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IMAGE FUSION USING CONTOURLET TRANSFORM ON SYNTHETIC
APERTURE RADAR IMAGES

Remya B Nair’, Cini Kurian'

! Department of Computer Science
Al-Ameen College, Edathala, Aluva, Kerala, India
remya@alameencollege.org

Abstract

Image fusion techniques play a significant role in change detection by combining
multiple images to enhance their spatial and spectral information. The fused image will
be conveyed more information than any of the input images. The aim of this proposed
method is to apply image fusion techniques to detect changes in multi temporal images.
The image fusion process begins by extracting relevant features from both input images.
These features can include spectral information, texture, and other characteristics that
describe the scene elements. The characteristics that were collected from the input
images can be combined using a variety of fusion techniques, such as pixel-level,
feature-level, or decision-level fusion. After fusion, the resultant image represents a
composite view that incorporates the most salient information from both inputs. After
that, change detection is carried out by contrasting the fused image with one of the
original input images. This comparison can be achieved through pixel-wise differencing,
classification algorithms, or other change detection methods.

Keywords: Fused image, Image Fusion, Multi temporal Image.

I. Introduction

Image fusion (IF) aims to combine
complementary multisensory, multi
temporal, and/ or multiview data into a
single new image. The new
image contains information of a
quality that cannot be obtained in any
other way. There are numerous uses
for image fusion. They have been
extensively utilized for object
identification,  categorization, and
change detection for many remote
sensing applications. There are four
stages at which it can be executed.
They are the following: - Signal level,
Pixel level, Feature level, and Decision
level.

Signal level Fusion

In signal level fusion, a new signal with a
higher signal to noise ratio than the
original signals is produced by signal
based fusion, which combines signals
from many sensors.

Pixel level fusion

In Pixel based fusion, fusion is performed
on a pixel-by-pixel basis. For generating
a fused image, the in-formation
associated with each pixel is determined
from a set of pixels in source images to
improve the performance of image
processing tasks such as segmentation.

Al-Ameen, Annuals, A Refereed Journal for Interdisciplinary Studies
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Feature level fusion

In Feature based fusion it requires an
extraction of objects recognized in the
various data sources. It extracts the
salient features such as edges, pixel
intensities, textures etc. from the image.
These extracted features from
images are used for combing the image to

acquire more relevant information.

input

Decision level fusion

Decision-level fusion consists of merging
information at a higher level of
abstraction. It combines the results from
multiple algorithms to yield a final fused
decision. In decision level fusion input
images are processed individually for
extracting
information is then combined by applying
appropriate decision rules to reinforce
common interpretation.

information. The extracted

The recent achievements of image fusion
are object identification, classification,
change  detection. Image change
detection is a process that analyses
images of the same scene taken at
different times to identify changes that
may have occurred between the
considered acquisition dates. It has many
applications in diverse disciplines such
as land change detection,

diagnosis, and video surveillance.

medical

II. Method

In the proposed method, two co-
registered Synthetic Aperture Radar
(SAR) images acquired over the same
geographical area at two different times
say tl and t2 respectively are taken.
These  two images  are
prepossessed by applying the mean-ratio

source
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operator and the log-ratio operator
respectively. The information of changed
regions reflected by the mean ratio
image is relatively in accordance with
the real changed trends in multi temporal
SAR images. The
background is obtained from the log
ratio image. The new difference image
fused by mean ratio image and log ratio
image. The difference image is fused by
using contourlet transform [2]. The
contourlet transform consists of two
steps which is the sub band
decomposition and the directional
transform. A Laplacian pyramid is first
used to capture point discontinuities,
then followed by directional filter banks

information of

to link point discontinuity into lineal
structure. By applying an average fusion
rule the coefficients from the two
decomposed image is fused.

Input Image X2

! Input Image X1 ;

v ‘ v
Mean ratio operator

v
Contourlet transform

Fuse the coefficients using averaging

v

Reconstruct the image
using inverse contourlet

D

Log ratio operator

Contourlet transform

lal

Fig.1 Flow Chart of the Proposed
System

2.1 Working of proposed Method.

The Proposed system consists of two
Stages. They are following: -

1. Preprocessing
2. Image Fusion

Al-Ameen College, Edathala, Aluva
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The block diagram of the proposed
system is shown below: -

l

Figure 2: Block Diagram of the
Proposed System

Two co registered SAR images acquired
at two different times are taken. A mean
ratio operator and log ratio operator is
used to generate a mean ratio image and a
log ratio image. Contourlet transform is
used to generate the fused image by
decomposing the mean ratio image and
log ratio image.

1. Preprocessing

The two source images used for image
fusion are obtained from the mean ratio
operator and the log-ratio operator,
respectively. The preprocessing consists
of two operations.

1.1. Mean Ratio Operator

The mean ratio image (Xm) is generated
by applying the following operation on
the two multi temporal SAR images X1
and X2. That is

Xm = (X1-X2)A2

The Mean ratio image enhance the
changed information of X1And X2

1.2 Log Ratio Operator:

The log ratio image (X1) is generated by
applying the following operation on the
two multi temporal SAR images X1 and
X2. That is

March 2023
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X1=]log X2-log X1|

The log ratio image retains the unchanged
(background) information of X1 and X2.

These two complementary in formations
are used for generating the fused image.

2. Image Fusion

Apply [3] contourlet transform on mean
ratio image and the log ratio image. [4]
The sub band decomposition and the
directed transformation are the first two
processes in the contourlet transform. A
Laplacian pyramid is first used to capture
point discontinuities. To link point
discontinuities into linear structure,
directional filter banks are employed after
a Laplacian pyramid.

Because the low frequencies of the input
image are eliminated before applying the
directional filter bank, it only captures the
high frequencies of the input image. The
directional filter bank has a flexible
number of directions and it only capture
the high frequency of the input image
because the low frequencies of the input
image are removed before applying it.

Figure 3: Block Diagram of Contourlet
Transform

At first, the [5] Laplacian Pyramid is used
to compute a multi scale decomposition.
The down sampled low pass image and
the difference image of the next level can
be computed in the same way. A series of
bandpass images can be obtained in this
way. The Laplacian Pyramid decom-
position can avoid the
scrambling that happens in the wavelet
filter bank because it down sample the
low pass channel only. The directional
filter bank is firstly decomposing the

frequency
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directional image and have good
performance in image reconstruction.
One can decompose each scale into any
arbitrary power of twos number of
directions by applying the shearing
operator combined with the two-channel
quincunx  filter ~bank. Fuse the
corresponding coefficients by applying a
fusion rule [6]. Here average fusion rule
is applied to fuse the corresponding low
band and bandpass coefficients. The
fused image is constructed from low pass
coefficient and high pass coefficient
obtained by applying the fusion rule. In
average fusion rule, it calculates the
average of the matching pixels in the
input source images yields the output
pixel in the fused image.Inverse
contourlet transform is used to
reconstruct the fused image.

-.J\

bandpass
e —{{22)f directional
subbands

bandpass
image el - directional
subbands

B. Implementation of proposed method

The proposed system is divided into two
modules. They are preprocessing and
image fusion.

1 Pre-Processing

In this step a mean ratio operator and log
ratio operator is used to generate a mean
ratio image and a log ratio image. For
these two co-registered SAR images
acquired at two different times are taken.
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2 Image Fusion

Here generates the fused image by using
contourlet transform. The mean ratio
image and a log ratio image is given to a
transform. The
transform consists of two steps which is
the sub band decomposition and the
directional transform. A  Laplacian
pyramid is first used to capture point
discontinuities, then followed by
directional filter banks to link point
discontinuity into lineal structure. Then
fuse the coefficients obtained from the
transform by applying a fusion rule. Then

contourlet contourlet

Inverse contourlet transform is applied to
reconstruct the image.

Algorithm 1 Mean Ratio Operator

co registered SAR image X1,
X2
Output: Mean Ratio Image Xm

Input:

Step 1:  Read co registered SAR Image
X1 and X2

Step 2:  Resize the images X1 and X2

Step 3:  Generate mean ratio image Xm

by Xm=(X1-X2)2

Algorithm 2 Log Ratio Operator

Input:  co-registered SAR image xI
AND X2

Output: Log ratio Image X1

Step 1:  Read co registered SAR Image
X1 and X2

Step 2:  Resize the images X1 and X2

Step 3:  Generate log ratio image X1 by

Xl=log(X1)-log(X2)

Algorithm 3 Image Fusion

Input: Xm, XI
QOutput: Fused Image

Al-Ameen College, Edathala, Aluva
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Step 1:  Read the mean ratio image and
log ratio image Xm and Xl
respectively.

Apply contourlet transform
algorithm for decomposition of
both images Xm and X1

fused image
coefficients by  applying
average fusion rule algorithm
Reconstruct the fused image by
applying
transform.

Step 2:

Step 3:  Generate the

Step 4:

inverse contourlet

March 2023

Algorithm 4 Fusion Algorithm

bandpass directional images,
lowpass images XmJ and X1J
Fused image coefficients

Find the average of two law
pass coefficients XmJ and X1J
and store it into fused image
coeficients.

For each of the bandpass
directional image coefficients
perform the following

Pad the matrix with zeros
Divide each bandpass matrix
into 2X2 blocks and store it
into a and b

Input:

Output:
Step 1:

Step 2:

Step 3:
Step 4 :

Step 5: Find the mean of each block a
and b and store it into fm and fl
respectively

if fm>fl, store the values of a
into fused image coefficients

otherwise store b.

Step 6 :

II1. Results and Discussions

The input image(X1) [7] acquired during
the year 2000 is shown below.

ISSN: 2581 - 7078
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77,0853, 114,365

Figure 4: Input Image 1(Image of Dubai
acquired during the year 2000)

The input image (X2) [7] acquired during
the year 2020  is shown below.

51,5649, 49,8406

Figure 5: Input Image 2 (Image of Dubai
acquired during the year 2020)

The mean ratio image from log ratio ratio
operator is shown below. The mean ration
image represents the changes between the
two images.

63,1725, 39,3443

Figure.6 Mean Ratio Image

Al-Ameen, Annuals, A Refereed Journal for Interdisciplinary Studies
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The log ratio image from log ratio ratio
operator is shown below. It retains the
background information.

Figure.7 Log Ratio Image
The fused image is obtained by applying

contourlet transform on mean ratio image
and log ratio image .It is shown below.

L) Figure 8

12,433, 77,74%

Figure.8 Fused Image
IV Conclusion

In conclusion, the application of image
fusion techniques for change detection
has proven to be a valuable approach in
fields,
environmental monitoring  to
planning and disaster management. By
integrating information from multi-

various ranging from

urban

temporal images, image fusion enhances
the accuracy and reliability of change
detection  algorithms, enabling the
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identification and analysis of subtle and
significant changes within a scene.
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A STUDY ON FILM INDUCED TOURISM IN KERALA

Mohammed Fahiz K

Department of Commerce
Al-Ameen College, Edathala
fahizkot@gmail.com

POP CULTURE TOURISM

The greatest example of the pop culture
tourism inthe early days of the last
century was Transylvania and the brand
castle, the canvas for the ever greatest
horror novel “Dracula” by Abraham
Stoker. The city of Bran and the theme of
Dracula novel is a major source of
revenue for Romania which suffers a lot
after the downfall of the Soviet Union.
Dracula is the major theme of souvenirs
and lodging facilities in this region and
even the horror tour conducted for the
fans of Dracula who visits the city.

FILM INDUCED TOURISM

Kerala being a small state at the southern
tip of the country is known for its rain
forest, green meadows, and peculiar
culture. The state is also known for its
cinema industry which produces reality
based films. it has earned international
applause on it’s films of international
standards in themes despite its low
budgets. Over the years some of the
locations which appeared in superhit
films have induced the viewers to explore
those destinations. This includes the Gavi
a hill station which was the major
location for the super hit movie Ordinary

all other destinations like
Meeshapulimala (portrayed in award
winning movie Charlie), Varikasheri

Mana (appeared in super hit movies like

Devasuram, Araamthamburan),
Puyamkutty (appeared in super hit film
Pulimurugan), summer palace

(intriponithura which appeared in super
hit film manichitrathazhu) etc.

STATEMENT OF THE PROBLEM

Tourism is turning out to be the major
bread winner for many countries. The
arena of tourism is a major focus of
Kerala as it is known to be a consumer
state. The small state also has a film
industry which is known for its realist
products and innovating making style is
gaining the attention of world cinema.
The arise of social media, overseas
releases and redubbed versions along
with OTT platforms and availability of
subtitles has boosted the popularity to a
great extend. As most of films
concentrate in world class themes rather
than budgets, the international audience
finds it easier to connect with them. As
the most popular art form of the age the
visual medium of cinema has also given
birth for other by-products like celebrity
status of actors and technicians. The
concept of celebrity status has attained a
new level such that it includes both the
premises used in the film like the clothes,
vehicles and also the locations appearing
in the films.

In recent times many destinations in
Kerala is witnessing high tourist traffic
after their appearance in mainstream
cinema. This includes locations like Gavi,
Meeshappulimala, Pooyankutty,
Varikkashery Mana and many others.
Some of these destinations have
performed well in catering to the needs of
tourist while in the case of some
destinations there lacks attention from the
part of government. The most important
aspect of this phenomenon is that there is
a high demand for the destination at the
immediate post film release period. If not

Al-Ameen College, Edathala, Aluva
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capitalized well at that time the tourist
traffic will significantly fall afterwards.
Although it is true that kerala is one of
highest spending state on tourism in
India, It can be noticed that the new
sprouting destinations are not given much
attention. The study aims to find out
whether the phenomenon of film-induced
tourism is properly capitalized by the
tourism department of Kerala over the
time. It also aims at suggesting measures
to capitalize those film induced tourism
destinations which does have immense
potential and which haven’t gained the
attention of the authorities yet. It should
also be noted that the area of film induced
tourism has not been into the wider per
view of the researchers yet which
increases the relevance of the research.
The study aims at studying the socio
economic and environmental impact of
this phenomenon, It also takes into
accounts the attraction factors,
satisfaction level of tourists and the role
of local authorities in development of the
area.

SIGNIFICANCE OF THE STUDY

The study is significant for the people and
business men residing in these
destinations as the phenomenon of film
induced tourism brings a lot of
employment opportunities and a hike in
the standard of living of these inhabitants.
The increase in tourist traffic will develop
the infrastructure and facilities of the area
too. On the other hand if the development
is not carried out in a scientific way, it
wills it would disturb the nature and the
lives of those inhabitants too. Moreover
the development of these destinations
opens up a new window of exploration
and experience for the tourist. Now a
day’s development of new tourism
destination is a major priority of local
governments as it is a major contributor
to the treasury of the state. As the
explorative one in the case of kerala and
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the country as a whole, it would serve the
future researchers a lot.

SCOPE OF THE STUDY

The scope of the study is limited to those
destinations whose popularity have
increased after appearance in Malayalam
movies. The present study concentrates
on residents, tourists, service providers
and DTPC officials. The work attempts to
examine the status of film induced
tourism destinations. The researcher
intends to review the facilities and
services offered to tourists. The study
also identifies issues, challenges and
factors of attraction of these destinations.
The study deals with  tourism
management, tourism marketing and
human resource management in tourism.

REVIW OF LITERATURE

Ahmed Sharaz (2015) conducted a study
on the impact of tourism on the economic
development of Rajaouri with special
reference to managing pilgrimage
tourism. The study shows that provision
of facilities and services to incoming
pilgrims is considered as the prime
responsibility of the shrine
administration, but unfortunately pilgrims
are not treated as per their expectations.
Sometimes they lack proper
accommodation facilities and even non
availability of spaces for basic needs. The
study also showed that replacement of
obsolete procedure for cooking and
dining is also needed.

Bindhu V.T (2012) analyzed the
customer preference and satisfaction in
health tourism among selected ayurvedic
resorts in Kerala. The study revealed that
the most favorable factors for Kerala in
health tourism is it’s authenticity and rich
ayurvedic heritage with multifaceted
attractions. The study also suggested that
the resorts should also concentrate in
customer retention strategies so as to
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have a sustainable growth in health
tourism. The study also shows that there
is a lesser attention of branding of
ayurvedic tourist resorts which should be
rectified for the growth and development
of industry.

Sujitha Annie Kurian (2012), Department
of management studies, MadhuraKamaraj
University, conducted a study on
“intervention  strategies for regional
development: A study at Kerala tourism”.
The study stated that the tourists intended
to visit after knowing that the Kerala
tourism development council (KTDC)
and the department of tourism in Kerala
have won many awards on national level.
Further inclusion of Kerala in the Must
see destination in life time list of the
National Geographic channel.

Radhika P.C (2015) conducted a study on
development of a model for tourism for
Kerala. The study found that the
perceived benefits of tourism is having a
positive relationship with the community
support whereas community satisfaction
and perceived cost of tourism (PCT) have
a negative relationship with the overall
community satisfaction (OCS).

Mohan and Raji (2014) analyzed the
impact of medical tourism on Kerala. It
was evident from the study that Kerala
had a high potential on medical tourism
as it was already a well know holiday
destination. The major source of
information for the medical tourists was
those success stories published in news
papers. Their lack of professionalism
from the part of hospital management
was a major hurdle in the capitalizing the
opportunity of medical tourism in kerala
and it is serving as a major barrier for
development of the niche.

RESEARCH GAP

The available literature reveals that the
Indian researchers have widened their
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scope of study on tourism. Even though
its true that studies have been carried out
on different niches of tourism including
the areas of pilgrimage tourism, medical
tourism and health and wellness tourism,
the film induced tourism is an area where
no much studies have been carried out yet
in the country as a whole. So the
researcher have identified a gap for the
research on film induced tourism in the
state of Kerala.

OBJECTIVES

1. To identify the major issues and
challenges of film induced tourism
destination.

2. To assess the role of DTPC in
developing the film induced tourism
destinations.

3. To analyze the socio economic and
environmental impact of film induced
tourism in those destinations.

4. To identify the key factors of
attraction in film induced tourism
destinations.

5. To evaluate the responsible behavior
of the tourist towards the natural
environment of the destination.

OPERATIONAL DEFINITION

Tourist service providers — this team
includes various parties who provides
services to the tourists in the tourist
destinations. This includes
accommodation providers, restaurants,
transportation agencies, souvenir shops
etc

RESEARCH METHODOLOGY

The proposed study will be descriptive
and analytical in nature. The study is
descriptive as it is an explorative research
on the avenue of film induced tourism in
Keraala. The study is also analytical as
the quantitative data is analyzed using
various statistical techniques.

Al-Ameen College, Edathala, Aluva



5 Al-Ancen. D g
Qﬁlege, dathala fl)[_' 1 No.6

SOURCES OF DATA

Both primary and secondary data is used
for the purpose of the study.

The secondary data needed for the study
is collected from

1. Books.

2. Journals (Journal of hospitality and
tourism research, Journal of tourism
management, Asia pacific journal of
tourism research.)

Articles.

Government publications.

Websites.

Research dissertations.

PRIMARY DATA

A

The primary data was collected from
following respondents.

1. Residents.

2. Tourists.

3. Tourist service providers

4. Tourism officials.

SAMPLING DESIGN

Multi-stage sampling will be used for the
study, which includes tourists, Tourist
service providers, and local residence of
major film induced tourist destinations in
Kerala.

Stage 1- Selection of Sample Destination

Out of six major film induced tourism
destinations, 4 destinations were selected
randomly.

Stage 2 — Selection of Sample respondent
For the study, respondents from 50
residences and 50 tourists are collected
from for destination. The research also
consider the response of 15 Tourism
officials and 15 Tourist service providers
from theses destination.

Sample size

Following is table-showing distribution
of sample among various destinations.
Based on random sampling.
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Table 1 : Sample size

Respondent Sample
Residents 200
Tourists 200
Tourist service providers 60
Tourism officials 60
Total 520

TOTOOLS OF DATA COLLECTION

The primary data from the District
Tourism Promotion Council (DTPC) is
collected by using a structured schedule.
The tourists, residents and Tourist service

providers will be provided separate
questionnaires.
TOOLS OF DATA ANALYSIS

Appropriate statistical and mathematical
techniques will be used for the study.

VARIABLES OF THE STUDY

L. Tourist service providers
1. Hospitality
a. Appealing accommodation.
b. Variety of food and beverages.
¢. Quality of food and beverages.
d. Willingness of hotel staff to help
tourists.
e. Warm and welcome of local
people.
2. Infrastructure services.
a. Quality of local transportation.
b. Availiability of internet and WIFI.
II. Attraction of accessibility
3. Attraction of accessibility
a. Variety in culture.
b. Accessibility for the differently
abled.
c. Variety in natural attractions.
d. Availability of information and
documents.
e. Convenience to travel.

f. Accessibility to basic medical

Al-Ameen, Annuals, A Refereed Journal for Interdisciplinary Studies

facilities.



ISSN: 2581 - 7078 Yol. 1 No.6

g. Accessibility to local authorities.

4. Cost of touring.

a. Cost of accommodation.

b. Price of food and beverages.
c. Price of local transportation.
d. Price of local products.

5. Environment factor
Availability of water.
Availability of clean toilets.
Climatic conditions.

Air quality.
Personal safety and security.
Overall cleanliness.
emographical Variables
Age
Gender
Monthly income
. Nature of work
Martial status

LIMITATIONS OF THE STUDY

III.

PAaL TP gmeAad TR

1. The unwillingness from the part of
tourists and resident to disclose
different information is a major
drawback.

2. It is difficult to find out the total
number of tourists visiting some of
these destinations.

3. Even though there are different types
of tourisms, the present study covers
only film induced tourisms. The study
excluded all other forms tourisms.

FINDINGS

1. The tourism department is not making
proper efforts to capitajize the film
induced tourism phenomenon.

2. The role of DTPC is inevitable in
tourism  development in  these
destinations.

3. The popularity of Malayalam films is
attracting tourism traffic even from
other states to these destinations.

4. The tourism service providers are
highly benefited from this
phenomenon of film induced tourism.

5. The tourists are not behaving
responsibly in these new tourism
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destinations. This has adversely
affected the environment.
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Abstract

Green synthesis of nanoparticles avoids the production of unwanted or harmful by-
products through the build-up of reliable, sustainable, cost-effective, dependable and
eco-friendly procedures. In the present study, extracts from Wrightia tinctoria
(Danthapala) leaves and stem are used to synthesize Ag nanoparticles. The extracts act
as the reducing agents to reduce silver nanoparticles from silver nitrate solution. The
dark brown colour of the solution confirms the formation of silver nanoparticles. These
particles are characterized by EDAX, XRD and UV-Vis Spectrophotometry. The XRD
and EDAX spectrum confirms the formation of silver nanoparticles. The size of
biosynthesized silver nanoparticles was found to be within the range of 15-19nm.The
structure is confirmed to beface-centered cubic. The maximum absorption peak for the
Ag nanoparticles obtained from Wrightia tinctoria extracts varies from 451nm to 523nm.
The band gap of the obtained silver nanoparticle varies between 1.6 to 1.8 eV and the
major applications lie in the field of optoelectronics, photocatalysis, sensing etc.

Key words : Ag nanoparticles, Wrightia tinctoria, XRD, EDAX etc

INTRODUCTION

Nanotechnology is one of the most
interesting areas of research with 1-
100nm nanoparticles. The property of
nanoparticles depends on size, shape, and
morphology. That is, by varying the size
and shape of nanoparticles, the properties
can be changed. Various chemical and
physical methods are available for
synthesis. But nowadays, the green
synthesis of nanoparticles has gained
great importance in recent years.

Greensynthesis of nanoparticles has been
shown to be simple, -cost-effective,
dependable, and environment-friendly.
This method of synthesis avoids the
production of unwanted or harmful by-
products through the build-up of reliable,
sustainable, and eco-friendly synthesis
procedures. Metallic nanoparticles are
synthesized wusing various biological
elements like bacteria, fungi, algae, plant
extracts etc. Metal oxide nanoparticles

are easily produced by using plant
extracts [3].

AgNPs found a wide range of
applications in the fields of medicine,
catalysis, and solar energy conversion.
These nanoparticles are mostly used
because it is less expensive, easily
available and has excellent antibacterial,
antifungal, and anticancer properties.
Incorporating Silver nanoparticles with a
suitable band gap into Optoelectronic
devices helps to enhance the light
absorption or emission properties leading
to improved device performance.
Absorbing the light energy within the
band gap range can generate electron —
hole pairs, which can then participate in
redox reactions to facilitate the
degradation of pollutants, water splitting
for hydrogen production, or other
photochemical processes. These
nanoparticles also find applications in the
field of surface enhanced spectroscopy,
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surface enhanced Raman Scattering or
Plasmon enhanced light trapping in
photovoltaics etc [9].

Wrightia tinctoria belongs to the family
Apocynaceae. It is also known as the
‘jaundice curative tree’ because the juice
of its tender leaves is used against
jaundice. Leaves are used for psoriasis
and other skin diseases and also to relieve
toothache. The oil prepared from these
leaves is used for analgesic, anti-
inflammatory and antipyretic activities

[8].

The general method of synthesizing
silvernanoparticles in chemical reduction
is as colloidal dispersionsin water or
organic solvents. Plant leaf extracts and
stem extracts are used to synthesize silver
nanoparticles. In the present study,
Wrightia tinctoria (Danthapala) leaves
and stem extracts are used to synthesize
Ag nanoparticles [5].

MATERIAL AND METHODS

Preparation of Wrightia tinctoria leaf
and stem extract

The leaves and stems of Wrightia
tinctoria  were collected from the
surroundings of Al-Ameen College,
Edathala, Aluva, Kerala, India. The W.
tinctoria plant extracts were prepared by
boiling the mixture of thoroughly washed
finely cut leaves in distilled water for 2
hours. The prepared extract was filtered
by using Whatman No. 1 filter paper and
stored.

pp. 23-26

Preparation of Silver nanoparticles
Silver nitrate (Merck, India) GR was used
to prepare a solution of silver nitrate with
1 mM molarity. For the synthesis of
silver nanoparticles, leaf and stem
extracts of Wrightia tinctoria were added
to silver nitrate solution in different ratios
and kept in the dark. After about 24 hr
incubation, the colour of the solution was
observed to change from pale yellow to
dark brown. This brown colour indicates
the presence of Ag nanoparticles. Ag+
ions in silver nitrate solution were
reduced to Ag atoms by the extract. An
adequate amount of dark brown
precipitate was obtained and it was
separated by high-speed centrifugation
for 20 minutes. The residue was collected
and characterizations were carried out
using XRD and UV-Vis spectro-
photometer.

Plant Extracts + AgNO; solution = Ag
nanoparticles

Fig.2 Solution of Silver nitrate solution
after mixing extract and 24 hr. incubation

RESULTS AND DISCUSSION
XRD Analysis

The obtained XRD pattern was shown in
fig. 3. The crystalline structure of the
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particles was confirmed by the X-ray
diffraction. The obtained XRD spectrum
was compared with the XRD spectrum of
pure crystalline silver structures (JCPDS
file no 04-0783). The XRD pattern shows
the intense peaks with 20 values ranging
from 10 to 80 degrees. The major planes
observed in the diffraction pattern are
(111), (200), (220) and (311). The planes
(111), (200), (220) and (311) are
observed for the XRD spectra of Ag
nanoparticle prepared using the leaves
extract at 20 values of 38.219°, 44.375°,
64.561° and 77.507°respectively. The
planes (111), (200), (220) and (311) are

(11)

Intensity

(200)
(2200 (311)

(122)

10 20 30 40 5 6 70 80
2
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observed for the XRD spectra of Ag nano
particle prepared using the stem extract at
20 values of 38.219°, 44.354°, 64.54° and
77.466°respectively. An additional peak
at 32.369° with plane (122) is also
observed for the XRD spectra of Ag nano
particle prepared using the stem extract
(JCPDS card: File no. 04—0783). The size
of the nanoparticle is calculated using
Debye Scherer’s formula and is found to
be between 15 to 19nm. The structure of
the silver nanoparticle is confirmed to be
face-centered cubic by comparing the
observed d values with the reference d
values (JCPDS File n0.04-0783).

(1)

Intensity

(200) (220) @11

20 30 40 50 60 70 80

26
Fig 3. XRD Spectrum of Silver nanoparticles formed from
Wrightia tinctoria Stem and leaves extract

Energy-Dispersive X-ray Analysis
(EDAX)

The elemental composition of a sample
was analysed by using Energy-Dispersive
X-ray technique. The obtained spectrum
is analyzed to identify the elements
present in the sample. The obtained
EDAX spectrum is as shown in fig.5. The
spectrum confirms the presence of Ag.

Fig 4. EDS Spectrum of Silver
nanoparticles formed from Wrightia
tinctoria stem extract

UV-Visible Absorption Study

The colour of the mixture of Wrightia
tinctoria extracts and silver nitrate
solution changed to light brown within an
hour and then later changed to dark
brown after the incubation. The silver
nanoparticle  shows strong surface
plasmon vibrations. The dark brown
colour was due to these energetic
plasmonic electrons. That is, the colour
changes are due to these reduced pure
silver ions and confirmed the formation
silver  nanoparticles. ~ The  Silver
nanoparticles synthesized in leaves and
stem extracts were analyzed by the UV—
vis spectroscopy.

Normally, the characteristic absorption
peaks are observed in the wavelength
range 400 -600nm for pure silver
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nanoparticles. This spectrum shows
distinctive peaks between 400 — 550nm.
The maximum absorption peak for the Ag
nanoparticles obtained from Wrightia
tinctoria leaves extract is 451nm. The
maximum absorption peak for the Ag
nanoparticles obtained from Wrightia
tinctoria stem extract is 523nm. This
observed broadening in the longer
wavelengths may be due to the size
distribution of the particles.

The band gap of Silver nanoparticles was
calculated from the absorption spectrum
using Tauc’splot using the equation

451nm Leaves Extract

r r r r r
300 400 500 600 700 800
Wavelength (nm)
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(ah)'/™ = B(hY — Ey)

Where, hd is the energy of the photon, E,
is the band gap energy of the material
and 8 is the band tailing parameter. The
band gap energy calculated for the Ag
nanoparticles are 1.69eV and 1.77eV
respectively for the Ag nanoparticles
using stem and leaves extracts.

Fig. 5 UV-Vis Absorption Spectra and
band gap energy of Silver nanoparticles
with Stem Extract

b Leaves Extract

21 7
1.767 4

T T T T T T T T
16 17% 18 19 20 21 22 23 24 25 26
hv (eV)

Fig. 6 : UV-Vis Absorption Spectra and band gap energy
of Silver nanoparticles with Leaves Extract

CONCLUSION

In this present work, an easy, convenient
and eco-friendly method for synthesizing
the silver nanoparticles using the leaf and
stem extract of Wrightia tinctoria was
well explained. Wrightia tinctoria leaf
and stem extracts are used as the natural
reducing agent to synthesize silver
nanoparticles. The brown colour of the
siver nitrate solution indicates the
formation of silver nanoparticles. The
XRD and EDAX spectrum confirms the
formation of silver nanoparticles. The
maximum absorption peak obtained in the
UV-Vis spectra again confirms the
formation of silver nanoparticles. Silver
nanoparticles with a lower range of band
gap (1.6 eV to 1.8 eV) could potentially
have several applications.
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Abstract

The most serious problem that all the counties across the globe stumble upon are the
environmental problems. Natural calamities are often catalysed by the insensitive
materialistic actions of people. Literature has always been used as a way and a medium
to articulate these concerns and create an alertness in people against this growing threat
to the natural environment. A concern for our environment and the urge to address the
issues related to it through his fiction is an essential trait in many of the works of Amitav
Ghosh. He builds up ingenious narratives to illustrate how ecological issues are closely
connected to other more serious issues. This paper is an attempt to study how Gosh
creates through the use of particular narrative strategies a noticebale econarrative which

tackles most pertinent issues of present day society.

Key words : Econarrative- narrative techniques-climate change- refuge crisis-

INTRODUCTION

A casual glimpse into the environmental
issues that today’s societies encounter
may well send a chill through any
person’s mind as the list is a never ending
one as new problems will be added
everyday to it. Water, air and soil
pollution, lowered biodiversity, ozone
layer depletion, over population are only
a few among them. Greta Thunberg a
sixteen year old Swedish activist on
climate change recently featured in all the
major newspapers and channels asking a
pertinent question" Why should we study
for a future that soon will be no more".
Her movement fridays for future raises
serious questions regarding the future of
planet and all its living inhabitants.
Literatry narratives have always been
used to represent and vocalize many of
social concerns.

Ecocriticism refers to the ways in which a
literary work adresses environmental
issues in a literary work. As a branch of
critical theory it assumes increasing

importance as the environmental issues
are an alrmingly increasinging each day.

A concern for our environment and the
urge to address it through his fiction is an
essential trait in many of the works of
AmitavGhosh. He constructs innovatively
brilliant narratives to illustrate how
ecological issues are closely connected to
other more serious issues the current
societies face viz migration, refugee
crisis, diasporic identities and the
question of identity. Literature both
through its fictional and non fictional
forms are for him is the choicest medium
to articulate most worrying issues of the
present day society. This paper is an
attempt to study how Gosh creates
through the use of particular narrative
strategies  construct a  noticebale
econarrative that tackles most pertinent
issues of present day society.

The protagonist of the work Dinnath
Dutta, popularly known as Deen is the
axis around which a complex narrative
dealing with two most complex issues the
migration and refugee crisis revolves and
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unfolds. Deen considers himself as a
migrant for he returns to Calcutta every
year during the winner as migratory birds
do to beat the winter chill of Brooklyn.
Ghosh believes in the power stories have
to change human lives since they are the
only means in his opinion to make sense
of many of the things that happen around
as. Deen the protagonist allured by an old
tale embarks on a new journey in life
which takes him to unforseen places and
experiences. He visits a shrine deicated to
aGun Merchant or Bondduki Sadagar
situated in the Sundarbans. From there
onwards he is tangled in a web of
complex experiences and he even
becomes a significant figure as the story
undergoes a rebirth. As the Gun Merchant
was forced out of his native land by
different natural calamities like droughts,
famines, plague and storms the people of
Sundarbans also leave the place as the
rising sea levels make it impossible for
them to continue living there. The sea,
river, forest and the animal and human
community of the place become
integrated aspects of the novel from there
onwards.

Climate Change and related animal
and human migration related to it.

Both Animal and human migration is
clearly linked to climate change. Through
illustarting the current situation Ghosh
further explains this phenomenon.
Sundarbans, one of the largest mangrove
forsts in the world situated in the state of
West bengal is the locale of the novel. It
is a place which has been devastated due
to various ecological hazards. The
inhabitants of Sundarbans live in close
connection with nature. A character like
Horen even measures time in terms of the
ecological happenings like storms. He
went out of fishing (that's what he did for
his living) as the atorms affected his
fishing boats very badly. In the novel we
also see the many women characters who
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have turned into prostitution after the
storm devastated their houses

Animal migration is explained in the
novel through the leader matriarch of
the dolphin pod Rani. The pattern of
movement of the dolphins has been
regular and predictable, but now Piya the
marine biologist who is involved in a
research about them has found that their
tracks had begun to vary and has become
increasingly erratic. This according to her
was because of the changes in the
composition of the waters of the
Subdarbans. As the dolphins have started
moving towards the highly populated,
heavily fished area, they had endangered
themselves by getting trapped in
fishermen's nest or by getting hit by
motorboats.

As Piya was intent on saving the dolphins
she fitted Rani with a GPS tracker that
provided real time information on her
whereabouts and general condition. Piya
research further unravels the different
patterns of life in the river and in the
forest. Deen during a journey with Piya
identifies that the river does not flow in a
uniform way for it has many spot pools,
whirlpools, braids and striations. Within
the same river it is revealed that there are
innumerable streams which contains its
own mixture of micro nutrients and each
one therefore becomes an ecological
niche thus giving forth an astonishing
proliferation of life in myriad forms. The
river is therefore like. A moving forest of
varied living organisms.

Piya again expresses a concern over the
oceanic dead zones. They are stretches of
water which has low oxygen content,
where it will be difficult for fishes to
survive. The number of theses zones
increases in an alarming way mainly
because of residues of chemical
fertilizers. Only specialized organisms
can survive such a condition and the rest
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will die. These dead zones have spread
thousands of miles now. But for the
changes in the patterns and texture of the
river in Subdarbans Piya blames not the
agricultural residues but a refinery.
Because of the poisonous effluents they
have discharged into the river, there in
the area has occurred a massive fish kill.
Fish kill refers to that phenomenon where
thousands of fishes get killed as a result
of the chemical wasts discharged into the
river float either on the surface water or
are washed ashore. Rani is the
representative of the non human animal
migrants whereas the people of
Subdarbans including Tipu and Rafi
depict the human face of migration. The
people as we as animals leave a habitat
with which they are very familiar fearing
that ' the water, the currents, the earth
itself was rising against her.’

Added to this is the new phenomenon of
the washing up of yellow sea snakes on
the sea shore of Los Angeles. Then there
is the wildfire causing much disruption in
the daily life of the people of LA and pet
dog dies of snake bite in one of the most
advanced cities of the world Los Angeles.
Deen sees a particular kind of spider that
is not usually seen that part of Italy where
he resides. Then again an evening walk
that he takes with Cinta ends up in being
swamped by sea worms. The sea worms
appear increasingly and eat up Venice’s
wooden pilings because of the warming
up of sea waters. These are real facts
have been given a fictional representaion
by Ghosh to bring in the idea that the
world is in the grip of a grave danger.

The question of refugees and illegal
immigrants

The ancient journey of the Gun Merchant
is again retold through the characters of
Tipu and Rafi who together plans to
migrate to Italy in an illegal way. There
are many analogies between the Gun
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Merchant’s journey and theirs. As he
sought refuge in a foreign country Tipu
and Rafi also had similar aims and they
take the same route travelled by the Gun
merchant, through Egypt and Turkey to
Venice. At one point Tipu who has a
wholly different opinion about migration
question the validity of passports and
visas. He is intact a person who is
involved in human trafficking, what he
names as people moving industry. In his
opinion people as well as animals move
when their habitats become unsuitable for
their living. As the ecological crises of
Subdarbans grows every year people seek
out to escape into better places in the
hope a brighter future. Tipu reveals that
he acts as a saviour to these illiterate
poor people. He also helps them to concot
stories to get asylum in foreign countries.
Stories involving plitical or religious
persecution, sexual orientation or gender
identities may well aid them in getting a
place in those countries to where they
migrate. Apart from poverty the desire
for a more plush life also encourages
them to choose even an illegal way to
move into a better living condition. Rafi
and Tipu seperated during their journey
and Tipu along with a huge number of
other refugees in a Blue Boat that heads
to Venice. The Blue Boat thus becomes a
metaphor for all the issues that the novel
addresses, the most pertinent among
being the migration and refugee crisis.
The right wing government’s antagonism
towards refugees is also mentioned.

CONCLUSION

The Gun Island is a wake up call to a
generation forgetful of the devastation it
is bringing upon though unknowingly on
the environment and its living
inhabitants. In using magical realism and
modes of patchwork narration Ghosh
weaves together a tale - its an eco
narrative clearly marked by elements
suitable for a work that deals with the
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theme of grave ecological issues. The
ideas put forward by Ghosh never loses
its significance at least in the immediate
future. The question of the notion of
citizen, the fate of migrants and
refugees are much debated and pondered
over all around the globe. Ghosh tries to
convey an alarming situation that no one
is safe anywhere. The flamboyant
mansions or most comfortable dwelling
places will never assure any kind of
security. Using a magical or surrealistic
narrative mode Ghosh intermingles fact
and fiction natural and supernatural, past
and present, history, myth and folklore to

March 2023

pp. 30 -30

[y Al-Amee:
Qﬁ}ege, dath:t

build up a brilliant narrative that tries to
communicate a grave danger that will
soon wreak unforseen havocs.
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Abstract

Tin sulphide SnS is an IV-VI compound that has recently gained attention for use as an
absorber material in low-cost thin-film solar cell devices. SnS has a near-optimal energy
bandgap for photovoltaic solar energy conversion and a high optical absorption
coefficient for photons with energies greater than the energy bandgap, requiring only a
few microns of material to absorb the majority of the incident light, thereby lowering
material costs. It does, however, contain environmentally friendly and abundant
elements. The overall goal of this research was to determine whether the properties of
SnS developed using a simple and low-cost chemical bath deposition method are
appropriate for absorber layer material in solar cells. The straightforward CBD approach
was used to successfully create tin sulphide nanoparticles in double-distilled water.
EDAX was used to determine the SnS nanoparticles' elemental makeup. To investigate
their structural characteristics, the nanoparticles were characterised. The creation of an
orthorhombic structure is confirmed by an XRD analysis. By using SEM examination,
the film's surface morphology was investigated. The optical band gap and maximum
absorption band was computed using the optical parameters that were derived from the
UV-VIS absorption spectrum. The produced film exhibits P type conductivity, according
to the hot probe method. The produced film can be employed as an absorber layer
material in thin film solar cells, according to all determined parameters.

Keywords: Thin film, tin sulphide, solar cells

INTRODUCTION

The sun's life span is nearly endless, and
it is constantly emitting energy in all
directions. This energy is also dropping to
our globe in part. When sunlight strikes a
solar cell, the incident energy is
transformed directly into clean electricity
with no mechanical movement, fuel,
exhaust, or other by-products.
Photovoltaics has risen in popularity
during the last few decades. Thin film
solar cells can be made using a variety of
materials that have been formed as thin
films. A thin film solar cell's major
components are a transparent conducting
oxide (TCO), buffer layer, absorber layer,
anti-reflection coating, and metal contact.
Each of these layers has distinct physical

and chemical properties. Because of its
remarkable optoelectronic properties, tin
sulphide (SnS) is regarded as a suitable
absorber layer for Cd-free thin-film solar
cells. Furthermore, SnS is a binary
compound semiconductor made of non-
toxic and abundant components on the
planet. Its bandgap (1.3-1.4 eV) is close
to the ideal range of 1.3-1.5 eV, and its
absorption coefficient (>10* cm™) is
significant in the visible region [1,2].
Although  its  theoretical  energy
conversion efficiency () is around 32%,
comparable to crystalline silicon solar
cells [3,] the actual conversion efficiency
of SnS-based solar cells is just 4.63% [4].
To obtain higher efficiencies, a better
understanding of the structural, chemical,
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and physical of SnS is

necessary.

properties

A crucial step in the construction of solar
cells is the absorber layer. Tin sulphide
(SnS) is a potential absorber material for
safe solar cells that are readily available
on Earth. By using the CBD approach,
SnS offers simple phase control and
quick growth and strongly absorbs visible
light. Tin chalcogenides thin films may
be used in solar applications, and the
tunable band gap energy of these
elements' nanocrystals makes them
interesting. Because of their abundance,
low cost, nontoxicity, high catalytic
activity, material diversity, and electrical
conductivity, groups IV-VI tin-based
binary sulphides like tin mono sulphide
(SnS) and tin disulphide (SnS2) have
attracted the most attention[5,6].

Front contact Jl.

1CO

PR —

Window layer

Back contact

Substrate

;
1

Absorber layer {
4

Fig.1 Thin film solar cell construction

Thermal evaporation, radio frequency
(RF) sputtering, electron  beam
evaporation, chemical vapour deposition,
successive ionic layer deposition, atomic
layer deposition (ALD), electrochemical
deposition, and chemical spray pyrolysis
have all been used to create SnS thin
films [7,8,9,10,11]. To date, the slow and
expensive atomic layer deposition (ALD)
approach has yielded the highest recorded
efficiency. Because of its simplicity, low
cost, and ability to produce large-area
films, chemical bath deposition (CBD)
has been claimed to be a viable
alternative approach [12,13,14,15]. When
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the ionic product of CBD surpasses the
solubility product, the film is formed.
However, optimising growth parameters
such as deposition duration and solution
concentration are critical to avoid
excessive precipitation, material loss
during deposition, and the formation of
undesired secondary tin sulphide phases.

This study employs a method described
in [4,7,9,16,17,18,19] to create
orthorhombic SnS thin films. There have
been methods reported for obtaining
orthorhombic SnS by CBD with long
deposition periods (8, 17, 24, 30, and up
to 40 h) and only a handful with times
less than 6 h [20,21]. We investigate the
effect of deposition time and Sn and S
precursor percentage on the structural and
optical properties of SnS thin films. Our
primary goal is to investigate the
parameters in the CBD growing process
of tin monosulfide (SnS) thin film in
order to acquire the highest film quality.
We were able to manufacture single-
phase orthorhombic SnS thin films of
11.2 nm in 1.5 hours using the approach
we used. The structural, morphological,
and optical features of SnS thin films
were investigated in relation to deposition
time, Sn precursor %, and heat
treatments.

Preparation of Tin Mono sulphide thin
film

Chemical bath precursors are critical and
have a considerable impact on the
properties of the film. The solvent, salt
type, concentration, PH of the solution,
and other factors can all have a
substantial impact on the physical
properties of the films. Workers used a
range of solvents that had been carefully
selected. The cationic precursor solution
was determined to be dihydrated stannous
chloride (SnClI2.2H20). When SnCl, is
utilised instead of SnCly, the cost of
materials, as well as the deposition
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temperature required for deposition, are
greatly lowered. This is critical in terms
of the material's possible device-level
applicability. SnC12. 2H2O precipitates
as a result of hydroxide formation,
making it difficult to dissolve in water to
produce a clear aqueous cationic
precursor solution (Qualigens, test =98%,
M.W = 225.25 g). To dissolve the salt,
we employed a number of methods. The
solution was heated to a range of 50-80
°C and stirred for 3—4 hours using a
magnetic stirrer. However, none of these
procedures succeeded in creating a
transparent aqueous solution, and the
outcomes were disappointing. After a few
experiments, it was found that it was
possible to create a clear aqueous solution
of SnCI2.2H20 by thoroughly blending
the powdered SnCI2.2H20 with a few
drops of extremely pure concentrated
(35% assay) HCI, and then adding
acetone to the solution to give it the
required molarity. A cationic precursor
solution (molarity 1 M) was made by
dissolving 1.128 g of SnCI2.2H20 in 5
ml of acetone with a few drops of HCI.

Thioacetamide (TA) (CH3CSNH2; M.W
= 75.13 g/mol) served as the precursor
solution for sulphur in the current
experiment. A stock solution of TA
(Molarity = 1M) was created by
dissolving 0.3756g of TA salt in 5 ml of
deionized water. Slowly 5 ml of
triethanolamine (TEA) should be added
to the cationic solution while stirring.
Triethanolamine functions as a
complexing agent and  prevents
agglomeration during the creation of
films. It functions as a buffer and a
surfactant. To maintain a basic pH level,
add the produced anionic solution and 5
ml of ammonia solution after that.
Deionized water is added to create the
final solution, which has a volume of 100
ml. Prior to the deposition process, glass
substrates were carefully cleaned using
chromic acid, isopropyl alcohol, and
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detergent. At room temperature, the films
were deposited over a period of 2 hours.
Each film was immediately sprayed with
distilled water after being taken out of the
beaker, then allowed to dry.

RESULT AND DISCUSSION

Figure 2 depicts the SnS thin film made
using CBD method's recorded XRD
pattern. When compared to JCPDS 39-
0354, all reflections can be indexed to the
pure orthorhombic SnS phase, and the
absence of impurity peaks in other SnS
phases indicates the creation of pure SnS
thin films. The creation of the
orthorhombic phase of SnS, which
corresponds to the (111), (201), and (002)
planes of reflection, is shown by the
20 peaks found at 31.40, 39.00, and
41.90. The growing film's strongest peak
occurred at 206= 31.40 radian with
d=2.854A, which corresponds to (111).
SnS thin films with the (1 1 1) orientation
is typically selected for photovoltaic (PV)
applications because SnS solar cells with
this orientation have the highest
efficiency. Using the Debye-Scherer
formula, D=0.91/(Bcosh), where D is the
diameter of the crystallites composing the
film, Ais the wavelength of X-rays
(CuKa line), B is the whole width at half
maximum (in radians), and is 0 the Bragg
angle, the grain size of the films was
estimated from the peak at 20=31. 40
radians. The obtained grain size is 11.2
nm.

20

Fig.2 XRD pattern of SnS thin film
farmed at hath temnerature 60°C
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ELEMENTAL ANALYSIS

By examining near-surface elements and
estimating the elemental percentage at
various points, energy-dispersive X-ray
analysis (EDAX) provides an overall
mapping of the sample. Figure 3 displays
the synthesised SnS nanoparticles' EDAX
analysis spectrum. Atomic ratio, Sn/S =
51.4/48.6 is the result. The synthesised
SnS nanoparticles had a marginally high
tin concentration, according to the EDAX
results. The presence of only Sn and S
peaks indicates that the synthesised
particles are free of any impurities.

Fig.3 EDAX spectrum of SnS thin film

SURFACE MORPHOLOGY

Fig. depicts the surface morphology of
SnS thin films that were formed over
1.30-hour period at bath temperature of
60 °C. Using scanning electron
microscopy, surface morphology analyses
of the SnS thin films have been
completed. The morphology of the SnS
film is granular, with high surface
coverage and good crystallinity. On the
film's surface, there are no pinholes or
cracks to be discovered. The crystallites
are equally aligned and of the same size.
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Fig.4 SEM image of SnS thin film

OPTICAL ANALYSIS

Figure 5(a &b) displays the absorption
spectra and Tauc plot of a thin SnS sheet.

The absorption spectra revealed a
significant amount of visible-band
absorption. The following equation

provides the tauc link between band gap
energy and absorption coefficient (o).

(ahv)" = A(hv-Eg)

where A is the constant, h the photon
energy, Eg the permissible energy gap,
and n = 1/2 the permitted direct transition
are all defined. The tauc plot is shown for
a semiconductor with a direct bandgap,
with hv on the x axis and (ahv)2 on the y
axis. The linear section of the curve's
shape suggests that the material has a
direct optical transition. By extending the
straight line of the plot to the energy axis,
it is possible to calculate the energy band
gap. SnS thin films have band gaps of
1.34 eV, which is appropriate for an
absorber layer for effective light
absorption.
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Fig.5 a&b a) Absorption spectrum b) Tau plot

CONDUCTIVITY MEASUREMENT

The hot probe approach was used to
determine the type of conductivity
present in the produced thin layer. To
quickly determine if a semiconductor
sample is n-type or p-type, use a hot point
probe. A heat source, such as a soldering
iron, is put on one of the leads as the
sample is probed using a voltmeter or
ammeter. The synthesised material had
conductivity of the P type.

CONCLUSION

SnS thin film was successfully created
using quick and affordable CBD
approach. The (111) crystal plane was the
preferred orientation, and the crystal
structure was orthorhombic, according to
the XRD data. The precise chemical
make-up of the thin layer is revealed by
the EDAX spectrum. Using scanning
electron microscopy, surface morphology
analyses of the SnS thin films have been
completed. The morphology of the SnS
film is granular, with high surface
coverage and good crystallinity. Between
400 and 900 nm, the UV-Vis spectrum
exhibits a wide range of absorption.
Using Tau plot the band gap of the
material was found as 1,34eV. The
material has P type conductivity, as
demonstrated by the hot probe methods.
All of these characteristics matched those
of the materials used as the absorber layer
in solar cells.
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Abstract

Supply Chain Management is the coordination and management of all the activities
involved in the production, procurement, processing, distribution, and delivery of goods
and services to the end customer. The goal of Supply Chain Management is to create an
efficient and cost-effective supply chain that enhances the overall performance of the
organisation. It involves the integration of planning, sourcing, production, inventory
management, transportation, and customer service activities. Supply Chain Management
ensures the availability of the right product in the right quantity at the right time and at
the right price, while also minimising waste and reducing costs. Effective Supply Chain
Management helps businesses improve their competitiveness, build customer loyalty,

and increase profitability.

Keywords:
Overhead

1.1 Supply Chain

A supply chain encapsulates all stages
involved whether directly or indirectly in
fulfilling a customer request. So, a supply
chain always gives prime importance to
customer needs. A typical supply chain
covers manufacturers, suppliers,
transporters, warchouses, retailers and
customers.

Hence, there is no doubt to put forth that
a supply chain integrates demand and
supply. It can be found that in every
business enterprise, there is a supply
chain which is aimed to fulfil the requests
of customers and henceforth it
incorporates all functions to satisfy the
requests.

The functions of a supply chain include-
(1) product development, (2) marketing,
(3) operations, (4)distribution, (5) finance
and (6) customer service.

1. Assistant Professor, PG & Research
Dept. of Commerce, Govt. Arts
College, Thiruvananthapuram-695014.

Supply Chain, Global Supply Chain Forum, Replenishment cycle time,

E-mail: girishjipunnamoodu@gail.com
1.2 Supply Chain Management

In the 90s business worldwide witnessed
a shift in the pattern owing to
liberalisation policy preached by various
economies, globally. The era also
experienced revolutionary innovations in
the field of science and technology which
had an impact on the business scenario.
The competition that prevailed in the era

was  accelerated by  information
technology and the supported
infrastructure for information
propagation. These changes brought

changes in the range of business and its
management.

The firms were in a frantic effort to meet
the needs of customers on a real-time
basis as the business was carried in an
unsteady environment comprising too
many products with a few takers. It's right
to quote that it was meeting demand that
was pertinent and not supply.To attain
real-time satisfaction of customers’
needs, a business concern needed to
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shape its activities related to movement
and storage in a systematised and
integrated manner that too with minimum
inventory level. It was not market
dominance but the strategies in supply
chain configurations that become pivotal
in competition among rival firms. The
importance of supply chain management
can be attributed to the maintenance and
achieving consistency in competitive
strengths and advantages by offering
products of the best quality at a cheap
price within a minimum time.

Nature and Concepts of Supply Chain
Management

Global Supply Chain Forum of 1994
recognised the 1990s as the era of Supply
Chain Management. The forum had
defined the concept as ‘the integration of
key business processes from the end user
through original suppliers that provides
products, services and information that
add value for customers.’

Definitions-

‘A supply chain is the network of
organisations that are involved through
upstream and downstream linkages, in
the different processes and activities that
produce value in the form of products and

services in the hands of ultimate
consumers.’
-Christopher (1992)

‘The systematic, strategic coordination of
the traditional business functions within a
particular ~ company  and  across
businesses within the supply chain, to
improve the long-term performance of the
individual companies and the supply
chain as a whole.’

-The Supply Chain Research Group at the
University of Tennessee (Mentzer, 2000)

Features of Supply Chain Management

a. Superior Customer Value-
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The prime objective of Supply Chain
Management is to providethe ultimate
customer with the product they desire to
own at a cheaper price and in a way
beyond comparison to its rivals.

b. Single Entity-

Supply Chain Management is viewed as a
single entity because of the reason that it
requires a lot of planning and control
mechanisms to integrate with other firms
and the firm itself. So, to achieve this
Supply Chain Management is considered
as a single entity.

c. Inventory Perspective-

Based on sharing of information and
attaining coordination, Supply Chain
Management views inventory as a timely
flow of goods or services along with
maintaining a buffer. Some of the key
perspectives of Supply Chain
Management are (1) improvement in
flexibility (2) reduction in replenishment
cycle time (3) reduction in uncertainties
without keeping safety stocks (4)
increasing the ability to respond to the
trends in the market and (3) enhancing
quality.

d. Strategic Orientation-

The decisions taken concerning the
supply chain have the perspective of
being strategic rather than operational.

e. Flexible Approach-

Supply chains of contemporary periods
have the feature of being flexible in all
respects starting from procurement of raw
materials to production to warehousing to
delivery to ultimate customers. This
flexibility is finally treated as the most
important one in attaining customer
patronage.
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1.3 Contemporary Issues in Supply
Chain Management

A firm’s strategies are influenced by a
globalised economy characterised by
various complexities involved in its
business environment. It necessitates
following different approaches towards
the supply chain to grasp and manage the
complexities and risks involved in the
business environment of a global
economy. A successful Supply Chain
Management to be growth-oriented, to
attain long-term performance and to cash
in advantages put forth by the business
environment need to address several
challenges. A brief description follows.

a. Minimising Uncertainty-

Most commonly found uncertainties are
related to vendors who may at times
become ‘unreliable’, uncertainty in
process arising out of internal matters,
and uncertainty in demand owing to the
ever-changing tastes and preferences of
consumers.

b. Reducing Replenishment Cycle Time-
What is Replenishment Cycle Time?

Replenishment Cycle Time is the period
between the inventory getting depleted
and arranging the restocking of inventory.
It includes the time required for placing
orders, transportation and receiving and
stocking the inventory. A shorter
replenishment cycle time results in lower
inventory holding costs.

So, all supply chain strategies are centred
around limiting the replenishment cycle
time.

¢. Minimising the Number of Linkages
or Stages in the Network-

As discussed earlier, Supply Chain
Management is providing what the
customers in minimal time on a real-time
basis. But, while meeting such a target,
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Supply Chain Management need to go
through a series of complex network of
processes and often needs negotiation
with other firms. So, to overcome such
challenges several steps need to be taken
which are (1) unifying tasks (2) avoiding
tasks performed twice or more by staff
(3) attaining better coordination and (4)
ensuring successful implementation of
decisions taken.

d. Improving Flexibility-

The success of an effective Supply Chain
Management rests on how quickly it
responds to changed circumstances in the
market i.e., to keep an eye on the changed
needs of customers and to satisfy those
needs on a real-time basis. A drastic
reduction in time in the set-up of
processes can be achieved by inculcating
flexibility in Supply Chain Management.

e. Improving Process Quality-

A zero-defect delivery is another
challenge of Supply Chain Management.
With the presence of informed customers,
who are conscious of quality and timely
receipt of the goods or service, the supply
chain maintainers should be cautious as
the customers have zero tolerance
towards delayed services. Hence a
successful Supply Chain Management
should always preach the policy to do
things right the first time.

f. Enhancing  Demand Fulfilment

Capability-

With close substitutes in the market,
every firm tries to overcome the
competition from rivals using sales
promotion techniques.

Supply Chain Management need to
function in a market susceptible to
demand uncertainty prevalent in the
market and needs to monitor and be
proactive in promotional strategies
adopted by rival firms.
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g. Minimising Variety and Delaying
Differentiation-

Another challenge of Supply Chain
Management is the increase in the
number of warehouses or godowns
necessitated by variants of goods and
sizes. This increase complicates inventory
management at the bottom level of
Supply Chain Management. One way to
tackle the challenge is to manufacture
products with modular designs so that
control can be exercised over storage
space. Value addition needs to be limited
so that customer needs to the best can be
met without allowing holding stock in
large quantities.

1.4 Web-enabled Supply Chain
Management

The Internet plays an immense role in
shaping customers’ choice of products
which affordable for them.

Supply chains give value to the customers
and the manufacturers need to assess in
strict terms what their customers want,
and where they are to be made available.
The internet acts as a means for
communicating with the customer and
arranging the needs in tune with the
demands of the customer. The internet

also links with suppliers to make
available the customers’ demanded
products.

Web-enabled supply chains  assist

companies to optimise business processes
both within and outside the four walls of
the enterprise and to more efficiently
deliver the new products customers want,
when they want them and where they
want them.

Agarwal., D.K. (2017).

Importance of Web-enabled Supply
Chain Management

Many old-fashioned techniques involved
in forecasting inventory, plans involved
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in manufacturing and schedules for

transportation were replaced by web-

enabled services.

Activities based on the Internet help

business concerns:

a. Elimination of expenditure in large
sums

b. Reduction in administrative overhead

c. Reduction in wunnecessary stock
holding

d. Reduce the human intervention i.e.,
products being touched by humans
from the origin to destination

e. Follow expenditure reduction
techniques and thereby reap revenue

f. Customers’ responses can be recorded
in time and production activities can
be speeded up

g. Gather higher profit
goods.

on finished

The ‘fruits’ of effective integration of the
supply chain are (1) saving a lot of
money (2) satisfied customers and (3)
reduction in stock holding.

1.5 Supply Chain Planning

Supply  chain  planning  involves
predicting requirements to attain a
balance between demand and supply. It
comprises of stages namely (1) planning
(2) execution and (3) shipping. A supply
chain management software centres
around supply chain planning and
execution. A supply chain execution
software helps to track the shipment,
effective management of commodities
and process all financial information
related tothe parties involved.

Conclusion:

In an erratic environment where
customers often change their minds,
effective Supply Chain Management can
be fruitful to avoid unnecessary
expenditures like locking up working
capital by holding excessive stocks. With
the advent of information technology, the
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supply chain has become moretech-savvy
in dealing with customers’ demands and
timely execution of activities to ship the
product from a warehouse or place of
production to the hands of the customer.
But the execution requires the integration
of functions within and outside the
organisation. With time, more
sophisticated technology in the form of
artificial intelligence can make the entire
aspects of supply chain management a
simplified one.
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Abstract

This paper studies the properties required
for a consistent and complete fuzzy rule base
which are essential for an interpretable fuzzy
system. We categorized the training data
into four categories using confusion matrix
and defined a lower and upper k-consistency
property in order to incorporate all the pos-
sible rule predictions. Also completeness
property for a set of fuzzy rules and various
evaluation measures that defined the accu-
racy, precision and interestingness of fuzzy
rule base was defined. It is found that these
measures can be used to define the qual-
ity measures of the data mining tasks. So,
based on the new categorization, we defined
some new quality measures for fuzzy clas-
sification rules and gave the semantics and
properties of the defined measures.
keywords:Fuzzy Classification Rules , Con-
fusion Matrix, Completeness,Consistency
ete

1 INRODUCTION

Usually fuzzy modeling (FM) require
two important contradictory properties,
the interpretability and the accuracy

in the obtained model. So FM can

be divided into Linguistic fuzzy mod-
eling (LFM)and Precise fuzzy modeling
(PFM). Linguistic FM (mainly devel-
oped by Mamdani FRBSs) is focused on
the interpretability whereas precise FM
(mainly developed by Takagi-Sugeno-
Kang FRBSs)is focused on the accuracy.
In the design of a fuzzy system, inter-
pretability and accuracy are contradic-
tory features as an improvement in ei-
ther feature will make the other to de-
teriorate. This issue is often referred
as Interpretability-Accuracy Trade-Off.
Interpretability and accuracy are contra-
dictory issues in the design of a fuzzy
system where accuracy is obtained by
usual mean square error (MSE)method.
Interpretability describes the capability
of a model that allows a human being
to understand its behavior by inspect-
ing its functioning or its rule base in an
understandable way and accuracy shows
the capability of the system to faith-
fully represent the real system.It can also
be defined as the quantification of close-
ness between real system and its modeled
fuzzy system. Interpretability is a prop-
erty that depends on several subjective
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factors including the model structure, the
number of input variables, the number
of fuzzy rules, the number of linguistic
terms, and the shape of the fuzzy sets.
With the term interpretability we iden-
tify different criteria appeared in the lit-
erature such as compactness, complete-
ness, consistency, or transparency.

There are two approaches that explain
the interpretability of linguistic FRBSs:
Complexity-based Interpretability (usu-
ally based on number of rules, variables,
labels per rule, etc.) and Semantics-
based Interpretability. The comprehensi-
bility of the fuzzy system, is based on the
semantic interpretability of the fuzzy sys-
tem in which at the rule base level con-
sistency of rule base is considered and at
the fuzzy partition level completeness or
coverage of the rule base is considered.
They are given by

e Completeness: an FRBS should al-
ways be able to infer a proper out-
put for every possible system input.
This property is called completeness

e Consistency: A generic set of if then
rules is consistent if it does not con-
tain contradictions. There is a need
to relax the consistency property for
considering it in FRBs.

The effectiveness of an FRBS is asso-
ciated with the composition of the fuzzy
rule set. If we want to generate a set
of rules describing the behavior of the
system, then a condition over the set of
rules is necessary to establish. Several
important properties have to be verified
by the fuzzy rule base in order to obtain
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an FRBS presenting good behavior. The
main characteristics of fuzzy rule set that
affect the system functionality are com-
pleteness and consistency of fuzzy rule
set.

2 STRUCTURE OF FUZZY RULE
BASE

A fuzzy rule base can be consid-

ered as the heart of a fuzzy system as
all other components of the system effi-
ciently work on these rules in a reason-
able way.
Definition 2.1. /5] The Fuzzy Rule Base
is composed of a collection of fuzzy IF-
THEN rules with the following struc-
ture:

Ry : IF isA{'l and ... and T, z'sAfn
THEN y s By
3y € X andy €Y
are the input variables and the output

where xq,..

variable, respectively, M be the num-
ber of rules in the rule base such that
I = 1,...,M and A%,... AL B, are
fuzzy sets in the universe of discourse
X1, Xs,..
characterized by their membership func-

X, Y. These fuzzy sets are

tions
/JAQ(“Bi) : Xl(Y) —= [07 1]’2' =1,...,n

3 CONSISTENCY OF A FUZZY
RULE BASE

Definition 3.1. A set of fuzzy IF-THEN
rules is consistent if there are no rules
with the same IF parts but different
THEN parts.

We can see that consistency of fuzzy
rules is based on positive attitude of its
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antecedents and consequences towards
an example. Observing the adaptation
between an example and a rule, we be-
gin our study by classifying the examples
into positive and negative examples. An
example is considered positive for a fuzzy
rule when it matches with its antecedent
and consequent, and it will be consid-
ered a negative example when it matches
with its antecedent and not with its con-
sequent. A fuzzy system is consistent if it
does not contain negative examples and
if an example satisfies a consequent of the
rule (class), then it cannot be a member
of a training set of any other class.
Definition 3.2. [1] Let E be a set of ex-
amples and R be a rule. Then we have
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t-norm. Then we define the compatibility
between A and B by

o(A,B) = fup T (pa(z), pa(z))

4 ANALYSIS OF EXAMPLES
BASED ON CONFUSION MA-
TRIX

Usually our training data is divided
into positive and negative examples. We
can allow negative examples in our min-
ing process to some extend. As we see
further, negative examples can again be
classified. Based on the confusion ma-
trix [4] terminology (Table 1), we divide
the training data into true positive(TP),

+ . . g
E*(R) = {e € E is a positive example to R} ;e negatives(TN), False Positive(FP)
E™(R) = {e € E is a negative ezample to R} and False Negative (FN) examples. Such

and the cardinality of these subsets

shall be denoted by
n*(R) =|E*(R)|
n™(R) =|E"(R)|.

A fuzzy rule that covers a very small

number of negative examples and a very
large number of positive examples might
not be considered inconsistent. For this
a k-consistency property is defined as fol-
lows:
Definition 3.3. [1] Let A be the set of
rules and R be a rule and k € [0,1] be
a fized parameter. We say that the rule
R, such that n*(R) > 0, satisfies the k-
consistency condition if and only if

1. k=0 thenn (R)=0.
2. ke (0,1], then n (R) < k.n*(R).

Definition 3.4. Let A and B be two
fuzzy sets in universal set X, and T be a

a classification is very useful for a broader
study of fuzzy rules. For a fuzzy rule with
a set of antecedents and consequences,
TP is the number of instances which
match with rule antecedent and conse-
quent, TN is the number of instances
which does not match rule antecedent
and consequent F'P is the number of in-
stances which match only with rule an-
tecedent and FN is the number of in-
stances which match only with rule con-
sequent. So we can see that TN, FP and
FN are the three categorization of neg-
ative examples, which effect the consis-
tency of the rule base.

Table 1: Confusion Matrix

Predicted class

Actual class Yes No

Yes TP: True Positive | FP: False Negative

No FP: False Positive | TN: True Negative
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5 FUZZY REASONING
0DSs

METH-

Suppose that we have a set of p train-
ing examples E, = {e,...,e,} com-
posed of p numerical input-output prob-
lem variable pairs. At time ¢ = k, the
value of the variable vectors X and Y
are ex® and ey® respectively. That is,
these examples will present the following
structure:

ex = (exf, vt ey ik =1, s
Then we define
Definition 5.1. The positive (true posi-
tive) compatibility of the antecedents be-
tween the rule Ry and example e, is de-
fined by

TRi(ex) = T (i (e25), -, pas (e2}))
Definition 5.2. The negative (true neg-
ative) compatibility of the antecedents be-
tween the rule Ry and example e, is de-
fined by

“Ri(er) = 8(:“,{11 T - 7“14.51(6"”51))
Definition 5.3. The positive (true pos-
itive) association between an example ey,
and the rule Ry is defined by

TAuer) = T(T Rulex), up, (y")))
Definition 5.4. The negative (true neg-
ative) association between the consequent
of the rule R; and example ey, is defined
by

~Aier) = S(" Rulex), p, (¥7))
Definition 5.5. The false positive asso-
ciation between the consequent of the rule
R, and example ey, is defined by

FAier) = T(YRi(e"), g (ey"))

If this degree is greater than a specified
threshold, indicates that

Definition 5.6. The false negative asso-
ciation between the consequent of the rule
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Ry and example ey, is defined by
T Ai(er) = ST Rul€¥), g, (ey™))
Now we define the following:
Definition 5.7. (a) The set of true
positive examples is given by
Erp(Ry) = {ex € Ep[* Ai(er) 2 w}

(b) The set of false positive examples is
given by

EFP(R[) = {ek € Ep|+Al(€k) =0

and T Ry(e) > 0}

(c) The set of false negative examples is
given by
Epn(Ry) = {ex € Eplup,(¥*) #0

and tRy(ey) = 0 with TA(ep) =1}
(d)

The set of true negative examples is
given by
Ern(Ri) = {ex € Eplpp,(y*) =0
and T Ry(e) = 0}
Equivalently,

Ern(R) = {ex € Ep|"Ai(er) =1

and ey, ¢ EFP(R[) U E'FN(Rl)}
and their cardinalities are given by

(¢) n*(R) = |Erp(R)|
(b) n*(R) =|Epp(R)|
(c) n¥(R) =|Epn(R)|
(d) n~(Ri) = |Ern(R)|

Definition 5.8. Let R be a rule and E
a set of examples. Then the subset Epp
of E representing the true positive exam-
ples w-covered by R is called the w-cut of
Erp(R) and w is known as the covering
parameter.

We extend the k-consistency property
to the following, which allows some rules
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that neither contradicts nor supports a
rule, which is useful in rule generating
process. Thus we have two different
consistency definitions for fuzzy rules:
a lower consistency condition (using n~
and nF) and an upper consistency condi-
tion (using n* and nt).

Definition 5.9. Let A be the set of rules
and R be a rule and k € [0,1] be a fized
parameter. We say that the rule R, such
that n*(R) > 0, satisfies
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This penalization allows some negative
examples fromFEry, Epn, Epp to some
extend during the rule generating process
which is useful for the tuning to get much
finer rules.

Definition 5.11. For each R; in the
fuzzy rule base, A = {Ry,..., Ry}, we
define the following:

(1) minimum covering degree

1. the lower k-consistency condition if (2) minimum opposing degree

and only if

(a) k=0 thenn (R)=0.

() k € (0,1], then n=(R) <
knF(R).

2. the upper k-consistency condition if 4)

and only if

(a) k=0 then n*(R) =0.

() k € (0,1], then n*(R) <
knt(R).

This consistency condition determines
the best rules to represent a set of exam-
ples and gives a penalty for the presence

of different negative examples.
Definition 5.10. The penalization asso-
ciated for each rule to the non satisfac-
tion of the k-consistency property is given
by the lower penalty function, PNp(Ry)
and upper penalty function PNy(R;) re-
spectively defined as

PNL(R;)

1
= J
{ n—(Ry) — knF (R)) + exp(1)’

e
PNy (Ry)

1
= 1
{ nt(Ry) — knt(Ry) +exp(l)’

n~(Ry) < knF(Ry)
n~(R)) > kn*(R;) of rules and these rules should cover all

nE(R) < knt(R)
nE(R) > knt(R)

+ODy, — S A g
L |E|
Diegeti Ailen)
tCODp, ==2E 2 (4)
|E|
(3) mazximum covering degree
Deper T Ailer)
FCODp, = =&< (5)
L |E|
maximum opposing degree
-0y, = Zuce M
i

|E|

+*CDg,,” CDg,,* CDp, and TCDp, re-
spectively correspond to the number of
positive examples, number of negative ex-
amples, number of false positive examples
and number of false negative examples.
Remark 5.12. Foralll =1,...,M and
k=1,...,p, we have

“Rier) =17 Ry(ex)

6 COMPLETENESS OF A FUZZY
RULE BASE

A rule base may contain a number

possible situations that are faced by the
fuzzy system. The completeness prop-
erty describes a condition over the set
of rules covering all possible examples
without any conflicts among the rules.
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It means that at any point in the input
space, there is atleast one rule that fires.
Definition 6.1. /5] A set of fuzzy IF-
THEN rules is complete if for any x € X,
there exists at least one rule in the fuzzy
rule base, say rule Ry such that
Hal (m:) #0

forallt=1,2,...,n.
Remark 6.2. This property simplifies
the rule base by eliminating unnecessary
and redundant rules under the condition
of a minimal completeness degree on the
training set. So every example contained
in the training set to be covered by the
rule base.
Definition 6.3. Completeness property
for a set of rules R can be mathematically
defined by

Cr(er) = U tAy(er) > 1,

.....

with
() [FAer) NTAier) N~ Auler)] < 72

1=1,.,.M
where k = 1,...,p, 71,72, are reals. A

good Fuzzy Rule Base must satisfy both
these conditions, for the completeness
property and to have an adequate positive
covering value.

Remark 6.4. If Cg(er) > €, we remove
an example, fork =1,...,p.
Definition 6.5. For a fuzzy rule base
with fuzzy rules Ry, 1 =1,..., M, we de-
fine the following:

(1) (true positive)
value of an example e, € E, is de-
fined as

M
*OVR(ek) = Z +Ai(6k)

positive covering

)

negative (true negative) covering
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value of an example e, € E, is de-
fined as

M
~CVg(er) = Z ~ Ai(ex)

(3)  false positive covering value of an ex-
ample ey, € E, is defined as
M

“CValen) = 3" Ao
i1
(4) false negative covering value of an

example e, € E, is defined as
T

FCOVr(er) =Y T Ai(er)

i=1
Definition 6.6. The matching frequency
of a rule Ry with each of the example ej, €
E, is defined as

*M(R) = Dkt FAilen) + 35 TA(er)

p
Definition 6.7. The mismatching fre-

quency a rule Ry with each of the example
er € E, is defined as
- M(Ry) = i Ailer) + 308 FAier)

p
Definition 6.8. The accuracy of the rule

Ry through the set of examples E, is de-
fined as
A(R) = S T Aer) + D05 T A (er)

Definition 6.9. The 67‘3"07" value of the

rule Ry through the set of examples E, is

defined as

E(R) = > ks TAer) + Yok TA(er)
p

Definition 6.10. The precision of a rule

Ry is defined as
2k T Ruler)
PA(R) = =
(B) = S FAden + 2.0 Ao

Definition 6.11. The completeness of
the rule R; is defined by

ZZ=1+Ai(5k)
Comp(R;) = k=t 2i\ek)
omplR) = S FM(er)
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Definition 6.12. The interestingness of
the rule Ry is defined by

Interest(R;) = G

P- 2 kes TM(ex)

7 FUZZY RULE BASED SYSTEMS
FOR CLASSIFICATION

Suppose we have p patterns and n fea-
tures(attributes) {zy,...,z,} € R™ Let
C ={C4,...,Ck} be aset of class labels.
A non-fuzzy classifier [6] is any mapping
D : R* — Cl.i.e, each pattern in R” is
mapped to one class label in C.
Definition 7.1. /2] A general fuzzy clas-
sification system is formed by a set of
fuzzy If-Then rules can have the follow-
mg categories:

1. Fuzzy rules with a class in
the consequent: Ry
IF zy is Af and ... and =z, is AL
THEN y is (4 in  which
{z1,...,2,} are the features,
AL AL By, are fuzzy sets that

partition the universe of discourse,
and C;, (1 = 1,...
label to which the object is assigned.

,q) 1s the class

2. Fuzzy rules with a class and a
certainty degree in the consequent:
Ry:IF isA‘{and andaznisAln
THEN y is Cq with CFy
in which CF, is the degree of cer-
tainty that an object that matches
the rule antecedent belongs to class
Cy.

with a
tainty for all  classes
in the consequent: R, :
IF 2y is Af and ... and z, is A,

3. Fuzzy rules cer-

degree
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THEN yis C, with (SFi,...,SFy)
in which SF;(i = 1,...,k) is the
degree of soundness for the the
prediction of class C; for an o0b-
ject in the region described by the
antecedent.

The learning starts with a set of cor-
rectly classified training examples with
the objective to find a classifier that as-
signs class labels in a way that minimizes
the classification error across the entire
feature space.

Definition 7.2. For a classifiction rule
Ry : IF zy is Al and ... and z, is A
THEN vy is C;, the certainty degree of R;
that predicts the class C; is

CF! = po,(x) = paz(21) -+~ pag () (7)
so that C’F;' = pic,(x) = 0,4 # 4,5 =
1,...,k

Remark 7.3. For type 1 rules CF}
1,CF;=0,i#3,3=1,....,k and

8 FUZZY REASONING METH-
ODS FOR CLASSIFICATION

Assume, that the rule base of FRBCS
contains the rules A = {Ry,..., Ry}
Suppose that we have a set of p patterns
E,={ey,..
and K classes. At time ¢t = k, each pat-

., ept composed of n features

tern will present the following structure:
exk Ciyk=1,...,p;5=1,
Now with ¢, as the membership values

er = (exk, ..

for class Cj,5 =1,..., K, we define:
Definition 8.1. The positive (true posi-
tive) compatibility of the antecedents be-
tween the rule Ry and pattern ey is de-
fined by

+Rq(€k) = T(/""A'{ (ezllc)v Ry V' \S (GZZ))
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Definition 8.2. The negative (true neg-
ative) compatibility of the antecedents be-
tween the rule R, and pattern ey is de-
fined by
“Ry(er) = S(ujylead).. .. g (exh)

Definition 8.3. The positive (true posi-
tive) association between a pattern ey, and
the rule R, is defined by

TAq(er) = T(* Ryler), e, (ex))
Definition 8.4. The negative (true neg-
ative) association between the consequent
of the rule R, and pattern ey, is defined
by

“Ag(er) = S(T Rylex), e, (ex))
Definition 8.5. The false positive asso-
ciation between the consequent of the rule
R, and pattern ey, is defined by

* A (e) = T(*Ry(eb), g, (en)
If this degree is greater than a specified
threshold, indicates that
Definition 8.6. The false negative asso-
ciation between the consequent of the rule
R, and pattern ey, is defined by

FAqer) = S Ry(e), ey (1))

Similarly as in the case of fuzzy system

of input output pairs, we can define the
following for a classification rule also.
Definition 8.7. (a) The set of true

positive examples is given by

Erp(Ry) = {ex € Ep|" Aqlex) = w}

(b) The set of false positive examples is
given by
Epp(Ry) = {ex € Ep|+Aq(ek) =0
and *R,(e) > 0}

(c) The set of false negative examples is
given by

Epn(Ry) = {ex € Epluc,(ex) # 0

and *R,(ex) = 0 with TA,(e;) =1}
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(d) The set of true negative examples is
given by

Ern(Rg) = {ex € Ep|uc,(ex) =0
and TR,(e) = 0}

Fquivalently,
Ern(Ry) = {ex € Ep|~Agler) =11
and ey, ¢ Epp(Rq) U EFN(RQ)}

and their cardinalities are given by

(a)
(b)
(c)
(@) n~(Ry) = |Ern(Ry)|

Definition 8.8. Let R, be a fuzzy clas-
sification rule rule. Then we define:

n*(Ry) = |Erp(Ry)|
ni(Rq) = |Erp(Ry)|

n¥(Ry) = |Ern(R,)|

a) fuzzy minimum support:

tA
fominsupp(R,) = w
(8)

b) fuzzy minimum opposition:

Leer Ailer)

Jeminopp(Rg) = ]

(9)

¢) fuzzy maximum support:

FTA
femazsupp(Rq) = w

(10)

d) fuzzy maximum opposition:

- e
fomazopp(Ry) = w

(11)

which respectively correspond to the num-
ber of positive examples, number of neg-
ative examples, number of false positive
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examples and number of false negative 9 CONCLUSION

examples.

Definition 8.9. The matching frequency
of a classification rule R, with each of the
example e, € E, is defined as

i TAG(er) + 300 T A (eYerpretable fuzzy system.

Consistency and completeness are the
two important properties of a fuzzy
rule base which are essential for an in-
This study

+MC(Rq) p
Definition 8.10. The mismatching fre-
quency a classification rule R, with each

of the example ey, € E, is defined as
—MC(R ) - Zz:l 7AQ(ek) i3 Zz:l i14!1(6
q

k

mainly concentrated on fuzzy rule base
systems and fuzzy classification rules For
a finer study of consistency, we divided
the training data into true positive, true
negative, false positive and false nega-

Remark 8.11. *Mc(R,) (fnd “Mc(Ry)
represent the rate of presence and ab-
sence of items respectively.
Definition 8.12. The accuracy of the
classification rule Ry through the set of
examples E, is defined as

A(Ry) = Tt~ Aaler) + Eh *Aqler)

R p
Definition 8.13. The error value of the
classification rule Ry through the set of

examples E, is defined as

E(R,) = ket iAq(ek) + 201 TAg(er)
p

Definition 8.14. The precision of a

classification rule Ry is defined as

het T Aq(er)
PAR) = S Fagle) + 20 *As(en
Definition 8.15. The completeness of
the classification ruleZ];iq ij—je(ﬁgsd by
comotr - Zg
Definition 8.16. The interestingness of
the rule R, is defined by

Interest(R,) =

P
k=1

PA(R,)
p-tMc(Ry)

From these motivations, we also de-
fined many quality measures for fuzzy as-

sociation rules in the next chapter.

tive examples and defined the positive
and negative compatibility degrees and
corresponding association degrees using
T —norm and §—norm. Then we defined
a lower and an upper k-consistency prop-
erties which then gave penalization func-
tions PNy and PNy. This penalization
functions allowed some rules correspond-
ing to the negative examples in the rule
base, so that during the tuning process,
This cate-
gorization was very useful for a broader

these rules became better.

study of fuzzy rules, and consistency and
completeness of fuzzy rule base. The
defined completeness property gave the
idea that no rules in the FRBS went irrel-
evant. Also precision, completeness and
interestingness give the quality of the de-
termined fuzzy rule base. It was found
that these measures can also be used to
define the quality measures of the data
mining tasks.
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