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Abstract

Majority of the industrial products are made in variety of extreme environments.
These industrial processes generate by-products that are difficult to degrade,
harmful for environment, and toxic to animals and humans. These industrial
by-products are present in extreme conditions such as high salt and high or low
temperature. It is an unfavorable condition for most of the waste-degrading
enzymes as they work at ambient condition. The harmful industrial
by-products, therefore, needed to shift at ambient condition for their degradation.
Extremophiles grow at extreme conditions, and so their enzymes too work
optimally under these extreme conditions. Extremophiles have enormous poten-
tial in biotechnological industry and waste remediation/management. Some halo-
philic microorganisms have great efficiency to remove petroleum, heavy metals,
and dyes from the water polluted by industries. The chapter details the protein
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adaptations in different extremophiles for their survival and uses of different
extremophilic organisms/proteins in bioremediation.
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1 Extremophiles

Extremophiles thrive in intolerably hostile or even lethal environments. These
extreme conditions are extreme hot niches, arctic frost, and salty lakes. Some
extremophiles can grow in presence of toxic waste and organic and heavy metal
contaminants that are lethal to other organisms. Extremophiles are found in hydro-
thermal vents, in deep sea, as well as in the volcano. They are the Earth’s most
prolific group of organisms yet less studied. Extremophiles have members of all the
three domains of life, bacteria, eukarya, and archaea. However, the members of the
group archaea are least versatile; archaea are the major group that can survive in
extreme environmental conditions. Among the bacteria, cyanobacteria are best
adapted in extreme environments. Fungi are the most versatile among the
eukaryotes. Example of most impressive eukaryotic polyextremophiles is the Tardi-
grade, a microscopic invertebrate. Tardigrades can survive in temperature of about
�272 �C to 151 �C, pressure of about 6000 atmospheric pressure, extreme dehydra-
tion, and in the exposure to X-rays and gamma rays (Rampelotto 2013).

Extremophiles can be grouped based on different extreme growth conditions.
Thermophiles can grow between 55 and 80 �C or higher temperature, whereas
psychrophiles are between �20 and 10 �C. Halophiles are salinity tolerant and can
grow at extremely high salt concentration, approximately 0.6 M to >5 M NaCl.
Acidophiles and alkaliphiles are pH-tolerant microorganisms. Acidophiles have
optimal growth at pH 3 or below 3, whereas alkaliphiles have optimal growth up
to pH 10. Piezophiles are organisms that survive at high pressure (Dworkin et al.
2006). Radiation-resistant or radio-resistant extremophiles grow under extreme
radiation such as gamma rays (GR), X-rays, UV radiation (UVR), and radio waves.

Recently, multicellular eukaryotic salmon parasite Henneguya salminicola is
characterized with ability to grow in hypoxic environment. Evolution at hypoxic
environment makes them lose the total of aerobic pathway. They have unusual
characteristics of lacking mitochondrial genome, thus devoid of aerobic respiration.
This makes them unique; otherwise, aerobic respiration is ubiquitous among
eukaryotes (Yahalomi et al. 2020).
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2 Industrial Waste and Bioremediation

Manufacturing, mining, and other industries emit/discharge unwanted industrial
wastes. Due to complex nature, industrial waste management is more problematic
and less predictable than management of municipal solid waste (MSW), particularly
as industrial waste often contains hazardous pollutants. Aquatic organisms are
continuously exposed to different industrial waste in contaminated water bodies.
Industrial and household wastewater contains chemicals such as carbaryl, chlorpyri-
fos, diethyl phthalate, p-nonylphenol, tri(2-chloroethyl)phosphate, naphthalene,
anthracene, 1,2,3-tricholoropropane, phenol, 1,4-dichlorobenzene, acetophenone,
etc. (Petrie et al. 2015). Some chemicals, which have anthropogenic origin, such
as dichlorodiphenyltrichloroethane (DDT), trichloroethylene, 1,2,3-
trichloropropane, etc., are resistant to natural biodegradation (Janssen et al. 2005).
1,2,3-trichloropropane (TCP) is an industrial by-product of anthropogenic origin,
which is a major groundwater contaminant (Samin and Janssen 2012). Chemicals in
industrial waste have diverse physicochemical properties and occupy heterogeneous
physical niches in the environment (Meckenstock et al. 2015).

Unregulated anthropogenic activities result in metal pollution. Bioremediation
strategies have been implemented in many contaminated areas, using bacterial
bioremediation approach. Some examples are as follows. In Chromobacterium
violaceum, various genes and proteins are associated with the metabolism of metals,
such as arsenic, iron, zinc, etc. (Alencar et al. 2016). Pseudomonas aeruginosa is
mostly used for soluble cadmium removal (Sinha and Mukherjee 2009). Pseudomo-
nas putida uses bioaccumulation and biosorptive mechanism for removal of metals
such as cobalt, nickel, manganese, vanadium, lead, titanium, and copper (Kamika
and Momba 2013). Acinetobacter guillouiae also uses the mechanism of biosorption
for the removal of copper (Majumder et al. 2015).Geobacter metallireducens is used
in the removal vanadium, in which the V(V) ions are precipitated after reduced to V
(IV) ions (Ortiz-Bernad et al. 2004). Paenibacillus polymyxa is used for the removal
of cadmium, copper, and zinc, by biosorption, adsorption, and bioaccumulation in
the polymeric matrix or biomass (Martins et al. 2008). Intracellular accumulation
and extracellular adsorption are used by the bacterium Bacillus cereus, for bioreme-
diation of cadmium (Huang et al. 2014). Also, chromium ions are removed by
biosorption of ions by immobilized Bacillus cereus (Maiti et al. 2009). Rhodococcus
erythropolis is used for the removal of copper, cadmium, and lead, due to its
capability to synthesize microbial surfactant (Pirog et al. 2013). Bacillus
licheniformis uses bioaccumulation and biosorptive mechanism for the removal of
zinc, copper, nickel, manganese, vanadium, lead, titanium, and copper (Kamika and
Momba 2013). Bacillus barbaricus uses the mechanism of biosorption with bacterial
consortium action, for the removal of cadmium and lead (Sen et al. 2014).
Chlamydomonas spp., Oscillatoria spp., and Chlorella vulgaris are suggested to
bioaccumulate heavy metals inside their tissues in higher concentration. Aspergillus
niger, Bacillus spp., Pseudomonas aeruginosa, Citrobacter spp., Chlorella vulgaris,
Rhizopus arrhizus, Zooglea spp., and Volvariella volvacea are some examples of
microbes that utilize heavy metals (Mishra 2017).
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Radionuclides are the radioactive wastes that are life-threatening upon exposure.
Nuclear power plants contribute to about 95% of the total radioactive wastes
generated (Ahier and Tracy 1995; Tamponnet and Declerck 2008). Bioremediation
is the ecologically beneficial way by which radioactive wastes can be removed from
the environment. Microorganism-mediated bioremediation can affect the solubility,
bioavailability, and mobility of radionuclides (Prakash et al. 2013).

Bacteria such as Shewanella putrefaciens and Geobacter sulfurreducens are
capable of U(VI) reduction (Wildung et al. 2000; Lloyd et al. 2003). 99Tc, a
radionuclide found in nuclear wastes, can be reduced by direct metabolic reduction
by the bacteria Shewanella putrefaciens and Geobacter metallireducens (Lloyd and
Macaskie 1996). Some biofilm-producing microorganisms serve as a platform for
the precipitation of insoluble minerals (Prakash et al. 2013). Citrobacter
sp. produces deposits of metal phosphate enzymatically (Prakash et al. 2013).
Genetically modified Pseudomonas aeruginosa is be able to precipitate a complex
containing phosphorus and uranium on their cell surface (Keasling et al. 2000).
Several proteins of microorganisms such as Deinococcus radiodurans,
Sphingomonas sp. BSAR-1, Salmonella enterica serovar Typhi, and Desulfovibrio
vulgaris are utilized in the bioremediation of uranium (Appukuttan et al. 2006;
Nilgiriwala et al. 2008; Misra et al. 2012). In the bioremediation of cobalt, genes
and proteins of Rhodopseudomonas palustris and Novosphingobium
aromaticivorans can be utilized (Raghu et al. 2008). Thus, huge progress had been
made in the field of radionuclide bioremediation using microorganisms in recent
years. However, many challenges still lie ahead in remediation of radioactive wastes.

3 Contaminants in Wastewater

3.1 Microbial Components

Wastewater contains numerous pathogenic as well as non-pathogenic bacteria,
helminths, protozoa, and viruses. Enterococcus faecalis, Escherichia coli, Staphylo-
coccus aureus, Streptococcus pneumoniae, Vibrio cholerae, Bacillus anthracis, Clos-
tridium botulinum, Clostridium perfringens, Pseudomonas aeruginosa, Clostridium
difficile, Corynebacterium diphtheria, Mycobacterium tuberculosis, Streptococcus
agalactiae, Yersinia pestis, Bacillus anthracis, and Salmonella enterica are bacterial
pathogens present in wastewater (Kumaraswamy et al. 2014). There is presence of
different viruses such as noroviruses (Pouillot et al. 2015), rotaviruses (Baggi et al.
2001), adenoviruses (Osuolale and Okoh 2015), rhinoviruses, enteroviruses (Baggi
et al. 2001), and herpes simplex viruses (Bibby and Peccia 2013).

3.2 Non-microbial Components

Nitrogen is abundantly found in wastewater. Both nitrogen and phosphorus are
found in waste of agricultural industries. This increase of inorganic nitrogen
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enhances eutrophication of water bodies. Similarly, phosphorous-containing sludge
from industries also causes eutrophication (Camargo and Alonso 2006).

Industrial wastewater is often heterogeneous mixture of aromatic amines, nitro-
containing compounds, polynuclear aromatic hydrocarbons (PAHs), chlorinated
organics, solvents, and heavy metals. Chemical industries are the largest producer
of hazardous materials, such as hydrocarbons and coal tars (Houk 1992). Their
wastes may contain carcinogens like acetonitrile and acetamide (Houk 1992).
Extracts of wastewater also contain nitrobenzoic acids, nitrotoluenes, benzoic
acids, and cresols (Sundvall et al. 1984). Organic chemical manufacturers release
some of the most genotoxic discharges (McGeorge et al. 1985). Also plastics, resins,
and rubber industries produce black tar, containing high levels (550 mg/g) of aniline,
which is a mutagen in some organisms (DeMarini et al. 1987; DeMarini and Houk
1988). Textile industries produce carcinogens, such as benzidine and
beta-naphthylamine. They also release heavy metals, especially chromium, copper,
and zinc, and hazardous chemical intermediates, such as aromatic amines as waste
(Houk 1992). In addition, these industries discharge several mutagens and
carcinogens such as benzo-pyrene, fluoranthene, and phenanthrene/anthracene
(Houk 1992). However, some chlorinated compounds or solvents, including
dichlorobenzenes, carbon tetrachloride, and trichloroethylene, are identified in the
wastes (DeMarini and Houk 1988). Also, pesticide manufacturers generate high
alkylamines containing waste (DeMarini et al. 1989). Wood-preserving wastes
contain phenols, cresols, carcinogenic PAHs (such as fluoranthene, pyrene), penta-
chlorophenol, and other chlorinated hydrocarbons (Donnelly et al. 1983, 1987a, b).
Latex paint waste contains high levels of ethylbenzene, zinc, copper, and mercury
and smaller amounts of some carcinogenic or mutagenic metals such as arsenic and
selenium (Houk 1992). Polynuclear aromatic and aliphatic hydrocarbons and their
derivatives were found to be the primary components of petrochemical wastes
(Somani et al. 1980).

A mutagen, neoabietic acid, is also found in some effluents from pulp and paper
mills (Houk 1992). The discharges from defense and munitions plants are trinitro-
toluene (TNT), which is nonpolar, and the major organic component is
dinitrotoluene (DNT) sulfonic acids (Houk 1992). TNT and DNT are mutagenic
(Spanggord et al. 1982). Discharge from munition plants also contains small
amounts of genotoxic compounds, such as 2,4,5-trinitrotoluene, 3,5-dinitroaniline,
and 1,3,5-trinitrobenzene (Spanggord et al. 1982). Food processing industries pro-
duce large amounts of organic wastewater, containing carbon, ammonium, sodium
hydroxide, etc. (Frenkel et al. 2017). Pharmaceutical industry contributes a lot of
chemical waste to the water bodies.

Industrial wastewaters contain toxic heavy metals such as Zn, Cu, Cr, Ni, Cd, and
Hg and may cause clinical manifestations (Zawierucha et al. 2016). Thus, all these
wastes must be treated before discharging into water bodies (Frenkel et al. 2017).
Radioactive contaminants can also be seen in wastewater from different industries
that work with radioactive metals, mining industry, nuclear power station, and
biomedical engineering.
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4 Protein Adaptation of Extremophiles

Extremophiles can thrive in extreme environments that are intolerably hostile or
even lethal for other life forms. Extremophiles have various adaptations that keep
their cellular proteins stable and active which enables them to cope up with such
harsh conditions. One such adaption is their enzymes known as “extremozymes”
which perform the same enzymatic functions as their non-extreme counterparts.
Extremozymes are capable to catalyze chemic activity inside the cell under harsh
conditions (Fig. 1).

4.1 Protein Adaptation in Thermophiles

Though thermophiles can grow at very high temperature because of their thermosta-
ble enzymes and adaptation of the membrane, there is also high energy demand.
Protons and sodium ions are used during energy transduction in bacteria; by

Fig. 1 Extremophilic adaptations for the survival in different stresses such as pH stress, tempera-
ture, high salt, and radiation. (Figure adapted, with permission, from Kumar et al. 2018 # 2018
Elsevier Ltd.)
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increasing the rate of proton pumping, they sustain the proton’s electrochemical
gradient to increase permeability at high temperature; consequently, they use an
increased fraction of metabolic energy for maintenance.

The proteins of thermophilic bacteria have different amino acid content than that
of ordinary protein. Thermophile proteins undergo various modifications for adap-
tion. The most common are increase in the number of large hydrophobic residues,
larger hydrophobic core, more number of disulfide bonds, and increased ionic
interactions (Reed et al. 2013). Also, increased disulfide bridges lead to enhanced
stability of the thermophilic proteins (Boutz et al. 2007; Cacciapuoti et al. 2012).
Thermophilic proteins also have increased electrostatic interactions by replacement
of uncharged residues with charged ones, increasing stability (Haney et al. 1999).
Further, thermal stability also increases by subunit-subunit and subunit-cofactor
interactions (Reed et al. 2013). Thermostable proteins have high amount of arginine
and result in elevated incidence of salt bridge formation and ion pairing to stabilize
thermophilic proteins. Lastly, extremophilic proteins have biotechnological
applications. It can be used in many industries to reduce pollution by industrial
waste treatment.

4.2 Protein Adaptation in Psychrophiles

Psychrophiles inhabit frozen lakes, polar regions, deep sea, arctic glaciers, and high
altitudes. Since low temperature hampers bacterial cellular activity, they have
adapted to low temperatures. Severe physicochemical constraints like increased
water viscosity, decreased molecular diffusion rates, reduced biochemical reaction
rates, increased solubility of gases, increased osmotic stress, desiccation, and ice
formation are faced constantly by psychrophiles (D’Amico et al. 2006; Gerday and
Glansdorff 2007). To overcome all these conditions, psychrophiles modify the fatty
acid composition by increasing the content of unsaturated fatty acids of the lipid
bilayer in the cell membrane (Chintalapati et al. 2004; Russell 2008). Psychrophile
contains enzymes which have a high specific activity in the cold. In psychrophile
proteome, there is an increased occurrence of glycine and decreased occurrence of
proline. Glycine provides greater conformational mobility, whereas proline residues
ensure conformational rigidity (Feller 2010). Psychrophilic proteins have less cyste-
ine residues which correspond to decrease in the number of disulfide bridges (Parrilli
et al. 2019). Psychrophilic enzymes have larger cavities that help to retain hydro-
philic groups which in turn increases enzyme flexibility by enhancing the internal
solvation (Paredes et al. 2011). Also, anti-freeze or ice-binding proteins (IBPs)
inhibit the formation of ice crystals inside the cell (Bar Dolev et al. 2016).

4.3 Protein Adaptation in Halophiles

Halophiles thrive in salty oceans, sea, lakes, and coastal areas. Halophiles adapt
themselves to prevent losing water or can shrink and ultimately die. Low
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hydrophobicity is considered as one of the protein adaptive mechanisms in
halophiles. Lower water availability is responsible for dehydration of a protein as
a result hydrophobic interactions strengthen. Also, halophilic proteins bind salt and
water in solvent conditions like their environment. This binding ability is dependent
on the acidic amino acid residues in the protein surface (Mevarech et al. 2000;
Bergqvist et al. 2003; Tadeo et al. 2009). Halophilic proteins also have a high excess
of negatively charged amino acids such as aspartate and glutamate over amino acids
with a positive charge such as lysine and arginine (Gunde-Cimerman et al. 2018).
Increased negative surface charge on the proteins makes them more soluble and
provides them flexibility at high salt concentrations, whereas their non-halophilic
counter-proteins tend to form a cluster making them non-flexible (Gunde-Cimerman
et al. 2018).

4.4 Protein Adaptation in Acidophiles

Acidophiles maintain the cytoplasmic pH close to neutrality to protect their acid-
labile cellular protein and other constituents, which needs a large pH gradient across
cell membrane. Also, DNA becomes unstable in highly acidic condition.
Acidophiles have special mechanisms to pump acid out of the cell cytoplasm to
maintain neutral to weak acid conditions (Matin 1999). Three main mechanisms are
involved in the adaptation of acidophiles: use of a reversed membrane potential,
building an impermeable cell membrane, and cytoplasmic buffering (Baker-Austin
and Dopson 2007). They have decreased permeability for the entry of protons into
the cytoplasm. The inside positive membrane potential restricts the influx of protons
by the formation of K+ ions (Buetti-Dinh et al. 2016; Christel et al. 2018). Cytoplas-
mic buffering helps in maintaining intracellular pH because the cell cytoplasm
possesses basic amino acids such as lysine, histidine, and arginine which are capable
of sequestering protons (Baker-Austin and Dopson 2007).

4.5 Protein Adaptation in Alkaliphiles

Alkaliphiles are usually found in acidic environment of soda deserts and soda pans.
Maintaining cell integrity and function of intracellular organelles is difficult but
critical for survival. pH homeostasis in cells is achieved by lowering of cytoplasmic
pH by proton uptake, reducing proton leakage, also production of organic acid, and
inhibiting the entry of hydroxyl ions (Mamo 2019). Alkaliphilic Bacillus species
uses the H+ ions and also employs sodium ion solute uptake taken from extracellular
environment for solute transport systems. The bacterial Na+/H+ antiporters help in
uptake of cytoplasmic H+. Alkaliphiles have more sodium proton antiporters,
sodium-dependent flagellum rotor proteins, and F1F0-ATPase pump (Wernick
et al. 2013).
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5 Role of Extremophiles in Waste Treatment

Due to urbanization, the expansion of industrial activities has increased the various
contaminations in the environment. Human activities create waste, and these wastes
can pose risks to both the environment and public health. Extremophiles can produce
different novel enzymes which are stable in harsh environments. They have potential
to be used for waste degradation and bioremediation.

5.1 Bioremediations Using Thermophiles

For bioremediation, there are two widely used approaches: bio-absorption and
bioaccumulation. Thermophiles are always preferred for bioremediation of heavy
metals. Some thermophiles can tolerate high metal concentration which may
increase metal solubilization by oxidation. Thermophiles are able to reduce a wide
spectrum of metals such as Mn, U, Tc, Cr, Co, Mo, Au, and Hg. A thermophilic
bacterium Thermus thermophilus is able to tolerate very high concentration of
arsenate and arsenite. It has been reported that Thermus scotoductus and
Thermoanaerobacter sp. are able to reduce enzymatic uranium and technetium.
For the biodegradation of hydrocarbons, use of thermophiles is well known. Also,
thermophiles have high potentiality for bioremediation of heavy metals of ground-
water and surface water. They are also used for the removal of organic compounds
such as aliphatic and aromatic hydrocarbons and synthetic dyes (Sar et al. 2013).

Thermophiles survive at temperature, like hot springs, volcanic environments,
fumaroles, geysers, and deep-sea hydrothermal vents. Their enzymes remain active
even at very high temperature. Bacillus sp. from hot springs have industrial
applications (Derekova et al. 2008; Kumar et al. 2013; Panda et al. 2016).
Metagenomic studies have shown great diversity of thermophiles present in the
hot springs (Tekere 2011).

Anoxybacillus sp. produces hydrolytic enzymes and oxidoreductases that are
useful for bioremediation of wastewater (Jardine et al. 2018). Also, thermophiles
can reduce phenol, a constituent of many pollutants (Jardine et al. 2018). Enzymes
produced by the Anoxybacillus sp. may reduce pollutants from food industries, viz.,
polyaromatic hydrocarbons dyes, antibiotic residues, phosphates, and heavy metals
(Jardine et al. 2018). Thermophilic enzymes or thermozymes have maximum activ-
ity at elevated temperatures (Mehta et al. 2016).

Thermophilic molds also secrete thermostable enzymes capable of degradation of
organic and other toxic contaminants and hence have potential applications in
bioremediation of industrial wastes and effluents (Singh and Satyanarayana 2009;
Singh et al. 2016). Talaromyces emersonii, Mucor sp., Rhizopus sp., and
Thermomucorindicae seudaticae are some of the examples of thermophilic molds
that are employed in the bioremediation of polluted water and decolorization of dyes
(Singh et al. 2016). Enzymatic technetium reduction have been shown in
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thermophilic microorganisms, such as Thermus scotoductus, Pyrobaculumis
landicum, Thermoanaerobacter sp., and Thermoterrabacterium ferrireducens
(Chernyh et al. 2007). Considering the various advantages, bioremediation of wastes
using thermophiles and thermophilic proteins (enzymes) seems to be a promising
tool to increase the efficiency of the process of bioremediation of wastes (Urbieta
et al. 2015).

5.2 Bioremediation Through Psychrophiles

Psychrophiles are known to be used for the bioremediation of polluted cold soils and
wastewater. At low temperature, Arthrobacter psychrolactophilus degrades organic
compounds and clarifies synthetic wastewater turbid medium (Margesin and Feller
2010). Some psychrophiles can act as a biofertilizer at low temperature. They
degrade xenobiotic compounds which are man-made synthetic compounds.
Enzymes produced by psychrophiles act on organic pollutants. Psychrophiles
degrades toxic compounds into nontoxic substances (Kumar et al. 2019). Oil spills
in marine water are one of the reasons of water pollution. During Deepwater Horizon
spill, initial phases were dominated byOceanospirillaleswhich consume a variety of
alkanes (Hazen et al. 2010), followed by dominance of Colwellia and Cycloclasticus
that consume propane, ethane, and butane and BTEX (benzene, toluene, ethyl
benzene, and xylenes), respectively (Redmond and Valentine 2012). Finally, there
is dominance of Flavobacteria (Tenacibaculum and Polaribacter),
Alteromonadaceae, and Rhodobacteraceae (Dubinsky et al. 2013) which degrade
high molecular weight organics and dissolved organic matter in the marine water.

5.3 Bioremediation by Halophiles

Polyhydroxyalkanoates (PHAs) and polyhydroxybutyrate (PHB) are storage
materials that are accumulated within bacteria as a source of energy and carbon
reserve. The interest in these polymers is due to its unique characteristics of
biodegradable, eco-friendly, and also biocompatible in nature. Cupriavidus necator,
Alcaligenes latus, Azotobacter vinelandii, Methylobacterium extorquens, Pseudo-
monas, and recombinant Escherichia coli are some of the bacteria that accumulate
PHAs (Lee 1996; Steinbüchel and Füchtenbusch 1998). Among halophiles,
Haloferax mediterranei is so far the best PHA producer. Some other examples of
haloarchaea that can synthesize PHA are Haloterrigena hispanica, Haloquadratum
walsbyi, Halorhabdus tiamatea, Halorhabdus utahensis, Halopiger aswanensis,
Halobiforma haloterrestris, and Natrinema altunense (Wainø et al. 2000; Xu et al.
2005; Burns et al. 2007; Romano et al. 2007; Antunes et al. 2008; Hezayen et al.
2010). Halophiles that produce poly-30-hydroxybutyrate (PHB) are obtained from
high salt sludge that are capable of producing bio-plastic (Hermann-Krauss et al.
2013; Legat et al. 2010). PHB biopolymer can be isolated from a halophilic strain
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Halomonas boliviensis in its stationary phase (Quillaguamán et al. 2005). PHB
biopolymer can be obtained by culturing with glucose, sucrose, volatile fatty acid,
and hydrolyzed starch in fed-batch culture medium, making it cheapest and easily
made PHB biopolymer (Quillaguamán et al. 2005). Biofuels are considered the best
substitute for fossil fuel. Among all the biofuel, bioethanol is known as the best
substitution. It has been shown that under aerobic and anaerobic conditions,
Nesterenkonia sp., a moderately halophilic bacterium, is capable of producing
butanol, ethanol, and acetone (Amiri et al. 2016).

Few strains of halophilic microorganisms can generate organophosphorus acid
anhydrases (OPAA) which have a strong hydrolytic property to denature organo-
phosphorus chemicals and its derivative. Decontamination of chemical substances
can be done by these biocatalysts (DeFrank et al. 1993). By using recombinant DNA
technology, cloning of OPAA compound facilitates the isolation and characteriza-
tion of specific OPAA coding genetic segment which can help in detoxification of
organophosphorus substances.

5.4 Bioremediation by Acidophiles

Acidophilic archaea and some thermophilic bacteria are capable of pollutant degra-
dation from industrial wastewater, as it is hot and acidic in nature. Sulfolobus
solfataricus can degrade phenol at 80 �C and pH 3.2 (Christen et al. 2011, 2012;
Comte et al. 2013). Thiomonas arsenitoxydans, Acidithiobacillus caldus, and
Acidithiobacillus ferrooxidans are some examples of acidophiles that can tolerate
significantly high loads of heavy metals (Navarro et al. 2013). Acidithiobacillus
ferrooxidans is widely used in mineral bioleaching (Ramos-Zúñiga et al. 2019).
Similarly, acid mine drainage contributes a major portion of heavy metal waste by
releasing highly acidic effluent. Ferroplasma spp. are acidophilic metal oxidizers
which has optimal growth at very low pH (Edwards et al. 2000; Golyshina and
Timmis 2005). Waste electric and electronic equipment generates huge amount of
heavy metals like copper, lead, zinc, and nickel. Studies showed that a mixed culture
of A. ferrooxidans and A. thiooxidans is more efficient in metal recovery than their
pure culture (Wang et al. 2009; Liang et al. 2010). Use of mixotrophic acidophiles is
shown to significantly increase cadmium removal from cadmium-contaminated soils
(Hao et al. 2019). Low-pH iron oxidation is also used as a bioremediation strategy.
Although sulfate is not considered as toxic, but it is still very harmful when present
in wastewater. Sulfate can be reduced to zero-valent sulfur (ZVS) in order to remove
it from wastewater. Autotrophic acidophilic and neutrophilic bacteria catalyze con-
version of gaseous H2S to ZVS under low redox conditions. Sulfur reducers usually
grow at a broad spectrum of both temperature ranging from 2 to 110 �C and pH
ranging from 1 to 10.5 (Johnson and Sánchez-Andrea 2019).
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5.5 Bioremediation by Basophiles

Tributyltin (TBT) is present in waste affluent discharged from various industries
such as wood, textiles, paper mill, and breweries. It is toxic to aquatic fauna and
humans. Alkaliphilic bacteria Stenotrophomonas chelatiphaga decreases the TBT
concentration (Hassan et al. 2018). Further, phenol toxic to aquatic terrestrial fauna
and humans is degraded by Arthrobacter spp. which is obligate alkaliphilic bacteria
(Kanekar et al. 1999). Hydrocarbon removal from high pH industrial wastes is also
treated by alkaliphiles (Margesin and Schinner 2001). In textile industry, waste
discharge contains various synthetic dyes. Synthetic dyes deplete the dissolved
oxygen and hence affect the aquatic life. Biodegradation of azo dyes is made by
alkaliphilic bacterial consortium in effluents of textile industry. Other bacterial
species capable to remove dyes of textile effluents are Bacteroides spp., Eubacte-
rium spp., Clostridium spp., Proteus vulgaris, Streptococcus faecalis, Bacillus spp.,
and Sphingomonas (Wuhrmann et al. 1980; Rafii et al. 1990; Bragger et al. 1997).
Gold mining and jewelry industry generate large amount of cyanide waste. Pseudo-
monas pseudoalcaligenes uses cyanide, cyanate, and different metal-cyanide
complexes as the sole nitrogen source (Luque-Almagro et al. 2005, 2008). Industrial
effluent also contains nitrile as pollutant at high pH/salt conditions. Comamonas
sp. (Manolov et al. 2005), Pseudomonas putida (Chapatwala et al. 1993), and
Rhodococcus spp. (Blakey et al. 1995; Kohyama et al. 2006) use acetonitrile as
source of carbon, nitrogen, and energy. They possess the nitrile hydratase/amidase
enzymatic pathway. Natronocella acetinitrilica is high salt-tolerant, and obligate
alkaliphile can be used for removal of nitriles as they use aliphatic nitriles as carbon
and energy source (Sorokin et al. 2007).

6 Conclusion

Extremophiles have a huge potential in bioremediation as these organisms survive at
extreme conditions and majority of pollutants are also present in extreme environ-
ment. Extremophilic proteins are functional in respective extreme conditions due to
adaptations in protein structure. Many extremophilic organisms are being used in
bioremediation. Genetic engineering techniques offer further opportunities to
improve different strains or extremophilic proteins to make improvements in
bioremediation.

Funding This project has been funded by “UGC-BSR Research Start-Up-Grant project
No. F. 30-487/2019(BSR) sanctioned to Ashutosh Kumar.”
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capacity. The results of this analysis simply indicate that the IIoT-enabled energy
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system is feasible, profitable, and environmentally friendly.

Keywords

https://link.springer.com/
https://link.springer.com/book/10.1007/978-981-15-6198-6
mailto:cnandi@tripurauniv.in
https://link.springer.com/bookseries/15179


1.

2.

3.

4.

5.

Hybrid energy system Climate change Renewable energy Industrial internet of things 

Electric vehicle Battery swapping charging station 
This is a preview of subscription content, log in to check access.

References

Climate Risk Assessment and Management: Tamil Nadu State Planning Commission
and Regional Integrated Multi Hazard Early Warning Systems.
https://www.unescap.org/sites/default/files/Climate%20risk%20assessment%20tools
(https://www.unescap.org/sites/default/files/Climate%20risk%20assessment%20to

ols%20for%20development%20planning%20by%20Sugato%20Dutt.pdf). Last
accessed 1 Mar 2019

Nandi, C., Bhattacharjee, S., Chakraborty, S.: Climate change and energy dynamics
with solutions: a case study in Egypt. In: Qudrat-Ullah, H., Kayal, A. (eds.) Climate
Change and Energy Dynamics in the Middle East. Understanding Complex Systems,
pp. 225–257. Springer, Berlin (2019)
CrossRef  (https://doi.org/10.1007/978-3-030-11202-8_8)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Climate%20change%20and%20energy%20dynamics%20with%20solutions%3A
%20a%20case%20study%20in%20Egypt&author=C.%20Nandi&author=S.%20Bhatt
acharjee&author=S.%20Chakraborty&pages=225-257&publication_year=2019)

Islam, M.A., Hasanuzzaman, M., Rahim, N.A., Nahar, A., Hosenuzzaman, M.: Global
Renewable Energy-Based Electricity Generation and Smart Grid System for Energy
Security, pp. 1–13. The Scientific World Journal, Hindawi Publishing Corporation,
London (2014)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Global%20Renewable%20Energy-
Based%20Electricity%20Generation%20and%20Smart%20Grid%20System%20for%
20Energy%20Security&author=MA.%20Islam&author=M.%20Hasanuzzaman&auth
or=NA.%20Rahim&author=A.%20Nahar&author=M.%20Hosenuzzaman&publicatio
n_year=2014)

Bhattacharjee, S., Nandi, C., Reang, S.: Intelligent energy management controller for
hybrid system. In: 3rd IEEE International Conference for Convergence in Technology
(I2CT), pp. 1–7. IEEE, Pune, India (2018)
Google Scholar  (https://scholar.google.com/scholar?
q=Bhattacharjee%2C%20S.%2C%20Nandi%2C%20C.%2C%20Reang%2C%20S.%3A
%20Intelligent%20energy%20management%20controller%20for%20hybrid%20syste
m.%20In%3A%203rd%20IEEE%20International%20Conference%20for%20Converg
ence%20in%20Technology%20%28I2CT%29%2C%20pp.%201%E2%80%937.%20IE
EE%2C%20Pune%2C%20India%20%282018%29)

Al Wahedi, A., Bicer, Y.: Assessment of a Stand-alone Hybrid Solar and Wind Energy-
Based Electric Vehicle Charging Station with Battery, Hydrogen and Ammonia Energy
Storages, Energy Storage, pp. 1–17 (2019)
Google Scholar  (https://scholar.google.com/scholar?
q=Al%20Wahedi%2C%20A.%2C%20Bicer%2C%20Y.%3A%20Assessment%20of%20
a%20Stand-alone%20Hybrid%20Solar%20and%20Wind%20Energy-
Based%20Electric%20Vehicle%20Charging%20Station%20with%20Battery%2C%20
Hydrogen%20and%20Ammonia%20Energy%20Storages%2C%20Energy%20Storage
%2C%20pp.%201%E2%80%9317%20%282019%29)

https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%252F978-981-15-6198-6_1
https://www.unescap.org/sites/default/files/Climate%20risk%20assessment%20tools%20for%20development%20planning%20by%20Sugato%20Dutt.pdf
https://doi.org/10.1007/978-3-030-11202-8_8
http://scholar.google.com/scholar_lookup?title=Climate%20change%20and%20energy%20dynamics%20with%20solutions%3A%20a%20case%20study%20in%20Egypt&author=C.%20Nandi&author=S.%20Bhattacharjee&author=S.%20Chakraborty&pages=225-257&publication_year=2019
http://scholar.google.com/scholar_lookup?title=Global%20Renewable%20Energy-Based%20Electricity%20Generation%20and%20Smart%20Grid%20System%20for%20Energy%20Security&author=MA.%20Islam&author=M.%20Hasanuzzaman&author=NA.%20Rahim&author=A.%20Nahar&author=M.%20Hosenuzzaman&publication_year=2014
https://scholar.google.com/scholar?q=Bhattacharjee%2C%20S.%2C%20Nandi%2C%20C.%2C%20Reang%2C%20S.%3A%20Intelligent%20energy%20management%20controller%20for%20hybrid%20system.%20In%3A%203rd%20IEEE%20International%20Conference%20for%20Convergence%20in%20Technology%20%28I2CT%29%2C%20pp.%201%E2%80%937.%20IEEE%2C%20Pune%2C%20India%20%282018%29
https://scholar.google.com/scholar?q=Al%20Wahedi%2C%20A.%2C%20Bicer%2C%20Y.%3A%20Assessment%20of%20a%20Stand-alone%20Hybrid%20Solar%20and%20Wind%20Energy-Based%20Electric%20Vehicle%20Charging%20Station%20with%20Battery%2C%20Hydrogen%20and%20Ammonia%20Energy%20Storages%2C%20Energy%20Storage%2C%20pp.%201%E2%80%9317%20%282019%29


6.

7.

8.

9.

10.

Huang, P., Ma, Z., Xiao, L., Sun, Y.: Geographic Information System-assisted optimal
design of renewable powered electric vehicle charging stations in high-density cities.
Appl. Energy 255, 1–12 (2019)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Geographic%20Information%20System-
assisted%20optimal%20design%20of%20renewable%20powered%20electric%20vehi
cle%20charging%20stations%20in%20high-
density%20cities&author=P.%20Huang&author=Z.%20Ma&author=L.%20Xiao&aut
hor=Y.%20Sun&journal=Appl.%20Energy&volume=255&pages=1-
12&publication_year=2019)

Domínguez-Navarro, J.A., Dufo-López, R., Yusta-Loyo, J.M., Artal-Sevil, J.S., Bernal-
Agustín, J.L.: Design of an electric vehicle fast-charging station with integration of
renewable energy and storage systems. Int. J. Electr. Power Energy Syst. 105, 46–58
(2019)
CrossRef  (https://doi.org/10.1016/j.ijepes.2018.08.001)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Design%20of%20an%20electric%20vehicle%20fast-
charging%20station%20with%20integration%20of%20renewable%20energy%20and
%20storage%20systems&author=JA.%20Dom%C3%ADnguez-
Navarro&author=R.%20Dufo-L%C3%B3pez&author=JM.%20Yusta-
Loyo&author=JS.%20Artal-Sevil&author=JL.%20Bernal-
Agust%C3%ADn&journal=Int.%20J.%20Electr.%20Power%20Energy%20Syst.&volu
me=105&pages=46-58&publication_year=2019)

Dorotić, H., Doračić, B., Dobravec, V., Pukšec, T., Krajačić, G., Duić, N.: Integration of
transport and energy sectors in island communities with 100% intermittent renewable
energy sources. Renew. Sustain. Energy Rev. 99, 109–124 (2019)
CrossRef  (https://doi.org/10.1016/j.rser.2018.09.033)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Integration%20of%20transport%20and%20energy%20sectors%20in%20island
%20communities%20with%20100%25%20intermittent%20renewable%20energy%2
0sources&author=H.%20Doroti%C4%87&author=B.%20Dora%C4%8Di%C4%87&au
thor=V.%20Dobravec&author=T.%20Puk%C5%A1ec&author=G.%20Kraja%C4%8Di
%C4%87&author=N.%20Dui%C4%87&journal=Renew.%20Sustain.%20Energy%20
Rev.&volume=99&pages=109-124&publication_year=2019)

Badea, G., Felseghi, R.A., Varlam, M., Filote, C., Culcer, M., Iliescu, M., Răboacă, M.:
Design and simulation of romanian solar energy charging station for electric vehicles.
Energies 12(1, 74), 1–16 (2019)
Google Scholar  (https://scholar.google.com/scholar?
q=Badea%2C%20G.%2C%20Felseghi%2C%20R.A.%2C%20Varlam%2C%20M.%2C%
20Filote%2C%20C.%2C%20Culcer%2C%20M.%2C%20Iliescu%2C%20M.%2C%20R
%C4%83boac%C4%83%2C%20M.%3A%20Design%20and%20simulation%20of%20r
omanian%20solar%20energy%20charging%20station%20for%20electric%20vehicles
.%20Energies%2012%281%2C%2074%29%2C%201%E2%80%9316%20%282019%29
)

Lee, Y., Hur, J.: A simultaneous approach implementing wind-powered electric
vehicle charging stations for charging demand dispersion. Renew. Energy 144, 172–
179 (2019)
CrossRef  (https://doi.org/10.1016/j.renene.2018.11.023)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=A%20simultaneous%20approach%20implementing%20wind-

http://scholar.google.com/scholar_lookup?title=Geographic%20Information%20System-assisted%20optimal%20design%20of%20renewable%20powered%20electric%20vehicle%20charging%20stations%20in%20high-density%20cities&author=P.%20Huang&author=Z.%20Ma&author=L.%20Xiao&author=Y.%20Sun&journal=Appl.%20Energy&volume=255&pages=1-12&publication_year=2019
https://doi.org/10.1016/j.ijepes.2018.08.001
http://scholar.google.com/scholar_lookup?title=Design%20of%20an%20electric%20vehicle%20fast-charging%20station%20with%20integration%20of%20renewable%20energy%20and%20storage%20systems&author=JA.%20Dom%C3%ADnguez-Navarro&author=R.%20Dufo-L%C3%B3pez&author=JM.%20Yusta-Loyo&author=JS.%20Artal-Sevil&author=JL.%20Bernal-Agust%C3%ADn&journal=Int.%20J.%20Electr.%20Power%20Energy%20Syst.&volume=105&pages=46-58&publication_year=2019
https://doi.org/10.1016/j.rser.2018.09.033
http://scholar.google.com/scholar_lookup?title=Integration%20of%20transport%20and%20energy%20sectors%20in%20island%20communities%20with%20100%25%20intermittent%20renewable%20energy%20sources&author=H.%20Doroti%C4%87&author=B.%20Dora%C4%8Di%C4%87&author=V.%20Dobravec&author=T.%20Puk%C5%A1ec&author=G.%20Kraja%C4%8Di%C4%87&author=N.%20Dui%C4%87&journal=Renew.%20Sustain.%20Energy%20Rev.&volume=99&pages=109-124&publication_year=2019
https://scholar.google.com/scholar?q=Badea%2C%20G.%2C%20Felseghi%2C%20R.A.%2C%20Varlam%2C%20M.%2C%20Filote%2C%20C.%2C%20Culcer%2C%20M.%2C%20Iliescu%2C%20M.%2C%20R%C4%83boac%C4%83%2C%20M.%3A%20Design%20and%20simulation%20of%20romanian%20solar%20energy%20charging%20station%20for%20electric%20vehicles.%20Energies%2012%281%2C%2074%29%2C%201%E2%80%9316%20%282019%29
https://doi.org/10.1016/j.renene.2018.11.023
http://scholar.google.com/scholar_lookup?title=A%20simultaneous%20approach%20implementing%20wind-powered%20electric%20vehicle%20charging%20stations%20for%20charging%20demand%20dispersion&author=Y.%20Lee&author=J.%20Hur&journal=Renew.%20Energy&volume=144&pages=172-179&publication_year=2019


11.

12.

13.

14.

15.

powered%20electric%20vehicle%20charging%20stations%20for%20charging%20de
mand%20dispersion&author=Y.%20Lee&author=J.%20Hur&journal=Renew.%20En
ergy&volume=144&pages=172-179&publication_year=2019)

Esfandyari, A., Norton, B., Conlon, M., McCormack, S.J.: Performance of a campus
photovoltaic electric vehicle charging station in a temperate climate. Sol. Energy 177,
762–771 (2019)
CrossRef  (https://doi.org/10.1016/j.solener.2018.12.005)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Performance%20of%20a%20campus%20photovoltaic%20electric%20vehicle%2
0charging%20station%20in%20a%20temperate%20climate&author=A.%20Esfandya
ri&author=B.%20Norton&author=M.%20Conlon&author=SJ.%20McCormack&journ
al=Sol.%20Energy&volume=177&pages=762-771&publication_year=2019)

Kumar, V., Teja, V.R., Singh, M., Mishra, S.: PV Based Off-Grid Charging Station for
Electric Vehicle, IFAC Workshop on Control of Smart Grid and Renewable Energy
Systems (CSGRES 2019), vol. 52, no. 4, pp. 276–81 (2019)
Google Scholar  (https://scholar.google.com/scholar?
q=Kumar%2C%20V.%2C%20Teja%2C%20V.R.%2C%20Singh%2C%20M.%2C%20Mi
shra%2C%20S.%3A%20PV%20Based%20Off-
Grid%20Charging%20Station%20for%20Electric%20Vehicle%2C%20IFAC%20Work
shop%20on%20Control%20of%20Smart%20Grid%20and%20Renewable%20Energy
%20Systems%20%28CSGRES%202019%29%2C%20vol.%2052%2C%20no.%204%2
C%20pp.%20276%E2%80%9381%20%282019%29)

Sarker, M.R., Pandzic, H., Ortega-Vazquez, M.A.: Electric vehicle battery swapping
station: business case and optimization model. In: International Conference on
Connected Vehicles and Expo (ICCVE), pp. 289–294. IEEE, Las Vegas, NV, USA
(2013)
Google Scholar  (https://scholar.google.com/scholar?
q=Sarker%2C%20M.R.%2C%20Pandzic%2C%20H.%2C%20Ortega-
Vazquez%2C%20M.A.%3A%20Electric%20vehicle%20battery%20swapping%20stati
on%3A%20business%20case%20and%20optimization%20model.%20In%3A%20Inte
rnational%20Conference%20on%20Connected%20Vehicles%20and%20Expo%20%2
8ICCVE%29%2C%20pp.%20289%E2%80%93294.%20IEEE%2C%20Las%20Vegas%
2C%20NV%2C%20USA%20%282013%29)

Bhattacharjee, S., Batool, S., Nandi, C., Pakdeetrakulwong, U.: Investigating electric
vehicle (EV) charging station locations for Agartala, India. In: 2nd International
Conference of Multidisciplinary Approaches on UN Sustainable Development Goals
(UNSDGs), pp. 28–29. Bangkok, Thailand (2017)
Google Scholar  (https://scholar.google.com/scholar?
q=Bhattacharjee%2C%20S.%2C%20Batool%2C%20S.%2C%20Nandi%2C%20C.%2C
%20Pakdeetrakulwong%2C%20U.%3A%20Investigating%20electric%20vehicle%20
%28EV%29%20charging%20station%20locations%20for%20Agartala%2C%20India.
%20In%3A%202nd%20International%20Conference%20of%20Multidisciplinary%2
0Approaches%20on%20UN%20Sustainable%20Development%20Goals%20%28UNS
DGs%29%2C%20pp.%2028%E2%80%9329.%20Bangkok%2C%20Thailand%20%28
2017%29)

Liu, L., Kong, F., Liu, X., Peng, Y., Wang, Q.: A review on electric vehicles interacting
with renewable energy in smart grid. Renew. Sustain. Energy Rev. 51, 648–661 (2015)
CrossRef  (https://doi.org/10.1016/j.rser.2015.06.036)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=A%20review%20on%20electric%20vehicles%20interacting%20with%20renewa

http://scholar.google.com/scholar_lookup?title=A%20simultaneous%20approach%20implementing%20wind-powered%20electric%20vehicle%20charging%20stations%20for%20charging%20demand%20dispersion&author=Y.%20Lee&author=J.%20Hur&journal=Renew.%20Energy&volume=144&pages=172-179&publication_year=2019
https://doi.org/10.1016/j.solener.2018.12.005
http://scholar.google.com/scholar_lookup?title=Performance%20of%20a%20campus%20photovoltaic%20electric%20vehicle%20charging%20station%20in%20a%20temperate%20climate&author=A.%20Esfandyari&author=B.%20Norton&author=M.%20Conlon&author=SJ.%20McCormack&journal=Sol.%20Energy&volume=177&pages=762-771&publication_year=2019
https://scholar.google.com/scholar?q=Kumar%2C%20V.%2C%20Teja%2C%20V.R.%2C%20Singh%2C%20M.%2C%20Mishra%2C%20S.%3A%20PV%20Based%20Off-Grid%20Charging%20Station%20for%20Electric%20Vehicle%2C%20IFAC%20Workshop%20on%20Control%20of%20Smart%20Grid%20and%20Renewable%20Energy%20Systems%20%28CSGRES%202019%29%2C%20vol.%2052%2C%20no.%204%2C%20pp.%20276%E2%80%9381%20%282019%29
https://scholar.google.com/scholar?q=Sarker%2C%20M.R.%2C%20Pandzic%2C%20H.%2C%20Ortega-Vazquez%2C%20M.A.%3A%20Electric%20vehicle%20battery%20swapping%20station%3A%20business%20case%20and%20optimization%20model.%20In%3A%20International%20Conference%20on%20Connected%20Vehicles%20and%20Expo%20%28ICCVE%29%2C%20pp.%20289%E2%80%93294.%20IEEE%2C%20Las%20Vegas%2C%20NV%2C%20USA%20%282013%29
https://scholar.google.com/scholar?q=Bhattacharjee%2C%20S.%2C%20Batool%2C%20S.%2C%20Nandi%2C%20C.%2C%20Pakdeetrakulwong%2C%20U.%3A%20Investigating%20electric%20vehicle%20%28EV%29%20charging%20station%20locations%20for%20Agartala%2C%20India.%20In%3A%202nd%20International%20Conference%20of%20Multidisciplinary%20Approaches%20on%20UN%20Sustainable%20Development%20Goals%20%28UNSDGs%29%2C%20pp.%2028%E2%80%9329.%20Bangkok%2C%20Thailand%20%282017%29
https://doi.org/10.1016/j.rser.2015.06.036
http://scholar.google.com/scholar_lookup?title=A%20review%20on%20electric%20vehicles%20interacting%20with%20renewable%20energy%20in%20smart%20grid&author=L.%20Liu&author=F.%20Kong&author=X.%20Liu&author=Y.%20Peng&author=Q.%20Wang&journal=Renew.%20Sustain.%20Energy%20Rev.&volume=51&pages=648-661&publication_year=2015


16.

17.

18.

19.

20.

ble%20energy%20in%20smart%20grid&author=L.%20Liu&author=F.%20Kong&aut
hor=X.%20Liu&author=Y.%20Peng&author=Q.%20Wang&journal=Renew.%20Sust
ain.%20Energy%20Rev.&volume=51&pages=648-661&publication_year=2015)

Richardson, D.B.: Electric vehicles and the electric grid: a review of modeling
approaches, Impacts, and renewable energy integration. Renew. Sustain. Energy Rev.
19, 247–254 (2013)
CrossRef  (https://doi.org/10.1016/j.rser.2012.11.042)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Electric%20vehicles%20and%20the%20electric%20grid%3A%20a%20review%
20of%20modeling%20approaches%2C%20Impacts%2C%20and%20renewable%20e
nergy%20integration&author=DB.%20Richardson&journal=Renew.%20Sustain.%20
Energy%20Rev.&volume=19&pages=247-254&publication_year=2013)

Dallinger, D., Wietschel, M.: Grid integration of intermittent renewable energy
sources using price-responsive plug-in electric vehicles. Renew. Sustain. Energy Rev.
16(5), 3370–3382 (2012)
CrossRef  (https://doi.org/10.1016/j.rser.2012.02.019)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Grid%20integration%20of%20intermittent%20renewable%20energy%20source
s%20using%20price-responsive%20plug-
in%20electric%20vehicles&author=D.%20Dallinger&author=M.%20Wietschel&journ
al=Renew.%20Sustain.%20Energy%20Rev.&volume=16&issue=5&pages=3370-
3382&publication_year=2012)

Ma, Z., Callaway, D.S., Hiskens, I.A.: Decentralized charging control of large
populations of plug-in electric vehicles. IEEE Trans. Control Syst. Technol. 21(1), 67–
78 (2013)
CrossRef  (https://doi.org/10.1109/TCST.2011.2174059)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Decentralized%20charging%20control%20of%20large%20populations%20of%2
0plug-
in%20electric%20vehicles&author=Z.%20Ma&author=DS.%20Callaway&author=IA.
%20Hiskens&journal=IEEE%20Trans.%20Control%20Syst.%20Technol.&volume=2
1&issue=1&pages=67-78&publication_year=2013)

Tuttle, D.P., Baldick, R.: The evolution of plug-in electric vehicle-grid interactions.
IEEE Trans. Smart Grid 3(1), 500–505 (2012)
CrossRef  (https://doi.org/10.1109/TSG.2011.2168430)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=The%20evolution%20of%20plug-in%20electric%20vehicle-
grid%20interactions&author=DP.%20Tuttle&author=R.%20Baldick&journal=IEEE%
20Trans.%20Smart%20Grid&volume=3&issue=1&pages=500-
505&publication_year=2012)

Yong, J.Y., Ramachandaramurthy, V.K., Tan, K.M., Mithulananthan, N.: A review on
the state-of-the-art technologies of electric vehicle, its impacts and prospects. Renew.
Sustain. Energy Rev. 49, 365–385 (2015)
CrossRef  (https://doi.org/10.1016/j.rser.2015.04.130)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=A%20review%20on%20the%20state-of-the-
art%20technologies%20of%20electric%20vehicle%2C%20its%20impacts%20and%2
0prospects&author=JY.%20Yong&author=VK.%20Ramachandaramurthy&author=K
M.%20Tan&author=N.%20Mithulananthan&journal=Renew.%20Sustain.%20Energy
%20Rev.&volume=49&pages=365-385&publication_year=2015)

http://scholar.google.com/scholar_lookup?title=A%20review%20on%20electric%20vehicles%20interacting%20with%20renewable%20energy%20in%20smart%20grid&author=L.%20Liu&author=F.%20Kong&author=X.%20Liu&author=Y.%20Peng&author=Q.%20Wang&journal=Renew.%20Sustain.%20Energy%20Rev.&volume=51&pages=648-661&publication_year=2015
https://doi.org/10.1016/j.rser.2012.11.042
http://scholar.google.com/scholar_lookup?title=Electric%20vehicles%20and%20the%20electric%20grid%3A%20a%20review%20of%20modeling%20approaches%2C%20Impacts%2C%20and%20renewable%20energy%20integration&author=DB.%20Richardson&journal=Renew.%20Sustain.%20Energy%20Rev.&volume=19&pages=247-254&publication_year=2013
https://doi.org/10.1016/j.rser.2012.02.019
http://scholar.google.com/scholar_lookup?title=Grid%20integration%20of%20intermittent%20renewable%20energy%20sources%20using%20price-responsive%20plug-in%20electric%20vehicles&author=D.%20Dallinger&author=M.%20Wietschel&journal=Renew.%20Sustain.%20Energy%20Rev.&volume=16&issue=5&pages=3370-3382&publication_year=2012
https://doi.org/10.1109/TCST.2011.2174059
http://scholar.google.com/scholar_lookup?title=Decentralized%20charging%20control%20of%20large%20populations%20of%20plug-in%20electric%20vehicles&author=Z.%20Ma&author=DS.%20Callaway&author=IA.%20Hiskens&journal=IEEE%20Trans.%20Control%20Syst.%20Technol.&volume=21&issue=1&pages=67-78&publication_year=2013
https://doi.org/10.1109/TSG.2011.2168430
http://scholar.google.com/scholar_lookup?title=The%20evolution%20of%20plug-in%20electric%20vehicle-grid%20interactions&author=DP.%20Tuttle&author=R.%20Baldick&journal=IEEE%20Trans.%20Smart%20Grid&volume=3&issue=1&pages=500-505&publication_year=2012
https://doi.org/10.1016/j.rser.2015.04.130
http://scholar.google.com/scholar_lookup?title=A%20review%20on%20the%20state-of-the-art%20technologies%20of%20electric%20vehicle%2C%20its%20impacts%20and%20prospects&author=JY.%20Yong&author=VK.%20Ramachandaramurthy&author=KM.%20Tan&author=N.%20Mithulananthan&journal=Renew.%20Sustain.%20Energy%20Rev.&volume=49&pages=365-385&publication_year=2015


21.

22.

23.

24.

25.

Bhattacharjee, S., Nandi, C.: Implementation of industrial internet of things in the
renewable energy sector. In: Mahmood, Z. (ed.) The Internet of Things in the
Industrial Sector, Computer Communications and Networks, pp. 223–259. Springer,
Berlin (2019)
CrossRef  (https://doi.org/10.1007/978-3-030-24892-5_10)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Implementation%20of%20industrial%20internet%20of%20things%20in%20th
e%20renewable%20energy%20sector&author=S.%20Bhattacharjee&author=C.%20N
andi&pages=223-259&publication_year=2019)

Madakam, S., Ramaswamy, R., Tripathi, S.: Internet of Things (IoT): a literature
review. J. Comput. Commun. 3(5), 164–173 (2015)
CrossRef  (https://doi.org/10.4236/jcc.2015.35021)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Internet%20of%20Things%20%28IoT%29%3A%20a%20literature%20review&
author=S.%20Madakam&author=R.%20Ramaswamy&author=S.%20Tripathi&journ
al=J.%20Comput.%20Commun.&volume=3&issue=5&pages=164-
173&publication_year=2015)

NASA Prediction of Worldwide Energy Resources. https://power.larc.nasa.gov/
(https://power.larc.nasa.gov/). Last accessed 15 June 2018

Jamir, T., De, U.S.: Trend in GHG emissions from northeast and west coast regions of
India. Environ. Res. Eng. Manage. 1(63), 37–47 (2013)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Trend%20in%20GHG%20emissions%20from%20northeast%20and%20west%2
0coast%20regions%20of%20India&author=T.%20Jamir&author=US.%20De&journa
l=Environ.%20Res.%20Eng.%20Manage.&volume=1&issue=63&pages=37-
47&publication_year=2013)

Carbon Footprint Study- Meghalaya State. https://meghalayaccc.org/wp-
content/uploads/2019/03/Carbon-Footprint-Meghalaya-Report.pdf
(https://meghalayaccc.org/wp-content/uploads/2019/03/Carbon-Footprint-

Meghalaya-Report.pdf). Accessed 27 Aug 2019

Copyright information

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021

About this paper

Cite this paper as:
Bhattacharjee S., Nandi C. (2021) Design of an Industrial Internet of Things-Enabled Energy Management System of
a Grid-Connected Solar–Wind Hybrid System-Based Battery Swapping Charging Station for Electric Vehicle. In:
Mandal J., Mukhopadhyay S., Roy A. (eds) Applications of Internet of Things. Lecture Notes in Networks and
Systems, vol 137. Springer, Singapore. https://doi.org/10.1007/978-981-15-6198-6_1

First Online 04 August 2020
DOI https://doi.org/10.1007/978-981-15-6198-6_1
Publisher Name Springer, Singapore
Print ISBN 978-981-15-6197-9
Online ISBN 978-981-15-6198-6

https://doi.org/10.1007/978-3-030-24892-5_10
http://scholar.google.com/scholar_lookup?title=Implementation%20of%20industrial%20internet%20of%20things%20in%20the%20renewable%20energy%20sector&author=S.%20Bhattacharjee&author=C.%20Nandi&pages=223-259&publication_year=2019
https://doi.org/10.4236/jcc.2015.35021
http://scholar.google.com/scholar_lookup?title=Internet%20of%20Things%20%28IoT%29%3A%20a%20literature%20review&author=S.%20Madakam&author=R.%20Ramaswamy&author=S.%20Tripathi&journal=J.%20Comput.%20Commun.&volume=3&issue=5&pages=164-173&publication_year=2015
https://power.larc.nasa.gov/
http://scholar.google.com/scholar_lookup?title=Trend%20in%20GHG%20emissions%20from%20northeast%20and%20west%20coast%20regions%20of%20India&author=T.%20Jamir&author=US.%20De&journal=Environ.%20Res.%20Eng.%20Manage.&volume=1&issue=63&pages=37-47&publication_year=2013
https://meghalayaccc.org/wp-content/uploads/2019/03/Carbon-Footprint-Meghalaya-Report.pdf


© 2020 Springer Nature Switzerland AG. Part of Springer Nature.

Not logged in Convener, UGC-Infonet Digital Library Consortium (3000132959) - Tripura University TU (3000172680) -
UGC Trial Account (3000178880) - Information and Library Network (INFLIBNET) Centre (3994475188) 14.139.212.242

eBook Packages Intelligent Technologies and Robotics Intelligent Technologies and Robotics (R0)

Buy this book on publisher's site
Reprints and Permissions

Personalised recommendations

https://www.springernature.com/
https://www.springernature.com/
https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2021&facet-end-year=2021
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2021&facet-end-year=2021
https://www.springer.com/978-981-15-6197-9?utm_source=springerlink&utm_medium=referral&utm_campaign=bookpage_about_buyonpublisherssite
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&copyright=The+Editor%28s%29+%28if+applicable%29+and+The+Author%28s%29%2C+under+exclusive+license+to+Springer+Nature+Singapore+Pte+Ltd.&author=Somudeep+Bhattacharjee%2C+Champa+Nandi&contentID=10.1007%2F978-981-15-6198-6_1&endPage=14&publicationDate=2021&startPage=1&publication=eBook&title=Design+of+an+Industrial+Internet+of+Things-Enabled+Energy+Management+System+of+a+Grid-Connected+Solar%E2%80%93Wind+Hybrid+System-Based+Battery+Swapping+Charging+Station+for+Electric+Vehicle&imprint=The+Editor%28s%29+%28if+applicable%29+and+The+Author%28s%29%2C+under+exclusive+license+to+Springer+Nature+Singapore+Pte+Ltd.


Role of Hybrid Energy System in Reducing
Effects of Climate Change

Dynamics of Energy, Environment and Economy pp 115-138 | Cite as

Somudeep Bhattacharjee (1) 
Uttara Das (1) 
Moumita Chowdhury (1) 
Champa Nandi (1) Email author (cnandi@tripurauniv.in)

1. Department of Electrical Engineering, Tripura University, , Agartala, India

Chapter
First Online: 03 July 2020

149 Downloads

Part of the Lecture Notes in Energy book series (LNEN, volume 77)

Abstract

Climate change is a very rising topic nowadays since the climate of this world is changing
rapidly day by day. In the technical field, it is seen that so many things or techniques used
here, which have a very bad impact on our environment like use of non-renewable energy
source, emission of greenhouse gases and so on. At present electric power generation is
mainly dependent upon non-renewable sources. Due to rapid uses of non-renewable energy
sources, its storage reserves are decreasing rapidly. So an alternate source is required and
that is the renewable energy source, nowadays renewable sources are utilized but in small
amount. Renewable sources are environmentally friendly, so using of renewable energy
sources are more preferable than non-renewable sources for the betterment of our
environment. Due to rising environmental concerns day by day, the utilization of renewable
energy need to be increased as much as possible. There are so many remote or island places
in this world where huge numbers of renewable sources are available which can be used for
power generation. And the most important thing is that they have no effect (or very less
effect) in this environment. So our goal is to model and simulate a grid connected solar-wind
hybrid energy system which is used to solve the problems regarding the power generation. In
this chapter a 24 h case study analysis is done by taking the real time data of solar radiation
and wind speed of a selected location. The results of this analysis indicate that the hybrid
system is profitable and environmentally friendly. This analysis simply gives an idea about to
what extent there will be the generation of power and how much it will be helpful to this
environment. In addition, it includes detailed discussion on climate change, harmful effects
of non-renewable energy sources on the environment and the need of renewable energy
based hybrid energy system to combat climate change. By this explanation we will get to
know more about how renewable energy sources mitigate two problems – climate change &
power demand.
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Abstract

Due to the emissions of greenhouse gases, the dangerous impacts of climate change are
increasing. In order to combat climate change, hybrid energy system started playing a crucial
role. Since individual renewable energy sources are not able to generate a fixed amount of
power, the hybrid energy system is used to maintain continuity of power supply. For
efficiently utilizing the energy from different renewable energy resources in the hybrid
energy system, there has been a growing interest toward those algorithms that make
controlling and management of hybrid renewable energy systems with conventional energy
system easier and less complex for electricity generation. This chapter proposes the design of
a smart energy management controller that uses an energy management algorithm to take
decisions in order to integrate and utilize four different renewable energy technologies to
reduce the contribution of thermal power generation. This controller stores a large amount
of energy for electric vehicle charging. This chapter also proposes the design of an energy
storage algorithm for effectively controlling the energy storage operation of the charging
station for charging an electric vehicle. This book chapter also includes a detailed discussion
on the role of the hybrid system to battle against climate change in Tamil Nadu with a
detailed discussion on the scenario of climate change in Tamil Nadu. For analyzing the
feasibility of the proposed hybrid system, a twenty-four hours case study analysis is done
using the real-time data of renewable energy resources of a selected area in Tamil Nadu,
India.
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Abstract

With a large and growing population, the demand for electricity is increasing which results
in the emissions of greenhouse gases that also increasing. In India, a major portion of the
power is generated from fossil fuel-based conventional resources which emit greenhouse
gases. The Indian electricity sector is a major contributor to greenhouse gases, and these
greenhouse gases are responsible for the dangerous impacts of climate change like floods,
drought, storms, etc. In order to reduce the impacts of climate change, the use of clean
energy sources needs to be increased. In this chapter, a grid-connected hybrid energy system
is designed utilizing solar power, wind power, battery, and gas generator as a backup system.
This hybrid system is analyzed for four different areas of India based on their real-time data
of climatic conditions. This hybrid system is deliberately planned, so that there will be a little
emanation of carbon, as carbon emanation is one of the primary causes behind the
environmental change. This chapter also explains the role of renewable energy-based hybrid
power system to combat climate change. This optimization analysis estimates the amount of
production of electrical energy, per unit cost of energy, and the total installation cost of the
hybrid energy system. The proposed hybrid system is most profitable in Kavaratti, where its
levelized cost of energy is 0.688 $/kWh. This chapter will contribute toward the dream of
making India pollution free.
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Abstract

The sustainable development of energy market is depending on the improvement of
renewable energy technologies. The renewable technologies are eco-friendly, green, and
clean resources for power generation. Conventional sources for generating energy are limited
on earth which creates scarcity and they are also producing harmful gases to atmosphere.
The technologies based on renewable energy sources are providing a great opportunity to
minimize the global warming by reducing the production of greenhouse gases (like CO ).
Some renewable energy sources are useful for minimizing the wastes from the locality (like
biogas). In rural areas, renewable technologies are offering employment opportunities.
Though earth is plenty with renewable sources, they are dramatically depending on the
geographical positions and environmental situations. This creates several challenges for the
development of renewable technologies. This chapter gives a concise overview on merits and
limitations of renewable energy sources. For monitoring and controlling the renewable
technologies, Internet of things (IoT) can play a vital role. The chapter mainly focuses on the
different types of renewable technologies. The implementation of this green energy
technology offers a sustainable development of the energy market. In this chapter
monitoring of solar PV is also briefly discussed with IoT technology.
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Abstract

The following paper narrates a microcontroller-based system which is an advanced
electronic circuit breaker that designed for voltage fluctuation, frequency fluctuation, short
circuit, overload, and residual leakage current. The advanced circuit breaker announces
various watchful parameters that users get information other then any smart energy device
during any electrical fault-based accident. During twenty-first century, many IoT-based
energy monitoring and control projects are done. This project has also on features of smart
energy monitoring system in coordination with web server-based IoT model. However, this
project can be initiated for the protection scheme of household service as well as protective
model of smart power system [1], 2]. Nowadays, power system is dealing with high-voltage
alternating current (HVAC) and extra high-voltage current (EHVC). For making high-voltage
circuit breaker and protective devices, special attention should be taken for designing such
equipment. The circuit breaker technique is used in this paper and can be installed in the
protection scheme to make a fault-free power system and also IoT-enabled smart power
system. A hardware prototype model is designed using Arduino microcontroller to make this
project a successful one.
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2Tripura University 
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ABSTRACT: Living in the VUCA (volatile, uncertain, complex and ambiguous) 
world necessitates a relook at the approach that needs to be followed for managing 
the human resources in an IT organization. The teams created in IT organizations 
earlier were formed based on the specialized functional domain and the individual 
members specialized in specific skills like development, testing, release and related 
areas and they followed waterfall model of software development. However, 
subsequently organizations found that for managing the market changes more 
effectively and for improving customer satisfaction, they need to focus on creating 
cross functional teams known as feature teams that can deliver and maintain the 
software product/service end to end across the complete software development life 
cycle (SDLC). With the focused growth of agile methodologies in the late 1990s and 
the beginning of the twenty first century, the emphasis shifted to the characteristics 
of teams that lead to improved customer satisfaction in comparison to the individual 
attributes of the team members only. The organizations also observed that they were 
operating in the complex domain as per the Cynefin framework and this required a 
different perspective to be adopted if they were to survive and also effectively manage 
the market changes and satisfy the customer. As per Conway’s Law, organizations 
which design systems are constrained to produce designs that are copies of the 
communication structures of these organizations. This led to the growth of feature 
teams, which are cross functional and self-organizing teams that can deliver software 
end to end across the SDLC to the customer. Human Resource Management in 
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these organizations focused on the Resource Based View (RBV) and it was thought 
that this can be used to gain a strategic and competitive market advantage. The focus 
on best practices only and the integration of the best practices made it easier for the 
organizations to imitate each other and this precluded the IT organizations from 
gaining a sustainable competitive advantage through these human resource practices. 
Additionally, in organizations, which are following agile methodologies, the resource 
based view was found to be restrictive and it could not support the concept of feature 
or agile teams. The organizations also observed that operating in the complex domain 
was not very effective when the focus was on a resource based view only. Moreover, 
RBV presupposes the concept of rationality within the organizations, but this is not 
always typical of human behavior, which could be irrational. The focus of this paper 
is to present another perspective to the human resource management practices being 
followed in IT organizations. The focus on a different perspective related to complex 
adaptive systems (CAS) theory on human resources management in agile teams in IT 
organizations is considered in the form of an exploratory study through secondary 
research on literature. 

Keywords: Agile Methodologies; Self-organizing Teams; Agile Teams; Software 
Development; Agile; Complex Adaptive Systems (CAS); Resource Based View (RBV). 
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ABSTRACT: Budget hotels are growing very fast and becoming an emerging 
industry in the tourism sector in terms of convenience and affordability. To 
understand the experience and sentiment of customers availing the services of Budget 
hotels and subsequent evaluation of their post purchase behaviour through recent 
trends in online reviews is of paramount importance for the industry. Social media 
and online web portal has become integral part of tourism industry, from gathering 
of travel related information and purchasing of travel products, food and lodging etc 
to sharing views and experiences. This user-generated data has become top priority 
for many, especially true in the tourism industry, which enables the players in the 
industry to carry out predictive and behavioural analysis and allowing them to take 
evidence-driven decisions. This study uses text mining, deep learning and machine 
learning techniques of artificial intelligence for data collections and sentiment 
analysis along with the help of other statistical analysis to address the set of 
objectives. Total 1,17,153 online reviews of the customers posted on the Trip 
Advisor website from the period May, 2008 to May, 2019 from 197 hotels of 5 
prominent budget hotels groups spread across India is collected for analysis. This 
study explains the pattern of reviews, satisfaction and trends with understanding of 
the customer’s requirements particularly. The service provider will have the required 
insights of customers’ preferences and indications on the improvement areas on 
which they need to concentrate. 

Keywords: Budget Hotel; Text Mining; Deep Learning; Artificial Intelligence; Sentiment 
Analysis. 
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ABSTRACT: Among the many priorities in today’s higher education environment, 
it is especially worth exploring metaliteracy, a pedagogical framework that promotes 
reflective thinking and collaborative learning with participatory technologies. 
Metaliteracy is envisioned as a comprehensive model for information literacy, which 
promotes critical thinking and collaboration among various contemporary learning 
technologies in this digital age, thus providing a comprehensive framework to 
effectively participate in social media and online communities. Social media 
environments are transient, collaborative, and free flowing, requiring a 
comprehensive understanding of information to critically evaluate share and produce 
content in multiple forms. Metaliteracy provides a unifying framework that builds on 
the core information literacy competencies while addressing the revolutionary 
changes in how learners communicate, create and distribute information and 
participatory environments. Metaliteracy developed by Mackey and Jacobson (2010), 
not only expands the scope of traditional information sharing skills (determine, 
access, locate, understand, produce and use information) but also requires a higher 
level of understanding of one’s own knowledge and cognitive abilities – meta-
cognition. If cognition involves perceiving, understanding, remembering and so 
forth, then meta-cognition involves thinking about how one perceives, understands, 
remembers, etc. It also calls upon meta-literate individuals to be active and self-
reflective while critically engaging in the collaborative spaces of today’s social media 
pages. This approach leads to expanded competencies for adapting to the ongoing 
changes in emerging technologies and for advancing critical thinking and 
empowerment for producing, connecting, and distributing information to 
independent and collaborative learners. Today’s learners are faced with a range of 
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options for lifelong discovery of knowledge that defies traditional boundaries of time, 
place, access, content, and modality. Metaliteracy empowers learners to participate in 
interactive information environments, equipped with the ability to continuously 
reflect, change, and contribute as critical thinkers. It emphasizes four learning 
domains: cognitive, behavioral, affective and metacognitive. 

This paper aims to study the intriguing facets of metliteracy and reveal the interplay 
of four important learning domains through a comprehensive literature review. The 
paper finds that Metaliteracy provides a conceptual framework for information 
literacy that diminishes theoretical differences, builds practical connections, and 
reinforce central lifelong learning goals among different literacy types. It has 
challenged students to take on enhanced or new roles in both formal and lifelong 
learning environments, and to do so thoughtfully and ethically. Providing these 
opportunities for students in a course may shift the boundaries between student and 
teacher, the content, or the assignments. The relevant review of literature explains 
that metaliteracy can be applied in classroom-based instruction, blended and online 
learning, as well as competency-based environments, challenging students to 
reimaging the traditional boundaries around the design and delivery of instruction. 
The study further resolves that in order to foster meta cognitive thinking reflective 
and participatory learning activities are required through ethical production and 
sharing of user-generated content. 

Keywords: Metaliteracy; Metacognition; Blended Learning; E-Learning; Tertiary 
Education 
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MGNREGA on People’s Health and Quality of 
Life – Opening of a Novel Market for Health 
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ABSTRACT: People’s health and economy are greatly impinged by improved 
income levels. As the most successful job guarantee programme of the nation, 
MGNREGA has not only provided an alternative source of livelihood but has also 
created durable assets such as road construction, land development, water 
conservation and irrigation facility, which has tremendous influence on different 
sectors of village economy and personal lives of the rural people. This paper examines 
the impact of MGNREGA on the improvement of overall quality of life of people 
such as impact on income earning levels of household, expenditure on food and non 
food items, expenditure on education, impact on social life and its overall impact on 
health. The paper also tries to find how the programme has introduced a new private 
market for health into the rural economy. The paper examines these issues in the 
context of West Tripura District of the state Tripura which is one of the rapidly 
growing north eastern state in India. The paper also attempts to suggest some points 
which if implemented at ground level may help to enhance the quality of life. 

Keywords: Quality of Life; Health Impact; Employment; Empowerment. 
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Abstract: Arsenic toxicity is a serious environmental issue globally. Both chronic and

acute exposure cause adverse health effects affecting almost all organ systems. It is a

challenge to combat against arsenic toxicity to keep healthy life. Various natural and

synthetic compounds have been tried to ameliorate arscnic induccd organ toxicity, In
the plesent study protectivc cfl'ect of selenium and vitamin B,, co-adrninistration was

assessed against arsenic-indnced oxidative stress in liver tissue of male Wistar rats.

Intraperitoneal administration of sodium arsenite at a dose of 5.55 mg,'kg body *'eight/
day (equivalentto 35%o ofLD.o) produced depletiou ofreduced glutathione (GSH) content
of liver, associated rvith enhanced lipid peroxidation (LPO) level and frec hydroxyl
radical (OII) forrnation. Activities of antioxidant enz)/rnes like glutathione reductase
(GR), superoxide dismutase (SOD), catalase were inhibited after arsenic exposure,
indicating disturbetl pro-oxidant-antioxidant equilibriurn in rat liver tissuc-. Liver NADPH
oxidase activity increased significantly following arsenic treatment, and thus enhances

superoxide ladioal production. The sanre treatment ofarsenic also cause livel injur5,as
refllected by the elevated activities of. serum y-glutarnyl transpeptidase (y-GT), glutamate-
oxaloacetate lransamiuase (SGOT), and reduced serurn glutamate-pyruvate transailllnzrse
(SGPT) activit-v. Concomitant administration of selenium and vitamin B,. wiih arsenic
appreciably restclred almost all of these parameters to their control levels. Combination
of seleniurn with vitamin 8,, restored liver NADPH oxidase and serum GPT activities to
their respective control values. In addition, they exhibited better efficacy to restore liver
LPO level. SOD and catalase activities, serum ^;,-GT activity and carbonylated protein
content. These results sugg€st that co-administration of seleniurn and vitamin 8,. is
capable ofleducir-rg arsenic-induced oxidative and degenerative changes in rat liver.

Keyrvords: Arsenic. oxidative stress, fi'ee ladical, selenium, vitamin B,r, antioxidant



Home Lung Neoplasms Neoplasms Neoplasms by Site Thoracic
Neoplasms Medicine Oncology Respiratory Tract Neoplasms Lung
Cancer

Chapter

Decoding the role of inflammation in lung cancer development

September 2020
DOI: 10.30954/ndp.bio.2020.38
In book: Biological Sciences: Impacts on Modern Civilization, Current and
Future Challenges (pp.395-404) · Publisher: New Delhi Publishers

Authors:

To read the full-text of this research, you can request a copy directly from
the authors.

Abstract

Lung cancer is the leading cause of
cancer-related deaths and is
responsible for one-quarter of all cancer
deaths. The pulmonary diseases that
are associated with the greatest risk for
lung cancer are characterized by
abundant and deregulated inflammation.
Pulmonary disorders such as COPD are
characterized by profound abnormalities
in inflammatory pathways. Inflammation
predisposes all that required to
transform the cells in airways and
alveoli into cancer cells. Inflammation is
required to promote the survival of
cancer cells in the tumor
microenvironment and apart from that it
also helps the tumor cells to evade the
immune response and also reduces
their response towards
chemotherapeutic drugs. Two important
transcription factors viz. NF-κB and Nrf2
are involved in inflammation-induced
lung cancer development. Carcinogen
activated NF- κB in lung tissue is
reported to induce the expression of
various inflammatory cytokines as well
as matrix metalloproteinases and finally,
NF-κB facilitates lung carcinogenesis
positively. Inflammation also required for
epithelial-mesenchymal transition (EMT)
of lung tissue cells. But less information
is available about the molecular
mechanism involved in this. So in this
review, the connection between
inflammation and lung cancer
development will be highlighted.
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Introduction

This book features extended versions of selected papers from the International Conference on
Computer Communication and Internet of Things (ICCCIoT 2020). Presenting recent research
addressing new trends and challenges, and promising technologies and developments, it covers various
topics related to IoT (Internet of Things) and communications, and machine learning for applications
such as energy management systems, smart asthma alerts, smart irrigation systems, cloud healthcare
systems, preventing side channel attacks, and cooperative spectrum sensing in cognitive radio
networks. 
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topics related to IoT (Internet of Things) and communications, and machine learning for applications
such as energy management systems, smart asthma alerts, smart irrigation systems, cloud healthcare
systems, preventing side channel attacks, and cooperative spectrum sensing in cognitive radio
networks. 

Keywords

Wireless Networking IoT-based Applications Networking and Network Security Machine Learning
Computer Communications ICCCIOT 2020 ICCCIOT Proceedings

Editors and affiliations

Jyotsna K. Mandal (1) 
Somnath Mukhopadhyay (2) 
Alak Roy (3) 

1. Department of Computer Science and Engineering, University of Kalyani, , Nadia, India
2. Department of Computer Science and Engineering, Assam University, , Silchar, India
3. Department of Information Technology, Tripura University, , Agartala, India

About the editors

Dr. Jyotsna K.  Mandal received his M.Tech. in Computer Science from the University of Calcutta
and his Ph.D. from Jadavpur University in the field of Data Compression and Error Correction
Techniques. Currently, he is a Professor of Computer Science and Engineering and Director of the
IQAC at the University of Kalyani, West Bengal, India. He is a former Dean of Engineering, Technology
& Management (2008–2012). He has 33 years of teaching and research experience. He has served as a
Professor of Computer Applications, Kalyani Government Engineering College for two years and as an
Associate and Assistant Professor at the University of North Bengal for sixteen years. He has been a life
member of the Computer Society of India since 1992 and senior member of IEEE. Further, he is a
Fellow of the IETE and a member of the AIRCC. He has produced 176 publications in various

https://link.springer.com/chapter/10.1007/978-981-15-6198-6_21
https://link.springer.com/chapter/10.1007/978-981-15-6198-6_22
https://link.springer.com/chapter/10.1007/978-981-15-6198-6_23


international journals, has edited thirty-four volumes as a Volume Editor for Science Direct, Springer,
CSI, etc., and has successfully executed five Research Projects funded by the AICTE, Ministry of IT
Government of West Bengal. In addition, he is a Guest Editor of Microsystem Technology Journal. 23
scholars awarded Ph.D. degree under his supervision and eight are pursuing.

Dr. Somnath Mukhopadhyay is currently an Assistant Professor at the Department of Computer
Science and Engineering, Assam University, Silchar, India. He completed his M.Tech. and Ph.D.
degrees in Computer Science and Engineering at the University of Kalyani, India, in 2011 and 2015,
respectively. He has co-authored one book and has six edited books to his credit. He has published over
30 papers in various international journals and conference proceedings, as well as five chapters in
edited volumes. His research interests include digital image processing, computational intelligence,
and remote sensing. He is a member of IEEE and IEEE Computational Intelligence Society, Kolkata
Section; life member of the Computer Society of India; and currently the regional student coordinator
(RSC) of Region II, Computer Society of India.

Dr. Alak Roy, B.Tech. in Computer Science and Engineering from North Eastern Regional Institute of
Science and Technology in 2008, M.Tech. in Information Technology from Tezpur University in 2010,
awarded Ph.D. in Computer Science and Engineering from Tezpur University in 2010. Qualified UGC
NET and GATE in 2017. Presently, he is working as an Assistant Professor in the Department of
Information Technology at Tripura University, India, from May, 2012. He has served as an Assistant
Professor, Department of Computer Science & Engineering at the National Institute of Technology
Agartala from October 2010 to April 2012. He has nine years of teaching and research experience in
Wireless Ad-Hoc and Sensor Networks, Internet of Things, Wireless and Mobile Communication,
Underwater Sensor Networks, and Computer Networks. He has supervised more than 26 master
dissertations. Dr. Roy has published more than 25 papers in international journals and conference
proceedings and organized 2 International conferences and 13 workshops. He serves as a Reviewer of 6
journals and 10 conferences and professional member of IEEE, ACM, IAENG, and IAASSE. 

Bibliographic information

Book Title Applications of Internet of Things
Book Subtitle Proceedings of ICCCIOT 2020
Editors Jyotsna K. Mandal 
Somnath Mukhopadhyay 
Alak Roy 
Series Title Lecture Notes in Networks and Systems
Series Abbreviated Title Lect. Notes in Networks, Syst.
DOI https://doi.org/10.1007/978-981-15-6198-6
Copyright Information The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Singapore Pte Ltd. 2021
Publisher Name Springer, Singapore
eBook Packages Intelligent Technologies and Robotics Intelligent Technologies and Robotics (R0)
Hardcover ISBN 978-981-15-6197-9
Softcover ISBN 978-981-15-6200-6
eBook ISBN 978-981-15-6198-6
Series ISSN 2367-3370
Series E-ISSN 2367-3389
Edition Number 1
Number of Pages XV, 253
Number of Illustrations 61 b/w illustrations, 79 illustrations in colour

https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2021&facet-end-year=2021
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2021&facet-end-year=2021


© 2020 Springer Nature Switzerland AG. Part of Springer Nature.

Not logged in Convener, UGC-Infonet Digital Library Consortium (3000132959) - Tripura University TU (3000172680) -
UGC Trial Account (3000178880) - Information and Library Network (INFLIBNET) Centre (3994475188) 14.139.212.242

Topics Computational Intelligence 
Artificial Intelligence 
Cyber-physical systems, IoT 
Professional Computing 
Buy this book on publisher's site

https://www.springernature.com/
https://www.springernature.com/
https://link.springer.com/search?facet-sub-discipline=Computational%20Intelligence&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Artificial%20Intelligence&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Cyber-physical%20systems%2C%20IoT&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Professional%20Computing&facet-content-type=Book
https://www.springer.com/978-981-15-6198-6?utm_source=springerlink&utm_medium=referral&utm_campaign=bookpage_about_buyonpublisherssite


1.

Angle-Based Feature Extraction Method for
Fingers of Hand Gesture Recognition

Applications of Internet of Things pp 187-192 | Cite as

Mampi Devi (1) 
Alak Roy (2) Email author (alakroy@tripurauniv.in)

1. Department of Computer Science and Engineering, Tripura University, , Suryamaninagar,
Agartala, India
2. Department of Information Technology, Tripura University, , Suryamaninagar, Agartala,
India

Conference paper
First Online: 04 August 2020

181 Downloads

Part of the Lecture Notes in Networks and Systems book series (LNNS, volume 137)

Abstract

In this paper, two types of features ‘angle’ feature and Finger\_{Tips} distance feature
extraction methods for gestures of finger recognition are proposed. The entire image is
segmented into several spatial modules and the task of feature extraction is carried out on
finger of the hand images. Application of this method is extended to medical systems, sign
languages for hearing-impaired people, crisis management and disaster relief, entertainment
and human- -robot interaction. This method is tested on medial axis transformation (MAT)
image and it does not require any gloves for recognition. This feature extraction algorithm
has an advantage of very low feature dimension.
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Abstract

As agriculture is the backbone of Indian economy, it deserves to be modernized. To
overcome backwardness of traditional methods of agriculture and to enhance the crop
production, to avoid the risk of damaging crops, and to do efficient use of water resources,
the latest technology of Internet of things (IoT) is playing a crucial role nowadays. So, this
paper “smart irrigation system” is proposed where the soil sensor is used to collect large
number of real-time data from the agricultural fields. The sensors interact with each other
through Internet connection. The data collected from the sensors sent to the Web server
using wireless sensor network. IoT framework analyzes and processes the sensed data. Then,
notifications are sent to the farmer’s smartphone application periodically. The farmer can
track changes in soil moisture. In this way, unnecessary wastage of water can be avoided.
This paper discusses the various experiments done in this context and a comparatively low
cost system module with sensors and wireless networks for modernized irrigation is
represented.
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As agriculture is the backbone of Indian economy, it deserves to be modernized. To
overcome backwardness of traditional methods of agriculture and to enhance the crop
production, to avoid the risk of damaging crops, and to do efficient use of water resources,
the latest technology of Internet of things (IoT) is playing a crucial role nowadays. So, this
paper “smart irrigation system” is proposed where the soil sensor is used to collect large
number of real-time data from the agricultural fields. The sensors interact with each other
through Internet connection. The data collected from the sensors sent to the Web server
using wireless sensor network. IoT framework analyzes and processes the sensed data. Then,
notifications are sent to the farmer’s smartphone application periodically. The farmer can
track changes in soil moisture. In this way, unnecessary wastage of water can be avoided.
This paper discusses the various experiments done in this context and a comparatively low
cost system module with sensors and wireless networks for modernized irrigation is
represented.
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Abstract

Over the past many years, several corporations have benefited from the implementation of
cloud solutions among the organization. Due to the advantages such as flexibility, mobility,
and cost saving, the number of cloud users is expected to grow rapidly. Consequently,
organizations want a secure system, credit to manifest its users so as to make sure the
practicality of their services and information hold on within the cloud storages are managed
in a private environment. In the current approaches, the user authentication in cloud
computing is predicated on the credentials submitted by the user like secret, token and
digital certificate. Unfortunately, these credentials can often be stolen, accidentally revealed,
or hard to remember. In view of this, we propose a fingerprint-based authentication system
to support the user authentication for the cloud environment. We take into account a
distributed state of affairs wherever the biometric templates are hold on within the cloud
storage, whereas the user authentication is performed without the leak of any sensitive
information.
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Abstract and Figures

Environmental improvement is an accepted national goal. Under the present
condition of the acute energy crisis and environmental degradation with rise in
population, it has become essential to develop an appropriate technology for
the recovery of energy from non-conventional sources like organic wastes.
India produces 350 million tonnes of organic wastes from different agricultural
sources. Out of these, several million tonnes of plant nutrients are produced.
Earthworm (verm) is known to be a good biological source for the recovery of
vermifertilizer and vermiprotein from the organic wastes to be used in agro-
ecosystem and aquaculture and poultry, respectively. Vermicomposting is a
process of conversion of organic waste through the synergistic actions of
epigeic earthworm and bacteria. When earthworms (endogeic or anecic) are
applied for breakdown and stabilization of municipal solid wastes, the process
is termed ‘vermistabilization’. The ultimate goal of both the processes is the
production of plant-available nutrients and earthworm biomass (vermiprotein).
Earthworm species to be selected for the process (1) should have great
adaptability with respect to environmental factors, (2) should be capable of
inhabiting high percentage of organic matter, (3) should be a proli�c breeder
(high fecundity) with high hatching success, and (4) should have short life
cycle. Recent studies indicated that under Indian conditions epigeic species,
such as Perionyx excavatus, Perionyx ceylanensis, Eudrilus eugeniae, Eisenia
fetida, Eisenia andrei, can complete their life cycle in organic waste and
produce vermicompost. Lampito mauritii, Polypheretima elongata, Drawida
nepalensis, Drawida willsi, Metaphire posthuma, Metaphire houlleti can
degrade organic matter in municipal sewage sludge which contains
considerable amounts of sand particles. This chapter deals with the growth
and reproduction of these organic waste degrading earthworms. Based on the
study, suitable species for organic waste degradation are being suggested.
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Earthworm species viz. Perionyx excavatus, Dichogaster bolaui, Lampito mauritii, Metaphire posthuma found in the waste deposit
sites of West Tripura were reared in �eld soils mixed with cow dung in order to examine their growth and reproductive potential under
laboratory conditions. The epigeic earthworms, P. excavatus and D. bolaui were continuous breeder with high fecundity (187 and 92
cocoons ... [Show full abstract]

View full-text

https://www.researchgate.net/profile/Dipanwita-Banik
https://www.researchgate.net/profile/Priyasankar-Chaudhuri-2
https://www.researchgate.net/publication/313525293_Effects_of_worm_density_on_growth_and_cocoon_production_of_the_African_nightcrawler_Eudrilus_eugeniae_Oligochaeta
https://www.researchgate.net/profile/Adriaan-Reinecke
https://www.researchgate.net/scientific-contributions/SA-Viljoen-72166332
https://www.researchgate.net/publication/309043748_Biology_and_ecology_of_earthworm_species_used_for_vermicomposting
https://www.researchgate.net/scientific-contributions/Jorge-Dominguez-39561200
https://www.researchgate.net/scientific-contributions/CA-Edwards-2968721
https://www.researchgate.net/publication/285338514_Studies_on_the_relationships_between_earthworms_and_soil_fertility_IV_On_the_life_cycles_of_some_British_Lumbricidae
https://www.researchgate.net/journal/Annals-of-Applied-Biology-1744-7348
https://www.researchgate.net/scientific-contributions/A-C-Evans-2086562439
https://www.researchgate.net/scientific-contributions/W-J-Mc-L-Guild-2027196930
https://www.researchgate.net/publication/284801695_Potential_of_Perionyx_excavatus_for_utilizing_organic_wastes
https://www.researchgate.net/journal/Pedobiologia-0031-4056
https://www.researchgate.net/profile/Radha-Kale
https://www.researchgate.net/scientific-contributions/K-Bano-2085917844
https://www.researchgate.net/scientific-contributions/RV-Krishnamoorthy-2086099146
https://www.researchgate.net/search
https://www.researchgate.net/publication/316607446_Regeneration_ability_in_seventeen_top_soil_and_sub_soil_earthworm_species
https://www.researchgate.net/publication/313525293_Effects_of_worm_density_on_growth_and_cocoon_production_of_the_African_nightcrawler_Eudrilus_eugeniae_Oligochaeta
https://www.researchgate.net/publication/309043748_Biology_and_ecology_of_earthworm_species_used_for_vermicomposting
https://www.researchgate.net/publication/285338514_Studies_on_the_relationships_between_earthworms_and_soil_fertility_IV_On_the_life_cycles_of_some_British_Lumbricidae
https://www.researchgate.net/publication/284801695_Potential_of_Perionyx_excavatus_for_utilizing_organic_wastes
https://www.researchgate.net/project/Survey-on-earthworm-resource-in-organic-wastes-forest-agro-ecosystem-and-their-role-in-waste-management-and-nutrient-dynamics-in-Northeast-India-Tripura-Nagaland-and-Uttarakhand
https://www.researchgate.net/profile/Susmita-Debnath-4
https://www.researchgate.net/scientific-contributions/Priyasankar-Chaudhuri-2172355384
https://www.researchgate.net/project/Survey-on-earthworm-resource-in-organic-wastes-forest-agro-ecosystem-and-their-role-in-waste-management-and-nutrient-dynamics-in-Northeast-India-Tripura-Nagaland-and-Uttarakhand
https://www.researchgate.net/publication/340128246_UTTAR_PRADESH_JOURNAL_OF_ZOOLOGY_COCOON_BIOLOGY_OF_EARTHWORMS_OF_WASTE_DEPOSIT_SITES_OF_TRIPURA_INDIA
https://www.researchgate.net/profile/Susmita-Debnath-4
https://www.researchgate.net/scientific-contributions/Priyasankar-Chaudhuri-2172355384
https://www.researchgate.net/publication/340128246_UTTAR_PRADESH_JOURNAL_OF_ZOOLOGY_COCOON_BIOLOGY_OF_EARTHWORMS_OF_WASTE_DEPOSIT_SITES_OF_TRIPURA_INDIA


Last Updated: 21 Sep 2020

Article

Growth, reproductive biology and life cycle of the vermicomposting earthworm, Perionyx ceylanensis M...

June 2009 · Bioresource Technology

Natchimuthu Karmegam · Thilagavathy Daniel

In the present study, an attempt has been made to study the growth, reproduction and life cycle of the earthworm, Perionyx
ceylanensis Mich. in cowdung for the period of 340 days. Results showed that the overall mean growth rate was 1.79, 1.57 and 1.34
mg/worm/day respectively for the worms cultured singly, in batches of four and eight. Cocoon production rate was found between
0.85 and 0.94 ... [Show full abstract]
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Perionyx ceylanensis is a newly discovered epigeic species with promising vermicomposting ability. Being a native vermicomposting
earthworm species, it is necessary to know about detailed biology of this species so that it can be used in vermiculture-based
biotechnology. But literature is scanty regarding its growth and reproduction in different organic wastes. Our present study deals with
the ... [Show full abstract]
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Pre-decomposed (15 days), turkey litter was mixed with cow dung (1:1, w/w) and vermicomposted with earthworm, Perionyx
ceylanensis for 60 days. The vermicompost thus obtained was amended with regular farmers practice in the �eld soil for the
cultivation of paddy (Oryza sativa, ADT-37) in six different treatments with and without vermicomposts (RBD). Before application of
vermicompost and after ... [Show full abstract]
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from the authors.

Abstract

Organic waste can be recycled through
earthworms into bene�cial manure with
available plant nutrients. Weeds and
leaf litter have always been a problem
for the society. Burning of leaf litter
causes air pollution, human health
hazards, besides plant nutrients loss.
On the other hand, higher adaptive
capabilities of exotic weeds, now a
day's made havoc for the society that is
di�cult to control. Vermicomposting
technology is an eco-friendly approach
for the management of organic wastes
through the synergistic actions of
epigeic earthworms such as Perionyx
excavatus, Eudrilus eugeniae, etc. and
microbes. Perionyx excavatus is a
native potential vermicomposting
species under Indian conditions.
Vermicompost prepared from weeds
and leaf litter will not only reduce the
cost of cultivation but also will
encourage organic farming for
sustainable agriculture.
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Abstract

Angiotensin is a peptide hormone produced by the proteolytic cascade initiated by the
enzyme renin. The physiological effects of angiotensin are articulated by a particular
receptor subtype, and it allows the cells to respond to extracellular signals. In earlier days,
receptors were used to be identified using in vitro radioimmuno assay methods similar to the
method used to identify receptor-binding properties of antibodies. However, nowadays the
validation of receptors is done by doing the molecular or gene grafting into an unresponsive
cell and then by observing the changes in chemical messengers. These innovative methods of
identifying receptors have led to the discovery of two major angiotensin receptors,
angiotensin type 1 receptor (AT  receptor) and type 2 receptor (AT  receptor), which produce
cellular signals. Angiotensin has various physiological functions in different places such as
juxtaglomerular cells, aldosterone, heart and kidney. The pharmacological intervention of
renin–angiotensin system can be done by using beta blockers which create the inhibitory
effect on renin secretion from juxtaglomerular (JG) cells. There is another method which
involves the use of the renin inhibitory peptide. However, this method is not yet proved to be
a successful approach for controlling the renin–angiotensin system. By far the most
appropriate method of controlling the renin–angiotensin system is by using orally active
angiotensin-converting enzyme (ACE) inhibitors, which interrupt the whole system.
However, due to the associated adverse effects of ACE inhibitors, angiotensin receptor
blockers (ARBs) are chosen over them. This chapter describes the history and origin of
angiotensin, its biosynthesis, its mechanism of action and its physiological role. Further, the
chapter also narrates the role of angiotensin as drug target and the use of ARBs for the
pharmacotherapeutic intervention of hypertension.
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ACE

Angiotensin-converting enzyme

Ang II

Angiotensin II

ARBs

Angiotensin receptor blockers

AT

Angiotensin type 1 receptor

AT

Angiotensin type 2 receptor

AT

Angiotensin type 3 receptor
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Angiotensin type 4 receptor

CHF

Congestive heart failure

CKD

Chronic kidney disease

GPCR

G-Protein-coupled receptor

JG Cells

Juxtaglomerular cells
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mRNA

Messenger RNA

NC-IUPHAR

International Union of Pharmacology Committee on Receptor Nomenclature and
Drug Classification

RAS

Renin–angiotensin system

US FDA

United States Food and Drug Administration

WHO

World Health Organization
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I. Introduction
In recent days surveillance is a monitoring tool for combat with crimes.
The aim of Close Circuit Television (CCTV) is to fight against the crime
and different social offences by monitoring the scene under the
surveillance. CCTV footage of crime area and its analysis are used in
forensic for discovering clue to detect suspect [1]. Security systems are
already installed at the important areas such as airports, offices, places
of worships, shopping mall, border areas, and parking areas etc. [2].
Along with this security issues, video monitoring systems (such as
CCTV) is used to reduce other crimes and social offenses in public
areas. CCTV footage are also accepted as evidence in courts for
prosecution [1] [3]. Video monitoring consists of one remotely mounted
camera and an operator for monitoring the videos transmitted by the
cameras to a screen of the base station. The operator has the twin
responsibility of (i) giving due attention to all the video feeds from the
camera and at the same time (ii) detecting suspicious activities of any
objects carrying gun, thereby collecting evidence followed by informing
appropriate authorities thereof [4]. It is a challenging task for an operator
to pay attention to all the videos. So, automation of suspicious object
detection becomes imperative for achieving comprehensive security and
surveillance system. Such an automated system is liable to raise the
alarm or indication whenever any aberrant activity is encountered under
CCTV surveillance, because of which the operator will prioritize his
awareness on the video feed and will initiate appropriate action there on
[4].
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Free Space Optical Communication
Channel Modelling with PIN Receiver

Suman Debnath, Bishanka Brata Bhowmik and Mithun Mukherjee

Abstract Free space optical (FSO) communication is a mode of optical commu-
nication, where the data transmission channel is established via free space, rather
using conventional optical fibre in optical communications. The transmission uses
the free space (e.g. air) as the medium, a low-power light amplification by stimulated
emission of radiation (LASER) as a transmitter and a semiconductor as the receiver.
As the channels in optical fibre communication (OFC) and FSO communication are
different, the losses and noises are also different in both cases. The quality of opti-
cal signal transmission through wireless depends on the atmospheric characteristics,
like rain, wind, snowfall, fog, temperature, sunlight, light from other sources and
turbulence. The aim of this publication is to model the channel for the optical signals
through the air by considering all the losses and noises over the medium. The noises
in the receiver, e.g. shot noise and thermal noise, are also analysed with on–off key-
ing and direct detection method and have shown the effects on the output electrical
signal. Bit error rate (BER) versus distance is obtained considering the above noises
and losses over the channel and at the receiver. Finally, a complete FSO system is
simulated by combining both the channel losses and noises at receiver.

Keywords Free space optical communication · Channel modelling · Atmospheric
losses · Turbulence · On–off keying · Pin photodetector · Receiver noise
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1 Introduction

Free space optical (FSO) [1] communication or optical wireless communication
(OWC) [2] is an advanced and low-cost communication technique in the modern
era. This transmission overcomes several drawbacks in traditional data transmission
system. For example, it omits the usage of wired channel, having high data rate
(10Gbps) with low bandwidth occupations and less link interference. This technique
is a powerful alternative to radio frequency (RF) and optical fibre communication
(OFC) [3].

In FSO communications, light amplification by stimulated emission of radia-
tion (LASER) transmitters are used for high-speed communication, whereas light
sources like light-emitting diodes (LEDs) are used as the transmitter for low speed
(10mbps). Typically, FSO communications operate in tera-Hertz (wavelength 800–
1600nm) unlicensed spectrum band. As a result, a huge bandwidth of light beam
allows faster transmission. FSO technique widely used the line-of-sight (LOS) trans-
mission. CAPANINA [4] is a project where a downlink transmission from a strato-
spheric platform of distance 60kmwas established and a link length of 150km estab-
lished between two Hawaiian Islands [5]. In an indoor system, FSO can be possible
with non-LOS transmission by reflecting the light from the wall to the receiver.

In addition, FSO communication provides an extreme security over data transmis-
sion as it uses a very narrow light beam and travels in a LOS path which is impossible
to detect with a spectral analyser or RF meter. The receiver must be perfectly aligned
to the beam, and the combination of transceiver must match with the system; then,
the transmission path will be completed. In addition, FSO system (Fig. 1) exhibits
the advantages of OFC systems, such as high data rate, no interference with the
other electromagnetic wave like microwave, radio system and ease of installation.
Moreover, the cost per bit is even lower than a traditional OFC system. On the other
side of this technique, it is very much dependant on the quality of the medium, e.g.
air. Bad weather degrades the transmission. The rain, wind, fog, sunlight or light
from another source can affect the transmitted light beam and make it attenuated and
noisy. Noises also add to the light beam due to the turbulence of air, and the loss
due to it is called scintillation loss (fluctuation of the intensity). Beam wandering,
beam broadening, and angle fluctuations are also caused due to turbulence [3]. As
this system is LOS, objects, e.g. tree and building, in the path of the transmission
also block the light beam to reach the receiver.

In this work, we study the effects of weather on the optical signal in FSO system.
We have simulated the rain loss, fog loss, geometric loss and turbulence effects which
cause a significant degradation to the FSO transmission quality.

In the case of the receiver, generally, two kinds of detectors are used in FSO
system, PIN photodetector and avalanche photodetector (APD). These detectors also
generate current noises while receiving the optical signals. The noises are shot or
quantum noise, thermal or Johnson noise and dark current (exclusively in APD). So
the quality of electric signal retrieved from optical signal also depends on the quality
of the receiver. Here, in this work, we use a PIN photodetector.
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Fig. 1 A typical FSO communication system

1.1 Contribution

The objective of the paper is to study a complete FSO system combining the effects
of all the losses and noises over the channel as well as at the receiver. FSO communi-
cation has been studied extensively and has simulated the noise effects on the optical
signal, but we tried to combine all the atmospheric loss and noises in the receiver end
and simulate the final electrical output of the whole FSO communication system. The
rest of the paper is organised as follows. Section2 discusses the losses and noises
over the channel. The losses and noises at the receiver are presented in Sect. 3. The
simulation results are shown in Sect. 4, and the conclusion is drawn in Sect. 5.

2 Losses Over the Channel

Losses in the atmosphere play a vital role in the degradation of the FSO transmis-
sion. The attenuation mainly occurs by scattering and absorption of light. In this
work, we model the channel considering the rain loss, snow loss, geometric loss and
scintillation loss.

2.1 Geometric Loss

The geometric loss is a transmission loss due to the deviation of light. This loss
depends on the diameter of both transmitter and receiver and the angle of deviation.
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So, more field of view (FOV) results in more geometric loss. This loss is independent
of the weather conditions of atmosphere and is expressed as [6]

Pgeo = −20 log

[
dreceiver

dtransmitter + (l × θ)

]
(1)

where Pgeo is the geometric loss (in dB), dreceiver and dtransmitter are the receiver and
transmitter diameters (in m), respectively, l denotes the length of the link (in m), and
θ represents the angle of beam FOV (in rad).

2.2 Turbulence and Scintillation Loss

Different studies are done, and various theoretical models have been proposed on
signal degradation and intensity fluctuation due to turbulence [7–16]. The turbulence
(C2

n ) occurs due to simultaneous changes in pressure, temperature and velocity in
the air. Generally, the turbulence ranges from 10−13 to 10−16 m−2/3 [17]. Due to the
turbulence, the molecules distribute randomly, and as a result, the light beam has
to face a fluctuation in its intensity which is called scintillation. The scintillation
variance is expressed as [18]

σ2
s = 23.16 C2

n K
7/6 L11/6 (2)

where C2
n is turbulence (m−2/3), K = 2π/λ is optical wave number, and L is the

link distance (in m). The above calculation is based on the spectrum of the refractive
index fluctuation by Kolmogorov [19].

2.3 Fog Loss

Theoretically, the fog attenuation on light is based on Mie scattering [20]. But the
popularly used two models to determine the fog loss are Kim model and Kurse
model [21]. These models are based on the visibility of air through fog. The fog
attenuation (in dB) is calculated as [6, 22]

Pfog = 10 logV%

V

(
λ

λ0

)−q

, (3)

where V% is percentage air drop transmission, V is visibility (in km), λ is transmitted
light wavelength (in nm), λ0 is visibility reference wavelength (in nm), and q is
wavelength dependency.
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The wavelength dependency expressed in both Kim and Kurse models, respec-
tively, is as follows [6, 22, 23].

q =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

1.6 if V > 50 km

1.3 if 6 km < V < 50 km

0.16V + 0.34 if 1 km < V < 6 km

V − 0.5 if 0.5 < V < 1 km

0 if V < 0.5 km

(4)

q =

⎧⎪⎨
⎪⎩
1.6 if V > 50 km

1.3 if 6 km < V < 50 km

0.585V 1/3 if V < 6 km

(5)

2.4 Snow Loss

Snow fall consists of two types of snows, namely dry snow and wet snow. Therefore,
the snow loss is determined based on types of snow [21]. The snow loss (in dB/km)
is calculated as

Psnow = a × Sb (6)

In the case of dry snow,

a = 5.42 × 10−5λ + 5.4958776 b = 1.38 (7)

and in the case of wet snow,

a = 1.023 × 10−4λ + 3.7855466 b = 0.72, (8)

where S is snow rate (in mm/h).

2.5 Rain Loss

Rain loss is also a significant attenuation in the FSO system. The loss (in dB) due to
rain is calculated as [23]

Prain = 1.076R2/3, (9)

where R is rain rate (in mm/h).
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3 Noises in the PIN Receiver

We have used the OOK modulation technique for simulation, so the received optical
field envelop of power Pr(t) can be written as

Pr(t) =
{
Pt1(t) + a(t) for bit 1

Pt0(t) + a(t) for bit 0
(10)

and
a(t) = �a(t) − A (11)

where Pt1(t) and Pt0(t) are transmitted optical power for bit 1 and bit 0, respectively,
a(t) is the channel noise, A is the attenuation due to rain, fog, snow and geometric
loss, and �a(t) is scintillation noise due to turbulence.

So assuming the responsivity of the receiver is unity, the photocurrent Ip(t) is [24]

Ip(t) = Pr(t)ηq

hν
(12)

where η is the quantum efficiency, q is the electron charge, and hν is the energy of
proton.

3.1 Shot Noise

Shot or quantum noise develops when the photodetector converts the photons of light
to photoelectron. The fluctuations in the amount of photons create a discrete flow of
electron in photodetector which leads to the shot noise [25]. This noise development
in photodetector follows the Poisson process [24]. The shot current noise (inAmpere)
is calculated as

σ2
sn = 2qIp(t)B (13)

where q is the charge of electron (in Coulomb), Ip(t) is receiver photocurrent (in
Ampere), and B is the bandwidth of the receiver.

3.2 Thermal Noise

For all electrical circuitry, load resistance creates a noise calls thermal or John-
son noise. This noise can be reduced with a large load resistor which fulfils the
requirement of receiver bandwidth [24]. The thermal noise variance (in Ampere) is
described as
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Table 1 Simulation parameters

Parameters Values

Transmitted power –10dBW

Bit rate 2.5Gb/s

Wavelength (λ) 1550nm

Turbulence (C2
n ) High (10−13 to 10−14m−2/3)

Rain rate (R) 20mm/h

Snow rate (S) 0mm/h

Receiver diameter (dreceiver) 13cm

Transmitter diameter (dtransmitter) 1mm

Angle of deviation (θ) 5mrad

Pseudorandom bit sequence (PRBS) 1010 − 1

Visibility (V ) 5km

Visibility reference wavelength (λ0) 550nm

Percentage air drop transmission (V%) 5%

σ2
tn = 4KBT

RL
B (14)

where KB is Boltzmann’s constant, T is absolute temperature (K◦), RL is load resis-
tance of 500�, and B is the receiver bandwidth of 50GHz.

4 Simulation Results

In this work, we have studied an FSO system combining all the attenuation and noises
due to atmospheric conditions and the receiver quality. A pseudorandom bit sequence
of 25 × 212 bit has been sent from the transmitter. In Fig. 2a, the total loss(dB) of the
optical signal is shown up to a link distance of 5km. From the simulation, we get that
the major loss of optical power is due to geometric loss. If the system is perfectly
aligned with a transmitter, having low FOV can enhance the quality of transmission.
The optical power degradation against distance up to 5km is shown in Fig. 2b.

Using the on–off keying (OOK)modulation, we calculated the bit error rate (BER)
against the transmission distance from100mup to 5000m in Fig. 3a. TheBERvalues
are estimated when the number of error bits was more than or equal to 100. This
ensures the 95% confidence interval with±0.15dB for estimating the optical signal-
to-noise ratio (OSNR) [26]. The sent bit sequence from the transmitter is compared
by performing XOR operation with the bit sequence of output electrical signal at the
receiver to detect the number of erroneous bits. From the BER graph, it is observable
that with all channel and receiver noises and attenuation in given conditions, we can
retrieve the optical signal by photodetector up to link distance 800m. But beyond the
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Fig. 2 a Loss profile of the channel, b received power at receiver with respect to distance when
transmitted power is −10dBW

Fig. 3 a Performance of BER with different distance, b eye diagram of electrical signal when link
length 500m

distance, a major degradation of the quality of optical signal occurs. Also keeping
the transmission distance of 500m, we have taken the eye diagram of the electrical
signal from the receiver in Fig. 3b. The fluctuations in the eye diagram shown are
due to the turbulence in the air, and the eye-opening reduces very rapidly due to this
turbulence.

In this simulation, we also observed the effects of receiver noise in the electrical
signal. Omitting the channel noises in the optical signal, two eye diagrams of the
electric signal at are taken—one is without the receiver noise Fig. 4a and another
with receiver noise Fig. 4b to distinguish the effects of receiver noise on electrical
signal at the receiver. The transmitted power and the link distance, in this case, were
−10dBmW and 10km, respectively.
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Fig. 4 a Eye diagram of current signal without receiver noise, b eye diagram of current signal with
receiver noise

5 Conclusion

Atmospheric quality plays a vital role in FSO transmission. In this paper, we have
analysed and combined most of the atmospheric loss and noises and modelled a
transmission channel in simulation level. It is also observed that even in high turbu-
lence the BER is very good up to transmission distance of 800m and rain causes a
significant loss of optical signal. The PIN receiver noises also took account of the
simulation, and also it is observed that a good photodetector with low noises can
have better sensing of the received optical signals. Overall, an FSO system has been
modelled to observe the noise effects on FSO system which helps to understand and
to implement this system at physical level.
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Design of a Low-Cost Li-Fi System Using
Table Lamp

Suman Debnath and Bishanka Brata Bhowmik

Abstract This paper presents a designing of a Li-Fi workingmodel to send informa-
tion in a unidirectional path via visible light to a receiving device across free space.
The communication link will be set up between a mobile device and a PC using a
modified table lamp to transmit data serially via USB COM port.

Keywords Light fidelity (Li-Fi) · Visible light communication (VLC) ·
Radiofrequency (RF) · Universal asynchronous receiver/transmitter (UART) ·
COM (communication) port

1 Introduction

A rapid evolution in technology is not only helping the society to progress, but it
also opens the door of a new era of creative thinking for future innovations. Li-Fi is
one such emerging technology in the subset of visible light communication (VLC)
where the data communication is done wirelessly by modulating the output intensity
of the light-emitting diodes (LEDs) with respect to the binary information, whereas
a photo-detector is used at the receiver end to recover the transmitted signal.

Li-Fi was coined by aGerman professor HaraldHass that stands for Light Fidelity.
He demonstrated this concept of optical wireless communication (OWC) at the TED
Global Talk in Edinburgh in 2011 [1]. The concept of using light as medium of trans-
mission dates back to the ancient times when light is being used in various forms like
smoke signals or beacon fires to conveymessages [2]. Over the years, optical commu-
nication has been evolved to a more advanced form where data nowadays is being
sent wirelessly via optical medium that proved to be a complementary technology to
the existing radio-frequency (RF) communication [3]. Li-Fi uses license-free visible
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light spectrum (375–780 nm) to provide a short-range wireless link for data commu-
nication. The concept was first proposed by the Japanese researchers in the form
of VLC. It was in the year 2000 a group of researchers from Japan proposed and
simulated successfully the concept using a LED-based indoor wireless transmitting
station [4]. From then on, this field attracts a lot of attention across the globe.

Till date, a few start-up companies are offering products based on this technology.
Among them, PureLi-Fi [5], Ledcomm [6], Velmenni [7], etc., are prominent who
tested and came up with some good solutions for practical approach to implement
the technology. PureLi-Fi introduced the Li-Fi-XC a USB dongle capable for full
bi-directional multiuser communication via light. Currently, they are working on
various components like Gigabit Li-Fi and Li-Fi ASIC [7]. Li-Fi MAX, GEOLi-Fi
OEM modem, etc. products are offered by Ledcomm.

This paper demonstrates a working model of a light-based communication link
between two devices via serial port. A detailed explanation of a Li-Fi transmitter
along with the receiver has been shown.

2 Working Principle

Li-Fi is a type of visible light communication (VLC) that works on the principle
of modulating a light source to convey information which is detected by a photo-
detector and processing circuitry stationed at the receiving end to recover the original
information [8]. Low-cost low–power-consuming LEDs are used as the light source
that gives very bright luminescence modulated by switching it on and off with the
help of a driver circuit at a high frequency [9].

The modulation of the LEDs is carried out by various modulation techniques.
If the modulation is done based on the technique such that the LEDs remains on
if the binary bit is ‘1’ and turns off for binary bit ‘0’, then it is working on OOK
(on-off keying) modulation format. It is a widely used single-carrier modulation
(SCM) scheme for its easy implementation [10]. In comparison to SCM,multicarrier
modulation (MCM) schemes are used for high-speed multiuser applications. MCM
schemes are more efficient in terms of energy and bandwidth. A widely used MCM
technique known as orthogonal frequency division multiplexing (OFDM) can also
be used to transmit data streams simultaneously in parallel with the help of different
orthogonal subcarrier.

The transmitted data that is passed through the optical medium falls on the sensi-
tive area of the optical detector circuitry. The circuitry consists of a photo-sensitive
element or sensor to detect the modulated light signal. The sensor converts the light
in the form of current proportional to it, and hence, the light gets detected at the
receiving end. Depending upon the modulation used at the transmitting side, the
receiving circuitry is designed that can demodulate the receiving signal to the original
data [11]. Generally, photo-sensitive element like a light-dependent resistor (LDR)
or a photo-diode or a photo-transistor can be used to detect the incoming light signal.
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After the detection, the signal is feed to a transimpedance amplifier circuitry before
demodulation to recover the information.

3 Design of a Li-Fi System

In this section, a detailed explanation of the working model of the Li-Fi system is
presented. The model consists of a transmitter and a receiver circuitry.

3.1 Transmitter Circuitry

Li-Fi transmitter converts the digital data into visible light. For the light source,
white high-brightness LEDs were used. The transmitter modulates the LEDs on the
basis of the incoming data to be sent. The modulation format used here is the OOK
modulation. Based on this format, the circuit turns on the LEDs to transmit logic one
and it turns off the LEDs to transmit logic zero.

The data transmission is done via serial port, so a serial device is used. Figure 1
shows the designed transmitter. The serial device is connected to the COM port of
the transmitting device via USB. The connected device is a Silicon Labs CP2102
USB to TTL UART converter. The output TX pin of the serial converter is feed to
the base pin of a switching transistor (2N2222A) that drives the SMD LEDs.

TheLEDs are connected to the 5Voptional output power pin of theTTLconverter.
In this way for an incoming bit high or low, the variation of the TX pin output will
change the state of the transistor to turn on and off the LEDs.

3.2 Receiver Circuitry

The receiver circuit detects the incoming light signal, amplifies, and compares it to
get the desired output.

Figure 2 shows the receiver circuitry. A low-cost light-dependent resistor (LDR)
device is used to detect the light signal which is connected to achieve a potential
divider circuit. The potential divider output is then feed to the non-inverting terminal
of the dual op-amp LM358 IC, while a 10 K potentiometer is connected to the
inverting terminal of the same op-amp IC. Thus, the op-amp works as a comparator
that compares and amplifies the voltage difference of the two input terminals to
produce the output.

A LED is connected across the output terminal of the op-amp to indicate the
output sequence. The output of the op-amp 1 is feed to the op-amp 2 that acts as a
buffer circuit, and the final output is obtained from the op-amp 2.

The circuit diagram of the receiver circuitry is shown in Fig. 3. The distance
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Fig. 1 a Transmitter unit connected to PC, b transmitter internal construction, and c transmitter
circuit diagram

between the light source and the LDR can be adjusted with the help of the poten-
tiometer. A CP2102 USB to TTL UART converter is used in which the output is
connected to the RX pin to convert the incoming bits back to the USB standard. The
converter is then connected to the USB port of the receiving device where it will be
detected as a specific COM port device.
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Fig. 2 Receiver circuitry

3.3 Software

The communication link has been set up between a mobile and a PC device using
visible light. For this, open-source software like Serial USB Terminal and Tera Term
have been used for demonstrating the transfer of text contents between these devices
via serial port. The software automatically detects the transmitter and the receiver
connected to the COM port. After setting up the connection between the COM ports
with the software, the serial port has been manually configured to adjust the baud
rate, data, parity, and stop bits.
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Fig. 3 Receiver circuit diagram

4 Results

The transmitter and receiver results of the Li-Fi communication link are shown in
Fig. 4.

Figure 4 shows the waveforms of the transmitted and the received signals. The
received signal is obtained after amplifying the sensor output. Though thewaveforms
obtained are almost identical in nature, there exists a small difference in phase and
duty cycle between them. This shows that the data transmission is feasible.

The figures of the serial terminals are shown in Fig. 5. A string of data is trans-
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Fig. 4 a Hardware setup for testing in DSO, and b transmitted and received signals obtained
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Fig. 5 a Data string transmitted from mobile to PC and b received data string on PC

mitted from the mobile to pc using Serial USB Terminal application with the help of
the designed transmitter. The data is received at the receiving end and finally been
displayed at the Tera Term terminal monitor screen. A saved text file can also be send
via this setup.

5 Conclusion

In this paper, aworkingmodel of a Li-Fi-based communication link has been success-
fully demonstrated. The transmitter and receiver model has been presented in detail.
The model has been used to transmit and receive data strings over visible light using
LEDs. The communication is done by modulating the light intensity using on-off
keying technique. From the experimented demonstration, it is shown that the feasi-
bility of data transmission using visible light is possible. The model designed has
some limitations also like speed, accessibility, and direction of propagation. The
design does not support multiuser bi-directional access. Further, if the receiver is not
placed at a required distance and also not in the line of sight of the transmitter, the data
transmission gets affected. Though the paper aims to present an easy, compact, and
low-cost Li-Fi communication link, the speed and distance between the transmitter
and the receiver can be further increased with the help of high-speed devices.



Design of a Low-Cost Li-Fi System … 57

References

1. The History of LiFi. https://lifi.co/the-history-of-lifi/. Last accessed 29 Sept 2019
2. Dimitrov, S., Haas, H.: Principles of LED Light Communications towards Networked Li-Fi,

1st edn. Cambridge University Press, Cambridge (2015)
3. Bian, R., Tavakkolnia, I., Haas, H.: 15.73 Gb/s Visible light communication with off-the-shelf

LEDs. J. Lightwave Technol. 1 (2019). https://doi.org/10.1109/jlt.2019.2906464
4. Nan, Chi: LED-Based Visible Light Communications. Tsinghua University Press, Springer,

Beijing, Germany (2018)
5. PureLiFi. https://purelifi.com/. Last accessed 25 Sept 2019
6. Oledcomm. https://www.oledcomm.net/. Last accessed 26 Sept 2019
7. Velmenni. https://www.velmenni.com/. Last accessed 28 Sept 2019
8. https://purelifi.com/lifi-products/. Last accessed 25 Sept 2019
9. Shamsudheen, P., Sureshkumar, E., Chunkath, Job: Performance analysis of visible light

communication system for free space optical communication link. Proc. Technol. 24, 827–833
(2016). https://doi.org/10.1016/j.protcy.2016.05.116

10. Haas, H., Yin, L., Wang, Y., Chen, C.: What is Li-Fi? J. Light Wave Technol. 34, 1533–1544
(2016)

11. Goswami, P., Shukla,M.K.: Design of a Li-Fi transceiver.Wirel. Eng. Technol. 8, 71–86 (2017).
https://doi.org/10.4236/wet.2017.84006



Design of a Low-Cost Li-Fi System Using
Table Lamp

Suman Debnath and Bishanka Brata Bhowmik

Abstract This paper presents a designing of a Li-Fi workingmodel to send informa-
tion in a unidirectional path via visible light to a receiving device across free space.
The communication link will be set up between a mobile device and a PC using a
modified table lamp to transmit data serially via USB COM port.

Keywords Light fidelity (Li-Fi) · Visible light communication (VLC) ·
Radiofrequency (RF) · Universal asynchronous receiver/transmitter (UART) ·
COM (communication) port

1 Introduction

A rapid evolution in technology is not only helping the society to progress, but it
also opens the door of a new era of creative thinking for future innovations. Li-Fi is
one such emerging technology in the subset of visible light communication (VLC)
where the data communication is done wirelessly by modulating the output intensity
of the light-emitting diodes (LEDs) with respect to the binary information, whereas
a photo-detector is used at the receiver end to recover the transmitted signal.

Li-Fi was coined by aGerman professor HaraldHass that stands for Light Fidelity.
He demonstrated this concept of optical wireless communication (OWC) at the TED
Global Talk in Edinburgh in 2011 [1]. The concept of using light as medium of trans-
mission dates back to the ancient times when light is being used in various forms like
smoke signals or beacon fires to conveymessages [2]. Over the years, optical commu-
nication has been evolved to a more advanced form where data nowadays is being
sent wirelessly via optical medium that proved to be a complementary technology to
the existing radio-frequency (RF) communication [3]. Li-Fi uses license-free visible
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light spectrum (375–780 nm) to provide a short-range wireless link for data commu-
nication. The concept was first proposed by the Japanese researchers in the form
of VLC. It was in the year 2000 a group of researchers from Japan proposed and
simulated successfully the concept using a LED-based indoor wireless transmitting
station [4]. From then on, this field attracts a lot of attention across the globe.

Till date, a few start-up companies are offering products based on this technology.
Among them, PureLi-Fi [5], Ledcomm [6], Velmenni [7], etc., are prominent who
tested and came up with some good solutions for practical approach to implement
the technology. PureLi-Fi introduced the Li-Fi-XC a USB dongle capable for full
bi-directional multiuser communication via light. Currently, they are working on
various components like Gigabit Li-Fi and Li-Fi ASIC [7]. Li-Fi MAX, GEOLi-Fi
OEM modem, etc. products are offered by Ledcomm.

This paper demonstrates a working model of a light-based communication link
between two devices via serial port. A detailed explanation of a Li-Fi transmitter
along with the receiver has been shown.

2 Working Principle

Li-Fi is a type of visible light communication (VLC) that works on the principle
of modulating a light source to convey information which is detected by a photo-
detector and processing circuitry stationed at the receiving end to recover the original
information [8]. Low-cost low–power-consuming LEDs are used as the light source
that gives very bright luminescence modulated by switching it on and off with the
help of a driver circuit at a high frequency [9].

The modulation of the LEDs is carried out by various modulation techniques.
If the modulation is done based on the technique such that the LEDs remains on
if the binary bit is ‘1’ and turns off for binary bit ‘0’, then it is working on OOK
(on-off keying) modulation format. It is a widely used single-carrier modulation
(SCM) scheme for its easy implementation [10]. In comparison to SCM,multicarrier
modulation (MCM) schemes are used for high-speed multiuser applications. MCM
schemes are more efficient in terms of energy and bandwidth. A widely used MCM
technique known as orthogonal frequency division multiplexing (OFDM) can also
be used to transmit data streams simultaneously in parallel with the help of different
orthogonal subcarrier.

The transmitted data that is passed through the optical medium falls on the sensi-
tive area of the optical detector circuitry. The circuitry consists of a photo-sensitive
element or sensor to detect the modulated light signal. The sensor converts the light
in the form of current proportional to it, and hence, the light gets detected at the
receiving end. Depending upon the modulation used at the transmitting side, the
receiving circuitry is designed that can demodulate the receiving signal to the original
data [11]. Generally, photo-sensitive element like a light-dependent resistor (LDR)
or a photo-diode or a photo-transistor can be used to detect the incoming light signal.
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After the detection, the signal is feed to a transimpedance amplifier circuitry before
demodulation to recover the information.

3 Design of a Li-Fi System

In this section, a detailed explanation of the working model of the Li-Fi system is
presented. The model consists of a transmitter and a receiver circuitry.

3.1 Transmitter Circuitry

Li-Fi transmitter converts the digital data into visible light. For the light source,
white high-brightness LEDs were used. The transmitter modulates the LEDs on the
basis of the incoming data to be sent. The modulation format used here is the OOK
modulation. Based on this format, the circuit turns on the LEDs to transmit logic one
and it turns off the LEDs to transmit logic zero.

The data transmission is done via serial port, so a serial device is used. Figure 1
shows the designed transmitter. The serial device is connected to the COM port of
the transmitting device via USB. The connected device is a Silicon Labs CP2102
USB to TTL UART converter. The output TX pin of the serial converter is feed to
the base pin of a switching transistor (2N2222A) that drives the SMD LEDs.

TheLEDs are connected to the 5Voptional output power pin of theTTLconverter.
In this way for an incoming bit high or low, the variation of the TX pin output will
change the state of the transistor to turn on and off the LEDs.

3.2 Receiver Circuitry

The receiver circuit detects the incoming light signal, amplifies, and compares it to
get the desired output.

Figure 2 shows the receiver circuitry. A low-cost light-dependent resistor (LDR)
device is used to detect the light signal which is connected to achieve a potential
divider circuit. The potential divider output is then feed to the non-inverting terminal
of the dual op-amp LM358 IC, while a 10 K potentiometer is connected to the
inverting terminal of the same op-amp IC. Thus, the op-amp works as a comparator
that compares and amplifies the voltage difference of the two input terminals to
produce the output.

A LED is connected across the output terminal of the op-amp to indicate the
output sequence. The output of the op-amp 1 is feed to the op-amp 2 that acts as a
buffer circuit, and the final output is obtained from the op-amp 2.

The circuit diagram of the receiver circuitry is shown in Fig. 3. The distance
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Fig. 1 a Transmitter unit connected to PC, b transmitter internal construction, and c transmitter
circuit diagram

between the light source and the LDR can be adjusted with the help of the poten-
tiometer. A CP2102 USB to TTL UART converter is used in which the output is
connected to the RX pin to convert the incoming bits back to the USB standard. The
converter is then connected to the USB port of the receiving device where it will be
detected as a specific COM port device.



Design of a Low-Cost Li-Fi System … 53

Fig. 2 Receiver circuitry

3.3 Software

The communication link has been set up between a mobile and a PC device using
visible light. For this, open-source software like Serial USB Terminal and Tera Term
have been used for demonstrating the transfer of text contents between these devices
via serial port. The software automatically detects the transmitter and the receiver
connected to the COM port. After setting up the connection between the COM ports
with the software, the serial port has been manually configured to adjust the baud
rate, data, parity, and stop bits.
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Fig. 3 Receiver circuit diagram

4 Results

The transmitter and receiver results of the Li-Fi communication link are shown in
Fig. 4.

Figure 4 shows the waveforms of the transmitted and the received signals. The
received signal is obtained after amplifying the sensor output. Though thewaveforms
obtained are almost identical in nature, there exists a small difference in phase and
duty cycle between them. This shows that the data transmission is feasible.

The figures of the serial terminals are shown in Fig. 5. A string of data is trans-
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Fig. 4 a Hardware setup for testing in DSO, and b transmitted and received signals obtained



56 S. Debnath and B. B. Bhowmik

Fig. 5 a Data string transmitted from mobile to PC and b received data string on PC

mitted from the mobile to pc using Serial USB Terminal application with the help of
the designed transmitter. The data is received at the receiving end and finally been
displayed at the Tera Term terminal monitor screen. A saved text file can also be send
via this setup.

5 Conclusion

In this paper, aworkingmodel of a Li-Fi-based communication link has been success-
fully demonstrated. The transmitter and receiver model has been presented in detail.
The model has been used to transmit and receive data strings over visible light using
LEDs. The communication is done by modulating the light intensity using on-off
keying technique. From the experimented demonstration, it is shown that the feasi-
bility of data transmission using visible light is possible. The model designed has
some limitations also like speed, accessibility, and direction of propagation. The
design does not support multiuser bi-directional access. Further, if the receiver is not
placed at a required distance and also not in the line of sight of the transmitter, the data
transmission gets affected. Though the paper aims to present an easy, compact, and
low-cost Li-Fi communication link, the speed and distance between the transmitter
and the receiver can be further increased with the help of high-speed devices.
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Traditional Agroforestry Systems
of Northeast India

Sourabh Deb

Abstract Traditional agroforests, as one of the integrated approaches to environ-
mental conservation has been considered as a superior system that permits signif-
icant and ecological interaction between the woody and non woody components.
These traditional systems have been widely practiced by the people of Northeast
India since time immemorial. A study has been conducted among three communi-
ties viz., Kalita (Assam) and Nyishi and Apatani (Arunachal Pradesh) of Northeast
India to understand the structure, economy, soil quality and management aspects
of traditional agroforestry systems. The study revealed that the systems have the
potential to preserve the plant and animal diversity in different climatic zones of
the region. Different plant species grown in these multistoried agroforestry systems
are confounded by the livelihood requirements and traditional knowledge. The most
prevalent agroforestry systems inNortheast India observed during the study areAgri-
horti-silvi-pisciculture, Agri-horti-silviculture and Horti-silvi-pastoral systems. The
systems have also been categorized on the basis of economic output viz., Subsistence-
based agroforestry system, Semi-commercial agroforestry system and Commercial
agroforestry system. Species composition of the traditional agroforestry systems also
varied with residue management, soil and climate of the sites. The soil nutrient status
of Agri-horti-silvi-pastoral systems shows more favourable soil physical, chemical
and biological properties in comparison to other agroforestry systems. An under-
standing of indigenous practices, therefore, offers excellent opportunities for finding
solutions to the problems of self reliance in agricultural development of the region.

Keywords Indigenous · Tradition ·Management · Agroforestry · Economic aspect
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1. INTRODUCTION  

Tripura with an area of 10,486 sq.km has always been a multi-ethnic state like most other Northeastern 

state of India. There are 19 Scheduled tribes in Tripura, namely the Tipras/ Tripuri, Riang (Bru), Jamatia, 

Noatia, Lushai, Uchoi, Mog, Kuki, Chakma, Khasi, Garos, Halam, Bhutia, Bhil, Munda, Orang, Lepcha, 

Santhal and Chaimal.  

 

The Reangs (Bru) are basically a semi-nomadic tribe who practice jhum (slash and burn) or shifting 

method of cultivation on the hill sides. This makes them to move from one place to another place after a 

gap of few years. The possible causes of their migration and movement lay in their traditional life patterns 

characterized by shifting cultivation, primitive tools, semi-nomadic settlement, inter-tribal feuds, etc. The 

Reang (Bru) basically belonged to the Mongoloid group and speaks the Tibeto-Burmese language „Kau 

Bru‟. The Reang (Bru) inhabited almost in all the district of Tripura and with small populations in the 

neighbouring States of Mizoram and Assam.  

The Reang usually call themselves as „Bru‟, but the term „Reang‟ is used as an appellation to denote the 

tribe. The term „Reang‟ has been derived and used from the name of the last Kaskau (Community Chief) 

i.e., Reang Kaskau. In the Bru or Riang/Reang Community there are 12 Clans/Panjis, namely Molsoi, 

Tuimui, Msha, Taumayakcho, Apeto, Wairem, Meska, Raikchak, Chorkhi, Chongpreng, Nouhkham and 

Yakstam. The Reang (Bru) has been identified as the “Primitive Group” by the Ministry of Home Affairs, 

Government of India on the basis of their pre-agricultural level of technology, extremely low level of 

literacy, declining or stagnant population. 

At present, the Reang (Bru) communities basically are found to reside in twenty-eight out of fifty-eight 

blocks in eight districts of Tripura. In North and Unakoti district, they reside in Kumarghat, Gournagar, 
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Dasda, Pecharthal, Laljuri, Damcherra, Jampui Hill, Yuvrajnagar and Kadamtala blocks. In Dhalai and 

Khowai district, they reside in Ambassa, Manu, Chawmanu, Dumburnagar, Ganganagar, Salema, Durga 

Chowmuni, Tulasikhar and Mungiakami blocks. In South and Gomati district, they reside in Matabari, 

Amarpur, Karbook, Ompi, Bokafa, Jolaibari, Hrishyamukh, Bharat Ch.Nagar, Kakraban and Rajnagar 

blocks. 

2. CULTURAL SPECTRUM  

Tripura encloses a rich cultural heritage of songs, dance and music. Due to its numerous and diverse 

ethno-linguistic groups, a composite culture has emerged on the whole in Tripura. Actually, Tripura has 

traditionally been the home of different cultures and people. The tribal culture and their traditions and 

practices pervade almost all of the aspects in the society. The distinctiveness of the tribes lays in their 

rituals, cultures, beliefs and above all the harmony in which they survive in unison with nature. The 

Reang (Bru) community has a rich and vibrant material culture. Their custom depicts their belief in 

simplicity. The diversity of culture across tribal groups is reflected in the diversity of songs, music, 

instruments and techniques. 

 

2.1 DRESS AND ORNAMENTS  

Simplicity and plainness are the twin characteristics of the dress of the Reang (Bru) people. The 

traditional dress of the Reang (Bru) community is simple and plain. Traditionally, the men wear a hand 

woven loin cloth and a piece of hand woven cloth „Kutai ritrauh’ as a wrapper for upper portion. The 

women wear a long cloth called Rnai, a wraparound; from the waist to down to the knees. A Rsa, 

covering the chest, and Rikatouh for covering the whole upper half of the body. These are woven by the 

Reang (Bru) women, which are colourful and very beautiful. But nowadays the educated masses are 

wearing all the modern dresses like any other part of the world. The Reang (Bru) women are very fond of 

personal decoration and take much care for their makeup and hair-do. They love ornaments, flowers, and 

cosmetics. Silver ornaments especially the necklace of silver coins „Rangbauh’ have a pride of place and 

status. Some of the important ornaments that the Reang (Bru) maiden adorns are Sangai (For Hair), Srang 

(For Hair), Wareigh (For Hair), Wakhom (For Ear), Nabak (For Ear), Lukoigh (For Neck), Kanthi ( For 

hand), Rangbak sanang (For Neck), Tar ( For hand), Tro ( For hand), Mathia (For Hand-Male)  and 
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Bengi (For Leg). Undoubtedly, the credit for the Tripura‟s traditional costumes act of being attractive 

while being simple at the same time goes to the much talented natives. 

 

2.2 FOLK SONGS, MUSIC AND DANCE  

Music plays a major role in Reang (Bru) societies and is intimately linked with a person‟s ancestry and 

country (the animals, plants and physical features of the landscape). It is traditionally connected with 

important events such as the bringing of rain, healing, harvesting, etc. Reang (Bru) music is learnt and 

carried on to later generations by performing it. It is not seen as fixed but rather is something that is 

varied or built upon in successive performances. There is usually a large number of participants and is 

performed communally.  Narrative verse looms large in the traditional music of Reang (Bru) cultures. 

This encompasses such forms which were meant originally for oral performance, sometimes accompanied 

by instruments. Hymns and other forms of religious music are often of traditional origin. Work songs 

frequently feature on call and response structures, and are designed to enable the laborers‟ who sing them 

to coordinate their efforts in accordance with the rhythms of the songs. They are frequently, but not 

invariably, composed.  

 

Music has been an integral part of the Reang (Bru) lifestyle. Some of the aboriginal instruments, 

developed in Tripura and with respect to Reang (Bru) community are Dandu (Musical instrument played 

by mouth), Wathop (bamboo musical instrument), Srenda (violen), Kham (Drum), Chongpreng (Guitar), 

and Ksumu (Flute). Be it the occasion of marriage, religious ceremony or other festival, songs and music 

are sung and played to commemorate each event among the community. Dance has also been a vital 

constituent of the Reang (Bru) way of life. The different varieties and style of dance forms like Dailo, 

Hodaigri or Menpati, Goroia, Taoktuma, etc are exclusive to one or the other occasions. 

 

2.3 HODAIGRI DANCE  

The Reang (Bru) songs and dances reflect their social lifestyle. Joy and sorrow are given a musical colour 

through their songs sung in style befitting the occasions. The Hodaigri dance amongst the Reang (Bru) 

was usually performed on the occasion of Maikhlungmo rituals i.e. worship of Goddess of food grains and 
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cotton especially during the month of September-October after the successful completion of Huk or Jhum 

harvesting. Maikhlungmo rituals consist of four varieties viz. Mainokma, Khunokma, Maiktama and 

Maikchamma. On the particular day of the rituals, i.e. in the morning some fowls (03 Nos.) would be 

sacrificed along with some other ingredients. Some well-to-do families sacrifice Pig and Buffalo, wherein 

all the villagers would be invited for the feast. During the earlier days the well-to-do families would 

usually be from the rank of village Choudhry (Head-Man), etc. The feast would continue throughout the 

day and as night approaches the Hodaigri dance would be performed, which continues throughout the 

night. It is believed that the dance originated on the occasion of the Maikhlungmo rituals so as to receive 

blessing from the mother goddess. Hodaigri basically indicates the „night of the feast or merry-making‟ 

on the occasion of Maikhlungmo rituals. All the villagers would enjoy Awaing thai (A rice cake wrap with 

special kind of wild flower leaves) and drink Arag (locally made rice beer). In a Hodaigri dance, the 

Reang (Bru) maiden would expose their dance expertise and skills of various techniques. The dancer 

would start dancing by standing on the pitcher by balancing the plate and simultaneously balancing a 

round shaped bamboo tray in their hands and also keeping the local beer bottle attached with a burning 

lamp on top of their head, and simultaneously moving their body in a harmonious rhythm to the beats of 

musical instruments like drum, flute and folk songs. The equipments required for this dance are earthen 

pitcher, small oil lamps, bottle, handkerchiefs or flowers, Baileing (sort of a big plate made of bamboo), 

metal plates and different ornaments and coulouful dresses. This is basically a female oriented dance but 

men assist the female artistes by providing musical beats for the dance. Hodaigri is also known by other 

names like Medol Msamung and Menpati. 

3. THE BRU SOCIO-CULTURAL ORGANIZATION (BSCO)  

The Bru Socio-Cultural Organization (BSCO) is one of the largest Non-Governmental Organization of 

the Reang (Bru) Community of Tripura. It was established in 1980 with an aim to develop and uplift the 

Reangs (Bru) Socio-Cultural, Economic and Education. The structure of the BSCO comprised the Central 

Executive Committee Members at the apex with ten regions namely Amarpur, Damcherra-Khedacherra, 

Kanchanpur, Belonia-Santirbazar-Udaipur-Sonamura, Manu-Mongang, Delwai-Tuiksama, Gandacherra, 

Unakoti, Karbook and Tuikchoma Region. Also, there comprised several Primary Committee based on 

different cluster of villages under the respective Regions. 
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The BSCO General Conference are held generally every year since 1981 but now it was held once in 

every three years to help motivate and entails more time for the upliftment of the Society. The BSCO also 

organized the popular Hodaigri festival since 1993 in association with different departments of the State 

Government and the Tripura Tribal Area Autonomous District Council (TTAADC). 

Apart from organizing the Hodaigri festival, the BSCO has been engaging with various social-cultural 

related awareness among the Reang (Bru) community of Tripura. The BSCO had been organizing various 

educational, health camp awareness, traditional games and sports events and making documentaries on 

the social-cultural life of the Reangs (Bru), on safe drinking water, malaria and education, religion, games 

& sports, marriage system, etc. 

3.1 AIM AND OBJECTIVES 

1. Protection, promotion and advancement of the cultural heritage and tradition that distinctly establishes 

our affinity to the membership of the Bru Tribe. 

2. Protection and promotion of traditional folk dances, songs and music. 

3. Protection and development of Bru language (Kau Bru) and literature by way of compilation of 

vocabularies, proverbs, folk tales, and their documentation and also of organizing seminars/ conventions 

on language and literature. 

4. To restore dignity and sanctity to the customary laws and practices which are consistent with natural 

justice as well as modern concept of justice and to initiate reforms where necessary and approach the 

appropriate authority for codification of law. 

5. To fight the harmful superstitious belief and practices wherever and in whatever form they are found in 

our society. 

6. To advance and protect the all round interests of all sections of the Bru society in the field of education, 

employment and finance. 

7. To build up a network of relationship for closer contact among the Brus in Tripura in particular and the 

Brus outside Tripura throughout India in general by mutual exchange of views and opinions on matters 

affecting their common interests. 

8. To organize and extend relief for the victims of natural calamities of serious nature and for displaced 

families due to other reasons meriting relief of humanitarian grounds. 
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9. To bring to the notice of the appropriate authority any difficult problem, crisis or violation of human 

rights faced by the Brus as well as members of other communities and to seek from appropriate authority 

immediate redresses of such difficult problem, crisis or violation of human rights affecting the Brus in 

particular and other communities in general. 

10. To organize awareness programme on sanitation and health. 

11. To draw up action plan for tying up selling of traditional dress/ costumes, handicrafts etc. with 

observance of traditional festivals and festivals of the religious groups. 

12. To initiate programme for skill development, capacity building and economic empowerment of the 

weaker sections of the society. 

13. To acquire by purchase or lease or otherwise, land and buildings and establish offices of the society 

and cultural centers for pursuit and promotion of cultural activities. 

14. To systematically and effectively contribute to the advancement of the Bru tribe to the nationality. 

15. To collect subscriptions and donations from members and others and accept gift, bequeath and 

endowment for attainment of the objects of the society. 

3.2 ORGANIZATIONAL CHART OF THE BRU SOCIO-CULTURAL ORGANIZATION 

(BSCO), TRIPURA 

CENTRAL EXECUTIVE COMMITTEE 

The Central Executive Committee (CEC) is at the apex. The CEC consist of 13 members. They are the 

President, Vice-President, General Secretary, Asstt. General Secretary (South), Asstt. General Secretary 

(North), Finance Secretary, Office-cum- Organizing Secretary,  Secretary for Customary Law & 

Practices, Literary Affairs, Cultural Affairs, Educational Advancement, Economic Development, Youth 

Affairs & Traditional Games and Women Welfare. The tenure of the committee is three years. 

 

 

REGIONAL COMMITTEE 

There is ten Regional Committee spread all over Tripura. The members of the Regional Committee are 

formed from among the Primary Committee members. 
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1. Damcherra-Khedacherra Region, North Tripura North 

2. Kanchanpur Region, North Tripura  

3. Manu-Mongang Region, Dhalai Tripura  

4. Delwai-Toiksama Region, Dhalai Tripura  

5. Gandacherra Region, Dhalai Tripura  

6. Amarpur Region, Gomoti Tripura  

7. Udaipur-Santirbazar-Belonia Region, Gomoti-South Tripura 

8. Unakoti Region, Unakoti Tripura 

9. Tuikchoma Region, Khowai Tripura 

10. Karbook Region, Gomoti Tripura  

 

 

PRIMARY COMMITTEE 

There are as many Primary Committees under each Region. The Primary Committees are usually formed 

from among a single or a group of village hamlets. 

 

 

MAJOR PROGRAMMES/ACTIVITIES OF BSCO IN TRIPURA 

Sl. 

No. 

Programmes/Activities Collaboration/Sponsored Period/Year 

1 Hojagiri (Hodaigri) Festival TRP & PTG, TWD, ICA, Govt. of 

Tripura, TTAADC, NZCC, etc. 

Yearly since 1993 

2 Health Awareness Camp TRP & PTG, TRCI, Govt. of 

Tripura & Self 

Yearly 

3 Educational Awareness Camp/ 

Literacy Campaign 

TRP & PTG, TRCI, Govt. of 

Tripura & Self 

Yearly 

4 Cultural Awareness Camp TRCI, Govt. of Tripura & Self Yearly 

5 Traditional Games & Sports Events TRP & PTG, TRCI, Govt. of 

Tripura. 

2014-2016 

6 Documentary on the Reangs on TRP & PTG, Govt. of Tripura, 2012-2015 
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subject relating to Health 

Awareness, Hygiene, Games & 

Sports, Marriage System, Religion 

and Culture. 

TRCI, Govt. of Tripura & Self 

7 Merit Award Self Yearly 

8 Village Awareness Camp Self Yearly 

9 Organizing Cultural Programme Self Yearly 

10 Organizing Workshop on 

Culture/Traditional Sports and 

Customary Laws. 

TRCI, Govt. of Tripura & Self Yearly, 

Customary Law 

(2003, 2008, 2016) 

11 Printing of Calendar and Souvenir Self Yearly 

12 Unique ID NGO partnership   

13 Website/ E-mail   

14 Research Project on Reang TRCI, Govt. of Tripura 2014-15 

15 Reang Feature Film &  

Video Album Gregchungma 

TRCI, Govt. of Tripura & Self 2012 Onwards 

16 Customary Law to TTAADC   

17 Reang/Riang to TRCI   

18 Hodaigri Academy at Tuikarmaw   

19 Bru Census 2015   

*TRP & PTG- Tribal Rehabilitation in Plantation and Primitive Tribal Group. 

*TWD- Tribal Welfare Department. 

*TRCI- Tribal Research & Cultural Institute. 

 

4. EVALUATION FRAMEWORK AND APPROACH  

The BSCO proposed to assess and document qualitative and quantitative evidence for achieving 

sustainable development. Major objectives of the BSCO are as follows: 

(i) End poverty in all its forms, 

(ii) Achieve gender equality and empowerment of all women and girls,  

(iii)  Promote sustained, inclusive and sustainable economic growth, full and productive employment 

and decent work for all, 

(iv)  Promote peaceful and inclusive societies for sustainable development and 

(v) Provide access to justice for all and build effective, accountable and inclusive institutions. 



 

80 | P a g e  

 

5. CONCLUSION 

The Bru Socio-Cultural Organization (BSCO), Tripura since its inception in 1980 had been working for 

the upliftment of the Bru community of Tripura. The activities area covered by the BSCO includes in the 

field of Socio-cultural, economic and literacy. The support from the community had been tremendous for 

the BSCO while delivering its duty of societal upliftment. The work of BSCO in collaboration with the 

Government of Tripura have being instrumental in bringing development in various field. 

 

The BSCO, Tripura further plan to earnestly work for the development of the Bru society especially with 

regards to literacy. It tends to extend its work activities to the remotest of the Bru villages in Tripura 

through its regional and primary committee members. The BSCO, Tripura is therefore earnestly pursuing 

for the development of the society by taking various responsibility irrespective many difficulty prevailing 

on its path. 

 
Reang (Bru) Population Status in Tripura 

No. of RD 

Blocks 

No. of Gram 

Panchayat/ 

Village Council 

No. of Hamlet/ 

Villages 

Total 

Family 

Male Female Total 

Population 

28 189 935 50567 111635 109760 221395 

 

Hojagiri (Hodaigri) Festival held in Tripura 

Sl. No. Year Venue District 

1 1993 Gachhirampara North 

2 1994 Bokafa South 

3 1995 Karbook South 

4 1996 Shikaribari Dhalai 

5 1997 Nepaltilla North  

6 1998 Lukhu South 

7 1999 Ananda Bazar North 

8 2000 Tuikormo South 

9 2001 Karbook South 

10 2002 Gachhirampara North 

11 2003 Bokafa South 

12 2004 Nepaltilla North 

13 2005 Tuikormo South 

14 2006 Khedacherra North 
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15 2007 Lukhu South 

16 2008 Gandacherra Dhalai 

17 2009 Karbook South 

18 2010 Uricherra North 

19 2011 Nepaltilla Dhalai 

20 2012 Bokafa South 

21 2013 Upanagar Dhalai 

22 2014 Ananda Bazar North 

23 2015 Paharpur Gomati 

24 2016 Gandacherra  Dhalai 

25 2017 Gachhirampara  North 

26 2018 Bokafa  South 

27 2019 Nepaltilla Dhalai 

28 2020 Karbook (Proposed) Gomati 
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Abstract: Rudrasagar lake, a Ramsar site situated in Tripura, Northeast India offers a 
range of ecosystem services. The contribution of Rudrasagar lake to the humanity has 
not been estimated so far. The preliminary study aims to assess the biodiversity status 
and ecosystem services of Rudrasagar lake. The main provisional services provided 
by the lake are food (aquatic plants and fishes), fuel wood and timber whereas, the 
cultural services provided are boat raiding, tourism and recreational activities due to its 
historical importance. The main intimidations to the wetland are increasing silt loads due 
to deforestation, expansion of agricultural land and land conversion due to population 
pressure. To reduce stress on the lake, better monitoring, planning, restoration and 
management are essential. Different restoration activities like awareness programme, 
consultation and capacity building activities were conducted in the area. Restoration 
activities like Hydrilla based fish feed was introduced in the waterbody which becomes 
a good alternate source of food for many edible fishes. The water hyacinth based craft 
preparation was conducted for improving the livelihood of the common people. Proper 
conservation by restoration and sustainable management will help to enjoy the various 
services of the lake in a sustainable way.

Keywords: Biodiversity, Ecosystem services, Threats Management, Restoration.

Rudrasagar is a natural wetland located in Melaghar block, Sonamura subdivision under 
Sepahijala district of Tripura. Rudrasagar Lake is productive because of its ecological 
diversity and socio-economic importance [1]. It is designated as a Ramsar site in the 
year 2005 as the lake complies with the criteria’s of the wetland and considered as 
a national as well as of international importance. Criteria 2, 3 and 8 suggest that the 
wetland should support endangered, threatened species, animal and plant species which 
maintains biological diversity and important source of food for fishes respectively [2]. It 

Biodiversity status, threats and conservational measures in Rudrasagar lake, 
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Civilization, Current and Future Challenges by Anupam Guha © New Delhi 
Publishers, New Delhi: 2020, 71-84. ISBN: 978-81-947417-9-4,  
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हमारी ओर से.... 

बांग सानहत्य की कहानियााँ नवश्व-सानहत्य िें अपिा अन्यति स्थाि रखती हैं और इसिें िरेन्र िाथ नित्र 

जैसे लेखकों की भनूिका बेहद नवनिष्ट ह।ै िार दिकों के लेखि-काल िें िार-सौ से अनिक कहानियााँ नलखि े

वाले िरेन्र िाथ नित्र की हर कहािी नकसी ि नकसी दृनष्ट से िि िें आलोड़ि जगािे वाली ह।ै ये नभन्ि-नभन्ि जीवि 

नस्थनतयों, भावबोिों से गजुरते हुए जो एक िीज अत्यन्त सकू्ष्िता से साििे ले आती ह,ै वह ह ैजीवि के प्रनत 

गहरी सांवेदिात्िक परख । 

कुछ वषि पहले फ्रें ि िें सिकालीि भारतीय कहानियााँ िीषिक से एक पसु्तक प्रकानित हुई थी। इस सांग्रह 

िें भारतीय भाषाओ ां की प्रनतनिनि के रूप िें िरेन्र िाथ नित्र की ‘हडेिास्िर’ को ििुा गया था। इस पर सिकालीि 

बांगला कथाकार सन्तोष कुिार घोष िे नलखा था नक, ‘कहािी को कहािी की तरह कहिा साथ ही निल्प के 

सकू्ष्िति गणुों को तणृ िीषि पर निलनिलाते निनिर नबन्द ुकी तरह ििुकर यत्ि से सांजोिा’, इसे हि िरेन्र िाथ 

की जादगूरी कहें या रििािनि, पर यह गणु उििें अिायास ही नदखाई पड़ता ह।ै इस रूप िें वे नवश्व के िहाि 

कहािीकारों यथा ओ हिेरी, िेखव और रवीन्रिाथ के सिकक्ष खडे़ नदखाई दतेे हैं।’ 

वे बांगला सिाज के बनुियादी जीवि-िलू्यों और िािवीय सम्भाविाओां के अप्रनति नितेरे हैं। उिके कथा 

सानहत्य िें उपनस्थत अिके िररत्र सािान्य-से होकर भी अपिी गहरी छाप छोड़ते हैं, इसीनलए नद सेंनििल िे उिके 

नलए नलखा था- छोिो गल्पेर बड़ो लेखक’ कहा था। स्वयां लेखक िे ‘गल्प लेखार गल्प’ िें अपिी कहानियों के 

सांदभि िें कहा ह,ै ‘िेरी कहानियााँ नविदु्ध पे्रि की कहानियााँ  हैं।’ हि कह सकते हैं, यह प्रेि एक नवराि दायरे का 

प्रेि ह।ै प्रेि िािवता से, पे्रि वांनित और बेसहारा पारम्पररक िारी की िनुि से, उसकी साांगठनिक िनि और 

उसकी अनस्िता की रक्षा से। 

िरेन्रिाथ नित्र बांगला निल्ि निदिेकों के नप्रय लेखक रहे हैं। उिकी अिेक रििाओां का आिार लेकर 

निल्िें बिाई गई हैं, जैसे सत्यजीत राय िे ‘िहािगर’ पर इसी िाि से, अग्रगािी िे ‘नवलांनबत लय’ और 

‘हडेिास्िर’ पर इन्हीं िािों से, िरनगस अख्तर िे उिकी ‘पौष िािेर नपरीत” पर, बदु्धदबे दासगपु्ता िे ‘फेरा’ पर 
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और राजेि तरिदार िे ‘पयंक’ पर निल्िें बिाई ां। नहन्दी िें अनिताभ बच्िि और िूति द्वारा अनभिीत निल्ि 

‘सौदागर’ हि सबिे दखेी हो होगी, जो नक िरेन्रिाथ नित्र की ‘रस’ कहािी पर आिाररत ह।ै इस पुस्तक का 

िीषिक भी इसी कहािी को ध्याि िें रखकर ििुा गया ह।ै बहरहाल,  

हििे िरेन्रिाथ नित्र की कहानियों का ियि करके उिका भाषाांतरण नकया ह।ै हि स्वगीयि श्री िरेन्र िाथ 

के पररवार के आभारी हैं, नजन्होंिे बडे़ ही स्िेह से हिें अिवुाद का अनिकार नदया। आिा ह,ै भनवष्य िें भी यह 

सौजन्यता बिी रहगेी। 

चन्द्रकला पाांडेय 

जय कौशल 
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रचिाकार का पररचय 

नकसी भी ििषु्य के जीवि पर कुछ िीजों का प्रत्यक्ष प्रभाव दखेा जा सकता ह-ै जन्िभनूि, पररवार, दिे-

काल और पररनस्थनत। ये निल-जलुकर ही नकसी के व्यनित्व का नििािण करते हैं।  

कुिार िदी के नकिारे िरीदपुर नजले के अांतगित एक छोिा सा गाांव था- सदरदी। िरेन्रिाथ नित्र के पवूिज 

इसी गाांव के निवासी थे। एक बडे़ सांयिु पररवार, नजसके कताि-िताि िरेन्रिाथ के नपता िहने्रिाथ थे। िरेन्रिाथ 

का जन्ि 30  जिवरी, 1916 को हुआ था। उिके जन्ि के तरुन्त बाद एक घििा घिी थी, जो इिके जीवि िें बहुत 

िहत्वपणूि पड़ाव बिी। निस्सांताि जगतिोनहिी के द:ुख को दरू करिे और पररवार की िाांनत को कायि रखिे के 

लक्ष्य से कुलगरुू के निदिे पर उिकी जन्िदानयिी नबराजबाला िे अपिी पहली सांताि िरेन्रिाथ को अपिी सौत 

जगतिोनहिी को दाि कर दिेा पड़ा। होि सांभालिे के बाद उन्होंिे जगतिोनहिी को ही अपिी िााँ के रूप िें जािा। 

बिपि िें उन्हें कभी यह अहसास ही िहीं हुआ नक वे जगतिोनहिी की कोख से िहीं जन्िे। िरेन्रिाथ के अलावा 

एक भाई और एक बहि के बाद नबराजबाला की ितृ्य ुहो गई। उस सिय तो इन्हें िााँ को खोिे का कोई गि ही 

िहीं हुआ। अपिी असली िााँ के बारे िें इन्हें बहुत बाद िें पता िला लेनकि इन्होंिे जगतिोनहिी से जो स्िेह पाया, 

वह दलुिभ था। अपिे बिपि की छोिी-छोिी घििाओां को लेकर भी उन्होंिे कुछ कहानियाां नलखी हैं, जो इिकी 

लेखकीय प्रनतभा की पररिायक हैं।  

सदरदी गाांव नवस्ततृ िाि-खते, िदी और हरे-भरे िैदािों से नघरा था। बरसात िें िदी जब भर जाती थी, 

तो िालों से होता हुआ पािी इिके दरवाजे तक आ जाता था। यातायात के नलए केवल िाव ही एकिात्र सहारा 

होती। उिकी प्रारनम्भक रििाओां िें स गाांव और इसके निवानसयों की कथा उभरकर आई ह।ै उन्होंिे एक जगह 

नलखा ह-ै ‘इस गाांव िें खेनतहर िसुलिाि, िोबी, िाई, बढ़ई, कुम्हार छोिे-िोिे व्यवसायी, जलुाह,े िछेरे तथा 

अन्य कई पेिों से जडेु़ लोग रहते थे। इििें से हर व्यनि, हर सिदुाय के लोगों से िेरी घनिष्ठता तो िहीं थी, लेनकि 

जाि-ेअिजािे यह पषृ्ठभनूि कब िेरी िािसभनूि िें उदु्बद्ध हो गई, िहीं बता सकता।  
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अपनी बात 

 

अनवुाद कH दिुनया मi िववाद बहjत हk. कोई कहता ह ैअनवुाद को अनवुाद जैसा लगना चािहए तो कोई उसे 

अनसुजृन मानता ह.ै िकसी को वह कला, िवrान या िफर िशsप लगता ह ैतो िकसी को उसमi तीनt uप नज़र 

आते हk. अनवुाद और अनवुादकt को लेकर भी िविभyन कटूिzयाँ |चिलत हk, जैसे- ‘अनवुादक |वंचक होता 

ह.ै’ ‘जो मौिलक नह� िलख सकता वही अनवुाद करता ह.ै’ ‘अनवुाद िकसी �ी कH तरह ह ैजो या तो सyुदर होगी 

या िफर वफादार.’ ‘अनवुाद दोयम दजे़� का काम ह’ै आिद.आिद. इसिलए शJुआत मi मk थोड़ा डरा हjआ था. 

वैसे तकनीकH �तर पर दखेi तो अनवुाद-कम� भौितक िवrान कH िकसी क�ा मi बैठने कH तरह ह,ै जहाँ 

पहले िनयम खोल-खोलकर समझाए जाते हk और िफर |योगशाला मi उनका अन|ुयोग कराया जाता ह.ै भौितकH 

मi |योzा को उyह� िनयमt के अनसुार चलना पड़ता ह ैतािक वांिछत उ��ेय िस� हो सके. |थम��या अनवुाद 

भी रचना�मक होता हjआ अपनी |ि�या मi तकनीकH लग सकता ह ैलेिकन इसकH रचनाशाला मi घसुते ही सारे 

औपचा6रक एक िनयम िकनारे हो जाते हk- रह जाती ह ैवांिछत भाव या अथ� |ाि� कH एक अिभलाषा. 

अनवुाद जब यंGवत अ�यासमलूक काय� मान कर िकया जाता ह ैतो यह न केवल जिटल बिsक बोिझल 

जान पड़ता ह ै�यtिक इसमi श�द से लेकर अथ�, वा�य.संरचना, संदभ�, महुावरt, पया�यt, सं�कृित और शलैी आिद 

सबका _यान रखना पड़ता ह.ै मलयाली किव के. सि�चदानंदन कH एक पंिz ह-ै अनवुादक ढोता ह ैअपने कंधt 

पर िकसी और का िसर. इसिलए दोनt भाषाओ ंका िव�ान होने के साथ.साथ अनवुाद.कम� मi Jिच भी आव�यक 

ह.ै तभी अनवुादक सही अथ� के िलए सही श�द का संधान कर सकेगा. 

वी.एस.नायपॉल कृत ‘हाफ़ ए लाइफ़’ को चनुने के पीछे कई कारण रह.े इनके बारे मi लगातार सनुता आ 

रहा था, हमशेा िववादt मi िघरा रहनेवाला एक लेखक. िव यात और कु यात दोनt. दखेा जाए तो कु यात 

¡यादा- उसे ‘भारत िवरोधी’, ‘मिु�लम िवरोधी’, ‘धम� िवरोधी’, ‘|िति�यावादी’, ‘घिटया िमG’, ‘मिहला |ेमी’, 

‘गोरt का िन¢गर’ और भी न जाने �या-�या अि|य संrा और संबोधनt से पकुारा गया. 
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लेिकन िकसी £यिz अथवा िवचार को �वीकारने या ख़ा6रज करने से पहले उसके बारे मi जानना बेहद 

जuरी ह.ै हमi शहाब�ुीन कH तरह नह� होना चािहए िक ‘सैटिनक वस¥ज़’ को पढ़े-जाने िबना, केवल सनुकर ही 

िक उसमi मसुलमानt के िख़लाफ़ िलखा गया ह,ै सलमान u�दी के िलए फाँसी कH माँग करने लगे. 

तो, �वीकारने या ख़ा6रज करने से पवू� जानने के िलए नायपॉल को चनुना पहली वजह रही. दसूरे, वह 

भारतीय मलू के लेखक हk- एक वजह यह भी थी. 

लेखक चनुाव के बाद बारी आई कृित चयन कH. नायपॉल ने अब तक चौदह कथा�मक (2004 मi 

|कािशत मिैजक सीड्स सिहत) और बारह ग़ैर कथा�मक कृितयt कH रचना कH ह ैिजनमi िव�थापन और अलगाव 

कH पीड़ा अपने आ�यंितक uप मi दज� ह.ै कथा�मक कृितयt मi ‘ए हाउस फार िम�टर िब�वास’ के बाद 2001 मi 

|कािशत उनकH नवीनतम कृित ‘हाफ़ ए लाइफ़’ ही सवा�िधक |िस� मानी जा रही थी. उनके पाँच दशकt के 

लेखन मi यह पहली प�ुतक ह ैिजसकH पªृभिूम भारत ह.ै इसमi िवभािजत £यिz�व और िवभािजत समाज कH 

दा�तान अिभ£यz हjई ह.ै «ा¬ण िपता और बैकवड� (दिलत) माता से उ�पyन ‘संकर‘ पGु (उपyयास का नायक) 

िकस तरह अपनी पहचान के |ित िचतंा­�त रहता ह.ै उपyयास कH मलू अतंव��त ुयही ह.ै 

वी. एस. नायपॉल कH कृित हाफ़ ए लाइफ़ का अनवुाद करते समय िविभyन अनभुवt से गजुरा. इससे 

मरेी भािषक-सां�कृितक समिृ� तो बढ़ी ही, इ¢ंलै®ड और अ¯Hका के इितहास, भगूोल एवं सामािजक जीवन-

शलैी कH समझ भी िवकिसत हjई. 

‘हाफ़ ए लाइफ़’ नायक के आध ेजीवन कH अधरूी जीवनी ह.ै प�ुतक के अ­ेंज़ी शीष�क मi ये दोनt अथ� 

_विनत होते हk. इस उपyयास का मलू शीष�क अनिूदत करते हjए मझु ेकई िवकsप सझू रह ेथे. जैसे- आधी िज़दगंी, 

अधरूा जीवन, अधरूी िजंदगी, एक जीवन अधरूा-सा – लेिकन व�ततु: कोई भी अनवुास अ­ेंज़ी शीष�क के 

समक� नह� लग रहा था, आिखरकार मkने इसे ‘हाफ़ ए लाइफ़’ ही रखने का िनण�य िलया. 

उपyयास का नायक िवली «ा¬ण िपता और बैकवड� (भारतीय संदभ� मi कहi तो दिलत) माता कH संकर 

संतान ह,ै जो अपनी अलग पहचान कH तलाश मi िचिyतत रहता ह.ै उसकH जिटल मानिसक ­ंिथयt एवं संवेदनाओ ं
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को पकड़कर समझने और अनिूदत करते हjए िन±य ही कई-कई बार पंिzयt को छोड़ना, जोड़ना और संयोिजत 

करना पड़ा ह.ै मलू रचना के |ित िनªा रखते हjए ल²य भाषा कH |कृित के अनसुार थोड़ी-बहjत रचना�मक छूटi 

भी ली गई हk, िजसका उ��ेय अनवुाद मi |वाहमयता और पठनीयता बनाए रखना था. 

इस उपyयास मi नायपॉल ने अपनी शलैी के अनuुप ल³बे-ल³बे वा�यt का |योग िकया गया ह.ै िजनमi 

िवशषेण, वा�यांश भी खबू आए हk. य´िप ‘डेली टेली­ाफ़’ ने इस कृित कH िवशषेता ‘व®डरफुल रीडेिबिलटी’ 

कहकर रेखांिकत कH ह.ै लेिकन उनकH वा�य-शलैी कH यही िवशषेताए ँल²य-भाषा िहyदी मi लाने मi काफH महेनत 

करनी पड़ी ह.ै मलू पाठ मi |यzु कुछ श�दt के समतsुय िहyदी मi सटीक अनवुाद न िमलने के कारण उनका या 

तो वैसे ही िलµयyतरण कर िदया गया ह ैअथवा उिचत श�द के अभाव मi |चिलत श�द का सहारा लेकर काम 

चलाया गया ह.ै उदाहरण के िलए, ‘जीिनयाज’, ‘जै�वारी’ जैसे श�द िलµयांत6रत िकए गए हk. कुछ मह¶वपणू� 

संदभ· कH पाद.िटµपिणयाँ यथा�थान द ेदी गई हk. 

यह अनवुाद मरेे अकादिमक काय� का िह�सा रहा ह,ै जो अब प�ुतक uप मi आपके स³मखु |�ततु ह.ै 

उ³मीद करता ह̧,ँ इसे पढ़कर आप जहाँ िव¹िव यात उपyयासकार नायपॉल को थोड़ा और समझ सकi गे, वह� 

एक िव¹�तरीय उपyयास को िहyदी मi पढ़ने का सखु भी |ा� कर सकi गे।  

सादर... 

- जय कौशल 

 

 

 

 


