 
7757. Total male population is 3885 and female population is 3872.Total number of children 
between 0-6 years is 1243 out of which 638 belong to male and 605 belong to female. 
 
 Due to industrialization & various income generating activities the socio -economic condition of 
the people has been raised in the last few years. Large percentage of households depend upon 
agricultural activities. Some households depend on business, trade and other occupation, small 
scale household industries and some even depend on cultivating land as farm labour. In my study 
area total number of workers is 3582; out of which 2118 belongs to main workers and 1394 
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belongs to marginal workers. Among the total workers number of male workers are 2185 and 
female workers are 1397. Till the 60s, agriculture was the prime source of livelihood to the large 
extent of the population of the study area.  The situation started to alter after this period due to 
the low agrarian efficiency caused by climatic limit characterized with barren lateritic soil. 
Nonattendance of industrial units or any other scope of employment, the destitute and marginal 
individuals of the region need to commute to the adjacent markets or towns in look of work and 
pay. In these circumstances, the start of stone quarrying in the Block has opened an unused road 
to win job for supportability. 
 
4 Location of the Quarries and Crushers 

The topographical arrangement of the Chotonagpur Plateau region has energized the stone 
quarrying within the area. The quarrying in the neighbouring state of Jharkhand has been 
flourished long before the start of stone quarrying in the Birbhum District of West Bengal. Pakur 
in Jharkhand is a classic case of expansive scale quarrying, though, the western portion of West 
Bengal is still characterized with little scale stone quarrying. 

The Pachami- Hatgacha quarry belt in Md.Bazar Block is an example of little scale quarry site 
where stone has been extricated by semi-mechanized opencast mining strategy. These quarries 
are extended scatterly for a stretch of approx 20 km. from Sontsal to the border of Jharkhand in 
the north-west.. Among the studied villages, has 8 quarrying sites of different extents. The 
extricated stones are mainly crushed within the adjacent local crushers. The area has about 185 
crusher units, found mainly in Pachami. 

5 Effect Analyses: Positive 

      Significance of quarrying within the life of rural individuals and economy Employment 
and income generation 
Stone quarrying and crushing have created an alternative source of work and earning. 
Inadequately wage or Poverty, need of agrarian advancement, destitute agricultural productivity, 
nonappearance of substitute financial exercises, low level of education and unemployment are 
some of the instrumental components that have pushed the neighborhood individuals to be 
locked in in this manual sector as low-paid every day laborers. The intense and delayed jobless 
condition of six months of the rural individuals has effortlessly been compensated for by the 
work openings advertised by the quarrying and crasher division. A rustic destitute specialist can 
earn 150 per working day that has definitely increased the family income. 

The people locked in within the quarries may be classified into two categories i.e. Proprietor 
class and Labour class on the basis of their social ranking. Taught and affluent individuals, who 
for the most part have a place to quarry and crusher association  are the individuals of the 
proprietor class, comprising less than 5 % of the full workforce involved within the segment. The 
destitution stricken, ignorant, down trodden and mal-nourished individuals of the adjoining rural 
areas are involved as casual labour in this division. This labour class basically engaged in 
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toilsome activities such as breaking of stones, stacking and emptying of stones in the trucks, 
operating of the crusher machines and evacuation of flotsam and jetsam etc. Nearly 94 % of the 
workers live within 3 km. of the crushers in the study area (Primary Survey, 2018-19). 

 
5.1 Upgrade of trade and other quarry-related financial activities 
 The stone quarrying action has empowered the advancement of stone crushers for producing 
various grades of stone chips, boulders that have been utilized for different purposes especially 
for development of roads and construction of buildings. As a result, the exchanging movement or 
trading activity related to this building fabric has improved within the range that has put a 
positive impact on the economy. 
 
5.2 Advancement of local financial hubs and development of roads 
stone quarries has failed to build up modern living space, but the agglomeration of crusher and 
quarry in Pachami, Hatgacha and Chanda has encouraged the improvement of shops, hotels, 
truck repairing centre and  petrol pump. The mine- and crusher-owners association have 
developed a road with concrete but the condition of the street is more awful due to the frequent 
movement of heavy stacked trucks. 
 
5.3 Formation of water tanks: sources of irrigation, fishing and other human uses 
Abandoned khadans have turned into surface depressions. Significant share of runoff goes to 
these khadans and the depression stores adequate sum of rain water and hence gets to be a 
temporary or permanent source of water to the adjacent agrarian areas in post-monsoon as well 
as in summer season. The water of those tanks is also utilized by the local people for fishing and 
a few other household purposes. 
 

6 Effect Analyses: Negative 

6.1 Effect on Air 
Extraction and grinding of stones related with the exercises of drilling, blasting and 
transportation inconveniently influence the surrounding air quality through launch of huge 
amount of inorganic dust particles (<10 micrometers in diameter) or suspended particulate matter 
with the decreasing greatness with the expanding separate from the point of extraction or 
crushing. The contaminated air is destructive to the wellbeing of the labourers uncovered to the 
mine environment and has become the prime cause of inconvenience, unfavourably susceptible 
response, lung disease and long term respiratory diseases. The people who dwell close the 
crusher units (inside 0.5 km. buffer zone) are the worst sufferer of the dust particles. Intemperate 
concentration of dust particles in the atmosphere has reduced the visibility and has put a shroud 
of dust over the normal (like green plants) as well as artificial objects (like house, cars etc.). 
Precipitation of such tidy particles has moreover sullied the soil and water and has influenced the 
plant species of the region. More than half of the respondents (53%) have agreed that the 
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blending of dust particles essentially influence the neighborhood environment. Discussion with 
the local specialists has uncovered that the number of patients with lung infections or respiratory 
illnesses has been expanded due to the higher concentration of tidy particles after the foundation 
of crusher units within the zone. 
  

6.2 Effect on Water 

Both, the amount and the quality of the surface as well as subsurface waters have been adversely 
influenced by quarrying exercises. The physico-chemical properties of water get deteriorated by 
the surface runoff of sullied water from the quarrying destinations or due to the precipitation of 
dust particles shot out by the quarrying/crushing units. The sullied water may influence the 
quality of ground water. Other than, groundwater is additionally contrarily influenced by 
buildups from explosives used in stone quarries. Changes in surface characteristics by expulsion 
of topsoil and dumping of waste materials have altered the water cycle through changes within 
the sum and heading of the flowing water at the surface as well as have modified the soil quality. 
The laboratory examination of the nine water sample collected from a few focuses of a quarry 
changed over into tank adjacent a crasher has recorded the pH esteem of 4.32 (normal), which is 
less than the common pH level (7.00) of neutral water (Primary Study, 2018-19). So the water 
within the tanks shaped by the unearthing of stones is highly acidic and harmful to human 
wellbeing. 
 

6.3 Effect on land: dumping of squander and wasteland formation 
Quarrying movement has essentially debased the sum of forest land and has generated vast tract 
of no man's land. Uncontrolled and unscientific stone quarrying leads to debasement of land, loss 
of prolific top soil, strongly soil disintegration, loss of living space and wetlands etc. Nature of 
rocks and strategy of extraction have controlled the sum of squander generation in quarrying 
zones. Manual quarrying strategies within the study zone has delivered colossal amounts of 
waste materials that have often been dumped close the quarrying locales. It not as it were break 
down the soil quality but too changes over the area into no man's land. After abandonment of 
quarries, the complete zone with its pits, grooves and heaps of squander rocks/debris gets to be a 
forsaken land. It moreover harms the surface characteristic excellence of the area concerned. 
Tremendous counterfeit hillocks have been made and no endeavour has ever been made to 
vegetate them with ranch through expansive scale afforestation or social forestry programme. 
 

6.4 Noise and Vibration Hazard 
Extractive businesses are for the most part related with much commotion and vibration 
generating activities. Primary data has uncovered that the noise levels are comparatively higher 
within the active zones such as boring and blasting, which are intermittent in nature and shape 
point sources as it were. The activities like uses with overwhelming machineries for extraction 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

242 
 

and pulverizing of stones, boring and blasting of rock, stone pounding, screening of totals have 
produced loud, stunning and ceaseless clam or that often surpasses the reasonable level. 
Transportation of raw materials and finished items by trucks moreover produce clamour levels 
past edge limits. The recorded noise level at a crusher unit (at full swing) and a quarrying 
location are 118 dB and 97 dB individually (Essential Survey, 2018-19), which is very higher 
than the reasonable constrain of 75 dB endorsed by WHO for day time mechanical range. This 
tall clamour level not as it were causes irritation, disturbance and rest unsettling influence, or 
maybe it may cause lasting harm of the ears of the nearby individuals. Blasting at quarrying 
locales can give rise to vibration, which is potential to harm the man-made structures of the 
range particularly the housing units. 
6.5 Changes in land cover and land use: deforestation and ecological imbalance 

In spite of the fact that mining has emphatically affected the territorial economy through 
different way, but indubitably mining, being a damaging activity, has constituted a major risk to 
man and environment and can definitely change the scene as well as the environment. Tragically, 
in most parts of the world, the underground mineral assets are superimposed by the natural assets 
particularly, the woodlands. Hence, in most of the cases, the extraction of mineral assets has 
gotten to be conceivable as it were after the devastation of the existing resource base at the 
surface. Hence mining operations lead to the evacuation of woodland cover, destruction of 
natural environment and critical misfortune in biodiversity. 

Changes in land utilize and land cover is the foremost vulnerable angle within the region. The 
percentage of vegetated zone has been diminished significantly due to the development of stone 
quarrying and as a consequence, the rate of desolate and fellow land has been expanded. Other 
than the areal shrinkage of virgin woodland, the thick green cover has been diminished owing to 
the modifications in the species composition. Number of water bodies has expanded due to the 
change of the abandoned quarries into the water tanks. Increase in desolate land is the reflectance 
of unplanned growth and fumble of quarries within the study region. 

      7 Negative effect on labourers: Occupational risk and illness profile of the quarry workers 
The destitute labourers have endured from health risk particularly different sorts of respiratory 
diseases caused by inorganic dust particles, as a result of a long period of exposure in the 
quarrying sites. Around 81% of the respondents had a history of an affliction, which is related to 
quarry exercises (Primary Study, 2018-19). The main health problems complained about 
incorporate respiratory illnesses like asthma and tuberculosis, eye issues, muscle pains, intestinal 
sickness etc. with the mastery of respiratory infections. About 3.5 million individuals within the 
developing nations die each year due to intense respiratory problems caused by natural 
contamination exuding from quarrying, sandblasting and emission of unsafe chemicals. Silicosis 
(a lung malady) is the most occupational infection found among the workers within the quarrying 
destinations for breathing in the air with higher concentration of stone dust of the varying sizes 
extending from 0.5 to 3 micron. Tall sum of launched out dust from crushers has caused various 
respiratory issues to labourers as well as the neighbourhood individuals. In expansion, movement 
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of heavy duty trucks adds to the dust problem. In some cases it leads to changeless disability and 
frequently has become a cause of death. Chemical composition of the mineral, duration of 
exposure within the work place, smoking propensity, concentration of dust in the air, health 
status of the exposed individual are a few of the contributing factors of Silicosis. Till now, there's 
no particular remedy for silicosis, so primary prevention is the most perfect way to avoid the 
disease. Evacuating the source of silica exposure, rigorous dust control measures (e.g. 
substitution, total enclosure, separation, hydro impacting, and good housekeeping) and personal 
defensive measures (including normal physical health check-up) are imperative implies to avoid 
the illness from getting more awful. The close vicinity of residential houses of the labourers with 
respect to the crushers combined with the unhealthy propensity of smoking of the male labours 
has made them more defenceless to silicosis. More than 60% male labourers have consumed 
bidi, cigarettes or ganjas that has increased the hazard of silicosis and numerous other respiratory 
illnesses (i.e. Pneumoconiosis) (Primary Survey, 2018-19). The extent of the dust shot out by the 
crushers on the human health can be effortlessly gotten to through the analysis of common 
illness pattern of the area. Block level health information has uncovered that among 2650 
reported cases in hospital, 1230 (46.41%) cases were related with respiratory issue during first 
three months of 2017 (BPHC, Md. Bazar). The detailed cases of respiratory illnesses have been 
increased to 1425 (54.12%) among the entire conceded patients of 2633 during first three months 
of 2019 (BPHC, Md. Bazar). These statistics has clearly depicted the expanding drift of 
respiratory illness within the region over time. The nearby doctors have agreed that the number 
of patients endured from respiratory maladies has been continually increased (Primary Study, 
2018-19). Higher concentration of inorganic silica particles around the crusher areas has 
expanded the concentrated of Intense Respiratory Contaminations among the individuals residing 
near the crusher units. It is additionally found that 21% of the deaths in the laborers have been 
caused by silica dust actuated tuberculosis (TB) (Primary Overview, 2018-19). It has clearly 
demonstrated that the occupational illnesses like tuberculosis are culminating into death. Mining 
related health problem of the workers is presented in Figure 2. 

 

Figure 2 Mining related health problems of the workers [Source: Primary survey (2018-19)] 
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8 Conclusions 
It is evident from the study that the casual and illicit small-scale stone quarrying activities and 
related crushers in Md. Bazar CD Block is naturally unsustainable. It has detrimentally 
influenced the nearby environment and certainly has improved the vulnerability of the local 
individuals. It leads to degradation of land that postures genuine risk to the other resources. 
Atmospheric dust concentration coupled with the physical nature of the mining process creates 
negative health results. On opposite, the movement has given work and income opportunities for 
supporting their livelihood. Financial destitution coupled with permanent/periodic 
unemployment due to the nonappearance of industries and social marginalization are a few of the 
instrumental powers that has constrained the destitute people both male and female to be locked 
in within the difficult and unhealthy occupations to bolster the stomach of their children and their 
own. But it ought to be noted that in a non-resilient environment, improvement unquestionably 
gets to be unsustainable. Hence, the geological resource of the zone under audit ought to be 
properly/scientifically extricated and utilized for sustaining the social environment with least 
negative feedback to the physical environment. The illegal way of extraction of stones ought to 
be restricted to protect the geographical assets of the area. There's have to be guarantee that 
mining operations are conducted in such a way that in broader scale it benefits the society which 
concerted endeavours are made to guarantee that these benefits can be sustained indeed when 
mining exercises ended up and  halted. Generation of alternative economic opportunities is 
sincerely required to move the negligible individuals from stone quarrying exercises to reduce 
the reliance of the destitute individuals on such unsustainable exercises to sustainability of the 
environment as well as the human wellbeing. Logical arranging and successful collaboration 
involving all the partners would make the extricating movement socio-economically 
advantageous to the communities as well as ecologically feasible. Appropriate and organized 
support of smallscale quarry operations will make way better openings for different livelihood, 
wage and resources that will advance positive livelihood outcomes. 
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Abstract: In today’s scenario the COVID 19 cases are increasing rapidly and most of the 
people are suffering from breathing problems. So hospitals are providing ventilators to support 
the patients but due to the huge number of cases there is a shortage of ventilators. There are 
some medical devices which can be used as a ventilator like BVM Bag or Ambu Bag. These 
bags are self-inflating bag which can supply upto 90% of oxygen. But this involves a controller 
person who needs to squeeze the Bag. And it is a high risk to have someone near to an infected 
person. So this product fills the need of the supporting person with the help of an IoT based 
automated machine for pumping Bag Valve Mask. This is a mechatronics engineered product 
which consists of Bag Valve Mask which is used for BVM Ventilation. This ventilation is an 
alternative and effective emergency ventilation process as when the person can’t breathe on 
their own, BVM pushes air to the lungs. But pushing air to the lungs involves monitoring many 
external parameters like heart rate and lung Inflation. This product will ensure monitoring both 
cases at the same time and in real time. It will monitor heart rate and also mechanically pump 
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air without the help of any person. The real objective of this product is to give doctors enough 
time to arrange any alternative, so that they can help patients to survive that situation. 

Keywords: Bag Valve Mask, Ventilator, COVID, Internet of Things, Ambu Bag 

 

1 Introduction 

Respiratory disorder and damage induced by the respiratory collapse constitute a huge problem 
in both advanced and less advanced nations. Asthma, Chronic Obstructive Pulmonary Disease 
(COPD), Chronic Bronchitis, Emphysema, Lung Cancer, Bronchiectasis, Pneumonia, and 
Pleural Effusion has been a worldwide problem [1-4]. All of these diseases are caused due to 
smoking, air pollution, and smoke from burning of fuel etc. which are on the peak in both the 
advanced and less advanced nations. Patients with crucial lung diseases may develop respiratory 
problem which can only be maintained by ventilation. Mechanical ventilators assists patient to 
inhale as well as exhale as it eliminates the extra energy of labored breathing in the critical 
condition. The ventilators used in the hospitals are very costly which inhibit their availability and 
use in poor countries. As in the case of outbreak in COVID 19 the patients suffering from the 
virus undergo a case of severe pulmonary and require constant ventilation and monitoring. 
Furthermore the ventilators can be vulnerable if not maintained properly [5-8]. Keeping that in 
mind low cost portable ventilator has been designed which enables system monitor to set up an 
alarm to the caregiver, indicating an increase in air pressure when patients' condition goes 
fragile. The parameters can be monitored and also can be controlled using a PC or Mobile device 
and the Doctors will be instantly notified if any anomaly happens. 
 

2 Materials and Methods 
BVM bag also known as ‘Ambu bag’ which is used as a manual resuscitator [7]. This is a 
self-inflating bag used to provide positive pressure ventilation to the patients who are having 
trouble in breathing [3]. This bag is used in the area where there is no access to ventilator 
machines. And due to the pandemic the use of these BVM can help the large number of 
infected patients to survive. But this BVM needs a person who can press the bag to push the 
air to the lungs.  
 
To make it autonomous we have created a mechatronic control system which can 
autonomously pump the air using mechanical hands. These hands will press the bag to pump 
air to the patient's lungs. This hand’s movement frequency can be varied and also squeeze 
force can be varied using a regulator or manually controlled using a mobile or computer. This 
will allow the doctors to vary the volumetric flow and the rate of flow. This process can 
prevent damage of lungs or air sacs which can lead to Pneumothorax.According to the safety 
and regulatory guidelines, the bag is squeezed once every 6 seconds for adults (10 
ventilations per minute) and every 3 seconds for infants (20 ventilations per minute) [4]. And 
the average volume of BVM is 1600 mL. Squeezing the bag at full strength is generally not 
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necessary [2]. It is recommended that it should be squeezed 1/3rd of its volume [6].  
 
To monitor the health of the heart we have used an ECG module (AD8232) to get real-time 
heart health monitoring. The use of ECG is for a very important and specific purpose. As we 
know if the CO2 level rises inside the bloodstream it can create an alarming situation. As 
CO2 increases the blood pH decreases, Heart rate and blood pressure increases and this can 
lead to hypercapnia or hypercarbia like problems. So ECG will help to monitor the real-time 
heart rates and can also help to vary the change in the frequency of ambu bag squeezing and 
also to change the volume of air transfer.  
We can also pump oxygen by connecting oxygen reservoir connections to the ambu bag 
which will give concentrated oxygen. A reservoir is connected to the bag when there is a need 
of external oxygen supply. The normal rate of flow of oxygen delivery is more than 15 L/min 
(which have 90% of oxygen concentration) and also can be varied in real-time [8]. The 
oxygen flow can be monitored using airflow meter which will help to measure the delivery of 
oxygen and also help to find out the pressure of air flowing into the lungs. 
 

 
 

Figure 1 Product used for automated Bag Valve Mask for COVID-19 
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This product is powered by a Lithium ion 7AH battery which will allow the product to run for 
more than 40+ days with a continuous use and it can vary with the size of Ambu Bag, in this 
case calculations for 1500mL is done. 
 
A. Displacement calculation of mechanical hands 
By repeated testing of a standard specification 1500 ml Ambu bag we shall find out how 
much displacement of the mechanical hand causes how much displacement of volume of air. 
This shall be done using a small flowmeter incorporated in the tubing. The flowmeter has a 
fan attached to a motor. Its rotation shall generate an analog output. Thus during the testing 
phase we shall get specific analog values for the amount of volume displacement. 
Additionally we can also use this flow meter as a safety failsafe feature as we can also use 
this to check real time volumetric flow rates. This would require certain calibrations during 
test phase. Any sudden change in conditions like less volumetric flow due to high temp, 
atmospheric pressure related variations, leaks etc. can be detected in real-time as the 
volumetric flow within the tube is prioritized and monitored. This shall also mean that the 
system would be very precise and consistent which is not possible by human control. Thus 
clearly an automated system can be created on this basis. 
 
B. Monitoring the patient 
The patient shall be monitored continuously using an ECG sensor. All the data from the 
sensor as well as the flowmeter shall be processed by an Arduino mega and collected via 
NodeMCU. The output generated will be a continuous graph with respect to time and shall be 
displayed on a screen in real-time. So the ECG of the patient will be continuously visible as 
well as the instantaneous flow-rate.Flowchart diagram for interface between machine, 
processor and patient is shown in Figure 2. 

 
 

Figure 2 Flowchart diagram for interface between machine, processor and patient 
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A mass supervision system is proposed where the data is uploaded continuously via a data 
acquisition device to a local or cloud server, where one medically trained supervisor can 
oversee many patients at the same time from the safety of home. 
C. Control over device 
As per requirement, on the basis of age of patient and other factors the frequency of 
compression of the BVM and volumetric displacement of air shall vary. So we need to 
control these 2 parameters. Thus clearly by controlling the range of movement of the 
mechanical hands and the frequency of the stepper motor this can be easily achieved. 
One of the mechanical hands shall be fixed and the other shall be connected to the motor. 
Based on the amount of volumetric displacement required, (calculated from the calibrated 
flow meter reading) the range of movement shall be controlled. Gears used with the motor 
will be such that one complete rotation causes full compression. Thus by controlling the 
percentage of rotation using flow meter analog readings we can control the hand movement. 
 

 
 

Figure 3 Flowchart diagram for interface between IOT dashboard and supervisor 

 
Frequency can be easily controlled as it doesn't vary very much from patient to patient and 
does not require special use cases as such. It can be controlled by the delay of the motor after 
each compression and expansion cycle.Thus if a supervisor has real-time or online control 
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over these 2 parameters he/she can easily control many devices at once which would be 
impossible manually by hand. 

3 Results and Discussion 
This product will ensure the patients breathe effortlessly and to achieve that we use to 
monitor some of the essential parameters like breathing pattern and the flow of air or air 
pressure. To follow the breathing pattern we have used ECG module to analyze the heart rate 
and this help us to follow the patients breathing pattern. Flow of oxygen ensures us to inflate 
the lungs. Extra air can damage the lungs, so to monitor the air flow we have used the air 
flow sensor. If the extra air goes into the lungs there will be a change in heart rate pattern and 
by using ECG sensor module we can detect the sudden change and can control the flow rate 
by changing the bag pressing frequency. This will help the patient to survive until any other 
alternative is arranged.Operators patient monitor dashboard is presented in Figure 4. 
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Figure4 Operators Patient Monitor Dashboard 

4 Conclusions 
By this product we can give the patient a time frame which will allow the doctor to treat other 
patients. This is a complete package which consists of two parts one with the patient and another 
with the operator. The product will send real time data to the server and the operator can monitor 
as well as control the motors and the servos. Operators can also monitor multiple patient’s data 
in real-time and the system is designed in such a way that any sudden change in data alerts the 
doctors and nurses real-time. Previous designs didn't have controllable switches and regulators 
but this product filled those gaps and enabled the doctors to control the air flow and the breathing 
pattern according to the patients' needs. 
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Abstract: Waste management basically divided into two types Bio-degradable and non-
biodegradable waste management. For controlling this kind of waste government involved with 
some international and private companies came out with many projects for developing and for 
disposal or for re-use of waste materials  or using the waste materials  for generating source of 
energy. But due to many problems the project was not successful and one of the main sources of 
problem is due to rise in population rate. Energy conservation basically means reducing the use 
of energy, if we can use less amounts of energy then only we can save more amount of 
renewable source of energy and can use this source for long term purpose. Unfortunately both 
depend on human populations and their behaviours and their management skills. As we all 
knows all sources of energy drives from earth and its components but due to our daily activities 
all the sources are getting destroyed rapidly. So our main object will be to re-use the different 
sources of energy and manage them in proper way for using them in long term usage. 

Keywords: Energy management, Re-use, Environment, Sustainable development, Waste to 
Energy 

 

1 Introduction 

Now a day it is big problem that is arising day by day is the production of waste in huge amount 
every year. These wastes have serious impact on environment and its surrounding land scales. 
This type of waste basically includes Municipal Solid Waste (MSW), Industrial Waste, 
Agricultural waste, etc. On the basis of their state they classified into degradable or non-
degradable waste [1]. Degradable waste generally of Domestic waste, waste from agriculture, 
etc. and the non-degradable waste generally of waste from industries, MSW waste or it can be 
also hazardous waste. Sometimes non-degradable wastes can be disposable or sometimes it is not 
[2]. Solid waste management normally begins with its collecting and ending by safe disposal, 
passing through transportation, segregation and processing.  According to the type of the waste 
process is planned.  Recyclable as glass or plastics may be recycled. Processing and use of 
agricultural waste vary between animal feed, fertilizers or energy sources. An artistic photograph 
from waste to energy is presented in Figure 1. 
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Figure 1 An artistic photograph from waste to energy 

2 The Problems Caused by Solid and Liquid Wastes 
Most wastes that are generated, find their way into land and water bodies without proper 
treatment, causing severe water pollution. They also emit greenhouse gases like methane and 
carbon dioxide, and add to air pollution [3]. Any organic waste from urban and rural areas and 
industries is a resource due to its ability to get degraded, resulting in energy generation. The 
problems caused by solid and liquid wastes can be significantly mitigated through the adoption 
of environment-friendly waste-to-energy technologies that will allow treatment and processing of 
wastes before their disposal [4]. These measures would reduce the quantity of wastes, generate a 
substantial quantity of energy from them, and greatly reduce environmental pollution. India’s 
growing energy deficit is making the government central and state governments become keen on 
alternative and renewable energy sources[5]. Waste to energy is one of these, and it is garnering 
increasing attention from both the central and state governments. 

While the Indian Government’s own figures would suggest that the cost of waste to energy is 
somewhat higher than other renewable sources, it is still an attractive option, as it serves a dual 
role of waste disposal and energy production. The simple definition   of waste to energy concept 
is using different waste for energy production as alternative energy sources instead of 
conventional sources[6]. Waste materials with a reasonable calorific value can be used for 
energy generation directly after simple processing as sorting and shredding or through more 
complicated processes such as thermo-chemical processes. 

3 Selected Waste Types and the Conversion Processes to Energy  
According to the research methodology it can be well analysed that as the rate or growth of 
population increases the government’s also coming up with new innovative ideas, technology 
where they  are converting the source of waste to source of energy (Figure 2) by which there 
should be no end of renewable sources even the pollutions stays in control. The ways to convert 
the waste into energy are: 
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Gasification: It is one of the most popular thermal technologies which provide the process for a 
clear energy source for base load electricity, fertilizer, fuel, etc [7]. 

Depolymerisation: It is one of the best ways to deal with the plastic waste [7]. 

Pyrolysis: It basically works as gasification, where it deal with the organic degrades with out the 
help of an oxygen [7]. 

 

Figure 2 Different processes for converting the source of waste to source of energy 

3.1 Technologies used 

Energy can be recovered from the organic fraction of waste (biodegradable as well as non-
biodegradable) through thermal, thermo-chemical, biochemical and electrochemical methods. 

(i)  Thermal Conversion: The process involves thermal degradation of waste under high 
temperature. In this complete oxidation of the waste occurs under high temperature. The major 
technological option under this category is incineration [8]. But incineration has been losing 
attention these days because of its emission characteristics. 

(ii) Thermo-chemical conversion: This process entails high temperature driven decomposition 
of organic matter to produce either heat energy or fuel oil or gas. They are useful for wastes 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

257 
 

containing high percentage of organic non-biodegradable matter and low moisture content. The 
main technological options under this category include Pyrolysis and Gasification[9]. The 
products of these processes (producer gas, exhaust gases etc) can be used purely as heat energy 
or further processed chemically, to produce a range of end products.  

(iii) Bio-chemical conversion: This process is based on enzymatic decomposition of organic 
matter by microbial action to produce methane gas, and alcohol etc. This process, on the other 
hand, is preferred for wastes having high percentage of organic, bio-degradable (putrescible) 
matter and high level of moisture/ water content, which aids microbial activity. The major 
technological options under this category are anaerobic digestion (bio-methanation) and 
fermentation [10]. Of the two, anaerobic digestion is the most frequently used method for waste 
to energy, and fermentation is emerging.  

(iv) Electrochemical conversion: Electrochemical conversion in the context of waste to energy 
refers typically to microbial fuel cells (MFC). These systems are developed to trap the energy 
from wastes, where the reduction-oxidation machinery of immobilized microbial cells is 
catalytically exploited, for the accelerated transfer of electrons from organic wastes, to generate 
electricity and bio-hydrogen gas [11]. However this methodology needs extensive evaluation 
studies on bulk scale liquid waste treatments and stands at a nascent level in India as well as 
worldwide. 
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Abstract: Though it is true that all major Himalayan earthquakes have occurred on the orogen-
parallel main thrusts of the mountain range, many events of Mw 3 to 5 have been recorded in the 
Quaternary foreland basin of the Darjeeling-Sikkim Himalayas (DSH) . About 350 km south of 
DSH, the western part of the Bengal Basin (BB) , having a tectonic environment much different 
from the DSH foreland, also has a significant history of seismicity with the maximum 
magnitude(Mw) of 5.8 occurring in the deeper basin part. In order to estimate strain 
accumulation rate in this terrain we have estimated and analyzed velocities from 8 GPS stations 
in the Himalayan foredeep and 8 GPS stations in the Indian part of BB. N-S compressive strain 
rate with a maximum value of 71.7+45.7 nanostrain/yr and E-W extensional strain rate with a 
maximum value of 45.6+68.9 nanostrain/yr are accumulating in the DSH foreland.  The western 
part of BB shows mainly compressive strain accumulation which is oriented N-S in the south and 
E-W in the north of the basin with a maximum value of 12.9+12.9 nanostrain/yr. Slight 
extensional strain is observed across the Eocene Hinge Zone.  

Keywords:  Indian plate, GPS, station velocity, strain rate, fault, earthquake 

 

1 Introduction 
The collision of India with Eurasia beginning ca. 50 m.y. ago (Eocene) resulted in underthrusting 
of Indian shield below Tibet and to the birth of the Himalayas as a consequence. As the Indian 
shield plunged under Tibet, slices of sedimentary cover and its underlying basement were 
scraped off the leading edge of the Indian subcontinent [1, 2] and formed the major Himalayan 
thrust sheets south of the Tethyan sequence in the Himalayas [3, 4]. The building up of the 
Himalayan orogenic wedge exerted a load on the Indian lithosphere which flexed downward and 
resulted in the formation of the foreland basin of the Gangetic plains.  In addition to these 
orogen-parallel faults a number of transverse faults have also been identified which cut across 
the major Himalayan thrusts. In comparison to the western and central Himalayas, contraction 
across the eastern Himalayas is more rapid as estimated from GPS a station velocity which 
suggests incomplete locking and or active deformation well south of the sub-Himalayas [5]. 
Active deformation in the Quaternary basin of the DSH foreland is evident from the good 
number of earthquakes up to Mw 6 that occurred in that area (data from NEIC and USGS at 
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http://earthquake.usgs.gov) as shown in Figure1. The 1980 Darjeeling earthquake (Mw 6.1, 
depth, 17 km) was a result of strike-slip motion on the Gish Transverse Fault (GTF)[6].  The 
Sikkim earthquake of Mw 6.9 at a focal depth of 50 km in 2011 was caused by strike-slip 
movement on the fault along Tista lineament (TL) [7].  

About 350 km south of DSH the Bengal Basin has no active plate boundary but it has hosted 
many intraplate earthquakes of Mw 4 to 5.8 as obtained from NEIC and USGS data archive and 
focal solution data from CMT Harvard (http://www.globalcmt.org). Considering the western part 
of Bengal Basin (WBB) lying in India, seven events in the deeper basin part and 4 events near 
the basin margin fault have been reported by NEIC (Figure 1). The 4 earthquakes near basin 
margin were of   Mw < 5 and occurred at depth varying from 10km -33 km. 4 events with 4 < 
Mw < 4.8 and focal depth 33 - 36 km have been recorded on the Eocene Hinge Zone (EHZ), 
which is an east dipping low angle active fault[8], . In the deeper basin part of WBB, 2 
earthquakes of Mw 5.3 and 5.8 at depth 23km and 5.8 km occurred in 1976 and 1989 
respectively. Both these events were mainly of thrust-type implying E-W compression (Figure 
1). Low order events are randomly distributed in the vicinity of shield margin and deeper parts of 
BB [9, 10]. In the present paper we are reporting the velocity estimates from 8 campaign mode 
GPS stations in the Quaternary deposits of the foreland basin of DSH and 8 stations in WBB 
shown in Figure 2. The velocity field has been obtained in ITRF08 and India fixed reference 
frames analyzing data from permanent and non-permanent GPS stations collected over a time 
span of about 10 years. The minimum number of campaigns used to estimate site velocity is 
three, the maximum is five. Strain accumulation rates in DSH foreland and WBB have been 
estimated from the station velocities using SSPX [11], applying the grid-distance weighted 
approach using a regularly spaced grid. Topographic maps shown in the Figures 1 and 2 have 
been produced with data downloaded from http://www.ngdc.noaa.gov and Figures 3 and 4 have 
been produced with data from http://dds.cr.usgs.gov  and processed with GMT ver. 5.1.1 [12]. 

2 Structural Framework of Study Area 

Foreland basin of Darjeeling-Sikkim Himalayas 
The principal thrusts from south to north of DSH are: Main Frontal Thrust (MFT), South 
Kalijhora Thrust (SKT), Main Boundary Thrust (MBT), North Kalijhora Thrust or Ramgarh 
Thrust (NKT or RT) and Main Central Thrust (MCT) [13, 14]. The MFT is unexposed east of 
Gish river, but its presence is inferred from well-defined E-W running scarps that cut Quaternary 
fluvial terraces and alluvial fans [15]. Chalsa scarp in the south and the Matiali scarp in the north 
have been interpreted as the ramp anticlines over two blind thrusts which are possibly splays 
from the MFT [16]. The NE-SW trending Gish transverse fault (GTF) along river Gish is a west 
dipping prominent transverse left-lateral strike-slip active fault [6] . Our GPS study has 
documented E-W extensional strain accumulation across GTF [17].  

Another transverse feature in this part is the Tista lineament (TL) running almost NW-SE along 
Tista river[7] (Figure 1) which has been described as a large strike-slip fault developed in 
response to the differential pressure of N-S compression and E-W extension between foothills 
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and Indus-Tsangpo Suture Zone which has lined up with basement faults in the foredeep [7]. 

 

 

 
 

Figure 1: a: The working area marked with coloured boxes on a map of India; 
b: Topographic map of the working area and its surroundings showing locations of earthquake 

epicenters (red dots) of Mw≤4.8 and focal solutions of earthquakes of Mw ≥ 4.9. Fault zones are 
indicated by solid magenta lines and Tista lineament by dotted line, GTF-Gish Transverse Fault, 

MS- Matiali scarp, CS- Chalsa scarp. Focal solution numbers indicate the following years of 
their occurrence: 1- 2011, 2- 2007, 3 -1980, 4 -1982, 5 -1964, 6- 1976. Quadrilateral areas mark 

the locations of the two GPS networks. 
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2.1 Western part of Bengal Basin 
The Bengal Basin is the unfolded foreland basin extending westward up to the Indian shield with 
its paleoshelf sediments [18,19] and up to the fold-and-thrust belt of the Arakan Yoma mountain 
range to the east. 

From west to east the different structural units in WBB are (Figure 1): 

i) stable shield area 

ii) basin marginal area characterized by a series of basement ridges  showing strong magnetic 
and positive gravity anomalies[20]. To the immediate east of these ridges a series of normal, 
down-to-the-basin strike faults are arranged in en echelon pattern [20, 9]. 

iii) stable shelf zone marked by a long trend of normal faulting . 

iv) deeper basin area separated from the rest of the basin by EHZ running along Kolkata-
Ranaghat to Pabna-Mymensing in Bangladesh and eventually merging with E-W Dauki fault. 
The EHZ, which has been interpreted to represent the outer edge of the shelf-break, the zone 
separating the relatively stable shelf from the outer trough of more rapid subsidence[21] is an 
east dipping low angle active fault[8] . It has also been suggested to represent the Paleogene 
continent-ocean boundary. 

3 GPS Data Acquisition and Processing 
Data from 8 campaign mode GPS stations located in the foreland basin of DSH have been 
acquired using Trimble 5700 receiver and Zephyr Geodetic antenna sets. The work was started in 
December, 2005 and continued till April, 2014. In WBB, data from 7 campaign mode GPS 
stations have been acquired from October, 2012 till December, 2014. Out of 7 GPS stations, 3 
stations are located on shield and rest 4 stations are on Quaternary sediments. Velocity of station 
CSME set up by us in Kolkata, located in WBB, and run continuously for almost two years have 
been used in the analysis after transformation to ITRF08 frame.  

For setting up GPS stations in the Quaternary deposits a 1.2 m deep hole with roughly 50 cm 
diameter is dug in the ground which is then filled with reinforced concrete .In the wet concrete a 
30 cm long steel rod with a small round mark on top is inserted and kept flushed with the ground. 
The concrete solidifies with the rod and the round mark on its top acts as the station. But in areas 
with exposed rock, a small drill hole of ~2 mm diameter in the rock, acts as the station. The GPS 
data have been processed by GAMIT/GLOBK ver. 10.5 [22, 23].  

 
4 Results and Discussion 
Velocities of stations in ITRF08 reference frame (Figure 2) in the frontal part of DSH indicate 
that the stations are slowing down from south to north in response to the subduction of Indian 
plate under Tibet. The velocity of station RAMA located at the foothills of Bhutan Himalaya is 
less by ~ 1.9 mm/yr than the velocities of the southern stations RAJN and BRDH. However, the 
velocity of NGKT located at slightly higher latitude than RAMA, is less by ~2.9 mm/yr than the 
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velocity of BRDH. If the Chalsa and Matiali scarps represent the surface trace of MFT[16] then 
NGKT should be only 10 km south of the most active deformation front of eastern 
Himalaya[1,15]  which justifies the velocity drop.  

 

Figure 2 ITRF08 velocity solution of our networks in DSH foothills and WBB within the red 
boxes and of some IGS stations situated around our network 

Coming southward from DSH to WBB which are separated by the forebulge described as the 
Dinajpur-Rangpur saddle [19] no major variation in the velocity field is observed in WBB. 
PAHA, PURU and BANG located on the Indian shield are moving with velocity 52.2 + 1.1 
mm/yr, 52.4 + 1.1 mm/yr and 54.1 + 1.1mm/yr respectively. Considering the error, there is 
statistically insignificant variation in the velocities of PAHA and PURU. But velocities of 
stations KUND and TEHA   located east of the shield - alluvium line of contact, range between 
50 -51mm/yr. Another set of 3 stations GHAT, PITH and CSME lying to the immediate south of 
EHZ are moving with velocity 53.7 + 2.5 mm/yr, 53.8 + 1.5 mm/yr and 52.9 + 1.5 mm/yr 
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respectively. The low order velocity gradient across EHZ confirms  its  present day activation .  

The active boundary nearest to the WBB is the DSH. The PITH-LHAZ baseline shortens at a rate 
of 13.7 + 1.1 mm/yr. But this baseline, like IISC-LHAZ baseline which is shortening at 14.0 + 
0.7 mm/yr, is not arc-normal to the Himalayas and therefore neither of them reflects the actual 
convergence occurring across Himalayas. PITH-LHAZ baseline crosses WBB, the Himalayan 
foredeep and the Himalayan mountain range and hence the 13.7 mm/yr convergence is 
partitioned between the slip on the active faults in the Himalayas and the intraplate deformation.  
The shortening rate of baseline between LHAZ and RAJN, a station located in the southern part 
of our network in DSH foredeep is 11.1 + 1.6 mm/yr and that between PITH and RAJN (~ 600 
km) is 3.6 + 1.9 mm/yr. Therefore the major part of the shortening is accommodated within the 
foredeep and the mountain range and a subordinate part within the WBB.  

4.1 Strain Rate Analysis 
The strain rate has been estimated by SSPX [11], applying the grid-distance weighted approach 
using a regularly spaced grid where the strain rate is estimated at the center of each square cell 
using all stations. Data from each station are weighted by their distance from the center of the 
cell by a constant length  that indicates how the contribution of a station decays with distance. 
Each station is weighted by a factor W=exp (-d2/2 2) where d is the distance between the center 
of the cell and each station. Stations within 1  distance contribute more than 67% to the least 
squares solution, whereas those at greater than 3  contribute less than 1%. 

 

Figure 3 Principal strain rate axes and station velocities in India fixed reference frame in the 
foreland of DSH with major thrusts marked by toothed lines and lineament by dotted blue line 

and other faults by black line. GTF-Gish Transverse Fault, MS- Matiali scarp, CS- Chalsa scarp 
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The values of the grid step and  are chosen so that they yield maximum variation in the 
parameter of interest with minimum number of insignificant cells, where the absolute value of 
the magnitude is less than the uncertainty. Therefore these choices depend on the network design. 
SSPX estimates the uncertainty of strain rate as the absolute difference between the computed 
strain rate value using the velocity gradient tensor, and the computed strain rate value using the 
velocity gradient tensor plus its error computed from the covariance matrix calculated in the least 
squares fit. Therefore the error reported is considered a maximum estimate [11]. We have 
evaluated the strain rate from the station velocities in India fixed reference frame following 
Altamimi et al, 2012[24]. A better estimate of the Indian pole and rotation rate is surely provided 
by Mahesh et al, 2012[25], however, stations of our network are mostly in campaign mode with 
velocity uncertainties greater than those of permanent stations and we did not get significant 
variation between the estimates from the two methods within the uncertainties. In the foreland 
basin of DSH  a grid of 15x15 km and a smoothing distance  of 30 km and in WBB a grid of 
50x50 km and a smoothing distance  of 100 km are chosen. The grid sizes in both the areas 
have been chosen on the basis of size of the area and variation of magnitude of station velocities. 
Figure 3 shows the principal axes of strain rates of DSH foreland, where N-S shortening is 
prominent but the strain rate distribution shows great regional variability. In the western part of 
the network an E-W extensional strain and negligible compression are observed. Principal 
compression direction shows a radial pattern, largely normal to the mountain front. A clockwise 
sense of  rotation of the principal axes of compression conforms to curvature of mountain front 
marking a prominent recess. A maximum compression rate of about 71.7+45.7 nanostrain/yr is 
observed in the eastern part of the network. E-W extensional strain is observed across GTF and 
the maximum value of extension rate of 45.6+68.9 nanostrain/yr is observed in the south-western 
part of the network which is consistent with right-lateral strike slip along TL running through 
that area. 

 

Figure 4 Principal strain rate axes and station velocities in India fixed reference frame in WBB 
with major fault zones marked by black lines and EHZ by dotted line 
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In the western part of BB there is no active plate boundary as a result there is no major variation 
in station velocities. Hence the area did not require a denser network of GPS stations. Figure 4 
shows the principal axes of strain rates of WBB. Overall magnitude of strain in WBB is lower 
than that in the DSH foreland basin. The principal axes of compression show a clockwise 
rotation from southwest to northeast, the compression direction veering from NNE in the 
southwest to ENE in the northeast. In the SE corner of the network, along EHZ, the compression 
axes tend to align E-W. The maximum compressional strain of 12.9+12.9 nanostrain/yr is 
observed in the eastern part of the network. The line of curvature of the compression axes 
follows the curvature of the Eocene hinge zone (EHZ). Negligible extensional strain is observed 
across the basin marginal faults. Extensional strain is observed in the deeper basin part across the 
EHZ with a maximum value of 8.2 + 15.1 nanostrain/yr. The extension directions are normal to 
the EHZ, suggesting normal fault nature of EHZ. The earthquake of 15th April, 1964 located just 
south of EHZ (Figure 1) at a depth of 36 km whose maximum intensity observed was VII-VIII 
was attributed to the reactivation along a NNE trending fault[9]. The focal mechanism solutions 
(No 5,6 in Figure 1) suggest a compressive thrust type event with minor strike-slip component 
indicating a E-W compressive regime in the deeper parts of WBB which is related to the 
eastward under thrusting of the Indian plate below the Burmese plate.  

5 Conclusions 
In the DSH foreland and WBB both the strain rate and associated accuracy are low in magnitude, 
but the spatial distribution is heterogeneous giving a rough quantitative picture of deformation in 
the area concerned. In the DSH foreland strain estimates show compression directions 
approximately normal to the mountain front. The radial pattern of the compression direction 
reflects the northward convexity of the thrust surfaces (recess). An extensional strain is 
accumulating in the western part of the basin through which runs TL and across the GTF. We 
infer that the strain accumulation on the transverse faults (strike-slip) has modified the strain 
pattern to an extensional regime in this region and therefore contribute towards their seismic 
hazard potential. Both the strike-slip earthquakes of 2007 and 2011 occurred on the northwestern 
extension of TL (Figure 1) but no major event on its southward extension has occurred yet. But 
the accumulating strain in the southern part of DSH foreland is getting released through 
earthquakes of small magnitude (Figure 1) thereby ensuring a safer life for the densely populated 
Jalpaiguri and Cooch Behar districts of North Bengal.  

In the western part of Bengal Basin a slow rate of deformation is reflected in the station 
velocities and strain estimates but the orientation of the principal axes of compression near EHZ 
are aligned along the hinge coupled with a hinge-normal extension. The extension across EHZ is 
possibly due to normal movement on EHZ with the eastern bloc subsiding on receiving a huge 
thickness of sediments. Negligible extensional strain is observed across the basin marginal faults 
thus suggesting that these faults which were once responsible for the initiation of the basin 
subsidence are not active any more supporting our previous findings reported from this area[8].  
In WBB the pattern of strain distribution may be interesting but their magnitude is low and 
therefore probability of occurrence of large earthquakes within WBB is very low. But the 
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earthquakes occurring in the DSH can send strong waves to WBB.  
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Abstract: In the atmospheric layer some transient physical behavior usually observed at the time 
of the disturbances happened from the solar events like flare, CME’s, eclipses etc. and other 
several atmospheric events like thunderstorm, elves, TLEs etc. There is a few scope of 
occurrence of exceptional celestial phenomenon over a long period of time. That scope enables 
the researches in this field to get interesting facts embedded in the core of the nature by 
analyzing the transient behavior of the atmosphere. Solar eclipse is a rare transient event to study 
the atmospheric processes. It is observed that the temperature, relative humidity and dew point 
have remarkably changed during eclipse compare to non-eclipse days. The eclipse 21st June, 
2020 occurred during low solar activity, with solar flux (F10.7) about 68 SFU. This period also 
experienced minor-to-moderate geo-magnetic activity, with maximum Kp index 2 and sum of Kp 
10. Ap index is observed to vary from 3 to 5 where as Cp index lies between 0 to 0.2 and Dst 
ranges from 12 to 13 nT for maximum and 0 to -8 nT for minimum. No major solar flares are 
observed from 20-21 June, 2020. There is a need to observe the effects on multiple eclipse and 
non-eclipse days.  

Keywords: Solar eclipse, meteorology, transient event, geomagnetic activity, solar flare 

1. Introduction 
So many transient changes happen either in upper or lower atmosphere during TLE (transient 
luminous events), solar eclipse, thunderstorms, tornado, cyclone, ionospheric disturbances, solar 
bursts etc. Solar Eclipse is one of them which give us the opportunity to investigate the changes 
in meteorological, geomagnetic parameters, surface UV radiation, ground reaching cosmic rays, 
radio wave propagation, ionospheric disturbances and many others. However atmospheric 
responses were not reported before 1830 and a sudden increase of investigations started after the 
1980 eclipse [1-6].  
 
A solar eclipse causes dramatic changes from atmosphere to mesosphere due to the fast obscure 
and recovery of solar radiation [7]. Earlier studies during solar eclipse showed that electron 
density, electron temperature, ion temperature were decreased by 30–40%, 100–220 K, and 50–
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140 K respectively during solar eclipse [8].  Changes in MF and HF radio wave propagation 
were observed during total eclipses [4, 9]. 

On 21st June, 2020, we witnessed an Annular Solar Eclipse passed through Africa and Asia 
(Figure 1). This time Moon was not close enough to Earth so that it blocks the total disc of the 
Sun. So a ring remained visible around Moon’s shadow. That’s why “Ring of Fire” nicknamed. 
Starting from Democratic Republic of Congo, South Sudan, Ethiopia and then crossed the Red 
sea to enter into Arabian peninsula. After that it travelled through Pakistan, Northern India, 
Southern China and then Taiwan, the last place from where people saw the event. Timings of 
different phases of solar eclipse are given in Table 1. 
In Indiathe annual solar eclipse was visible from Dehra Dun (30.3165° N, 78.0322° E), Gharsana 
(29.0273° N, 73.0789° E),Kalanka (24.9313° N, 90.5624° E)and Kurukshetra (29.9695° N, 
76.8783° E)and  few location from which partial solar eclipse is seen Agra (27.1767° N, 
78.0081° E), Ahmedabad (23.0225° N, 72.5714° E),Chennai (13.0827° N, 80.2707° 
E),Dibrugarh (27.4728° N, 94.9120° E),Gawahati (26.1445° N, 91.7362° E),Indore (22.7196° N, 
75.8577° E),Jodhpur (26.2389° N, 73.0243° E),Kolkata (22.5726° N, 88.3639° E),Leh (34.1526° 
N, 77.5771° E),Mumbai (19.0760° N, 72.8777° E),New Delhi (28.6139° N, 77.2090° E), 
Shilong (25.5788° N, 91.8933° E). 
 
The time maximum observance of the annular solar eclipse in India is 29.8 minutes and that of 
partial solar eclipse is 96 minutes. The rare eclipse will be its maximum obscurance at 
Joshimath, Uttrakhand (98.5%). The annularity belt of the eclipse passes through Rajasthan- 
Haryana-Punjab-Uttarakhand.The maximum eclipse duration worldwide is 38 Sec. The aim of 
the paper is to quantify the changes in meteorological and solar geomagnetic parameters during 
21st June, 2020 solar eclipse. 

  
Figure 1 (a) Peninsula of the solar eclipse (http://eclipsewise.com/solar),(b) Path of solar eclipse 

(Source:http://www.eclipsewise.com/solar/) 
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Table 1 Timings of different phases of solar eclipse 

Solar Eclipse Time in UTC 
First contact when the partial eclipse begin 03:45:58 
Second contact when full eclipse begin 04:47:45 
Maximum Eclipse 06:40:04 
Third contact to see the full eclipse end 08:32:17 
Forth contact to see the partial eclipse end 09:34:01 

 
2. Methodology 
 
2.1 Surface parameters 
Ambient temperature, relative humidity and dew point temperature for the station New Delhi 
close to annular eclipse path are analyzed using Wyoming University soundings data 
bank[http://weather.uwyo.edu/upperair/sounding.html], USA for three consecutive dates 
centering the eclipse day. The partially solar eclipse duration in Delhi is 72 minutes. The exact 
eclipse period starts at 09:15:58 IST when observed from Delhi with the maximum eclipse time 
at 12:10:04 IST and ends at15:04:01 IST.  Data are analyzed at three contact points of eclipse.  
 
2.2 Solar activity indices 
The following solar indices are analyzed for five consecutive days centering the eclipse day. The 
parameters are obtained from National Oceanic and Atmospheric Administration (NOAA, 
USA),World Data Center for Geomagnetism, Kyoto, Japan, Penticton solar radio flux data, 
Corolado, USA [10-12]. 

Planetary index (Kp) indicates the magnitude of solar magnetic storm generated geomagnetic 
disturbance. This is a planetary index that intended to determine the radiation of solar particle by 
its magnetic effects.  It is shown on 0-9 scale where zero being very quiet situation and highly 
disturbed shown by 9. The level from 0 to 9 relates nearly logarithmically to its equivalent 
geomagnetic disturbance amplitude. In a total day of 24 hours 8 values are taken at 3 hour gap. 
The sum of Kp index shows the sum of daily obtained eight Kp values at 3 hour period. 

Magnetic activity daily index (Ap) is derived from the Kp index. It is defined as the successive ap 
indices values for the 3 hrs period for the earliest available 24 hrs. Value at the time of 
happening of geomagnetic storm and directly related with the storm. The value ranges from 0 
(undisturbed) to 400 (extremely severe storm). 

Planetary daily character Figure (Cp) is a qualitative estimate for the magnetic activity overall 
level in a day. It is obtained from the sum of 8 ap magnitudes. It ranges in steps of 1/10 from 0 
valued quiet day to 2.5 valued highly disturbed day. 

Solar Radio Flux(SRF)at 10.7 cm (2800 MHz) is an indicator of solar flux density originate from 
chromosphere measured in SFU(10−22 W⋅m−2⋅Hz−1) 
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Disturbance storm time(Dst) index gives information about the ring current caused by solar 
protons and electrons around the earth which generates magnetic field in the direction opposite to 
earth’s magnetic field.  

Solar Flare is a sudden revealing of enhanced solar brightness. This usually present near solar 
surface and in the vicinity to the sunspot group. The powerful solar flares usually present with 
a coronal mass ejection. The powerful solar flare is easily locatable amidst the total solar 
irradiance. The analysis of this requires the power-law spectrum. The energy release magnitude 
for a clear observable event is typically 1020 joules while energy emission for a major event is up 
to 1025 joules. The classification of the solar flare based on the peak energy flux at 100-800 
picometre. 

 
3. Results and Discussion 
 
3.1 Climatic parameters 
Climatic parameters along the path of the eclipse through India in the month of June and annual 
number of thunderstorm days are given in Table 2. Average TS days varies from 1.3 to 101.2 
whereas number of rainy days is high in the NE part of India [13, 14]. 

Table 2 Statistics of climatic parameters 

Station Name Lat/Long Max 
Temp
(°C) 

Min 
Temp
(°C) 

Av RH
 (%) 

Av. 
rainfall 
(mm ) 

Rainy 
days 
 

Annual 
TS 
Days 

Dehra 
Dun,Uttarakhand 

30.316° N, 
78.032° E 

43.9 13.1 53 231.7 9.6 66.5 

Gharsana,  
Rajasthan 

29.027° N, 
73.078° E 

41 28 45 45.5 4.0 36.5 

Dalhausie, 
Uttarakhand 

32.538° N, 
75.971° E 

35.5 8.0 54 130.8 6.4 12.3 

Kurukshetra, 
Haryana 

29.969° N, 
76.878° E 

40 26.8 39 131.8 5.5 2.6 

Agra, 
Uttar Pradesh 

27.176° N, 
78.008° E 

48.5 12.0 46 55.7 4.7 1.3 

Ahmedabad, 
Gujarat 

23.022° N, 
72.571° E 

47.2 19.4 62 80.0 3.9 19.9 

Chennai, 
Tamil Nadu 

13.082° N, 
80.270° E 

43.3 20.6 63 55.8 4.0 49 

Dibrugarh, 
Assam 

27.472° N, 
94.912° E 

38.1 16.5 408.5 78 18.2 91.8 

Gawahati, 
Assam 

26.144° N, 
91.736° E 

38.5 20.4 77 295.0 14.7 101.2 

Indore,  
Madhya Pradesh 

22.719° N, 
75.857° E 

45.8 18.9 58 136 8.6 34.8 
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Jodhpur, 
Rajasthan 

26.238° N, 
73.024° E 

47.8 20.0 33 40.0 2.1 45 

Kolkata,  
West Bengal 

22.572° N, 
88.363° E 

43.9 20.4 77 300.6 12.8 81.2 

Leh,Ladakh 34.152° N, 
77.577° E 

34.8 −1.1 26 3.5 0.4 5.0 

Mumbai, 
Maharashtra 

19.076° N, 
72.877° E 

37.2 21.1 530.2 77 13.8 20.1 

New Delhi, 
Indian Capital  

28.613° N, 
77.209° E 

46.7 18.9 39 82.2 4.6 42.3 

Shilong,  
Meghalaya 

25.578° N, 
91.893° E 

29.5 10.0 86 428.7 18.1 23.8 

 

Figure 2 Variation of surface temperature, relative humidity and dew point 
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3.2 Surface Parameters 
The variation of surface temperature, relative humidity and dew point on three consecutive days 
around the eclipse day is presented in Figure 2. The parameters at start of partial eclipse as seen 
from Delhi, maximum phase and end of partial eclipse are marked by I, II and III respectively. It 
is also evident from the Figure that the Relative humidity and dew point temperature was 
comparatively high during eclipse than the control day.  
Figure 3 gives the relative change of the three meteorological parameters with respect to its value 
at the time of sunrise at three contact points on three consecutive days. The relative change in 
temperature and dew point temperature are from +2.15 to +10 and +4.29 to -2.86 respectively. 
That day the sky was partly cloudy and the change in temperature was recorded a fall in and 
around the maximum phase in comparison to normal days. Similar result was also reported for 
other solar eclipse day [15-17]. 
 

 

Figure 3 Relative changes in (a) Temperature, (b) Dew Point and (c) Humidity 

3.3 Solar Activity 
Analysis of solar activity data is arranged in such a way that it includes two days before the 
eclipse, day of eclipse and two day after eclipse. On the solar eclipse day that is on 21st June, 
2020 the Kp index takes the value 1 for all period expect the 3rd one where it reduces to the zero 
value. The other days Kp index moreover lies between 1 to 2 value but a very quiet period of 
geomagnetic activity is observed on the day after the solar eclipse where only two periods of 
observation shows some activity. The sudden inactiveness of sun on the days after the eclipse is 
observable. It is evident by our observation that ionospheric current density remains low at this 
time of total solar eclipse which was reported by other investigators [18-20]. The time of solar 
eclipse is distinct if compared w.r.t. the Kp value. The total lunar covering on the sun is happened 
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at around 12:00 IST in India. An exact relationship between this time and Kp value is also 
locatable on 21st June. The Figure 4(a) shows the sum of Kp value variation over the number of 
days ranges from 19 to 23rd June 2020 including the eclipse day. Sum of Kp values show a 
recognizable geomagnetic activity on 20th June but after that it gradually reduces.  
 

 
 

Figure 4 (a) Variation of Sum of Kp index (b) Variation of Ap Index with (c) Variation of Cp 
index with the number of days ranges from 19-06-2020 to 23-06-2020  where 0 in the abscissa 
shows the day of eclipse, -1 and -2 the day before and 1 and 2  shows the days after the eclipse 

On the eclipse day it is a minimum with a value of 5. After that it remains constant at 3. From 
23rd June it further initiates the escalation. The Ap index variation with the days is shown in 
Figure 4(b). The Ap index shows low constant value at 3 on an after the eclipse day and before 
that day it’s valued at 5.   
The Figure 4(c) shows the variation of the planetary index value Cpwith the range of days. The 
planetary index value Cp starting from 0.2 which is remained constant on 19th and 20th June 
andget sloped down linearly to zero value on 23rd June. The Cp value has taken the value 0.1 on 
the eclipse day. This shows a nearly quiet solar day on the eclipse time [21, 22]. 
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Figure 5 Hourly variations of Dst Index in nano Tesla from 19 - 23rd June 2020 

The geomagnetic data value separates the quiet days from the days of solar storm influenced 
magnetic disturbance [23, 24]. The Figure 5 shows the hourly variation of the equatorial 
Dstvalue in nT through a day where we have taken two days before and after the eclipse to 
ensure the effect of geomagnetic activity on the eclipse time. It evident from the several 
investigations that the Dst value may be recommended to be zero for the quietest day [25]. The 
Dst index on 19th June shows maximum -4 to 10 nT geomagnetic variation over 24 hours again 
the maximum change  -12 to 13 nT, 0 to -8 nT  and  0 to 12 nT  are the Dst values for 20th  June 
,22nd  June and 23rd June respectively. On the day of eclipse this value remains at -9 to 10 nT. 
From the graph it is observed that some geomagnetic activity was on 20th June. On 22nd June it 
shows however quiet behavior.  
 

 
 

Figure 6 Solar Radio Flux (F10.7) in SFU from 19th to 23rd June 2020 
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The further noticeable change in geomagnetic values is observed in 23rd June. The interesting 
feature lies in the Dst index value of the eclipse day where it varies from -9 to 10 nT although the 
exact eclipse period analysis reveals interesting facts. If eclipse time frames are poised with the 
geomagnetic data then, we will observe that the time between 12 to 16 hours from the Figure 5 
shows least variation and at this period of time it remains a smooth one thus resembling the 
feature of a quiet day 
Figure 6 shows the variation of solar radio flux (F10.7) in SFU where it averages with the value 
68 SFU for the range of days from 19th June to 23rd June 2020. The flux become maximum with 
the value 68.9 SFU on the 1st period of observation on 21st June 2020 and takes minimum value  
as 66.5 SFU on 2nd period of observation on 23rd June,2020. This shows a very moderate 
behavior of solar flux during that period of days including the Eclipse day [26].  
 

 

Figure 7  X ray flux in the pass band of  1-8 Angstrom  for 20th  June (above) and 21st June 2020 (below). 
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Figure 7 the X ray flux taken by Geostationary Operational Environmental Satellite (GOES) of National 
Oceanic and Atmospheric Administration (NOAA), USA to identify the solar flare events for 20th June 
and 21st June, 2020. The category of X ray solar flux in those days is A type. The background flux and 
maximum flux on 20th June, 2020 was A0.42, A1.93 respectively and for on the event day i.e. on 21st June 

2020 the values are A0.33, A0.81 respectively. No major solar flare is viewed on 20th and 21st June, 
2020 as evident from Figure 6 which means that the days are quite day. 
No major solar flare is viewed on 20th and 21st June, 2020 as evident from Figure 6 which 
means that the days are quite day. 
 
4 Conclusions 
A significant change in temperature and dew point temperature is observed in the event day 
though the change in relative humidity was very high. Also from the above analysis of the 
geomagnetic data a sudden inactiveness of sun after the eclipse is observable. The sum of Kp 
value is high in the eclipse day.  Studying the behavior of geomagnetic activity of the ionosphere 
before the happening of the eclipse, on the day of eclipse and after the eclipse, a noticeable 
change in geomagnetic values is observed in the event day. Therefore further investigation is 
highly needed on different solar eclipsedays toobserve multiple related or non-related changes as 
it is most unique natural platform for transient variations.  
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Abstract: Radiations due to wireless connectivity are engulfing the world day by day. 4G or 5G 
networks are inevitable requirement for most of the civilians from a toddler to an old citizen. 
Though most of us are well aware of the undesirable consequences which may even lead to fatal, 
we are unable to control our cravings to the screens for hours long. Apart from human health, it 
has profound impacts on ecosystems. Our current work is a brief revision of scientific research 
works that have been already done or still going on; for the investigation of the multi level 
effects of electromagnetic waves on common birds. The negative correlation between the bird 
population, distribution, breeding, nesting, behaviors, navigation, and migration with the 
microwaves has been strongly established from the ecologists of different corners of the globe. 
The global pandemic of the current decade has made the circumstances tougher to overcome. 

Keywords: Electromagnetic, radiation, health, birds, pandemic   

1 Introduction 
Since the last couple of decades, the telecommunications industry has taken overthe major partof 
the media outlets. Neurodegenerative diseases, birth defects, immunity disorders, learning 
disabilities and cancer in human body have been proved to be originated from exposures to 
electromagnetic fields. Studies are going on since the decades and we have handful number of 
evidences about the substantial impacts of electromagnetic radiations mainly from cell phone 
towers and cell phones, i.e., uplink and downlink frequencies on the wildlife too. In spite of 
being conscious about the adverse impacts of it, the technological convenience has been well 
accepted by the human society accepting telecommunications as an inevitable way of progress. 
Health issues and biodiversity losses unfortunately got exempted from the considerations of the 
policy makers ever since the wireless tele-technology took its acceleration. 
 
2 Backgrounds 
The Telecom Authority of India (TRAI), reports that thefigure of internet subscribers boosted 
quarterly at a growth rate of 3.35%. Out of 687.62 million internet subscribers, only 3% uses 
wired connections and almost 97% are using the wireless ones (Figure 1)[1]. Moreover, the 
current decade has brought COVID 19 as a challenge to the human race; imposing the civilians 
to get locked down to maintain social distancing at their residing places, most of the economic 
activities got closed, except the emergency sectors, thus several factories remain shut for months, 
vehicular movements became nominal.  
Although this picture overall indicates a massive economic and societal dissipation and even 
human population losses, the least interference of human has restored the natural environment to 
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some extent, as stated by several news reports throughout the nation. Still, this scenario has 
driven at least 80-90% of employees in corporate and non corporate sector, to work from home. 
Besides, almost the entire academic system is going on using internet (mostly wireless) to protect 
citizens form the social gathering thus securing them from the infection of the virus.  

 

 

 

 

 

 

 

Figure 1 Number of internet subscribers per 100 heads (in millions) 

The ‘tele-working’ has got acceleration even in developing nations, due to the advent of the 
pandemic [2]. Now while considering the tele-dependency, hence exposures to electromagnetic 
radiations, it has enhanced perhaps twenty times than the last few decades, only due to this 
corona disaster [3].This paper is a short revision of the influence of EMF to common birds’ 
population, behaviors, breeding, nesting and so on.   
 
3 Striking researches of the influence of EMF on avians 

 
Table 1 Review of worldwide researches on impacts of EMF birds 

Year Reports Study 
Location 

References 

1966 As experiments resulted, it may be stated that 
microwaves have latent impacts on the nervous 
systems of animals and birds as it penetrates into 
their bodies. 

Canada Tanner, 1966[4] 

2005 The frequencies of radiation from mobile towers 
may interfere the reproduction capabilities of 
several birds like storks and also may damage the 
growth of amphibians thus enhancing their 
mortality rate.  

Spain Balmori, 2005 [5] 

2007 A probable link has been identified between GSM Belgium Evereart and 
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mobile base stations on the house sparrow 
population (male) mainly during their breeding 
periods as studies 150 points in 6 residential areas 
in Belgium. Long term exposures of higher 
frequencies can potentially damage their 
abundances and behaviors. 

Bauwens, 2007 
[6] 

2009 An in depth review on the possible impacts of 
radiation on birds concludes that it can affect 
nervous systems, immune systems,  reproductive 
systems and cardiovascular systems.   

Spain Balmori, 2009 [7] 

2014 Report represents that the rate of mortality at 
around the mobile towers more than 200 ft 
possibly be a risk to the population of common 
birds, and it also highlights that the 
electromagnetic fields may also be the cause for 
the disappearances of insects, butterflies, bees 
and birds like sparrows. Moreover, the report 
brings forward the proof that depicts that the 
EMF is probably the reason of navigation 
disabilities of birds. 

India Sandlas, 2014 [8] 

2014 Insects are also highly responsive to EMR as 
birds are. 

Spain Balmori, 2014 
,Bhattacharya and 
Roy, 2013 [9,10] 

2014 The migratory birds such as the European robins 
(Erithacusrubecula)are found to be unable to 
apply their magnetic compass while exposed to 
electromagnetic radiations, as have been proven 
by tests. 

 Engels et al., 
2014 [11] 

2016 75% decline of house sparrows have been 
reported since 1994. The species has almost been 
marked as extinct in several cities. Besides, birds 
near the cell phone towers show some behavioral 
alterations including chick mortalities, nesting 
difficulties and so on. Thus it may be concluded 
that the continuous increasing exposures of RF is 
potential enough to swallow the entire biosphere 
up. 

India Rafiqiet. al, 2016 
[12] 

2017 A survey has been conducted at Bijapur, 
Chhattisgarh in 2017 and reports several adverse 
impacts of cell phone radiation on birds. The 

Bijapur, 
Chhattisgarh. 

India 

Kumar et. al., 
2017 [13] 
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report states that even the weak rage radiations 
can destroy the orientation of birds thus affecting 
their navigational capacity. A number of common 
species such as sparrows, pigeons, swans are 
getting declined due to the EMR. The radio 
waves are also responsible for death of new- 
born, birth defects, behavioral anomalies and 
population decline of birds and some other 
animals that are exposed to it 
 

2018 Another study has been carried out by Kumar and 
Singh, at Durg, Chhattisgarh, proving the 
negative impacts of EMF on the local birds in 
both urban and rural habitat types.  The data in 
the vicinity of 33 mobile towers have been 
presented along with the identification and 
distribution trends of 13 avian species. The 
results indicated a fall of 69% avian density in 
case of urban area whereas, 31% decline in rural 
localities. 

Durg, 
Chhattisgarh, 

India 

Kumar and Singh, 
2018 [14] 

2018 The adverse biological effects on birds, bees, and 
humans from cellphone towers were observed. As 
an impact of EMR a sharp decline in fruit-eating 
seed dispersers’ wild birds was reportedand the 
role of insect pollinators also have serious 
consequences on food production. 

Canada ChandaSiddoo-
Atwal, 2018 [15] 

2020 EMR has high impact on Sparrows, pigeons, 
parrots and swans. 

Singapore Siddiqui et al, 
2020 [16] 

 
4 Conclusions 
Several independent researches are still going on to measure the intensity of adversities due to 
ever increasing exposures of microwaves on the entire living world. Still, technological 
advancement is a prime necessity in the fast moving world. But the in depth studies of ecological 
impacts of these radio waves is also a vital issue to look into at this very moment. Besides of 
affecting bees, birds these are hurting the human physiological systems too (European 
Environment Agency, 2013).  
The worsening situation got accelerated as the COVID 19 emerged, and most of the official and 
unofficial activities, starting from classes in schools to daily shopping is going on using internet 
connections (mostly wireless).  
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A report released over a video conference between BARC India, and the Nielsen Global Media, 
South Asia, clearly shows that the total time used up per user on smart phones enhanced by 6.2% 
to 25 hours a week (Figure 2). Therefore it is high time to think of a potential alternative, before 
the wound gets deeper.  

 

Figure 2 Increased use of cell phone due to Corona Pandemic (courtesy: India Times, 28th 
March, 2020) 
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Abstract: The first cases of coronavirus disease (COVID-19) was reported in Wuhan, China at 
the end of 2019.Soon, the number of infected people increased rapidly, within a few months, the 
outbreak turned into a pandemic, with infected individuals diagnosed all over the world. 
Business travel curtailed, closed down schools, colleges, and universities in order to reduce the 
spread of the disease and established numerous quarantine centres across nations.The study 
objective is to contemplate the effectiveness of COVID-19 on the air pollution of Indian 
Territory from March 2020 and April 2020. We have used data from the open source European 
Space Agency (ESA), Kaggle and AQICN online portal for air quality data assessment. The 
Sentinel – 5 P satellite images depicted that the Air quality of Indian metros have been 
improving significantly during COVID-19 period. Delhi being one of the most populated cities 
in the world. These cities have observed a substantial decrease in Nitrogen Dioxide (40–50%) 
and Sulfur Dioxide compared to the same period last year. NO2 is a common gas for air 
pollution which is emitted from industrial activity, associated with deadly effect on human body.  

Keywords: COVID-19, Nitrogen Dioxide, Sulfur Dioxide, Air Quality Index. 

 

1 Introduction 

Coronavirus disease 2019 has claimed the life of 265,366 individuals, effecting 3,836,819 
globally since its discovery in Wuhan, China. The early investigations have observed the image 
of this virus shows it has a diameter of 60-140 mm and an envelope of protein spikes with a 
single-stranded positive RNA genome. Molecular techniques can be used to get a more accurate 
result for diagnosing COVID-19 compared to nucleic acid testing and radiological images. But it 
requires an understanding of the proteomic and genomic composition of the virus or changes in 
expression of proteins in the host (human/animals) during infection. More than 1000 genome 
sequence of SARS-CoV-2 has been recorded by researchers in the Global Initiative on Sharing 
All Influenza Data (GISAID) and GenBank. This sequencing is important to probe sequences for 
PCR and other nucleic acid tests. Reverse transcriptase-polymerase chain reaction (RT–PCR) 
test is routinely used for the diagnosis of COVID-19. Scientists have commented that the 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

286 
 

reduction in pollution was first apparent near Wuhan [1].The effect of lockdown has resulted in 
30% reduction of NO2 emission in Central China [1]. 

2 Background of the Present Study 
The impact of air pollution is a global problem and includes developed countries, such as the 
European nations where 193,000 people died in 2012 from airborne particulate matter [2].Air 
pollution in China was responsible for 4000 preventable deaths each day i.e. 1.6 million fatalities 
in 2016 [2-4]. Several models predict mortality due to air pollution [5], with an increase of all-
cause mortality ranging from 0.13% per 10 mg/m 3 of NO2 per day [6] to 2% per 10mg/m3 of 
NO2 on a 5 day period [7], or a global hazard ratio of 1.052 (95 confidence intervals 1.045 to 
1.059) per increase of 8.1 ppb in NO2 [8].  

In a hypothetical scenario in which the impact of air pollution on mortality was underestimated 
using the aforementioned models, and in which we considered a time period of two months with 
a decrease in NO2 air pollution, macabre predictions could postulate a 6% reduction in mortality 
due to air. Similar calculations could be applied to other countries. Considering the huge 
decrease in air pollution following the quarantine the COVID-19 pandemic might paradoxically 
have decreased the total number of deaths during this period, by drastically decreasing the 
number of fatalities due to air pollution. Moreover, the reduction in air pollution itself could also 
have positive benefits in reducing preventable non-communicable diseases [9]. CO2 emissions, 
another common tracer of air pollution [10], decreased by 25% in China and by 6% worldwide 
[11]. Air pollution is responsible for many deaths and increased incidences of respiratory disease 
[12]. According to the World Health Organization, 4.6 million individuals die annually from 
diseases and illnesses directly related to poor air quality than motor vehicle accidents [13]. Air 
pollution associated deaths include but are not limited to aggravated asthma, bronchitis, 
emphysema, lung and heart diseases, and respiratory allergies [5].  

According to the World Health Organization (WHO), 13 of the world's 20 cities with the highest 
annual levels of air pollution are in India, with New Delhi [14]. The pollution caused by the 
industrial waste is the major contributor followed by vehicles and crop burning. In rural areas, 
much of the pollution results from biomass burning for cooking and keeping warm; in autumn 
and winter months, large scale crop residue burning in agriculture fields is a major source of air 
pollution [15].  

Many initiatives have launched to control air-pollution in India like National Air Quality Index, 
'The National Clean Air Programme', Aerosol and Air Quality Research Facility to study air 
pollution in India and a 1,600-kilometre-long and 5-kilometer-wide The Great Green Wall of 
Aravalli green ecological corridor along Aravalli range from Gujarat to Delhi which will also 
connect to Shivalik hill range with the planting of 1.35 billion (135 crores) new native trees over 
10 years to combat the pollution[16]. On March 25th, 2020 the prime minister of India imposed a 
lockdown on 1.3 billion citizens of India to control the spread of Coronavirus disease. 
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Figure 1 Graphical representation of Air pollutants. Here O3: Ozone, NH3: Ammonia, CO: 
Carbon Monoxides, NO, NO2, NOX,Nitrogen Oxides, SO2: Sulfur Dioxide, BTX: Benzene, 

Toluene, Xylene 

3 Literature Survey 
Air Quality Index (AQI) and Air Pollution Index (API)or, Pollutant Standards Index (PSI) are 
often used in order to express the magnitude of air pollution of a region [17]are commonly in 
use. Green Index (GI), Fenstock Air Quality Index (FAQI), Ontario Air Pollution Index (OAPI), 
Most Undesirable Respirable Contaminants Index (MURC) and Oak Ridge Air Quality Index 
(ORAQI) are some of the earlier methods to appraise the air quality in built-up areas [18]. In 
1976, the USEPA has launched the Pollutant Standards Index (PSI) in order to evaluate air 
quality incorporating five major pollutants (PM10, O3, SO2, NO2, and CO). PSI has excluded 
pollutants, which are possibly harmful for persons having respiratory trouble [19]. Later on, in 
1999 PSI was renamed as Air Quality Index (AQI) by the U.S. Environmental Protection Agency 
incorporating few other pollutant parameters.  
 
A few of studies have conducted in India bySwamee and Tyagi [20], in the year 1999 and others 
[21] have successfully attempted to quantify and report air quality for megacities of the country. 
AQI prediction based on Fuzzy aggregation [22], coupled Artificial Neural Network (ANN) and 
Principal Component Analysis (PCA) [23] are some of the recent development.  
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4 Methodologies 
There are several polluters like nitrogen dioxide, carbon monoxide, Sulfur dioxide, PM10- 
coarse particulate matter, PM2.5- fine particulate matter. Our study includes air pollutant 
nitrogen dioxide and Sulfur dioxide concentration in areas including metros of India like Delhi, 
Chennai, Kolkata and Mumbai. The Air Quality Index can tell us more about the actual quality 
of the air, and how much it can harm us. The higher the AQI gets, the more harmful it is to us. 
The data were collected from the Kaggle dataset and by the Tropospheric Monitoring 
Instruments (TROPOMI) on-board European Space Agency (ESA) Sentinel-5 satellite. 
 

Table 1: Central pollution control board’s AQI standards 
AQI LEVELS 
0-50 GOOD 
51-100 SATISFACTORY 
101-200 MODERATE 
201-300 POOR 
301-400 VERY POOR 
401-500 SEVRE 

 

 

Figure 2 Above 3 graphs show the before and after COVID-19 measures (lockdown), 
emissions are reduced hence Air Quality Index shows better results. Series 1: Delhi, Series 2: 

Chennai, Series 3: Kolkata, Series 4: Mumbai. Data for Kolkata and Mumbai for 2018 is 
missing 
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Nitrogen Oxides (NO, NO2, NOx): Nitrogen oxide (sometimes referred to as NOx) gas are 
compounds composed of nitrogen and oxygen. It can reduce immunity to lung infections 
resulting in problems like wheezing, coughing, colds, flu and bronchitis.[24] 

Sulfur Dioxide(SO2): Sulfur dioxide, or SO2 is a colorless gas with a strong odor, similar to a 
just-struck match. It is formed from coal and oil burning.  It causes coughing, wheezing, 
shortness of breath, or a tight feeling around the chest, irritation the nose, throat, and airways. 
The effects of Sulfur dioxide are felt very quickly within 10 or 15 minutes after breathing it 
in.Those most at risk of developing problems if they are exposed to Sulfur dioxide are people 
with asthma or similar conditions [24]. A detailed look into the polluters NO2in Indian Cities: 
Delhi, Chennai, Kolkata and Mumbai. Here we have compared AQI for these cities from a 
period of 1st March-1st May for years 2019, 2020.  

The AQI of Delhi changed to Moderate after lockdown which was previously poor, AQI of 
Chennai was satisfactory, AQI of Kolkata was Satisfactory, AQI of Mumbai changed to 
Satisfactory from moderate.Thus, we can conclude the AQI of Delhi lowered significantly, 
whereas other cities also shown lower AQI comparatively. 

 

Figure 3 Above 3 graphs show the before and after COVID-19 measures (lockdown), 
emissions are reduced hence NO2 shows better results. Series 1: Delhi, Series 2: Chennai, 
Series 3: Kolkata, Series 4: Mumbai. Data for Kolkata and Mumbai for 2018 is missing. 
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This is a significant drop in level of NO2 for considering average for 3 years are:  

Delhi  - 47.5(2018), 47.4(2019), 27.5(2020) 

Chennai - 20.8(2018), 16.2(2019), 9.1(2020) 

Kolkata - 49.3(2019), 19.7(2020) 

Mumbai - 18.9(2019), 15.6(2020) 

Thus, we can see drop in level of Nitrogen Dioxide during COVID-19 measures. 

 

 

 

Figure 4 Above 3 graphs show the before and after COVID-19 measures (lockdown), 
emissions are reduced hence SO2 shows better results. Series 1: Delhi, Series 2: Chennai, 
Series 3: Kolkata, Series 4: Mumbai. Data for Kolkata and Mumbai for 2018 is missing 

There is a significant drop in level of SO2 for considering average for 3 years are:  
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Delhi  - 15.25(2018), 20 (2019), 14.8(2020) 

Chennai - 7.6(2018), 7.9(2019), 6.7(2020) 

Kolkata - 8.5(2019), 9.7(2020) 

Mumbai - 16.7(2019), 10.1(2020) 

 
5 Results and Discussion 
The objective of this study is to find relation of COVID-19 on the air pollution of Indian territory 
from March 2020 to April 2020. We have executed data from European Space Agency (ESA), 
Kaggle and online portal for air quality data. The Sentinel – 5 P satellite images elucidate that the 
Air quality of Indian Territory has been improved significantly during COVID-19. Mumbai and 
Delhi are one of the most populated cities. These two cities have observed a substantial decrease 
in Nitrogen Dioxide and Sulfur Dioxide (40–50%) compared to the same period last year. The 
study shows a significant decline in Nitrogen Dioxide and Sulfur Dioxide in metro states of 
India, i.e., Delhi, Chennai, Kolkata and Mumbai. 

 

Figure 5 Sentinel-5P satellite image showing before and after Corona measures (lockdown), 
reduction of emission of NO2 (satellite image fromESA) [25] 
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There is a drop of major pollutant concentrations for the before and after lockdown. NO2 shows 
a drop of 52% from these Sentinels – 5 P satellite images. However, SO2 shows 17.9% drop in 
2020 compared to 2019 as shown in the images. With the industries closed like Vindhyachal 
Super Thermal Power plant which contributes 15% air pollutant every year. This also lead to less 
utilization of electricity by 9%25. 

 

Figure 6 Sentinel-5P satellite images showing very less nitrogen dioxide emission in the Indian 
Ocean(satellite image from ESA) [25] 

TROPOMI observations over India also showed less air pollution during lockdowns in selected 
cities, such as New Delhi and Mumbai. Comparing the same timeframes in 2019, averaged NO2 
concentrations from the first day of the lockdown on March 25-April 20, 2020 data show 
reductions of about 40-50% of air pollution. Data shown here from the Tropospheric Monitoring 
Instrument (TROPOMI) on the European Space Agency’s (ESA) Copernicus Sentinel-5P 
satellite and the joint NASA- Royal Netherlands Meteorological Institute (KNMI) Ozone 
Monitoring Instrument (OMI) on the Aura satellite, show significant drops in regional nitrogen 
dioxide (NO2) levels that coincide with reduced traffic and industrial activity.[26] 
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Figure7 Sentinel-5P satellite images showing before and after Corona measures (lockdown), 
reduction of emission of SO2(satellite image from ESA)[26] 

6 Conclusions 
The COVID-19 has showed a dramatic impression on international and local transportation due 
to lock-down, which results in shut down of production units and international trading. This 
study has evaluated the significant influence of lock-down due to COVID-19 on the Indian air 
quality and Pollution by collecting Sentinel – 5 P satellite images. The findings disclosed that the 
level of Nitrogen Dioxide emission had been expressively reduced. This impact is more evident 
in Delhi, Mumbai, and different states.Energy consumption in India has also declined during 
March 2020. However, the power generation plant in India is a significant source of Nitrogen 
Dioxide emissions. Moreover, lock-down has also affected Ship transportation. The investigation 
revealed that there was a decline in the level of Nitrogen Dioxide at the Maritime Route of the 
Indian Ocean. Additionally, the study authenticated these findings through various environment 
monitoring stations located in Delhi and Mumbai. The examination confirmed that lock-down 
has proved to be a blessing for the air quality in India. The global concern for air pollution has 
lead to draw significant attention for analyzing air pollution in the course of the pandemic. In 
India about 40% reduction in emission of air pollutant has occurred this year compared to 
previous years. Therefore, the result outlined here is not an isolated one as an improvement of air 
quality due to lockdown is also evident throughout the world. 
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Abstract: Deadly pathogenic viruses have been causing extensive infection in human, animal, 
and plants since evolution of the earth. It challenges and affects the global human health scenario 
and economic prosperity globally. Emergence and re-emergence of diverse large scale ranges of 
outbreaks in living entities on earth has been notified over the last several decades. World health 
organization has recently flashed that COVID-19 outbreak is one of the most deadly global 
public health emergency in all around the world. The Corona pandemic has claimed to have 
broken out from Wuhan market in China in December 2019. Moreover, COVID-19 has been 
spread all over the globe and makes the situation more deadly panicking. Based on this global 
health emergency scenario, it is the most appropriate time to gather extensive information and 
summarize on COVID-19 to attain general awareness to the laymen and general public arena. To 
his end, an accelerated literature survey has been done on COVID-19 plethora in this current 
review article. Current literature survey shows basic physiology of COVID-19, the mode of 
transmission, genetic comparison with other viruses, new insights on molecular mechanism and 
target of repurposed drugs and its future aspects with pinch of controversies, innovation on 
corona detection kit, bioinformatics approach on novel drug discovery, impact of covid-19 on 
agriculture and food safety and pharma industry.  

Keywords: COVID-19, Corona outbreak, Pathogenic viruses, Genetic diversity, Drug 
development, Food safety, Repurposing of drugs, Corona detection kits, Bioinformatics  

1 Introduction  
COVID-19 is an acute respiratory viral disease which has been caused by novel corona viral 
infection by SARS-CoV-2. It exists in Beta-corona virus family originating from bats. Beta-
corona viral regimes are zoonotic pathogenic agents which can infect mammalian system 
towards severe respiratory failure in human. Alternatively other viruses in this genus are SARS 
corona virus, MERS corona virus respectively. COVID-19 considers around 79% identity of 
sequences to SARS-CoV and similarly 50% with MERS-CoV viruses. Moreover, homology 
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modelling studies has shown that SARS-CoV-2 bears homologous receptor binding segment or 
domain structure as SARS-CoV. It suggests that SARS-CoV-2 utilizes ACE-2 receptor as a first 
port of attachment point in human target cells or organs [1].  
 
2 COVID-19 Physiologies and Mode of Transmission 
SARS-CoV-2 has been composed of following essential components likely a spike protein (S), 
hemagglutinin-esterease dimer (HE), a membrane glycoprotein (M), an envelope protein (E) a 
nucleoclapid protein (N) and single positive strand RNA as genomic material. Spike proteins are 
enormously glycosylated which uses an N-terminal signal sequence to attain the access of the 
endoplasmic reticulum and motivate to attach to the host cell surface receptors. On the other 
hand S proteins are cleaved by cellular furin like protease enzymes i.e. TMPRSS2 into distinct 
individual polypeptides likely S1 and S2 respectively. S1 composts of a receptor binding domain 
which helps to bind to the viral receptor ACE2. In vitro condition, RNA has been bound with N 
proteins and got highly phosphorylated [1, 2]. In similar fashion, N protein binds to the viral 
genetic material RNA on a string type configuration. This particular protein induces tether the 
viral genetic material to replicase-transcriptase complex formation and subsequently package the 
encapsulated RNA genome into a complete virions. E protein is seen in a small amount within 
this deadly viral particle. It is most likely a transmembrane protein having ion channel efficacies.  
E protein actually facilitates assembly and release of the novel corona virus. However, E protein 
has several other functionalities likely it acts a ion gated channel. It is not essentially for viral 
replication but it is for infectiveness and pathogenesis. Membrane protein M is a most abundant 
protein complex. It does not bear signal sequence within it. However M protein exists as dimeric 
conformations in the viral particle. It may have two distinct configurations to enable it to 
promote membrane curvature as well as attach to nucleocapsid. Hemagglutinin-esterase dimer 
protein (HE) protein exists in a subset of Beta-corona viruses. This HE protein attaches with 
sialic acid residues on the surface of glycoproteins. HE proteins have activities that can induce S 
protein mediated cellular entry and viral spread through the mucosa as well [1, 3].  
 

3 Mode of transmission of COVID-19 
COVID-19 modes of transmissions are very unique and specific. Mode of transmission 
categories has been depicted as follows (1) droplets transmission, (2) contact transmission, and 
(3) aerosol transmission. Droplets transmission continues when droplets of respiratory system (as 
produced when an infected person coughs or sneezes) are ingested or inhaled by healthy 
individuals in close contact. Contact transmission pursues when a subject touches a surface or 
living objects or inert objects contaminated with the novel corona virus and subsequently touches 
their mouth, nose or eyes. Aerosol transmission carries out when respiratory droplets sprinkle 
into the air, forming aerosols, and causes infection while inhaling a higher titre of aerosols into 
the respiratory system i.e. lungs in a relatively closed environment. Molecular mechanism of 
transmission of COVID-19 deals with how COVID-19 starts interacting with the ACE-2 
receptor, The S1 and S2 subunits has been cleaved which followed by the casting off of ACE-2. 
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By the mechanism of translation and replication of the proteins, the virus enters the cell. Many 
organs in the body including the lungs, kidneys, small intestines, and brain are rich in ACE-2 
receptors. This widespread prevalence forces scientists to re think about the presence of these 
diverse ranges of surface receptors on COVID-19 viral surfaces [4].   
 
4 Genetic Diversity of COVID-19 
The extensive analysis on genetic diversity among eighty six complete or semi-complete 
genomes of SARS-CoV-2 viruses shows that three deletions in the genome of isolates from 
Japan, USA, and Australia in addition to many other substitution mutations. The deletion 
mutations were in the ORF1ab gene and at the 30 end of the genome [5]. The 3-and 24-
nucleotide deletions in ORF1ab are pretended to reduce the protein sequence by 1 and 8 amino 
acid residues, respectively without altering the open reading frame, but the functional outcomes 
have yet to be re-investigated. The alignment of SARS-CoV-2 reference S protein gene against 
all SARS-CoV-2 sequenced genomes from China, USA, Japan ,Australia, and Taiwan shows that 
around 100% identity along with 100% query coverage, while the identity and coverage for 
SARS-CoV S protein gene were approximately 75% and 91%, respectively. S protein genes 
from bat SARS-like coronavirus isolates have shared 76.5-83% identity compared to SARS-
CoV-2. This clearly indicates that previous conclusions regarding the evolutionary analysis of 
SARA-CoV-2 are true. Molecular phylogenetic studies have shown that SARS-CoV-2 viruses 
are in the same cluster regardless of the geographic arena. These results strongly suggest the 
possibility of a recent common ancestor for all SARS-CoV-2 or the transmission of the same 
virus strain across continents [6].  
 
5 Genetic Comparison on COVID-19 with existing viruses or protozoal parasites & 
Conspiracy Theory on COVID-19 
Few studies have shown that some similarities between the HIV virus and COVID-19 virus, 
where it has been demonstrated that the genetic material of both virus are same, both are RNA 
virus, both have spikes in their outer surface and by the help of the spikes they attach with the 
receptors and enter to the body. Some of researchers have depicted COVID-19 can infect T 
lymphocytes, the same cells targeted by HIV. COVID-19 may exhibit lymphopenia, or a 
typically low number of lymphocytes in the blood like HIV causing the immunosuppressant. 
These two viruses mutated rapidly and constantly altering its appearance and remaining a step 
ahead of any response produced by the body. Even both viruses enter in cellular systems and 
integrate inside the host cellular chromosome. It effectively makes it camouflage to the host’s 
immune barriers. COVID-19 S glycoproteins are nearly 100% identical with glycoprotein 
(gp120) of HIV-1 virions particles. However, that research work has been withdrawn to revise it 
in response to comments received from the research community on their technical approach and 
their interpretation of the result [7]. In another study, where it has been explained that the 
similarities between HIV virus and COVID-19 virus are too low to be reliable (lower  42%) 
where it has been demonstrated that no evidence that the sequences of the four insert are HIV-1 
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specific on the 2019-nCoV viruses obtain these insertions from HIV-1. Even there are no such 
seminaries between novel corona virus and malaria parasite.  The malaria parasite is a protozoon 
and in other hand COVID-19 is a virus. The genera are completely different. Now the question 
is, If there are no any such similarity then why we used hydroxycholoroquine in the treatment of 
COVID-19? The mechanism of action these antimalarial drugs would result in an increase in 
endosomal pH by preventing the fusion between virus and cell, or interfering in the glycosylation 
process of cellular receptors of coronavirus. In addition, it is hypothesized that these 
antimalarials have immunomodulating effect that contributes to increasing their efficacy in vivo 
[8, 9, 10]. 
 

6 New Insights on Molecular Mechanism and Target of Repurposed Drugs 
A study has shown that the chloroquine some effect on COVID-19, like cell surface receptor 
binding, it may interfere with the endocytosis of the viral particle also it may interfere with the 
viral transport, it can inhibit the viral uncoating, it can interfere with the viral transmission, 
transcription including viral post translation modification of the viral proteins, and followed by 
the assembly and binding of the complete variant part of COVID-19 Another study has 
demonstrated the molecular mechanism of antiviral effect of chloroquine how it works against 
COVID-19. Cellular and molecular possible sights of action of chloroquine and 
hydroxycholoroquine as an antiviral agent have been depicted. A tentative molecular mechanism 
of remdisivir against SARS-CoV-2 has also been shown. The study shows the SARS-CoV-2 
viral entry and its RNA synthesis which can be blocked by Remdisivir. Antiviral drug remdisivir 
inhibits the synthesis of viral RNA. It has shown monoclonal antibodies and convalescent plasma 
can also be used camostat mesylate also be used which can interfere the TMPRSS2 and ACE-2 
interaction with the SARS-CoV-2. Secondly the lopinavir and ritonavir interferes with the 
polypeptide chain synthesis, they enhance the proteolysis of this polypeptide chain, on the 
similar way remdisivir can also interfere with the RNA dependent RNA polymerase and interfere 
with replication and transcription complex formation in SARS-CoV-2. These are possible 
treatment for COVID-19 [11, 12, 13, 14, 15].  
 
7 Conspiracy theory that COVID-19 is a man made or artificial virus 
A news report quotes some special speech by some country’s highest authority that Corona is 
laboratory made manmade virus based on own intelligence agencies. Earlier the country’s 
national intelligence director’s office said it was still investigating how the virus began. But the 
office said that it had determined COVID-19 “was not manmade or genetically modifies”. 
Accused country has rejected the lab theory and criticised the investigating country’s intelligence 
agency response to COVID-19.The 2008 Nobel Laureate for physiology or medicine from 
France Luc Antonie Montagnier, caught the media’s attention when he recently endorsed a 
COVID-19 conspiracy theory. He said that the COVID-19 is manmade. Montagnier argued 
during a TV interview with the French TV channel that the element of HIV-1 retrovirus which he 
had found in 1983, can be found in the genome of the new coronavirus. He also said the element 
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of malaria germ- the parasite plasmodium falciparum can also be seen in the virus genome of 
new coronavirus. He also said “we were not the first since a group of Indian researchers tried to 
publish a study which showed that the complete genome of these coronavirus has sequence of 
another virus which is HIV” [16, 17].  In separate podcast episode with a different outlet, 
Montagnier further said had escaped in an “industrial accident” from the accused city laboratory 
when accused scientist were attempting to develop a vaccine against Indian paper, titled, 
“Uncanny similarities of unique inserts in the 2019-nCoV spike protein to HIV-1 gp120 and 
Gag. “ which claimed to find similarities between the new coronavirus and HIV, is based on 
improperly selected data, statistical analysis methods that violate basic norms and incorrect 
argumentation, Yang Ence, a scientist at Peking University’s school of basic medical science,  
wrote in a blog post recently. COVID-19 was previously known as 2019-nCoV.World eminent 
scientific communities and few scientists slam Indian study that fueled coronavirus rumours. The 
findings, which fed conspiracy theories that the new virus might be a bio weapon, have sparked a 
huge controversy. Multiple scientists, including Eric Feigl-Ding, a health economist at Harvard 
University’s school of public health and Shi Zhengli, a Chinese virologist at the Wuhan Institute 
of Virology and a member of a team that found the origin of the SARS virus in bat, have 
criticised the Indian paper as lacking scientific merit and have called it misleading. Finally, the 
paper has been withdrawn from the bioRxiv preprint server [7].  
 

8 Innovations on Corona Detection Kits 
The COVID-19 Rapid POC CE-IVD, A lateral flow immunoassay test, to qualitatively assess the 
presence of an analyte from a patient sample or specimen. In this case, the analytes being 
detected are IgG and IgM antibodies specific for SARS-CoV-2. The FELUDA testing kit is 
CRISPR-based, works by combining CRISPR biology and paper strip chemistry.Cas9 protein is 
bar-coded to interact specifically with CoV-2 sequence in a patient’s genetic material. The 
complex then applied to a paper strip where by using 2 lines (one control, one test), to determine 
presence of infection. The indigenous “Real Time” Covid-19 test kit uses QRT PCR Master Mix 
Primer Probe and RNA Template each of which is developed in the laboratory itself. A 
Biomarker based testing kit to detect the presence of infection, depending upon protein 
biomarkers, if present, visualised under UV light, with the help of fluorescent proteins tagged to 
them (Ghosh et al., Unpublished). A widely available test kits would drastically change the 
strategy for dealing with the virus and change our daily life. Test produce rapid and accurate 
results greatly aid common mass. The better diagnosis, better the drastically change the strategy 
for dealing with the virus. The production and marketization of kits would require active 
functioning of pharmaceutical, medical, distributional as well as other industries. Improved 
diagnosis will result in better treatment. Better treatment would help treat lives. Improved 
healthcare conditions provide people hope, adding to their morale. Marketization of cheaper, 
better kits would help the economic condition of the country. A major problem for all wouldn’t 
able to have them diagnosed. A scarcity of product might lead to unrest amongst common mass. 
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These would cause major distress to common mass. The import of testing kits would affect the 
economy [18, 19, 20]. 
 

9 Bioinformatics Approach on Novel Drug Discovery 
Drug discovery and development is a complex, time consuming, resource, intensive process to 
find an effective and safe medication that will improve the length and quality of life and relieves 
pain and suffering, that requires multi-disciplinary expertise and innovative approaches. Now 
this can be obtained through progressive steps, where bioinformatics can be impactful. Genome 
sequencing and cooperative analysis with viruses led to past pandemics. To find a new drug, or 
drug combinations from the registered drugs on the databases archives, which can be adversely 
affect the similar viruses, found by sequencing and comparative analysis.  Validation is a crucial 
step in a drug discovery as it is the basis of completely new drug exploration for COVID-19. 
There must be a strong association between a putative target and disease of interest (COVID-19). 
The roll of target in disease must be clearly defined. The failure probability in the clinical testing 
and approval phases can be moderated by drug target validation. The identification of lead 
compounds (chemical compounds) as a compliment to the target that shows desired biological 
and pharmacological activity. In conventional methods, random screening of natural products 
and a chemical library is carried out which is much time consuming and costly. It is carried out 
to improve the potency, selectivity, or pharmacokinetic parameters. If a molecule has no toxicity 
and no mutagenicity, it is considered to have potential for use as lead molecule. There are 
tentative four steps of bioinformatics which are programme based, algorithm based in novel drug 
discovery (Figure 1). There are the different software in drug discovery for Target identification 
are PDB, HMDB, KEGG, CTD, T3DB, Pubchem; for Target Validation are Proteome Analyst, 
ELEM, Prot Fun; for Lead Selection Chembank, PubChem, Dragon, Sybyl, Schrodinger; for 
Lead Optimization ADMET, Tripos Inc, Accelrys, CambridgeSoft [21, 22].  
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Figure 1 Impact of Bioinformatics Tools in Crucial Steps on Novel Drug Development 

10 Conclusions and Future Outlook  
COVID-19 evidences have been increasing in a massive faster rate which is the growing major 
concern in country like India and other countries as well as . It is for sure it impacts harshly to 
Health sector however; Complete Shutdown of all economic activities except essential services 
will create an economic crisis and misery for the poor, with massive job losses and rising food 
insecurity in Agricultural, Food Industrial and Pharma sectors. The economic shock will likely 
be much more severe for India, for two reasons. First, pre-COVID-19, the economy was already 
slowing down, compounding existing problems of unemployment, low incomes, rural distress, 
malnutrition, and widespread inequality. Second, India’s large informal sector is particularly 
vulnerable. Out of the national total 465 million workers, around 91% (422 million) were 
informal workers in 2017-18. Lacking regular salaries or incomes, these agriculture, migrant, and 
other informal workers would be hardest-hit during the lockdown period. Thus it will make a big 
impact on Agriculture, Food Safety and Pharma industry due to current COVID-19 scenario [23, 
24]. COVID-19 is disrupting some activities in agriculture and food supply chains. Preliminary 
reports have shown that the non availability of migrant labour is interrupting some harvesting 
activities, supply chains because of transportation problems and other issue. Food price have 
declined for wheat, vegetables and other crops, yet Consumers are often paying more. Media 
reports have shown that the closure of hotels, restaurants, sweet shops, and tea shops during the 
lockdown is already depressing Milk sales. Meanwhile, poultry firms have been deadly hit due to 
misinformation, particularly on social media, that chicken are carriers of COVID-19. COVID-19 
outbreak is a very dynamic situation. We believe there would be indirect effects on the continuity 
of supply of medicines due to Lockouts, Manpower Supply, Raw Materials Supply Issues, and 
Stoppage of Transportation etc. There are few examples likely the cost of Paracetamol in India 
has gone up to Indian Rupees 400-450 per kilogram from Rupees 250- 300 per kilogram. The 
price of Vitamins and Penicillin have increased by 40- 50 % in India. If the current situation 
continues to prolong, the cost of essential drugs might increase in India and other countries as 
well. Pharma supply chain is fragile, and the impact created by Covid-19 has brought it to 
limelight once again [24]. COVID-19 the viral acute respiratory illness has been declared as 
public health emergency after its breakout all over the world. A conspiracy theory that the 
COVID-19 is manmade or naturally occurred has taken a place between the scientist and world 
politicians. The transmission of COVID-19 has started man to man. Some drugs like 
hydroxycholoroquine, Chloroquine, Lopinavir, favipiravir have seen to be effective against 
COVID-19.The COVID-19 is having an adverse effect on world economy and human life. The 
lockdown may reduce the transmission of SARS-CoV-2 among human. To develop such 
medication against the COVID-19, need such wide and extensive research on the molecular 
mechanism of SARS-CoV-2. As long as such medication is not being discovered people need to 
take care of their health protection. Need cheaper kit for corona detection and which available in 
market. 
 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

304 
 

Acknowledgement  
We would like to thank JIS University, Kolkata and JIS Group Educational initiatives for overall 
support to carry our work. 
 

References  

[1] Lu, R., Zhao, X., Li, J., Niu, P., Yang, B., Wu, H., Wang, W., Song, H., Huang, B., Zhu, N., 
Bi, Y., Ma, X., Zhan, F., Wang, L., Hu, T., Zhou, H., Hu, Z., Zhou, W., Zhao, L., Chen, J., 
Meng, Y., Wang, J., Lin, Y., Yuan, J., Xie, Z., Ma, J., Liu, W J., Wang, D., Xu, W.,  Holmes, E. 
C., Gao, F. G., Wu, G., Chen, W., Shi, W., Tan, W., 2020. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implications for virus origins and receptor binding. The 
Lancet, 395 (10224): 565–74. https://doi.org/10.1016/S0140-6736(20)30251-8 
[2] Hoffmann, M., Kleine-Weber, H., Schroeder, S., Krüger, N., Herrler, T., Erichsen, S., & 
Müller, M. A., 2020. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked 
by a clinically proven protease inhibitor. Cell, 181 (2):  271-280. 
https://doi.org/10.1016/j.cell.2020.02.052 
[3] Fehr, A. R and Perlman, S., 2015. Coronaviruses: An Overview of Their Replication 
and Pathogenesis. Methods In Molecular Biology, (1282): 1-23. doi: 10.1007/978-1-4939-
2438-7_1 
[4] Vellingiri, B., Jayaramayya, K., Iyer, M., Narayanasamy, A., Govindasamy, V., Giridharan, 
B., Rajagopalan, K., 2020. COVID-19: A promising cure for the global panic. Science of The 
Total Environment, 725 (138277). https://doi.org/10.1016/j.scitotenv.2020.138277 
[5] Phan, T., 2020. Genetic diversity and evolution of SARS-CoV-2. Infection, genetics and 
evolution, 81 (104260). https://doi.org/10.1016/j.meegid.2020.104260 
[6] Helmy, Y. A., Fawzy, M., Elaswad, A., Sobieh, A., Kenney, S. P., Shehata, A. A., 
2020. The COVID-19 pandemic: a comprehensive review of taxonomy, genetics, 
epidemiology, diagnosis, treatment, and control. Journal of Clinical Medicine, 9 (4): 1225. 
https://doi.org/10.3390/jcm9041225 
[7] Pradhan, P.,  Pandey, K. A., Mishra, A.,  Gupta, P.,  Tripathi, K. P.,  Menon, B. M., Gomes, 
J.,  Vivekanandan, P., Kundu, B., 2020. BioRxiv doi: https://doi.org/10.1101/2020.01.30.927871 
(Withdrawn) 
[8] Napoli, P. E., Nioi, M., d’Aloja, E., & Fossarello, M., 2020. The ocular surface and the 
coronavirus disease 2019: does a dual ‘ocular route’ exist?. Journal Of Clinical Medicine, 9 (5): 
1269. https://doi.org/10.3390/jcm9051269 
 [9] Cortegiani, A., Ingoglia, G., Ippolito, M., Giarratano, A., Einav, S., 2020. A systematic 
review on the efficacy and safety of chloroquine for the treatment of COVID-19. Journal of 
critical care, 
(57): 279-283. https://doi.org/10.1016/j.jcrc.2020.03.005 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

305 
 

[10] Rolain, J. M., Colson, P and Raoult, D., 2007. Recycling of chloroquine and its hydroxyl 
analogue to face bacterial, fungal and viral infections in the 21st century. International journal of 
antimicrobial agents, 30 (4): 297-308. https://doi.org/10.1016/j.ijantimicag.2007.05.015 
[11] Devaux, C. A., Rolain, J. M., Colson, P., Raoult, D., 2020. New insights on the antiviral 
effects of chloroquine against coronavirus: what to expect for COVID-19?. International journal 
of antimicrobial agents, 5 (55): 105938. https://doi.org/10.1016/j.ijantimicag.2020.105938 
 [12] Hashem, A. M., Alghamdi, B. S., Algaissi, A. A., Alshehri, F. S., Bukhari, A., Alfaleh, M. 
A., Memish, Z. A., 2020. Therapeutic use of chloroquine and hydroxychloroquine in COVID-19 
and other viral infections: A narrative review. Travel Medicine and Infectious Disease, 35 
(101735). 
https://doi.org/10.1016/j.tmaid.2020.101735  
[13] Saha, A., Sharma, A. R., Bhattacharya, M., Sharma, G., Lee, S. S., Chakraborty, C., 2020. 
Probable Molecular Mechanism of Remdesivir for the Treatment of COVID-19: Need to Know 
More. Archives of Medical Research. https://doi.org/10.1016/j.arcmed.2020.05.001 (In press) 
[14] Kupferschmidt, K and Cohen, J., 2020. Race to find COVID-19 treatments accelerates. 
Science, 367 (6485): 1412-1413. DOI: 10.1126/science.367.6485.1412  
[15] Ingraham, E. M., Emran, L. S., Thielen, K. B., Techar, K., Morris, S. R., Holtan, G. S., 
Dudley, A. R., Tignanelli., J. C., 2020. Immunomodulation in COVID-19.  The lancet 
Respiratory Medicine, 8: 444-446. https://doi.org/10.1016/ S2213-2600(20)30226-5 
[16] ASIA Nikeei News Report. 14th February, 2020. 
(https://asia.nikkei.com/Spotlight/Caixin/Scientists-slam-Indian-study-that-fueled-coronavirus-
rumors) 
[17] BBC News Report. 1st May, 2020. (https://www.bbc.com/news/world-us-canada-
52496098) 
[18] Sheridan, C., 2020. Fast, portable tests come online to curb coronavirus pandemic. 
Nature Biotechnology, 38 (5): 515-518. doi: 10.1038/d41587-020-00010-2 
[19] Azhar, M., Phutela, R., Ansari, A. H., Sinha, D., Sharma, N., Kumar, M., Aich, M., 
Sharma, S., Rauthan, R., Singhal, K., Lad, H., Makharia, G., Chandak, R. G., 
Chakraborty, D., Maiti, S., Patra, P. K., 2020. Rapid, field-deployable nucleobase 
detection and identification using FnCas9. Biorxiv. 
https://doi.org/10.1101/2020.04.07.028167 (In press) 
[20] Tahamtana, A and Ardebili, A., 2020. Real-time RT-PCR in COVID-19 detection: 
issues affecting the results. Expert Review Of Molecular Diagnostics, 20 (5): 453-454. 
doi: 10.1080/14737159.2020.1757437 
 [21] Hughes, J. P., Rees, S., Kalindjian, S. B., Philpott, K. L., 2011. Principles of early drug 
discovery. British Journal Of Pharmacology, 162 (6): 1239-1249. https://doi.org/10.1111/j.1476-
5381.2010.01127.x 
[22] Chordia, N and Kumar, A., 2018. Bioinformatics in Drug Discovery. SciFed Journal of 
Protein Science, 1 (1): 1-5. 
[23] Emma, C. Stephens., Martin, G., Wijk, V. M., Timsina, J., Snow, V., 2020. Editorial: 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

306 
 

Impacts of COVID-19 on agricultural and food systems worldwide and on progress to the 
sustainable development goals. Agricultural System, 183 (102873). 
doi: 10.1016/j.agsy.2020.102873 
[24] Ayati, N., Saiyarsarai, P and Nikfar, S., 2020.  Short and long term impacts of COVID-19 
on the pharmaceutical sector. DARU Journal of Pharmaceutical Science. 
https://doi.org/10.1007/s40199-020-00358-5 (In press) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

307 
 

IMPACT OF COVID-19 ON RURAL LIVES AND LIVELIHOODS IN 
CHHATTISGARH 

1Tapati Bhadra (Banerjee) and 2Sayani Majumder 

1Department of Rural Development Studies, University of Kalyani, 741235 
tapatibanerjeebhadra@gmail.com 

2Education Program, CARM-DAKSH, Bilaspur, Chhattisgarh 
sayanimajumder15@gmail.com 

 

Abstract: In the present Covid-19 situation, the livelihood of majority of the rural population 
has been affected greatly. India GDP growth slows to 3.1% due to lose of livelihood or 
unemployment, particularly in rural areas. The risk of spread especially in rural areas is 
heightened. This is due to a number of factors like low levels of nutrition, insufficient public 
health related services. In order to gain a better understanding of the immediate impacts of the 
pandemic on rural livelihood, a phone survey was conducted at Pali block of Korba District 
which is located in the north region of Chhattisgarh state of India. 90% people of this region are 
from tribal communities who suffered a lot due to pandemic and that brings about a huge lose in 
their livelihood. In this region agriculture is not only important sector of livelihood but it plays a 
crucial role to the survival of rural people. Most of the agriculture in these region is carried out 
on a small land holdings, with approximately 70% of small and marginal farmers. The livelihood 
and food security of the small scale farmers are particularly threatened by climate change. The 
pandemic situation mostly effected the Rabi crops like wheat and different pulses in the 
agriculture. Due to lock down people could not harvest 80% of crops as there was unavailability 
of labors. Without that rural people also depends on poultry, goat rearing, NTFP (Non-Timber 
Forest Products) and labor under the Mahatma Gandhi National Rural Employment Guarantee 
Scheme (MGNREGA) for the purpose of earning. But all these options of living remained close 
during this period. The informal sector is a major source of credit in rural India. At high rates of 
interest is expected to increase to tide over the crisis which farmers are unable to repay due to 
disruption of the supply chain. So this study is based on over all the impact of Covid-19 on the 
livelihood of rural tribal communities of Chhattisgarh. 

Keywords: Rural Livelihood, earning opportunities, Migration, Agricultural Activities Covid-19 

1 Introduction 
In the present Covid-19 situation, the livelihood of majority of the rural population has been 
affected greatly. India GDP growth has slowed to 3.1% due to loss of livelihood or 
unemployment, the condition is particularly worse in the rural areas .On one hand the threat of 
loss of livelihood is intense, while on the other hand the risk of spreading is also height end in 
rural areas due to a number of factors like low levels of nutrition, insufficient public health 
related services which are already prevailing in the rural areas. The present study endeavors to 
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display the present and future effects of the pandemic Covid-19 on the rural households and their 
livelihood, which is mostly dependent on agriculture and allied activities including rural migrant 
labors who were stuck at the middle,neither at places of work nor at home. The livelihood and 
food security of the small scale farmers have been particularly threatened by the pandemic 
situation. The situation became even worse when it aeffected the prime phase of harvesting Rabi 
crops like wheat and different pulses which remains the prime crop of the state [1-3]. 
 

2 Materials and Methods 
This study has been conducted at 4 villages Lafa, Iraf, Potapani and Kapot of Pali block in 
Chhattisgarh.Due to pandemic situation and lockdown, a telephone survey have been conducted 
using mobile phone and altogether 32 persons (eight from each village )were interviewed using a 
structured questionnaire.   
 

3 Results and Discussion 
All the respondents under the present study have some amount of land and do agricultural 
activities at least at subsistence level to fulfill household requirement. During the present survey 
about 78 percent respondents have expressed their helplessness as they could not harvest 80% of 
crops as there was unavailability of labours due to sudden announcement of lock-down.A 
substantial portion of village workforce had migrated to the other states during pre-harvest lean 
season for other opportunity of work as they only have to avail scope to work in the different  
projects  under Mahatma Gandhi National  Rural  Employment Guarantee Act( MGNREGA) 
during this lean season.  The people have least scope for agricultural work and hence generally 
avail the greater scope of MGNREGA through unskilled labor work for the purpose of earning. 
Apart from agricultural activities,  rural people of this area  also depend on poultry, goat rearing, 
NTFP (Non-Timber Forest Products)  to earn their livelihood. But all these options of living have 
remained suspended during the period of strict lockdown. Since wheat is one of the major crop 
of the studied area of Chhattisgarh, where the harvest not only was delayed, but also about 20% -
25 % of crops have been harvested due to non-availability of labour, machinery (harvesters, 
threshers, tractors), transport facilities and restrictions on movement though about 93 percent of 
the respondent reported that they have expected a bumper harvest in this year. 
 

A major loss has been faced by Poultry farmers due to closure of market. There were 38 numbers 
of small and large poultry units in the studied villages. At present, there exists only 23 numbers 
of poultry units, and the other farms were compelled to stop the activity as they could not market 
the produce and faced the loss. 

The studied villages consist of a substantial portion of tribal communities including different 
tribal communities like birhor, dhanwar, gond etc.  Among the respondents 63 percents are from 
the tribal community. The poverty ridden people of the tribal segment were affected more badly 
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during this situation. Their farm based livelihood basically depends on different cereal crops, 
pulses and vegetables which are cultivated in their small land under their possession to meet 
requirement of own consumption. Besides, the extraction of NTFP(Non Timber Forest Products) 
like Tendu leaves and flowers and fruits  of Mahua generally carried out by them throughout the 
year according to the availability has been considerably  affected by the lockdown.  Almost all 
the tribal households are engaged in the such activities and reported that due to the unavailability 
of middle men or the closure of markets they have to loss  Rs.120-180 per day during the first 
half of the lockdown as it it was the pick season for Mahula. In the interior cliffs of small 
foothills these tribal families are abandoned and due to unassailable communication which is 
covered by forest area they are unable to go out of their own area for alternative source of work 
which they generally do in regular basis during the lean season of availability of NTFP. 

Moreover, Public distribution system was accessed by a major section of the households as the 
supply was not available. There are lots of people like Sukhlal or Aghni Bai of Iraf Panchayat 
who depend on grazing of goats for earning broken rice (locally called ‘kanki’) which farmers 
collect after thrashing paddy from some affluent households of the locality. For non availability 
of food there is high dependency on collection of green leaves or stems like bamboo (locally 
called ‘kareel’) from forest for eating purpose.  A section of respondents (about 48 percent) 
reported that ssuddenly there was a crisis of salt in the market and they have to buy salt at the 
rate of Rs.120/- per kg for at least seven days in the early phase. Even prices of regular food 
grains and spices have increased to almost double rates which were beyond their purchasing 
capacity.  

Agriculture labors are not being able to go to work even in nearby due to suspension of work and 
lack of transport thereafter.  As the labour works, under the Mahatma Gandhi National Rural 
Employment Guarantee Scheme (MNREGS) has also stopped the poorest segment have suffered 
a lot as they hardly have savings or hard cash in their hand. 

The informal sector is a major source of credit in rural India. The trend of borrowing from 
private money lenders who charge high rate of interest is prevalent as there is high demand of 
loan for the purpose of agriculture and non-farm based livelihood activities. There are several 
micro-finances and even NRLM is working with SHGs for serving this purpose.  

Some of the Non-Govt. Organizations of Pali block are actively involved and working in 
collaboration of NABARD (National Bank for Agriculture and Rural Development) for the 
purpose of providing loan to poor and underprivileged families with a reasonable rate of interest. 
But in this sudden lockdown time disbursement of money was totally stopped as the workers of 
the NGOs were not able to contact the village people maintaining. The hard reality has been 
noted during the telephonic conversation that the local private money lenders had simply en-
cashed the situation as they have debit card and have access to ATMs of nearby Pali town. They 
have fully exploited the scopes of charging money in high interest to meet the need of hard cash 
for the rural poor people which have been increased day by day by private money lenders during 
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the lockdown period. In these circumstances people are being compelled to take loans to meet 
the requirement of peak season for harvesting. It is expected that the coming situation is going to 
be more difficult for farmers due to disruption of the supply chain.  

Another well versed issue is also the part of the present study i.e migrant labour and associated 
problems.  According to government sources, nearly 5 lakhs of migrant labors have returned 
(Source: Letter to HCM, Chhattisgarh to HPM, India) to Chhattisgarh from different parts of the 
country till first week of June 2020. For returning home, the labourers have to be depended on 
Govt. aassistance and for administration, arranging of shelter and food is also a tremendous work 
to be initiated. Side by side safety measures like maintaining physical distancing and regular 
hand washing have been continued along with one to one COVID-19 testing. About 81 percent 
of the studied households have at least one migrant member who works as migrated laborers 
right from nearby Bilaspur city to Mumbai.   

When the lockdown of India was announced, almost all of them were stranded at their 
workplaces. The persons working at Bilaspur returned initially by bicycle or motor cycle and 
started spending the time as holiday. But when it was extended, they faced a lot of problems as 
they had hardly any clear idea about the grave nature of the situation. The migrant people from 
far away destinations came back after availing the special trains and were handled very 
efficiently by the administration as provision of institutional quarantine was made and Covid 19 
test was conducted for each of the quarantined laborers.But their family members have 
undergone  two way problems as the returned member as well as the family lost a more regular 
source of income and they also faced losses in harvesting their own produce as a major section of 
the people who were intended to return for harvest failed to join the process of harvesting. 
Majority of the migrant labourer from distant destination faced financial and food shortage.These 
labors who have already returned need scopes of earning. Many of the laborers have returned to 
agriculture in their small land holdings and their lands are being prepared for upcoming Kharif 
season. In Kharif season it is apprehended that again they will face financial loss due to 
abundance of laborers for agricultural activities. The main reason behind it may be about 80 
percent of the migrant households have expressed their uncertainty regarding getting back to 
their work.  

4 Conclusions 
The work available under MGNREGA remains as the only major source of work for those who 
are unskilled in agriculture. Though the Central Government, has increased the wage rate, till the 
time of survey the work is yet to take the required pace to fulfil the need of the poor rural people 
of the area.There is plea for increase of  total budget allocation and number of days of work in an 
year should be revised to 1 lakh Cr from 61 thousand Cr and days per job card should be 100 to 
200 days ( Demanded by CM, Chhattisgarh to PM, India and opined by Mahapatra and Mit, in 
IDR online dated 8th May 2020)  has already made by the state administration. But MGNREGA 
should not be limited to irrigation and watershed. The demand for the income generating 
activities of migrant laborers with Govt. aid and support is quite high  at the time of survey. 
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About 93 percent of household expressed that they urgently need financial support for cultivation 
of Kharif crop including harvesting and threshing support for small and marginal farmers at their 
own farms.  Though some of respondents have heard about ‘Start up Village Entrepreneurship 
Program’ (SVEP) through NRLM and hopeful about ‘Pradhanmantri Garib Kalyan Yojna’ or 
‘Garin Kalyan Rojgar Abhiyan’ , they are yet to get benefits apart from free PDS support 
forprovision of free food grains to all needy ones ,which shows the way forward in the present 
crisis. 
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Abstract: A study was conducted to optimize the volume of biofilter media, rate of filtration, 
and performance of different biofilter media for designing a submerged biofilter based closed 
freshwater prawn hatchery. The study was conducted in the freshwater prawn hatchery complex 
of ICAR-Central Institute of Fisheries Education (CIFE), Mumbai, India. Four different biofilter 
media viz. plastic bio-balls, charcoal, zeolite stones and molluscan shells were used in a closed 
recirculation system for the larviculture of Macrobrachium rosenbergii. Experiments were 
conducted in reinforced cement concrete tanks of capacity 1000 L. Larvae of M. rosenbergii 
were reared in three cycles with recirculatory system using synthetic seawater, which was 
prepared in the hatchery following standard procedure. In the recirculatory system with attached 
biofilter chambers, the water was re-circulated with the help of an air-lift pump. Larvae were 
stocked @ 100 no. per liter and fed with Artemia nauplii and egg custard. Larvae were reared till 
more than 90% of larvae metamorphosed into post larvae. The performance of molluscan shells 
biofilter was found to be significantly (p < 0.05) better than other biofilters. A biofilter volume 
equivalent to 6% of the volume of larval rearing tank and rate of filtration of 252 L/h were found 
to be ideal for production of a maximum of 50 postlarvae per litre (PL/L). An average production 
of 44.93 PL/L was obtained in synthetic seawater.  

Keywords: Synthetic seawater, Recirculatory systems, Biofilters, Molluscan shells, Zeolite                     
stones, Charcoal, Plastic bio-balls 

1 Introduction 

The giant freshwater prawn, Macrobrachium rosenbergii, commonly known as “Scampi” by 
traders in the international market is a highly valued aqua food crop with an ever-increasing 
demand in domestic and global markets. Farming of M .rosenbergii is gaining immense 
popularity because of its fast growth rate, culture suitability to freshwater and low saline water, 
compatibility for polyculture with carps, omnivorous feeding habits and good consumer 
preference. The giant freshwater prawn, M. rosenbergii farming consists of two phases — 
hatchery and grow-out. The hatchery phase includes development of freshly hatched larvae until 
they metamorphose into postlarvae. The hatchery systems are broadly divided into three systems 
namely, green water system, clear water system and re-circulatory system. In biofilter based 
recirculating freshwater prawn hatcheries, the water is treated, reconditioned, and circulated 
continuously throughout the rearing period. In recent years recirculatory hatchery systems are 
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becoming increasingly popular especially in inland areas where natural sea water is not available. 
The recirculating systems in freshwater prawn hatcheries have several advantages over the 
traditional flow-through systems. These include more stable water quality, lesser water 
consumption, heat conservation, less labour requirements, control or preventation of pollutants, 
parasites, predators and competitors, and enhanced feasibility of establishing inland hatcheries 
[1]. 

In India and throughout the world, majority of the farmers practice only growout phase acquiring 
postlarvae from hatcheries located near the coast. Around the globe, majority of the potential 
freshwater areas have not been fully utilized for farming of M. rosenbergii. The major bottleneck 
in enhancing the culture area is the non-availability of quality seed in inland areas. Though few 
hatcheries have been established in coastal states of India, they are not in a position to produce 
seed at their optimum capacity due to certain technological lapses. Due to non-availability of 
natural seawater, no commercial freshwater prawn hatchery has been established in states like 
Punjab, Haryana, Madhya Pradesh, Uttar Pradesh, Bihar and North-eastern states where lots of 
potential freshwater resources are available for farming of M. rosenbergii. Successful 
construction and operation of few backyard hatcheries in Madhya Pradesh, Haryana and few 
North Eastern states, using synthetic seawater have shown the way for production of postlarvae 
of M. rosenbergii. But these hatcheries are only on pilot scale. Establishment of large-scale 
commercial hatcheries in inland areas is urgently needed for utilization of left-over potential 
areas for farming of freshwater prawns, especially M. rosenbergii.  Hence, it is important to 
develop and standardize a technology for design and construction of recirculatory type of 
freshwater prawn hatchery using synthetic seawater. It is also important to evaluate the 
performance of different types of biofilters to design a cost effective closed recirculatory system 
for rearing of larvae of freshwater prawn M. rosenbergii. 

 

2.  Materials and methods 

2.1 Location of experiment 

The experiments were conducted in the giant freshwater prawn hatchery complex of ICAR-
CIFE, Mumbai, India. The berried females (50.5 to 85.8 g each) of the giant freshwater prawn, 
Macrobrachium rosenbergii were procured from the Varanala Devi reservoir, located at a 
distance of about 50 km from Mumbai. On arrival to the hatchery site, the berried females were 
acclimatized to the hatchery condition. Vitamin C (1.0 ppm) was added to the conditioning tank 
to release the prawn from stress caused due to handling and transportation. After 30 minutes, the 
healthy berried females were treated with 50 ppm formalin for 30 minutes in a flow through 
system, provided with aeration to avoid epibiont parasites, if any with the egg mass. 
Subsequently, the berried females were transferred to conico-cylindrical FRP tanks of 1000 L 
capacity.  
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Experiments were conducted in 4 rectangular reinforced cement concrete tanks of 1000 L 
capacity. These tanks have two compartments, the bigger one (1.40 m × 0.90 m × 0.90 m) for 
rearing of larvae and the smaller one (0.90 m × 0. 45 m × 0.65 m) for keeping the biofilter 
media. During the experiment, the water level in the larval rearing tank was maintained at 0.8 m. 
The volume of larval rearing tank was 1000 L and that of filter tank was 194 L.  

2.2 Source of water 
Seawater was collected during the highest high tide from Machhlimar beach, Versova village, 
Mumbai and brought to the hatchery complex in a sweater tanker. The natural brackishwater of 
salinity 12 ppt was prepared by mixing freshwater and seawater. Synthetic seawater was 
prepared from freshwater by using various commercial grade salts. Since most of the minor and 
trace salts are available in the freshwater, a simplified formula was adopted to prepare the 
synthetic seawater based on the analysis result of natural seawater. The quantities of salts 
required to prepare 12 ppt salinity of synthetic seawater of 1000 L is presented in Table 1 [2].  
 

Table 1 Quantity of different salts used for preparation  
of synthetic seawater 

Sn. Name of the salt Quantity 
(g) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Sodium chloride 

Magnesium chloride 

Sodium sulphate 

Calcium chloride 

Potassium chloride 

Sodium bicarbonate 

Potassium bromide 

Boric acid 

EDTA 

12000 

1520 

1214 

352 

188 

80 

40 

1 

1 

 

2.3 Preparation of larval rearing unit and recirculatory system 
The larval rearing tanks with attached biofilter chambers were cleaned with bleaching powder 
and potassium permanganate and washed thoroughly with well water. The outlet pipes of 
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biofilter tank through which filtered water from biofilter tank enters the larval rearing tanks were 
checked for any clogging problem and then covered with nylon mesh to prevent the entry of 
larvae from larval rearing tank. Four different biofilter media viz. plastic bio-balls, zeolite stones, 
charcoal and molluscan shells were filled in four biofilter tanks. The outlet of larval rearing tank 
was properly cleaned and fitted with stand pipe. Proper flow of water from larval rearing tank to 
biofilter tank and back was ensured before stocking the tanks with larvae. For the first and 
second cycles with both natural and synthetic seawater, (the depth of biofilter bed was 0.17 m) 
whereas, for the third cycle with synthetic seawater the depth of filter bed was changed to 0.34 
m. Circulation of water from the larval rearing tank to the biofilter chamber and back to larval 
rearing tank was done with the help of air-lift pumps. The air-lift system consisted of 32 mm 
diameter PVC pipes. At the bottom, the air-lift pumps were provided with a piece (30 cm) of 
perforated PVC pipe covered with nylon mesh screen to prevent the escape of larvae into the 
biofilter chamber. Two aeration tubes were connected to PVC pipe, which enabled to lift the 
water from larval rearing tank to biofilter tank. In the first and second cycles the average value of 
rate of filtration was 252 L/h (minimum value 216 L/h and maximum value 288 L/h). In the third 
cycle the average value of rate of filtration was 504 L/h (minimum value 432 L/h and maximum 
value 576 L/h). A schematic diagram of larval rearing tank with biofilter chamber and 
recirculation system is shown in Figure 1. 
 

 

Figure1   Schematic diagram of larval rearing tank with biofilter chamber and 
recirculation system 

 

2.4 Biofilter media and biofilter start-up 
The selection of suitable biofilter media is critical in design and operation of a closed type of 
recirculatory system. The selection of biofilter media mainly depends upon its cost, availability 
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at the hatchery location and its performance. To evaluate the performance of different types of 
biofilters, the following materials were selected. 
 
2.4.1 Plastic Bio-balls 
Different plastic materials have been used in the past as biofilters. Plastic rolls, pieces of PVC 
pipe, and scrub pad in a recirculatory system for culture of the Nile tilapia used generally, in 
which pieces of PVC pipe performed better. Plastic bio-balls provide high surface area for 
growth and development of nitrifying bacteria and thus maintain water quality parameters in a 
range suitable for growth and survival of larvae of Macrobrachium rosenbergii. For this study, 
specially designed plastic bio-balls as shown in Figure 2 were used. 
 

2.4.2 Zeolite Stones: 
Natural zeolite stone is one of the potential biofilter media. It is a non-metallic mineral with 
characteristics of high porosity and large specific area. In addition, it is an ion exchanger with 
high affinity for ammonium ion and exhibits significant macro porosity. Natural zeolite stones 
are very effective in removing ammonia from waste water [3, 4] and have been used to enhance 
nitrification of biofilters. Zeolite stones (Figure 3) procured from Udaipur, Rajasthan were used 
in the experiment.  
 

2.4.3 Charcoal 
Charcoal is a material with exceptionally high specific surface area. Due to its high degree of 
porosity activated charcoal accounts for its ability to readily adsorb gases and liquids. Charcoal 
is often used as substrate material in biofilters to absorb ammonia, nitrite and other toxic gases 
present in the water. Wood charcoal also removes coloring material to some extent from 
solutions. The charcoal has been used as a biofilter in closed recirculation systems by many 
researchers in the past and the results have been encouraging. Charcoal (Figure 4) obtained from 
the local market were used in this case. 
2.4.4 Molluscan Shells 
Molluscan shell is a common type of biofilter medium widely used in aquaculture recirculation 
systems, especially in hatchery units. All major molluscan groups posses a hard skeleton which 
is composed of calcium carbonate (CaCO3). The snail is the best-known molluscan shell. The 
bivalve or calm shell consists of two pieces. Molluscan shells are rich in CaCO3 which acts as 
buffering substance that stabilizes the pH of water, preventing it from becoming too acidic or 
alkaline. For the present study, molluscan shells (Figure 5) were collected from the Mudh Island 
beach, about 10 km from Versova, Mumbai with the help of local fishermen. 
2.5 Hatching of Larvae 
For this purpose, 300-liter capacity FRP tanks were used. The hatching tanks were cleaned with 
bleaching powder and potassium permanganate and washed thoroughly with well water. These 
tanks were initially filled with treated 5 ppt brackishwater to a depth of 30-40 cm before 
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releasing the berried females. Later on, the salinity of water was slowly increased to 12 ppt. 
Continuous aeration was provided throughout the hatching period. Healthy berried females with 
dark grey coloured eggs were released into hatching tanks @ 2-3 per tank. After hatching, the 
used females were removed from the tank and returned to the holding tanks. The larvae were 
removed with the help of hand held net and transferred to a plastic tub filled with 12 ppt 
brackishwater for the purpose of counting and subsequently transferred to larval rearing tanks. 
 
2.6 Rearing of Larvae 
The larvae were stocked @ 100 per liter in larval rearing tanks containing treated brackishwater 
of 12 ppt salinity. A total of 12 larval rearing trials were conducted in three cycles. In the first 
cycle natural seawater was the rearing medium, whereas, the synthetic seawater was the rearing 
medium in the second and third cycles. A uniform rearing volume of 1000 L was maintained in 
all the five experimental tanks. Round the clock of aeration was provided in all the tanks. The 
aeration pipe was provided with air stones and air regulator valve to supply air in required 
quantity. Water was circulated through biofilters with the help of air-lift pumps. In winter 
season, thermostatic heaters were provided in each experimental tank to maintain the water 
temperature in the range of 27- 29°C throughout the experiment. The larvae were fed with 
Artemia as live feed and egg custard as prepared feed 5-6 times daily. The larvae were reared in 
the larval rearing tank till more than 90% of larvae metamorphosed into postlarvae.  
 

2.7 Cleaning, siphoning and supervision 
All the experimental tanks were cleaned everyday between 9 to 10 AM manually by siphoning 
the water along with the leftover feed. The siphoned water was screened and clear water was 
poured back in the biofilter tank for recirculation. The larvae which came along with the 
siphoned water was removed and put back in the larval rearing tank. The health condition of 
larvae was checked everyday through visual observation. Each life stage of larvae was observed 
under the microscope for the study of growth. The amount of aeration, quantity of feeding, feed 
consumption, etc. were closely monitored everyday.  
 

2.8 Physico-chemical parameters of water 
In order to maintain water quality parameters within the optimum range, the parameters like 
water temperature, dissolved oxygen, dissolved free carbon dioxide, salinity, pH, ammonia 
nitrogen, nitrite nitrogen, nitrate nitrogen, phosphate, etc. were analyzed at regular intervals 
(APHA, 1992). Water quality of the larval rearing tanks was maintained precisely by siphoning 
out leftover feed and waste metabolic products of larvae at regular intervals. 
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2.9 Harvesting of Postlarvae (PL) 
Harvesting of PL was done twice in each cycle. After 6-8 days of appearance of first batch of 
postlarvae, first harvesting was done. In the harvesting process, larvae were removed from the 
larval rearing tank along with the rearing media and temporarily shifted to another tank. The 
postlarvae were collected with the help of hand net, counted and transferred to post-larval rearing 
tanks. The water and larvae were brought back into the larval rearing tank. The second 
harvesting of postlarvae was done when more than 90% of the larvae metamorphosed into 
postlarvae.  
 

2.10 Work Plan and Experimental Set-up 
A total of 12 Experiments were conducted in three cycles. In the first cycle four experiments 
were conducted in a closed type recirculatory system with four biofilter media using natural 
seawater as the rearing media. The depth of filter bed was 0.17 m and the average rate of 
filtration was 252 L/h. The larvae were stocked @ 100 per liter and fed with Artemia nauplii and 
egg custard 5-6 times daily. Physico-chemical parameters of water were regularly monitored by 
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following the procedure of APHA (1992). The growth and survival of larvae were also observed 
regularly. The date of appearance of first batch of postlarvae was noted for each tank. The 
experiment was discontinued when more than 90% of larvae metamorphosed into postlarvae. At 
the end of the experiment, postlarvae were counted physically and percentage survival of larvae 
was determined. 
For rearing of larvae of M. rosenbergii in the second and third cycles the same procedure was 
followed. But, in the second cycle the rearing media was synthetic seawater, however, the filter 
bed thickness (0.17 m) and the average rate of filtration (252 L/h) remained unchanged. In the 
third cycle, the filter bed thickness was increased from 0.17 m to 0.34 m and the rate of filtration 
from 252 L/h. to 504L/h. However, the rearing media was same i.e. synthetic seawater. 

3. Results and discussion 
3.1 Physico-chemical parameters of water 
Various physico-chemical parameters of water viz. temperature, pH, dissolved oxygen, free CO2, 
ammonia nitrogen (NH4

+-N), nitrite nitrogen (NO2-N), nitrate nitrogen (NO3-N) and phosphate 
(PO4-P) were regularly observed and the summary of the range and average values of are 
presented in Tables 2 to 4. It is seen from Tables 2 to 4 that the average water temperature 
ranged from 27.24 to 28.52°C in all the experimental tanks. The average salinity ranged from 
12.28 to 12.56 ppt and the average pH ranged between 7.92 and 8.07. The average values of 
dissolved oxygen content of water ranged between 4.94 and 5.28 ppm. Free CO2 content of water 

ranged from 0.00 to 0.02 ppm. The average values of ammonia nitrogen (NH4
+-N) ranged from 

0.12 to 0.48 ppm, while the average values of nitrite and nitrate nitrogen ranged from 0.04 to 
0.35 ppm and 1.22 to 2.23 ppm respectively. The average values of phosphate (PO4-P) were in 
the range of 0.07 to 0.21 ppm. There was not much variation in the physico-chemical parameters 
like air temperature, water temperature, pH, salinity, dissolved oxygen and free CO2 among the 
various experimental treatments. However, important physico-chemical parameters like 
ammonia (NH4

+-N), nitrite (NO2-N), nitrate (NO3-N) and phosphate (PO4-P) varied significantly 
in various treatments.  
 
The highest concentration of ammonia, nitrite, nitrate and phosphate were found in natural 
seawater. Physico-chemical parameters of water influence the ability of larvae to perform 
physiological functions including the growth, disease resistance and tolerance to high 
temperatures. Various authors have suggested optimum ranges of various physico-chemical 
parameters of water for culture of aquatic species in general. But very little published data is 
available with regard to optimum values for larviculture of M. rosenbergii in particular. In the 
present study, the observed values of physico-chemical parameters of water were found to be 
within the optimum range for the growth and survival of larvae of M. rosenbergii. 
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Table 2 The physico-chemical parameters of water of larval rearing tanks with different 
biofilters and natural seawater (first cycle) 

Physico-chemical 
parameters 

Plastic bio-
balls 

 

Charcoal Zeolite stones Molluscan 
shells 

Ambient temperature 

(0C) 

28.0 - 30.5 

(29.54) 

27.5 - 30.5 

(29.48) 

28.0- 30.5 

(29.54) 

27.4 - 30.5 

(29.46) 

Water temperature 

(0C) 

26.9 - 28.0 

(27.43) 

26.6 - 28.1 

(27.41) 

26.5 - 27.9 

(27.39) 

27.0 - 27.8 

(27.40) 

pH 7.90 - 8.20 

(8.06) 

7.90 - 8.20 

(8.04) 

7.90 - 8.20 

(8.03) 

7.90 - 8.20 

(8.04) 

Salinity (ppt) 12.0 - 13.0 

(12.38) 

12.0 - 13.0 

(12.44) 

12.0 - 13.0 

(12.31) 

12.0 - 13.0 

(12.44) 

DO (ppm) 4.80 - 5.40 

(5.08) 

4.50 - 5.80 

(5.08) 

5.00 - 5.40 

(5.21) 

4.80 - 5.20 

(4.96) 

Free CO2 (ppm) 0.00-0.03 

(0.01) 

0.00-0.05 

(0.014) 

0.00-0.04 

(0.014) 

0.00-0.05 

(0.024) 

Ammonia (NH4
+- N) 

(ppm) 

0.05 - 0.67 

(0.45) 

0.08 - 0.59 

(0.41) 

0.04 - 0.64 

(0.48) 

0.01 - 0.53 

(0.40) 

Nitrite (NO2-N) 

(ppm) 

0.02 - 0.49 

(0.33) 

0.05 - 0.41 

(0.27) 

0.03 - 0.45 

(0.35) 

0.02 - 0.37 

(0.26) 

Nitrate (NO3-N) 

(ppm) 

1.02 - 3.71 

(2.10) 

1.00 – 3.50 

(2.23) 

0.98 – 2.50 

(2.00) 

0.80 - 2.70 

(2.10) 

Phosphate (PO4-P) 

(ppm) 

0.05 - 0.30 

(0.19) 

0.05 - 0.28 

(0.19) 

0.02 - 0.30 

(0.21) 

0.05 - 0.28 

(0.18) 
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Table 3 The physico-chemical parameters of water of larval rearing tanks with different 
biofilters and synthetic seawater (second cycle) 

Physico-chemical 
parameters 

Plastic bio-
balls 

 

Charcoal Zeolite 
stones 

Molluscan 
shells 

Ambient temperature 

(0C) 

27.1 - 31.2 

(29.40) 

27.1 - 30.5 

(29.40) 

27.1- 31.2 

(29.40) 

27.1 - 31.0 

(29.36) 

Water temperature 

(0C) 

26.5 - 28.0 

(27.33) 

26.4 - 28.5 

(27.34) 

26.4 - 27.7 

(27.27) 

26.2 - 27.9 

(27.24) 

pH 7.90 - 8.20 

(8.07) 

7.90 - 8.20 

(8.07) 

7.80 - 8.20 

(8.03) 

7.90 - 8.20 

(8.02) 

Salinity (ppt) 12.0 - 13.0 

(12.56) 

12.0 - 13.0 

(12.33) 

12.0 - 13.0 

(12.50) 

12.0 - 12.5 

(12.28) 

DO (ppm) 5.00 - 5.40 

(5.20) 

5.00 - 5.40 

(5.20) 

4.90 - 5.60 

(5.28) 

4.80 - 5.30 

(5.06) 

Free CO2 (ppm) 0.00-0.00 

(0.00) 

0.00-0.00 

(0.00) 

0.00-0.00 

(0.00) 

0.00-0.00 

(0.00) 

Ammonia (NH4
+- N) 

(ppm) 

0.05 - 0.60 

(0.35) 

0.05 - 0.61 

(0.39) 

0.05 - 0.48 

(0.31) 

0.03 - 0.49 

(0.31) 

Nitrite (NO2-N) 

(ppm) 

0.01 - 0.41 

(0.25) 

0.01 - 0.45 

(0.24) 

0.02 - 0.20 

(0.14) 

0.02 - 0.27 

(0.17) 

Nitrate (NO3-N) 

(ppm) 

0.75 - 2.75 

(2.10) 

0.75 - 2.61 

(2.10) 

0.60 – 2.97 

(2.00) 

0.78 - 2.75 

(2.01) 

Phosphate (PO4-P) 

(ppm) 

0.02 - 0.27 

(0.17) 

0.02 - 0.28 

(0.16) 

0.02 - 0.22 

(0.15) 

0.02 - 0.23 

(0.14) 
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Table 4 The range and average values of physico-chemical parameters of water of larval 
rearing tanks with different biofilters and synthetic seawater (third cycle) with 

enhanced filter bed thickness and filtration rate 
Physico-chemical 

parameters 
Plastic bio-

balls 
 

Charcoal Zeolite stones Molluscan 
shells 

Ambient temperature 

(0C) 

26.1 - 30.3 

(28.32) 

26.1 - 30.3 

(28.32) 

26.1- 30.3 

(28.32) 

26.1 - 30.3 

(28.34) 

Water temperature 

(0C) 

26.0 - 29.3 

(27.63) 

26.0 - 30.6 

(28.52) 

26.3 - 29.6 

(27.66) 

27.0- 29.2 

(28.34) 

pH 7.90 - 8.10 

(8.00) 

7.80 - 8.10 

(7.92) 

7.80 - 8.20 

(8.00) 

7.80 - 8.20 

(7.99) 

Salinity (ppt) 12.0 - 12.5 

(12.28) 

12.0 - 13.0 

(12.50) 

12.0 - 13.0 

(12.33) 

12.0 – 13.0 

(12.50) 

DO (ppm) 4.80 - 5.40 

(5.18) 

5.00 - 5.60 

(5.27) 

4.80 - 5.40 

(5.10) 

4.80 - 5.10 

(4.94) 

Free CO2 (ppm) 0.00-0.00 

(0.00) 

0.00-0.00 

(0.00) 

0.00-0.00 

(0.00) 

0.00-0.00 

(0.00) 

Ammonia (NH4
+- N) 

(ppm) 

0.01 - 0.28 

(0.16) 

0.01 - 0.19 

(0.14) 

0.02 - 0.20 

(0.14) 

0.01 - 0.20 

(0.12) 

Nitrite (NO2-N) 

(ppm) 

0.01 - 0.12 

(0.08) 

0.01 - 0.12 

(0.08) 

0.01 - 0.10 

(0.04) 

0.01 - 0.10 

(0.04) 

Nitrate (NO3-N) 

(ppm) 

0.80 - 2.50 

(1.45) 

0.50 - 2.30 

(1.44) 

0.68 – 2.00 

(1.27) 

0.75 – 1.75 

(1.22) 

Phosphate (PO4-P) 

(ppm) 

0.01 - 0.18 

(0.13) 

0.01 - 0.15 

(0.08) 

0.02 - 0.19 

(0.13) 

0.01 - 0.12 

(0.07) 
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Ammonia is an important end product of heterotrophic breakdown of organic matter. Ammonia 
level in the larval rearing tank increases mainly due to excretion by larvae and accumulation of 
uneaten feed on the bottom of the tanks. Ammonia concentration in the culture media should not 
exceed 1.0 ppm of ionized ammonia (NH+

4-N) and 0.1 ppm of unionized ammonia (NH3-N) [5]. 
Valenti et al. [6] recommended maintaining the concentration of unionized ammonia (NH3-N) in 
larval culture tanks below 0.5 ppm. However, the larvae of M. rosenbergii tolerate high levels of 
total ammonia, while toxicity depends primarily on unionized ammonia concentrations [7]. In all 
the experiments the concentration of ionized ammonia (NH+

4-N) was in the range of 0.12 to 0.48 
ppm which is well within the safe limits specified by various authors.  

Nitrite nitrogen (NO2-N) is highly toxic to prawns and is the least desirable form of nitrogen in 
the aquaculture systems. Valenti et al. [6] suggested a limit of 0.25 ppm nitrite (NO2-N) level in 
prawn culture tanks. The concentration of nitrite nitrogen in the rearing medium should not 
exceed 1 ppm while 1.8 ppm of nitrite is lethal to the larvae of prawns [7]. The optimum level of 
nitrite nitrogen to the prawns should be less than 0.1 ppm. However, larvae of M. rosenbergii 
show tolerance to great variability of nitrite concentrations due to individual larval sensitivity 
[8]. In the present study, the nitrite level in various experimental tanks ranged from 0.04 to 0.35 
ppm which was within the tolerable limits as suggested by various authors. The low 
concentration of ammonia and nitrite in the water of larval rearing tanks is mainly due to the 
presence of nitrifying bacteria in the biofilter media. The nitrifying bacteria help in oxidization 
of highly toxic ammonia and nitrite to less toxic nitrate. Nitrates are the least toxic among the 
inorganic nitrogen compounds. The safe limit of nitrate nitrogen in a productive pond should be 
within 0.06 to 5.0 ppm (Boyd and Tucker, 1998). The concentration of nitrate in the larval 
rearing water should not exceed 20 ppm [7]. New [9] suggested that the water in which M. 
rosenbergii is reared should not have nitrate levels greater than 20 ppm. In the present study, the 
nitrate levels in various experimental tanks were in the range of 1.22 to 2.23 ppm which was 
within the tolerable limits indicated by various authors. 

Phosphate (PO4-P) is one of the major nutrients required by the biota. The high concentration of 
phosphate indicates eutrophication of aquatic bodies. New and Singholka [10] and New [9] 
suggested that the phosphate levels below 0.1 ppm is ideal for culture of M. rosenbergii. But, for 
larviculture of M. rosenbergii phosphate values are yet to be standardized. In the present 
experiment the phosphate values of water in various experimental tanks were in the range of 0.07 
to 0.23 ppm and the production was not affected. Thus, it is concluded that an average phosphate 
level upto 0.21 ppm is quite safe for production of postlarvae of M. rosenbergii upto 50 per liter. 
It may be concluded from the present study that, in a closed recirculatory system in association 
with biofilters, the larvae of M. rosenbergii tolerate wide range of concentrations of ammonia 
(NH4

+-N), nitrite (NO2-N), nitrate (NO3-N) and phosphate (PO4-P). For optimum production of 
postlarvae upto 50 per liter with an initial stocking density of 100 larvae/L, the average ideal 
values of ammonia (NH4

+-N), nitrite (NO2-N), nitrate (NO3-N) and phosphate (PO4-P) are in the 
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range of 0.12 to 0.48 ppm, 0.04 to 0.35 ppm, 1.22 to 2.23 ppm and 0.07 to 0.21 ppm 
respectively. 

3.2 Comparative performance of different biofilter media 

In the present study, four biofilter media namely, plastic bio-balls, charcoal, zeolite stones and 
molluscan shells were selected for evaluation of their performance with regard to growth and 
survival of larvae of M. rosenbergii and maintenance of water quality parameters in a 
recirculatory system. The observations of 12 larval rearing trials on growth, survival and rate of 
metamorphosis of larvae of M. rosenbergii along with the production of postlarvae are presented 
in Table 5. 

Table 5   Growth and survival and rate of metamorphosis of larvae of M.  rosenbergii  in 
                      recirculatory system with different biofilter media 

Biofilter 
medium 

Rearing medium Larvae 
stocked 
(no.) 

PL 
obtaine
d 
(no.) 

Surviva
l  
(%) 

Appearanc
e of first 
batch of PL 
(days) 

Larval 
rearing 
period  
 (days) 

Plastic 
bio-balls 

 

 

Natural seawater 
(Cycle-I) 

Synthetic seawater-
I (Cycle-II) 

Synthetic seawater-
II 

(Cycle-III 

1,00,000 

 

1,00,000 

 

1,00,000 

36,500 

 

39,500 

 

41,270 

36.50 

 

39.50 

 

41.27 

27th day 

 

27th day  

 

26th day 

35 

 

38 

 

38 

Charcoal 

 

 

Natural seawater 
(Cycle-I) 

Synthetic seawater-
I 

(Cycle-II) 

Synthetic seawater-
II (Cycle-III) 

1,00,000 

 

1,00,000 

 

1,00,000 

42,000 

 

46,700 

 

47,150 

42.00 

 

46.70 

 

47.15 

26th day 

 

27th day 

 

25th day 

34 

 

37 

 

37 

Zeolite 
stones 

 

Natural seawater 

(Cycle-I) 

Synthetic seawater-

1,00,000 

 

39,800 

 

39.80 

 

25th day  

 

35 
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 I 

(Cycle-II) 

Synthetic seawater-
II 

(Cycle-III) 

1,00,000 

 

1,00,000 

42,800 

 

43,050 

42.80 

 

43.05 

28th day 

 

24th day 

37 

 

37 

Molluscan 
shells 

 

Natural seawater 

(Cycle-I) 

Synthetic seawater-
I 

(Cycle-II) 

Synthetic seawater-
II 

(Cycle-III) 

1,00,000 

 

1,00,000 

 

1,00,000 

44,800 

 

48,530 

 

50,090 

44.80 

 

48.53 

 

50.09 

23rd day 

 

25th day 

 

25th day 

33 

 

36 

 

36 

    

It is apparent from Table 5 that the survival of larvae to metamorphose into postlarvae varied 
with different biofilter media. The production of postlarvae in three cycles was 36.5, 39.5 and 
41.27 PL/L; 42.0, 46.70 and 47.15 PL/L; 39.8, 42.80 and 43.05 PL/L and 44.80, 48.53 and 50.09 
PL/L in larval rearing tanks with plastic bio-balls, charcoal, zeolite stones and molluscan shells 
biofilters respectively. A graphical presentation of the same is shown in Fig. 6. The production of 
postlarvae significantly increased in the synthetic seawater irrespective of biofilter medium. 
However, considering the average production of postlarvae under different biofilters, the 
performance of molluscan shells biofilter was found to be significantly (p < 0.05) better.  

The performance of four biofilter media in terms of the survival of larvae of M. rosenbergii in 
metamorphosing into postlarvae in all the 3 cycles under different rearing media and their 
ANOVA is presented in Table 6. 

    Table 6 Comparative performance of biofilters for survival of larvae of M. rosenbergii 
Name of biofilter medium Survival of larvae 

(%) 
Plastic bio-balls 39.09c * ±  1.39 

Charcoal 45.28ab ±  1.65 
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Zeolite stones 41.88bc ±  1.04 

Molluscan shells 47.81a ±  1.57 

* The mean values in a column bearing different superscript vary significantly (p < 0.05) 

In the present study, higher survival (50.09%) of larvae of M. rosenbergii was achieved in the 
third cycle in which synthetic seawater was the rearing medium and molluscan shells were 
biofilter medium. The concentrations of ammonia and nitrite levels were lowest in this cycle. 
This is apparently due to the fact that, in the third cycle, the depth of filter bed thickness was 
increased from 0.17 to 0.34 m. The rate of filtration was also increased from 252 to 504 L/h. This 
arrangement brought the water of the larval rearing tank in contact with the biofilter media for 
maximum number of times, which enabled the nitrifying bacteria to act upon ammonia and 
oxidize the same to nitrate. Hence, the water quality parameters, especially ammonia, nitrite and 
nitrate were maintained at lower concentrations. But this arrangement did not contribute for 
significant increase in the survival of larvae of M. rosenbergii as the survival of larvae in the 
second cycle (filter bed thickness: 0.17 m and rate of filtration: 252 L/h) was 48.53%. This may 
be due to under-stocking of the larvae in the rearing medium. The water quality parameters 
indicate that the rearing media is capable of accommodating higher stocking densities. Since, a 
lower stocking density was used in the present study; the performance of the system appears to 
be under-utilized. This shows that a filter bed thickness of 0.17 m (6% of the volume of larval 
rearing tank) and filtration rate of 252 L/h (i.e. 6 times the volume of larval rearing tank per day) 
were sufficient for optimum production. Hence, further experiments with higher stocking 
densities may be required to ascertain the efficacy of this system. 

At filter bed thickness of 0.17 m and filtration rate of 252 L/h in the second cycle, although the 
water quality parameters especially ammonia, nitrite, nitrate and phosphate were little inferior, 
they did not affect the survival of larvae of M. rosenbergii significantly. This shows that for 
optimum production of postlarvae with a stocking density of 100 larvae per liter, the average 
concentrations of ammonia and nitrite nitrogen up to 0.48 ppm and 0.35 ppm respectively appear 
to be safe limits. This also reveals that the larvae of M. rosenbergii tolerate high levels of 
ammonia and nitrite nitrogen concentrations confirming the earlier works (Mallasen and Valenti, 
2005). From the results, it is seen that the increase in filter bed thickness beyond 0.17 m does not 
increase the production of postlarvae significantly. Hence, it is concluded that for a stocking 
density of 100 larvae per liter, a filter bed volume equivalent to 6% of the volume of rearing tank 
is ideal for optimum production of postlarvae of M. rosenbergii, which is in conformity with the 
findings of Abramo et al. [11]. 
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Figure 6   Performance of various biofilter media in growth and survival of larvae of M. 
rosenbergii  in different rearing systems in three cycles 

 

The results indicate that in a recirculatory system with molluscan shells as biofilter medium, the 
water quality was quite conducive for the metamorphosis of larvae to postlarvae at a faster rate 
with higher survival percentage (50.09%). The appearance of the first batch of postlarvae 
followed by complete metamorphosis (more than 90%) was first achieved in larval rearing tanks 
in which molluscan shells were used as biofilter. Thus, the performance of molluscan shells 
biofilter was better than the other three biofilters. It may be due to the fact that molluscan shell 
has higher specific surface area which enhanced the production of nitrifying bacteria, which in 
turn increased the rate of nitrification and thereby maintaining better water quality parameters 
[12, 13].  

It is concluded that for rearing of larvae of M. rosenbergii in a recirculatory system, molluscan 
shells biofilter medium is more effective in maintaining water quality parameters within the 
optimum range and higher production of postlarvae as compared to other three biofilters. As the 
production of post larvae has not shown any significant increase with the increasing thickness of 
filter bed (> 0.17 m) and rate of filtration (> 252 L/h), it needs further studies with increased 
filter bed thickness together with increased stocking densities. This study will help in enhancing 
the production of postlarvae per unit volume of water and determine the optimum stocking 
density with optimum utilization of space in recirculating systems [14, 15].    

4 Conclusions 
From the point view of overall performance in maintenance of physico-chemical parameters of 
water and survival of larvae of M. rosenbergii, all the four biofilter media helped to maintain 
water quality parameters within a range suitable for healthy growth and survival of larvae of M. 
rosenbergii. In all the 3 cycles, irrespective of rearing media, the survival of larvae was higher in 
molluscan shell biofilters followed by charcoal. The average survival of larvae in a recirculatory 
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system with molluscan shells biofilter was 49.31%. Higher values of survival of larvae indicated 
that the molluscan shells biofilter performed better than the plastic bio-balls, charcoal and zeolite 
stones. Considering longevity, local availability and the cost, it is concluded that the molluscan 
shell is an efficient biofilter medium. Owing to their good performance in maintaining an 
environment conducive for healthy growth and survival of larvae of M. rosenbergii, molluscan 
shells biofilter medium is recommended in recirculatory type freshwater prawn hatcheries. 
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PREDICTING HEAVENLY THREATS TO HUMAN CIVILIZATION: 

AN OVERVIEW 
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Abstract: Since the time our old Earth was created some 4.5 billion years ago, it has been 
continuously subjected to heavenly threats from asteroids and comets. Though the Earth has a 
natural defense mechanism of burning down these foreign bodies, larger objects do not combust 
in total and are threatening. Such objects have been heavily damaging the Earth surface. The 
effect is destruction of geographical areas by formation of craters. It is therefore essential to 
identify these objects and study their motion/orbits and predict the time and place of their impact 
in future such that possible precautionary steps could be taken to save mankind.  

Keywords: Earth, Asteroids, Comets, Geographical Areas, Craters 

 

1 Introduction  
It has been theorized that planets within our solar system were born as planetesimals with 
diameter between 1 to 100 km, which had sufficient gravitational pull to accrete small objects 
and particles from the cloud of gas and dust. Not all platenetisimals became planets, but were 
subjected to collisions and got destroyed producing debris of stone and dust. As shown in Figure 
1, within our solar system, there is a torus shaped region called the main asteroid belt.  

 
Figure 1 The location of the main asteroid belt within our solar system 

It is located between the orbits of Mars and Jupiter and is composed of uncountable irregularly 
shaped bodies called asteroids or minor planets. It is estimated that this belt contain between 1.1 
and 1.9 million asteroids possessing diameters larger than a km, and millions of other smaller 
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ones. It has been observed that there is a continual leakage of these minor planets into the inner 
solar system which are then termed as Near Earth Objects (NEOs) if they cross the Earth orbit.  
 
In general, a NEO is any small solar system body whose orbit brings it to proximity with Earth. 
We define a body as NEO if it is a member of the Solar System and that while it reaches the 
perihelion  (closest point with Sun) its distance from the Sun is less than 1.3 astronomical units 
(AU) [1]. If a NEO larger than 140 m across cuts the Earth’s orbit, it is considered a potentially 
hazardous object (PHO) [2]. Majority of the NEOs and PHOs are asteroids, but a small fraction 
of them are comets [1]. Out of the various NEOs, comets were the first to be observed by 
humans. It now noted that Lexell’s comet of 1770 was the first discovered NEO [3]. 
Since the 1980s, NEOs have attracted special attention from many primarily because of greater 
awareness of the potential danger of collision with Earth. A small asteroid of around 20 m 
diameter can damage the local environment and the civil population [4]. Larger asteroids can 
impact the Earth surface having penetrated the atmosphere and create craters due to high impact 
energy, or they can produce tsunamis if they impact the sea. Today, methods by which these 
asteroids can be diverted from their path to avoid collision has been suggested and is being 
researched which is known as Asteroid Impact Avoidance [5]. Among the NEOs, asteroids that 
orbit very close to Earth are called Near Earth Asteroids (NEAs) which are a potential threat to 
human civilization by collisions. 
 

 
Figure 2 The Lonar Lake or the Lonar Carter 

Figure 2 shows the Lonar lake (Lonar crater) located at Lonar in Buldana district of Maharashtra 
(India). It is located on the Deccan plateau. The lake is situated on a massive volcanic basalt rock 
that was born out of volcanic eruptions about 65 million years ago. The lake has a mean diameter 
of 1.2 km and its maximum depth is 137 m measured from its rim. Today it is understood that it 
has been created as a result of a meteorite impact that occurred between 35,000 and 50,000 years 
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ago. The lake water is both saline and alkaline. Figure 3 shows the World map with marked 
craters on the Earth Impact Database as of November 2017. 
 

 
 

Figure 3 World map with marked craters (Nov. 2017) 
[Courtesy: Wikipedia] 

2 Impact Measuring Scales  
Small objects continuously keep flowing into our atmosphere. A background noise is defined as 
the usual flow of small asteroids or meteors into our atmosphere which burn out and seldom 
impact the Earth surface. The chance of collision with Earth is measured in two scales, namely 
Torino and Palermo, respectively for non-scientific and scientific audience. The purpose of these 
scales is to indicate the severity and probability of the collision of NEO with Earth. These are 
described below:- 
 

2.1 Torino Scale  
It is a simple scale which is used for simpler descriptions in the non-scientific media [6]. It is 
defined only for potential impacts of less than 100 years in the future. The scale is logarithmic 
and ranges from integers of 0 to 10. The lowest 0 indicates that the object is just as threatening as 
the background noise. A value of 2 indicates an event which is 100 times higher than background 
noise. Whereas, the highest value 10 means that the collision is certain to take place and the 
impacting object is large enough to produce a global disaster. The NEO is assigned a value 
between 0 to 10 based on a combination of its (i) collision probability and (ii) kinetic energy of 

impact that would result, usually expressed in megatons of TNT. Figure 4 shows the current 
Torino scale which uses a color code scale: 0-white, 1-green, 2,3,4-yellow, 5,6,7-orange, 8,9,10-
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red. Each of the color codes has an overall meaning listed in Table 1. 

 
Figure 4 Positions of impacting objects in the current Torino scale with a given kinetic energy 

(mega tons of TNT) / given approximate diameter of the asteroid against collision velocity. 

Table 1 Description of Current Torino Scale (values and color codes). 

Value Color Code Implication and possible action 

0 WHITE 
No Hazard 

 
The probability of collision is zero. Objects that fall under background noise.

1 GREEN 
Normal 

A pass near Earth is predicted without causing any damage. 
 

2 YELLOW 
 
Deserves 
attention from 
Astronomers. 

A discovered object making a somewhat close to Earth but not a highly 
unusual pass near Earth. It may be of interest for routine expanded searches. 

3 A close encounter, needing study from astronomers. An object whose current 
calculations give it 1% or more chance of collision capable of localized 
destruction. Likely that new telescopic observations may set it to Level 0. 

4 A close encounter, needing study by astronomers. An object whose current 
calculations give it 1% or more chance of collision capable of regional 
devastation. Likely that new telescopic observations may set it to Level 0. 

5 ORANGE 
 
Government is 
informed for 
proper action 
after having 

A close encounter posing a serious, but still uncertain threat of regional 
devastation. Critical study by astronomers are required to determine 
conclusively whether a collision will occur.  

6 A close encounter by a large object posing a serious but still uncertain threat 
of a global catastrophe. Critical study by astronomers are required to 
determine conclusively whether a collision will occur.  
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7 confirmed 
collision. 

A very close encounter by a large object, which if occurring this century, 
poses an unprecedented but still uncertain threat of a global catastrophe. 

8 RED 
 
Collision is 
certain to cause 
irrecoverable 
damage to 
human 
civilizations. 

Capable of causing localized destruction for a land impact or may be a 
tsunami if offshore. Such events occur on average between once per 50 years 
and once per several thousand years.  

9 Capable of causing unprecedented regional devastation for a land impact or a 
major tsunami if offshore. Such events occur on average between once per 
10,000 years and once per 100,000 years.  

10 Capable of causing global climatic catastrophe whether impacting land or 
ocean. Such events occur on average once per 100,000 years, or less often.  

 

2.2 Palermo Scale  
The Palermo Scale or the Palermo Technical Impact Hazard Scale is a quantitative estimation of 
impact effect and is expressed in Eq. (1), where 𝑝 is the impact probability, 𝑓 is the impact 
frequency and 𝑇is the time interval over which 𝑝 is considered.  

𝑃 𝑙𝑜𝑔 …. (1)  

The impact frequency is expressed in Eq. (2), where 𝐸 is the energy threshold (measured in 
megatons of TNT) and 𝑦𝑟  is the unit of 𝑇 divided by one year.  

𝑓 𝐸 𝑦𝑟 …. (2) 

The Palermo Scale is also a logarithmic scale with 0 as the background noise level. A value of 
+2 indicates that the hazard is 100 times larger than a background noise type event. Similarly, a 
value of -2 indicates that the hazard is 100 times lesser than a background noise type event.  

 
3 Detecting and cataloging the NEA  
Asteroids are mainly detected using ground based telescopes having wide fields of view. The 
night sky is observed continuously over CCDs and integrated over fixed intervals of time to 
develop the faint objects. Portions of the sky are studied by comparison of its recent photograph 
with its earlier ones using image differencing software. The objects that appeared from 
background, or brightened, or moved are identified (objects close to the Earth show faster 
movement against the background stars). There are certain limitations of observing the sky. The 
ground based telescopes cannot see most of the NEAs including the larger ones which impact the 
day side of Earth. Small NEAs are millions in number and may become visible only when very 
close to Earth, maybe a few weeks to days in advance. So a vast majority of them remains 
undiscovered [8] and cannot be cataloged in advance.  
 

4 Predicting an Asteroid Impact 
It is also known as the Asteroid Impact Prediction. It is the prediction of time and date of 
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asteroids impacting the Earth with its location and severity of impact. It consists of three steps: 
1. When an asteroid is detected, it is observed over some short period of time and an assessment 
of its orbit is made. This process takes less than two weeks. 
2. The motion of the object is further observed and studied in details so as to improve the 
accuracy of its determined orbit. 
3.  Once the orbit is accurately determined, it is tested whether the orbit intersects with the Earth. 
If so, the time, date and location of impact is estimated. Precautionary measures if required may 
be initiated by relevant authorities on intimation. 

 
5 Surveys  
A few of the main NEO focussed surveys are listed below in Table 2 along with details like 
telescope diameter, sensitivity, sky scanning time etc. Distinction is made between cataloging 
surveys and warning surveys. Most of the surveys are concentrated in the Northern hemisphere. 
Presently, there are no major surveys done on the Southern hemisphere. This is important only 
for warning surveys, since the same objects may also be observed when their orbit brings them to 
the Northern sky. 

 

Table 2 Some Near-Earth Object surveys. 
Courtesy: Wikipedia 

Survey Type of
Survey 

Telescope 
Diameter 
(m) 

No. of 
telesc-
opes 

Visible 
sky scan 
time  

Limiting 
magnitude 

Hemisphere Activity 

ATLAS Warning 0.5 2 2 nights 19 Northern 2016 - today 
Catalina sky 
survey 

Cataloging 
Cataloging 

1.5 
0.7 

1 
1 

30 nights 
7 nights 

21.5  
19.5 

Northern 
Northern 

1998 - today 

Lowell 
Observatory 
NEO search 

Cataloging 
 

0.6 1 41 nights 19.5 Northern 1998 - 2008 

NEO survey 
telescope 

Warning 1 1 1 night 21 Northern 2020 

NEOWISE Cataloging 0.4 1 6 months 22 Earth Orbit 2009 - today 

Pan-STARRS Cataloging 1.8 2 30 nights 23 Northern 2010 - today 
Zwicky 
Transient 
Facility 

Warning 1.2 1 3 nights 20.5 Northern 2018 - today 
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6 The Final Goal  

The final goal of all the observations is to generate intelligent information from cataloging and 
warning surveys so as to do the needful and prevent any future catastrophe due to impacting 
NEAs. One such categorizing of data is shown in Table 3 [9]. 
 

Table 3 Estimated near-Earth asteroid numbers, impact intervals, impact consequences, and 

mitigation possibilities (Adapted from [9]) 

NEA 
diameter 
D (m) 

Estimated Total
Number with
Diameter ≥ D in the 
NEA Population 

Indicative Impact
Interval (yr) for
NEAs with
Diameter ≥ D 

Possible consequences of 
Imapact Near Population 
Region 

Appropriate 
Mitigation/Deflection 
Strategy Assuming 
Current Technology  

10 100 millions 5 Meteorite falls, crater 
unlikely 

Civil defense only 

30 3 million 150 Chelyabinsk/Tunguska-type 
airburst; crater, depending on 
composition; some injries 
and deaths 

Civil defense only 

50 500000 1000 Violent  Tunguska-type 
airburst; crater, depending on 
composition; potentially 
many injuries and deaths 

Slow push/pull (e.g. 
gravity tractor) or 
kinetic impactor, if 
feasible, civil defense 
only if not  

100 50000 10000 Crater 1-2 km in diameter; 
local destruction; tsunami 
risk from near-shore impacts; 
many deaths likely 

Civil defense; slow 
push/pull or kinetic 
impactor – slow 
push/pull 
combination  

300 7000 70000 Crater several km in 
diameter; regional/national 
destuction; tsunami risk; 
potentially millions of deaths 

Kinetic impactor -
slow push/pull 
combination if 
feasible, explosive 
impulse if not, plus 
civil defense if 
practical 

500 3500 140000 Crater some 10 km in 
diameter; international 
catastrophe; tsunami risk; 
potentially millions of deaths 

Kinetic impactor -
slow push/pull 
combination if 
feasible; several 
kinetic impactors may 
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be necessary. 
Explosive impulse if 
no alternative 

1000 1000 500000 Global effects; partial 
disruption of civilization 

Series of kinetic 
impactors of large 
explosive impulse 

10,000 3 100 millions End of present civilization Series of large 
explosive impulses; 
deflection may not be 
feasible with current 
technology 

 

7 Conclusions 

Today we are aware that human civilization has always been under threat from the heavenly 
attack of NEOs. Certain catastrophe took place in the past due to impacting NEAs in the past and 
we have lost the valuables on that portion of the Earth surface. But today, we have technological 
potential to avoid many of these future disasters. Only requirement is to device (i) added 
methods for proper identification of NEAs and (ii) the will to remove them from the path of 
catastrophe using modern technology. Universities and educational centers could contribute a lot 
in this area. They can include this in their teaching syllabus. Additionally, they may set up 
optical telescopes of 2 m diameter and establish NEO observation facilities within their campus.  

 
References 
 

1. “NEO Basics. NEO Groups”, NASA/JPL CNEOS, retrieved 2017-11-09. 
2. “The hazard of near-Earth asteroid impacts on earth”, Clark R. Chapman (May 2004), 

Earth and Planetary Science Letters, pp. 222 (1): 1–15.  
3. “Finding Long Lost Lexell's Comet: The Fate of the First Discovered Near-Earth 

Object”, Ye, Quan-Zhi; Wiegert, Paul A.; Hui, Man-To (2018-03-21), The Astronomical 
Journal, pp. 155 (4): 163. 

4. “Asteroid impact effects and their immediate hazards for human populations”, Rumpf, 
Clemens M.; Lewis, Hugh G.; Atkinson, Peter M. (2017-04-19), Geophysical Research 
Letters, pp. 44 (8): 3433–3440.  

5. “The evolution of near Earth objects risk perception”, Fernández Carril, Luis (May 14, 
2012),The Space Review, archived from the original on 2017-06-29, retrieved 2017-11-
15. 

6. Torino Impact Scale (NASA Ames). 
7. “The Torino Impact Hazard Scale”, NASA/JPL Near-Earth Object Program Office, 13 

Apr 2005, retrieved 2011-11-05. 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

338 
 

8. “The Threat of Asteroid Impacts – Breaking Down the Comprehensive Chart by the US 
Government”, David, Rich (22 June 2018), Asteroid Analytics, retrieved 14 December 
2018. 

9. “Asteroid Impacts and Modern Civilization: Can We Pevent a Catastrophe?”, Allan W. 
Harris et. al., in Asteroids IV, University of Arizon, Tucson, pp. 835-854. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 



JISU Journal of Multidisciplinary Research (JISUJMR) 

 

339 
 

Performance Evaluation of Diffused Aeration System for Aquaculture  

Nursery System 

aNandhakumar L, aSiva Krishna S B and *bSivakumar M 

aCollege of Fisheries Engineering, Tamil Nadu Dr.J.Jayalalithaa Fisheries University, 
Nagapattinam, India; E-mail- nandhumsd1402@gmail.com 

bDepartment of Basic Engineering, College of Fisheries Engineering, Tamil Nadu 
Dr.J.Jayalalithaa Fisheries University , Nagapattinam, India, Email - sivakumar@tnfu.ac.in 

Abstract: India is the second largest country in the aquaculture production. Aeration is the most 
important parameter for the growth of fish. There are different types of aeration system namely 
paddle wheel aerator, perforated plate aeration system, cascade aeration system etc. There is a 
growing trend in aeration called diffused aeration system. The diffuser tube is made of Ethylene 
Propylene Diene Monomer (EPDM), a kind of synthetic rubber. This type of tube consists of 
small pores ranging from 0.5 to 1 micron through which air is diffused into the culture system. In 
this project we have checked the Standard Oxygen Transfer Rate (SOTR) and Standard Aeration 
Efficiency (SAE) by designing the tube in different shapes such as spiral, I section and in parallel 
connections to find the most efficient one. Presently there are only a few aeration systems for the 
tank culture unit. This project is specially designed for such types of tank culture and hatchery 
units. 

Keywords: Diffused Aeration, Dissolved Oxygen, Standard Aeration Efficiency, Standard 
Oxygen Transfer Rate  

Introduction 

Aeration is an important process in aquaculture system(Boyd, 1998).  Aeration brings water and 
air in close contact in order to remove dissolved gases (such as carbon dioxide) and oxidizes 
dissolved metals such as iron, hydrogen sulphide, and volatile organic chemicals 
(VOCs)(McWhirter et al., 1995). Aeration is mainly intended to increase the Dissolved Oxygen 
(DO) content of the water. Aeration is the addition of oxygen or air containing oxygen to water. 
Any aquatic species important for commercial purpose requires oxygen. Rise in atmospheric 
temperature causes increased rate of biological degradation of organic matters and subsequent 

depletion in dissolved O2 concentration in water. Prolonged cloudy day may stop photosynthetic 

oxygenation and subsequent depletion in dissolved oxygen (DO)(Gillot et al., 2005). Aeration 
helps in mixing and circulation of water. Aeration can be done in various ways.  
Aerators are mainly used in aquaculture system(Boyd and Tucker, 1998). Aerators maintain 
adequate and continuous supply of DO to meet the demand of the aquatic species. The main 

function of aerators is to mix the liquid with O2 to ensure that water of low DO is brought into 
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contact with O2 or air. Mixing makes the surface rough and thereby increases surface area. There 
are two basic types of aerators(Kumar et al., 2013). They are splashers and bubblers. Paddle 
wheel aerator is an example of splasher aerator. It splashes water into the air to affect aeration. 
Perforated Plate Aerator is an example of bubbler aerator(Roy et al., 2020). Bubbler aerators rely 
upon release of air bubbles near the bottom of a water body to affect aeration. A large surface 
area is created between air bubbles and surrounding water. 
In case of intensive and semi-intensive type of culture system, a greater amount of oxygen is 
required for the respiration of all aquatic species causing depletion of DO(Gillot et al., 2005). 
The widely used aerators are cascade aerators, propeller-aspirator-pump aerators, and 
paddlewheel aerators. These aerators are used in large scale operation. 
 For small scale operations, an aerator named as Diffused Aeration System has been designed. 
Diffused aerators can be used in tanks, hatcheries, RAS(Badiola et al., 2018). A variety of types 
of diffusers have been used, including ceramic dome diffusers, porous ceramic tubing, porous 
paper tubing, perforated rubber tubing, perforated plastic pipe, packed columns(Chern and Yang, 
2003). Most diffused air aerators release a large volume of air at low pressure. The minimum 
permissible system pressure becomes greater with increasing depth of water above diffusers, 
because enough pressure must be available to force air through the piping system and cause the 
air to exit from the diffuser against the hydrostatic pressure at the discharge point(DeMoyer et 
al., 2003). 
In this project we have used micro bubble diffuser tube of pore size 0.5 to 1 micron. We have 
considered several designs such as spiral, round, rectangular framed parallel section and I section 
to find the most efficient design taking Standard Oxygen Transfer Rate (SOTR) and Standard 
Aeration Efficiency (SAE)into consideration. It mainly focuses on achieving greater DO 
concentration in culture water at limited time. Graphs are plotted for the SOTR and SAE values 
against time.  
Diffused air systems that release fine bubbles usually are more efficient than those that discharge 
course bubbles(DeMoyer et al., 2003). This is because fine bubbles present a greater surface area 
to the surrounding water than larger bubbles. Oxygen diffuses into water at the surface, so a large 
surface area facilitates greater oxygen absorption. Diffused air system also is more efficient in-
depth ponds than shallow ponds. Oxygen can be supplied by means of air or pure oxygen 
bubbles introduced to the water to create additional gas-water interfaces. Submerged bubbles 
aeration is most frequently accomplished by dispersing air bubbles in the liquid(Hu and Xia, 
2018). The diffused air or bubble aeration process consists of connecting gas bubbles with water 
for the purpose of transferring gas to the water. The most commonly diffused system consist of a 
matrix of perforate tubes are membranes or porous plates arranged near the bottom of the pond to 
provide maximum gas to water contact. 
This project was carried out with the time period of three months from November 2019 to 
January 2020  
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Material and Methodology 
 Micro Porous Tube or Aeration Tube 

Due to the number of pores created during manufacturing process, there is little resistance 
created when pushing air through the tubing. Resistance equals energy demand. By working with 
micro tube, you can use significantly less horsepower when compared with traditional methods 
of aeration (paddlewheels, aspirators, less efficient tubing). 
Micro tubes (Fig: 1) tiny pore size creates extremely small diameter bubbles. The smaller a 
bubble of air the more efficiently it transfers oxygen into water (more surface area). Small 
bubbles also take longer to rise once they are introduced into water. Slower rising, small- 
diameter bubbles mean more contact with the water and a much higher rate of oxygen transfer 
By creating significantly smaller bubbles, more efficiently, micro tube products are able to 
deliver high rates of oxygen transfer and energy efficiency. 
     The Benefits of Micro Tube 

 Reducing energy costs by up to 75% 

 Maintains higher dissolved oxygen(DO) levels 

 Allows for higher feeding rates 

 Low start up cost 

 Easy installation 

 Allows for high stocking densities 

Specification :EPDM (Ethylene Propylene Diene Monomer) rubber is a high density synthetic 
rubber used in wide range of applications.25 mm aeration tube 
TEE connector Product Descriptio 
A TEE (Fig; 2), the most common pipe fitting is used to combine or divide flow. Tees can 
connect pipes of different diameters or change the direction of a pipe run, or both. 
Lateral cock 
Lateral cock (Fig: 3) valves are one type of shut off valve used in sprinkler and drip irrigation 
method. These valves are manually operated. They are typically installed at the point of 
connection, junctions where the mainline branches off in different directions or at clusters of 
remote control valves. 
 Grommet   
A grommet (Fig: 4) is a ring or edge strip inserted into a hole through the thin material. 
Grommets are often made up of metal, plastic or rubber. They may be used to prevent tearing or 
abrasion of the pierced material or protection from abrasion of the insulation. 
 Start Nipple 

A chase nipple (Fig: 5) is a short pipe fitting, which create a path for wires between two pipes.      
 Blower 

Aeration is a key process within an aquaculture pond for fish growth. The blower (Fig: 6) play an 
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important role because it supplies the air required for oxygenation. There are different types of 
blower used in aquaculture system. The type of blower used in this experiment is centrifugal 
type.  This power is generated from the rotation of impellers to increase the pressure of air. 
Blower power is 1100 watt. 
Advantages of Using a Blower 

Produces large volumes of air at low pressure very efficient 
Low operating cost 
Easy to maintain and service 
Provides clean air there is no danger of oil droplets or residue 

Aeration Tank 

Tank (Fig: 7) is made up of Fibre Reinforced Plastic (FRP). It is rectangular in shape. It has a 
dimension of 0.82 × 0.61 × 0.60 m. Capacity of the tank is 260 litres. FRP is a composite 
material made of a polymer matrix reinforced with fibres. The fibres are usually glass, carbon, 
aramid, or basalt. 
 Advantages  

Easy to handle and clean 
High strength 
Corrosion resistant 
Weight advantage 

DO Meter 

Dissolved oxygen (DO) meter (Fig: 8) rare used to measure the amount of dissolved oxygen in a 
liquid. The Digital oxygen meter used in the present study is supplied with a polarographic type 
probe with an incorporated temperature sensor which serves for precise Dissolved Oxygen (DO), 

Oxygen in air (O2) and temperature measurement 

Experimental Setup  

Each design is constructed and is checked for the aeration in the tank. Blowers are used to supply 
the input and DO is measured with the help of a DO meter. Readings are noted down at regular 
time intervals. 
Spiral 

The spiral design (Fig: 9) consists of the aeration tube made in the shape of a spiral with 
diameter 0.4m. The pitch is about 0.1m. The entire length of the tube is 2m. The design is 
supported with the help of a long iron rod and smaller pieces of rods welded together with the 
longer one.  
Rectangular Framed Parallel Section  

The rectangular framed parallel section (Fig: 10)consists of a rectangular shapes PVC pipe joint 
together with the help of elbow joints. The dimensions of the pipe are 0.81m*0.58m. Holes are 
created in the inner side of the rectangle along the length to insert the aeration tube. The aeration 
tube of 2m length is cut into 4 pieces each one being 0.5m. It is then inserted in the rectangular 
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frame. The distance between one tube and the other is 0.15m.  

I  Section 

The 2m length aeration tube is cut into 6 pieces, two pieces of length 0.2m and remaining four at 
the length of 0.4m. It is made in the shape of an alphabet “I”, with the help of T joint. The air 
input is given at the centre(Fig: 11) 
Round  

The 2m length tube is made in the round shape with the help of T joint. The air input is also 
given through the T joint with the help of a blower. (Fig: 12) 
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Theoreticalanalysis 
SOTR (Standard Oxygen Transfer Rate) 

SOTR is defined as the amount of oxygen transfer into the water body per unit time. The SOTR 

is a function of oxygen transfer coefficient (KLa). The standard oxygen transfer rate (SOTR) can 
be expressed as follows:  
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(KLa)T =    𝑳𝒐𝒈𝑶𝑫𝟏− 𝑳𝒐𝒈𝑶𝑫  / (𝒕𝟐− 𝒕𝟏)/𝟔𝟎 

KLa)=   (KLa)20 × θT-20 

SOTR = (KLa)20 × (Cs) 20 × V× 10 -3   kgO2/hr  

 

t1 = Initial time 

t2 = Final time 

SOTR = Standard Oxygen Transfer Rate ( kgO2/hr ) 

(KLa)20 = Oxygen transfer coefficient at 200C(h-1) 

(Cs)20 = Saturation DO concentration at 200C(9.07mg/L) 

V = Volume of water under aeration (m3) 

Θ = Temperature correction factor for oxygen saturation 
SAE (Standard Aeration Efficiency) 

SAE is the ratio of SOTR to power consumption of pump. SAE is a function of SOTR and power 
requirement to run the aerator to transfer enough amount of oxygen from the atmospheric air to 
water. The Standard Aeration Efficiency (SAE) can be expressed asfollows: 

SAE = SOTR/ P 

SAE = Standard Aeration Efficiency (kg O2 / KW-h) 

 P = Power required to run the aerator(KW) 
Modelcalculations 

The model equation used for calculating the predicted DO is as follows 

Predicted DO = Cs – (Cs –C0) × Exp ( -KLa)T×t 

The error between the observed and predicted DO can be calculated using the equation 

Error = (Observed DO - Predicted DO)2 

Amount of sodium sulphite (Na2SO3) required can be calculated using the equation 

= Tank water DO × Tank water volume × 10  

Amount of cobalt chloride (CoCl2) required can be calculated using the equation 
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= Amount of sodium sulphite required × 0. 1 

Aeration test 

 Unsteady state reaeration tests were conducted in a FRP aeration tank of dimensions 
(0.91m*0.61m*0.60m) for evaluating the oxygen transfer efficiencies of the aerator following 
the standard procedure(Omofunmi et al., 2017). Initially the water body was deoxygenated using 
0.1 mg/L of cobalt chloride and 10 mg/L of sodium sulphite for each 1 mg/L of dissolved oxygen 
(DO) present in water and for each litre volume of water.The amount of sodium Sulphite 
(Na2SO3) required in the experiment can be calculated as per the following: 

 Amount of sodium sulphite = Tank water DO × Tank water volume×10 ...(5)Cobalt chloride 
(CoCl2) will act as a catalyst and can be computed using thefollowing equation:  

Amount of cobalt chloride s= Amount of sodium sulphite required × 0.1           …(6) 
DO measurements were taken using DO meter at timed intervals till DO increased from zero to 

about 90% saturation by placing the DO probes to a depth of approximately 0.20 m inside the 

water during the experiments(Baylar et al., 2007). Finally (KLa)T was estimated using equation 

(1) and (KLa)T was converted to a value at a standard temperature of 20°C as (KLa)20, and 
accordingly the values of SOTR and SAE were computed using Equation (3) and (4) 
respectively. 

Required items were: 
  Required amount ofNa2SO3 
  Required amount of CoCl2 
 Glassbeaker 
 Stop watch 
 Analytical weighingbalance 
 DO meter equipped with DO measurementprobe 

Procedure 
Calibrate the DO meter using the manufacturer’s recommendedprocedure. 
Fill the aeration tank with water upto 0.45mdepth. 
Measure the initial DO inwater. 
According to the initial DO, add the required amount of Na2SO3 to the water for             

deoxygenation. 
Add required amount of CoCl2 to thewater. 
After adding Na2SO3 and CoCl2, the DO concentration will become 0 mg/L. 
Set the DO meter for interval measurements according to the desired time stepand duration, 

start the measurement to record the DO, andduration. 
Check the DO for one minuteinterval. 
Keep the DO meter running for at least one hour to reach steady increase inDO. 
Repeat the above steps according to the testconditions. 
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Result and Discussion 
The present work has been conducted in order to find the effective design in case of 
oxygen transfer rate and aeration efficiency. Considering the parameters such as 
temperature, salinity and PH, the results are discussed in this section.  

Table: 1 shows the result of Spiral Design 
Table: 2 shows the result of Rectangular framed parallel section 
Table: 3 shows the result of I section 
Table: 4 shows the result of  Round section 

 
Table: 1 Spiral Design Result 

 
Table: 2 Rectangular Framed Parallel section Result 

 
TIME DO (KLa)T

 
(KLa)20 SOTR kgO2/hr SAE  

kgO2/KW-hr 
0 0 9.32467474 7.649481 0.019427 0.0177 

5 4.9 2.205137302 1.808981 0.004594 0.0042 

10 5.6 1.085076073 0.89014 0.002261 0.0021 

15 5.9 0.782035621 0.641542 0.001629 0.0015 

20 6.1 0.410999077 0.337162 0.000856 0.0008 

25 6.2 0.425576515 0.349121 0.000887 0.0008 

30 6.3 0.441226173 0.361959 0.000919 0.0008 

35 6.4 0.458070882 0.375778 0.000954 0.0009 

40 6.5 0.476252979 0.390693 0.000992 0.0009 

45 6.6 0.495938346 0.406842 0.001033 0.0009 

50 6.7 0.517321484 0.424384 0.001078 0.0010 

55 6.8 0.540631967 0.443507 0.001126 0.0010 

60 6.9 1.430245097 1.173299 0.002980 0.0027 

   AVERAGE 0.002980 0.0027 
 

TIME DO (KLa)T
 

(KLa)20 SOTR
kgO2/hr 

SAE 
 kgO2/KW-hr 

0 0 9.914474033 7.821141 0.019863 0.0181 

5 5.1 3.085062397 2.433685 0.006181 0.0056 

10 6 1.233962897 0.973425 0.002472 0.0022 

15 6.3 0.899297056 0.70942 0.001802 0.0016 

20 6.5 0.972191325 0.766924 0.001948 0.0018 

25 6.7 1.057953451 0.834578 0.002119 0.0019 

30 6.9 0.566142723 0.446608 0.001134 0.0010 

35 7 2.532726269 1.997969 0.005074 0.0046 

   AVERAGE 0.005074 0.0046 
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Table: 3 I Section Result 

 
TIME DO (KLa)T

 
(KLa)20 SOTR

kgO2/hr 
SAE  kgO2/KW-
hr 

0 0 9.32467474 7.649481 0.019427 0.0177 

5 4.9 2.205137302 1.808981 0.004594 0.0042 

10 5.6 0.350902195 0.287862 0.000731 0.0007 

15 5.7 0.361473113 0.296534 0.000753 0.0007 

20 5.8 0.372700764 0.305744 0.000776 0.0007 

25 5.9 0.384648315 0.315546 0.000801 0.0007 

30 6 0.397387305 0.325996 0.000828 0.0008 

35 6.1 0.410999077 0.337162 0.000856 0.0008 

40 6.2 0.425576515 0.349121 0.000887 0.0008 

45 6.3 0.441226173 0.361959 0.000919 0.0008 

50 6.4 0.458070882 0.375778 0.000954 0.0009 

55 6.5 0.476252979 0.390693 0.000992 0.0009 

60 6.6 0.495938346 0.406842 0.001033 0.0009 

65 6.7 0.517321484 0.424384 0.001078 0.0010 

70 6.8 0.540631967 0.443507 0.001126 0.0010 

75 6.9 1.144196077 0.938639 0.002384 0.0022 

   AVERAGE 0.002384 0.0022 

 
Table: 4 Round Design Result 

TIME DO (KLa)T (KLa)20 SOTR
kgO2/hr 

SAE 
kgO2/KW-hr 

0 0 9.040301243 7.416196 0.018834 0.0171 

5 4.8 2.489510799 2.042266 0.005187 0.0047 

10 5.6 0.712375309 0.584396 0.001484 0.0013 

15 5.8 0.372700764 0.305744 0.000776 0.0007 

20 5.9 0.782035621 0.641542 0.001629 0.0015 

25 6.1 0.410999077 0.337162 0.000856 0.0008 

30 6.2 0.425576515 0.349121 0.000887 0.0008 

35 6.3 0.441226173 0.361959 0.000919 0.0008 

40 6.4 0.458070882 0.375778 0.000954 0.0009 

45 6.5 0.476252979 0.390693 0.000992 0.0009 

50 6.6 0.495938346 0.406842 0.001033 0.0009 

55 6.7 0.517321484 0.424384 0.001078 0.0010 

60 6.8 0.540631967 0.443507 0.001126 0.0010 

65 6.9 1.320226243 1.083045 0.002751 0.0025 

   AVERAGE 0.002751 0.0025 
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From the Figure 13 and 14, it is evident that the SOTR (0.00507 KgO₂/Hr) and SAE (0.00461 
KgO₂/KWHr) are maximum for spiral type of tube arrangement. This may be because of the 
reason that the pores located at the outer circumference of the spiral tube design experiences 
tensile force thus expanding and at the same time pores located at the inner circumference of the 
spiral tube design experiences compressive force resulting in contraction of its diameter and 
cause more resistance for air flow. Hence, the pressure reduction at inner pores and pressure 
increment at outer pores results in increased transfer rate as per the Pascal’s law for the same 
working pressure [Bubble become smaller in diameter and it expands to its maximum diameter at 
a rapid rate during its travel towards open atmosphere, causing drastic transfer rate (at elevated 
pressure the diffusion rate will be obviously high)].      
Also, the minimum SOTR (0.02384 KgO₂/Hr) and SAE (0.00217 KgO₂/KWHr) is obtained in 
“I” section. This is because the tube experiences head losses due to friction causing the pressure 
to diminish along the length of the tube. As in case of Spiral there is no way for the expansion of 
micro pores within the tube. 
 

 
 

Fig:13  SOTR Comparison 

Conclusion 
The diffuser tubes are most commonly used nowadays in aquaculture ponds and hence it is 
essential tat the effective arrangement of the tube is analysed and recommended to farmers. The 
use of EPDM tubes has proven to be cost efficient and less power consumption.  
Among the various designs such as Spiral (DO – 7.0 mg/L in 35 minutes, SOTR – 0.00507 
kgO₂/Hr, SAE – 0.00461 KgO₂/KWHr), Rectangular Framed Parallel Section (DO – 6.9 mg/L in 
60 minutes, SOTR - 0.002980 KgO₂/Hr, SAE – 0.00271 KgO₂/KWHr),“I” section (DO - 9 mg/L 
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in 75 minutes, SOTR - 0.002384 KgO₂/Hr, SAE – 0.00217KgO₂/KWHr) and Round Section ( 
DO – 6.9 mg/L in 65 minutes, SOTR - 0.002751 KgO₂/Hr, SAE – 0.00250 KgO₂/KWHr), Spiral 
design is found to be the effective model because it has the maximum oxygen transfer rate 
(SOTR-0.00507 KgO₂/Hr) with minimum Energy consumption (0.5 Units) under the working 
pressure of 0.24 bar.  
 

 
 

Fig: 14  SAE Comparison 
 
This may be because of the reason that the pores located at the outer circumference of the spiral 
tube design experiences tensile force thus expanding and at the same time pores located at the 
inner circumference of the spiral tube design experiences compressive force resulting in 
contraction of its diameter and cause increased transfer rate as per the Pascal’s law for the same 
working pressure. Just a tube of 2 m is sufficient to aerate a tank of (0.82 × 0.61 × 0.60 m). The 
fine bubbles create a greater surface area to the surrounding water than larger bubbles. Oxygen 
diffuses into water at the surface, so a large surface area facilitates greater oxygen absorption. 
The “I” section has attained the saturation DO at greater time interval (75 minutes) having the 
SOTR as 0.00284 KgO₂/Hr. In this case the pressure diminishes due to head losses in the tube. 
The SAE varies with respect to SOTR as it is directly proportional; increase in SOTR causes 
increase in SAE because efficiency is calculated in terms of power consumption. Greater the 
oxygen transfer rate lesser is the power consumption. 
The use of diffusers also solves the problem of low under water aeration. The major problem in 
the use of paddle wheel aerator is that the water present in the bottom area receives less oxygen. 
This is not the case in diffusers. The diffuser can be immersed into the water and the bubbles are 
releases from the bottom to the top. Thus uniform aeration is guaranteed with the use of diffuser 
tube. It can also be replaced easily and is portable. The water being in continuous state of 
movement creates a suitable environment for the growth of fish. Thus, the spiral design can be 
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recommended for aeration purpose in the nurseries and also for the RAS system and Bio flic 
technology for the efficient functioning of the system. 
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