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Bioremediation of Heavy Metals
Tanmoy Paul® and Nimai C. Saha?

IDNC College, Department of Zoology, Murshidabad, West Bengal 742201, India
2The University of Burdwan, Fishery and Ecotoxicology Research Laboratory (Vice-Chancellor’s Research
Group), Department of Zoology, Burdwan, West Bengal, 713104, India

5.1 Introduction

Human habitable ecosystems are rich in heavy metals since ancient time; it is the
effect of spontaneous geogenic and modern-day anthropogenic activities, which are
responsible for contemporary environmental heavy metal contamination [1]. Heavy
metals could also be derived from both direct sources such as sludge dumping, indus-
trial effluents, and mine trailing and indirectly through highway runoffs, which in
turn lead toward the exploration of metal-microbe interactions that could recover or
stabilize heavy metals in soils and effluents. In recent times, the heavy metal contam-
ination caused biomagnifications that ultimately resulted in a major human health
hazard globally.

Essential heavy metals, for instance, iron, zinc, and copper, are required by liv-
ing organisms in trace amounts, but their presence above a threshold concentration
often observed to be toxic. Among the heavy metals, cadmium (Cd), chromium (Cr),
and arsenic (As) are reported to act as a carcinogen as designated by the Interna-
tional Agency for Research on Cancer (IARC) and the US Environmental Protection
Agency (USEPA) [2]. It has also been observed that various metals such as iron (Fe),
zinc (Zn), nickel (Ni), and copper (Cu) are considered essential metals for growth
and other functions, if their level remains within the threshold level [3].

There are an array of techniques, for instance, filtration, chemical precipitation,
reverse osmosis, membrane technology, oxidation and reduction, ion exchange, and
electrochemical treatment, for the removal of heavy metals from a contaminated
environment. However, these techniques have some serious demerits associated
with them. The most important one is their inability to remove heavy metals
found at lower concentration (<100 mg/l) [4]. These traditional techniques are
expensive and require energy sources and still often alter the properties of soil
without complete removal of metal contaminants. Furthermore, the pollutant may
also be displaced to other sites in the environment where they can accumulate and
may cause the same issue. The presence of an array of traditional decontamination
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Beginning of Journey of Some
Pioneering Science Research
Institutes in Bengal

~-Dr. Sekhar Pal

Introduction

The impact of the Western developments in literature,
_ politics, philosophy, and science began to be felt in India,
particularly in Colonial Bengal in the late 18th century. The
impact gave rise to the so-called Bengal Remaissance.l (Roy et
al 2010). Bengali scientists’ concern for the decaying life under
the colonial rule and using science to stop the process may be
traced to the emergence of the idea of swades.h-lsm (self-help
with indigenous resources)? (Sarkar, 1973). Sp‘1r1t o# swadeshi
€Ia was already manifesting In economic nationalism. Thf—:sel
developments, together with the influences of the ongoing
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Microorganisms and Sustainable Development: A Special
gmphasis on Bioelectricity

pr Sekhar Pal

ABSTRACT:
Population growth, urbanization, industrialization have put significant pressure on natural

resources and global ecosystems. ‘Sustainable development is the development that meets the
needs of the present without compromising the ability of future generations to meet their own
needs’. As a consequence, sustainable development goals are exceptionally diverse,
encompassing environmental, economic and social aspects, making it highly complex.
Microbes are the predominant form of life on the planet, both in numbers and total biomass.
Their ubiquity throughout the biosphere and the diversity of their activities make them pivotal
agents of planetary and ecosystem functioning. They mediate and regulate biogeochemical
cycles, recycling of biological materials and waste, constitute key regulator of greenhouse
gases and are thus important determinants of climate change, play essential roles in soil
structure and fertility, and in the quality and productivity of land, seas, lakes and rivers. This
article reviews various aspects of microorganisms in sustainable development, with special

empbhasis on bioelectricity as an alternative source of energy.
Keywords: Sustainability, Bioelectricity, Biofuel, Energy resource

. Introduction:
- The concept of sustainable development is very much relevant in today’s world. This concept is

| not delimited to a particular field, rather its scope encompasses vast areas of environmental
. studies, economic and social aspects, and beyond. Highly polluted environment can be an
indicator of inefficient use of natural resources. Any development that reduces pollution in
production processes must be considered as a win-win situation for the environment and
| economy (Porter et al, 1999). A good society always values the natural resources including less
Polluted air, water etc. Nature itself provides us various opportunities which can be utilized

280
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CHaPTER 1

Withania somnifera: A Future Pharma
Factory

Tarun Halder, Subrata Kundu and Biswajit Ghosh™
Flant Biotechnology Laboratory, Post Graduate Department of Botany, Ramakrishna
Mission Vivekananda Centenary College, Rahara, Kolkata-700118, India
Emails: tarunhalder13@gmail.com; subratakundugi@gmail.com

* Corresponding author: ghosh_b2ooo@yvahoo.coin

Introduction

Humans have used plants accessible within their territory for diet and curative
purposes since their civilization began. This traditional system of medicine based on
belief and practices has been used as a therapy for most human ailments for over
hundreds of centuries (Winters 2006; Kulkarnl and Dhir 2008, Mirjalili et al. 2009a,
Rayees et al. 2002, 2013). Irrespective of the progression in drug development
methods, several specles of plants are unparalleled as major Ingredients of current
medicine. Due to our existing industrialized lifestvle, we are continuously exposed
to an over abundance of chemicals and different environmental pollutants that
ultimately intensified the incidence of complicated neurodegenerative,
cardiovascular diseases, and cancers. Perceptible antagonistic effects of modern
drugs used in the management of complicated ailments ultimately resulted in
renewed attention towards herbs and medicinal plants as an alternative source.
Withania sommnifera (L.) Dun, is one of the important medicinal plants in India
belonging to the Solanaceae family. It is commonly known as ‘Ashwagandha’, Winter
Cherry, Indian ginseng. In the monographs of the World Health Organization (WHO),
Ashwagandha has been consldered as one of the important medicinal plants and alse
has been included in the list of top thirty two prime concerned medicinal plants by
the Mational Medicinal Plant Board of India (http://www.nmpb.nic.in) owing to its
huge demand in both domestic and international markets (Mirjalill et al. 2009a,
singh et al, 2015). In Ayurveda and other traditional systems of medicine, it is one of
the most valued medicinal plants and it has been in use for more than 3000 years. It
is widely used in traditional Indian medicine systems for curing a variety of
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In Vitro Exploitation of Medicinal Plants for Continuous
Supply of Antidiabetic Bioactive Compounds

Subrata Kundu, Sk Moguammel Haogue & Biswajit Ghosh

Chapter | First Online: 13 November 2021
359 Accesses

Abstract

Diabetes mellitus, a complex metabolic disorder with multiple etiology, 1s one of the key
health problems among different countries all over the world. The disruption of blood sugar
homeostatic enforces profound conseqguences and affects different organs including heart,
eye, and kidney. Numerous classes of drugs associated with antidiabetic potential with diverse
mode of actions are available in the market. The inexhaustible range of secondary metabolites
of medicinal plants has been extensively used as natural remedies against different ailment,
Regardless of the remarkable advancement in antidiabetic drugs, acceptance of medicinal
plants as an alternative source has increased worldwide due to comparative inexpensive
nature and less adverse side effect. Plant tissue culture techniques serve as substitution 1o
entire plants for large-scale synthesis of medicinally important secondary metabolites round
the year regardless of the geographical and environmental barriers. These advantages open an
avenue for the implementation of callus culture to induce the accumulation of therapeutic
compounds. Nevertheless, enrichment of secondary compounds with antidiabetic activity in
suspension cultures through elicitation is also a beneficial approach. The advent of high
throughput genomics and metabolomics tools, along with upgraded recombinant technology,
explored exciting possibilities for elicitation of antidiabetic therapeutic compounds. The
present chapter enlightened the current progress of plant tissue culture, specifically callus

culture for the scaled-up accumulation of antidiabetic compounds.
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ABSTRACT

The capsicum species, commonly known as chili peppers are pharmaceutically and economically important
plants belonging to the Solanaceae family. Although domesticated in the Americas, the peppers have been
distributed throughout the world and integrated into the world cuisine and food products. The chili fruits are
vital to the human being as they are commonly used as vegetables, spices, and for therapeutic purposes, It
possesses 3 wide range of pharmacologically important secondary metabolites including carotenoids,
flavonoids, and vitamins that are beneficial to human health, These compounds have been reported to
possess anticancer, antioxidant, anti-inflammatory, and antimicrobial properties. The exclusive metabolites
presant within the capsicum are the alkaloids capsaicinoids that make peppers pungent and are sequestered
mainly in the placenta of the fruits. The nutritional contant, as well as pungency of pepper, exhibit incredible
diversity among different pepper types. The analysis of plethora of genetic resources of capsicum is pivotal
for screening beneficial traits present within the enormous size of germplasm as well as for improved
utilization in breeding programs. Therefore, in this chapter, we have emphasized on morphological, chemical,

genetic, as well as disease diversity in different capsicum species cultivated in diverse geographical locations.
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ABSTRACT

Plant genetic resources are essential to check the diminishing of genetic erosion and for development of
improved high-yielding commercial varieties that are a better response against biotic and abiotic stresses as
well as combat new climatic conditions. Chili is an important vegetable and cash crop around the world, The
genus Capsicum is mainly cultivated for its nonpungent (sweet pepper), pungent, and ornamental values, Itis
rich in bisactive compounds, which contribute to the improvement of human health. For future agricultural
development and improvement of the food security program, plant genetic resources must be conserved in
the form of seeds, plants, tissues, etc, Biotechnology approach invelving plant tissue culture is a powerful
technigue that can be an alternative to conventional breeding and advance germplasm improvement, Several
technigues are applied for conservation of Capsicum that are more effective, like seed bank, greenhouse,
tissue culture, in vitro conservation, tryopreservation, etc. For long-term ex situ conservation of disease-free
materials, the only in vitro conservation method can be adopted, it reducing the growth rate of plant material
and increasing subculture intervals. For prolonged conservation, ultralow temperature (cryopreservation) can
be used in the contamination-free state of chili materials,

Some useful germplasm for continuous agricultural methods and diversity of breeding lines are lost due to
the constant refinement activities, 338which are only focused on elite genotypes or germplasms and their
proper conservation. This conservation method avoids the conservation of wild genotypes and wild crop-
relatives that are very important for further improvement of crop cultivar, An effective and well-organized
conservation system is required to support from different nations and a true continuation of this program
needs an effective initiative for regular collection of plant genetic resource from wild and their good
conservation management.
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Synthetic Seeds: An Alternative Approach | @) |
for Clonal Propagation to Avoiding g |
the Heterozygosity Problem of Natural

Botanical Seeds

Biswajil Ghosh and Sk Mogquammel Hague

Abstract The seed is a functional element of sexual reproduction of higher plant. In
nature, the humble beginning of the independent life of higher plants staris along
with seed germination. Sceds are the “mystenons genetic capsules™ which store the
genetic information and carry forward to next progeny. The zygotic embryo present
inside the botanical seed serves as propagule W prodece offspring, and these
embryos are always heterozygous because of the recombmation dunng meiotic
crossing over in the course of gamete formation as well as for mix-up of the genome
of two different parents through cross-pollmation. In seed-propagated crops, the
agrncultural yield is highly unstable due to heterozygosity among seed-denved
plants. The answer of this problem is synthetic seeds—the functional mimic of
botanical seeds.

Synthetic seed is one of the most promising tools of plant biotechnology. which
could be tatlor-made for homi- and agncoltural improvement at present as well as
uwpcoming days. As all the propagules used for synthetic seed prepamtion are
produced through in vitro clonal propagation. which means they did not encounter
two fundamental events of sexual reproduction, the melotic recombination (dunng
crossing over) and gametic fusion of two different parcntal genome (cross-
pollination), both of these events can create new types of heterozygosity in zygotic
seeds. Theretore synthetic seed-denved offspning are always true to type 1o their
source plant. Although, unlike zygotic seed. new types of heterozygosity are never
genemated in synthetic seeds, the heterozygosity already existed in the mother plant is
always trunsmitted in all synthetic séed-denived offspring.

However, the heterozy gosity problem will be totally avoidable, and production of
homozygous synthetic seeds is also possible only by using double haploid source
plant. because double haploid plants are always truly homorygous. Otherwise
synthetic seed technology can only aid to restrict the formation of new types of
heterozygosity m offspnng. which are abundant in botanical seeds.
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Abstract

Endophytism is a unique relationship between plant and endosymbiotic microor-
ganism wherein the microbes colonize within plant tissues without producing any
disease etiology. Various groups of endophytes isolated from different medicinal
plants are extremely significant in this respect for their ability to synthesize novel
bioactive compounds as well as for the modulation of productivity. Endophytes
also play various crucial roles in growth, biotic and abiotic stress tolerance, and
adaptation. With the implementation of “state-of-the-art™ technologies in molec-
ular biology, the specific identification of associated microorganism as well as
their relationship with corresponding host plants has been explicitly deciphered in
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Abstract

Plant natural products represent a large family of versatile chemical scaffolds with
comprehensive range of biological activities that have remarkably used as
anthropological medicine from ancient times. These bioactive molecules serve as vital
resources of promising drugs and plays pivotal roles for development of synthetic drugs.
Their medicinal importance has rigorously being studied based on experimental
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Abstract

Taxol fgeneric name paclifaxel] .a complex dierpencid, is.an efficient antineoplasiic drug
extracied fromy the plant. it has been approved for the management of several cancers

nciuding lumgs, breast, and ovary cancers. The bark of several Taxus species is the natura
source of taxol, but its tower acocumuolation (0.01-0.04% dry weight) elevated the price-of

extraction. Its compléex structure prohibits the complete chemiical synthesis of the compounds

"

neconomical-approach at the industrial level, Therefore, @ plethora of approaches has been
impremented by several researchers foraltemative and economical prodoction of 1axol. The
advent of recombinant DMNA technolggies has resulted in the commencement of metabolic
engineering as aneffective atternative for the production of phamaceutically important plant
natura! producis at industrial leveis. Plants have emergence as a perfect system for metabolic
engineering due to its refatively cheap price and easiness in growing. Plant cell factories
provide an altemative source for the scale-up-of the production of high added value
secondary metaboiites including the anticancer drug faxol that is biosynthesized in Toxus spp.
n very finy guantity. The demand for taxol and s derivatives has increased enommously owing
to its unigue antineopiastic activity, lack.ofthe taxane ring.fn Aaiure and compiexity of
chemical synthesis, Therefore, countless efforts-have been executed in woridwide for the
biotechnological production of faxol, in this chapter, we have discussed different features of
metabolic engineering, including genetic manipuiation of plants a5 well as- micrabes io

ncrease production of taxet and its precursors,



WOODHEAD PUBLISHING SERIES IN FOOD SCIENCE, TECHNOLOGY AND NUTRITION

BIOPESTICIDES

AMITAVA RAKSHIT, VIJAY SINGH MEENA,
P. C. ABHILASH, B. K. SARMA, H. B. SINGH,
LEONARDO FRACETO, MANOJ PARIHAR,
AND ANAND KUMAR SINGH




Wi Biopesticides

PO AT . - i
FLBLIARING Volurne Z; Advances in Bio-lnoculants

| Advances in Bio-inoculant Science

2022, Papes 285-299

Chapter 20 - Development and regulation of

microbial pesticides in the post-genomic era

Anirhan Bhar * ¥, Ala nsha Jain * Sampa Das *

Show more ~»

+ Addto Mendeley & Share =8 Cite

https://dor.org/10.1016/B578-0-12-323355-9.00018-3 Get rights and content

Abstract

Microbial pesticides consist of active beneficial microorganisms or any natural
products of microbial provenance that have a promising role in pest management.
The development of a microbial pesticide needs isolation and screening of effective
biocontrol strains and data for trials under field and greenhouse. Commercial
application of a microbial pesticide requires large-scale production, formulation
with suitable additives to increase the shelf-life of the product, and proper storage.
Thrust in the research of microbe-based pesticides can be seen with the large
number of patents, but only a very small proportion of them reach markets. The
reason behind the hurdle in marketing 1s the stringent regulatory framework due to
biosafety or environmental concerns increasing overall costs, causing a trail in its
commercialization. Post-genomic technologies like CRISPR/Cas9 have reformed
genome editing technologies and have increased the possibilities of developing the
new edited biopesticides. The new microbial pesticide products will require
additional regulatory challenges to define low-risk contenders so as to facilitate easy

commercialization and fling in the market.
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Improving Biotic and Abiotic Stress e |
Tolerance in Plants: A CRISPR-Cas
Approach

Akansha Jain, Anirban Bhar, and Sampa Das

Abstract Genome editing technologies have advanced speedily in the past few years
and have become one of the most paramount tools in the management of abiotic and
biotic stress-related damages of the plant species at the genetic level. The clus-
tered regularly interspaced short palindrome repeats (CRISPR )/CRISPR-associated
protein 9 (Cas9) RNA-guided DNA endonuclease has the potential to edit genomes
in living cells and is much easier to carry out and has outdone other gene editing
tools. In this chapter. we summarize how CRISPR enables genome editing and the
recent advances made in CRISPR-based technologies, especially in crop protection.
We also discuss the regulatory viewpoint regarding the fate of CRISPR/Cas? in
developing biotic and abiotic resistance in crop plants and future challenges.

Keywords Abiotic stress - Biotic stress - CRISPR-cas technology - Genome
editing - Targeted mutagenesis
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Abstract

Changing environment has & huge impact on bie-resaurces and global agriculture, Abiotic
stress factors are dramatically increasing alfong with these uncontrolled-environmental
changes. Rice (Qryze salival is-the most important crop providing food toward more than half
of the worid-populations, and India is one-of the major rice growing countny. This important
crop plant experiences massive yield loss due to abictic out-lashes, e.g., safinity, drought, heat
stress, cold-shock, UV damiage, and mineral toxicity, The sessile mature of pfants make them
easy targets of several environmenta! odds, but long-term evolutionary interaction af plants
with environment in turn shapes reprogramming of its defense signaiing networks tightly, The
subtle-changesin theenvironment.can be sensed by the plapt very efficiently and.are
partrayed by theirgenetic archestrations. Due to enormous development in modern
genamics, technologies,-and biotechnological applications; the minute changesin gene
expression and modification of mefabolic functions can now be precisely recorded, Besides,
compiex modalations in metabolic network through bioctechnology are implicated to
overcome the sfuations In a positive way. Studies focusing on specific abiolic stress and s
profection have fong beervimplicated in different plants-including rice-Unfortunately, growing
yield loss in rice due to multiple abiotic stress factors supersedes increasing demand of this
crop. Recently, & versatile approach has been flourished to meet the vield—demand ratic
against multiple abioiic siresses The present chapter gescribes various important abiotic
siresses In rice planis, their complex defense signaling mechanism, and recent developments

to combat these muliiplie stress faciors comprehensiveby,
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Redox Regulatory Networks in Response to Biotic Stress in
Plants: A New Insight Through Chickpea-Fusarium Interplay
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2.1 Introduction

In its 4.5 billion years of dramatic life, the Earth has experienced innumerable environ-
mental as well as biological transfigurations; among them, the appearance of life and
development of oxygenated environment on Earth were two major events. Although
life originated 3.7 billion years ago, it took another 1 billion years to develop oxygen
(O,) in its atmosphere. Oxygenation started 2.4 billion years ago and mostly by the
active participation of submerged aquatic cyanobacteria, the event was famously called
the “great oxygenation event” (GOE) (Flannery and Walter, 2012). Generation of reac-
tive oxygen species (ROS) was the inevitable event of an oxygenated environment. ROS
includes superoxide radical (O, ™), hydrogen peroxide (H,0,), hydroxyl radical (HO"),
hydroperoxyl radical (HOO), and so on produced either in cell organelles as by prod-
uct of some energy utilizing metabolic processes, that is, photosynthesis, respiration,
photorespiration, and so on, or in the cytosol by the action of NADPH oxidase due to
some specific stress factors (Tripathy and Oelmiiller, 2012). The plants have evolved sev-
eral scavenging “machines” to detoxify these harmful toxic oxygen intermediates. The
ROS are effectively scavenged enzymatically and non-enzymatically within the plant cell
to maintain healthy redox homoeostasis. Different biotic and abiotic factors can per-
turb the balance between production and scavenging of ROS leading to the oxidative
burst. Previously, it was thought that any kind of oxidative reactive molecules are highly
toxic and fatal to the plant itself. Dr. Noriyuki Doke, plant pathologist at the Nagoya
University, Japan, first demonstrated the occurrence of ROS in cell cytoplasm of potato
tubers during incompatible interaction with Phytopthora infestans (Doke, 1983). Later
on, their group also reported that this oxidative burst is NADPH oxidase dependent
and conveys the signal for hypersensitive responses in potato (Yoshioka et al., 2003).
Afterwards, the correlation between oxidative burst and HR was established in differ-
ent plants upon diverse biotic stress inducing factors (Bestwick et al., 1997 and Yoda
et al,, 2003). Besides, owing to the diffusible capability of ROS, it can also act as a sig-
naling molecule in long distance plant signaling (Pitzschke et al., 2006). Recently, it has
also been documented that ROS can also augment different signaling pathways directly

Mechanism of Plant Hormone Signaling under Stress, First Edition, Volume 2. Edited by Girdhar Pandey.
© 2017 John Wiley & Sons, Inc. Published 2017 by John Wiley & Sons, Inc.
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Abstract

Due to higher production capability of carbohydrates, lipids, and proteins,
microalgae are considered an alternative energy resource for biofuel production.
Photo bioreactors that use light as an energy source for algal biomass can be used
for the maximum production of metabolites. Hence, now it 1s very essential to
design and develop new aspects of photo bioreactors for maximum biofuel
production. Apart from the aforementioned criteria, the production cost of the
bioreactor, uncontaminated algal biomass, type of photo bioreactor used, ease of
using the reactor, low maintenance, and space convenience measures also play vital
roles in the efficiency of the reactor. Thus, this chapter aims for a perceptive
understanding of the production of biodiesel from algal biomass along with brief
insights into different types of bioreactors used for biofuel production from algae.
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Freshwater Cyanobacterial
Diversity of Similipal Biosphere
Reserve, Odisha, India
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Cyanobacteria are an extraordinarily diverse group of Gram-negative, oxygenic
photosynthetic prokaryotes that originated 3.5 billion vears ago and distributed in all possible
biotopes of the world. The Similipal Biosphere Reserve, a unique ecosystem in the eastern
part of India, occupy the northern boundary of Odisha state, lies between 2128 to 22°08°
North latitude and 86°04" to 86°37" East longitude, covering a vast area of 5578 sq. km. It is the
richest watershed in the state of Odisha giving rise to many perennial freshwater bodies rich
in diverse microalgae including cyanobacteria. In the present investigation, cyanobacterial
samples were collected from different freshwater habitats of Similipal Biosphere Reserve
including river, stream, canal and rice fields. In this study altogether 58 cyanobacterial forms
belonging to 23 genera were characterized. Out of these 27 forms were heterocystous and 31
were non-heterocystous. They belonged to 2 orders namely Chroococcales and Nostocales
of Cyanophyta. The most common cyanophycean members were Aphanothece, Gloeocapsa,
Microcystis,Gomphosphaeria, Merismopedia, Oscillatoria, Phormidium,Lyngbya, Microcoleus,
Microchaete, Anabaena, Nostoc, Aulosira, Raphidiopsis, Cylindrospermum, Calothrix, Gloeotrichia,
Scytonema, Hapalosiphon, Nostochopsis,Mastigocoleus, Mastigocladopsis and Westiellopsis.
Oscillatoriawas the most abundant and dominant cvanobacteria followed by Phormidium,
Lyngbya, Anabaena, Calothrix and Nostoc efc.

Keywords: Cyanobacteria, Diversity, Freshwater and Similipal Biosphere Reserve.
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Antimicrobial screening anaqura”y
occurting Freshwa’cer ﬁ'[amenious
green alqae Spirogyra sp.

Harisankar Dey

Abstract

Green algae have been recognized during the last several years as sources of novel cytotoxic, anfi-viral, anfi-
algal, growth stimulatory, antibacterial and antifungal metabolites as well as specific enzyme inhibitors.
Spirogyra 1s a filamentous green algae commonly found in freshwater bodies. The aim of the present work 1s
to study the antimicrobial screening of the cell extracts of naturally occurring freshwater green algae Spirogyra
sp. against clinieally significant microorganisms. In this study five test pathogens have been considered,
these are two Gram-positive bacteria namely Bacillus subtilis and Staphylococcus aureus, one Gram-negative
bactertum Escherichia coli and pathogenie fungi Candida albicans and Candida krusei. Crude metabolites
have been extracted using four solvents namely Chloroform, Methanol, Butanol and Petroleum ether. The
antimicrobial activities of crude extracts have been evaluated using agar cup diffusion method. Among the
solvents highest antimicrobial activity is detected in Methanol extracts followed by Chloroform, Butanol and
Petrolenm ether exfracts in case of pathogenic bacteria. But in case of pathogenic fung1 highest activities have
been detected in Methanol extracts followed by Butanol, Petroleum ether and Chloroform extracts. The
methanolic crude extracts have showed highest zone of inhibition against Candida krusei (27.87 mm) followed
by Escherichia coli (26.90 mm) and Staphylococcus aereus (26.13 mm) respectively. The lesser activities have
been detected in petroleum ether extracts against Escherichia coli (13.03 mm), Staphviococcus aereus (13.06
mm) and Bacillus subtilis (12.90 mm). The present findings of antimicrobial activity of filamentous green algae

Harisankar Dey: P. G Department of Botany, Ramakrishna Mission Vivekananda Centenary College. (Autonomous).
Rahara, Kolkata-700118, West Bengal India
E-mail: hansankardey(@ gmail com
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Chapter 8 M)
Genomic Designing Towards Biotic Stress | o
Resistance in Mungbean and Urdbean

Anirban Kundu, Sayak Ganguli, and Amita Pal

Abstract Mungbean (Vigna radiata) and urdbean (V. mungo) are considered two
important crops amongst the Asiatic Vigna species, which are primarily farmed
for food, fodder and manure, and have emerged as a suitable alternative to other
grain legumes. Despite their agronomic relevance, these two species have a limited
crop production, yielding just one-third to one-fourth of their full potential. The
key factor behind low yield can be attributed to various biotic stresses (pathogenic
infection and insect infestation) that occur at all phases of plant growth as well as
post-harvest period. The major contributors in this regard are the Yellow mosaic virus,
Macrophomina blight, powdery mildew, anthracnose, Cercospora leaf spot, bacterial
leaf spot, root-knot nematodes, and post-harvest pests, such as bruchids. Develop-
ment of new cultivars through conventional breeding could be an alternative, but the
narrow genetic base of these two crops has hindered the progress. Additionally the
time-consuming and labor-intensive nature of the traditional breeding techniques has
aggravated the problem further. To accelerate the breeding process scientists have
turned towards genomic tools, particularly QTL mapping and genomics-assisted
breeding which provide potential ways for development of elite cultivar for biotic
stress resistance. Despite sincere efforts, both mungbean and urdbean are slow runner
in genomics research, although mungbean was one of the pioneer legumes targeted for
genome analysis at the dawn of the plant genomics era. Completion of the mungbean
genome sequence in 2014 and the recent de novo sequencing of the urdbean genome
in 2020 has empowered the researchers to develop genomic resources and identifi-
cation and mapping of potential gene(s) associated with biotic stress resistance. The
present chapter therefore covers the various biotic constrains in the production of
mungbean and urdbean and cumulates the previous, current and future endeavors on

A. Kundu
P.G. Department of Botany, Ramakrishna Mission Vivekananda Centenary College
(Autonomous), Rahara, West Bengal, India

5. Ganguli
Department of Biotechnology, St. Xavier’s College (Autonomous), Kolkata, West Bengal, India
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4.1 Introduction

Plants require an array of abiotic factors such as sunlight, temperature, moisture, water,
mineral salts, nutrients, as well as O, and CO; in order to attain optimal growth. Each of
these abiotic factors has a precise effect on plant growth and development, which depends
on its magnitude and concentration. Any deviation in the intensity of these optimal abiotic
factors in their chemical or physical environment may lead to a condition known as abiotic
stress (Bray et al. 2000; Paul and Roychoudhury 2019). Under natural environments, plants
are very often exposed to these abiotic stresses that adversely affect plant growth, develop-
ment, and reproduction (Rosa et al. 2009; Roychoudhury et al. 2009). Drought, salinity,
heat, and freezing temperature are important examples of such environmental adversities
that restrict the plants from displaying their full genetic potential and aceount for extensive
crop loss (Cramer et al. 2011; Keunen et al. 2013; Roychoudhury et al. 2008).

In plants, abiotic stress involves three primary phases comprising stress sensing, signal-
ing, and exhaustion. Early phases of stress involve sensing or perception of the adverse
abiotic stimuli through various sensors and induce a signaling cascade that relays the stress
signal to the interior of the cell (Roychoudhury and Banerjee 2017). This eventually leads
to an alteration in gene expression, thereby changing the host physiology and metabolism
referred to as exhaustion (Rosa et al. 2009; Duque et al. 2013). Additionally, a fourth phase
known as regeneration may come into existence that involves partial or total normalization
of the physiological aspects of the plants upon removal of the stress factors. Continuous
agitations of these stress factors may result in reduced photosynthesis, impaired water
transport, osmotic imbalance, disturbed ion homeostasis, membrane instability, and oxida-
tive stress through excessive generation of reactive oxygen species (ROS) that collectively
hinder growth and development of plants (Rosa et al. 2009; Van den Ende and El-Esawe
2014; Roychoudhury et al. 2016).

To counter the impact of these hostile environmental conditions, plants have evolved
complex molecular and physiological stratagems that aid in their survival under these

Protective Chemical Agents in the Amelioration of Plant Abiotic Stress: Biochemical ond Molecular
Perspectives, First Edition. Edited by Aryadeep Roychoudhury and Durgesh Kumar Tripathi.
© 2020 John Wiley & Sons Ltd. Published 2020 by John Wiley & Sons Ltd.
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ABOUT THE BOOK

Green Chemistry has now become an integral part of every chemistry curriculum all over India to make
the coming generations aware about the sustainable developments. Use of renewable feedstock as starting
material, use of alternative energy sources, use of benign solvent as reaction medium, performing reactions
under ambient conditions, minimization of by-products are some of the prime criteria of green chemistry.
This book is an endeavor to enlighten the readers with the inner sense of green chemistry. Once the inner
sense ignites the readers mind, the systematic development may become easier in the field of green chemistry.

CONTENTS
e Introduction

e Alternative energy sources used in Chemical reactions: Microwave (Introduction, Generation, Interaction
with materials, Theory, and Examples). Ultrasound (Sonochemistry): (Introduction, Generation, Theory,
and Examples); Mechanical energy (Mechanochemistry): (History, Theory, Different effects, Reactors,
txamples and industrial imporiancs).

e Soivents: Water (Tvpes of fenction Preperties of waisr, Theory of organic reactions in aqueous medium
and Exampies): Aqueous miceliz: madium (ourfectani-classification, Mechanism of reactions, Examples);
Superecritical CO2 (scCOy) (Introduction, Properties, Utility, Drwaback, Examples, Micelle technology in
scCOz); Gas-Expanded Liquids (GXLs) (Introduction, Types, Properties, Utility, Drawback, Examples);
lonic Liquid (IL) (Introduction, Criteria of IL, Preparation, Effect of IL on Organic Reaction, Examples)
Fluorous biphasic solvent; Polyethylene glycol (PEG).

L}

e Green Synthesis of some compounds: Adipic 2cid, Catechol, Disodium iminodiactate (DSIDA), Ibuprofen

e Greener approaches in Industrial applicatinn: Green Oxidant, Marine antifoulant, Rightfit Pigments,
Poly Lactic acid, Healthier fats and oils, Crzdic: > Cradle carpeting, Biofuels.

¢ Practical experiments related to Green Cr- “aiey,
e Revision Questions with short answers. *
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ABOUT THE BOOK

Green Chemistry has now become the integral part of every chemistry curriculum all over India to aware
the coming generations about the sustainable developments. Use of renewable feedstock as starting material,
use of alternative energy sources, use of benign solvent as reaction medium, performing reactions under
ambient conditions, minimization of by-product are some of the prime criteria of green chemistry. This book
is an endeavor to enlighten the readers with the inner sense of green chemistry. Once the inner sense ignites
the readers mind, the systematic development may become easier in the field of green chemistry.

CONTENTS
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e Solvents: Water (Types of reaction, Properties of water, Theory of organic reactions in aqueous medium
and Examples); Aqueous micellar medium (Surfactant-classification, Mechanism of reactions, Examples);
Supercritical CO2 (scCO2) (Introduction, Properties, Utility, Drwaback, Examples, Micelle technology in
scCO2); Gas-Expanded Liquids (GXLs) (Introduction, Types, Properties, Utility, Drawback, Examples);
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Antimicrobial and Antileishmanial
Activity of Isoflavonoids Isolated
from Seeds of Millettia ferruginea:
An Endemic Legume Tree in
Ethiopia
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Introduction

Millettia ferruginea (Hochst.) Baker plants, with two distinct subspecies
namely ferruginea and darassana belonging to Fabaceae (Leguminosae)
family, are widely distributed within the agro-climatic zones of 1000-2500
meter above the sea level in Ethiopia (Andualem and Gessesse, 2014). This
leguminous tree grows up to 25-meter high and often found in association
with essential crops, like barley, sorghum and maize, demonstrating a
beneficial effect owing to its nitrogen-fixing property. It also serves as_shade
free in coffee plantation, and feeds the honey-bees on its flowers, while the
leaves and shoots are mostly taken as fodder for the ruminanl:s.. Therefore,
this endemic plant, known as ‘Berbera’ or ‘Brebra’ in local {tmj_mnc lc:mguage,
plays important role for the regional agro-forestry in Ethiopia (Hailu ef al.,
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research tellowship in the Department of Chemistry of the University of Calcutta. In the
following vear he joined Vidvasagar College, Kolkata as a faculty member and within a
short time became very popular among the students and colleagues. It is during this time
that he authored the book “Elements of Physical Chemistry " (1938), which became very
popular among the students and academicians.

In Julv 1938. Prof. Palit joined Lac Research Institute in Ranchi as a Research
Assistant. For this job he was interviewed at Shimla by the famous scientist Sir
S.S. Bhatnagar: Impressed by depth of knowledge of Prof. Palit, he encouraged the young
researcher to undertake independent research studies. Prof. Palit’s work on cosolvency
earned him the prestigious Premchand Roychand Scholarship and the D.Sc. degree from
the University of Calcutta.

Afrer the sudden demise of his father, Prof. Palit returned to Kolkata and in 1943, he
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Theoretical Aspects of Synthesis for
Controlled Morphological
Nanostructures
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50010 2.1 NUCLEATION AND GROWTH OF NANOPARTICLES:
THEORETICAL PERSPECTIVES

pooto  Different existing methods of fabrication towards the growth of nanoparticles, nano-
crystals, and quantum dots are worth mentioning, where each method is more ideal for
the generation of one single category of nanoparticle having a different size and shape.
Little changes in the experimental parameters can considerably affect the properties of the
nanomaterials. And hence, the growth mechanisms of them are often difficult to under-
stand in detail and therefore offer a challenge to the scientific community to find out the
same. This understanding of the mechanism leading to the growth of the particles in the
nanoregime is important for both scientific and for technological considerations. For many
years, there has been a common acceptance that the nucleation and growth of nanoparti-
cles can be analyzed by LaMer burst nucleation and a diffusion limited Ostwald ripening
process.

poo15  So here we will highlight the theoretical aspects of nucleation and growth of nanoparti-
cles following the anticipated theoretical frameworks as described below.

Noble Metal-Metal Oxide Hybrid Nanoparticles
DO https://doi.org/10.1016/B978-0-12-814134-2.00002-4 7 © 2019 Elsevier Inc. All rights reserved.
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An Approach toward Character Recognition
of Bangla Handwritten Isolated Characters

Payel Rakshit, Chayan Halder and Kaushik Roy
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2.1 Introduction

Recognition of characters from their images is one of the most essential
tasks in the field of computer vision. Optical character recognition (OCR)
has lately become a very interesting field of research, especially for Indic
scripts, due to its potential in Asian countries like India. The task, however,
is quite difficult when images of handwritten characters are considered [1, 2].
Recently, various works on character recognition from handwritten char-
acters have become available [1-13], while some very established standard
character recognition systems from printed characters are already com-
mercially available [14, 15]. Numerous techniques on several scripts [3] for
offline isolated character recognition have already appeared in the literature.
Bhowmik et al. [3] proposed two-stage hierarchical learning architectures
based on a support vector machine (SVM), whereas Bhattacharya et al. [5]
proposed an efficient two-stage approach for Bangla handwritten character
recognition and achieved very good recognition accuracy with a multi-layer
perceptron (MLP) classifier. Maitra et al. [6] also developed an approach for
the handwritten character recognition of multiple scripts based on a convo-
lution neural network (CNN). At the same time, Surinta et al. [7] contributed

15
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READ—A Bangla Phoneme Recognition
System

Himadri Mukherjee, Chayan Halder, Santanu Phadikar
and Kaushik Roy

Abstract Speech Recognition is a challenging task especially for a multilingual
country like India as the speakers are habituated in using mixed language and
accent. Bangla is a very popular language in East Asia and a fully functional Auto-
mated Speech Recognition System (ASR) for it is yet to be developed. Every lan-
guage embodies a set of sounds called phoneme set, which is the building block for
the words of that language. READ (Record Extract Approximate Distinguish) is a
Bangla phoneme recognition system, proposed toward the development of a Bangla
ASR. To start with, Mel Scale Cepstral Coefficient (MFCC) features have been used
for testing on a database of 1400 Bangla vowel phonemes and an accuracy of 98.35 %
has been obtained.

Keywords READ -+ ASR * Phoneme *+ MFCC * Approximation * MLP

1 Introduction

To use the digital resources more and more in a convenient way, the user interface
of the devices needs to be brought within the grasp of the rustics. The user interface
should be designed in such a way so that the users feel that they are interacting with
their peers and not a device. One way of achieving this is making the devices verbally
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Line, Word, and Character Segmentation
from Bangla Handwritten Text—A Precursor
Toward Bangla HOCR

Payel Rakshit, Chayan Halder, Subhankar Ghosh and Kaushik Roy

Abstract The basic functionalities of optical character recognition (OCR) are to
recognize and extract text to digitally editable text from document images. Apart
from this, an OCR has other potentials in document image processing such as in
automatic document sorter, writer identification/verification. In current situation,
various commercially available OCR systems can be found mostly for Roman script.
Development of an unconstrained offline handwritten character recognition system
is one of the most challenging tasks for the research community. Things get more
complicated when we consider Indic scripts like Bangla which contains more than
280 modified and compound characters along with isolated characters. For recogni-
tion of handwritten document, the most convenient way is to segment the text into
characters or character parts. So line, word and character level segmentation plays a
vital role in the development of such a system. In this paper, a scheme for tri-level
segmentation (line, word, and character) is presented. Encouraging segmentation
results are achieved on a set of 50 handwritten text documents.

Keywords OCR - Bangla handwritten character recognition - Line segmentation
Word segmentation + Character segmentation
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Word-Level Multi-Script Indic
Document Image Dataset and Baseline
Results on Script Identification

S. K. Obaidullah, Department of Computer Science and Engineering, Kolkata, India
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ABSTRACT

Document analysis research starves from the availability of public datasets. Without publicly available
dataset, one cannot make fair comparison with the state-of-the-art methods. To bridge this gap, in this
paper, the authors propose a word-level document image dataset of 13 different Indic languages from
11 official scripts. It is composed of 39K words that are equally distributed i.e., 3K words per language.
For a baseline results, five different classifiers: multilayer perceptron (MLP), fuzzy unordered rule
induction algorithm (FURIA), simple logistic (SL), library for linear classifier (LibLINEAR) and
bayesian network (BayesNet) classifiers are used with three state-of-the-art features: spatial energy
(SE), wavelet energy (WE) and the Radon transform (RT), including their possible combinations.
The authors observed that MLP provides better results when all features are used, and achieved the
bi-script accuracy of 99.24% (keeping Roman common), 98.38% (keeping Devanagari common) and
tri-script accuracy of 98.19% (keeping both Devanagari and Roman common).

KEYWORDS
Multi-Script Documents, Official Indic Script Database, Script Identification

1. INTRODUCTION

The work of multi-script document processing has an importance for a country like India, where 23
different official languages (including English) are present and 11 different scripts are used to write
them. We handle various multi-script documents in our day to day life and automatic processing
of those documents is a pressing need in this digital era. In general, OCRs are script specific, and
processing documents having more than one script is not easy. Therefore, one of the common/suggested
solutions is to develop a script identification system (SIS), so that we can take it as a precursor to
the specific OCR. To adress this issue, in this paper, we present a database that is composed of 13
different languages from 11 different scripts (having fairly large amount words in it) for automatic
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script identification in multi-script documents. Figure 1 shows a general block diagram for multi-
script document processing system.

Since last decade, researchers have addressed Indic script identification problem. But very few
works are available till date. Among them, one work has been reported (Pati et al. 2008), which
consider 11 different scripts in their study. They have used a database from 11 different languages,
where two languages: Kashmiri and Dogri originating from Northan part of India were not considered.
To represent the scripts, two texture based features namely Gabor filter and directional cosine
transform (DCT) based frequency domain techniques were used. Based on these features, their
reported performances are 98% for bi-Script and tri-Script, and 89% for eleven-scripts by using three
different classifiers: nearest neighbor, linear discriminative and support vector machine (SVM). Since
then, this can be considered as a benchmark work on printed script identification (PSI) at word level.

Considering other popular works on Indic and non-Indic scripts, a textual feature based technique
has been proposed (Hochberg et al. 1997) and tested on identify six different scripts: Arabic, Armenian,
Devanagari, Chinese, Cyrillic, and Burmese. This is one of the earlier works addressing the script
identification problem. In this work, only one Indic script was considered along with five non-Indic
scripts.

An attempt for line level script identification (Pal et al. 2002) was proposed and tested on five
different scripts: Bangla, Devanagari, Chinese, Arabic and Roman.

A technique (Jahawar et al. 2003) using headline and contextual information based features was
proposed to identify Devanagari and Telugu scripts. In addition with that, PCA was used to reduce
the feature vector size and the classification was done using SVM.

A Gabor energy based technique with k-nearest neighbor (k-NN) classifier (Joshi et al. 2006) for
paragraph level script identification was proposed and tested on ten different Indic scripts. Comparing
with the earlier works, the number of scripts considered in this work was good enough covering most
of the official Indic scripts.

A technique (Dhanya et al. 2002) using using Gabor filter based directional feature and SVM
classifier was proposed to separate Tamil and Roman scripts.

A method for script identification by combining trainable classifiers has been proposed
(Chaudhury et al. 2000) and tested on six different scripts: Devanagari, Telugu, Roman, Malayalam,
Bangla and Urdu.

Figure 1. Block diagram of multi-script document processing system
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In the script identification review paper (Ghosh et al. 2010; Singh et al. 2015), authors pointed
out the unavailability issue of benchmark works by considering all official Indic scripts. Following
this review, we are, indeed, motivated to publish a benchmark database and results considering all
13 official Indic scripts.

The remainder of the paper is organized as follows. In Section 2, we discuss about the languages
considered in this work. In Section 3, we explain our database. We then describe our method in section
4. It includes preprocessing, feature extraction, and script identification. In section 5, we provide
experimental test results and analysis. We conclude the paper in section 6.

2. SCRIPTS AND LANGUAGES OF INDIA

A script is defined as a set of notations to represent a single language or a class of languages. When a
particular script is used for a single language then script identification and language identification has
the same meaning. Examples of such scripts are Dogri, Oriya etc. On the other side many languages
are available with common script for all of them. One popular example of such script is Devanagari
script which is used by languages like Bodo, Konkani, Marathi, Maithili, Nepali, Sanskrit, Sindhi,
and Hindi etc. Roman script is used by English and Santali language in India. So in these cases a
priori script identification is must for language identification.

Script Identification system vary widely in the way they acquire their input data (text image), the
mode of text being acquired (whether it is a printed or handwritten text). As we have already mentioned,
in general, script identification systems are divided according to raw data (image) acquisition into
two main systems namely Off-line and On-line script identification systems. Again they are divided
into Handwritten and Printed category depending upon the text being acquired.

A brief description about official Indian languages is presented in the following paragraph onwards.

2.1. Bangla

Originated from the Indo-European language family, is the state language of West Bengal and Tripura.
People living in Bihar, Dhanbad, Manbhum, Singhbhum, Santal Parganas of Jharkhand, Garo Hills of
Meghalaya, Goalpara District of Assam, Nagaland and Mizoram also use this language. It is spoken
by 181 million population of India.

2.2, Hindi

One of the most popular languages in India uses this script. Under Indo-European language family,
Hindi is predominantly used by about 182 million people residing in the northern parts of India
namely in Uttar Pradesh, Himachal Pradesh, Uttaranchal, Delhi, Rajasthan, Punjab, Madhya Pradesh
and northern Bihar.

2.3. Dogri

Dogri language is supposed to belong to the Indo-European family of languages. The language is
used by people living in area between Chenab and Ravi rivers in Jammu and Kashmir, Chandigarh
and West Bengal. About 3.8 million people use this language.

2.4, Gujarati

Gujarati, originated from the Indo-European language family, Gujarati is the State language of
Gujarat. People living in Rajasthan, Madhya Pradesh, Maharashtra and Karnataka also use Gujarati.
The language is spoken by 46.5 million population of India.
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2.5. Gurumukhi

The origin of Punjabilanguage can be traced to the Indo-European language group. It is state language
of Punjab. The language is spoken by 1.05 million population of India.

2.6. Kannada

Kannada, the origin of the language can be traced in the Dravidian language family. It is the State
language of Karnataka. People living in other states like Tamil Nadu, Andhra Pradesh and Maharashtra
also use this language. Kannada is spoken by 3.63 million Indian populations.

2.7. Kashmiri

Kashmiri, language is originated from the Indo-European language group. The language is spoken
by people living in Jammu and Kashmir, Kashmir Valley, Punjab, Delhi and Uttar Pradesh. About
5.6 million people use this language as a medium of communication.

2.8. Malayalam

Malayalam language is said to belong to the Dravidian language family. It is the State language of
Kerala. Malayalam is also used by inhabitants of the Laccadive Islands and neighboring states of
Kerala. The language is spoken by 35.9 million population of India.

2.9. Oriya

Oriya, originated from the Indo-European language family. It is state language of Orissa. About 31.7
million population living in Assam, Singhbhum and Ranchi districts of Jharkhand, Raipur, Raigarh
and Bastar districts of Chhattisgarh, Midnapore district of West Bengal and Vishakhapatnam District
of Andhra Pradesh.

2.10. Roman

Itis used to write English which is an International language. It, along with most European languages,
is a descendant of the ancient Proto-Indo-European language family. About 328 million people in
our country use this language as a communication medium.

2.11. Tamil

Tamil, originated from the Dravidian group of languages. It is the state language of Tamil Nadu and
it is also spoken in the neighboring states. 65.7 million Indian population use Tamil as a medium of
communication.

2.12. Telugu

Telugu, classified under the Dravidian language family, it is the State language of Andhra Pradesh.
The language is also used by people living in the neighboring states. About 69.8 million of Indian
population uses this language.

2.13. Urdu

Urdu, the language is said to have originated from the Indo-European language family. Urdu is the
State language of Jammu and Kashmir. About 60.6 million of Indian population residing in Jammu
and Kashmir and other Muslims use this language.

3. DATABASE

The major contribution of the present work is a word-level document image dataset from thirteen
languages. As shown in Table 1 our database of thirteen different official Indic languages: 1) Bangla
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Table 1. Sample word images of 13 different official Indic languages, i.e. 11 different scripts

Language Sample 1 Sample 2

1. Bangla W ‘%{‘@Q
2. Devanagari mﬁm arfasecret
3. Dogri HAREHA] BN
4. Gujarati (Qzclznl H[%C»ubﬂ
5. Gurumukhi ECEu=13
6. Kannada d@r—\jdoi)o—’&c BHITe
7. Kashmiri \}JLA‘ M&-‘.ﬂ
8. Malayalam | ©@IQQUOG] | Gatoeflmy
9. Oriya QQIQ'@@ ZJQ@|Q1@_
10. Roman allegation | example
11. Tamil 3l6medleL QsmE&LUY
12. Telugu %oga"do 'Qr:)‘)é%,).)
13. Urdu \;J |J$ Cilalag)

(BEN), 2) Devanagari (DEV), 3) Dogri (DOG), 4) Gujarati (GUJ), 5) Gurumukhi (GUR), 6) Kannada
(KAN), 7) Kashmiri (KAS), 8) Malayalam (MAL), 9) Oriya (ORY), 10) Roman (ROM), 11) Tamil
(TAM), 12) Telugu (TEL), 13) Urdu (URD) with 3K words per languages. Altogether, we have
collected 39K words. We have collected the samples from different newspaper, articles and books.
For example, Bangla words were collected from scanned copy of different Tagore’s books, novels,
poems and newspaper. As a consequence, the collected samples vary writing style, thickness of the
characters and resolution. Document image scanning was carried out using HP flatbed scanner,
resolution 300 dpi and stored at 8-bit gray level jpeg format. The word dimension is found in the range
of 150x50 pixels. Note that the word images are extracted by an automated process, as explained in
(Hangarge et al. 2013).

The database is created for public use but, limited to research purpose. A part of the database is
available on-line, and will be provided upon the request.

4. SCRIPT IDENTIFICATION

Our study is not an exception; we start with pre-processing, and then extract features for script
identification purpose. In our study, we study three different features: 1) spatial energy (SE), 2) wavelet
energy (WE) and 3) the Radon transform (RT), including their possible combinations, by using five
different classifiers: 1) multilayer perceptron (MLP) (Obaidullah et al. 2014), 2) fuzzy unordered
rule induction algorithm (FURIA) (Huhn et al. 2009), 3) simple logistic (SL) (Sumner et al. 2005) 4)
LibLINEAR (Fan et al. 2008) and 5) BayesNet (Obaidullah et al. 2014). Again, our idea is not only to
check what features but also to check what classifiers can consistently provide optimal performance.

4.1. Pre-Processing

The word images are binarized by using the following steps. 1) In grayscale word image, region-of-
interests (ROIs) are generated using a local window-based algorithm. Run length smoothing algorithm
is applied to overcome the presence of stray/hollow regions generated due to window size. Connected
component labelling is applied and the ROIs are mapped to the original grayscale images. 2) A global
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thresholding technique is then applied on ROIs because of the small sizes of the blocks. Figure 2
shows a general block diagram of the pre-processing stages.

4.2. Features

As said before, we propose to study three different features: spatial energy (SE), wavelet energy (WE)
and the Radon transform (RT).

4.2.1. Spatial Energy (SE)

SE distribution varies in accordance with the change in textural information, and therefore, it is
important in our study. SE distribution was observed by computing entropy on the grayscale images.
It can be represented by:

Entropy =—Xp (i» j) log(p (i’ j))

where p(i,j) is the probability of occurrence of the pixel intensity at location (7,j). In general, entropy
is complement of energy. Therefore, for any non-uniform or aperiodic gray level distribution, there
exists high entropy (Shanon 1949).

Another measure is the standard deviation of binary images of different scripts. Standard deviation
is a measure of the variability of the image pixels. It can be represented by:

2
B l n 2 _l n
o, = - le n[;@“z]

i=1

where, X, X,, ...., X_be n observations of a random variable X, which is representation of an
arbitrary image pixel.

4.2.2. Wavelet Energy (SE)

For present work, wavelet packets has been generated using DWT or discrete wavelet transform (Mallet
1989) which uses sub-band coding on images with respect to spatial and frequency components
and allows analysis the images from coarse to fine level. Here Daubechies wavelets dbN where N
= 1, 2, 3 are chosen to generate sub-band images with approximation coefficients cA, cH, ¢V and

Figure 2. Pre-processing of the word-level document images
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cD. Their advantage includes computational ease with minimum resource and time requirements.
These orthogonal wavelets are characterized by maximum number of vanishing moments for some
given support (Mallet 1989). Here a signal (for present work it is a word image) is decomposed into
different frequencies with different resolutions for further analysis. In general the family of Daubechies
wavelet is denoted as dbN, where the family is denoted by the term db and the number of vanishing
moments is represented by N.

To study the applicability of wavelet analysis in our work, we studied that an image can be
represented by the combinations of different coefficients i.e constant, linear, quadratic etc. Daubechies
db1 represent the constant coefficient of the image component, db2 represent the linear and db3 can
represent quadratic coefficients. So here, wavelet decomposition at level 1 has been made using dbl,
db2 and db3 which are capable enough to capture the constant, linear and quadratic coefficients of an
image component. Four coefficients namely approximation coefficients (CA), horizontal coefficients
(chi), vertical coefficients (cave), and diagonal coefficients (cod) has been generated.

To measure the WE or wavelet energy feature we have computed wavelet entropy on these
approximation coefficients for each of the sub-band images.

Suppose ws is the word level image signal and (ws), the coefficients of ws in an orthonormal
basis. Then the normalized shanon entropy is defined as:

SE(wsi) = ws? log (wsf)

SE (wsl) = 72 ws’?2 log (ws?)

It produces a feature vector of dimension fifteen.

4.2.3. The Radon Transform (RT)

Motivated by the presence of the strokes at different orientations in the word images, we propose
to use the RT. The RT consists of a collection of projections of a pattern at different angles (Deans
1983), as illustrated in Figure 3. In other words, the radon transform of a pattern f{x, y) and for a given
set of angles can be thought of as the projection of all non-zero points. This resulting projection is
the sum of the non-zero points for the pattern in each direction, thus forming a matrix. The matrix

Figure 3. lllustration of the Radon transform theory (Santosh, K.C., Lamiroy, B., Wendling, B.: DTW for matching radon features: a
pattern recognition and retrieval method. In: 13th International Conference on Advances Concepts for Intelligent Vision Systems,
pp. 249-260 (2011)).

Y
\J

Jd

(a) projection at angle 8 (b) definition
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elements are related to the integral of f over a line L(p, 6) defined by p = x cos 0 + y sin 0 and can
formally be expressed as:

R(p,@) = fjf(x,y)é(a:cos@—kysin@—p)d;vdy

where 8(.) is the Dirac delta function, d (x) = 1, if x = 0 and 0 otherwise. Also, 0 € [0, 7) and p €]
-00, oo[. For the RT, Li is in normal form (p, 0).

Such a description is useful for scripts such as Bangla and Devanagari, where there exists
horizontal line, known by the name “matra’ or “shirorekha’. These clear lines can be exploited by
computing 0° projection. Similarly, scripts like Tamil and Roman have many vertical lines which can
be represented by 90°. However, to exploit meaningful information, we do not require all possible
orientations, and therefore, we study the RT at an interval of 15°.

To compute RT based feature vector we applied the Radon transform on each of the binary word
images. Additionally RT spectrum of each of the sub band images is also obtained from Daubechies
multi-resolution analysis using dbl, db2 and db3 at level 1. Then statistical textural features are
computed from the generated Radon spectrum. This step results a sixty five dimensional RT feature
vector. First RT is computed on original images and twelve sub band images (generated using db1,
db2 and db3), generating a total of thirteen RT images. Then five statistical features are computed
on each of these RT images generating a total sixty five dimensional feature vector.

4.3. Script Classification

In our study, three different classifiers are used to train and to identify the words. They are MLP,
FURIA and RF, which are briefly explained in the following.

4.3.1. Multilayer Perceptron (MLP)

It consists of multiple layers with number of neurons in each layer represented as a directed graph
(Obaidullah et al. 2014). MLP uses back propagation algorithm (Roy et al. 2004) to train the network.
In our experiment, we choose the configuration of the NN as 84-hl-13 (i.e., 84 number of attributes
while taking SE+WE+RT and 13 output classes). We empirically designed the number of neurons
in the hidden layer, hl.

4.3.2. Fuzzy Unordered Rule Induction Algorithm (FURIA)

It is a fuzzy-rule-based classifier which learns from fuzzy rules and unordered rule sets (Huhn et
al. 2009). It is an extension of the well-known rule learner RIPPER algorithm (Cohen at al. 1995)
which is a state-of-the-art rule learner technique. Its preserves its advantages, such as simple and
comprehensible rule set for the learning. Along with that, RIPPER also includes a number of positive
modifications and extensions. In particular, FURIA learns fuzzy rules instead of conventional rules
and unordered rule sets instead of lists of rules. Moreover, to deal with uncovered examples, it makes
use of an efficient rule stretching method.

4.3.3. Simple Logistic (SL)

SL is a classifier which builds linear logistic regression model (Sumner et al. 2005). As a base learner
LogitBoost algorithm is used along with a simple regression function as follows to train the samples:
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4.3.4. LIbLINEAR

LibLINEAR is a is used to train a very larger set of data with a linear classification model (Fan et
al. 2008). We have used L2 loss support vector machine as the SVM type parameter. For present
experiment both the bias and cost parameter is set to 1.0.

4.3.5. BayesNet

The popular Bayesian classifier use Bayesian network learning algorithms like K2 and B to train the
samples (Obaidullah et al. 2014).

5. EXPERIMENTS

5.1. Evaluation Metrics

To measure the performance of the system, we use the following metric:

_ # Correctly _ Classified _Words

Identification,,, = 4 Total Word x 100%
otal _Words

where specifically, we have computed the features (cf. Section 3.2), their possible combinations, and
classifiers (cf. Section 3.3) separately.

5.2. Setup

In our study, from 13 different languages from 11 different scripts, we have considered two different
test categories: 1) bi-script and 2) tri-script. In general, there are °C, and "*C, possible combinations
of bi-script and tri-script categories. But, considering the nature of the multi-script documents, these
straightforward combinations may not hold true in the real-world (e.g. postal documents and application
forms). We have also observed that, Devanagari and Roman exist in most of the documents. This
means that any bi-script or tri-script document in general contains either or both Devanagari and/or
Roman in addition to their local script. Considering such a context, we have formed two different script
sub-categories for bi-script: casel and case 2. Bi-script case 1 contains twelve script combinations
with Devanagari common. Bi-script case 2 contains Roman as common script, for all remaining 12
scripts. For tri-script category, we have a total number of 11 combinations where both Devanagari
and Roman are kept as common with other local scripts.
Also, note that, we have divided the database into training and test sets as 2:1 ratio.

5.3. Results and Analysis
5.3.1. Feature Selection

Again, our experimental test framework can be summarized as follows. As said before, in this work,
our idea is not only to check what features but also to check what classifiers can consistently provide
optimal performance. Therefore, we have seven different tests in accordance with the use of individual
features and their possible combinations: SE, WE, RT, SE+WE, SE+RT, WE+RT and SE+WE+RT.
We found that the combination of SE, WE and RT produces the highest accuracy, i.e. 98.38% using
MLP classifier. So, rest of the experiments is conducted with SE+WE+RT feature and five different
classifiers to find the best classifier.

5.3.2. Comparing the Performance of Different Classifiers

In Table 2, average performance scores for different feature combinations are provided. The results
are provided for bi-script case 1. One of the scores in this table is computed by making 12 numbers
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Table 2. Bi-script case 1 (Devanagari common): Average performance scores (in %) for different feature combinations tested

using MLP classifier

Feature Type (Dimension) Accuracy (%)
SE (4) 81.93
WE (15) 91.10
RT (65) 96.93
SE+WE (19) 94.83
SE+RT (69) 97.86
WE+RT (80) 97.80
SE+WE+RT (84) 98.38

of runs as shown in Table 3. Altogether, we have 12 (bi-script combinations) x 3 (classifiers) = 36
runs, for just a single feature type. In Table 2, the best performance (i.e., 98.38%) is obtained when
all features are combined, so in rest of the experiments this feature combination is used. In a similar
fashion, bi-script case 2 has been tested, where Roman is common. Results are provided in Tables 4
and 5 for bi-script case 2 (see Tables 2 and 3). In the latter case (i.e., Table 4), the highest possible
accuracy is 99.24%. Like before, best result is obtained when all features are combined (even for tri-
script combinations). In Table 6, average performance scores are provided for tri-script combinations,
where the highest possible identification rate is 98.19%. In this test, we have submitted 11(tri-script
combinations) x 3 (classifiers) = 33 runs, for just a single feature type. Again, for a comparison

Table 3. Bi-script case 1 (Devanagari common): Average performance scores (in %) for 12 different combinations when all

features (SE, WE, RT) are combined

Bi-Script Recognition Accuracy (%) Keeping Devnagari as Common with one of the Twelve Scripts
Classifier BEN | DOG | GUJ | GUR | KAN | KAS | MAL | ORY | ROM | TAM | TEL | URD "
MLP 94.7 99.7 99.4 | 90.9 99.2 99.9 | 99.7 99.9 | 99.3 98.4 99.9 | 99.6 98.38
FURIA 95 99 98.7 | 89.5 97.9 99.3 | 98.8 99.5 | 97.6 95.9 98.8 | 99 97.42
Simple Logistic 87.7 99.7 98.6 | 79 98.4 989 | 99.1 99.7 | 98.8 93.9 99.1 | 99.1 96.00
LIBLINEAR 88.8 99.7 984 | 79.9 98.6 989 | 983 99.4 | 98.5 94.3 99.2 | 98.6 96.05
BayesNet 82.8 86.8 90.8 | 78.9 87.9 945 | 854 97.5 88.1 80 948 | 959 88.62

Table 4. Bi-script case 2 (Roman common): Average performance scores (in %) for different feature combinations tested using

MLP classifier
Feature Type (Dimension) Accuracy (%)
SE (4) 80.94
WE (15) 92.56
RT (65) 98.01
SE+WE (19) 95.06
SE+RT (69) 98.96
WE+RT (80) 99.07
SE+WE+RT (84) 99.24
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Table 5. Bi-script case 2 (Roman common): Average performance scores (in %) for 12 different combinations when all features
(SE, WE, RT) are combined

Bi-Script Recognition Accuracy (%) Keeping Roman as Common with one of the Twelve Scripts
Classifier BEN | DEV | DOG | GUJ | GUR | KAN | KAS | MAL | ORY | TAM | TEL | URD 73
MLP 99 99.3 99.3 982 | 99.3 99.3 99.5 | 99.1 99.7 | 99.3 99.5 | 994 99.24
FURIA 96.6 97.6 97.8 949 | 992 99 99.2 | 974 989 |[974 98.6 | 983 97.91
Simple Logistic 974 98.8 98.2 93.6 | 99.1 98 97.6 | 94.1 985 | 97.6 98.1 | 97.7 97.39
LIBLINEAR 95.9 98.5 98 929 | 98.8 97.4 97.3 | 853 984 | 972 98.1 | 97.8 96.30
BayesNet 92.5 88.1 86.9 88 93.3 87.6 92.8 | 82.6 944 |90.3 92.8 | 94.1 90.28

Table 6. Tri-script (Devanagari and Roman common): Average performance scores (in %) for 11 different combinations when all
features (SE, WE, RT) are combined

Tri-Script Recognition Accuracy (%) Keeping Devnagari and Roman as Common with one of the Eleven Scripts
Classifier BEN | DOG GUJ | GUR KAN | KAS | MAL | ORY | TAM | TEL URD u
MLP 96.2 99.2 97.8 94 98.9 99.6 98.7 99.5 97.9 99.3 99 98.19
FURIA 93.4 96.9 95.6 89 96.7 97 96 97.6 94.4 97.7 96.7 95.55
Simple Logistic 90.7 98 94 84.7 96.5 96.7 95.5 98 94 97.9 96 94.73
LIBLINEAR 90.1 97.3 93.4 84.2 95.4 95.5 90.1 97.2 92.8 97.1 95 93.46
BayesNet 79.8 82 81.9 76.9 81.6 86.3 78.8 89.8 76.5 87.2 87.6 82.58

(between the classifiers) purpose, their average scores are provided in Table 7, where we found
MLP> FURIA> SL>LibLINEAR>BayesNet. In this comparison table, one can also note that higher
the script combination, lower the performance of classifiers { which is obvious because it increases
number of classes to be classified.

5.4. Previous Relevant Work

Prior to this study, Pati et al. (Pati et al. 2008) proposed word-level script identification by using 11 Indic
languages, where Gabor and DCT based features are taken. They have compared their performances
using three different classifiers namely neural network (NN), linear discriminant analysis (LDA) and
support vector machine (SVM). Their performance scores are approximately 98% from both bi-script
and tri-script combinations.

In contrast, our work is composed of all 13 official languages under 11 different scripts, with
39k dataset. Three types of features are used: spatial energy, wavelet energy and radon transform.
Performances of five different classifiers namely MLP, FURIA, SL, LibLINEAR and BayesNet have

Table 7. Tri-script (Devanagari and Roman common): Average performance scores (in %) for 11 different combinations when all
features (SE, WE, RT) are combined

Classifier
Feature Type (Dimension) LIBLINEAR Bayesnet
MLP FURIA Simple Logistic
Bi-script case 1 (12) 98.38 97.42 96.00 96.05 88.62
Bi-script case 2 (12) 99.24 97.91 97.39 96.30 90.28
Tri-script (11) 98.19 95.55 94.73 93.46 82.58
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been compared, and MLP is found to be best performer. In our comprehensive tests, we have script
identification rate of 98.38% (keeping Devanagari common) and 99.24% (keeping Roman common)
for bi-script combination, and identification rate of 98.19% for tri-script combination. For better
understanding a comparative chart is shown by Table 7.

The graphical representation of the performance comparison of different classifiers is
illustrated in Figure 4.

6. CONCLUSION

Script identification is a well-studied document analysis problem since several years. But we do not
have fairly large dataset, which cover the larger domain of Indic languages and scripts, and therefore
one cannot make a fair comparison of state-of-the-art methods. To bridge this gap, in this paper,
we have presented a word-level document image dataset of 13 different Indic languages from 11
official scripts. It is composed of 39K words that are equally distributed i.e., 3K words per language.
For a baseline results, five different classifiers: multilayer perceptron (MLP), fuzzy unordered rule
induction algorithm (FURIA), simple logistic (SL), library for linear classifier (LibLINEAR) and
bayesian network (BayesNet) classifiers are used with three state-of-the-art features: spatial energy
(SE), wavelet energy (WE) and the Radon transform (RT), including their possible combinations.
We observed that MLP provides better results when all features are used, and achieved the bi-script
accuracy of 99.24% (keeping Roman common), 98.38% (keeping Devanagari common) and tri-script
accuracy of 98.19% (keeping both Devanagari and Roman common).

Our immediate step includes increasing the number of languages and data samples per languages
so that, we may evaluate all possible combinations. Some misclassification issues i.e., from Kashmiri-
Urdu, Devanagari-Gurumukhi combinations are need to be addressed. Evaluating the effect of classifier
integration and the issue of font sensitivity for various Indic scripts on script identification performance
is also in our plan. We also plan to work on optimization issues using advance machine learning
algorithm like extreme learning machine, deep neural network and soft computing paradigms (Liu et
al. 2016; Li et al. 2017; Fang et al. 2016) to boost up the overall performance of script identification.

Figure 4. Performance comparison of different classifiers used in the present work
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2 Hybrid Intelligent Techniques for Pattern Analysis and Understanding

1.1 Introduction

Writer verification has been magnetizing the attraction of the researchers as a most im-
portant role play for writer authentication. The last few years, many algorithms and systems
with high authentication rates have been introduced. Various approaches for handwritten
character authentication problem have been developed [1—4]. Some approaches are worked
in Bangla characters [5]. In one of the relevant early works, the likelihood ratio is used
in forensic document identification [6]. The statistical model [7,8] is used for writer verifi-
cation and also includes a mathematical formula for calculating the strength of evidence
of same/different writer. The approaches are classified into two categories, namely online
systems and offline systems. The handwritten shape and stock information are available in
online verification system [9], but this information is unavailable for the offline method. The
offline system is more complex than the online system. There has not been much work on
the verification of handwritten Bangla characters [9,10]. Therefore, there is a pressing need
for such a system. The present paper deals with writer verification based on handwritten
Bangla characters.

1.2 Literature Survey

In the literature, different works can be found on writer verification. Text-independent
and text-dependent data sets are available in the writer verification system. In the text-
dependent method, the text contents are same for known and unknown writers. The text-
dependent system for writer verification offers higher discriminative power using small
amount of data, as compared to text-independent methods [11]. The text-independent sys-
tem finds similarity between writing patterns to verify the writers. Forgery possibility is
reduced for text-independent and needs a large volume of data. But the text-dependent
method increases the forgery case due to copy of same text. But it is very useful in signature
verification where most of the time the genuine writer uses the system and not suitable
for frequent rejection. In the text-independent method forgery is reduced, but it needs
more data samples. In this case it is possible that the genuine writer can also be rejected.
The writer verification uses in different purposes, like historical document analysis [12],
graphology, mobile devices [13], DNA and fingerprints are also used in terms of verifica-
tion [14].

1.2.1 Offline and pseudo-dynamic approaches

Earlier works [15] and [16] have proposed many methods for writer verification. Hand-
writing shape information has been widely used in offline writer verification mode. Primary
methods that are used for character shape information of handwritting are referred to as
offline approaches [15,16]. Gray level co-occurrence matrix (GLCM)[17] and dual-tree com-
plex wavelet transforms (DT-CWT) features are frequently used in Bangla character and
writer verification [18-20]. In [21], the researchers propose a method that estimates dy-
namic information from static handwriting. All these methods are calling pseudo-dynamic
approaches and are resistant to forged handwriting. The methods are categorized into
used motor control theory [22] and temporal order of stroke production. Ferrer et al. [23]
propose methods that explain intensity variation and stroke information. Earlier forensic
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science studies [24,25] report the usefulness estimate of dynamic information from static
handwriting.

To enhance the performance of the writer verification system, we have proposed a new
approach to extract texture information from the handwriting sample [18,20]. The sur-
vey [19,20] show texture descriptors, texture based features and dissimilarity. Local binary
patterns and phase quantization have been used in [19] writer identification. In [20] the
scientists achieve the performance of 96.1%. Some examples of this scheme can be found
in Marti et al. [26], Srihari et al. [27], Bulacu et al. [28], Bensefia et al. [29], Siddiqi and
Vincent [30].

1.2.2 Approaches of writer-dependent and writer-independent methods

Writer-dependent builds on one specific model per writer. The drawback of this method
is that a new model needs to be built for a new writer [15,16]. Another important issue in
this method is that usually a substantial amount of data is need to construct a well-founded
model. However, this type of approach used for signature verification.

The writer-independent method is based on the FDE (forensic document examination)
approach, which considers the intraclass (writer) and interclass (writer) similarities of hand-
written characters. This model classifies the handwriting into two authenticity classes. The
two classes are genuine and forgery. This approach is used in various work [31]. The prob-
ability distributions (PDF) of interclass (writer) and intraclass (writer) are collected from
training samples in the writer-independent approach. Comparing these probability density
function values, the original author of that document is decided by dissimilarity. Based on
the concept of dissimilarity, the writer-independent method used a distance metric [32].
Muramatsu and Matsumoto [33] propose a model which used user specific dissimilarity vec-
tors that combine original dissimilarity and used mean vector for each writer. It is considered
as a distance of different writers and individual characteristics in handwriting.

Most of the identification and verification works on western script (like Roman script).
Srihari et al. [34], Bulacu et al. [28], Bensefia et al. [29], Siddigi and Vincent [30], etc.
Doermann and Jain propose an identification system which used the multi-script writers on
the English, Arabic and Greek languages [35].

1.2.3 Writer identification (many to one)

Writer identification systems must recognize a writer among N number of writers in a
large dataset. The process of identifying a person involves performing comparisons among
multiple handwritings. These systems aim to confirm identity and build on writer infor-
mation. A variety of features have been proposed, like structural or statistical and local or
global. All these features are served to distinguish the individual writer from other writ-
ers. Said et al. [3] used Gabor filters and co-occurrence matrices to identify the writer and
consider each writer’s handwriting as a different texture. Macro and micro features are
extracted [34] from the document and establish the individuality of handwriting. The
research pursued in [36] proposes an identification system [26] which extracts structural
features from each line of handwritten documents.

1.2.4 Writer verification (one-to-one matching)

A writer verification system decides whether a handwritten document belongs to the
same writer or different writers. It is the validity checking procedure for the claimed identity.
Naturally, the writer verification issue is a true/false problem. Signature verification is one
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of the ways which is used with many different methods of classification as reported in
the survey, namely distance measures [1,37], dissimilarity [38], hidden Markov models [39],
Bayesian classifiers [40], and grapheme clustering [29].

The manual process of document examination is a tedious job and is also very time-
consuming. Srihari et al. [41] introduce a handwriting examination system, which is known
as CEDAR-FOX. This system can be used in writer verification as well as in signature
verification.

1.2.5 Biometric property

Nowadays the biometric property is used in different areas in our daily life. This property
is a human identification system by determining the authenticity of particular behavioral
features [42]. A small portion of the biometric properties of a human are used in different
applications. A general biometric system is shown in Figure 1.1.

A number of biometric properties have been used in several areas [43]. For the requi-
rements of the system, a specific biometric property is used. Some applications of biometric
properties are found in the face recognition system [44], with two phases—face detection
and tracking. Some other methods are—facial matching, fingerprint recognition [45], hand
geometric recognition [46], personal recognition [47], retina recognition [48], voice recog-
nition [49], sclera recognition [50], and keystroke dynamics [51]. In Figure 1.2, we show
different examples of the biometric characteristics.

1.2.6 Handwriting as biometric

Handwriting biometric is the authentication process of identifying the author of a given
handwritten text, offline or online. Automated handwritten documents and signatures (on-
line, offline) are considered the most socially and legally accepted property for authenti-
cation. Writer verification and writer identification are methods for writer authentication
based on the system. Signature identification [52] and verification are also authentication
methods based on the system. Signature verification [53] and identification can be either
dynamic or static. In the offline mode, digital images of handwritten documents are avail-
able. In the online mode, documents are acquired by means of pen-sensitive computer
displays or graphic tablets. A handwritten document is a biometric property generated by
a composite method arising in the writer’s brain [54]. Handwriting-based authentication
is commonly used in forensic document examination [25]. The main aim of the forensic
document examination is to provide enough evidence about questionable documents, using
various scientific methods.

Biometric sample Feature extraction ‘

\ 4

Accepted/ | Decision makin. Feature matchin,
g 8
Rejected

A

Biometric database

FIGURE 1.1: General biometric model.
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(e) (h)
FIGURE 1.2: Examples of biometric characteristics: (a) voice, (b) fingerprint, (¢) hand
geometry, (d) sclera, (e) face, (f) iris, (g) keystroke, (h) handwriting.

1.2.7 Types of writers

On the literature survey, the field of writer verification generally considers two different
types of writers. First is the genuine writers or original writer; second is the forged writer.

1.2.8 Genuine writer or original writer

When a handwritten document is produced by an authentic writer under normal con-
ditions, the writer is called the genuine writer or original writer. The interwriter stability
and variability of the original writer are affected by many factors, such as age, mental state,
habit, and practical conditions [53].

1.2.9 Forged writer

There are usually two different types of forgeries available. The first one is the unskilled
forgery, which is written by a person who does not know the pattern of the original or
may be without much practice. The second type is a skilled forgery where a copy of the
document is represented as an original or written by the genuine writer. Various skill levels
of forgeries can be found in Nguyen et al. [55].

1.2.10 Database

A handwriting database has great importance in our study of writer verification area. All
the research works into the writer verification field as they have been conducted for several
years, there have some different languages of standard offline databases are created. Bulacu
et al. [38] created a system on writer verification and identification on Roman databases
like the TAM database [56], Unipen database [57], and Firemaker set [58]. They propose
to combine allographic and textural features for text-independent writer identification with
Arabic script. But due to the lack of availability of a Bangla script database, the development
of a Bengali writer verification system has been negatively affected. Only Halder and Roy
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[10] used Bangla characters (covering all alphabets, vowel modifiers, vowel modifiers) and
Bangla numerals in [58] for writer identification in their research works.

1.3 Introduction to Bangla
1.3.1 Bangla script

Bangla is the seventh most popular language in the world and the second most popular
language in India [59]. Almost 200 million people in the eastern part of the Indian subconti-
nent speak this language [59]. Bangla alphabets are used in texts of Bangla, Manipuri, and
Assamese languages. Bangla script has more than 250 characters (consonants, vowels, and
compound characters). A lot of research has already been done in this direction for several
scripts [1,3]. The works have been applied successfully to various commercial applications,
such as question document examination, bank check verification, etc. [7,60].

The biometric-based authentication system is used for two purposes: identification and
verification.

Bangla has 11 vowels and 40 consonants and these are called the basic Bangla characters.
It has lots of numbers, compound shapes, and complex letters. Figure 1.3 shows an example
of Bangla alphabets. In Figure 1.3, we show the Bangla character shapes which are more
complex than the Roman scripts. There exists a horizontal line (called a matra) which is

T3 (VY T8 | 9Y 5 &4 | B %
& 12 G R ERY T 1 3 D
<—— (a) Bangla
L 1‘ o ‘l S % 2 ';I ~ _Ll consonants
C = . 5 \ ;
x T |2 |Fp|37 (=<
RN A AR
EHEEE AR

¢ [t o [eg ‘ ‘ ‘
|
. - "
) Tl | 4 = 5y i 1 g Xt
: <«—— (b) Bangla vowels

FIGURE 1.3: Examples of (a) Bangla consonants and (b) Bangla vowels.
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sometimes absent for certain characters. In Bangla script, a vowel following a consonant
takes a modified shape. This modified shape is placed at the left, right, and bottom of
the consonant, or both at left and right. These modified shapes are called the modified
characters.

The handwritten character verification system which is proposed in this article con-
sists of four major phases: preprocessing phase, feature extraction techniques, dissimilarity
measurement in the process calculating Kullback—Leibler (KL) divergence distances on the
questioned document examinations between same-writer and different-writer samples, and
finally, the classification phase.

In order to construct a more precise verification system, the following four methods are
combined in this work:

1. DT-CWT feature extraction.
2. GLCM feature extraction.
3. KL divergence distance measure on writers.

4. Different benchmark classification methods.

1.4 Method

In this section, the overall idea of the proposed method has been described. For
the present work, we have contemplated a sample database of 150 writers, consisting of
different Bangla Isolated characters: consonants, vowels, numericals, and vowel modifiers
are collected. The different- and same-writer variations can be seen in the distance value
(dissimilarity measure) among handwriting from different writers. The experts analyze
and verify the writers on the basis of these distance values. We can see the difference
in Figure 1.4. In this work, we have used combined textural features of DT-CWT and
GLCM to obtain that difference for writer verification. To verify unknown writers com-
paring a database of known writers, first textural features are calculated, then the dis-
similarity feature vector is calculated and finally using them, the verification result is
obtained.

Figure 1.5 depicts the proposed diagram of the writer verification process. At first,
the collected data are preprocessed and the textural feature extraction methods of

b 2 U 2
L » oy 3
S T R X P

FIGURE 1.4: Sample of four different isolated Bangla characters from three different
writers.
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Handwritten samples

v

Preprocessing

v

Extract isolated Bangla
characters

Dual tree complex wavelet transformation GLCM

Standard deviation

Feature vector generation |

A 4

Dissimilarity measure

A

Classification

A 4

Result

FIGURE 1.5: Diagram of the proposed writer verification system.

DT-CWT and GLCM are applied separately and then as a combined feature extraction
method on the chosen dataset. The classifiers are then applied on the computed distances
to calculate the dissimilarity measures between the questioned and the reference handwrit-
ing.

1.5 Data Collection and PreProcessing

Here we designed a simple data collection form [58] consisting of all Bangla numerals and
alphabets. The total number of writer is 150 in the current work. Each writer has five sets
of the same copy. For the present work, data collection has been done by different writers in
[61]. Most of the writers of the database are right-handed. Out of 150 writers, now we have
to consider full five sets of data from 123 writers (used for current purpose work). Here we
show an example of our sample collection document form in Figure 1.6. The details about
the data collection and the preprocessing method on the data can be found in [9].
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Neme: Avcidon Mosndod AB2] O M Ht Eigiap SaNo: 3
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FIGURE 1.6: Sample data collection of isolated Bangla handwritten characters.

1.6 Feature Extraction Techniques

1.6.1 Feature extraction based on dual-tree complex wavelet
transformation

The proposed methodology is to use a modified DT-CWT [62-64] where multiscale
analysis and direction-oriented feature extractions are possible.

We use the decomposition level six for the wavelet transform. In this work, first we nor-
malize 128 x 128 dimensional image data and then the feature vectors have been computed
over it. After using a Gaussian filter, we get 128-dimension image features. Subsequently,
we get 64 x64-dimensional feature vectors, which have been computed using the DT-CWT
algorithm.

Complex-valued wavelet is defined in Equation 1.1:

U, (t) = ,eal(t) + Tymg(t) (1.1)

Here U.(t) is the complex wavelet filter, U,eal(t) is the real part, and ¥;mg(t) is the
imaginary part of the wavelet. DT-CWT functions h(p, ¢) have the following equation:

h(p,q) = d(p, q)eV*rPHead) (1.2)
where h(p, q) is the DT-CWT functions, d(p, ¢)is a Gaussian function centered at (0,0) and
the center frequency is (wp,wq) of the corresponding subband. The complex coefficients of
the k-th subband of the 1-th level are as follows:

Th = Yi + 2, (1.3)

In Equation 1.4 we calculate the magnitude of each subband:

i = V(W) + (21)%) (1.4)
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Level n
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FIGURE 1.7: The schematic diagram of n level dual tree complex wavelet transforms
(DT-CWT).

The magnitude is inconsiderate because d(p,q) is slowly varying. At each level, complex
coefficients angles are +15°, £45°, +75°. These two properties are very useful for writer
verification.

Figure 1.7 shows a DT-CWT feature extraction diagram for the verification system.
DT-CWT can be use as a dual-tree formation [65]. The up sampling and down sampling
before filtering and after filtering are needed to support the shift invariance. Here we use
six levels of the dual-tree complex wavelet. We collected outputs of subband images into
complex wavelet coefficients. Getting more information is referred to in [66].

1.6.2 Feature extraction based on GLCM

The GLCM is a texture analysis of statistical method and different combination of
grayscale pixel value occur either horizontally, vertically, or diagonally of an image. It is a
common textual analysis of images, we get it from Haralick et al. [67].

In Equation 1.5 the co-occurrence matrix G of an image P with size M x M is defined:

1,ifP(a,b) = sand P(a + Ay, b+ Ay) = ¢q

. (1.5)
0, otherwise.

G(p,q) =SMa=1)35{"b= 1){

Here, in Equation 1.5, the offset (Aa, Ab) parameterization makes the co-occurrence matrix
sensitive to rotation. The offset (Aa, Ab) is specifying the distance between the pixel-of-
interest and its adjacent pixel. Choosing an offset vector, the rotation of the image is not
equal to 180°, will result in a different co-occurrence matrix for the same image. To achieve a
degree of rotational invariance (i.e., 0°, 45°, 90°, 135°) using a set of offsets sweeping through
180 degrees at the same distance parameter A by forming the co-occurrence matrix. In this
approach, GLCM is calculated with Energy, Contrast, Correlation, and Homogeneity in
four directions, considering the pairs like G[s, | and G[s,p]. Following this approach, we
obtain 22 feature vectors using the modified GLCM feature extraction method over our
chosen dataset. Here, we use a maximum of 22 dimension features. Twenty-two dimensional
feature vectors have been computed using GLCM method in MATLAB®, which is different
from the work of Haralick [67]. Then the first-order statistics of standard deviation and
mean are computed over the features.
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1.6.3 Edge direction information

In handwriting verification, edge information is very important to enlarge the dimension
of writing features. Here we use first-order statistics which capture the information in 172
dimensions. First-order statistics of feature depend on the pixel value of the histogram. In
current work, two first-order statistics are calculated:

1
(Mean)u = MZ%:UEi (1.6)
1
(Standard deviation)S = \/(]\/[—1)2?’4—1)|Ei — pf? (1.7)

Here, vector I; is made up of M scalar observations. Therefore, finally 172 feature vectors
are obtained.

1.7 Dissimilarity Measure

DT-CWT generates 64X64 dimensional vectors of the first-order statistics. In the next
phase, we use the distance metric based on the dissimilarity representation in [68] using
KLyt (Kullback—Leibler divergence) method. To define the Kullback—Leibler divergence
distance, let A and B be two discrete probability distributions. Then KL of B from A [69]
is defined as follows:

. A(i
Kdet<A||B) = EZA(Z) IOg () (18)
B(i)
In this method, Gaussian distribution is applied on each writer set to find out the K Lg; 4
of same-writer sets. Different writer K L4;4; distances are calculated between one writer from
each set with different writers from all sets.

1.8 Classification Techniques
1.8.1 Multi-layer perceptrons networks

We can define an MLP by joining some neurons with functional neurons and gives
one numerical output. The first hidden layer of the neurons network consists of functional
neurons, whereas subsequent layers are created with numerical neurons. For example, a
single hidden layer functional output of MLP enumerates the following function:

H(g) = % oa;T(b; + /wigdﬂ) (1.9)
where w; is the function of the weight space.

Figure 1.8 shows the architectural graph of MLP with two hidden layers and one output.
Here the network shown is of a fully connected type.
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FIGURE 1.9: Architecture of traditional radial basis function network.

1.8.2 Simple logistic

Logistic Model Trees (LMTSs) are the combination of two complementary classification
schemes, namely, tree induction and linear logistic regression. It has been shown that LMTs
perform ruthlessly with other cutting edge classifiers [70]. The drawback of LMTs is the time
consuming method. The fixed number of iterations are repeatedly called in the LogitBoost
algorithm [71]. In this work, we use SimpleLogistic as a classifier.

In the LogitBoost approach [71] on all data, we use the number of iterations that gives
the lowest squared error on the test set from the average values over the cross-validations.
We will refer to this method as SimpleLogistic [70].

1.8.3 Radial basis function networks

Radial basis function (RBF) networks are the supervised learning algorithms. In theory
they could be recruited in any kind of model (linear or nonlinear) and any class of network
(single layer or multilayer). However, since Broomhead and Lowes’ work in 1988 [72], the
RBF networks have traditionally been incorporated with radial functions in a single layer
network as shown in Figure 1.9. The aim of RBF is to approximate the target function
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through linear combinations of radial kernels, such as Gaussian. Thus the output of an
RBF network learning algorithm typically consists of a set of centers and weights for these
functions.

1.9 Experimental Results

Standard datasets of Bangla handwriting are not available. So, we have to use Bangla
handwriting samples from [58]. To enrich the result of our proposed system, we have used
Bangla handwriting samples containing 71 Bangla characters, including vowel modifiers and
numerals. Figure 1.3 shows the sample of the collected handwriting. From our datasets, 123
writers are selected and each writer has five sets. Each document consists of 71 characters.
Each writer has 355 Bangla isolated characters. So, 123 writers have 43,665 characters.

Here we use one of the most popular tools, Weka [73] for executing machine learning
algorithms for data mining tasks. For the purposes of our research work purpose, we have
used the SimpleLogistic, RBF network (RBF) and multilayer perceptron (MLP) classifiers.
We have used these classifiers as those have given some supportive results for our work than
other classifiers of Weka. We have used five-fold scheme above to mention three different
classifiers of Weka tool for verification of the writer.

1.9.1 Performance evaluation criteria

The geo-mean [33] metric used to evaluate our classifers results in highly complexed
datasets. Therefore, the geo-mean [33] metric is acquired to evaluate the performance of
our experiments over this chosen dataset. It is defined as follows:

ip

Sensitivity = 1.10
Y tp+ fn (1.10)
Speci ficit tn (1.11)
ecificity = ——— .
b YT T fo
Geo-mean = \/sensitivity X speci ficity (1.12)

Here in Equations 1.11 and 1.12, tp, fn, tn, and fp are “true positive,” “false negative,”
“true negative,” and “false positive,” respectively from receiver-operator characteristics
(ROC). Finally, the g-mean-based error rate (%) [73] is calculated as follows:

g-mean(errorrate) = (1 — (geo-mean)) X 100. (1.13)

Error rates of verification are defined in [74] [Error rates in fault diagnostics or biometric
verification/identification] as follows:

False acceptance rate (FAR) = fp (1.14)

False rejection rate (FRR) = fn (1.15)

where false acceptance rate (FAR) denotes the genuine writer rate rejected by the system.
False rejection rate (FRR) denotes different writer rates incorrectly accepted by the system.
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1.9.2 Dissimilarity vector calculation

The interclass dissimilarity vector length between samples from the same writer is 1,230
(= Preferencesy X 123 writers).

About 3,050 (123 writers x °C; x 5 references) dissimilarity vectors are calculated
between samples from different writers as interclass dataset.

1.10 Verification Results

Figures 1.10 and 1.11 show the ultimate verification result when the verification ap-
proach is done by different classifiers, both on GLCM features alone and again on GLCM
combined with DT-CWT features vectors, to verify a writer. The x axis in Figures 1.10
and 1.11 show the different classifiers and the y axis shows the percentages of the geo-
mean error rate. Here we obtain higher accuracy results in Table 1.1 in comparison with
single GLCM features, after combining these two texture features. But when we use only
GLCM features on our isolated Bangla handwritten characters as shown in Figure 1.10, the
accuracy becomes very low. However, in Figure 1.11 the accuracy for the proposed combined
GLCM and DT-CWT features is high. Hence, it demonstrates that single-feature GLCM
is enriched when it is combined with the DT-CWT method for feature extraction. With
the proposed automated verification system, the innovative result of the isolated Bangla

Geo-mean error rate of GLCM

60
50
40
30
20 B Geo-mean error
10 - . rate of GLCM
0 T T
Multilayer Simple Radial basis
perceptrons logistic function
networks

FIGURE 1.10: Comparative performances of the different geo-mean error rates on GLCM
features using different classifiers.

Geo-mean error rate of modified
dual-tree complex wavelet transform

2
1.5 ’{
1 B Geo-mean error rate of
{ modified dual-tree
0.5 complex wavelet
’ transform
0 .
Multilayer Simple Radial basis
perceptrons logistic function
networks

FIGURE 1.11: Comparative performances of the different geo-mean error rates on modi-
fied DT-CWT features using different classifiers.
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TABLE 1.1: Geo-mean-error rate of modified dual tree complex
wavelet transform and GLCM of different classifiers

Classifier Geo-mean error rate of Geo-mean error

name modified dual tree rate of GLCM
complex wavelet transform

MLP 1.0880 12.5646

SimpleLogistic 1.6304 18.77

RBF 1.4965 55.3039

True positive rate (TPR)

False positive rate (FPR)
(@)

True positive rate (TPR)

False positive rate (FPR)
(b)

True positive rate (TPR)

False positive rate (FPR)
(©

FIGURE 1.12: (a), (b), and (c) are different ROC curves using combined features with
different classifiers.

characters reaches to 98.0695% value in accuracy, which is the highest percentage of verifi-
cation obtained so far.

We have analyzed the ROC characteristics of the performances of the chosen classifiers
over our isolated Bangla characters dataset. Figures 1.12 and 1.13 show the ROC curves
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FIGURE 1.13: (a), (b), and (c) are different ROC curves using GLCM features with
different classifiers.

obtained for the solutions of SimpleLogistic, RBF, and MLP classifiers in our experiments. The
Precision, Recall, F-Measure, and ROC area values obtained for the classifiers using GLCM
features have been shown in Table 1.2 for both same-writer and different-writer classes.

A higher value for ROC area denotes better classification results. For same-writer and
different-writer classes, SimpleLogistic, RBF, and MLP classifiers obtain 0.858, 0.794 and
0.884 values respectively. Therefore, MLP classifier shows the highest efficiency in detecting
same writer and different-writer classes in our chosen dataset.

Similarly, using combined GLCM and DT-CWT features, the parameters obtained from
ROC characteristics have are in Table 1.3. The ROC area obtained using this proposed
combined feature set by SimpleLogistic, RBF, and MLP classifiers are, respectively, 0.985,
0.998, and 0.996. Therefore, the RBF classifier shows the best performance among chosen
classifiers with combined features.
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TABLE 1.2: Class-wise evaluation parameters on solutions obtained from different
classifiers using GLCM features

Classifier Precision Precision F-measure ROC area
name Same Different Same Different Same Different Same Different
writer writer writer writer writer writer writer writer

SimpleLogistic 0.576 0933 0829 0.796 0.829 0.859 0.858  0.858
with GLCM

RBF with GLCM 0.450  0.777 0.220 0910 0.295 0.838 0.794 0.794

MLP with GLCM 0.607  0.986  0.967 0.790 0.746  0.877 0.884 0.884

TABLE 1.3: Class-wise evaluation parameters on solutions obtained from different
classifiers using combined GLCM and DT-CWT

Classifier Precision Precision F-measure ROC area
name Same Different Same Different Same Different Same Different
writer writer writer writer writer writer writer writer
SimpleLogistic  0.953 0.994 0.984 0.984 0.968 0.989 0.985 0.985
with GLCM
RBF with 0.984 0.992 0.976 0.995 0.980 0.993 0.998 0.998
combined
GLCM and
DT-CWT
MLP with 0.961 0.997 0.992 0.986 0.976 0.992 0.996 0.996
combined
GLCM and
DT-CWT

Moreover, all classifiers show significant superior performances on our chosen dataset
after using the combination of DT-CWT features with GLCM features. This signifies the
efficiency of our proposed combined feature extraction method for the writer verification
problem.

1.11 Conclusions

The automatic writer verification method is a very challenging task in the domain of
finance and forensic analysis. In this chapter, to enhance the verification accuracy over
isolated Bengali characters samples, we have proposed a hybrid model which is a combina-
tion of well-known GLCM and new DT-CWT-based feature extraction methods to compute
dissimilarity between same-writer and different-writer classes. For comparitive study, a sim-
ilar kind of work was done by some different algorithms using Bengal character dataset [75].
Furthermore, we have utilized Kullback—Leibler divergence measure as the dissimilarity
norm over the extracted features. The advantages of our present method are as follows:

1. In our writer-dependent approaches we calculated dissimilarity vector, the writer
specific Kullback—Leibler divergence dissimilarity measure is used to improved ver-
ification accuracy.

2. The individual GLCM based and combined GLCM-DT-CW'T based features are
extracted from samples obtained by multiband image scanners and those features
are used to provide superior writer verification results.
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3. Our experimental results show that the combined feature extraction method raises

the accuracy from 73.67% to 98.9%, using the RBF network classifier.

4. Furthermore, when comparing using three different classifiers, the g-mean error rate

has been reduced to 1.6-1.0% using our proposed combining methods.

Therefore, in our experimental results, our proposed combined feature extraction method
has shown significant improvement over well-known GLCM based features for the
automated writer verification problem on isolated Bengali characters. As for the future
research works, the authors will utilize this improved feature extraction method for forgery
detection.
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Publisher’s Note

Swami Vivekananda, expresses his dream in the following
words, in one of his letters to Alasinga Perumal, on 20" August, 1893:
A hundred thousand men and women, fired with the zeal of holiness,
fortified with eternal faith in the Lord, and nerved to lion's courage by
their sympathy for the poor and the fallen and the downtrodden, will
go over the length and breadth of the land, preaching the gospel of
salvation, the gospel of help, the gospel of social raising - up -- the
gospel of equality. Inspired by this vision, Ramakrishna Mission
Vivekananda Centenary College, Rahara is bringing out 'Swami
Vivekananda and Youth' a book for the youth to know, admire and
imbibe Swamiji's ideas.

Major part of the book consists of lectures delivered by
eminent thinkers on Swami Vivekananda at an International Seminar
on 'Youth & Swami Vivekananda' organized in the College on 13"
January, 2015. This bouquet includes deliberations by Revered
Swami Jyotirupananda, Minister-in-Charge, Vedanta Centre,
Moscow, Russia, Revered Swami Suparnananda, Secretary,
Ramakrishna Mission Institute of Culture, Golpark, Kolkata, Swami
Sumanasananda, The then Secretary, Ramakrishna Mission
Cherrapunjee & presently at Ramakrishna Centre of South Africa,
Durban & Prof. Ranjit Sen, Asiatic Society, Kolkata. We are indebted
to all of them for sharing their valuable ideas with the youth. We are
highly grateful to Prof. T.V. Ramakrishnan, Department of Physics,
Banaras Hindu University, Varanasi & Department of Physics, Indian
Institute of Science, Bangalore & Padmashree awardee, for kindly
contributing an article, 'Vivekananda and Modern Science' based on
his lecture delivered at Ramakrishna Mission Institute of Culture,
Golpark, Kolkata. We felt Prof. T.V. Ramakrishnan's topic highly
relevant for the youth, the torch bearer of Modern Science. Hope the
book will definitely inspire the youth, to shape the future of the nation
and the world at large in a more meaningful and fulfilling way.



We are grateful to Revered Swami Jayananda, Secrety
Ramakrishna Mission Boys' Home, Rahara for his foreword. Wea?e’
thankful to Shri Manas Moulic, Asst. Professor in English of our
college for helping us in organizing the material for the book.

The relevance of Swami Vivekananda's message for the youth
needs no introduction. But it is high time for the youth to adopt hi
guidelines and apply them in practice in their individual lives, With
the newer challenges of moral and societal crises, Swan
Vivekananda seems to heavily knock the doors of our conscience
Now, it is only for us to decide, whether we are willing to answer to his
call ornot.

We pray to Sri Ramakrishna, Holy Mother Sri Sarada Devi
and Swami Vivekananda to inspire our lives through this book. We
offer our humble effort to publish this book at their Lotus-Feet. We
believe, by their holy touch, an enlivening spirit will definitely emerge
from this book to benefit the youth and society at large.

Rahara
25" November, 2015 Swami Kamalasthananda
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. remembered by you all - those words that were the text of his message ta

If the whole of India could agree to give, say, ten minutes every evening, at thy,
on coming of darkness to thinking a single thought, * We are one. We are one.
Nothing can prevail against us to make us think we are divided. For we are one.
e are one and all anatagonisms amongst us are illusions’ - the power that
ould be generated can hardly be measured.

Mﬂﬂ?eoﬂeisanﬁmpeople.msforﬂnnaﬁontobamitsstremh,
d{or the individual to strive mightily therein, and nothing will be able to resist
»ss. All difficulties will be broken before it like cobwebs.

I the whole of this nation shall be united together not in a common
255, not in a common misforturie or grievance but in a great overflowing
pkex, actual, ever strong, ever living consciousness of the common
, the common heritage, the common struggle, the common life. Aye!

~ The common destiny and the common hope, and so let me in all reverence and
um all grateful memory and love repeat to you again those words that were

sken here in our midst so few years ago by a voice so dear, so

* land for ever more: “ Arise, awake, struggle and rest not till the goal is reachec

_National unity is built on common home, the common interst and cg

| believe that the/strength which spoke in the Vedas and Upanishads,
making of religions and empires, in the learning of scholars, and the med
of the saints, is born once more amongst us, and its name today is Nationalit:

| believe that the present of India is deep-rooted in her past, and that before h
shines a glorious future.

Let me plough my furrow across India just as deep, deep, deep into the very S
centre of things, as it will go. Let it be either as a hidden voice sending out |
noiseless things fromacellora personality, romping and raging through the big
cities - | don't care but the God of my own strong right hand grant that | do not
have to waste my effervescence in western futilities. .............. India is the
starting point, and the goal, as far | am concerned. Let her look after the west If

she wishes.

RAMAKRISHNA MISSION |
VIVEKANANDA CENTENARY COLLEGE |
PO. RAHARA, KOLKATA-7001 18

Phone: (033)2568-2049 L
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Publishers Note

Sister Nivedita remains one of the most influential female figures of India. In
2010, the Office of the Board of West Bengal Board of Secondary Education
in Salt Lake, Kolkata was named after Sister Nivedita. The Sister Nivedita
Academy, an institution dedicated to her memory has been established in
Chennai, Tamil Nadu. Several schools and colleges have been named after
her. In 1968, the Indian Government issued a postal stamp in her memory.
The Nivedita bridge near Dakshineswer, Kolkata is named in her honour. In
2015, anew Government Degree College at Hastings House, Alipur, Kolkata
was named after Sister Nivedita.

On 13" November 1898 Holy Mother Sri Sarada Devi came to open Nivedita
Girls' school in Bagh Bazar, Kolkata. Nivedita travelled to many places in
India especially - Almora, Kashmir and Amarnath with Swamiji which
helped her to understand India and the masses at large. Her love for India
knew no bounds. Her magnetic personality and feeling heart and sincere love
for the masses made her endearing to all classes of people. Some eminent
contemporaries who came close to her were statesmen, poets, artists,
scientists, historians and journalists. Ramesh Chandra Dutta, G.K. Gokhale,
Bipin Chandra Pal, Jagadish Chandra Bose, Aurobindo Ghosh, Rabindranath
Tagore, Jadunath Sarkar and Ramananda Chatterjee are a few in the list. Her
contribution to India cannot be evaluated easily due to the cause that she had
dedicated her entirety for the cause of India. Dr. Rashbehari Ghosh rightly
said about her — If sister fell under the spell of India we in our turn Sfell under
her spell, and her bewitching personality attracted thousands of our young
men to her. Considering Sister Nivedita's contribution to India Tagore
mentioned -- I have not noticed in any other human being the wonderful
power that was hers of absolute dedication of herself. _There was no
defrauding of us on her part, that is, she gave herselfup fully for the service of
India. She did not keep anything back for her own use. She was in fact a
Mother of People. When she uttered the word “Our People” the tone of
absolute kinship which struck the ear was not heard from any oz‘he.r among us.
To study her contribution to India the Ramakrishna Mission 'Vlvekananda
Centenary College, Rahara is publishing 'Sister Nivedita and Her
Contributions to India' —a book to promote, analyse and understand her
contribution to India in different domains.

(1)




A portion of this book consists of contributions from eminent thinkerg on
Sister Nivedita, who spoke at a National Seminar on 'Sister Niveditg and Her
Contribution to India : A Historical Perspective' organized in the Cguege on
0" & 10" December, 2016. We are highly grateful to Dr. Debanjan Senguma
Doctor, Prof. (Dr.) Bishnupada Nanda, Professor & HOD, Departmen 01'.
Education, Jadavpur University, Prof. Nirmal Kumar Maity, Associate
Professor. Bidhannagar College, Dr.Ratnabali Banerjee, Former Joint
Secretary. University Grants Commission for enriching the content of the

book with their pearls of wisdom.

We are thankful to Shri Manas Moulic, Asst. Professor in English of oyr
college for helping us in giving shape to this book.

Rahara, Kolkata Swami Kamalasthananda
10" January, 2018
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‘See that universality be not hampered in the least. Everything must
be sacrificed, if necessary, for that one sentiment, universality. .
Whether | live or die, whether | go back to India or not, remember
this specially, that universality - perfect acceptance, not tolerance
only -we preach and perform. o

Unity in variety is the plan of creation, fndi,ﬂuality in univer’

Individuality in universality is the plan of creation Each cell ﬁls M 4
partin bringing about consciousness. Man is Mdmdual andatthe
same time universal. It is while realising our individual nature that

werealise even our national and universal naturﬁi’aach is aninfinite . -
curcle whose centreis everywhere and cfrmmféi'&nc& nowhere.

| make two points. There are sects. Let th go on increasing il m

~'number till each is a sect by himself. None can see God exactlyas .
another; each must believe in Him and serve Him as he sees Him. ,1»
Then'l want a harmonizing of the sects. Individuality is not inafi ght iy
with universality. ol L3

I want to give them dry. ﬁgard reason, softened in the sweetest
syrup of love and made s vithiintense work, and cooked in the
kitchenof Yoga, so thatevena ”%by can easily digestit. -

Each of us is moving towards Him along one of these ra '7 ]
certain that all of us must | that centre And at ; e

reach there, d lfferences there b "“ ﬁl“these radii converge to
the same centre. One, accordingtohs nature, travels along one of
these lines, and another, along another; and if we all push onward
along our own lines, we shall surely come to the centre.

One-sidedness is the bane of the world. The more sides you can
develop the more souls you have, and you can see the universe
throughall souls.

-Swami Vivekananda

ISBN No.978-93-5258-943-2
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Publishers Note

Swami Vivekananda, writes in one of his letters to Swami
Ramakrishnananda, in 1894 from Chicago : '...see that universality be not
hampered in the least. Everything must be sacrificed, if necessary, for that
one sentiment, universality. Whether I live or die, whether I go back to India
or not, remember this specially, that universality -- perfect acceptance, not
tolerance only -- we preach and perform’. Such strong was his emphasis on
universality. Charged with his inspiration the Ramakrishna Mission has tried
its level best to render physical, intellectual and spiritual service to mankind
irrespective of caste, creed or nationality with a vision of seeing oneself
equally in all. With this legacy of universal love poured out in service at the
background the Ramakrishna Mission Vivekananda Centenary College,
Rahara is publishing 'Swami Vivekananda and his Universal Ideas'—a book to
promote, analyse and apply the universal message of Swami Vivekananda
along multifarious channels.

A portion of this book consists of contributions from eminent thinkers
on Swami Vivekananda, who spoke at an International Seminar on 'Swami
Vivekananda & his Universal Ideas' organized in the College on 12" January,
2016. This garland of articles include deliberations by Revered Swami
Ishatmananda, President, Vivekananda Vedanta Society of Chicago, USA,
Dr. J.L. Shaw, Dept. of Philosophy, Victoria University, New Zealand, Dr.
Santi Nath Chattopadhyay, President & Executive Director, International
Society for Inter-cultural Studies and Research, India. We are highly grateful
to Revered Swami Bhajanananda, Assistant Secretary Ramakrishna Math &
Ramakrishna Mission, Belur Math, Revered Swami Suvirananda, Assistant
Secretary Ramakrishna Math & Ramakrishna Mission, Belur Math, Prof.
Basab Chaudhuri, Vice Chancellor, West Bengal State University, Barasat,
Dr. Ratnabali Banerjee, Former Joint Secretary, University Grants
Commission for enriching the content of the book with their pearls of
wisdom. These pearls have been strung into one string in this book. The
varied backgrounds from which the contributors have hailed is itself an
evidence of the universal appeal of Swami Vivekananda's ideas.

We are thankful to Shri Manas Moulic, Asst. Professor in English of
our college for helping us in giving shape to this book.

(1)



Today We qtand amidst a pgculiar situz;tion V‘vh_ere t]he tO‘\V.cr.g of materig|
pros perity are rising 0 the s}ucs and yet t Z questions like @vnswencss baseq
on rehgion and nationality, power anc money remain unsolved, By
iniversality We still mean squeezing a}l into a single path'. W.e are yet 1,
realize that there can be a single goal which encourages plurality in approach
At this point qwami Vivekananda becomes relevant to r.ede'ﬁ-ne universal
where the secular and sacred can becorpe one, w'hen'a individuality shoylq
flourish to bring home univcrsallt){ onlx 1f everythmg 1S sub_dued to sacrifice
and service. This book has dealt with this issue of universality as envisioneq
by Swami Vivekananda looked from different corners, be it in harmonizing
work and worship, be it in inter-religious exchange and admiration, be it i
striking a balance amidst the opposing features of the human personality, or
be it in ecological balance.

Swami Vivekananda has said 'One-sidedness is the bane of the world,
The more sides you can develop the more souls you have, and you can see the
universe through all souls’. Thus if we desire to be a friend of all then we have
1o reach the universal core from which can admire and inspire all around us of
any social identity, of any mental make-up, of any school of thought. We pray
to Shri Ramakrishna, Holy Mother Shri Sarada Devi and Swami
Vivekananda to inspire us through this book to reach this true state of
universality where we can relish the bliss of universal love and radiate
universal service from ourselves.

Rahara, Kolkata

. Swami K amalasthananda
28" October, 2016

150" Burth Anniversary of Sister Nivedita
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¢ | We want to become harmonious beings, with the psychical,
| spiritual, intelgectual, and working (active) sides of our nature ’

| equally developed. Nations and individuals typify one of these

& | sides or types and cannot understand more than that one.

There is good and bad everywhere, true — but a nation is not to
be judged by its weaklings called the wicked, as they are only
the weeds which lag behind, but by the good, the noble, and the
pure who indicate the national life-current to be flowing clear
and vigorous.

..... ... but our nation is totally lacking in the faculty of
organisation. It is this one drawback which produces all sorts
of evil. We are altogether averse to making a common cause for
anything. The first requisite for organisation is obedience.....

b m&en;éndous engine of compétition will destroy everything.

1+ we are to live at all, we must be a scientific nation. Intellectual

- They get so built up into one ideal that they cannot see any
otgﬁg The ideal is really that we should become many-sided.
" Indeed the cause of the misery of the world is that we are so

one-%ideé‘llthat we cannot sympathise with one another.

~ Ifyguare to live at all, you must adjust yourself to the times. If

- power is the force. You must learn the power of organisation of
the Europeans. You must become educated and must educate
your women. °

The national ideals of India are RENUNCIATION and SERVICE.
Intensify her in those channels, and the rest will take care of
itself.

Then as to the methods of carrying the ideals into practical life.
First, we have to understand that we must not have any
impossible ideal. An ideal which is too high makes a nation
weak and degraded. This happened after the Buddhistic and
the Jain reforms. On the other hand, too much practicality is
also wrong. If you have not even a little imagination, if you have
no ideal let guide you, you are simply a brute. So we must not
lower our ideal, neither are we to lose sight of practicality. We
- must avoid the two extremes.

Hwamé Clivekanandea

RAMAKRISHNA MISSION
VIVEKANANDA CENTENARY COLLEGE
PO. RAHARA, KOLKATA-700118
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Publisher's note

Swami Vivekananda used to say that he is 'Condensed India'. The intense
unification he felt with India and her people resulted in such a confident
statement. Rabindranath Tagore wrote in a letter to Romain Rolland 'If you
want to know India, study Vivekananda. In him everything is positive and
nothing negative'. Similar has been the observations of many other
luminaries. Thus whenever we want to know the roots of Indian Society or
Nationalism and desire to gauge its present condition or future possibilities
we must turn to Vivekananda as an acceptable interpreter. The Ramakrishna
Mission Vivekananda Centenary College, Rahara is bringing out this book
entitled 'Swami Vivekananda, Indian Society and Nationalism' to have a clear
conception on this topic. It was urgent in the sense when the issue is being
looked upon from various angles and is being interpreted and misinterpreted
as well.

Some of the articles of the book were papers presented at a National Seminar
on the topic 'Swami Vivekananda, Indian Society and Nationalism' organized
in the College. Eminent scholars from different walks of life have contributed
their streams of wisdom in this book to enlighten different aspects of the
central theme. We are grateful to all of them for sharing their valuable ideas in
the book. The Ramakrishna Mission Vivekananda Centenary College,
Rahara is trying its level best to project Swami Vivekananda's man-making
and character-building ideas to the youth. In its earlier attempts it has
published books like 'Swami Vivekananda and Youth', 'Swami Vivekananda
and His Universal Ideas', 'Sister Nivedita and her Contributions to India'. The
current attempt is also a humble tribute to the great Prophet-Patriot Swami
Vivekananda. The gradually declining sense of belonging to the nation is
equally hampering the sense of belonging to a home or a family and as a result
we are seeing various kinds of social crises. So a National pride is required
and at the same time it is the stepping stone for true Universality which is also
a passion for Swami Vivekananda. Moreover Vivekananda was of the
opinion that harmony and exchange between India and the rest of the world is
ppssible only when she has something unique to give. Merely begging and
sitting at the feet of others for everything was not his choice. Rather he felt
that in some aspects India shall be a supreme teacher while on other grounds it
i1s ready to take up the position of a sincere student of other nations. He
reminds Indians to realize this task and not just be gratetul recipients of gifts

(1)



from other nations. Swami Vivekananda says: 'Rights and Privileges
other things can only come through friendship, and friendship can:mh- be
expected between two equals. When one of the parties is a beggar. uhar
friendship can there be It is all very well 1o speak so. but I say that Withou
mutual co - tj‘p"r‘){i()n we can never make ourselves sStrong men. So, ["nle
call upon you to go out io England and America, nor as beggars bu o
teachers of religion. The law of exchange must be applied to the best of oy
power If we have 1o learn from them the wavs and methods of mékizrg
ourselves happy in this life. why, in return, should we not give them the
methods and wavs that would make them happy for all eternity? dbove aj]
work for the good of humanity. Give up the so - called boast of vour narrow
orthodox life. Death is waiting for every one, and mark vou this - the mos;
marvellous historical fact -- that all the nations of the world have to sit down
patiently at the feer of India to learn the eternal truths embodied in her

literature.’

Swam Vivekananda was not at all biased. He knew our national inutations
the best and 1t was he who knew the incomparable treasures hidden within the
Indian wisdom. Regarding this conscious need to learn, develop and at the
same time contribute and teach the world was his plea to the naton.
Regarding this essential international ‘osmosis’ Swami Vivekananda says,
'‘We wanr 10 become harmonious beings, with the psvehical. spiritwal,
intellectual. and working (active) sides of our nature equally developed

Nations and individuals npifi one of these sides or npes and cannot
understand more than that one. Thev get so built up into one ideal that they

cannot see anv other. The ideal is really that we should become manm-sided

Indeed the cause of the misery of the world is that we are so one-sided that we

cannot svmparhise with one another.’

We are thankful to all who have worked tor publishing this book. We are
happy to publish this book on the occasion of the 1257 anniversary of Swam
Vivekananda's hustoric address at Chicago.

Swami Namalasthanand:

11" September, 2019
Anniversary of Swami Viv ekananda's Chicago Address
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The meeting with Swami Vivekananda greatly stimulated Nikola
Tesla's interest in Eastern Science. The Swami later remarked
during a lecture in India, "I myself have been told by some of the
best scientific minds of the day, how wonderfully rational the
conclusions of the Vedanta are. | know of one of them personally,
who scarcely has time to eat his meal, or go out of his laboratory;,
but who would stand by the hour to attend my lectures on the
Vedanta; for, as he expresses it, they are so scientific, they so
exactly harmonize with the aspirations of the age and with the
conclusions to which modern science is coming at the present
time".

Mr. Tesla was charmed to hear about the Vedantic Prana and
Akasha and the Kalpas, which according to him are the only
theories modern science can entertain.....Mr Tesla thinks he can
demonstrate that mathematically that force and matter are
reducible to potential energy. | am to go see him next week to get
this mathematical demonstration.

Tesla apparently failed to show the identity of energy and matter.
If he had, certainly Swami Vivekananda would have recorded
that occasion. The mathematical proof of the prmaple did come
until about ten years later when Albert l stein puk
paper on relativity. What had been kni
5,000 years was then known
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Modern Science and Education are the two pillars on which the present
society and the future destinations of mankind depend. The ideas of
Swami Vivekananda have a special role to remodel science and
education in a newer way so as to accommodate man-making,
character-building ideas into the process. Until recent times science and
spirituality has been divorced from each other especially in the West.
Science has been thought to be absolutely material and spirituality has
been thought to be irrational. It was Swami Vivekananda who wanted
to weave a civilization where science was humane and inclusive of
emotional and spiritual balance of man and spirituality was daringly
experimental and experiential. He wanted to remove dogmatism from
both scicnce and spirituality and open newer horizons of knowledge.
Speaking of the common goal of science and spirituality Swami
Vivekananda says: “Knowledge means finding this unity. I see you as
men and women, and this is variety. It becomes scientific knowledge
when I group you together and call you human beings. Take the science
of chemistry, for instance. Chemists are seeking to resolve all known
substances into their original elements, and if possible, to find the one
clement from which all these are derived. The time may come when
they will find one element that is the source of all other elements.
Reaching that, they can go no further; the science of chemistry will
have become perfect. So it is with the science of religion. If we can
discover this perfect unity, there cannot be any further progress.” Thus
by redefining science and spirituality the scopes of education change.
Knowledge as a whole is to be appreciated and understood without
stubborn compartmentalization. Education will become much more
interdisciplinary and all inclusive. This will develop the future manina
much more holistic manner. The current book 'Swami Vivekananda,
Modern Science and Education' published by Ramakrishna Mission
Vivekananda Centenary College, Rahara, Kolkata is an attempt to
delineate the role of Swami Vivekananda in redefining the ambits of
science and making it modern and inclusive of spirituality.

Foreword

The book is a collection of articles contributed by various eminent
thinkers and academicians who have analysed the topic from different
angles. We are thankful to all of them for their thoughtful contributions.
We hope that this book will inspire new understanding on science,
spirituality, their mutual importance and their place in education in the
light of Swami Vivekananda.

Rahara, Kolkata Swami Kamalasthananda

1¥ September, 2022
Ashrama Foundation Day
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I'choes ol "Fcosophies’ in (he
Gospel of Sri Ramakrishna

Br. Shrutichaitanya

o Nm.“l. * N"l'\‘\:‘r[_{nm environmental l‘llilnt(llillrr. was watching a flea
immolate itsell in an ac icl bath under a microse ope. Naess deeply empathized
with the suffering flea, identified with it, and thereby felt deeply ‘..lnr.,-, ted
with the entire lileworld." This sort of experiences and S ionated e
for formulating an ecological |'J|1i|muh|ly or ecosophy’ which would reca mfr
the values that inhere objectively in nature independently of human w’i,m
needs or desires.” This came to be known as the Deep Feolagy'in the 19704 1r;
contrast to the prevalent ‘shallow’ version of ecology hased on anthropocentrism
which is concerned about conservation and preservation of biodiversity anly
becausc of the use-value of non-human nature for human welfare. Ace ording
(o Nass, every being, whether human, animal or vegetable has an eqqual righr
1o live and to blossom.”

Apart from Naess the other major contributors towards analyzing the
phenomenon of Deep Ecology are George Sessions and David Rnthcn.l)crg
from America and Warwick Fox from Australia. Diverse streams of ideas and
inspirations have commingled into the present form of Deep Ecology. Authors
have pointed out the connections between Deep Ecology and ecologjcal science
(Golley, 1987), religions from around the world (Barnhill and Gottlieb, 2001),
New Age spirituality (La Chapelle , 1978), direct action / ecological sabotage
(Foreman, 1991), the poetry of Robinson Jeffers (Sessions 1977), the land ethic
of Aldo Leopold (Devall and Sessions, 1985), the monism of Baruch Spinoza
(Sessions 1977, 1979, 1985; Naess 2005), and the phenomenology of Martin
Heidegger (Zimmerman 1986)."

Another feature of the developing models of Deep Ecology is its openness
to newer versions. Naess named his own environmental philosophy as ‘ecosophy
T’ The “T" stands for Naess’s secluded boreal hut, Tvergastein. He gives this
just as a template for other personal ecosophies to emerge.
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+ovennrsConcepts that refer to the "unity of life” and our “rootedness in nature”
may invoke a historical premise, namely, that all life-forms are descended ;-
4 common source, or at least that human beings are related to other life-forms
through the long historical processes of evolution. Ironically, however, the results of
genomic research suggest that humans are related to the rest of life—or rooted in
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Environmentalism is an interdisciplinary subject which deals the activities of
human beings with the environment fruitfully eliminating its probable hazards.
The concepr of environmentalism grows in different countries in different
circumstances. The root behind all movements is to protect the environment
from ever growing pollution and calamities...... «veves In Victorian Britain,
an early “Back-to-Nature” movement that anticipated modern environmentalism
was advocated by intellectuals such as John Ruskin, William Morris and Edward
Carpenter, who were all against consumerism, pollution and other activities
that were harmful to the natural world. Their ideas also inspired various proto-
environmental groups in the UK, such as the Commons Preservation Society, the
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Be a Vivekanand?l
Prof. Manas Moulic

Vouth', the term giVC§ more a vision ‘before ou_r.cyCS ang

i ualities and spirit than any prescribed definitiop of an.
tic unll'qulesquppose. outh', the word speaks better of freshne?y
built muscular figure or a handsome [00K- |

Biologically though, the age group between 15 o 24 s gaiq
be 'youth' as per the intgmatlonal qundard. »Umted Nations ha
described 'youth' as a perloq of transition from the dependence of
childhood to adulthood's independence and awareness of o
interdependence as members of community. Youth 1s a more flyjj
category than a fixed age-group (What do we mean by ‘ YQlth”?). 1

However, in India, the Ministry of Youth Affairs initially hyq
an upper age limit of 35 to be said as 'youth' but now are thinking o ‘
scale it down to 30 almost following the international standard. By
does any age group or age limits determine 'youth'? Perhaps the ‘
answer is ‘No’.

As per Mr. Shiv Visvanathan, a sociologist, 'youth' cannotbe
determined by age limit but by 'lifestyle’. "Youth' primarily are those
who fall under a very ambiguous category he said (Sawant). Swami
Vivekananda had a similar feeling for the youths of India too. He
described youth as one with 'an immense amount of feeling and
énthusiasm in the blood'. One who are the real 'heroes who will march
from one corner of the earth to the other, preaching and teaching the -
eternal spiritual truths of our forefathers'. N

Such a high expectation Swamiji had from the youths o
India. They are the 'heroes' to him who should be carrying out such |
great task of 'preaching and teaching the eternal spiritual truths of o'
forefathers' round the globe. Thus Swamiji always wanted o0
youths to be leaders. He wanted them to have an idca (prcfcrabl,"
tgeraeat) ar:jd have the confidence and qualities to assemble others into!?
s e‘g ta(;] Sg?ﬁi‘ ‘t‘?l?:e~ gl'ef}te_r concepts among the cqmmop Mael'l m,:'
travels in varioys hnzonwctnon has grown in my mind a'“?r tan

ands that no great cause can succeed witho!
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Swami Vivekananda and Youth

m-unnmmun". And who would run them? Youths, who are leaders
],\‘ heart.  To Swamui, the earth's bravest and best will have to
qacnfice themselves for the good of many and for the welfare of all
But 1s 1t so difficult a task to become such powerful selfless
icaders that Swamiji wanted to see in us? The answer is obviously
N0 Tunderstand that very few are born leaders. But at the same time
| also believe that with little endeavour one can become a powerful
and successful leader in hife.

I_cadership is a skill, a quality that can be learnt with certain
cagerness to learn the same and through serious practice. During my
nine and half years of teaching experience in Engineering Colleges |
have seen learners coming from remote villages but with indomitable
will power and sincere practice they have done wonders at the
INETVIEWs.

Let's do a small exercise to learn how better a leader we are
and what other qualities we have to learn to become the one like
Swamiji wants us to be. Take a piece of paper and draw two columns.
On top of one column write LEADERSHIP QUALITIES and on the
other write I AM. Under Leadership qualities list some of the
leadership qualities like.

Good Communication Skill

Good Listener

Confident

Responsible

Decision Maker

Accountable

Team spint

Assertive & Positive

Accommodating

Committed

T e a0 o

s

Now tick beside those qualities that are really inyou. Indoing
s exercise you should be honest enough so that you can find out
your real self.

It has been found that at least 80% youths round the world do
not know about who he or she really 15 They are ignorant about
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Ramakrishna Mission Vivekananda Centenary College, Rahara

Sister Nivedita and
her contribution to India

Sri Manas Moulic

Sister Nivedita is aunique name in Indian history. She was born in Ireland but
died for the cause of India. Her previous name was Margaret Elizabeth
Nobel. She met Swami Vivekananda on 1895 in London and this meeting had
changed her life and mission. According to her style it is presented as --
Suppose he had not come to London that time! Life would have been like a
headless dream, for I always knew that I was waiting for something. I always
[ said that a call would come. On 28 January 1898 she reached Kolkata
- responding the call of Swami Vivekananda. Before coming in Kolkata
i Swamiji wrote a letter to her on 29" July 1897 with the words of inspiration
l forthe work in India and at the same time describing the condition of India.
|

Letme tell you frankly that I am now convinced that you have a great future in
the work for India. What was wanted was not a man, but a woman, a real
lioness, to work for the Indians, women specially. ........... But the difficulties
| are many. You cannot form any idea of the misery, the superstition, and the
| slavery that are here. You will be in the midst of a mass of half-naked men and
women with quaint ideas of caste and isolation, ............ Then the climate
is fearfully hot, our winter in most places being your summer, .. ......... Not
one European comfort is to be had in places out of the cities. Inspite of all this
youdare venture into the work, you are welcome, a hundred times welcome.

On 13" November 1898 Holy Mother Sarada Devi came to open her school in
Bagh Bazar. She travelled to many places in India specially Almora, Kashmir
and Amarnath with Swamiji which helped her to understand India and the
masses at large. Her love for India knew no bounds. Her magnetic personality
and feeling heart and sincere love for the masses made her endearing to all
classes of people. Some eminent contemporaries who came close to her were
salesmen, poets, artists, scientists, historians and journalists. Ramesh
(hand_f'd Dutta, G.K. Gokhale, Bipin Chandra Pal, Jagadish Chandra Bose,
Aurobindo Ghosh, Rabindra Nath Tagore, Jadunath Sarkar and Ramananda
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Swami Vivekananda and Youth

Youth and Swami Vivekananda
Swami Kamalasthananda

[ntroduction: . _ . _
Youth is a term which denotes a particular time period or an

termediate time between the early childhood and adulthood. But the
time period varies from place to place and time to time. Ir} some plqces
the youth stage comes very early and in other places 1t comes 1n a
comparatively later period. But the motive of the term is always same
everywhere. According to the United Nations, the Youth defines the
age between 15-24 for statistical purpose and analysis. Moreover
several United Nations entities or organizations define the term Youth
in different ways in terms pf age-periods (1 ).

‘Entity/Instrument/

UN SecretariaV UNESCO/ILO | Youth: 15-24 yrs | UN Instruments, |

L - l Statistics |

| Adolescent: \ l

‘H 10-19 yrs, | |

UNICEF/WHO/UNFPA | Young People: | UNFPA |

| 10-24yrs, | |

S ‘LYouth: }5-24 yrs | |

| UNICEF /The Convention on | Child until R o

' Rights of the Child 18 years \ UNICEF

The African Youth Charter | Youth: 15-35 yrs “ Afrlcgg Olémon. ,I

So the youth period is very crucial for the development of the
human beings. Every nation irrespective of difference in culture
always pays attention for the youth. This is due to the fact that youths
are the builders of the nation, torch-bearers of civilization and path-
finders of the cultural stream. Franklin D. Roosevelt describes Youth
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R gmakrishna Mission Vivekananda Centenary College, Rahara

Ecological Idea reflected in the Complete
Works of Sister Nivedita

Swami Kamalasthananda

ister Niveditaisa unique name in Indian history. She was born in Ireland but
died for the cause of Ipd1a. Her previous name was Margaret Elizabeth
Noble. She met Swami V{Vf;kananda on 1895 in London and this meeting had
changed her life and mission. gn 28 January 1898 she reached Kolkata
responding the call of Swami Vivekananda. On 13" November 1898 Holy
Mother Sarada Devi came to open her school in Bagh Bazar. She travelled
across India to many places specially Almora, Kashmir and Amarnath with
Swamiji which helped her to understand India and the masses at large. Her
love for India knew no bounds. Her magnetic personality and feeling heart
and sincere love for the masses made her endearing to all classes of people.
Some eminent contemporaries who came close to her were statesmen, poets,
artists, scientists, historians and journalists. Ramesh Chandra Dutta, G.K.
Gokhale, Bipin Chandra Pal, Jagadish Chandra Bose, Aurobindo Ghosh,
Rabindra Nath Tagore, Jadunath Sarkar and Ramananda Chatterjee are the
few in the list. Her contribution to India cannot be listed easily due to the
cause that she had spent a whole life for the cause of India.

Her writings and talks are based upon the Indian geographical, historical, and
aesthetic past. She has touched the main philosophical values of Indian
people, its past, present and future. She frequently used many ecological
parameters of the environment for her discussion and explanation. The

following observations are based upon some parameters of the nature like —
Plants, River, Animal and Forest.

Plant and jts utility described by Sister Nivedita:

Plants are the one of the living kingdoms on earth. It directly takes energy
from syn}j ghtand converts it into building block for the plant body. There are
400ut 300-315 thousand species of plants, of which the great majority, some
e50—290 thousand, are seed plants'. Plant ecology is a sub-discipline of

*08y which studies the distribution and abundance of plants, the effects of
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Swami Vivekananda and His Universal Idegg

Swami Vivekananda and
His Universal Ideas

Swami Kamalasthananda

The word universal means to be applicable to all cases, people, Places, timeg
and every respect of the universe. The oxford dictionary defines the word
'universal' as — 'Relating to or done by all people or things in the world Orina
particular group; applicable to all cases". Universal ideas are principles
which are applicable to all case irrespective of geographical location,
Universal ideas have individual as well as collective implications. To an
individual any idea may not have lasting importance. It is changing with time
and circumstances. Suppose any particular type of food is well accepted at
any particular age but it has no universal acceptance at all ages. Regarding
taste and temperament choice and need vary. It is universally found.
Moreover what man perceives through five sense organs has its universal
acceptance. Suppose every man perceives the colour red as red if his vision is
no way impaired. Similarly all people feel hot as hot and cold as cold. So, all
perceivable objects have universal standard of recognition. Collective
feelings are different in different circumstances. Suppose a collective body
accepts a standard in a particular time, it may also differ at other times. The
aggregate is based upon common idea, understanding, belief, custom,
practice and value system. So these aggregates would vary according to the
changing system. This variation is a universal phenomenon. But such ideas
like feeling for others, helping others and doing good to others are more or
less common to each and every community because these phenomenon are
the root causes for formation and sustenance of the aggregate. Universal
themes are the ideas which are applicable to people in respect of
interrelationship, relation with other beings and the surrounding‘
environment. These universal themes are based upon the generalization of
the different ideas. Jim Curry and John Samara had designed the following
generalized universal themes in their curriculum document designed for the
Texas Association for Gifted and Talented’.
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G e~ Swami Vivekananda, Modern Science and Education ~04Y

Swami Vivekananda on Science

Swami Kamalasthananda

The word 'Science' is derived from the Latin worq scientia, Meaning
"knowledge". It is systematic enterprise that builds and organjze,
knowledge in the form of testable explanations and predictions about the
universe'. So any study which follows some standard procedure fo;
collection of knowledge which opens for testing as well opens for furthe,
development falls under the domain of 'thf? science. Any person is
thinking is also science if the process of thinking follows some standar
procedure which is followed and tested by anybody and bears the similar
result as that of the previous person. Similarly any work whatever is it
nature, if it follows a standard procedure and gives a result which is tested
by any person form any part of the globe reproduces the similar result,
then this work is also science. Winds blows sea side to the main land or
from main land to sea side is also science, as people find a standard
method underlying this wind blowing. Day begins with rising of the sun
and the day ends with setting of the same sun. This phenomenon is under
the domain of science, as people find a standard principle behind this
whole process. In this way planet, galaxy and whole universe follow
science in is its formation and performance because people finds out a
standard principle. So wherever any standard principle, it indicates
science and science indicates a standard principle or procedure. Human
being relates with science as well as standard principle. Human being,
science and standard principle makes an intricate triad where human
being plays an important role. Human being feels science as well as the
standard principle and the inter-dependence of two.

Science
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The Body-Mind Interface : Celebrating

Knowledge as a Whole in the Vivekananda
Way

Swami Vedanuragananda

Science as whole: Material and Spiritual:

Swami Vivekananda had to a twin vision of making spirituality a
verifiable science and to broaden the narrow ambits of science and make
it inclusive of both material and spiritual sciences. His plan to bring out

spirituality as a science is expressed in his lecture Reason and Religion
delivered in England:

"To put it in a more concrete form: Is religion to justify itself by
the discoveries of reason, through which every other science justifies
itself? Are the same methods of investigation, which we apply to
sciences and knowledge outside, to be applied to the science of
Religion? In my opinion this must be so, and I am also of the opinion that
the sooner it is done the better. If a religion is destroyed by such
investigations, it was then all the time useless, unworthy superstition;
and the sooner it goes the better. I am thoroughly convinced that its
destruction would be the best thing that could happen. All that is dross
will be taken off, no doubt, but the essential parts of religion will emerge
triumphant out of this investigation. Not only will it be made scientific --
as scientific, at least, as any of the conclusions of physics or chemistry --
but will have greater strength, because physics or chemistry has no
internal mandate to vouch for its truth, which religion has."

On the other hand Swami Vivekananda warns about new kind
of narrowness in science which shuts its doors and windows to anything
beyond their current capacity, beyond the sense-perceptions or any great
truth clothed in mythology:

'In modern times, if a man quotes a Moses or a Buddha or a
Christ, he is laughed at; but let him give the name of a Huxley, a Tyndall,
— —~
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Swami Vivekananda, Indian Society and Nafionalism

Vivekananda's Ramakrishna Model a4
New paradigms of 'National-Universality,
for the Indian Society

Swami Vedanuragananda

Swami Vivekananda writes in a letter from Chicago to his brother disciple:

1 tell you brother, let everything go on as it is, only take care that 1o forn
becomes necessary -- unity in variety -- see that universality be not hampereq
in the least. Everything must be sacrificed, if necessary, for that ope
sentiment, universality. Whether I live or die, whether I go back 10 India or
not, remember this specially, that universality -- perfect acceptance, not
tolerance only -- we preach and perform. Take care how you trample on the
least rights of others. Many a huge ship has Joundered in that whirlpool
Remember, perfect devotion minus its bigotry - this is what we have got to
show.’

A newcomer in the field of the Ramakrishna-Vivekananda literature may
wonder when that very Swami Vivekananda writes to Dr. Nanjunda Rao,

India can only rise by sitting at the feet of Shri Ramakrishna.”

Are the two statements contradictory? Here we shall try to analyse how
Vivekananda's Ramakrishna is a model for universality and how it can be
instrumental in the rise of the New Indian society.

Concept of National peculiarities and India:

Each living organism has genetic peculiarities. Fach species is species-
specific. A rat can never become a cat or a mango tree can never become
guava tree. According to Swami Vivekananda even nations are having Sut‘f{
‘'national genetics' where its entire gamut of potentials and possibilities Of
growth rest on central national themes peculiar to each nation. He says:

T N— )
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Sister Nivedita and her Contributions to India

Nivedita's Altar Shelf
and Human Evolution

Swami Vedanuragananda

Sister Nivedita writes about the altar shelf in her room in the appendix of her
famous book 'The Master as I saw Him":

On the altar shelf above my desk stand three objects — symbols of adoration.
One of these, to the right, is a broken statue, picked up and brought to me from
amongst the rubbish—heaps and brick-bats of Sarnath last year. It consists
only of two feet, folded in the posture of meditation. And it stands to me for the
call of Humanity upon our love and service. Are not all human loves as the
Feet of the Lord? In the middle is a brass image of the Buddha, probably of
Burmese workmanship, but stolen, I fear, in the Loot of Syangtse. And to the
left stand the pictures of our great Gurus, Sri Ramakrishna and the Swami
Vivekananda. The Swami is photographed as an Indian Sannyasin seated,

but not in meditation, with shaven head and bare feet. Before him lie the siaff
and Kamandalu of his wandering life, and a few palms and a book represent

the desire of his disciples.’

The combination of objects of adoration on Nivedita's altar shelf 1s quite
interesting. The three objects represent a blueprint for human evolution and
we may presume 1t to represent Nivedita herself. Let us try to analyse the
three objects present on Nivedita's altar shelf:

a) A broken statue consisting of only two feet:

Nivedita describes the first object herself and decodes its meaning, I
consists only of two feet, folded in the posture of meditation And it stands 10
me for the call of Humanity upon our love and service. Are not all human
loves as the Feet of the Lord?' We find there are three aspects in this object
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Youth Psychology & Vivekananda's Gospel
of a Man-God, Manifestation & Manlineg

Br. Shrutichaitanya

If life is a room, youth is its window. Thijs wing
constantly draws fresh air into the room. But it is an art tg ke, oW
windows wide open all through, so as to avoid suffocatiop even E:he
so-called old age. For some this supply of fresh air may persigt EVent X
the last moments when one is struggling for another gulp Of'OXYgen?yt

From time immemorial man has known this secret anq has
grappled with the process of ageing to keep oneself young forever
Varied have been his approaches to lock youth which slips away fmm'
his fist everyday. So everyone knows that youth is precious. It jg
precious for remaining 'healthy, wealthy and wise' at a time. [t jg
precious for attaining, acquiring and enjoying. It is precious for
feeling strong and victorious.

While Western science is looking for ways to eternalize youth
through genetic and physiological analysis and manipulations, the
Indian spiritual scientists have long realized that it is only by
knowing our cternal, ever-blissful Self, bereft of any physical
changes, can one sustain and laugh at the obvious onslaughts of
disease, misery, senescence and death. Among many of the
celebrated verses of the Upanishads, Bhagavad Gita and other texts
which sing the glory of the Self-Knowledge as the medicine for all
sorts of worldly miseries, here one can point just one from the Gita:

Dehinosmin yatha dehe kaumaram yauvanam jara

Tatha dehantarah praptih dhirastatra na muhyayti (11.13)
-Just as the fleeting stages of infancy, youth and senescence ar¢ 10 the
embodied self, likewise even the phenomenon of transmigration ©
the soul from one physical body to another, through death, keeps the
spiritually illumined ones unperturbed. Hence it is that spmtt}?‘
illumination that is sought aficr, to strikc a balance, an innct P"’“"
against the dual forces of pleasure and pain, of youthful gaiety a0
mournful senescence.
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Swami Vivekananda and His Universq, lde
as

Swami Vivekananda, Deep ECOIOgy
& the Universal Common Balanc,
for the fed ant & the unfeq man

Br. Shrutichaitanya

The 'Real Man' & the 'Real Life' for the Unrea] 'Others':

Astory goes as follows:

"There was once a man who was busy buildin g ahome for himself. g wanted
ittobethe nicest, warmest, cosiest home in the world.

Someone came to him to ask for help because the world was on fire. But it was
his home he was interested in, not the world.

When he finally built his home he found he did not have a planet to put iton."

Thus we see that our dreams and aspirations, however good and fascinating
they may be will not find a place to fructify completely in the long run, if they
are just for our selfish satisfaction. They will not fit into this world if they are
disconnected from the world and are nowhere helping others.

On the contrary, a tiny effort dedicated to the service of others' lives
long. In fact it lives for eternity as potent thought currents powerful enough©
rouse others to give shape to such unselfish ideas elevating many to grealer
heights. Swami Vivekananda points out 'The highest men are calm, silent.
and unknown. They are the men who really know the power of thought: ;he\‘
are sure that, even if they go into a cave and close the door and Sfmpl-‘.l ; ;‘,I::
Jive true thoughts and then pass away, these five thoughts of theirs wil :m'
through eternity. Indeed such thoughts will penetrate through the "“’“"wm “;
cross the oceans, and travel through the world. They will enter Jg.ep[hem
human hearts gnd brains and raise up men and women who u"” g”;cther
practical expression in the workings of human life. “Thus each action ¥
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