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Abstract

     The heating coil, or inductor, is a special heating device that is shaped in a spherical design. The coil is
made up of ceramic or metal, such as copper, and gets heated when passing an electrical current. The heating
coil is subjected to corrosion when it is in contact with water over a prolonged period of time, and this affects
the conduction and also reduces the life of the coil. To avoid this, a coating layer of Blygold (Polyurethane
impregnated with aluminium) followed by zinc is coated on the surface of the coil. The design and analysis of
the proposed coated coil are performed using Intellisute software. The analysis includes both corrosion and
the effect of high pressure and stress on the copper coil. Both the coated and non-coated analysis results are
compared, and the performance enhancement of the coated copper coil is validated.

Keywords: Blygold, Corrosion, Heating coil, Intellisute software, Zinc

1. INTRODUCTION

     Nowadays, the heating coil used in water heaters
[1-3] is made of copper, which is used to heat the water
at high temperatures because it is a good conductor of
electricity and has corrosive resistance to water. And at
the same time, it can also withstand the pressure and
stress of the water very easily without causing any
damage to the heating coil. Normally, the corrosion and
damage will not occur on the heating coil which is placed
in the small water heaters (5 lts to 15 lts) which are used
in houses.

Fig. 1 Water heater with a copper heating coil

     But the large capacity water heaters like solar water
heaters (100 lts–1000 lts) have a copper heating coil inside
that is used to heat the water continuously at a high
temperature (600 C). These water heaters are mainly
used in apartments, colleges, hospitals, hotels, etc. For
these kinds of applications, the water heater must be
turned on 24/7 to keep the water hot at all times [4]. The
coil resists corrosion up to a temperature range of 6000

°C and can withstand pressure and stress up to 1242 psi
and 41 MPa respectively. Generally, the coil is made
with a thickness level of 6mm–15mm respectively and
corrodes at a rate of 0.25mm per year, but when the coil
is used in heating salt water, the coil gets cored at a rate
of 0.025mm per year [5–7]. The corrosion of the coil
occurs not only due to heating the coil to a high
temperature but also due to the pressure and stress
developed due to the continuous flow of water. Hence,
a detailed analysis is required to determine the rate at
which the coil gets corroded. Hence, a suitable simulation
is required to find out the optimal coating value required
to withstand the corrosion due to the various factors. In
this work, the MEMS software is used to perform the
simulation operation. A comparative study is performed
between the coated and non-coated heating coils, and
the optimal coating is obtained from the simulation results.
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Fig.2 Heating coil crack

Fig. 3 Heating coil corrosion

Fig. 4 Copper coil corrosion

     The crack that occurs on the coil is due to different
reasons, such as high temperature (when water is at
100 °C), high pressure, and stress (fig. 2, 3). If there is
any salt content present in the water, the coil will be
completely corroded and damage the entire system (fig.
4). These are all the problems that will occur in the heating
coil when coating is not given to the coil properly and at
the same time if the pressure and the stress are too high.

To avoid these problems, we created a design of the
heating coil in MEMS software (fig. 5) to analyse the
amount of corrosion and stress developed in the coil.
The analysis of the heating coil is done on three different
types of coating (first by using Blygold PoluAl XT, second
by using Zinc, and third by using both Blygold and Zinc),
and also the non-coated coil. By analysing the coil with
different methods of coating, we will be able to compare
the range of coatings which are suitable for the coil to
avoid corrosion and damage due to high temperature,
pressure, and stress.

2. THEORY OF CORROSION

     The corrosion that has occurred on the heating coil
(which is present in the solar water heater) is caused by
high pressure and stress. Consider a 3BHK apartment
(4 houses on one floor), which requires 20L of water per
floor. If we use a 100-liter capacity solar water heater
for that, a huge amount of pressure and stress will occur
on the heating coil while heating the water. When the
water is heated at a high temperature, the pressure and
stress inside the water heater lead to corrosion and can
damage the heating coil. This makes the coil corrode
very easily. A proper calculation has to be done in order
to find the optimal capacity solar water heater. For
example, If an apartment requires 800 litres of water,
then an 800 litre capacity SWH (Solar Water Heater) is
needed. If it is 1000 lts, then a 1000 lt capacity SWH is
required. If it is 1400 lts, we need two 700 lts SWH.
According to this ratio, the solar water heater must be
used.

     Another cause of corrosion in the heating coil is that
it is constantly submerged in water, and there is no
oxygen present inside the solar water heater, which
causes corrosion. The corrosion that occurs in the
absence of dissolved oxygen is known as anoxic
corrosion. In this type of corrosion, hydrogen gas is
released as a result of the reaction between copper atoms
and water molecules. It is because no proper coating is
given to the heating coil, so it makes the coil corrode
easily [8-13]. When the coils are heated, the pressure
and stress will be generated on the heating coil, which
will cause the coil to get corroded and damaged easily.
To avoid that problem, two different coatings are coated
on the heating coil to avoid corrosion. At the same time,
if there is any salt content in the water, the coil will also
get corroded very easily. It is because when the water
is heated (which may contain salt in it), the generated
pressure and stress act on the heating coil, making the
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coil corrode and damage the coil easily. The two types
of coating that are used to coat the heating coil are
Blygold PoluAl XT and Zinc.

2.1 Blygold PoluAl XT Coating

     Blygold PoluAl XT is a good coating source for
copper coils. It is mainly used for coating copper coils
and air-conditioning cooling pipes. The main purpose of
using Blygold for coating the copper coil is that Blygold
offers a range of solvent-based (if there is any salt content
in the water, it will dissolve it easily), and water-based
coatings that protect the heating coil from corrosion. At
the same time, they can withstand very high temperatures
very easily. The corrosion occurred due to a lack of
oxygen and the moisture content which is present in the
coil. To avoid this problem, Blygold coating is coated on
the heating coil to lock in the moisture absorption and to
prevent the coil from getting corroded. The thickness of
the coating that is needed to be coated on the heating
coil is 10m–12m. Even if corrosion occurs, the coating
will withstand up to 6–7 years. After that, a new coating
can be applied to the heating coil after removing the
coating with muriatic acid (hydrochloric acid).

2.2 Zinc Coating

     Zinc coatings are also good for coating copper coils.
The main purpose of the zinc coating is to provide a
protective layer against water to avoid the coil getting
corroded. Zinc can form protective layers comprising
basic carbonates, oxides, or hydrated surfaces depending
upon the nature of the environment. The thickness of
the coating that is needed to be coated on the heating
coil is 20m–25m. Even if corrosion occurs, the coating
will withstand up to 5–6 years (underwater pipes). After
that, a new coating can be applied to the heating coil
after removing the coating by using diluted muriatic acid
(diluted hydrochloric acid).

2.3 Micro Electro Fabrication using MEMS

     The blueprint and 3D builder are used to design the
copper heating coil in MEMS software. First, we use a
blueprint to create the design of the heating coil, which
consists of the detailed design of the heating coil, which
includes the detailed information of the material to be
used. Blygold PoluAl XT (Polyurethane impregnated with
Aluminum) at 12m and Zinc at 25m are the coating
materials used. After building the model, the appropriate
materials are selected. Further meshing is done to ensure

that the forces applied, such as pressure, temperature,
and stress, are distributed equally. In this, the mechanical
meshing is done and, normally, the analysis time mainly
depends upon the meshing size, so an optimal meshing is
required. In this work, a mesh size of 10m is obtained
for analysis. When the modelling is completed, the
boundaries of the designs need to be fixed together to
get the proper analysis value without any errors in the
design. The meshed model is subjected to forces and
the analysis is done by the Thermo Electro Mechanical
analysis tool.

3. RESULT AND DISCUSSION

     After analysing the copper heating coil in MEMS
software, we can check the difference between how
much pressure and stress the heating coil can withstand
before and after coating. It is observed that a comparative
study is shown in Table 1 and Fig.7-9, where the impact
of pressure and stress for different temperature
conditions is monitored for different levels of coatings.
It is shown that the pressure and stress impact are greater
in the non-coating coil when compared to the coated
coil, and among the coated coils, the combination of
blygold and zinc gives more preservation to the coil when
compared with the blygold and zinc coating separately.

Fig. 5 Design of the heating coil which is drawn in
the MEMS software

Design and Characteristic Study of Heating Coil Coated with Blygold Ploual Xt and Zinc
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Pressure(Psi) and Stress(Mpa)

Temperature0C

Fig. 6 Pressure vs Stress at different temperature
on non-coated coil

Fig. 7 Pressure vs Stress at different temperature
on Blygold coated coil

Pressure(Psi) and Stress(Mpa)

Temperature0C

Pressure(Psi) and Stress(Mpa)

Temperature0C

Fig. 8 Pressure vs Stress at different temperature
on Zinc coated coil

Pressure(Psi) and Stress(Mpa)

Temperature0C

Fig. 9 Pressure vs Stress at different temperature
on Blygold+Zinc coated coil

4. CONCLUSION

     The heating coil is designed and fabricated in MEMS
software in this work, and it is subjected to various
pressure and stress conditions at various
temperatures.The coils which are subjected to analysis
are of different combinations, such as a non-coated coil,
a Blygold coated coil, a zinc coated coil, and a
combination of both the coatings. It was found that the
pressure and stress impact are greater in the non-coating
coil when compared to the coated coil and comparing
the coated coil the coil with a combined coating of Blygold
and zinc performed better when compared to the non-
coated and individual coated coils. It is concluded that
the combinational coating of Blygold and zinc are best
suitable for the fabrication of heating coil.

Table 1 Impact of Pressure and Stress on Coating and Non-Coating of Coil at Different Temperature
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Abstract

     As automated recruitment is getting more and more common, manual hiring processes are becoming unpro-
ductive. This is due to the fact that recruiting firms get tens of thousands of unstructured resumes from candi-
dates with various levels of expertise. These resumes are too complex to assess manually; yet, an automated
recruitment system does so effectively. This makes it easier for recruiters to quickly evaluate, choose, organise,
and weed out irrelevant applicants. After the text extraction procedure is finished, the score is calculated using
the specifications they provided for the job. The calculated scores are then saved in the local system as a csv
file. We utilised a bar chart for better visualisation, and the image of the visualisation is saved as a jpg file on
the local computer. To parse the entire resume and to evaluate the resumes, the system makes use of a Natural
Language Processing method, NLP toolkit. Phrase Matcher which is provided by NLP toolkit is used to track
the frequency of words in various categories. We discovered from the experimental findings that our system
operates effectively.

Key Words: Natural Language Processing, Phrase Matcher. Hiring Process, Python, Resume, Human
      Resources

1. INTRODUCTION

     For recruiters’ talent acquisition is a critical, tedious,
and time-consuming process. The size of candidates who
are searching for a job is mindboggling. According to
LinkedIn, India has the huge percentage of candidates
who are “actively searching for a new job [1].” Prob-
ably, this is a very liquid and large market, but it also
contains a huge irritating inefficiency. The lack of a con-
sistent organisation and format is the most tedious as-
pect. Shortlisting potential profiles from thousands of re-
sumes for a particular job role is extremely time-con-
suming and laborious process [2]. To identify the best
resumes out of thousands of resumes for a particular job
role, effective resume screening and evaluating necessi-
tates domain expertise is required. Selecting or shortlisting
the resumes based on the job requirements is difficult for
the human resource department because there are huge
number of various job roles available nowadays, and also
huge number of applications submitted for a job position
[3]. India’s market is huge. Not only do one million can-
didates enter into the corporate or MNCs every month,
but there is also a huge turnover. This hiring process faces
three significant challenges they are:

 Short-listing the applicable individuals from the thou-
sands of individuals: With millions of individuals looking
for job in India, screening the resumes and selecting the
appropriate individuals is very difficult. This leads to the
entire hiring process gradual and inefficient, wasting time
for the company.

 Analysing the format of candidate resumes: We all
know that CVs that is received from thousands of candi-
dates are not in standard format and this is a second
issue. Each and every resume on the market has a dif-
ferent format. Human resource should manually go
through the resumes in order to filter out the best indi-
viduals for the job description. Obviously, this is time-
consuming and also leads to inaccuracy, because a good
candidate for the specified job may be overlooked in the
process.

 Confirming the candidates are eligible for the par-
ticular or specific role before hiring them: The third issue
and tedious problem is to evaluate the individuals whether
their CV is relevant or matches to the job description in
order to identify whether the candidate is capable for the
position for which she is being selected
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2. RELATED WORK

     The Hiring procedure in today’s world has witnessed
a huge change with the evolution of technologies like the
Internet [4]. The following section summarises some of
the related work performed in this domain of automated
recruiting systems.

     The Standard Multiple Linear regression model is aids
in predicting the performance of the candidates. Artifi-
cial intelligence (AI) has developed as a boon to the hu-
man resources (HR) by automating the process of short-
listing and eliminating the CVs. AI based shortlisting and
screening helps in automating resume screening process
[5]. The Natural Language Processing is implemented
to extract required information like skills, education, ex-
perience, from the resume from the unstructured resumes.
To get better results it is important to check whether the
resume matches with the job’s description. Cosine – simi-
larity is used to match the resume with the job descrip-
tion. The calculated scores are used to rank the resume
of the candidates [6]. The Natural Language Processing
is increasingly being used in recruiter’s applications, but
its purpose for this specific objective is still considered to
be limited. The system focuses especially on the task of
retrieving information about candidates from raw text
data in the form of resumes. And introduces an algo-
rithm to match resumes and job description. NLP has
the ability to extract the desired information from the
resume. Machine Learning (ML) also has been imple-
mented for analysing the unstructured resume [7]. The
ontology mapping is implemented for screening and evalu-
ating candidates for the given job description. It has three
phases of function which were the creation of candidate
ontology, construction of job description ontology docu-
ment and then finally mapping of these two to evaluate
which individuals are eligible for the job. The job descrip-
tion ontology is mapped to the individual’s ontology docu-
ment and it gives the eligible candidates as output [8].
An automated resume screening system uses different
machine learning algorithms and implements Support
Vector Regression to create a list of ranked candidates
based on job description. The system uses various tech-
nologies such as NLP, Spacy, TF-IDF etc., for retrieving
the criteria from the LinkedIn profile of the applicants. It
uses linguistic analysis to extract the personality charac-
teristics and hence the system also performs personality
mining [9]. The Internet and technology caused a con-
siderable impact on the recruitment method through the
creation of automated recruiting system that become a
primary part or module in most of the corporations. The

corporations established job positions on this system, ap-
plicants uses this system to send their resumes. Auto-
mated recruitment platforms accomplished clear benefits
for each HR managers and applicants by reducing the
recruiting time and the cost [10].

2.1 System Architecture

     The Figure1 shown below is the architecture of the
resume evaluator system. It represents the working pro-
cess of the resume evaluation process. The five mod-
ules of the system are, Extraction of Information,
Tokenization, Creation of dictionary with key terms,
Evaluation and scoring and Results Visualization. The
Candidate’s resumes and field that is selected by HR
are the two inputs to the system and stored in the data-
base for further evaluation. Information extraction is done
using NLP Natural language Processing Techniques and
PYPDF2 module [11,12]. Scores are calculated for   every
resume and the results are stored in a data frame and
graphical representation of the results are displayed to
the users.

Fig.1 Architecture of our proposed system

Resume Screening Using Natural Language Processing
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3. PROPOSED METHODOLOGY

     In this following section, we explain the concepts and
methodology that facilitate the construction of the pro-
posed Automated Resume Evaluating System [ARES].
The system functions in the following phases as described
below.

3.1 Extraction of Information

     The foremost step of our proposed system involves
information extraction from the CVs. The data in the
resumes is not in a structured or standard format [13].
There are noises, inconsistencies and irrelevant bits of
data which is of no use for the recruiting process. The
aim is to extract only the relevant keywords from the
unstructured textual data in the CVs. Using techniques
like Tokenization, Stemming, etc., our system obtains only
the required keywords which are important job-descrip-
tion from the uploaded candidate resumes. The resume
that are uploaded by the candidates will be in PDF for-
mat. For extracting texts from PDF Pages, we have
implemented PyPDF2 module. PyPDF2 is a python li-
brary used for performing different operations on PDF
files such as extracting the specific information, merging
the PDF files, splitting the pages of a PDF file, encrypt-
ing and decrypting the PDF files [14]. And also, we have
used Textract, which provides a single unified command
line interface and Python API for extracting text from a
various number of file types [15].

3.2. Tokenization

     After converting the PDF resume format into text,
we start the tokenization process to determine terms that
form up a character sequence. This is necessary as
through these words, we will be able to obtain meaning
from the original text sequence. Tokenization involves
dissecting large chunks of text into smaller parts called
tokens. This is achieved by eliminating or isolating char-
acters like whitespaces, numbers and punctuation char-
acters. Tokens are sentences and then are further split
into individual terms. By performing Tokenization, we can
retrieve more information such as the number of words
in a text, frequency of a particular word in the text and
etc[15]. The tokenization can be implemented in multiple
ways such as using Natural Language Toolkit, the SpaCy
library, etc [13]. And also, we are converting all strings
to lowercase for further process. Tokenization is a im-
portant step to get accurate and efficient results.

3.3. Creation of Dictionary with Key Terms

     The candidates or engineers should have knowledge
and background of each concentration area. It is often
recommended for them to undergo a career in a specific
concentration area within this field [16]. Additionally, we
all know that we are currently on the specialization era,
recruiters are more likely to prioritize the applicants with
a strong background, knowledge and experience in a
specific area or field than “generalist” applicants. Un-
fortunately, there is a misconception within the applicants
between being “excellent and proficient” and being “spe-
cialized and highly skilled” in a specific area.
For the following hiring process or method, we have built
a resume screening system using Python, which is ca-
pable of categorizing keywords into various concentra-
tion areas and identifying the one with the highest exper-
tise level in the applicant’s resume. For example, let’s
take the field ‘computer science’ and the system evalu-
ates and categorizes into different areas (data base man
agement, data structure, network and security, AI and
data science, Data analytics). The key terms which are
included in each area of this following dictionary were
relevant to the job description. This dictionary can be
customized to add or remove key terms according to the
requirements of the job that is required for a specific job
role.

3.4. Evaluating the Resume or CVs

      The resume is evaluated by calculating the scores
per each area. The algorithm scores the resume by count-
ing the occurrences of the keyword in the dictionary in
each area and it stores the result of each area which will
be used for evaluating them. The scores in each area
are stored in a data frame. The scores are displayed in
descending order hence the highly skilled area is displayed
first. The total score of the resume is also calculated.
For a better visualization, the percentage of scores per
each area are represented in a graphical form. There
are two possible ways of evaluating these results. First
is by looking at the score’s summary data frame, recruit-
ers can identify how many key terms were included in
each concentration area from a given job description.
The second way is, by looking at the pie chart which is a
graphical format, hiring managers can identify the candi-
dates highly specialization area. The scores will be highly
influenced by the number of keywords in each special-
ization area which is specified in the dictionary.

T. Kumaresan and S. Premikkha
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     Based on the results, we can analyse that candidate
2 best fits the job posting followed by candidate 1 and
candidate 3. The candidates 1 and 3 are having lesser
score when compared to candidate 1. The graphical rep-
resentation of percentage of scores per area of candi-
dates are displayed in figure 5.

4. RESULTS AND DISCUSSION

     For testing our system, we have used the resumes
based of computer science field. We have taken three
relevant resume samples from the Internet which is based
on computer science field. And those resumes are read
by one by one from the folder and undergoes extraction
of text from PDF, text cleaning, and finally the evalua-
tion is done. Figure 1 given below shows the sample out-
put after the calculations are performed are get stored
inside the data frame. Fig 5. Graphical representation of Evaluated scores

X axis – Candidate’s resume
Y axis – Scores of the Candidates

5. CONCLUSION

     In this paper, we presented an automated resume
evaluating system where complexity of recruitment pro-
cess is being minimized by eliminating the various prob-
lems faced by the hiring managers as they relied on tra-
ditional shortlisting of applicants for a given job role. There
are two possible ways of evaluating these results. First
is by looking at the score’s summary data frame, recruit-
ers can identify how many key terms were included in
each concentration area from a given job description.
The second way is, by looking at the bar chart which is a
graphical format, hiring managers can identify the candi-
dates highly specialization area. The scores will be highly
influenced by the number of keywords in each special-
ization area which is specified in the dictionary. The sys-
tem explores the resume that best fit the particular job
role.
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Abstract

      Agriculture is the backbone of our country’s economy. Rice is especially the primary food of our Indian
people. Rice production in our country during the year 2021 -22 is 130.23 million tones. Rice production
can be reduced by the diseases affecting the rice crop. Numerous major diseases such as blast, brown spot,
bacterial blight, sheath blight, etc. are damaging the rice plant. Also minor diseases such as bakanae, false
smut, and grain discoloration are affecting the rice crop, therefore reducing the yielding and leading to
unprofit. So, in this paper a deep learning algorithm has been used to face this issue. Convolution Neural
Network is the pre-eminent method in deep learning algorithms used for object detection and
classification. This article focuses on diseases like brown spots caused by fungi and bacterial blight in the
rice plant. The proposed CNN classification is implemented with the aid of 1000 samples of data set and
obtained 96 % of accuracy.

Keywords: Bacterial Blight, Brown Spot, CNN, Rice Disease Identification

1. INTRODUCTION

     Three basic needs of human’s life: food, clothing and
shelter. As food is the basic need of human beings,
production of food has to be very large. Rice is especially
an important food of our country. In the 1960s, high
yielding semi-dwarf rice varieties were introduced by
the International Rice Research Institute (IRRI). After
that, India reached self- sufficiency in rice production.
From then, India exports rice to foreign countries. Though
the production of rice increases, diseases affecting the
rice plant also increase. The major problem is diseases
called brown spots caused by fungi and blight caused by
bacteria in rice production. Brown spot: A fungal disease
which affects mainly the leaves, leaf sheath of the rice
plant. The big brown colored spots appearing on the leaf
can destroy the whole plant. Brown spot happens in any
stage of crop, but it becomes very dangerous when it
occurs in the ripening stage. Figure 1 represents brown

spot occurs in the rice plant leaf.

      Bacterial leaf blight: It is caused by Xanthomonas.
When the rice plant is affected by Xanthomonas bacteria,
the affected leaves turn yellow into straw colored, finally
leading the plant to die. It is one of the severe diseases
that take place in rice plants. Bacterial leaf blight occurs
in the early stage of crop development means high
yielding loss will occur. Figure 2 represents how bacterial
leaf blight occurs in rice plant leaves.
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Fig.1 Brown spot in rice plant



Fig. 2 Bacterial leaf blight in rice plant

     So, to overthrown these problem essential solutions
has to be created. To classify the disease, CNN
architecture has been proposed. It has three layers
namely, convolution layer, pooling layer and finally fully
connected layer. Even though CNN is an efficient
algorithm to classify the images, there are some
challenges in identifying and classifying the diseases in
plant leaf. Quality of leaf image should be very high,
leaf color may vary due weather and varieties of diseases
are available. Considering these challenges into account,
detection of leaf disease has been proposed.

2. LITERATURE REVIEW

     For identifying diseases in leaf also to classify those
diseases in the leaf, many articles has been proposed
with image processing techniques and deep learning
algorithms. By analyzing the following articles,
modifications would be made to upgrade the performance
Convolutional Neural Network (CNN) model.

 Proposed a classification of leaf disease using image
processing. It has three steps in the classification of
leaf disease such as pre-filtering, features withdrawal
and testing of the images. In pre-filtering the image
size has been adjusted followed by features of leaf
like shape and color are extracted. Finally the
unhealthiness of the leaf has been found by applying
the image processing techniques.

 Employs a following techniques such as image
acquisition, next one is image preprocessing, then
image segmentation and  feature extraction. Finally
k-means algorithm for the classification leaf diseases
in paddy.

 Suggested a genetic algorithm to identify and
segregate the diseases of  plant leaf.[7] proposed a
method called k-means clustering for leaf disease
diagnosing and classification using SVM, where

SVM(Support Vector Machine) has two types of data
set, one is test dataset and another one is training
data set. By comparing these two dataset, healthiest
and unhealthiest leaves are classified.

 Introduced a CNN in soybean leaf.           It takes a
dataset containing soybean leaves with all kind of
leaves including good and unhealthy leaves. This
proposed Alex Net and Google Net model provides
accuracy of 98.75 % and 96.25% respectively.

 Suggested technique to identify disease in tea leaves.
Image augmentation and image preprocessing were
done. Also 88% of accuracy is obtained by using this
method

3. PROPOSED WORK

     Our proposed system uses pre-trained Convolutional
neural network (CNN) model to classify the test samples
from the trained dataset. Dataset of infected leaf images
were collected from the kaggle website. It contains 220
sample dataset of infected leaf images and healthy leaf
images. In which 80 were brown spot leaf images, 70
were bacterial blight disease leaf images and 70 were
healthy leaf images. Brown spot leaf images were labeled
as class A, bacterial blight disease leaf images were
labeled as class B and healthy leaf images were named
as class C. Summary of the trained and test dataset are
given below.
Kagglewebsite:https://www.kaggle.com/datasets/
vbookshelf/rice-leaf-diseases

3.1 Sample Dataset

Table 1 Sample dataset of infected leaves
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     After collecting a dataset containing infected leaf
images and healthy leaf images, CNN model has been
trained. Images have been preprocessed and these
preprocessed images are fed into the pretrained model.
Further, the process is carried out by the CNN layers.
Architecture of the CNN model has represented in
figure 4.

Fig.3 Sample dataset of infected leaves

     Finally, the disease of the infected leaf has been iden-
tified and it is classified.

4. RESULT & DISCUSSION

Rice Plant Diseases Classification Using Deep Learning Algorithm

IJEST  Vol.14  No.1&2  January - December  202013

T
ot

al
 T

es
t 

S
am

p
le

s 
w

it
h

 A
cc

u
ra

cy

Fig.5 Result

Fig.4 Architecture of CNN

     Result has been shown in figure 5. To increase the
performance of the CNN, learning rate, mini batch size,
epochs, and iteration are slightly changed. Therefore,
accuracy of this model 98.33 % is obtained.
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5. CONCLUSION

     In the proposed work, rice leaf diseases like brown
spot and bacterial blight have been examined. With the
support of Convolutional neural network models, disease
of rice plant has been identified and classified. Also the
output is obtained with 98.33 % accuracy rate. In the
future, more varieties of diseases which affect the rice
plant can be identified using this model.
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Abstract

     The existing single hydrogen bond thermotropic liquid crystalline binary series of PA+8BAO & PA+9BAO
and PA+8BAO & PA+10BAO are investigated from the synthesized precursors of Palmitic Acid (PA) with p-n-
alkyloxy benzoic acid (nBAO) and it comprising of eighteen liquid crystalline complexes. From these two sets,
each set provided nine mesogenic complexes and totally eighteen complexes are harvested by varying the
molar proportions from 0.1 to 0.9. The attractive phase textures of this binary series are recorded with the
assistance of Polarizing Optical Microscope (POM). Thermal analysis is studied with the aid of Differential
Scanning Calorimetry (DSC). The intermolecular hydrogen bonding is confirmed through the FTIR analysis.
The phase transition temperature values of various phases are compared through POM and DSC analysis.
Thermal properties like thermal stability factor, thermal equilibrium, odd-even effect, phase transition
temperature, enthalpy estimation and specific heat analysis are compared between these two sets of binary
series.

Keywords: Binary series, Enthalpy and specific heat, Hydrogen bond, Mesogenic complexes, Odd-even effect,
             Phase textures, Phase transition temperature, Precursors, Thermal stability factor.

1. INTRODUCTION

     Fourth state of matter called liquid crystals that are
derived between crystalline solid and isotropic liquid but
it exhibited the anisotropic property. These liquid crystals
play a vital role in the fabrication of flat panel display
devices. Some applications are chromatography, flat
window technology, watches, monitors and mesogenic
formulations in cosmetics and medicines. The purpose
of display devices in this modern world is because of its
wide range of viewing angle, high brightness as well as
high resolution. But it is sensitive to high temperature
and electromagnetic fields. Among the three types of
liquid crystal, twisted nematic type is preferable for the
display device manufacturing because of its self-
assembled molecules as well as lower atomic weight.
The complexes chosen for this thermotropic hydrogen
bond liquid crystal is the combination of mesogenic and
non-mesogenic constituents that is responsible for the
maximum efficiency exposed. During the temperature
variation, the intermolecular interactions are held, and
then the different kinds of mesogenic phases are
identified. There are two functional groups available in
the HBLC preparation. Due to the intermolecular
interaction, the physical and chemical properties of the

proposed mesogens are enhanced and it is represented
for the application purpose. Paleos and his colleagues
investigated several kinds of thermotropic HBLC.

     New mesogenic phase is induced or suppressed in
the prepared binary series. This is analyzed with the help
of different characterization techniques. Two set of linear
single bond thermotropic HBLC binary series viz.,
PA+8BAO: PA+9BAO and PA+8BAO: PA+10BAO
are prepared by changing the steps of 0.1 in its molar
proportion, then eighteen binary complexes are yielded
as the final products. While blended, one complex is
taken as X and another complex is taken as Y then its
optical, chemical and thermal properties are investigated
and compared. Because of the effective ratio of
complexes, the enormous phase polymorphism is exposed
by these novel series.  The well-known mesogenic
complex of p-n alkyloxy benzoic acid is synthesized with
a non-mesogenic complex of palmitic acid and finally
exhibits the conventional mesogenic phases with large
transition temperatures. The precursors and its binary
series enhanced the structure-property behaviors and it
is applicable in the area of optical filters, shutters and
modulator.
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     The projected binary mesogenic complexes possess
a large transition with respect to temperature and reveal
the nematic phase which is effectively used in the
fabrication of display devices. The results of these two
binary complexes of PA+8BAO: PA+9BAO and
PA+8BAO: PA+10BAO are discussed.

2. REVIEW OF LITERATURE

     Chandrasekar et al [1]  investigated the double
hydrogen bond liquid crystals formed between methyl
malonic acid  and p-n-alkyloxy benzoic acids are
characterized. The molar ratio variation from the
precursors of
MM  +  8BAO: MM  +  11BAO &
MM  +  8BAO: MM  +  12BAO then
it revealed rich phase polymorphism and yielded 18
binary mixtures as a result. The molar range varied from
0.1 to 0.9 for the entire 18 binary complexes. Thermal
and optical properties are characterized.

     Kaushik Pal et al [2] established an effort taken to
form hydrogen bond between CdS nanostructures and
supramolecular mesogens with p–n-alkyloxy benzoic
acids (n-OBA). Dielectric relaxation with respect to
temperature, measurement of tilt angle, electro-optical
switching measurements monitoring the emission of
polarization from the semiconductor nanostructures. It
exposes electrically tunable interaction may allow for
practical engineering applications like electro-optical
switch.

     Malek Fouzai et al [3] derived the linear supra-
molecular liquid crystals, 4-(octyloxy) benzoic acid
(8OBA) and 4-(octyloxy)-3-fluoro benzoic acid
(8OBAF). The chemical analysis was investigated
through NMR and FTIR. The phase texture of
compounds was studied with polarized optical microscopy
(POM), differential scanning calorimetry (DSC) and
dielectric spectroscopy. The binary mixtures of
complexes are established with high resolution and the
phase diagram is plotted for both heating and cooling
run.

     Sangameswari et al [4] established thermotropic
double hydrogen bonded ferroelectric liquid crystals with
the commbinations of N-carbamyl-L-glutamic acid
(CGA) and p-n-alkyloxy benzoic acids (BAO). The
projected complexes of CGA + 5BAO, CGA + 6BAO,
CGA + 7BAO and CGA + 8BAO were utilized for the
preparation of binary series and  harvested 27 binary

mixtures. From the studies, smectic X* phase is observed
in the entire three series. Phase diagrams of these series
are constructed from polarizing optical microscope
(POM) and differential scanning calorimetry (DSC)
examination. Odd–even effect, phase transition, stability
factor, thermal equilibrium and tilt angle are also
computed.

3. PREPARATION OF BINARY COMPLEXES
PA+8BAO: PA+9BAO & PA+8BAO: PA+10BAO

     The synthesized complexes of PA+8BAO,
PA+9BAO and PA+10BAO are obtained from the well
formulated way. In the current work, PA+8BAO is taken
as X complex and PA+9BAO /PA+10BAO are taken
as Y complex. Eighteen binary complexes are attained
as the final product while varying the molar amounts,
from 0.1 to 0.9. The optical and thermal properties of
these complexes are explained below.

4. DIFFERENT  METHODS  OF
CHARACTERIZATION

     Fourier Transform Infrared Spectroscopy (FTIR)
analysis is used to confirm the occurrence of
intermolecular hydrogen bonding among the binary
mixtures of different proportions. ABB Bomem MB 3000
series is the FTIR spectrometer used for taking the
spectra of the entire binary complexes with IR range
from 4000 cm-1 to 400 cm-1.The charming textures of
these series are obtained by Polarizing Optical
Microscope (POM).Nikon Imaging Software (NIS) is
connected with POM to record the various textures of
the mesophases. The phase transition temperature is
identified through the Instec HCS402-STC 200
temperature controller. The thermal examination was
taken through Differential Scanning Calorimetry and
recorded thermograms revealed the various thermal
properties of the mesogens.

5. POM TEXTURES

     The entire binary mesogens melt at the temperature
of 60oC. The POM and DSC studies revealed the thermal
stability of these binary series.

Linear Hydrogen Bond Liquid Crystal Binary Series Comparison between pa+8bao: pa+9bao & pa+8bao: pa+10bao
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 (a) Droplet nematic at 82.3°C (b) Threaded nematic at 72.7°C

(c) Multi-colored smooth mosaic texture at 58.3°C

Fig.1. PA+8BAO & PA+9BAO (0.6X:0.4Y)

6.  PHASE ORDER OF BINARY MIXTURES

     The two conventional mesogenic phases are exhibited
by this binary series. Nematic phase is denoted in the
figure 1(a) & 1(b) and smectic G phase is denoted in the
figure 1(c).

In cooling run, the phase transition of binary mixture is
denoted below.

Isotropic N Sm.G Crystal

7. CHEMICAL ANALYSIS

7.1 Fourier Transform Infrared Spectroscopy
(FTIR)

     The existing intermolecular hydrogen bond is
confirmed through FTIR mixtures.

7.2 Thermal examination

     Thermal examination is done by Differential Scanning
Calorimetry (DSC). Phase transition temperature,

enthalpy calculation, specific heat computation, stability
factor and thermal equilibrium are attained. While cooling
runs, from isotropic to crystal changes are observed for
the whole binary series. The binary combination is chosen
only dependent on the nematic phase suppression as well
as exhibition. In the precursors, from (p-n-alkyloxy
benzoic acid, nBAO) n=12 to n=8, nematic phase is
exposed then from n=7 to n=5 nematic phase is
suppressed.

     The variation of the nematic phase is analyzed for
these binary series. It is denoted in figure 2. This is the
essential phase for flat panel display fabrication. The
phase variation is dependent on the molar ratio, carbon
number in p-n-alkyloxy benzoic acid and non-mesogenic
complex (palmitic acid). In the precursor of PA+8BAO,
the nematic phase is suppressed but in PA+9BAO that
phase is exhibited. The same thing is happening in another
binary series of PA+8BAO: PA+10BAO also.

P. Rohini
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     The variation of the smectic G phase is also analyzed
for these binary series. It is denoted in figure 3. The
phase variation is dependent on the molar ratio, carbon
number in p-n-alkyloxy benzoic acid and non-mesogenic
complex (palmitic acid). This phase is exhibited by all
the series. It is more useful in smart window technology.
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8. CONCLUSION

     The noted higher thermal range of both the phases in
binary series is utilized for the wide commercial purpose
compared to thermal range of the phases in the
precursors. Among the various types of liquid crystalline
phases, the inducement of nematic phase for these binary
series is more favorable for the liquid crystal application.

9. RESULT
9.1 Comparison of Nematic phase temperature
between PA+8BAO & PA+9BAO

9.2 Comparison of Smectic G phase temperature
between PA+8BAO & PA+10BAO
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Abstract

     In this work, we investigated the molecular structure of kaempferol glycosides by using B3LYP/6-
311G++(d,p) level of theory. The performance of the quantum chemical methods for predicting theoretical
characterization of H1 and C13 NMR spectra is evaluated for afzelin and juglanin using same level of theory
as well as standard double-zeta and triple-zeta quality basis sets. In order to determine the appropriate
structure and functional groups for the title compounds are elucidated by IR vibrational assignments based
on its absorbance and transmittance spectra. From the above observations, DFT method provides suitable
platform to design and synthesis of new derivatives with ease of characterization of chemical structure through
simulated spectral analysis.

Keywords: Afzelin, C13-NMR, DFT, H1-NMR, IR, Juglanin

1. INTRODUCTION

     Flavonoids obtained from natural sources gains
prominent towards the antioxidant property. About 8000
compounds with ыavonoids are identified from various
parts of plant sources which include ыowers, fruits and
leaves [1]. Existence of constituents attached to structure
are common to most of the ыavonoids include basic
ыavonoid skeleton and various combination of multiple
hydroxyl and methoxyl group substituents [2].

     Currently, elucidation of structure of secondary
metabolites from natural sources through theoretical
methods advances over the experimental one. It is due
to the fact that availability of compounds is very small in
amount and hence not enough to examine to all
characterisation process [3].  In this sense, theoretical
methods are adopted to determine the various activities
based on the basic skeleton and constituents present in
it.

     The scope of nuclear magnetic resonance (NMR)
spectroscopy incorporates both the structure and
dynamics for the validation of materials for various fields
[4,5].

     Among them, the characterization of natural products
devises major problems such as i) molecules possess a
large and complex molecular backbone, ii) molecules
possess many conformations due to its flexible nature
and need of much effort to sort out, iii) their spectral
assignment of proton (1H) and carbon (13C) NMR
spectra with most signals are very crowded at specific
regions for each functional groups, iv) 1H chemical shifts
are mostly lying to solvent effects [6,7].

Afzelin
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Fig.1 Chemical structure of Afzelin and Juglanin

     Hence, it is of interest to study the structural
characterisation through theoretical simulation studies
using density functional theory (DFT) for kaempferol
glycosides, afzelin and juglanin as shown in Fig.1. Owing
to the presence of functional groups and glycosidic
linkages, its vibrational modes corresponding to them are
analysed with the help of infra-red (IR) spectroscopic
analysis. Detailed investigation regarding chemical
environment and the structure is successfully carried out
for afzelin and juglanin compounds with the help of H1

and C13 NMR characterization done through gauge-
independent atomic orbital (GIAO) method.

2. COMPUTATIONAL METHODOLOGY

     In the present work, cartesian co-ordinates of afzelin
and juglanin are considered for ground state geometry
optimization. DFT is adapted to perform simulations under
the level of theory B3LYP (Beckes-three parameter
reformulated by Lee Yang and Parr) using the triple zeta
valence basis set 6-311G(d,p) and polarization functions
++ are also been considered, since the system is highly
delocalized one[8]. Entire simulations were computed
by the quantum chemical software Gaussian 09 and
visualizations by both Gauss view 5.0 and chemcraft
software. Optimization of structure has been achieved
through most stable geometry by applying same level of
theory [Fig.2].

     For afzelin, the structural optimization took 9 hours
28 minutes 58.0 seconds involving and for juglanin, the
structural optimization took 16 hours 59 minutes 34.0
seconds involving 30 optimization steps. Additional
feature, an intramolecular hydrogen bond of length 1.699
A is found for afzelin compound with ground state
minimum energy of -1564.8771034 Hartrees and for

juglanin, it is -1525.5879351Hartrees respectively. The
optimized geometry is adopted for frequency simulation
to obtain IR and NMR spectral assignments to validate
the structure of afzelin and juglanin [5].

Juglanin

Juglanin

Fig.2 Optimized structures of  Afzelin and Juglanin

Afzelin

3. RESULT AND DISCUSSIONS
3.1 Spectroscopy Analysis
3.1.1 Afzelin -C13 NMR Analysis:

     C13 NMR spectroscopy is having chemical shift value
is twenty times as that of H1 spectroscopy due to the
low abundance nature of C13 isotope are given in
Figure 3.

     The chemical shift value is increased by the presence
of the oxygen and double bond [9]. The oxygen is
removing its electron density and double bond generating
ring current which makes the deshielding effect. In
C-16, high chemical shift value of

V.Deepha, R. Praveena and T. Kumaresan

IJEST  Vol.14  No.1&2  January - December  2020 22



     166.5ppm is obtained due to the presence of oxygen
fused in pyranose ring. Consequently, C-14 and C-13
atoms possess chemical shift value of 111.5 ppm owing
to ring closure effect of oxygen. The C-11 and C-12
atoms having chemical shift values of 109ppm and 106
ppm in line for the presence of the electronegativity nature
of oxygen are displayed in Figure 1.

     In the case of C-24 and C-27 atoms, chemical shift
values 85 ppm and 86ppm for the presence of double

bond. The C-15 and C-20 atoms shows the chemical
shift value of 77ppm and 70.5ppm for existence of oxygen
and double bond. The C-29 and C-30 are having chemical
shift values of 68ppm and 66 ppm shows the presence
of a double bond. The C-17, C-31 and C-18 gives
chemical shift values are 38ppm, 26ppm. of 19ppm
respectively. The C-19, C-23, C-28 and C-21 atoms are
having chemical shift values of 9.5ppm,17.2ppm,
18.2ppm, and 18.5ppm. From the various range of
chemical shift values, the structure of Afzelin compound
is validated and displayed in the Fig.1.

3.1.2 Afzelin- H1 NMR Analysis

     The H1 NMR spectroscopy is more precession than
the C13 NMR spectroscopy, because the structure is more
accurately identified. The splitting pattern depends upon
the principle of spin -spin splitting, but here the
identification is based upon the theoretical way [10, 11].
It is based upon the absorption of the radio frequency at
higher or lower region due to chemical environment. From
the Fig.4, chemical shift values of H-38 and H-37 atoms
are 32ppm and 31.8ppm depicts the presence of oxygen
atom at the same side having high electronegativity to
makes high chemical shift value. Similarly, H-40, H-41,
and H-42 positions having chemical shift values of 31ppm,
31.5ppm and 29.5ppm respectively, because of hydrogen
is bonded to an alcoholic -OH group. Low chemical shift
values for H-39 atom than H-38 and H-37 atoms are
due to the less action of oxygen atom which it is fused
as a pyranose form. In the case of H-36, H-44 and H-45
hydrogen having low chemical shift value of 24.5ppm,
24ppm and 23ppm, because it is not affected by the
double bond and oxygen atom. The H-43, H-47 and H-
48 atoms are having higher chemical shift values than
the previous case due to their effect of the double bond.
The attachment of the oxygen atom is verified by H-33,
H-50 and H-51 atoms exhibiting chemical shift values of
27.5ppm, 28ppm and 28.6ppm. The 32and 46 hydrogen
having chemical shift value of 26.5ppm and 27ppm due
to the oxygen atom and the double bond attachment.
Hence from the above H1 NMR data, the structure of
afzelin found to be as displayed in Figure1.

3.1.3 Juglanin -C13 NMR Analysis

     In juglanin molecule, the observed chemical shift value
of 106ppm for C-11 represents the electronegativity
nature of oxygen is bonded in the form of -OH group as
shown in fig.5. For C-12 and C-13 atoms, the chemical
shift values 102.5ppm and 98ppm shows the presence

Fig. 3 C13 NMR spectra of afzelin simulated by B3LYP/6-
311G++ (d,p)level of theory
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of -OH group and the furanose ring closure of oxygen.
The C-14 having chemical shift of 75ppm which is less
than the C-15 of 118ppm owing to the presence of -OH
group is attached to the C-15 it makes downfield shift
[12]. The C-16 having higher chemical shift value of
42ppm than the C-17 (20ppm), due to the presence of
oxygen (electronegative moiety) and the double bond.
The C-18 (2ppm) having lower chemical shift value than
the C-19 (75ppm), due to the C-18 containing oxygen is
makes intramolecular hydrogen bonding.it makes upfield
shift. The C-21(54ppm) having higher chemical shift value
than the C-20 (21ppm), due to the presence of double
bond makes a downfield shift. The C-23 (88ppm) having

higher chemical shift value than the C-22 (12ppm),
presence of -OH group is shows intra-molecular
hydrogen bonded with C-18 containing oxygen. The C-
24 and C-25 carbon having chemical shift values are
48ppm and 45ppm, due to the presence of double bond
makes a downfield shift. The C-26 (84ppm) having higher
chemical shift value than the C-27 (14ppm), due to the
presence of double bond, makes downfield shift. The C-
28 and C-29 carbon having chemical shift value of
66.5ppm and 64.5ppm, due to the presence of double
bond, makes downfield shift.

3.1.4 Juglanin- H1 NMR Analysis

     The H-31 and H-32 exhibit the chemical shift value
of 27.3ppm and 27.6ppm .due to electronegativity
character of oxygen (in the form of OH group is
attached) to the same carbon atom. The H-33 show
chemical shift value of 28.6ppm due to the H-33 is bonded
to the carbon is furanose ring closure of neighboring
oxygen. The H-34 shows chemical shift of 25.8ppm due
to the oxygen is not affected by the hydrogen [13]. The
H-35and H-36 gives chemical shift value of the 28.5ppm
and 28.3ppm due to the oxygen is bonded to the same
carbon. The 37, 38 and 39 positions of hydrogen having
chemical shift value of 28.6 ppm, 30.6ppm and 30.0ppm
due to the hydrogen is bonded to the oxygen. At H-40,
owing to chemical shift value of 25.6ppm for double bond.

     The H-41 and H-42 hydrogen having chemical shift
value of 24ppm and 23.8 ppm, it is due to the presence
of anisotropic nature of double bond creating ring current.
At H-43, chemical shift value of 26.1ppm for the
presence of double bond. Similarly, for 44 and 45
hydrogen having chemical shift value of 25.1ppm and

Fig. 4 H1 NMR spectra of afzelin simulated under B3LYP/6-
311G (d,p) level of theory
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Fig.5 C13 NMR spectra of Juglanin simulated under
B3LYP/6-311G (d,p) level of theory
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24.9 ppm. At H-46, chemical shift value of 19.2ppm
confirms the presence of intramolecular hydrogen
bonding.

3.2 IR Spectroscopy Analyses

     IR spectroscopic technique is commonly used for
analysing samples with covalent bonds. Simple spectra
are obtained from samples with few IR active bonds
and high levels of purity. More complex molecular
structures lead to more absorption bands and more
complex spectra. In the present study IR spectra

simulated using density functional theory are presented
in absorption and transmittance mode.

3.2.1 Observed Vibrational Assignments for Afzelin

     IR spectrum of afzelin is displayed in Fig.7, provides
the following observations.  The absorbance peak
appeared near the region of 1660cm-1 confirms the
presence of carbonyl (-C=O) group [14, 15]. The
absorption band of C-O stretching is found between 1350-
1000 cm-1 confirms the presence of alcoholic (-OH)
group. Particularly, for primary alcohols show the
absorption band at 1350-1260cm-1 and for secondary
alcohols appeared at 1350-1160 cm-1. The absorption
bands at regions are 1367cm-1, 1292cm-1 and 1196cm-
1 which confirms existence of the secondary alcoholic
group. The absorption band of C-H stretching in the
region of 969cm-1 confirmed the presence of substituted
trans alkene. For C-H stretching, absorption peak in the
region of 917 cm-1 is confirmed the presence of
monosubstituted alkene systems. The absorption band
of C-H in the region of 824cm-1 is confirmed the
presence of substituted aromatic hydrocarbons [16].
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Fig. 7 Observed IR assignments for afzelin -
absorbance and transmittance mode
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Fig. 6 H1 NMR spectrograph of Juglanin simulated
under B3LYP/6-311G (d,p) level of theory
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3.2.2 Observed Vibrational Assignments of Juglanin

     For juglanin, the vibrational assignments of free -OH
group is found in the region of the 3705cm-1 is displayed
in fig.8. The intramolecular hydrogen bonding of O-H
stretching between 5-OH and C=O in C-ring is witnessed
in the region of 3267cm-1[14]. The wavenumber
corresponds to the 3093 cm-1 refers the alkenes groups
which occurs as =C-H stretching. The absorption band
of  -C-O stretching corresponds to the region 1642cm-1

confirms the presence of –C=O group[15].
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Fig. 8 Observed IR assignments for Juglanin -
 absorbance and transmittance mode

     Consequently, absorption band of C=C stretching in
the region of the 1536cm-1 confirms the presence of
aromatic hydrocarbon systems. The presence of cis-trans
alkene ring system is verified at the region of 952cm-1.

4. CONCLUSION

     In the present work, structural pattern and the position
of functional groups of kaempefrol glycosides which
includes afzelin and juglanin through theoretical mode with
the aid of DFT has been carried out. Molecular geometry
(bond length, bond angle, dihedral angle and minimum
ground state energy conformer) are achieved with the help

of exchange correlation functional B3LYP and triple zeta
valence basis set 6-311G (d,p) is adopted in the present
investigation. From the results, it is observed that
spectroscopic investigation regarding chemical
environment and the structure is successfully carried out
for the title compounds with the aid of H1 and C13 NMR
methods adopted for characterization has accomplished
through GIAO method. In this connection, the existence
of the functional groups and its vibrational modes
corresponding to them are analyzed with the help of IR
spectroscopic analysis.

REFERENCES

[1] K Anbazhakan, R Praveena and K Sadasivam,
“Theoretical Insight on Antioxidant Potency of
Kanzakiflavone-2 and its Derivatives”, Structural
Chemistry, Vol. 32, No.4, 2021, pp. 1451-1458.

[2] J. S.Park, H.S.Rho, D.E.Kim and I.S. Chang,
“Enzymatic Preparation of Kaempferol from Green
Tea Seed and its Antioxidant Activity”, Journal of
Agriculture and Food Chemistry, Vol.54, 2006, pp.
2951-2956.

[3] E.Ruiz, E.Padilla, S.Redondo, A.Gordillo-Moscoso
and T.Tejerina, “Kaempferol Inhibits Apoptosis in
Vascular Smooth Muscle Induced by a Component
of Oxidized LDL”, European Journal of
Pharmacology, Vol.529, 2006, pp.79-83.

[4] K.Anbazhakan, R.Praveena, K.Sadasivam,
G.Salgado and W. Cardona, “Theoretical Insight on
Structural Activities and Targets of Kaempferol
Glycosides”, Afinidad, Vol.78, 2020, pp. 236-239.

[5] J.M. Calderσn-Montaρo, E. Burgos-Morσn, C.
Pιrez-Guerrero and M. Lσpez-Lαzaro, “A Review
on the Dietary Flavonoid Kaempferol”, Mini-
Reviews in Medicinal Chemistry, Vol.11, 2011, pp.
298-344.

[6]  R.G.Parr and W.Yang, “Density-Functional Theory
of Atoms and Molecules”, OUP, Oxford, 1989.

[7] V.Deepha, R.Praveena, R.Sivakumar and
K.Sadasivam, “Experimental and Theoretical
Investigations on the Antioxidant Activity of
Isoorientin from Crotalaria Globosa”, Spectrochimica
Acta Part A: Molecular and Biomolecular
Spectroscopy, Vol.121, 2014, pp.737-745.

[8] R.Praveena, A.Balasankar, K.Aruchamy, T.Oh and
V.Polisetti, “Structural Activity and HAD Inhibition
Efficiency of Pelargonidin and its Glucoside-A
Theoretical Approach”, Molecules, Vol. 27, No.22,
2016.

V.Deepha, R. Praveena and T. Kumaresan

IJEST  Vol.14  No.1&2  January - December  2020 26



[9] Brian C. Smith, “Infrared Spectral Interpretation:
A Systematic Approach”, 1st Edition, ISBN:
0849324637.

[10] B.Cowan, “Nuclear Magnetic Resonance and
Relaxation”, Cambridge Univeristy Press, 1997.

[11] C.Banwell and E.M.McCash, “Fundamentals of
Molecular Spectroscopy”, 4th Edition, McGraw Hill,
1994.

[12] William Kemp, “Organic Spectroscopy”, Palgrave
MacMillan, 1991.

[13] Dallas L Rabenstein, “NMR Spectroscopy: Past
and Present”, Analytical Chemistry, Vol. 73, 2001,
pp. 214A-223A.

[14] R.J. Abraham, J.Fisher and P.Loftus, “Introduction
to NMR spectroscopy”, John Wiley and Sons, 1992.

[15] D.C.Harris, M.D.Bertolucci, “Symmetry and
Spectroscopy: An Introduction to Vibrational and
Electronic Spectroscopy”, New York. Dover
Publications, INC.

[16]  D. Jeevitha, K.Sadasivam, R.Praveena and
R.Jayaprakasam, “DFT Study of Glycosyl Group
Reactivity in Quercetin Derivatives”, Journal of
Molecular Structure, Vol.120, 2016, pp.15-24.

Theoretical Insight of Spectroscopic Investigation (H1 and C13 NMR) and Vibrational Assignments of Kaempferol Glycosides

IJEST  Vol.14  No.1&2  January - December  202027



DNN CLASSIFICATION USING THREE LEVEL DETECTION OF

AUTOMATED ULTRASOUND THYROID IMAGE APPLICATION

K.P. Sampoornam, K. Dhayanithi Devi,  J.Sashmitha and S. Sree Harini
Department of Electronics and Communication Engineering,

Bannari Amman Institute of Technology, Sathyamangalam- 638 401, Erode District, Tamil Nadu
E-mail: sampoornam@bitsathy.ac.in , dhayanithidevi.co21@bitsathy.ac.in

Abstract

     The most prevalent hormone imbalance in India is hypothyroidism, which affects 42 million individuals.
One in ten Indians nationwide suffer from this serious medical condition. The precise use of ultrasound image
characteristics is the root of the issue. In this work, we describe a method for differentiating between benign
and malignant thyroid nodules that is based on merging traditional ultrasound and deep neural infrastructure
ultrasound elasticity pictures. evaluating small sample sizes and determining depth characteristics. To produce
a hybrid feature space, the depth information from ordinary ultrasound pictures and images of ultrasonic
elasticity are integrated. The experimental results show that the suggested method, with an accuracy rating of
0.9829, outperforms contemporary single information procedures under identical conditions.

Keywords: DNN, Elasticity photographs, GLCM, RMSE, Ultrasonography

1. INTRODUCTION

     Thyroid dysfunction is a significant matter in the
medical field nowadays, particularly for women in their
middle years. Thyroid problems are illnesses that prevent
your thyroid from producing the right amount of
hormones. Your thyroid typically produces the hormones
needed to keep your body operating normally. Your body
utilizes its resources too rapidly when the thyroid produces
inadequate amounts of the hormone thyroid.

     Image understanding, image analysis, and computer
vision employ electrical (digital, in this context) techniques
of observing and analysing pictures. This paradigm is used
to forecast the consequences of human vision. Enhancing
visual information for human interpretation and processing
scene data for unsupervised machine perception are the
two main goals of digital image processing.

      If thyroid autoimmune infection is suspected, blood
samples can be taken then tested for anti-thyroid
autoantibodies. The diagnosis of a nodule may be assisted
by technologies such as ultrasound, biopsy, radioiodine
imaging, and uptake testing. The rate of thyroid nodule
and carcinoma identification has decreased due to the
widespread use of ultrasonography (US), the major
approach for the diagnosis and risk assessment of thyroid
nodules as well as for providing recommendations for
their evaluation and non-invasive treatment.

2. MATERIALS AND METHODS
2.1. Existing System

     One of the most common hormonal carcinomas are
thyroid nodules. Global epidemiology statistics show that
thyroid cancer becomes increasingly common.
Ultrasonography is the most used technique for
identifying and tracking thyroid cancer. The accurate
localization of thyroid masses, the characterization of
echogenic properties inside thyroid nodules, and the
detection of ring - shaped, argument blood flow signals
inside the masses are all made possible by the safe,
practical, quasi-repeatable, and repeatable ultrasound
diagnostic technology.

     Also, it may discover incredibly small lesions and
evaluate how smoothly the blood flows through them.
Compared to Computed Tomography (CT) and magnetic
resonance imaging, ultrasonography is more effective in
identifying the pathological features of benign and
malignant tumours (MRI).

2.1.1 Training Fine-tuning

     The initial notion is the most logical. As images taken
using diverse imaging techniques have characteristic
distributions other than their own, we anticipate that the
network can learn the relationships between two
separate feature distributions. We combine ultrasonic
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elasticity pictures and standard ultrasound images to
provide a single dataset for training. Each batch of data
is fed into the pre-trained VGG16 model using Gaussian
random sampling. A 4096-grouped-dimension output
vector is provided by the model.

2.1.2 Ultrasonic Equipment

     Using the most recent real-time SWE capabilities on
an L14-5 linear transducer and the Resona 7 diagnostic
US system,  thyroid nodule evaluations were performed
(Mindray Medical International, Shenzhen, China). The
stiffness of a margin was determined using the Resona’s
unique shell analysis technique (0.5–9mm surround the
lesion).

2.2 Proposed System

     The clinical diagnosis of autoimmune disease requires
SPECT imaging since thyroid disease has surpassed
diabetes to become the second-most prevalent endocrine
condition. The application of SPECT pictures in
computer-aided thyroid disease detection based on
machine learning algorithms has, however, been given
relatively little attention. A convolutional neural network
with optimization-based computer aid is developed to
recognize thyroid disease using SPECT images. The
three parameters taken into account are subacute
thyroiditis, Graves disease, and Hashimoto disease. The
educational process has been improved by employing
modified convolutional neural network community dense
internet structure.

     The usage of a neural network improves the training
program. The creation of the trainable weight parameters
upgrades each skip link in the Dense Net. The learning
rate optimization of the flower pollination method is added
to the network teaching model. Studies have
demonstrated that when used to identify thyroid
problems in SPECT images, the recommended
convolutional neural network method performs better than
prior CNN algorithms. CNN may ascertain the thyroid
stage. Conclusions When it comes to correctly predicting
thyroid cancer in US consumers, CNN’s practicality and
quality transcend those of trained radiologists.

Fig.1 Block Diagram for Characteristics Identification
Using Deep Learning

DNN Classification Using Three Level Detection of Automated Ultrasound Thyroid Image Application

IJEST  Vol.14  No.1&2  January - December  202029



     As per Figure 1, many thyroid nodules are
inadvertently found, it is crucial to distinguish between
benign and malignant nodules during Fine Needle
Aspiration (FNA) biopsies and therapies. Since many
thyroid nodules are discovered unintentionally, it’s
essential to distinguish between benign and cancerous
nodules. the method of identifying characteristics in
thyroid ultrasound images using deep learning.

     Ultrasound pictures are pre-processed to normalise
their scaling and remove any undesired artefacts. The
pre-processed image samples are then used to improve
the already trained Google Net model, increasing feature
extraction. The features uncovered by thyroid computed
tomography is used to separate the data into “malignant”
and “benign” incidences using a Cost-sensitive Random
Forest classifier. With classification results, sensitivity,
and specificity of 96.34%, 86.6%, and 99% for images
in our local health region database and 98.29%, 99.10%,
and 99.90% for images in an open access database.

Table 1  Experimental Results Comparison

     The experimental results given in Table 1 shows that
the proposed Google Net model generates exceptional
classification performance even before it is properly
tuned.

2.2.1 Need of DNN?

     Regardless of whether there is a linear or nonlinear
relationship between the input and the output, the DNN
selects the most appropriate mathematical operation to
transform the input into the output. As the network
progresses through the layers, the probability of each
output is determined. A DNN that has been taught to
recognize dog breeds, for example, may look at the image
supplied and assess the chance that the dog in the image
belongs to a certain breed. While seeing the results, the
user may input the recommended label and choose which
probabilities the network should represent (those that
are larger than a specific threshold, etc.).

2.2.2 Data and Evaluation Indexes

     Clinical pathology supported the thyroid ultrasound
imaging results that Huiying Medical Technology

(Beijing) Co, Ltd. provided for the study. The ultrasonic
pervasive by Implorer provided the experimental data,
and the detector’s frequency ranged from 10 to 14 MHz.
The tests included 1156 sonograms of the pulmonary
nodules in 233 patients. 539 benign photos and 617
malignant images were captured throughout 578
longitudinal and cross-sectional images. Before
extraction, the ROI region of each nodule picture
underwent a colour channel modification. Moreover, using
the radiologist’s annotation data, we individually obtained
the conventional ultrasound and ultrasonic elasticity data
components of each photograph during the pre-processing
step.

3. RESULTS AND DISCUSSION

     The results of our provided code for the subsequent
thyroid segmentation and extraction are described in the
findings shown below. Fig.2(a) demonstrates the network
layer graph, which is created between the x and y axes
and between the T and A. The differences in selecting
the best course of action are represented by the dots
that are interconnected.

Fig.2 (b)Maximum Pooling

Fig.2 (a)Create and test network
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     The area afflicted by the thyroid may be seen in the

highest swimming photograph in Figure 2(b). Considering

this, Figure 2(c) muddled appearance of the thyroid

affected region. The above-mentioned graphic provides

details on the histogram equalized image of the thyroid

area affected that is handed the grey image of the

segmented section of the image, and then the linear

Figure 2(d) procedure contrasts that in an interesting

manner.

Fig.2 (c) Convoluted Image

Fig.2 (d)  Linear contrast stretched image

     After the segmentation based on the neural network
that the segmented are of the normal image and the
convoluted grey scale image if given for the calculation
in the neural network, and the values are being given in
the figure 2(e).

Fig.2 (e) Neural Network

6. CONCLUSION

     In this research, we present research and a method
for discerning between benign and malignant thyroid
nodules leveraging feature extraction and feature fusion
using conventional ultrasound and ultrasonic elasticity
images. After considering the clinical use of ultrasound
imaging, we employed two separate data sources-
ultrasound and ultrasound elasticity images-to distinguish

between malignant and benign thyroid nodules. Moreover,
the feature extraction method ensures that different
feature extractors are independent, that the target data
domain’s data distribution is classified, that conventional
ultrasounds have heightened awareness, and that
representations of ultrasound elasticity have higher
specificity.

DNN Classification Using Three Level Detection of Automated Ultrasound Thyroid Image Application
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Abstract

     Density functional theory (DFT) is the most popular theoretical method for investigating the electronic
properties of soft matter. DFT calculation is employed to optimize a new hydrogen bond liquid crystal complex
(HBLC). In this DFT approach, the HBLC complex was designed, and the intermolecular hydrogen bonding
between liquid crystalline 4-(Dodecyloxy) benzoic acid and non-liquid crystalline homophthalic acid (HPA)
was justified using theoretical IR spectrum. Extensive DFT studies was performed on the electronic properties
of the HPA+12OBA HBLC complex and its chemical reactivity descriptors were discussed. MEP analysis
(Molecular Electrostatic Potential) is engaged to explore the chemical properties and active sites of the
HPA+12OBA HBLC complex. By using Natural Bond Orbital (NBO) analysis, the stabilization energy and
charge transfer between the HPA and 12OBA moiety was reported. Mulliken population analysis was employed
to estimate the atomic charges and electronic charge distribution of the HPA+12OBA HBLC complex. The
theoretical (DFT) predictions, like reactivity parameters, frontier molecular orbital study explains the liquid
crystalline characteristics of the HPA+12OBA HBLC complex and its stability.

Keywords: DFT method, HBLC complex, MEP, NBO method, Reactivity descriptors

1.  INTRODUCTION

     At Present, dynamic research era in liquid crystal
scientists is intermolecular interaction [1, 3]. LCs were
used in technological applications through H-bonding
because of their self-assembling characteristics [4-7].
4-n-alkyloxy benzoic acid based liquid crystals (LCs)
have fascinated a distinctive attention in the designing
of hydrogen bond liquid crystal complex due to its
anisotropic nature [8]. Presence of maximum chain length
in the HBLC complex, induces mesomorphic nature [9],
also enhanced thermal stability of smectic behaviour was
reported [10]. As a result, higher homologues of HBLC
complex is used in optical modulator [11], optical shutter
and filter [12, 13].

     The addition of 12OBA compound into a non-
mesogenic materials results drastic change in molecular
properties of HBLC complex including an increase in
thermal span width, thermal stability, induced smectic
behaviour along with decreasing melting point [14] and
significant influence on the LC properties [15, 16]. While
increasing alkyloxy chain length in the HBLC complex,
enhances the mesogenic range by providing improved

smectic layered arrangement which is also favour of
decreasing clearing point [17].

      Exploring the reactivity of LC molecules via
intermolecular H-bonding, the DFT approach is the most
effective tool [18]. In the designing of HBLC complex,
rigid core and flexible core units play vital role in
thermotropic LCs. The carboxylic acid group (-COOH)
having strong polarity and rigidity [19]. The effect of
flexible and rigid core unit on the HBLC complex via
intermolecular H-bonding shows significant variations in
mesomorphic properties [20]. K.D. Katariya et al studied
that higher chain length LC compound exhibit more
ordered smectic behaviour of DFT calculation [21].
Deepak Gupta et al explained the molecular dynamics,
charge distribution and NLO properties of LCs by DFT
method [22]. H. A. Ahmed et al studied the LC phase
stability and mesophase dependent alkyloxy chain length
by theoretical method [23]. The novelty of HPA+12OBA
HBLC complex as follows: The increment of alkyloxy
chain length results tuneable mesogenic behaviour in the
HBLC complex. As compared to lower homologues of
HPA+nOBA (n=6-8) HBLC complex, higher
homologues (HPA+12OBA) HBLC shows four brush
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texture of nematic phase, broken focal conic texture of
smectic C phase along with smectic F phase
(Checkardboard texture) respectively.

     As compared to lower homologues of HPA+nOBA
(n=6-8) HBLC complex, HPA+12OBA HBLC shows
tilted smectic ordering phase which is more beneficial in
optical modulator, optical shutter and optical filter. As
increment of carbon number in the HPA+nOBA (n=6 to
12) HBLC complex, HPA+12OBA HBLC complex
shows optimal thermal width for tiled smectic C phase.
The thermal stability of smectic C phase was found to
be very high compared to its lower homologues series
which is apt material for optoelectronic devices. In the
present study, newly designed HBLC complex is studied
using DFT calculations. Further, the structural parameter,
chemical reactivity, global reactivity descriptor (GRD),
diploe moment and intermolecular charge transfer of
optimized HPA+12OBA HBLC complex were
extensively studied. Finally, atomic charges and active
sites of HPA+12OBA HBLC complex were discussed.

2.  COMPUTATIONAL (DFT) METHOD

     DFT/B3LYP theory model is used to calculate the
molecular geometry of the HPA+12OBA HBLC complex
with a basis set of 6-311G. (d, p) [24-27]. Gaussian 09
software is used to calculate the molecular modelling of
the HPA+12OBA HBLC complex using the DFT
approach [28]. Chemcraft and Gauss view 52  software
is utilized to display the optimised geometry, frontier
molecular orbitals (HOMO-LUMO), and active sites of
the HPA+12OBA HBLC complex [29]. NBO (NBO
3.1 software) analysis is used to calculate the charge
transfer from the lone pair or -electrons to the antibonding
atoms, the stabilisation energy and the intermolecular
hydrogen bonding of the HPA+12OBA HBLC complex
[30]. Figure 1 represent the optimized geometry of
HPA+12OBA HBLC complex, corresponding H-bond
length/angles were shown in figure 2.

Fig.2. a) HB length b) HB angle of
 HPA+12OBA HBLC complex

3.  RESULT AND DISCUSSION
3.1Global reactivity descriptors

     The molecular structural parameters of HPA+12OBA
HBLC complex are calculated using formula [31] and
given in Table 1. The HPA+12OBA HBLC complex
shows higher electrophilicity index (3.5845) which
confirms the higher electronic transition [32]. The
HPA+12OBA HBLC complex shows low global
hardness and increasing global softness compared to
lower homologues [33]. This is an evidence to the optical
polarizability, improved chemical stability and induced
mesomorphic behaviour.

Fig.1 The molecular geometry of HPA+12OBA HBLC

Table 1 Physicochemical properties of
HPA+12OBA HBLC complex

3.2 Theoretical Vibrational Assignments of
      HPA+12OBA HBLC Complex

     The vibrational assignment of HPA+12OBA HBLC
complex computed   plays remarkable role to analyse
functional group of LCs using theoretical DFT calculation
[33]. Fourier transform infrared (FT-IR) spectra of
HPA+12OBA HBLC complex was recorded in the range
of 3500–500 cm”1 and it is presented in figure 3.
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HPA+12OBA HBLC complex shows red shift of 28
cm-1 and 120 cm-1 for C=O and O-H stretching
respectively while compared to 12OBA. Similarly, red
shift of 52 cm-1 and 40 cm-1 is observed for C=O and O-
H stretching respectively while compared to HPA
compound. The experimentally observed vibrational
assignment (figure 3a) shows C=O stretching as
1628 cm-1 and O-H stretching is identified as 2870 cm-1.

Fig.3 b) Theoretical FTIR spectrum of
 HPA+12OBA HBLC complex

Fig.3 a) Experimental FTIR spectrum of
HPA+12OBA HBLC complex

     Symmetric vibration of benzene ring of 12OBA is
identified at 514, 1630, 1671 cm-1.  The alkyloxy carbon
stretching is observed between 538-1529, 3021cm-1.
Asymmetric stretching of benzene ring of HPA is
observed at 1636cm-1. The symmetric carbonyl stretching
(C=O) is identified at 1734, 1746, 1779, 1805 cm-1

respectively. The O-H stretching is theoretically observed
at 3093, 3109, 3135cm-1. The symmetric hydroxyl
stretching (O…H) is observed as 3268cm-1, which
confirms the existence of intermolecular hydrogen
bonding in between HPA and 12OBA which induces
smectic phases in HPA+12OBA HBLC complex
(Figure 3b). This is confirmed by the HOMO-LUMO
analysis. The stimulated IR spectrum of HPA+12OBA
HBLC complex validated with the experimental result
[33].

3.3. HOMO-LUMO Analysis

     HOMO-LUMO analysis is a significant method to
govern the chemical stability of LCs [34]. The frontier
molecular structure of HPA+12OBA HBLC complex is
shown in figure 4. 12OBA act as an electron donor
(HOMO) whereas HPA acts as an electron acceptor
(LUMO). In HPA+12OBA HBLC complex, HOMO
confined with mesogenic 12OBA while the LUMO
spreads over non-mesogenic HPA moiety.
Band gap energy, E

g
 (eV) = E 

LUMO
 - E 

HOMO
… (1)

     In the HPA+12OBA HBLC complex, E
HOMO

= -
6.5101 eV whereas E

LUMO
= -1.7507 eV. Using above

formula, the band gap energy of HPA+12OBA HBLC
complex is calculated as 4.7594 eV.  This band gap
energy value is lower than the reported HBLC complex
[33].

(a)                                          (b)
Fig. 4 a) HOMO and b) LUMO plot of

HPA+12OBA HBLC complex

3.4. Molecular Electrostatic Potential (MEP)
       Analysis

     Electrostatic potential surface in 3D colour of
HPA+12OBA HBLC complex is represented in figure
5 (predicted by DFT calculation). MEP is used to study
the active atomic sites of LCs [35].  The negative
electrostatic potential surface of HPA+12OBA HBLC
complex is distributed in the red region (flexible core).

Quantum Chemical behavior of HBLC Complex: HPA+12OBA
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     The blue region (Rigid core) indicates the positive
electrostatic potential surface of HPA+12OBA HBLC
complex. The stimulated MEP charge distribution of
HPA+12OBA HBLC complex shows the superior
mesogenic behaviour.  The electrophilic sites locate over
oxygen atom of HPA+12OBA HBLC complex whereas,
the nucleophilic sites spread over H-atom of benzene
ring of HPA+12OBA HBLC complex. Followed by, the
neutral electrostatic potential surface (green colour
region) spread over alkyloxy chain of HPA+12OBA
HBLC complex.  Due to charge transfer between non-
mesogenic HPA and mesogenic 12OBA, the MEP
surface of HPA+12OBA HBLC complex changed which
evidences the existence of intermolecular H-bonding.

3.5 Natural Bonding Orbital (NBO) Analysis

     NBO analysis is powerful tool for the stabilization of
LC molecular fragments [33].  In HBLC complex

contain lone pair (LP) of H-bond acceptor and H-bond
donor. The corresponding stabilization energy of
HPA+12OBA HBLC complex is calculated using second
order perturbation theory of Fock Matrix method.
Intermolecular H-bonding (O

3
…H

125
) (O

4
…H

73
)

(O
24

…H
21

) (O
76

…H
20

) along with its stabilization
energy is listed in Table 2.

     From the table 2, lone pair orbital of LP (2) O
24

 to
antibonding orbital of π* (O

2
-H

21
) transition shows strong

interaction with highest stabilization energy (23.51 kcal/
mol). A noteworthy observation is that H- atom and O-
atom of carboxyl groups of HPA+12OBA HBLC
complex contribute hyper conjugate interaction in the
HBLC complex. The NBO study is a good agreement
with Mulliken atomic charge distribution analysis of
HPA+12OBA HBLC complex.

3.6 Mulliken Charge Distribution Study

     Mulliken atomic charge distribution techniques is a
versatile theoretical calculation to analyze the molecular
behaviour of LCs [34]. In general, reactivity, dipole
moment, and the IR spectrum are governed on atomic
charges [36].  Mulliken atomic charge distribution of
HPA+12OBA HBLC complex is shown in figure 6.

Table 2 Charge Transfer Mechanism of HPA+12OBA HBLC Complex

Fig. 6 Mulliken charge distribution of
HPA+12OBA HBLC complex
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     It is observed that all the H-atoms in the
HPA+12OBA HBLC complex shows positive charge
whereas, O-atoms are negative charge.  The maximum
value of negative charges are identified for O

3
, O

4
, O

24

and O76 (-0.2761e, -0.3412e, -0.3777e and -0.2791e)
while the maximum value of positive charges are
observed for H

20
, H

21
, H

73
 and H

125
 (0.4334e, 0.5780e,

0.5595e and 0.5311e). Here the noteworthy observation
is that the charge exchange between oxygen and H atom
significantly influence the electronic properties of LCs.
During HBLC complex formation, O

3
…H

125
, O

4
…H

73
,

O
24

…H
21

 and O
76

…H
20

 confirms the intermolecular H-
bonding which implies that rich phase polymorphism in
LCs.

4. CONCLUSION

     The theoretically calculated IR spectrum of

HPA+12OBA HBLC complex is good agreement with

the experimental data. Global reactivity descriptors of

HPA+12OBA HBLC complex is discussed. The

calculated HOMO–LUMO energy gap values proved

that the HPA+12OBA HBLC complex is optically more

reactive complex. The electrophilic and nucleophilic sites

of HPA+12OBA HBLC complex studied through MEP

analysis.  NBO and Mulliken charge distribution

supported intermolecular charge transfer in the

HPA+12OBA HBLC complex.
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Abstract

     3-(6-methyl-1H-benzo[d]imidazol-2- yl)quinoline-2(1H)-one (AVMPDO) is prepared and characterized
by FT-IR and NMR spectral studies. The optical properties of the synthesized compound are analyzed using
absorption and emission studies. In application part pH titration and metal binding are carried out and
notable sensing property is identified in aqueous medium. Theoretical studies are also performed using
Differential functional theory and Auto dock studies.

Keywords: Absorption, Auto dock study, Benzimidazole, Differential functional theory, Emission, Fluorescence,
                Metal binding, pH sensor, Quinolines

1. INTRODUCTION

     Fluorescence chemosensors play a vital role in various
fields, including analytical chemistry, biology,
environmental monitoring, and materials science[1]. The
following list details the key reasons for the importance
of the fluorescence compounds: (1) Sensitivity and
Selectivity for detecting specific analytes which play a
crucial in applications such as detecting pollutants,
monitoring biological processes, and identifying trace
amounts of substances in complex samples; (2) Real-
time Monitoring of analytes which provides immediate
feedback and continuous data acquisition, making them
valuable tools in various dynamic processes for example
study cellular processes, or monitor environmental
parameters like pH, temperature, and ion concentrations;
(3) Fluorescence-based sensing techniques are often non-
invasive, minimizing the need for sample preparation or
destruction; (4) Imaging and Visualization- By modifying
the sensor’s structure and chemical properties,
researchers can tailor its characteristics to suit specific
applications, expanding the versatility of fluorescence-
based sensing platforms[2,3].  All listed applications are
very limited and there are enormous applications are
observed [4]. Accordingly, continued research and
development in this field hold promise for addressing
various analytical challenges and advancing to understand
the complex systems[5].

     Consequently, the synthesis and characterization of
new fluorescent probes have emerged as a vibrant area
of research in the field of supramolecular chemistry [6,7].
Many of the reported fluorescent probes exhibit dual
functionality as dyes for cell imaging studies and
molecular sensors for specific species, including metal
ions and anionic species [8]. Moreover, they have proven
to be crucial for sensing molecular-level environmental
factors such as pH and solvent polarity [9]. Recently,
there has been a growing aspiration to develop single
probe systems capable of detecting multiple species
simultaneously, driven by the diverse needs in various
fields and the demand for cost-effective application
[10,11]. Based on this context, 3-(6-methyl-1H-
benzo[d]imidazol-2-yl)quinoline-2(1H)-one was
synthesized, followed by a comprehensive analysis of its
characterization and application studies.

2. EXPERIMENTAL PART

     Dehalogenation reaction of Benzimidazo quinoline
AVMPDA [12] results benzimidazo oxyquinoline
AVMPDO compound. The synthetic procedures of the
dehalogenation process are as follows. 5 mmol (1.5 g)
of compound AVMPDA in 100 ml round bottom flask
was dissolved in 30 ml of acetic acid. To this mixture 5
mmol (0.42 g) of sodium acetate was added and stirred
for 10 min.
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The resulting mixture was refluxed in an oil bath with
the duration of about 3 hrs. Completion of the reaction

Fig. 1 Preparation of AVMPDO

     Finally, the mixture was poured into the crushed ice
taken in 500 ml beaker and the solution was neutralized
using 0.1 N NaOH and HCl. The resulting product was
filtered and dried. The pure AVMPDO compound was
isolated by column chromatography using 10 % of
chloroform and methanol solvent medium as eluent
(volume ratio of methanol: chloroform) medium. Yield
83.32 %; Melting point 298 °C

3. RESULTS AND DISCUSSION
3.1 Spectral Characterization

     The FTIR spectrum of the synthesized compound
AVMPDO is done and the functional groups absorption
band at 3554, 3323, 1652, and 1565 cm-1 reveals the
presence of quinoline cyclic amide N-H, imidazole N-
H, carbonyl quinoline and imidazole -C=N groups
respectively [13].

     The1H and 13C-NMR spectrum of the synthesized
(AVMPDO) in CDCl

3
 is performed and the results

following data. 1H-NMR Spectral data: (CDCl
3
, TMS):

ä
H
 2.50 (s, 3H, IM-C6-CH3-H), 7.10 to 7.75 (m, 7H,

IM-C4-H, C5-H, C7-H, Q-C9-H, C10-H, C11-H, C12-
H), 9.16 (s, 1H, Q-C8-H), 11.28 (s, 1H, Q-N-H), 11.91
(s, 1H, IM-N-H).

     In 13C NMR Spectrum, Carbon atoms in the
molecules are appeared at ä

C
; 26.48, 119.22, 119.43,

119.87, 119.92, 120.59, 124.22, 124.28, 127.73, 129.13,
133.38, 136.22, 136.29, 137.19, 143.51, 152.93,
166.60.All spectral results confirmed the target
compound AVMPDO [14].

     The absorption and emission spectrum of AVMPDO
is presented in the Fig. 2. Both Absorption and emission
are examined in ethanol solvent medium. In the UV-Vis
absorption spectra, the compound shows the absorbance
spectra near to the visible region at the wavelength of
377 nm. This is due to the n-đ* electronic transitions.
The compound AVMPDO shows a strong fluorescence
band in the emission spectra at the wavelength of 435
nm by the absorbing energy at 377 nm. The Stokes shift
is calculated using the absorption and emission ë

max
 of

AVMPDO with 58 nm.

3.2 Photophysical Studies

3.3 Solvent Polarity Studies

     The term “solvent polarity” lacks a precise definition,
but it is generally understood as the intermolecular
interaction behavior of solvent molecules towards solutes.
Solvent polarity significantly impacts the molecular

was confirmed by thin layer chromatography (TLC) using
chloroform and methanol mixture as eluent.

Fig.2 Absorption and emission spectrum of AVMPDO
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polarity of the solute, thereby affecting the photochemical
properties of compounds. In the context of fluorophores,
the emission characteristics are particularly influenced
by the molecular polarity and the specific type of solvent
used.

     The photo physical behavior of the compound
AVMPDO with respect to solvent polarity is studied by
UV-visible absorbance and emission studies using
different solvents such as benzene, ethanol, methanol,
THF, dimethyl sulphoxide. In this study, 20x10-5 M
concentration of compound AVMPDO is taken. In
absorption spectrum of the molecule AVMPDO shows
р-р* and n- р* type of electronic transitions (Fig. 3).
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Fig.4 Emission spectra of AVMPDO in
different solvent medium

     The solutions of compound AVMPDO in different
solvents used in the absorbance studies are again used
in the emission spectral studies by using respective
absorbance wavelength as the excitation wavelength.
The compound exhibits the emission wavelength at 445
nm for low polar solvent like benzene and it is shifted to
successively to lower wavelengths up to 426 nm with
respect to solvent polarity.
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Fig.3 Absorption spectra of AVMPDO in

different solvent medium

The absorption peak of the compound AVMPDO was
noted at лmax 328 nm in benzene a least polar solvent
medium, which is changed to л

max
 382 nm in higher

solvent polarity. Thus the compound exhibits red shift or
bathochromic shift.

Table 1 Photo-physical Characteristics of AVMPDO

     Thus the compound exhibits a slight blue shift with
respect to the solvent polarity. The difference in the
emission wavelength from lower to higher polar solvents
was found to be H” 5 nm. Additionally an increase in
fluorescence intensity of this compound AVMPDO in
methanol solvent medium is observed.

3.4 pH Response Study

     Absorption spectra of AVMPDO solution (20 мM)
in different pH are recorded at room temperature and
present in Fig. 5. At low pH values AVMPDDG showed

a strong absorption peak at 335 nm which decreased
gradually for the subsequent increase in pH. Base
induced deprotonation of nitrogen atoms in the compound
AVMPDO leads a charge transfer between the quinoline
and benzimidazole ring.
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Fig. 5  Absorption spectra of AVMPDO at various pH
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     The emission pH titration for the compound
AVMPDO is presented in Fig. 6. At acidic condition the
compound AVMPDO shows an emission peak at 416
nm. The intensity of the emission has varied slightly up
to the pH 5. Above that, an enhancement in the emission
intensity is noted with red shift from 416 to 445 nm and
the intensity has continuously increased with subsequent
increase in the pH. However a strong reduction in the
emission intensity has been observed after pH 10. The
further increase of pH leads to nonradiative molecular
relaxation which is responsible for the fluorescence
quenching.
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Fig.6 Emission spectra of AVMPDO at various pH

3.5 Metal Sensing Studies

     The combined absorption spectra of AVMPDO (20
мM) with metal ions Cd2+, Co2+, Fe3+, Zn2+, Hg2+, Pb2+,
Ni2+ and Mg2+ (1x10-4 M) in HEPES buffer medium is
presented in the Fig. 7. An intensive absorption band of
AVMPDO is found at 327 nm. In the presence of Fe3+

ion alone, AVMPDO give a signal through a notable
absorption enhancement without any shift in the
absorption wavelength. However the other metal ion does
not influence the absorption spectrum of the binding
receptor. The observed spectral changes indicates the
interaction of the AVMPDA with Fe3+ ion and revealed
the strong metal chelating property of AVMPDA with

Fe3+ ion.
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Fig.7(a) Metal binding fluorescence titration of AVMPDO

     To have a better understanding of the fluorescence
spectral response of AVMPDO to Fe3+ ion, fluorescence
titration is performed with increasing concentration of
Fe3+ ion from 10 μM to 100 μM and the combined
spectral reports are presented in the Fig. 8. The titration
study shows a gradual decrease in the fluorescence
intensity with the increasing concentrations of Fe3+ ion.
The quenching result reveals the existence of excitation
energy transfer from the receptor to metal ion and
chelating property of the receptor AVMPDO.
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Fig.8 Fe3+ ion binding fluorescence titration of AVMPDO

3.6 DFT Optimization

     Theoretical calculations are performed at the
RB3LYP level of theory using Gaussian-09 series of
program based on the 6-31G (d,p) basis set. The main
objective of the theoretical studies of the receptor is to
understand the molecular charge distribution, active site
for binding and feasibility mode. The optimized structure
of the compound is given in Fig. 9 with minimum energy
-1195.1858 and Dipole moment in 5.4115 Debye.
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Fig. 9(a) Metal binding fluorescence titration of AVMPDO

3.7 Molecular Docking

Fig. 10 Docking study of AVMPDO with BSA

     The compound AVMPDO is docked to protein
Bovine serum albumin (BSA) and the resulting docked
view of the ligand-protein complex is presented in the
Fig. 10. The minimum binding energy for the AVMPDO-
BSA complex is found to be -6.9KJ/mol at 298k. In
complex structure, the compound AVMPDO is
surrounded by the hydrophobic residues of the BSA
proteins i.e., PHE133, PHE126 and GLY135. The BSA
protein’s polar residues of TYR137, TRP134 and HIS145
are also found to be involved a strong interaction with
the compound AVMPDO. Among all, polar residue
tryptophane 134 formed hydrogen bonding with the
compound AVMPDO i.e., Ligand imidazole ring azide
C=N with NH of tryptophan with the observed bond
distance of 2.7Å. Hence the formation of H-bonding
between the compound AVMPDO and the tryptophan
residue should result a polarity change around the
chromophore of BSA. In corresponds, protein docking
studies illustrate and evident the experimental results
observed in the fluorescence titration studies.

4. CONCLUSION

     In the current paper, the compound 2-chloro-3-(6-
methyl-1H-benzol-2-yl)quinoline (AVMPDO) is

successfully synthesized and characterized by
spectroscopy techniques using IR and NMR [1H and
13C]. The photo-physical properties of the synthesized
compound are analyzed using spectrophtometer and
spectrofluorometer by varying the environmental factors
such as solvent polarity. In all studies the compound
exhibits specific optical response with respect to the
subjected environmental factors. As a part of
applications, all the synthesized compound are subjected
to metal binding studies. In metal binding studies,
AVMPDO exhibits optical response to ferric ion. Based
on titration plot the compound AVPDO is defunded as
best metal sensor among the studied compounds by
having highest quenching percentage. DFT calculations
using Gaussian-09 series are performed and interpreted
with experimental results. In addition Auto Dock study
depicted the binding affinity of the compound specifically
through the lowest binding energy and hydrogen bonding
distances.
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Abstract

     Alkaloids, are compounds found widely in plant parts, consumed by humans and helps in reducing oxidative
stress. Studies related to exploration of pharmacological activity of alkaloids is limited which paved a way to
analyse vasicol, an alkaloid derived from Justicia adhatoda, a common plant found in India, The current
investigation compares the structure-activity of vasicol and gallic acid using quantum chemical calculations
of density functional theory. The structures are initially optimised for its ground state followed by analysis of
electron donating capability through frontier molecular orbital analysis, molecular electrostatic potential
mapping, molecular descriptor analysis and target prediction analysis. The results show that both the
compounds vasicol and gallic acid contribute equally as an electron donor, also as the biovailability of gallic
acid is limited, vasicol acts as a better target compared to gallic acid.

Keywords: Density functional theory, Gallic acid, Molecular electrostatic potential and Target prediction,
                 Vasicol

1. INTRODUCTION

     Naturally occurring compounds isolated from plant
or animal sources play a vital role in drug discovery for
several diseases caused due to oxidative stress [1].
Synthetic drugs derived based on slight modifications in
structure from the entities of compounds from natural
products is found to exhibit short term and long term
destructive health effects on humans [2]. Hence over
the past few decades’ researchers/scientists explored
the activity of known compounds to find potential drugs
that act as antioxidants. Gallic acid - 3,4,5-
trihydroxybenzoic acid found in higher plants occur in
free state as well as ester derivatives. Gallic acid
including its derivatives are extracted from bark, leaves,
flowers and fruits of edible plants. Humans have the
capacity to adsorb more than 65 % gallic acid and convert
it to 4-O-methylgallic acid. The compound is an eminent
antioxidant that exhibits various neuroprotective actions
and remedy for oxidative stress[3]. Regulation of diabetes
mellitus, a result of oxidative stress is studied by Yu Xu
et al and they stated that ingestion of Gallic acid at
proportionate levels may be effective against diabetes[4].
In this study gallic acid which is less studied in DFT is
taken as standard against a rare compound vasicol.

     Vasicol is an alkaloid initially isolated from the roots
of Adhatoda vasica [5], a plant species used against
diabetes in traditional medicine. Its structural formula is
given as 1,2,3,4,9,11 hexahydro pyrrolo (2,1-b) quinazolin-
3,11 diol. The compound was also isolated from P.
harmala seeds using chromatographic techniques.
Recently the alkaloid is found to be used as tablet for
pain in legs [6].

     In this article, a comparison study of the structure
activity relationship of the two compounds gallic acid
and vasicol is made through density functional theory
analysis. Molecular descriptive parameters, frontier
molecular orbital , molecular electrostatic potential and
target prediction analysis for the specified compounds
are made using Gaussian 09.

2. COMPUTATION DETAIL

     In order to study the molecular properties of two
flavonoids considered here it is necessary to know their
ground state energies for which optimization of their
structural features is been carried out. Here structural
optimization is carried out using density functional
theory[7]. The triple zeta valences basis set 6-311G(d,p)
along with the exchange correlation functional B3LYP
is been adopted here, since the considered molecules
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3.2 Frontier Molecular Orbitals

      Frontier molecular orbitals(FMOs) play a crucial role
in a wide range of chemical reactions determining the
reactivity of biocompounds by explaining their charge
distribution[11]. The electron donating ability of a
molecule is characterized by ð electron delocalization in
a compound. The highest occupied molecular orbital
(HOMO) is the orbital of highest energy that is still
occupied, so energetically it is easier to remove electrons
from this orbital. From the Figure 2 for both vasicol and
gallic acid it is observed that lowest unoccupied molecular
orbitals are found to be spread over hydroxypyrrolidin
unit with lower intensity.

    Whereas the occupied molecular orbitals are found
to be spread over the hydroxyl units for both the
compounds which makes the sense that they possess
highest electron density and it is the highest reactive site
for both the compounds. The energy gap between the
occupied energy levels and unoccupied energy levels of
vasicol and gallic acid found to be 1.648 eV and 1.738
eV which is of same order with minor variation.
Therefore, from this analysis it can be concluded that
while considering reactivity both the molecules tend to
project same kind of reactivity since both of them occupy
same energy level.

3.3 Molecular Electrostatic Potential (MEP)
Analysis

     MEP analysis is one of the successful tool to analyze
the ability of biomolecules to donate or gain electrons by
visualizing the electronegative and electropositive regions
around the molecular surface. From the Fig.3 it is evident
that, for both of the compounds the electropositive region
is highly concentrated over –OH units which indicates
their readiness in donating the electron. Whereas oxygen
atom attached to carbonyl atom in both the compounds
projects electronegative region, representing their
readiness for accepting electrons. Further the
visualizations depict that both the compounds possess
highly intense and majorly spread electropositive nature
around them which makes them to be better electron
donors rather than electron acceptors.

are highly delocalized.  The simulations are supported
by Gaussian 09 program[8]. The visualization of the
computed properties are made through Gauss view 05
and Chemcraft software. Docking analysis is supported
by Auto Dock Vina using Lamarckian genetic algorithm
and the visualizations are made using UCF Chimera
molecular visualizer[9].

HOMO

Vasicol                             Gallic acid

LUMO

Fig.2 Frontier Molecular Orbitals of Vasicol and Gallic acid

Fig.1 Optimized structures of (a) Gallic acid and (b) Vasicol
(b) Vasicol

(a) Gallic acid

                  Vasicol Gallic acid
Fig.3 MEP visualization for (a) Vasicol and (b) Gallic acid

Comparison of the Activity of Vasicol and Gallic Acid - A Theoretical Approach
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3.4 Global Reactivity Parameters

Table 1 Molecular Descriptive Parameters for
Vasicol and Gallic acid

     Molecular descriptors for Vasicol and Gallic acid are
displayed in Table 1. From the table it is evident that
electron removal ability for vasicol is slightly higher when
compared with gallic acid with an energy difference of
0.9140eV. Electron affinity of both compounds seems to
be varied one denoting that there will be energy change
during removal of atom from the compound and here
the difference is 1.3652eV. Here hardness of Vasicol is
slightly higher when compared to that of Gallic acid with
the difference of 0.2255eV and softness of difference
0.0182eV indicating higher higher degree of flexibility in
terms of reaction for Gallic acid. Both compounds have
electronegativity here with the difference is 0eV,
projecting the idea that they easily attract the invading
radicals and scavenge them.

     Electrophilicity index of two compounds doesn’t show
any major change reflecting a result that the two
compounds act as donors rather than acceptors, which
is a much essential quality of the antioxidant compounds.

3.5 Molecular Target Prediction Analysis

Vasicol                           Gallic acid
Fig.4 Target prediction analysis

     Screening of suitable targets is an important step in
the process of drug designing. Since, the studied
compounds vasicol and gallic acid act as valid
antioxidants, targets of their interest is essential here[12].

   Hence target prediction analysis was done via
SwissAdme online database which selected numerous
targets for both the compounds where top 9 targets are
selected here for interpretation(Fig.4). Vasicol prefers 9
targets out of 9 and gallic acid prefers 3 targets of out
of 9. The above observed difference is making vasicol
to be superior antioxidant than gallic acid in terms of
target preference.

4. CONCLUSION

     In today’s medicine, study related to drugs derived
from natural products has gained importance to explore
their activity through theoretical analysis, followed by
experimental investigation invitro/invivo. This method
provides a platform to identify new potential drugs and
revisit the activity of existing drugs against new targets.
In this study a known antioxidant gallic acid is compared
with vasicol, an alkaloid for its radical scavenging
behaviour. Through FMO analysis, the energy gap
between the occupied energy levels and unoccupied
energy levels of vasicol and gallic acid found to be 1.648
eV and 1.738 eV which is of same order with minor
variation. MEP analysis revealed that for both of the
compounds the electropositive region is highly
concentrated over –OH units which indicates their
readiness in donating the electron. evident that electron
removal ability for vasicol is slightly higher when
compared with gallic acid with an energy difference of
0.9140eV. Target prediction analysis showed that vasicol
prefers 9 targets out of 9 and gallic acid prefers 3 targets
of out of 9. Theoretical studies indicate vasicol to be a
better radical scavenger than gallic acid. Experimental
investigation for the same is to be carried out to confirm
the activity.
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Abstract

     Space debris is the man-made or natural debris developed in space as a consequence of satellite collision,
human space activities, and many more. The growth of this debris around the planet is significantly increasing
over the years and many research works are going on for space debris removal techniques as well as in the
mitigation field. This paper will capitalize on the existing debris removal technologies and bring forth the
idea of developing a systematic space debris collector for active space debris removal in the Low Earth Orbit
(LEO). The fundamental objective of this research work is to develop a systematic space junk collector with
a 1U CubeSat configuration for tracking and capturing the orbital debris. In this research work, CubeSat
has been designed according to the 1U standard configuration and its details are also presented in this paper.
The objective of this work is to collect the space debris after slowing them down with any of the feasible
technologies such as laser ablation or gunshot technology and drop that captured debris into either the
International Space Station (ISS) or orbital storage tank for recycling. From the deploying stage of the
collector in the orbit to the dropping stage of the captured debris for the proposed model are discussed in this
paper. The proposed model in this research could be very effective shortly for collecting and re-cycling the
space junk.

Keywords: CubeSat, Debris removal, Low Earth Orbit (LEO), Capture, P-POD and Ejection..

1. INTRODUCTION

     In the evolution of mankind, the Sputnik satellite
launch was indeed a historical achievement. It was the
first-ever man-made satellite that paved the path for
space-age and human space activities. After the grand
success of this Sputnik mission, space industries started
to grow and expand quickly to accomplish many
milestones and for the greater good of our planet[1].
Now in the modern world, satellite and space technology
have a significant purpose by providing vital information
and use such as worldwide communications, Weather
forecasting, Defense and Military communications, Deep
space exploration, and so on. With this immense
development, there was a threatening aftermath that
emerged and it is the development of space junk. Space
debris is the man-made or natural detritus developed in
space as a consequence of satellite collision, human
space activities, and many more[11]. Now you may
wonder what is this natural debris are and how it is
formed[9]. These natural detritus can either be Metroid

or Micro Metroid Orbital Debris (MMOD). The Micro-
Metroid is the fragments or broken parts of an actual
asteroid that will be originated inside our solar system.
Micro Metroid Orbital Debris (MMOD) and the artificial
space junk make the space-exposed parts of ISS,
satellites, and spacecraft vulnerable.
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   Fig.1 Space Debris Population From Outside The
Geosynchronous Orbit Published By NASA

     The International Space Station (ISS) in LEO
periodically performing evasive maneuvers to get rid of
orbiting space junk. When the orbital debris strikes the



     These threatening space junks are orbiting the planet
at speed of around 18000 mph in vacuum space. And
these space junk speeds will be comparatively lower in
Low Earth Orbit (LEO) due to the effect of air drag
force. The density of air in the Low Earth Orbit (LEO)
is lower compared to sea level but it can make a huge
impact on the dynamics of orbiting satellites and decrease
its decay rate. Even for the astronauts the gloves and
torso parts in the Extravehicular Mobility Unit (EMU),
the space junk, and MMOD cause serious damage. From
these data, we can clearly say that these space junk are
very dangerous for satellites, spacecraft, astronauts, and
ISS orbiting around the earth.

     There are various ways to remove space debris,
including active and passive approaches. Active
approaches require the spacecraft’s energy input to
remove space junk. Passive approaches do not
necessitate the spacecraft’s energy input [20]. Departure
from a functional orbit using its own propulsion system,
braking, and deorbiting via the procedures listed below:
Some of the active ways include capture and drag by
other spacecraft, remote energy impact (laser or ion
flow), and full or partial recycling [16]. Direct capture
methods are classified as rigid or flexible. Several
methods for flexible direct capture have been proposed,
including nets, harpoons, and tentacles [17]. Significant
progress has been made in proving many concepts
related to approaches such as the collective method,
laser-based method, IBS-based method, and tether-
based method [18]. The most effective strategy is still
under investigation. Recent ground and space tests of
systems such as robot manipulators, harpoons, docking
devices, electromagnetic capture, tether nets, and tether
grippers have demonstrated their effectiveness and
potential in space trash removal [19].

2. MODELLING THE CUBE-SAT DESIGN

     In the digital era, the development of technology is
at its peak. Our smart phones are way faster than the
1960s Apollo mission computer system.

     In modern space applications, CubeSat plays a major
role when it comes to focused objectives or missions
[2]. Their construction cost and the miniature design have

made them more useful for telecommunications and
remote sensing. The CubeSat generally falls in the
classification between Pico-satellite (< 1 Kg) and Nano-
satellite 1kg to 10 kg) [12]. Our CubeSat design comes
under one-unit standard 1U category specifying its
dimensions as 10*10*10 cm, weight 1.33 kg, and volume
10 cm^3. This CubeSat design has represented in below
the diagram along with its stand-off design. To fit in the
subsystems inside this cube- satellite, the framework has
also been designed. 

3. MECHANISM OF DEPLOYMENT WITH
    COLLECTOR

     Everyone will wonder how the cube satellite or Pico
satellite can be deployed in the actual orbit. It can be
deployed by using Poly-Pico Satellite orbital Deployer
(P-POD) which isolates it from the primary vehicle and
also act as an interface between the cube satellites and
launch vehicle. It is a block of aluminum container which
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Fig.2 View of CubeSat Model

Fig.3 Front Plate - CubeSat

Fig. 4 Back Plate – CubeSat

subsystems of ISS such as solar arrays it will cause
overheating damage to the entire subsystem[10]. The
space debris population from outside the geosynchronous
orbit published NASA  is presented in Fig.1[3].



is designed specifically to launch and deploy different
configurations of cube satellites. The length and width
(Square) of this P-POD are 40.64 and 12.7 cm
respectively.

     According to data published by United Launch
Alliance (ULA), Cube-satellites can be deployed after
the primary payload deployment (spacecraft separation)
in the orbit. Initially, P-POD will be positioned inside the
aft end of Centaur upper stage of the launch vehicle and
with the help of the Aft-Bulkhead Carrier (ABC) plate,
P-POD will come out of the launcher.

     After this the launch vehicle sends an electrical signal
to the P-POD which will, in turn, causes its door to open,
and following that cube satellites will be ejected into the
orbit.

3.1 Programming with IDE Platform

     After the design module, the programming and
calibration module for servos and other subsystems of
the satellite was completed in the IDE platform.
Embedded C language has been used in this platform.
Before starting programming, the library function should
be installed and pins should be connected to the apt ports.
Initially, it was calibrated for a single sensor and a single
servo, and then it was done by integrating all the
subsystems of the systematic machine.

Final Code: 

#include <ESP32Servo.h>

/* Comment this out to disable prints and save space */

#define BLYNK PRINT Serial

#include <WiFi.h>

#include <WiFiClient.h>

#include <BlynkSimpleEsp32.h>

#include<Ultrasonic.h>

int aO = 39;

int measurePin = 36;

int ledPower = 25;

int sensorValue;

int sensorValue;

unsigned int samplingTime = 280;

unsigned int deltaTime = 40;

unsigned int sleepTime = 9680;

float voMeasured = 0;

float calcVoltage = 0;

float dustDensity = 0;

ULtrasonie ultrasonic (18: 1.9) ;

int d;

char auth[] =

“lvJ4T15Fxmv3fklGcgr_ TOwelnYotELv”;

char ssid[] = “vivo 1818”;

char pass[] = “1234567890”;

Servo servol;

Servo servo2;

Servo servo3;

Servo servo4;

void setup ()

{

Serial.begin(9600);

Blynk.begin(auth, ssid, pass);

pinMode (a0, OUTPUT) ;

servol.attach(13);

servo2.attach(12);

servo3.attach(14);

servo4.attach(15);

}

BLYNK_ WRITE (V1)

{ servol.write (param.asInt());}

BLYNK WRITE (V2)

{ servo2.write(param.asInt());}

BLYNK WRITE (V3)
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{ servo3.write(param.asInt());}

BLYNK WRITE (V4)

{ servo4.write(param.asInt());}

void loop ()

{

Blynk.run();

d = ultrasonic.read();

Serial.print(“Debris is at “);

Serial.print(d);

Serial.print(“ cm distance”);

Serial.printlin();

Blynk.virtualWrite(V5,qd) ;

int AQ = analogRead(a0);

Serial.print(“Air Quality = “);

Serial.print (AQ);

Serial.printlin();

Blynk.virtualWrite(V6,AQ) ;

pinMode (ledPower, OUTPUT) ;

digitalWrite(ledPower, LOW) ;

delayMicroseconds (samplingTime) ;

voMeasured = analogRead(measurePin) ;

delayMicroseconds (deltaTime) ;

digitalWrite(ledPower, HIGH) ;

delayMicroseconds (sleepTime) ;

calcVoltage = voMeasured*(5.0/1024);

dustDensity = 0.17*calcVoltage-0.1;

if ( dustDensity < 0)

{

dustDensity = 0.00;

}

Serial.println(“Raw Signal Value

(0-1023):”);

Serial.println(voMeasured) ;

Serial.println(“Voltage:”);

Serial.println(calcVoltage) ;

Serial.println(“Dust Density:”);

Serial.printin(dustDensity) ;

delay(1000);

Blynk.virtualWrite (V7, voMeasured) ;

Blynk.virtualWrite(V8,calcVoltage) ;

Blynk.virtualWrite(V9,dustDensity) ;

Serial.println();

}

3.2 CUBE-SAT with 3D Printing Technology

     The CAD models were fabricated using 3D printing
technology. The Repetier-Host a 3D printing application
and WOL 3D ender 3 models have been used for 3D
printing. In the Repetier application import the model
(Designed model saved as an STP file) by using the load
option. The designed model will be imported and by using
the object placement tool we can change the axis of the
model in which it should be printed.
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Fig. 5 Main body and frame structure of the cubesat

Fig.6 Front and back plate of the CubeSat



4. DEVELOPMENT PROCESS OF SPACE
DEBRIES COLLECTOR

Stage 1: Ejection into the orbit
Stage 2: Collector’s arms open after the ejection stage
Stage 3: Targeting space debris 
Stage 4: Moving closer to the targeted debris 
Stage 5: Debris capture
Stage 6: Dropping the captured debris to ISS or storage
tanks

Stage 1: Ejection into the Orbit   

     CubeSat is generally deployed by P-POD. This P-
POD will be positioned inside the Aft-Bulkhead Carrier
(ABC) system. For some launch vehicles, ABC uses
the volume of Centaur aft bulkhead which was no longer
in use after its propulsion tank. These ABCs will be
placed at the aft end of Centaur’s upper stage of the
launch vehicle. With the help of a telescope and RADAR
system, the movement of space junk can be predicted[6].
After predicting the suitable position and the orbit, the
collector will be intended to deploy.

     To deploy the collector safely, the launch vehicle
sends an electrical signal to the P-POD which will in
turn causes its door to open, and following that collector
will be ejected into the orbit safely[7][8]. 

Fig.7 Ejection into the LEO

Stage 2: Collector’s arms open after the ejection
stage
 
     Initially, the four arms of the collector will be closed
to fit into the P-POD. Once the collector is ejected from

Stage 3: Targeting Space Debris 

     The collector will attain the moment of debris from
the telescope or RADAR system. In this case, to slow
down the debris, laser ablation or gunshot technology
can be utilized [3]. After that, with the help of an
ultrasonic sensor and other subsystems of the collector,
it could obtain the distance between the space debris
from the collector and other parameters of the orbit.
Subsequently, the debris near or around the storage tank
or ISS will be targeted first [4]. 

Stage 4: Moving Closer to the Targeted Debris 

     In this stage, the collector will get aligned to the
targeted debris and moves closer to it.

Stage 5: Debris Capture

      After moving closer to the target, the collector will
make the final approach to capture it[13]. When the
debris enters the arms region, all the arms of the collector
will be deflected at an instant to capture it. The number
of targeted debris at one deflection depends on the orbital
moment of space junk and its size [1]. 

Fig.8 Collector’s arms opening after deployment
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     The parameters like the adhesion type, quality, support
type, and infill density from the slicer option were
assigned. At last, Cura engine option was used to get
the details of the printing models such as printing time,
axis, thickness, etc. Then the g-code file was saved to
SD card, which will be inserted in the 3D printing.

the P-POD, the arms will be opened to predict the
distance between the orbital debris and the collector
through the Ultrasonic sensor in Low Earth Orbit[5].
Additional technologies such as the NanoFeep propulsion
system can be incorporated into our collector to capture
the debris sequentially[14].  

Fig. 9  Moving closer to the targeted debris



Fig.10 Debris capture

5. CONCLUSION

     In this research work, a theoretical concept and the
actual ground test was conducted for the developed space
debris collector system. The deflecting arms were very
effective and efficient in capturing space debris and they
can collect the debris between two to ten centimeters in
the Low Earth Orbit (LEO). There is an ample number
of techniques proposed to remove the debris while re-
entering the earth’s atmosphere. In this paper, it is
proposed to collect the orbital space junks and drop them
into ISS or orbital storage tanks for recycling. After re-
cycling, it can be used to develop the parts of satellites,
subsystems of ISS, and space shuttle which in turn
reduces the necessity of extracting the materials and
also the cost of fabricating it. This developed debris
collector can be upgraded and capitalized with existing
techniques to remove the space debris from the planet
and to prevent the Kessler Syndrome.

      In conclusion, Space debris is a rising concern that
endangers space missions and satellites. There are
various methods for eliminating space debris, both active
and passive. Recent ground and space tests of systems
such as robot manipulators, harpoons, docking devices,
electromagnetic capture, tether nets, and tether grippers
have demonstrated their effectiveness and potential in
space trash removal. The most effective strategy,
however, is currently being investigated.

      Future research should concentrate on establishing
more efficient and cost-effective ways of space debris
removal. Collaboration between governments, space
agencies, and private enterprises will be required to create
new technologies and tactics for clearing space debris.
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Abstract

     The main objective of this study is to prevent accidents that occur at night due to poor lighting conditions.
Around 63% of accidents happening at night are due to pedestrians, animals and improper road conditions.
This study aims to improve the visibility at night time by developing a simple, smart headlight system that is
linked to headlight arrangement. The main components used in this study are LDR (light dependent resistors)
sensor, ultrasonic sensor, LED (light emitting diode), voltage protection module.  The major function of LDR
sensor is to observe the external lights from the vehicle and environment. The opposite vehicle is detected by
the ultrasonic sensor and it sends the signal to microcontroller which processes the signal and reduces the
intensity of the LED light automatically, because of that visibility of the automobile driver will increase. This
mechanism is connected to an automobile’s headlight in turn the vehicle’s headlight intensity is controlled,
which eliminates manual headlight switching and replaces it with automatic headlight switching. Using the
external environment light conditions the intensity of the light will be adjusted. It is economical to implement
this work in all type of vehicles and the operation is simple with no maintenance.

Keywords: Accidents, Automobiles, Headlights, LDR sensor, LED lights, Visibility

1. INTRODUCTION

      The traditional headlight system is not suitable for
present traffic and road conditions. Hence there is a
requirement to develop a system which automatically
controls the intensity of the head light. Recent literature
also shows that developing an automatic headlight system
is possible and it will increases the visibility of drivers
during night time.

     The Aslam Musthafa R et al (2018)  developed a
self-adjusting headlight beam controller. It  observe the
opposite vehicle light intensity, according to light intensity
and it will switch the light into low beam to avoid the
glare in mirror to drive safely in night, so automatic
switches are provided here for controlling the high beam
of the light to low beam to avoid the accidents [1].

     Abdul Kader Riyaz M et al (2016) manufactured a
new type of  LED with graphene coat that is used for
street light. The advantage of this light is that the heat
produced by the light will decrease automatically. The
graphene coated light is used as a street light because

the street light is producing high intensity output. For
increasing the life span of the light, the heat of light need
to be reduced. So they have controlled the light using
arduino. They have developed an LED capable for a
head sink using arduino micro controller to automatically
control the light [2].

     Pablo Fernandez et al. made a system that employs
a camera to detect a vehicle approaching from the
opposite side at night. They have used a self-adjusting
headlight beam controller, it will observe the opposite
vehicles light intensity, according to that light intensity it
will switch the light into low beam to avoid the glare in
mirror to drive safely at night. To avoid glares, it will
also modulate the headlight between low and high
brightness [3].

     N Keerthi et al. presented an economical, electricity
automated headlight regulator for the traffic density on
the roadways. According to their study, halogen bulbs
are used in automobiles which is integrated with manual
switches. It consumes more power but gives less output
and also it does not focus on the road so it difficult to
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drive. Low beam and high beam lights are utilized for
different situations that affects the  driving on the road
[4].

     C K Chan et al. used the simulation model to evaluate
the function of various sections of the advanced headlight
system, before developing a physical model. Because
this sensor is light-dependent, the primary function of
the LDR sensor is to examine the external lights from
the vehicle and the surroundings. The ultrasonic sensor
detects the opposing car and provides a signal to the
microprocessor, which interprets the signal and
automatically adjusts the intensity of the LED light,
allowing the driver to see more clearly [5].

     Padmavathi. S et al. reviewed the traffic surveillance
systems, the primary idea of their work is to prevent
night time accidents caused by poor lighting [6].

     Mohamed taha et al. provided a robust and adaptable
detection technique using automatic thresholding
approach. The proposed system has the capability to
track the vehicles by detecting the vehicles head lights
and/or rear lights and it functions well in night light
conditions [7].

     Hyungiun Kim et al. employed background extraction
and automatic vanishing point detection process for traffic
surveillance. They have used a single video camera to
operate and detect the vanishing point during day time.
[8]

     Neelima et al. focused on the night time traffic
surveillance using available cameras in the road to analyse
the traffic and to record the traffic scenes, the developed
system is proven to be robust in traffic surveillance [9].
Raja et al focused on reducing the number of accidents
by developing a multi beam LED head lamp employing
image processing. The brightness of the multi beam LED
head lamp is automatically adjusted by detecting the
approaching vehicle using image processing technique
[10].

     The main objective of this study is to build a smart
head light technology for better nighttime visibility. An
attempt is made to design and create a simple smart
headlamp system that is related to headlight arrangement,
which uses a gamma correction to mitigate the influence
of headlight.

2. MATERIALS AND METHODS

              The list of components used in this work are
given in the table 1 below

Table 1 List of Components

     The major components of this work are presented
the figure1 below.

3. COMPONENTS USED
3.1 LDR Sensor

    Light dependent resistors (LDR) shown in figure 2,
also known as photo resistors are used in electronic circuit
to detect the presence or level of light condition, and
they also called as photo cell or photoconductor. This
kind of sensor works on surround lighting condition.
When the surrounding light will decrease the sensor
output voltage will increases but the lighting will increase
around the LDR sensor, the output voltage automatically
decreases. and also, the sensor functions the around
voltage between 1volt to 5volt. they provide a significant
change in resistance in response to changes in light level.
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Fig.2  LDR Sensor

3.2 LED

     LED (light emitting diode) lighting products produces
lighting up to 88% more efficiently and consumes less
power compared to halogen bulbs. By varying the
voltage, the brightness of the light also increases and
decreases, when power supply passes through the LED.
The energy is produced in the form of photons in the
semiconductor by electrons recombination in electron
hole. The color of the light is determined by the amount
of energy required by the electrons to pass through the
semiconductor band gap. White light is produced by using
number of semiconductors or using a light emitting
phosphor coating on the semiconductor device.

3.3 LED Controller

     Led controller shown in figure 3 is a common type of
dimming used to adjust the current in white led driver
devices. Controller takes a rectangular waveform with
variable positive duty cycle and adjustable led current
proportionally.

Fig.3  LED controller

3.4 Resistor

A resistor, shown in figure 4 is a device with
electrical resistance that is used to safeguard, operate,
or control current in an electric circuit.

Fig.4  Resistor

3.5 Arduino

    Arduino, shown in figure 5 is a device that can be
controlled with an open source programming. In this work
atmega2560-16au board is used in order to give i/o lines.
Arduino consists of USB connection, 54 digital I/O
terminals, 16 analog inputs and a 16 MHz crystal
oscillator. It controls all the electronic components
depending on the required application.

Fig.5 Arduino

3.6 Voltage Protection Module

     Voltage protection module, shown in figure 6 is also
known as buck convertor or step-down converter. The
power is stored in the battery as light requires less amount
of power, in case of using total amount of power for the
light, light will bust. Hence we have to reduce the output
power supply from the battery with the help of voltage
protection module. It converts the step down voltage from
its input supply (battery) to its output while drawing
required voltage.
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Fig.6 Voltage protection module

3.7 Ultrasonic sensor

     Ultrasonic sensor, shown in figure 7 is an object
finding sensor. The sensor works using the sound waves
above the human hearing range. The microphone acts
as the transducer. Optical method may fail but ultrasonic
sensors are a trustworthy solution for detecting
translucent things.

3.8 Zero PCB

     A Zero PCB, shown in figure 8 is a general-purpose
printed circuit board (PCB), also known as pre board or
DOT PCB. It is a thin,  inflexible copper sheet with 2.54
mm spacing holes pre-drilled at regular intervals
throughout a grid (0.1 inch).

Fig.7 Ultrasonic sensor

Fig.8 Zero PCB

3.9 Soldering Station

     A soldering station, shown in figure8 is a power
soldering device that can be used to solder electrical
components. The most popular uses for this type of
equipment are electronics and electrical engineering.

Fig.9 Soldering station4. RESULTS AND DISCUSSION
4.1 Source Code and Simulation

     The source code and simulation of the developed circuit is shown in the figure 9 below.

Fig.10 Source code and simulation
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The source code used for the developed circuit is given
below

     Duration will be the input pulse width and distance will be the
distane to the obstacle in entimeters

4.2 Working Principle

     The function of LDR sensor is to observe the external
light from the vehicle. First the LDR sensor detects the
external light and sends the signal to the arduino. Then
the arduino process the signal from the LDR and activates
the voltage driver, in turn the voltage driver decreases
the voltage, as a result the intensity of the LED is
reduced. The function of the ultrasonic sensor is to
sensing the vehicle nearing and it send the signal to the
arduino. The arduino process the received signal and
makes the LED dim or bright according to the data
received. Ultrasonic sensor also detects the vehicle,
pedestrians, etc. and sends the signal to arduino to
increase the intensity of the light with the help of LED
controller.

5. CONCLUSION

     By automatically adjusting the brightness based on
exterior lighting changes, we were able to extend the
life of the headlight, potentially saving battery life. All
difficulties with headlights, whether they occur at night
or during adverse weather, will be solved by the
suggested model and components. The proposed
components are also fairly affordable when compared
to existing premium car components. As a result, cars in
the economy sector can utilize this. Previous research
used a manual headlamp system with an automatic
headlight system. We anticipate to see more road vehicles
with smart headlight technology in serial production in
the future.
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Abstract

     Nickel (II) ions are one among the highly harmful pollutants in quite a few industrial discharges being
discharged into the surroundings as industrial wastes, originating serious soil and water pollution. Nickel
can exist in more than a few valence states. In aquatic stream, nickel probably complexes with high affinity
for soil by organic matter giving soluble and insoluble compounds, which are having ill effects on living
organisms. Most probably the part which is not complexed with organic matter exists in soil solutions
predominantly as divalent cations. The scope of this work is to observe the removal of nickel ions from water
systems by means of cotton seeds. Batch investigational studies were accomplished to assess the optimum
conditions for Ni2+ removal by modifying relevant controlling factors such as initial pH of solution and
dosage of adsorbent used. The absorbance measurements were carried out on a Systronics UV-Visible
spectrophotometer with 1 cm matched quartz cells. The pH of buffer solutions was monitored by using Systronic
digital pH meter (India). From the absorbance measurements, the optimum pH for removal of Ni2+ ions are
found to be between 4 – 7 at the dosage of 50 mg of cotton seed adsorbent allowed at an equilibration time
of 5 hours. At pH 7, the amount of adsorbent is optimized and found to be 50 mg / 100 ml solution containing
Ni2+ ions for effective removal up to 90 %. Also, based on the investigational results, it can be concluded that
cotton seed has the greater probability of application as a competent adsorbent for the elimination of heavy
metals from aqueous solutions. Also the extent of removal can be effectively studied using spectrometer.

Keywords: Absorbents, Cotton seeds, Nickel (II), Spectrophotometer

1. INTRODUCTION

     Water is the most indispensable component to all
forms of life. It also serves as a medium, catalyst and
participant in all the chemical reactions occurring in our
environment. In nature a number of regulatory
mechanism plays an important role in controlling the
physic-chemical properties of water as well as the
number and types of its biological population. Irrespective
of origin, it always contains a complex mixture of organic
and inorganic substances, most of which are of natural
origin resulting from complex interaction between water,
soil and underlying geological strata and from complex
biological and micro biological processes occurring in
soil and water.

     The dissolved inorganics, on the other hand, usually
range between 50 – 500 mg /L although in some arid
region water containing more than 1500 mg / L is
consumed. The dissolved species is mostly the
bicarbonates, chlorides and sulphates of calcium and
magnesium, normally with lower concentrations of

sodium and potassium ions. Other elements constitute
the remaining.

     Certain distinctions can be made concerning the
cationic constituents present in natural waters. Those
cations that are abundant in marine or fresh water habitats
are required to perform certain key biological functions
like ionic strength to the blood and the other body fluids
are depositing as the salts for the formation of bones and
shells. Among these are Ca2+, Mg2+, Na+ and K+. A few
ions that are present in trace levels like Mn2+, Co2+, Cu2+,
Zn2+, Fe2+ etc., are useful to catalyze biochemical
reactions and to participate in oxidation-reduction
reactions in biological systems. As excess amount of
these ions, however can exert some adverse effects.
Certain other metal ions like Cd2+, Hg2+, Pb2+, Be2+, Ag+

etc., can exert toxic effect even at quite low
concentrations, because human beings and other species
have little or natural defense against them.

     There are several other inorganic constituents of
water that have been a subject of concern in recent years.
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Endemic fluorosis is prevalent in some parts of the world
due to the intake of excess of fluorides present in ground
water. An extensive study of this element has been carried
out by the World Health Organization (WHO) [1].

     Hence it is rarely possible to find a source of water
that is completely free from damage of pollution.
Industries continue to increase its use of diverse range
of potentially hazardous substances. Many of which very
often find their way into water body meant for human
consumption. The toxic species, when once released into
the aquatic system, may continue to cycle between the
sediments, water and biota for several years before
flushed from the system. For example, it is reported that
approximately 5000 years will be required for mercury
presently stored in lake St.Clair eco system in United
States to effectively flush out by natural process [2].
Similarly, the small amounts of mercury released over
three decades of age in to the river system has kept it
contaminated to the present time with sediment mercury
levels exceeding 240 mg / L in some places [3]. Many
examples sufficiently illustrate that decontamination is
an impossible task [4-10]. In view of this and the
possibility of serious threat to public health arising due to
biological amplification, prevention rather than cure is
by far the most effective policy in dealing with pollution.
Nickel is used most expansively in nickel plating and alloy
manufacturing. The current users of nickel include
nuclear power plants, gas turbine engine, cryogenic
containers and pollution abatement equipment [11, 12]
Acute nickel poisoning causes dizziness, headache,
nausea and vomiting, chest pain, dry cough and shortness
of breath, rapid respiration, cyanosis and extreme
weakness [13]. The harmful effects of Ni2+ necessitates
its removal from wastewater before releasing into the
streams.

1.1 Wastewater Treatment Methods

     Many waste water treatment practices are available
for tackling the problems associated with heavy metals
removal. Normally any waste water is first treated in
conventional primary and secondary processes to remove
most of the settleable solids and the organics. The tertiary
treatment is usually a polishing procedure by which
pathogens as well as phosphates can be removed.

     For heavy metal removal physio-chemical treatment
method is usually applied. Almost all industries discharge
wastewater at some stage of the manufacturing
processes. The range of industrial effluents is very wide.

Examples are paper mill, diary waste, tannery waste,
vegetable and home tanning, distilleries and oil refineries.
Since there are numerous types of industries dealing with
various metals and their compounds, a number of
specialized processes have been developed for the
removal of heavy metals from waste discharge.

     Some of the unit operations include chemical
precipitation, coagulation or flocculation, ion exchange
& solvent extraction, complexation, electro chemical
operations, biological methods, adsorption & evaporation
etc.,

     Adsorption is the accumulation of a substance at the
interphase between two substances. In water purification
techniques, adsorbents are used to remove organic
impurities which are non-biodegradable or organic
compounds associated with taste, odour and colour. Even
though activated carbon is extensively used for final
polishing of the effluents, in recent times it is extensively
used as a primary technique to remove soluble organics
from waste water.

     Many inorganic and organic materials have been
applied as commercial adsorbents for wastewater
treatment purposes. These commercial adsorbents
generally have a large surface area per unit mass. Some
of the common industrial adsorbents used for fluids
include silica gel, activated alumina, molecular sieves,
activated carbon, etc., Among the various solid
adsorbents, activated carbon finds a prominent place in
water treatment purposes [14]. In industrial applications
concerned with waste water treatment both powdered
and granular carbons are used.

     For inorganics removal, the coal waste activated
carbon is normally used. AMCOPX-21 has been
successfully applied for the removal of Barium at pH
9.0 in the powdered form and found to remove 70%.
However other varieties of carbon such as Darco HDB
and Buchar Aqua showed 1% removal only [15].
Experiments with powdered activated carbon
AMCOPX-21 and Darco HDB, the removal of Cd from
water containing 0.5 mg/L at pH = 9.0, were found to be
doubled. Lead removal from river water containing 0.15
mg / L at pH = 7.3 to 7.4 with powdered activated carbon
showed 89% removal, when the carbon was 100 mg / L
and 98% removal was achieved using 200 mg / L of
carbon. Experiments with the use of granular activated
carbon, Filtrasorb 200, the removal of Mercury in the
concentration range of 0.02 – 0.03 mg / L concluded

C. Kavitha

64IJEST  Vol.14  No.1&2  January - December  2020



that almost 80% of inorganic and organic mercury were
removed [16-20].

1.2 Aim and Scope of the Work

     Many methods are available for the treatment of
heavy metals from aqueous systems. Among the various
methods, precipitation by suitable precipitating agents
such as lime, NaOH, Na

2
CO

3
 etc., have been practiced

widely. However, enormous volumes of sludge produced
by these precipitating agents pose disposal problems. Ion
exchange methods using different types of cationic
exchangers require critical control of pH and also very
expensive in regenerance. Adsorption technique seems
to be a less important process in the sense; suitable
adsorbents will have to be developed, for the specific
removal of metal ions. In this connection, various mineral
adsorbents, activated carbons, biosorbents and modified
biosorbents had been extensively used for the elimination
of heavy metals from aqueous region. In this connection
a modified biosorbents is to be tried for the removal of a
toxic metal namely Nickel from water / wastewater.

     The biosorbents proposed to be used for the given
study is Cotton seed. This particular biosorbents is
modified by soaking it in a suitable ligand namely urea.
The Urea Loaded Cotton Seed (UCS) is used to study
the adsorption behavior with respect to the removal of

Ni2+ from water and wastewater.

2. MATERIALS AND METHOD
2.1 Batch Experiments

     Batch experiments were conducted in polythene
bottles of 300 mL capacity provided with screw caps.
These polythene bottles washed well before and after
use. 100 mL of the solution containing 10 mg/L of ions
(Ni2+) under investigation were taken in the bottles. After
the addition of Urea loaded Cotton Seed (UCS), the
bottles were equilibrated for specific periods of time in a
horizontal mechanical shaker. At the end of equilibration
time, the solutions were decanted and the concentrations
of the ions are established by spectrophotometry.

2.2  Analytical Procedure – Determination of Nickel

     Appropriate volumes of nickel working solution
covering the range up to 100 µg are filled into a series of
50 mL volumetric flasks (or 50 mL Nessler tubes). A 50
mL volumetric flask containing none (Ni2+ ion) is used
as a blank. A suitable aliquot of the sample containing

not more than 100 µg is placed in a 50 mL volumetric
flask. If the sample contains organic matter, it must first
be destroyed by acid digestion. Then, aliquot of the
digested sample has to be neutralized and taken in the
volumetric flask. If the sample contains small amounts
of iron, manganese and copper, it may be determined
directly as they will not interfere. If it contains excessive
amounts, a separate procedure has to be adopted.

     To the blank, standards and sample add 20 mL of 0.5
n HCl is added. Then the following reagents are added
in order with mixing after each addition,
 10 mL sodium citrate solution
 2 mL iodine solution
 4 mL dimethyl glyoxine solution

     The solutions are made up to 50 mL using distilled
water and allowed to stand for 20 minutes. The colour is
compared visually or potentiometrically using a
spectrophotometer at 470 nm or filter photometer with a
suitable blue filter taking water as reference. A calibration
graph is prepared and from the graph mg of nickel
equivalent to the observed optical density is found.

2.3 Preparation of Urea loaded Cotton Seed

     The cotton seed were procured from M/s Govt. seed
farm – Danishpet and are washed quite a lot of times
with distilled water to remove any soil impurity and dried.
About 100 g of this dried cotton seed was soaked in 1%
solution of Urea for 24 hours. At the end of the drenching
period, the cotton seeds were washed several times using
water to remove urea and finally dried. This Urea loaded
Cotton Seeds (UCS) were then used for the experimental
conditions.
3. EXPERIMENTAL DETAILS AND RESULTS
ON NICKEL (II) REMOVAL
3.1 Batch Studies

     Batch experiments are executed to determine various
limitations for the elimination of Ni2+ from aqueous
solution. Trials were conducted with 100 mL solution
including 10 mg of Ni2+ per litre, attuned to pH range 2-
10 contained in300 mL stoppered bottle. After adding
requisite amount of Urea loaded Cotton Seed (UCS),
the solutions were equilibrated with the help of a
mechanical shaker. The equilibrated solutions were
filtered using G

3
 crucible if necessary and the amount of

Ni2+ there in the solutions were determined by DMG
method using spectrophotometer. From these data Ni2+

adsorbed by the UCS were established.
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3.2 Effect of Equilibration Time

     In order to find out the optimum equilibrium time
required for a maximum removal of Ni2+ from aqueous
solutions, experiments were carried out using 50 mg of
UCS and 100 mL of Ni2+ solution of 10 mg/ L at pH 6-7.
The solutions were equilibrated for various periods of
time. Finally, the solutions were investigated and Ni2+

removal was recognized. The results are shown in
figure 1.

     It could be seen from the graph that a minimum of 4
hours of equilibration time is required for the utmost
removal of 75-80%. However, for practical
considerations, it was decisive to continue an equilibration
time of 5 hours for subsequent experiments.

3.3 Effect of pH

     The optimum pH required for the maximum removal
of Ni2+ was identified using experiments done with 100
mL of 10 mg of Ni2+ per litre, adjusted to various pH
conditions ranging from 1.0 to 10.0. About 50 mg of UCS
was added into these solutions and equilibrated for 5
hours. Finally, the solutions were analyzed for Ni2+

removal under various pH conditions and recorded as
figure 2.

Fig.1 Effect of Equilibration time

Fig. 2. Effect of pH on % removal of Ni2+

The above figure clearly indicates that over the pH range
of 4-8, the average Ni2+ removal was found to be 88%.

3.4 Effect of UCS Dosage Under Different pH
Conditions

     Batch experiments were conducted to obtain the
optimum UCS dosage required for maximum percentage
removal of Ni2+ over the pH range of 2-9. Experiments
were conducted with 100 mL of Ni2+ solution containing
of 10 mg of Ni2+ per litre. UCS dosages in the range of
50-400 mg / 100 mL were added to these solutions. Each
of these bottles was adjusted with pH conditions ranging
from 2.0-9.0 and kept for 5 hours. At the end of the
prescribed equilibration time, solutions were investigated
for Ni2+ content and the same was recorded in figures 3
and 4.

Fig.4. Effect of UCS dosage on % removal of
Ni2+ at pH 2 and 9

Fig.3 Effect of UCS dosage on % removal of
Ni2+ at pH 7 and 5

     It is clearly evident from the figures 3 and 4 that at
pH 2.0, a minimum of 100 mg of UCS was required for
the maximum removal of Ni2+ viz., 99.9%. However, at
pH 5.0 a minimum of 150 mg of UCS was required for
95% removal and at pH 7.0 the same 150 mg of UCS
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removed 98-99%. But at pH 9.0, the minimum dosage
required boosted up to 200 mg for the maximum removal
of only 42-45%.

3.5  Effect of Ni2+ Concentration on UCS Dosage

     The optimum UCS required under different Ni2+

concentrations were also studied. Experiments were done
with Ni2+ concentrations ranging from 20-50 mg / L,
adjusted to a pH of 7.0. UCS dosages were added in the
range 50 to 400 mg per 100 mL and the Ni2+ containing
solutions were kept for a period of 5 hours. At last, the
percentage of Ni2+ removal was determined and the
results were exhibited as figures 5 and 6.

Fig.5. Effect of concentration Vs UCS dosage on
% removal of Ni2+

Fig.6. Effect of concentration Vs UCS dosage on
% removal of Ni2+

     It could be seen from the figures, that a minimum of
250 mg of UCS was required for a maximum removal
of 95% from 20 mg / L Ni2+ solution and 94% from 30
mg / L solution. A minimum of 350 mg and 300 mg of
UCS was required for a maximum removal of 94% and
91% from 40 mg / L and 50 mg / L Ni2+ solutions
respectively. It is thus clearly understood that, as the

concentration of Ni2+ increases, the UCS dosage required
for maximum percentage removal also increases.

4. CONCLUSION

     As a result of extensive study on the effect of UCS
on Ni2+ removal from aqueous medium, the following
conclusion were derived,
 An effective ecofriendly biosorbents is developed for

Ni2+ removal.
 UCS is found to be more efficient and capable of

removing 95-97% of Ni2+ from aqueous systems.
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Abstract

     As we are designing tankers, we have to consider total load acting on each component. We want consider
braking load, acceleration load, and load due to tipping angle. In these considerations, we have found an
error in rear sub frame. In this vac-line rear sub frame tank, we had an issue of heavy load acting on a
tipping assembly so, we have planned to newly design and deploy the tipping assembly by attaining the
required FOS. In nominal products, FOS should be greater than 1.5 (150% efficiency) so, we can use the
product with 100% efficiency for long period of time. The major considerations to be attained is to maintain
a minimum FOS of 1.5 factor in order to ensure safety in all aspects and also to avoid failure at any cost. By
comparing the initial considerations, several analyses were carried out. In order to reduce the stress acted on
the bolts which would shear at some point, it is proposed to prevent the FOS not to be less than 1.5 by
designing the tipping assembly to reduce the shear force acting on the bolt. During tipping, the entire load of
the tanker act only on the fasteners. Hence through inserting a pin to the tipping assembly, the load completely
applied on the bolts got reduced and the entire load can be equally spread through fasteners and pins, so
after the attachment of pins we can attain the required FOS, then further proceeding it to the production and
manufacturing department.

Keywords: Acceleration load, Braking load, FOS, Tipping

1. INTRODUCTION

     As we are developing a new model for our new
product the project assigned to me was the tipping
assembly. The major consideration is to maintain a
minimum of 1.5 factor of safety during all aspects to
avoid the failure. The design will be construction from
the tanks are in the International Organization for
Standardization ISO 9001:2015[3]. The finite element
analysis is mentioned as a legitimate approach for
verifying the design of sewage tank in clause of ISO
9001:2015[7]. The standards specify the maximum sheet
plate thickness, its needed for the tank’s construction,
and stress value to observe the tank or shell, and
partitions, monitoring the tank’s supporting structures and
comparing the design’s tensile stress. Additionally, the
weldment is the standard factor used in ISO
9001:2015[10] for comparing minimum tensile stress
values created on the weldment area for the weldment
strength to high. The geometry tank used to transport
flammable substances might be different.

    The structural stability of the various supporting
structures (Ss) used to place a tank will be fixed on a

freight track has been observed in the current work.
Despite the fact that the design of the tankers carrying
sewage is specifically described in Standard and
Regulation, mentioned above, there was no instructions
about how this tank mounted on the chassis of the freight
vehicle for providing the necessary support and transfer
the weight of the tank to the vehicle efficiently [11].

     To observe the effects of a tanker’s number of Ss,
geometrical models of preexisting box- shaped tank and
its related finite element model were made using
Solidworks® Computer- Aided Design (CAD) software.
EN24 have a tensile strength 745MPa and a yield strength
of 470MPa, Brinell hardness 217. The EN19 has a tensile
strength is 655MPa and a yield strength of 415MPa,
Brinell hardness 197. EN24 is a 1.5% nickel, 1%
chromium, 0.2% molybdenum alloy steel which has a
long history dating back over 100 years. EN24 can be
heat treated to a wide range of tensile strengths from
850- 1000 N/mm² (‘T’ condition) up to 1550 N/mm² (‘Z’
condition).
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3. FACTOR OF SAFETY (FOS)

     The safety factor is defined as the ratio of the
component material’s ultimate stress to its working stress.
In mathematics, the Factor of Safety is the ratio of
material strength to permitted stress. The safety
equation’s factor is impacted by the material type.

      Factor of safety = Ultimate strength/Working stress
- brittle material (concrete) Factor of safety = Yield
strength (óy)/Working stress - ductile material (steel)
Examples: FoS for steel = Yield strength (óy)/Working
stress (0.87óy) = 1.15 (appr) FoS for concrete = Yield
strength (óy)/Working stress (0.67óy / 1.5) = 3 (appr)
(5"As there is little quality control when the concrete is
being prepared, a two times safety factor is used.)

      In line with IS 456’s Article 36.4.2, while assessing
the strength and serviceability standards of the structures
or structural members used in a limited state.

      Material Limit state method Collapse Deflection
Cracking Steel 1.15 1.0 1.0 Concrete1.5 1.0 1.3 Table
1.4 - Limit state method

Table 1 Limit state method

      Compared to concrete, steel has a lower safety
factor. Concrete is made in industry because it is a brittle
material and is generally less reliable than steel. Because
concrete is prepared on site under various climatic
conditions, the quality control is therefore better than
with concrete.

4. OBJECTIVES AND METHODOLOGY

      Developing a new design for the project assigned
to me was the tipping assembly my role is to design the
tipping assembly. The design should have a minimum
FOS of 1.5. Maximum Stress 738 MPA act on Bolt area
at Existing Model (without Pin) as shown in Figure 1.

     With Our Existing Model We Have Undergone
Certain Types of Modifications like changing material,
increasing bolt count, changing bolt positions in Order to
withstand all Kind of Loads.

     Our Objective Is to Design the Tipping Assembly of
the Vac-Line Subframe Rear Tank and Also to Reduce
the Load By Applying on The Bolts in Order to Ensure
Safety. It Is Mandatory to Attain the Required FoS. It Is
Proposed to Use a Pin to Reduce the Load Applied on
The Bolts by Analysing the Required Fos. Finally
Assembling the Tank While Tipping the Entire Load Of
the Tanker in Order to Ensure Safety and Avoid Failure.

 Fig 1 Existing Model

5. METHODOLOGY

      In order to completely lessen the load applied to the
bolt, our concept is to employ a pin. We will analyse our
idea and, after achieving the necessary FOS, go on to
the fabrication and manufacturing of the product. The
primary consideration for this assembly is that during
tipping, the tanker’s whole load should only be focused
on one component. After examining the necessary FOS,
it is suggested that a pin be used to lessen the load placed
on the bolts.To assure safety and prevent failure,
assemble the tank in the end while tilting the tanker’s
load.
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Flow Chart:

Fig .3 Process flow and methodology

5. CALCULATIONS
5.1 Static Load Consideration

     Total tank capacity= 4200 Gallons 1 gallon = 3.78541
litre Tank Capacity consider as Filled with Water of 19093
Litres = 19093 Kg’s Empty Weight of 3D Model of Tank
= 3120 kg’s Total Weight consideration taken for Analysis
= 22213 Kg’s

     Since the tank must support the weight of the fully
filled tank, we must first take into account the whole
load operating on the hinge. To get the total load, we
need to know the tank’s capacity and total weight. Our
tank has capacity of 4200 gallons, with the known values
we have calculated total weight of tank.

Fig 3 Static tank

5.2 Load due to 35 Degree Tipping of Tank

     Load of Tank with Water = 22213 kg’s
    Tipping Angle = 35 Degree
Inclined force formulae,
F %” = mg sin (Ų)

Inclined Force Acting on Bracket
= Sin (35) x 22213
= 12618 Kg’s
Load at Tipping as per calculation = 12613 Kg’s
But We consider Load as 22000 kg’s for Two Pivot
Bracket
Acceleration Force 61000 kg’s

Fig. 4 Inclined tank

For Cross Verification, Hinge Profile Individual FEA
Is Analyzed. Downward Force
= 5500 Kg’s Side Force Due to Acceleration = 30500
Kg’s.

5.3 Specification of Pins

YieldStrength of 10.9GradeBolt-940MPA(FOS-1.75)

Fig. 5 Pins

5.4 Material

     Material used is EN24. EN24 is a 1.5% nickel, 1%
chromium, 0.2% molybdenum alloy steel. EN24 can be
heat treated to a wide range of tensile strengths from
850-1000 N/mm² (‘T’ condition) up to 1550 N/mm² (‘Z’
condition). Heat treated EN24 offers high tensile strength
combined with good ductility and resistance to shock. At
low temperatures good impact values can be obtained.
In this blog we explain a little about the characteristics
and history of this well-established steel grade.
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Table 2 EN24 Typical Analysis

6. RESULTS AND DISCUSSION
6.1 Result for Static & Acceleration Force (Without
Pins)

     We have done an FEA analysis, to know the position
of maximum stress acted on the surface of body. From
result, we have come to a conclusion that there is an
error in distributing stresses on the hinge, so we have to
design a project in a way to solve the problem. We have
introduced certain ways like introducing new materials,
increasing bolt count Etc.., to rectify the problem.

6.2 Results for Angle Load: MAXIMUM
STRESS = 212 MPa

6.3 Pivot Block Individual FEA Results

6.4 Hinge Profile Individual FEA Results

Fig. 6 Result for Static & Acceleration Force (Without Pins)

Fig .7 Results for Angle Load

Fig. 9 Hinge Profile Individual FEA Results MAXIMUM
STRESS = 290 Mpa RESULTS WITH PIN

6.5 Result for Static & Acceleration Force (With

Pin)

Fig. 10 Static Force (With Pin)

MAXIMUM STRESS = 538 MPa

Fig.11 Final model with pin
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Fig.8 Pivot Block Individual FEA Results MAXIMUM
STRESS = 249 Mpa



     This is our final design to develop a new product using
pin as shown in Fig.4. (In Bolt mounting area)-Yield
Strength of 10.9 Grade Bolt-940 MPA(FOS-1.75). By
analysing the necessary FOS, it is suggested to utilise a
pin to lessen the load put on the bolts.

7. CONCLUSION

     As per Initial FEA Analysis. We facing failure in
Complete Assembly. Maximum Stress occurred in Bolt
Area 731 MPA (without Pin).

     FOS= 1.28 So, we implement New Stopper Pins with
Revised Bolt pitch in Pivot bracket. Maximum Stress
occurred in Bolt Area 538 MPA (with Pin). FOS= 1.75.
Our work is used for safety issues at tank mounting, with
our product we can work with full efficiency. It can also
withstand up to 1.5 of its weight. Many tankers can
implement our project in order to reduce tear & wear
stresses. It is also cost efficient, so they can be fabricated
easily.
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Abstract

     As demand increases, the supply of medical waste is increasingly surpassing the demand for health. The
generation of various wastes increases as the population grows. Because the disease can spread to humans
through the waste, the COVID-19 period saw a substantial increase in medical waste, which is exceedingly
harmful. As a result, safe medical waste disposal is essential because it depends on preserving nature and the
environment. In this paper, we present artificial intelligence and deep learning techniques for recognizing
and classifying medical waste. AI is emerging as the computer industry’s future. We have used the CNN
algorithm, which is the best for image and audio recognition, to improve categorization. FRCNN is a suitable
artificial neural network for real-world use. We pay special attention to the problem of classifying medical
waste since it needs to be resolved right away given the current situation. With an epoch of 100 and a 96%
accuracy rate, our research offers a high accuracy, AI-based image categorization method. A train dataset
and a test dataset were created using the gathered image dataset. We trained the FRCNN model to deliver the
best evaluation. A website that accepts images outputs information about the type of medical waste it is, how
to dispose of it, and even the color code. Hence the power of artificial intelligence can be applied to simplify
the classification of medical waste and could be used in all the healthcare centers.

Keywords:  Artificial Intelligence, Biomedical waste, FRCNN(Faster Regional Convolutional Neural Network),
                 Recognizing and classifying

1.  INTRODUCTION

      One of the main contributors to the spread of
infections and disease is the inappropriate disposal of
rubbish. It puts the public, patients, and hospital staff’s
health in danger. There is a chance of nosocomial
infection. A large number of hospitals, nursing homes,
and healthcare facilities regularly dispose of all of their
waste at the garbage collection site, where it is
subsequently picked up by trucks for final disposal. The
majority of the locations are open to rag pickers, who
run the danger of getting sick while touching such dirty
items. The market where the items were sold that were
picked up often recycles used needles, syringes, gloves,
leftover pharmaceuticals, etc. Everyone who uses these
goods runs the risk of contracting an infection. Storage,
sanitization, and disposal come after the methods for
processing and disposing of biological waste have been
established.

     Due to the COVID-19 Epidemic, there has been a
delay in obtaining and submitting the information to State
Boards and CPCB. Each State Board has, nevertheless,

submitted the Annual Report Information on Biomedical
Waste Management. A considerable amount of
potentially infectious and dangerous waste is created
every day in hospitals and other healthcare facilities
around the world. A specific focus of environmental and
humankind preservation is the efficient management of
biomedical waste, which includes an appropriate waste
reduction and neutralisation component. Together with
this idea, a comprehensive strategy for dealing with
biological waste is required since, without qualified
leadership, the handling of hazardous medical waste
could degrade the calibre of patient care.

(a) Biomedical waste: This term refers to waste products
produced during veterinary procedures, animal
slaughter, vaccines, research, diagnostics, and
therapy.

(b) Medical waste: This term refers to any waste
produced during diagnosis, treatment, immunization,
animal care, research, biological production, and
biological testing.

(c) Hospital trash: The trash generated or leaving
hospitals is what may be 85% are non-hazardous,
while 10% are infectious. Dangerous: 5%.
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     SAP Technical Modules are used to construct
applications, debug issues, download and install upgrades,
and plan and execute migrations. They are utilized on
the back end of an SAP landscape. SAP functional
modules offer business functions like handling orders,
transforming unstructured data into intelligence, and
managing human resources.

     A hospital, nursing home, clinic, dispensary, veterinary
institution, animal house, pathological laboratory, or blood
bank are just a few examples of an establishment that
generates bio-medical waste. According to the Gazette
Notification dated July 20, 1998, it is the responsibility of
every occupier (a person having control over an
institution or premises) to take all necessary precautions
to ensure that such waste is handled without having a
detrimental effect on human health or the environment.
By these guidelines,

 It is forbidden to mix bio-medical waste with other
types of trash.

 At the point of creation, bio-medical waste must be
divided into containers or bags according to its
different classifications.

 More than 48 hours cannot be spent storing biomedical
waste. Every occupant is required to either install
the necessary bio-medical waste treatment facilities,
such as an incinerator, autoclave, or microwave
system, or to ensure that the necessary waste is
treated at a shared waste treatment facility.

 Each occupier must submit an application to the
designated authorities for authorization to be granted.

Each occupier is required to keep records of all biomedical
waste generation, collection, reception, storage,
transportation, treatment, and disposal.

2. OBJECTIVE

 To reduce the chance of infections spreading.
 To safeguard the community’s health and well-being

as well as those of the medical staff.
 To shield from harm and even lethal infections.
 To offer garbage management options that are

environmentally sustainable.
 To advocate for the environment’s sustainability and

quality.
 Government and private hospitals, nursing homes,

doctor’s offices, dentistry offices, dispensaries,
facilities for medical research and training, blood
banks.

 Collecting sites, labs, animal shelters, and
slaughterhouses are all potential sources of biomedical
waste.

 To stop or lessen the generation of garbage and the
level of risk associated with their re-use.

     Utilizing trash as a source of energy or recovering
waste through recycling or any other method to obtain
secondary raw materials. The procedures and techniques
utilized to dispose of waste shouldn’t put anyone in
danger.

     Medical care is crucial for our wellbeing and survival,
yet the trash it generates puts both the environment and
humanity in grave danger. Ineffective waste management
in healthcare facilities has a direct impact on the
community, the medical community, and the environment.
A considerable amount of potentially harmful and
infectious waste is created each day in hospitals and
other medical facilities around the world. Exposure to
hospital or BMW waste and careless disposal represent
serious threats to the environment and public health,
needing careful control and treatment prior to final
disposal.

     Waste management is responsible for gathering,
moving, and disposing of garbage, sewage, and other
waste products. A variety of choices for recycling items
that shouldn’t go in the garbage are provided through
the process of processing solid wastes, often known as
waste management. The subject is recycling waste into
valuable materials. The primary motivation for waste
collection is the protection of the environment and the
general public’s health. Garbage and waste have the
potential to pollute the air and water. It is also known
that decomposing waste releases harmful vapours into
the air that might make it difficult for someone to breathe.
It is really concerning that hospital trash has not been
handled correctly. Medical staff members lack sufficient
training in hospital waste management practises. In
addition, how people treat rubbish is hazardous in and of
itself. The rubbish must be disposed of by hospital
employees as quickly and cheaply as possible, without
following hygienic procedures. The goal of this study is
to increase the general people’s and medical
professionals’ knowledge of the critical information
needed to safeguard the environment and public health.

     India’s urbanisation is bringing numerous problems
because as the population rises, so do the demands for
resources such as utilities, food, and land. Also, 1.37 billion
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more people than there are now produce more waste
than they do now. The management of solid waste in
urban settings is a serious challenge for the majority of
countries in the globe. Tonnes of trash are produced each
day in India. Only 5% of this massive amount of rubbish
is recycled, though. One solution to this problem would
be to identify and classify the garbage from the beginning.
Waste segregation needs to be managed well in order to
lower the risks to the ecosystem’s safety and health.
We can comprehend the economic value of waste better
when we separate the waste elements. Different waste
types cannot currently be separated using an effective
approach. The objective of our project is to develop a
simple, cost-effective, and user-friendly segregation
system for Indian cities to handle waste management
more effectively.

2. LITERATURE REVIEW

2.1 BIOBIN for Biomedical Waste Handling and

Disposal During  COVID ’19:
Author: Akila V; Gayathri B

     In year 2021, waste generated during covid 19
diagnosis and treatment must be managed individually in
accordance with biomedical waste management (Bwm)
rules and the central pollution control boards cpcb
instructions the collection of this biomedical waste from
quarantine wards, isolation wards, laboratories, covid test
facilities and other facilities should be directed to the
common bio-medical waste treatment and disposal facility
as soon as possible after it has been kept separate cbwtf.
This study proposes an internet of things (iot) enabled
biobin for continuously monitoring and alerting the sanitary
workers involved in this collection for routine cleaning
and early disposal of this dangerous biological waste.

2.2 Biomedical waste classification, quantification,
and management based on IoT:Author: Dr. Pooja
Raundale; SachinGadagi

     In year 2017, This initiative’s primary goal is Plans
for waste segregation are proposed in order to increase
recycling and properly handle non-recyclable waste.
Biomedical waste is just one example of trash that does
not fall under that category. As a result, this type of
garbage is dealt with differently. As a result, such
garbage is managed separately. This study looks at the
current national practices as well as the various
technologies that can be used to automate these
procedures and handle biohazardous waste with care.

     Using recent technological breakthroughs and
wireless communication, the proposed solution could help
to completely automate this system. Because IoT devices
are inexpensive and simple to set up, they can be used
to easily automate this system. COTS IoT components
are commonly used. The current internet infrastructure
is used for real-time data transport. When deployed at
sources, the color-coded bags will be marked with RFID
tags that are automatically issued and indexed by a
system. Weighing sensors would be installed in the bins
where these bags would be placed, and they would
immediately start the van transporting the waste to CBM
WTF. A 900-1900 MHz (2G spectrum) network connects
a master bin and all slave bins.

2.3 Forward Supply Chain and Waste Management
Using Block chain For COVID – 19 Medical
Equipment and Supplies:
Author: Raja Wasim Ahmad; Khaled Salah

      In the year 2021, The integration of the Ethereum
blockchain with IPFS’s decentralized storage aims to
safely fetch, store, and exchange information on COVID-
19 medical equipment waste management and its
forward supply chain. We provide algorithms for the
COVID-19 waste handling interaction rules and the
sanctions to be applied to stakeholders in the event of
infractions. They go over the system concept and its
entire execution in great detail. They use cost analysis
to assess the performance and affordability of the
proposed solution.

     They investigate our method from the standpoints of
generality and application, while also presenting the
security analysis to validate the dependability of smart
contracts. In this work, we present a high-level design
of the proposed block chain-based solution to manage
COVID-19 medical equipment supply and waste after
use, which implements four primary smart contracts:
order management, lot and ownership management,
waste shipment handling, and registration. Medical supply
and equipment are used by hospitals and COVID-19
testing facilities (COVID-19 swab sticks). Medical waste
is generated in hospitals and COVID-19 testing facilities
and is transported to a waste treatment facility for
processing and disposal by third parties. The manager’s
primary responsibility in a medical waste treatment
facility is to ensure that people can safely handle medical
waste while it is being treated and disposed of.
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2.4 Device Coding Biomedical Diagnostic System:
Author: Carlos Alvarez; Ankur Agarwal

     In year 2015, This study looks at what happens when
a device malfunctions and is brought in for repair. When
a biomedical device is returned to the customer (a
hospital, healthcare facility, or medical Centre) after a
period of testing with a diagnostic no testing “no problem
found,” this occurs (NPF). We will discuss our proposal
with a valid solution to this problem based on our
experience in the biomedical engineering field and the
use of internally generated error codes. Our solution is
optimized for Android mobile technology, but it can also
be loaded on other mobile platforms such as iPhone,
PDM, and so on. Our solution to this problem is to create
a widely accessible database of medical equipment, error
codes, what they mean, and how to resolve any issues
that arise.

     It is suggested in this article that a web application
be developed to aid in this process. Itis designed to work
with mobile devices and all major browsers. Users can
search for specific devices and error codes, view the
solution to the problem, and access all of the database’s
data. The application’s goal is to allow anyone, regardless
of level, to notice an error number on their biomedical
device, look it up in the database, and decide how to
best address it, if at all, either by themselves or by asking
someone else to do it.

3. SYSTEM ANALYSIS

     Biomedical waste has become a critical issue that is
highly concerning to the general public because of its
increasing and negative effects on public health. Because
of the biomedical industry’s tremendous technical
development and the abundance of waste disposal, the
volume of biomedical waste produced has significantly
increased. This issue is becoming increasingly important
as a result of the possible environmental risks posed by
biomedical waste. Sadly, many underdeveloped nations
lack the technology necessary to use the most popular
systems, which are electrically driven. An effective and
cost-effective device for remote healthcare, a solar
thermal autoclave uses renewable energy to sanitize
equipment. One of the most needed to control for
businesses (HCF and CBMWTF) is the management
and treatment of biological waste because improper
handling could result in harmful outcomes like widespread
infection. A effective BMW management system was
either not present in 60% of secondary care facilities

and 54% of tertiary care facilities, which indicated that
they need major improvement. An effort is being made
to automate trash management by using wireless
technology. Strategies for waste separation are
recommended in order to improve recycling and properly
manage non-recyclable garbage. In the case of a wide
variety of wastes, including biological waste, this
classification would not be accurate. This type of trash
is treated differently because of this. Such waste is
managed by a separate unit as a result.Such waste is
managed by a separate unit as a result. The current
national practices and the various technologies that can
be employed to automate these processes and carefully
handle biohazardous waste are discussed in this article.

Fig.1 Deep Learning Process

4. MODULE DESCRIPTION

     The UCI repository provided the data set needed to
complete the specified work (Bio-medical waste
management). The reduction of landfills, recycling, and
trash reduction are all encouraged by waste separation.
We took advantage of a medical waste dataset that was
gathered in 2019 by the First Affiliated Hospital of
Zhejiang University. This unusual collection includes
labels, image data, and the medical waste border for 100
samples. These samples fall under many categories of
medical waste. In this context, the proposed deep
learning method is referred to as Deep MW (deep medical
waste). The dataset contained some odd data, and some
of the images contained trash from several categories.
For example, the upper left corner of the gauze shows
gloves, an infusion bottle, an infusion bag, an infusion
apparatus, and a syringe. This kind of image was less
precise in comparison. The original image’s size and
background, as well as other elements like quality, may
have a significant impact on how well the categorization
model performs. Real applications necessitate additional
processes on the raw image, such as local sampling,
cropping, etc. We used data pre-processing to ensure
acceptable data quality and a constant sample size. This
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is in conformity with the advice of medical experts.
Namely, the dataset classification and corresponding
sample size.

Fig. 2. Deep Learning Process

5. PERFORMANCE ANALYSIS

     The result is counted as a true positive (TP) in this
module; if the same result is mistakenly classified as a
negative, it is counted as a false negative (FN). The
outcome is counted as a true negative (TN) if the
legitimate diagnosis is CHD absent and it is correctly
labelled as negative; if the same outcome is wrongly
classified as positive, it is considered as a false positive
(FP).

Accuracy - A model’s or algorithm’s accuracy is a metric
that indicates how well it operates and if it was trained
appropriately. We ran 100 epochs, and the accuracy was
96%.

Fig. 3  Model Acuracy

6. PROPOSED WORKFLOW

     FRCNN Based Biomedical Waste Management: The
management of solid waste has become a major challenge
in metropolitan places. Because different waste materials
are produced in such large amounts, different ways to
handle them are necessary. It is impossible to adequately
treat all of this rubbish at once. One of the most important

processes in waste management is waste classification.
Waste separation currently involves physical effort,
which could be highly harmful to the person doing the
job. In the proposed system, an efficient automatic
garbage disposal model has been added at the source
itself. As a result, the technology will reduce the number
of workers needed to sift waste. This will be
accomplished by using the foundations of the Faster
Region Convolutional Neural Network (FRCNN), a
machine learning method. This system’s objective is to
take pictures of a single trash item, identify it, and
successfully separate it in to biodegradable and non-
biodegradable garbage.

7. SIMULATION

Fig. 4 Login Page

Fig.5 Admin Page
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8. CONCLUSION

      The results demonstrate that even with a small image
dataset, sophisticated AI methods may be used for highly
accurate automatic identification and classification of
medical waste. The main objective of this study was to
obtain the greatest classification accuracy possible
utilizing a data set of only 100 photos of medical waste
and the created AI system.

      Thus, preventing overfitting because of the scant
training data is the key problem. The results of the
developed model will be reviewed in this section of the
study. On the test data, the developed model performs
reasonably. In conclusion, the model’s accuracy rate is
close to 96%. The model correctly classifies the various
waste components by identifying the various categories
of objects. The model correctly classifies the various
waste components by identifying the various categories
of objects. Using images from the testing data, the
generated model’s final output has been assessed. The
test data images have been meticulously incorporated
into the testing code for the waste element detection.
The model’s overall detection time to identify a single
object from an image is close to 3.05 seconds. In order
to determine the model’s true correctness, the names of
the images were actually provided so that it could be

Fig. 6 Data preprocessing

Fig.7 Testing phase
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physically observed how well the model’s functions had
performed in those pictures. Initially, during testing, it
appeared as though many boundaries were being formed
in the area of object detection, but this problem was
resolved by lowering the threshold for picture prediction
This study provided an automated framework for
garbage detection using deep learning algorithms and
image processing methods to decrease the effects of
improper waste disposal. In order to implement the
framework, training techniques, classification techniques,
and a large photo collection were used. In this study, we
show how the Faster R-CNN algorithm may be used to
categorize waste products into different groups on many
different objects in a single image.

      In biomedical waste categories, gathered in the
proper type of container, and designated color coding,
the hospitals were segregating the biomedical waste every
day. Although the quantity of hazardous waste has not
decreased, the actions taken have resulted in its complete
neutralization and safe disposal. The operation of the
biomedical waste management system should be
periodically redesigned in response to situational changes
after study of hospital management. To reduce
environmental pollution and protect the safety of the staff,
patients, and general public, improvements over previous
regulations in terms of improved segregation,
transportation, and disposal techniques have been made.
The dataset for our project, which contains photographs
of regional waste products that are slightly diverse, was
the main problem. It is the cause of the model’s inaccurate
predictions on a few local garbage photos. However,
the datasets were improved by integrating images of
locally collected trash. Images of the waste products in
the training dataset that are unclean and appear dirty
must be attached. In doing so, it may be possible to obtain
improved categorization with a greater accuracy level.
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Abstract

     Customers can access, save, and retrieve their facts/data from a server remotely, which also provides on-
demand services. The most effective technique to handle our information securely is through cloud garage.
Data protection and privateers are important factors. There are several different encryption techniques used
to securely percentage data. The issue with Constant data storage is typically resolved using (ABE). One-of
the best ways to solve-issue of a reliable fact/resource-sharing system in cloud processing is through CP-ABE.
Only authorised end-users/customers can encrypt and decode data. Each possesses a unique collection of
traits. Hierarchically, a single access structure is paired with a layered access structure. The papers in the
hierarchical structure are encrypted with built-in access control. For ciphertext time, the cost of encryption is
reduced. Final Implementation provides significantly longer encryption times for a number of attributes. An
Extremely Optimized File Hierarchy Attribute-Based Cryptography scheme (EFH-CP-ABE) with a few addi-
tional encryption techniques is suggested in this study. Cloud data can be secured by using different at-
tributes and with additional features.

Keywords: Attribute-based encryption, Cloud Computing, CP-ABE, Data Sharing, EFH-CP-ABE,
                 File hierarchy Ciphertext-policy

1. INTRODUCTION

      Cloud-compute resource processing is a Model for
offering easy, on-demand on-premise network access
to customisable shared pools, relate to the Wikipedia
definition. Deploy computer resources or any IT data
transmission share (like networks, servers, storage,
applications, and services) quickly with pay as you used.
Cloud computing refers to on-demand computer data or
supplies-resources that are available via interconnected
N/W networks such as the internet and are delivered
and dispersed with the least minimum of administrative
effort or contact with service providers.

     Cloud compute processing is an open-source, on-
premise, on-demand resource that you may share and
use of services from anywhere and payment only service
for what use have use in time. Most cloud features and
technologies are built on this service, and in the
deployment, resource-shared, access-rapidly and they
are the kind of access model. Cloud compute resource
processing technique has advanced rapidly in recent
years and has emerged as an important topic in computer
science. It offers highly scalable and dependable storage
on third-party servers for easy administration and

deployment of services with pay as you go. Cloud
compute is a centralised server resource with distributed
servers on a scalable platform that provides on-demand
computing supplies-resources (like: owner who provide
called CSP) are offers on cloud-platforms-space for
their-own customers to use and create any-of-their-
services, and ISPs-offer high-speed broadband to access
the internet. Cloud-Compute process, A concept that
offers accessible, on-demand on-premises network
access to a common pool of resources (such as networks,
servers, storage, and applications) that can be created
and deliver/server-resources quickly with-a little
administration effort.

     Cloud compute process provides a new business
model for firms that want to implement IT services and
other organisations like in the government sector,
healthcare data management, education etc. This
organisation service is simple to setup and requires no
upfront expenditure. Security is the most primary
concerns impeding cloud expansion. Users must encrypt
their stored data before saving it on remote database
servers to ensure that it is protected from other users or
malicious websites.
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2. CLOUD MODEL AND ITS BASIC OF CLOUD
PROCESS, METHODS AND ISSUES

     Recently, most research works on technology,
business, sectors, the education field of agriculture, etc.
Are they now based on cloud computing technology?
During the covid-19 pandemic period, cloud technology
was used in many fields that helped the IT workers,
Students to process their work without any pending. Most
software S/W and hardware H\W services are shared
through the cloud because it is accessible, flexible,
scalable, efficient with high availability, and then can be
accessed from anywhere. The IaaS, PaaS, and SaaS
which are the three primary cloud computing services.
As a result, more data is accessible and shared across
several businesses via the cloud-based network or
services. It has more procs but also has drawbacks on
the cloud during data transmission or data exchange. This
cloud compute process built on two models: a service
model and a deployment model, each of which has
several variants based on its functions. Infrastructure,
platform, and application-based service model
Development-model based-on cloud-kinds(public/open-
cloud,private/closed-cloud,hybrid/clone-cloud,
community/organization cloud) depending on the
characteristics of the cloud-models, They access data
or on-demand resources that are shared by CSPs or
service-providers are accessible to certain-data of
authorised users. The use of cloud computing inside an
organisation has almost always been expanded. However,
with cloud adoption comes the urge to-ensure the
organization’s cloud security approach is capable-of being
protective against the most serious cloud security risks.
To address this, we employed a technique known as
encryption technology, which-is used-to encrypt and
decode data during cloud transfer and also to safeguard
data from theft. Misconfigurations of cloud protection
settings are a major cause of cloud records/resources
breaches. Many firm’s cloud protection posture control-
strategies are in-adequate for safe-guarding their critical
cloud infrastructure.

2.1 Issues in Data Sharing

     This is affected by a number of things. Enterprises
find it challenging to ensure that statistical data/resources
are easily accessible to legal parties because cloud
infrastructure is designed to be simple to use and to
facilitate clean resource/data exchange. Additionally,
organisations that use cloud-based infrastructure are
unable to fully control and view their infrastructure; as a

result, they are forced to rely on security measures
supplied by their cloud service provider (CSP) to plan
and maintain their cloud deployment. It is easy for a
misconfiguration or security oversight to expose an
organization’s cloud-based resources to attackers
because many organisations lack experience protecting
cloud infrastructure and frequently have multi-cloud
installations, each with an extraordinary array of vendor-
supplied security measures.

     Data Loss in Cloud-store-environment occurs due
nature and by other external factors:

 Third party Access
 Undefine Interfaces/APIs
 Hacking of Accounts
 Unnoticed Security problem
 Sharing of Data with third party
 Malicious Insiders in the Cloud.
 Cyberattacks in the Cloud.
 Service loss or Attacks in the Cloud.

     These are some of the issues that arise in the
opensource-cloud when data/resources are shared and
accessed using cloud-based models or form services.

 Encryption: It is method of rewriting the original data
into duplicate data by using some cryptography text
or character or symbols by using these the data are
get hidden the original data called encryption

 Decryption: This is a method related to encryption
that is diametrically opposed to encryption in that the
changed data is converted to original information in
this process known as decryption.

     Cryptography is the combined process of encryption
and decryption; the process explains in Fig 1. We can
avoid data theft on-cloud by employing this strategy,
method, and algorithm
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Fig.1 Basic Process of  E&D (Encryption
and Decryption)



     Types and step process of E&D based on two types
one is symmetric encryption Figure.2 and other one is

asymmetric encryption Figure.3.

Fig.2 Symmetric encryption

Fig.3 Asymmetric encryption

2.2 Comparison of Encryption Technique

Table 1 old-encryption technique VS Novel-encryption technique
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2.3 Literature Survey

     The EFH-CP-ABE Access-Control-Scheme with
Attribute-Based Encryption, invented by J. LI, N. CHEN,
and Y. ZHANG, provides many advantages over
traditional methods. “Shulan- Wang, Junwei Zhou, Joseph
K. Liu, Jianping-Yu, Jianyong-Chen, and Weixin Xie were
the first to present the FH-CP-ABE approach”.
Compared to this approach, EFH-CP-ABE offers a few

similarities, benefits, and drawbacks. We can therefore
conclude that EFH-CP-ABE is the upgraded version of
FH-CP-ABE. This cryptography policy scheme uses the
same process level to encrypt multiple files. The method’s
security in the common model is formally established.
Nonetheless, we think that the authority center-party may
be completely trusted in the current arrangement. If the
cloud authority becomes untrustworthy, his method might
no longer be secure.



     CP-ABE: [ABE Type] Initially presented by Sahai
and Waters, to identify & address the ABE difficulties.
Each user’s identification is determined by a few
attributes. Additionally, it developed a method for
delivering “fine-grained access control” in a Cloud-
Garage-Environment or in any other cloud storage
procedures.

     The two forms of ABE are key-policy-ABE (KP-
ABE), which Goyal et al. first published. Furthermore,
Bettencourt was the one who initially proposed the ABE
ciphertext policy (CP-ABE). The [attribute set] and
[access structure] in this scenario are appropriately
associated with the private keys of the user/receivers
and the CT (ciphertext). Only if a user’s attribute set
validates or satisfies the requirements of the access
structure may they decode the ciphertext. Despite the
unreliability of these cloud services, the CP-ABE system
successfully forbids any unauthorised or untrusted user
from accessing data garage-store on remote cloud
servers.

     Attribute-Based Multi-Authority Encryption: It (MA-
ABE-secure scheme) is a stimulus of ABE-scheme in
which the CA is dispersed widely over numerous
independent parties. The first MA-ABE system based
on prime-standard pairings that does not require a trusted
setup. Prior to MA-ABE, (ABE) systems-module used
characteristics for data encryption and decryption in
secure state during data-transmission. The developers
(Sahai and Waters) who devised an (ABE) scheme for
the procedure. A single-access-tree-structure-authority
has some disadvantages, some of which are as follows:
The single-access-tree-structure-authority, CSP, manages
all system attributes; failure-issue or corruption-data of
the authority (Untrusted CA) affects the entire system.
The Key-Escrow-problem is another weakness of a
single-access-tree-structure-authority system. The
single-access-tree-structure-authority distributes and
shares private-keys so that the single-access-tree-
structure-authority can decrypt any ciphertext in the
system so here data can be loss. To address the
shortcomings of a single-authority-attribute-based
system-module, a multi-authority-attribute-based-
encryption  (MA-ABE-scheme) system was developed.
This MA-ABE-scheme system employs a central-
authority (CA) as well as several attribute-authorities
(A-As). The (MA-ABE)-system is the CA-trusted-
authority can decrypt-text and diminish the user-privacy
and confidential-data of user, information, and resources,

etc., so it may lead to problem or theft of data, which
has an effect on cloud storage and also loss-data.

     A multiple-authority based ciphertext encryption
method A single central authority and a number of
attribute authorities make up the attribute-based, multi-
authority ciphertext policy encryption approach
developed by Sascha Muller, Stefan Katzenbeisser, and
Claudia Eckert. The method’s disadvantage is that any
ciphertext that is present in the network may be decoded
by the central authority. A multi-authority ciphertext
policy attribute-based encryption method is employed for
monotonic access structures. This approach gets rid of
the reliable central authority.Key-Management-Attribute-
Based-Encryption is an alternative to the traditional ABE
paradigm. Customers and users who has granted
authorization-key can examine the data attributes in a
tree-structured view. The end user’s secret key is
defined-order to reproduce the ATS- (access tree
structure). To limit which cypher texts a user may decode,
private keys are combined with monotonic access
structures. Sets of features are pinned or pointed to in
cypher messages.

    Green et al. suggested outsourcing the CPA-secure
CP-ABE initially in 2011. Only one modular
exponentiation was left for the user to complete because
the majority of Waters’ expensive decryption methods
were outsourced to a decryption proxy (such as Cloud
Server). For each user enrolled with the Trusted-
Authority, a process-get generates a public
transformation key and a private decryption key (). The
user submits his ciphertext to the decryption proxy, which
uses the ElGamal algorithm to condense it into a brief
ciphertext. The user then uses the decryption key to
decrypt the new ciphertext. The user sends the
decryption proxy, which converts the ciphertext into an
El-Gamal short ciphertext, in order to decode it. The user
then uses the decryption key to decrypt the new
ciphertext. The success of this process also depends on
the reliability of a third party. the format advised by Chun-
I and colleagues ABE. The generation of keys is
processed via identity-based encryption. System settings
and keys are created and maintained by the root-authority.
Data owners, cloud storage servers, domain authorities,
and data consumers are given tasks by the approach.
This has the benefit of making access control more
precise possible. HIBE and CP-ABE are combined to
accomplish full cloud delegation. Chun Yan et al.
suggested combining (MA-ABE) with (EFH-CP-ABE)
from (IBE) for CCA security and anonymity to boost
security effectiveness.
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     In order to create distinct, obvious data security for
both used and stored data, Vasily Sidorov. Transparent-
Data-Encryption (TDE), which had previously been
restricted in its ability to address privacy and security
challenges, was improved by him. A secure,
straightforward, and fine-grained question-result
confirmation system was created by Hui Yin and Zheng
Qin. a straightforward signature method is employed to
confirm the reliability of the authentication item. For
secure distributed massive data storage to accomplish
privacy in cloud computing, Yibin Li et al. presented an
intelligent cryptography-based method. To prevent your
cloud administrator provider from receiving inaccurate
data, it saves data in sporadic documents. The knowledge
packets are split up to speed up processes. By developing
a governing body that controls communication from user
to server and back to the enquiring user, Palivela Hemant
aimed to address security and backup difficulties. A
database for user-server connections is provided by the
routing-table, which is connected to the end and middle
servers.

     Lai et al. proposed decrypting and then validating
the user’s identity. Decrypts the encrypted text first, then
validates its accuracy. The (ABE), which Jiguo Li and
colleagues introduced in 2016, generates outsourced
decryption with a strong focus on verity and then decrypts
when the user first examines the cypher text after
verification, indicating that the scheme-method is CPA.
Plaintext attacks are safe. They added a delegation
mechanism-scheme so that several-users may attest to
the integrity of the encrypted material without access-to
original file. Qi Li and colleagues focused on multi-
authority-access-control for software storage. As a
result, cloud storage now includes a secure, scalable,
and reversible multiple authority access control
mechanism.

    J. Li, W. Yao, J. Han, Y. Zhang, and J. Shen, “CP-
ABE With Efficient Attribute Revocation” Since each
user has multiple attributes and numerous users have
the same characteristics, CP-ABE techniques are used.
This shows that in addition to preventing user collection,
removing a single property can also have an impact on
other system users. It also raises certain security
concerns.

2.4 Preliminaries

     The process of our work studies is referenced on
CP-ABE-Scheme, FH-CP-ABE-Scheme, EFH-CP-
ABE-Scheme, MA-ABE-Scheme And KBE- Scheme.

2.5 Related Work and Existing Studies with
Problem Definition

     The scheme FH-CP-ABE when compared to this
method EFH-CP-ABE has some similarities, pros and
cons, we can say that EFH-CP-ABE is the advanced
level or next level of FH-CP-ABE. Then flexible access
control (save time, computational cost of user) this
method has developed to overcome one access level at
a time in encryption, However-this approach has certain
security flaws, so to improve that we move on to proposed
work for develop and improvement security and level in
one process by using M-ABE and KBE.As process
mention on Figure 4.a, Figure 4.b, Figure 4.c.

Fig.4 a) Existing system FH-CP-ABE with
single-access level

Fig.4 b) Existing system FH-CP-ABE with
multi-access level
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Fig.4 c multi-authority-attribute-scheme-based encryption



2.6 WHY TO PREFER MA-ABE, Multi-
Authority Attribute-scheme-Based Encryption

     It (MA-ABE-scheme) is a generalisation of ABE
based on a stimulus where the CA is widely distributed
across numerous independent parties. A trustworthy
setup is not required for the first MA-ABE technique
derived from prime-order pairings.

    Attribute associated-encryption (ABE) is flexible
encryption-approach used in the context of cloud-process
computing, IOT, social-networks, other technological-
resources where security-protection and privacy are
critical needs of the cloud system (like EFH-CP-ABE
method-based systems). The advantages and
characteristics of the multi-authority-attribute-based-
encryption-scheme (MA-ABE) method, which is one of
numerous Attribute-Related-Encryption (ABE)
techniques, are demonstrated in this study. A multi-
authority-ABE system can have an unlimited number of
attribute-authorities and user-types are differed. The
system specifies two global public parameters. An end
user can receive the appropriate decryption keys by
selecting an attribute authority. Prior to MA-ABE,
attribute-related-encryption (ABE) systems employed
attributes to encrypt and decode data. (Sahai and Waters)
they proposed an attribute-based model in 2005.A
centralised-authority-system has various drawbacks,
some of them are as follows: All system characteristics
is managed by a single root-authority, CSP, Failure or
corruption of the authority (Untrusted CA) impacts the
entire system. Another vulnerability of a single authority
system is the Key-Escrow dilemma. The single root-
authority distributes and shares private-keys are order-
to decipher any ciphertext in the system. A multi-
authority-attribute-based-encryption-scheme (MA-ABE)
system was created   and solve the drawbacks of a single
root-authority attribute-based-system. A central root-
authority (CA) and many-attribute-authorities (AAs) used
in MA-ABE system Chase and Chow proposed a
method that would enable a multi-authority-attribute-
based-encryption-scheme solution without full-access to
central- authority. The system then leverages distributed
pseudo random function approaches (PRF).

2.7 Proposed Method

     Because we believe that this suggested work
technique or scheme can enhance EFH-CP-ABE and
also be utilised for (CP-ABE) for Big-Data-Access-
Control in the Cloud-compute process, we have initiated

a proposed effort to improve-resource-process.
Extended-File-Hierarchy-Access-Control Scheme with
Attribute-Based Encryption outperforms FH-CP-ABE.
When compared to this approach, we can say that EFH-
CP-ABE has certain similarities, as well as advantages
and disadvantages, and that EFH-CP-ABE is the
advanced level or next level of FH-CP-ABE.A
Cryptography policy mechanism that encrypts multiple-
files, data at the same-access level. In the standard model,
it officially verifies the method’s security. It allows safe
and flexible-access-control in cloud-storage while also
decreasing computation time for cloud clients.
Nonetheless, we consider that the authority-centre-party
is completely trustworthy in its current form. His
technique may no longer be secure if the cloud authority
becomes untrustworthy. All decrypted-keys can be
obtained and decrypted-data or resources by an
untrustworthy-CSP/untrustworthy authority centre. To
eliminate the vulnerability created by a single authority
centre, a multi-authority ABE system or any-other
method (like KBA) that can be developed would be an
appropriate strategy secure-cloud. A Cryptography policy
approach in which numerous-files are encrypted on the
same computer. Because the key-generation procedure
of this approach is nearly identical with that of the CP-
ABE method, we can extend it to a multi-authority scheme
and also employ the Knowledge Based Authentication
scheme for added security. Hierarchical-files are
encrypted-data or resources with some condition of
symmetric session-keys, and then session-keys are
encrypted as well. These encrypted files/documents and
encrypted-session-keys are all kept on cloud servers,
which are virtual environments. The system’s framework
consists of four entities:

 Data Ownership (DO): The data holder/owner must
keep and distribute a specific quantity of data on the
CS. Files are divided-into various data-blocks based-
on-access level permissions.

 Central Authority (CA): The central authority initiates
the system process and creates the system’s masters
secret key and public parameters. It also generates
the private key () of each attribute set at the same
time. Where it is fully defined as a trustworthy entity.

 Cloud Server (CS): A cloud-server is a trustworthy
yet perplexing entity in the world of cloud-resource
computing technologies. It conducts ciphertext store
and transfer services in the virtualized cloud
environment with confidence.

 Data Client (DU): Data users can download the
ciphertext from the CS and decode individual files/
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documents/resources or the whole ciphertext into
plaintext. Then, after obtaining the ciphertext, it
performs the decryption procedure as follows: If its
properties match those of a certain level node, it
decrypts the relevant session keys using the EFH-
CP-ABE encryption technique. Then, at the nodes, it
handles all level nodes in the subtree of rooted nodes
and obtains all related session keys. Finally, it obtains
data-blocks, an-appropriate lower-level data blocks
through the benefit-use of a symmetric encryption
technique.

     When compared-related to the FH-CP-ABE scheme
approach, this procedure of EFH-CP ABE encryption
may encrypt numerous files on the same access level,
making it more practical, especially for more hierarchical
sectors and large company growth and service
businesses. It reduces storage space and compute costs
in CS, and it also provides safe and flexible-access-
control for users in cloud. store. However, if the CA is
untrustworthy, it may result in data theft. To over-come
this issue, we may use/add the different-kind of multi
authority-based encryption and decryption policy attribute
technique,  adding protection through Knowledge Based
Authentication as process mention in Figure 5.

Fig. 5 Proposed system process

2.8 Compare the integrate access structure of
EFH-CP-ABE and FH-CP-ABE

     The majority of these systems’ operations and
outcomes are equivalent. The sole distinction is that EFH-
CP-ABE supports different encryption methods at the
similar access level (flexible access control), but FH-
CP-ABE does not. When this method compares and
related to EFH-CP-ABE, FH-CP-ABE provides more
secure conditions for users to download data;
nevertheless, in EFH-CP-ABE, the parent node of data
can decrypt the data of child node files; to over-come
this issue, we can utilise a multi-authority-based
technique.

3. CONCLUSIONS

     Throughout this study, we evaluate the FH-CP-ABE
scheme to the EFH-CP-ABE scheme is order to-improve
encryption access from one to multiple accesses at same-
time, same-access-level. In addition to improve safe data
transmission and security of cloud-store, we use (MA-
ABE) Multi-attribute authentication is used, and we may
strengthen security by using KBA, which improves
access and allows users to use CS securely without the
necessity for a CA or outside access.

4. FUTURE WORK

     By utilizing the study concept of our paper work
method and procedure, we will attempt to resolve these
concerns (Analysis and Implementation of algorithm) in
our future work.

REFERENCES

[1] J. Li, N. Chen and Y. Zhang, “Extended File
Hierarchy Access Control Scheme with Attribute-
Based Encryption in Cloud Computing,” in IEEE
Transactions on Emerging Topics in Computing, doi:
10.1109/TETC.2019.2904637, Vol. 9, No. 2, 1st

April-June 2021, pp. 983-993.
[2] S. Wang, J. Zhou, J. K. Liu, J. Yu, J. Chen and W.

Xie, “An Efficient File Hierarchy Attribute-Based
Encryption Scheme in Cloud Computing,” in IEEE
Transactions on Information Forensics and
Security, doi: 10.1109/TIFS.2016.2523941, Vol. 11,
No. 6, June 2016, pp. 1265-1277.

[3] Shulan Wang and Junwei Zhou, Member, IEEE,
Joseph K. Liu, Member, IEEE, Jianping Yu,
Jianyong Chen, and Weixin Xie, “An Efficient File
Hierarchy Attribute-Based Encryption Scheme in
Cloud Computing”, IEEE Transactions on
Information Forensics and Security, Vol.11, No. 6,
June 2016.

[4] A Study on CP-ABE-Based Medical Data Sharing
System with Key Abuse Prevention and Verifiable
Outsourcing in the IoMT EnvironmentYong-Woon
Hwang and Im-Yeong Lee*

[5] Li and H. Zhu, “Multi-authority Attribute-Based
Access Control Scheme in Mhealth Cloud with
Unbounded Attribute Universe and Decryption
Outsourcing”, 2017, 9th International Conference
on Wireless Communications and Signal Processing
(WCSP), 2017, pp.1-7, doi: 10.1109/
WCSP.2017.8171106.

IJEST  Vol.14  No.1&2  January - December  202087

EFH-CP-ABE Scheme With MA-ABE and KBE: Extremely Optimized File Hierarchy  Attribute-Based Cryptography



[6] M. Green, S. Hohenberger and B. Waters,
“Outsourcing the Decryption of ABE Ciphertexts”,
in Proceedings of the 20th USENIX Conference
on Security, Berkeley, CA, USA, August 2011,
pp.34.

[7] B. Waters, “Ciphertext-Policy Attribute-Based
Encryption: An Expressive, Efficient, and Provably
Secure Realization”, in Proceedings of the IACR
International Conference on Public-Key
Cryptography, Taormina, Italy, March 2011, Vol.
6571, pp. 1-25.

[8] T. Elgamal, “A Public Key Cryptosystem and a
Signature Scheme Based On Discrete Logarithms”,
IEEE Transactions on Information Theory, Vol. 31,
1985, pp. 469-472.

[9] M. Green, A. Akinyele and M. Rushanan, Libfenc,
The Functional Encryption Library.

[10] E. Fujisaki and T. Okamoto, “Secure Integration of
Asymmetric and Symmetric Encryption Schemes”,
in Proceedings of the Annual International
Cryptology Conference, Santa Barbara, CA, USA,
August 1999, pp.537-554.

[11] PalivelaHemant,Nitin Gawande,et al.,
“Development of Servers in CC to Solve Issues
Related To Security and Backup”, 2011,IEEE.

[12] Chun-I Fan Attribute Based Encryption from
Identity Based Encryption, Journal of LATEX class
files,September 2016.

[13] VasilySidorov and WeeKeong Ng, “Transparent
Data Encryption for Data-in-Use and Data-at-Rest
in a Cloud-Based Database-as-a- Service Solution”,
2015, IEEE.

[14] HuiYin and ZhengQin, et.al., “Achieving Secure,
Universal,Fine Grained Query Results Verification
For Secure Search Scheme Over Encrypted Cloud
Data”, 2016, IEEE Transactions on Cloud, Jiang
Schuci,GuoWeibin et al,”Hierarchy Attribute-
BasedEncryption Scheme to Support Direct
Revocation in Cloud Storage”, 2017, IEEE.

[15] T.Khodadadi, Y.Javadianasl, F.Rabiei, M.Alizadeh,
M.Zamani and SS.Chaeikar, “A Novel Graphical
Password Authentication Scheme with Improved
Usability”, In 2021, 4th International Symposium on
Advanced Electrical and Communication
Technologies (ISAECT) 2021, Dec 6, IEEE, pp.
01-04.

[16] SS. Patel, A. Jaiswal, Y. Arora and B.Sharma,
“Survey on Graphical Password Authentication
System”, Data Intelligence and Cognitive
Informatics: Proceedings of ICDICI 2020, 2021,
pp.699-708.

IJEST  Vol.14  No.1&2  January - December  2020 88

R. Ezhil, N.Nataraj and K.M. Madhumita






	IJEST Front Vol.14 No.1&2 Jan-Dec 2020 - Copy.psd.pdf
	IJEST Inner page 1-13.07.23   Vol.14 No.1&2 Jan-Dec 2020 (1).psd.pdf
	IJEST Content Final PDF 13.07.2023.pdf
	IJEST Inner page 2 Vol.14 No.1&2 Jan-Dec 2020.psd.pdf
	IJEST Backpg 13.07.23 Vol.14 No.1&2 Jan-Dec 2020.psd.pdf

