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3.3.2 Number of books and chapters in edited volumes/books published and papers 
published in national/ international conference proceedings per teacher during Calendar 
year 2023
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Classification of Lung 
Cancer, Pneumonia, 
COVID-19 using Lung CT 
and Ultrasound 
Radiography Imaging

Bio-medical imaging (X- 
ray, CT, ultrasound, ECG), 
genome sequences 
applications of deep neural 
network and machine 
learning in diagnosis, 
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and segmentation of 
COVID-19: a Meta­
analysis & systematic 
review

Dr. Y.H. Bhosale Springer Computer Science 
& engineering

9

Electronics &
T elecommunication 
Engineering

Dr.Syed Sumera Multi-Plant and Multi-Crop 
Leaf Disease Detection and 
Classification using 

Deep Neural Networks, 
Machine Learning, Image 
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Implementation using 
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Computer-Assisted Text 
Analysis Tools
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(Springer Nature)
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Intelligence & Data 
Science

Dr. Saroj S. Date13

Automated GUI Testing 
for Enhancing User 
Experience (UX): A 
Survey of the State of the

Dr. Saroj S. Date Springer Nature 
Singapore (Scopus 
Indexed)

Artificial
Intelligence & Data 
Science

14

Art

Dual adaptive model for 
change detection in 
multispectral images
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Science

Dr.P.V Chafle IEEE15
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Areas Segmentation 
Structure for Remote 
Sensing Image
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Science

16 IEEE
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Thermal Stress Analysis of 

Inhomogeneous Infinite Solid to 2D 

Elasticity of Thermoelastic Problems

j Abhijeet Adht/  and Kirtiwant  Ghadle

Abstract This paper is developed to study an analytical solution of thermal stresses 
to the plane elasticity of thermoelastic problems for inhomogeneous materials with 
internal heat generation. Here, the original problems are reduced to set the governing 
equations by use of the method of direct integration. Further using the iteration 
techniques, the governing equations are reduced to integral equations. The numerical 
calculations have been performed with the aid of the iterative method, which gives 
the rapid convergence. The distribution of Young’s modulus and shear modulus, and 
the dimensionless stresses, are shown graphically. An explicit solution is derived 
which will be more useful for analysis of stress field in an isotropic inhomogeneous 
solid.

Keywords 2D elasticity problems • Thermoelastic problems • Inhomogeneous 
solid • Direct integration method • Iterative technique • Analytical solution • Exact 
solution

1 Introduction

Thermoelasticity comprises the theory of heat conduction and the theory of stress 
and strain due to heat flow, when coupling of temperature and strain field takes place. 
Also, it contains the study of temperature distribution, stress, and strain developed 
in a material. A study of thermal stresses is essential in many applications. Thermal 

’ stresses in a material are one of the prime factors, which affect the life of a material. 
The determination of thermal stresses caused by an involvement in a medium is 
classical problem. The interest of researchers to study elasticity and thermoelastic
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Aurangabad 431010, MS, India 
e-mail: adhe.abhijeet@gmail.com

K. Ghadle
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ECG-CCNet: Cardiovascular(Cardiac) and COVID-19 

Disease Classification Using Deep Convolutional 

Neural Network Learning Pipeline Approaches From 

Electrocardiography(ECG)- A Study
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adequate sensitivity percentages, they have significant 
limitations. These require a lengthy timeframe to provide 
results, excellent laboratory conditions, and skilled experts to 
execute the examinations [5]. It may generate a poor outcome 
even if the individuals have identified COVID-19 [6], Various 
alternative tests and procedures that produce quicker and more 
reliable findings are still being investigated. Biomedical 
screening using X-ray and CT scan modes is one of these ways 
employed for the rapid recognition of COVID-19. Lung X- 
rays and CT pictures conceal important knowledge that could 
aid in diagnosing lung illnesses. Many studies have 
established the existence of differences in chest radiography 
images recorded prior to the onset of COVID-19 signs. 
Furthermore, multiple investigations have shown that X-ray 
and CT scans are more reliable than PCR testing in diagnosing 
COVID-19 [7], [8], and [20]. Nonetheless, due to the 
closeness of COVID-19 characteristics with other kinds of 
pulmonary diseases, these approaches necessitate the 
involvement of a professional radiologist to diagnose in- 
hospital patients[9].

Although the COVID-19 primarily affects the circulatory 
tract, it impacts other essential human organs, including the 
cardiovascular system [9], Computer vision algorithms based 
on deep learning(DL) are very successful and beneficial, 
particularly for diagnostics and monitoring. Cardiovascular 
changes [10,11] have promoted using ECG as a screening tool 
for COVID-19 assessment. Considering the 
advantages of ECG use, such as mobility, accessibility, the 
convenience of use, affordable, harmlessness, and real-time 
inspection, the automated identification of COVID-19 using 
ECG may be of substantially worth in addition to PCR testing 
and thoracic X-ray or CT imaging. The cardio-vascular tract 
is an essential area in which the infection interferes with 
regular circulation. ECG physiologic impulses, on either hand, 
are an excellent predictor of pathological disorders in the heart 
and lungs. The usual approach to analyzing ECG imaging with 
DL approaches is retrieving handcrafted characteristics and 
constructing DL & ML classifiers. As an alternative to the 
present diagnosis techniques, a novel, safe, affordable, 
precise, rapid ensemble pipeline dubbed ECG-CCNet is 
proposed to aid in the automated analysis of cardiovascular 
and COVID-19.
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Abstract- Experimental studies demonstrate that COVID-19 
illness affects the cardiovascular as well as the pulmonary / lung 
tract. The limits of existing COVID-19 diagnostic procedures have 
been revealed. In contrast, to present diagnoses, such as low- 
sensitivity conventional RT-PCR testing and costly healthcare 
scanning equipment, implementing additional approaches for 
COVID-19 illness assessment would be advantageous for COVID- 
19 epidemic management. Furthermore, problems generated by 
COVID-19 on the cardiovascular tract must be detected rapidly and 
precisely using ECG. Considering the numerous advantages of 
electrocardiogram (ECG) functionalities, the proposed study offers 
a novel pipeline termed ECG-CCNet for examining the feasibility 
of employing ECG pulses to diagnose COVID-19. This study is a 
two-phase transfer learning (TL) approach is suggested for the 
prognosis of COVID-19 disorder, which includes feature mining 
utilizing DCNNs models and ensemble pipelining using ECG 
tracing imageries generated from ECG signals of COVID-19 
diseased sufferers relying on the anomalies induced by COVID-19 
pathogen on cardiovascular structures. A complete classification 
performance of 93.5% accuracy, 87% recall, 87.03% Fl-score, 
95.66% specificity, 87.16% precision, and 95.33% AUC attained by 
abnormal heartbeats, COVID-19, myocardial, and normal/healthy 
classification. This experiment is considered a high possibility for 
speeding up the diagnostic and treatments ofCOVID-19 individuals, 
reducing practitioners' efforts, and improving epidemic containment 
by utilizing ECG data.

Keywords- Electrocardiography (ECG) trace image, Deep 
learning, cardiovascular diseases diagnosis, Convolutional neural 
networks (CNN), COVID-19 detection & Classification, Biomedical 
image signal processing.
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I. Introduction

Coronaviruses are a vast viral subfamily that can produce 
a variety of illnesses in both mammals and mankind. COVID- 
19 originally surfaced at the start of December 2019 in Wuhan 
region, China; it has since expanded at an extraordinary rate 
around the continent [1]. Fever, coughing, and breathlessness 
are the most prevalent indications. Tuberculosis, chronic lung 
failure, kidney failure, pneumonia, and mortality may occur in 
extreme situations. As of 20 June 2022, the 533 million cases 
worldwide, with 6.3 million deaths due to COVID-19 [2]. 
Despite the fact that without viable treatment for COVID-19, 
which the WHO proclaimed an epidemic disease on 11 March 
2020 [3], there have been encouraging advancements in 
antigen research. According to published resources, vaccine 
efficacy is relatively good, with 1186 million dosages of 
COVID-19 vaccine provided to the whole community in this 
article's drafting [3].

RT-PCR screening is currently the WFIO official 
standardized approach for diagnosing COVID-19 [4], Despite 
the fact that those testing are the benchmark due to their
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The major contributions of the projected work are:

The new method is based on 2-D ECG tracing 
imageries to detect cardiovascular and COVID-19, which is a 
unique technique for experimental analysis.

ECG-CCNet extracts 2-levels of deep features from 
four DCNNs of distinct structures. The potential of using ECG

978-1-6654-7100-8/22/S31.00 ©2022 IEEE
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Graph and Capsule Convolutional Neural Network Based 

Classification of Lung Cancer, Pneumonia, COVID-19 

using Lung CT and Ultrasound Radiography Imaging
Yogesh H. Bhosale

Dept, of CS&E, Birla Institute of Technology, 
Ranchi, India.

y ogeshbhosale988@gmail. com

Abstract- Pulmonary / Lung nodules are a sign of lung cancer. 
Pneumonia, Lung nodules show up on imaging scans like X- 
rays, CT or ultrasound scans. The healthcare team may refer 
to the growth as a spot on the lung, coin lesion, or shadow. 
Coronavirus (COVID-19) has been identified as a worldwide 
epidemic, affecting individuals all over the nation. It is vital to 
identify COVID-19-affected persons to limit the virus's spread. 
According to the latest study, radiographic approaches can be 
used to diagnose contamination utilizing deep learning (DL) 
methods. Considering that DL is a valuable approach and 
methodology for image analysis, various studies on COVID-19 
case detection utilizing radiographs to train DL networks have 
been conducted. Although just a handful of studies presume to 
have excellent prediction results, their proposed systems may 
suffer from a restricted amount of data. Employing graph and 
capsule, Convolutional Neural Network (CNN) can overcome 
the shortcomings by predicting multiple disorders using a 
single network implemented in a hospital. We present a novel 
comparative method that has paved the way for an open-source 
COVID-19 case classification approach based on graph and 
capsule images with CT and ultrasound. Experimental results 
show that the Capsule network attained the best 98.93% AUC, 
99.2% accuracy, 98.4% Fl-score, 98.40% sensitivity, 98.40% 
specificity, 98.41% precision using CT labels. Whereas the 
ultrasound test set the graph network performed well with 
96.93% AUC, 97.26% accuracy, 95.92% Fl-score, 95.90% 
sensitivity, 97.94% specificity, 96.08% precision.

Keywords- Graph Neural Network, Capsule Convolution Neural 
Network (CapsNet), Radiography (CT, Ultrasound) Imaging, 
Lung Cancer, Pneumonia, COVID-19, Disease Detection &  
Classification.

K. Sridhar Patnaik
Dept, of CS&E, Birla Institute of Technology,

Ranchi, India. 
kspatnaik@bitmesra.ac. in

manual evaluation of CT and Ultrasound scanning pictures is 
time-consuming and inconsistent. As a result, creating a 
computerized diagnostics solution with significant precision 
is difficult.
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o Radiological assessments are commonly performed for 
various respiratory-related diseases, thus they are widely 
accessible. Pulmonary problems are an indication of any 
indicative or undetected COVID-19 person. As a result, 
whenever radiographic assessments are done
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on an
individual, the radiographer may search for anomalies in CT 
or Ultrasonography pictures, as well as identify the existence 
of the SARSCoV-2 infection. Due to the benefits, 
radiographic methods will be used increasingly than RT-PCR 
screening as the COVID-19 epidemic advances. The most 
difficult problem in identifying COVID-19 using radiographs 
is the scarcity of competent doctors capable of recognizing 
several abnormalities in a sufferer’s patient picture. Because 
the indications of Pneumonia and COVID-19 are identical, 
radiologists must accurately evaluate the radiological pictures 
because the optical signs might be quite minor. This problem 
can
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be solved by adopting computer-aided diagnostics 
technologies, which can assist a physician in detecting visual 
signs very effectively and precisely. The burden on a single 
physician or clinician grows, leading to individual mistakes, 
which is not the case with machine-aided detection 
customized to reliably identify COVID-19.

We have seen substantial advancements in deep learning 
in past decades, which was highlighted by the Convolutional 
neural network (CNN). Computer Vision relates to the use of 
a certain set of methodologies for interpreting optical input 
and how a machine can learn and comprehend through that 
activity. CNN, a type of deep learning method, has been 
demonstrated to be extremely beneficial in visual 
identification and detection, video analytics, object 
identification, as well as various image activities and 
bioimaging. As a result, we
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c? I. Introduction

As of September 14, 2022, there had been 607,083,820 
recorded incidents of COVID-19, with 6,496,721 fatalities, 
reported to the WHO. There has been a sum of 
12,613,484,608 vaccination rounds delivered [1], Infectious 
individuals might exhibit abnormalities such as fever and 
coughs within a couple of days and may progress to 
significant disease or perhaps death[16]. Correct detection 
turned out to be the best efficient strategy to get the essential 
medication and prevent the infection from propagating. The 
viral nucleic acid test and CT scanning are the 2 foremost 
broadly utilized medical diagnostic procedures. The viral 
nucleic acid test, on the other hand, necessitates specialized 
equipment and requires a lengthy period to provide a 
diagnosis [15]. Furthermore, the significant false-negative 
rate aids in the transmission of the virus COVID-19. Chest 
CT scans have been demonstrated to be very sensitive when 
contrasted to the viral nucleic acid test [14]. Furthermore, 
because of clinicians' perspectives and artifacts such as stress,

T

G,

£
g
ZJ

a.
%a see it as a potential to improve 

disorder assessment by utilizing graph and capsule networks. 
As a consequence, in our study, we provide Graph and 
Capsule Networks rather than a normal Convolutional Neural

§

§
Network with a minimal selection of COVID-19 samples 
accessible with the important accomplishments:

•5
OO

s
<N

• A graph and capsule architecture is presented, with 
components such as extracting the features and 
graph-based feature reconstructions and classifiers.

• Despite 10 times fewer parameters, our network 
delivers SOTA performance. As a result, it reduces
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Marathwada University, Aurangabad, MS, India

an indi-Abstract. Recently the use of computerized text analysis tools to assess 
vidual’s linguistic, emotional and psychological characteristics has exploded in 
the field of empirical psychology. As a result, information about what people con­
vey through their words can be swiftly and reliably extracted and analyzed. The 
key purpose of this research work is to analyze text data to assess linguistic an 
emotional characteristics with the help of computer-assisted text analysis tools. 
The analysis employed widely available text and sentiment analysis tools Empath 
and LIWC. As text data, children’s storybook reviews were analyzed in this work. 
These reviews are written by the children for the children. Empath and LIWC 
tools helped to measure the reviewer’s sentiment, analytical ability and cognition 

Finally, by calculating the Pearson correlation coefficient for the selected 
it is inferred that Empath shares a high correlation with LIWC.

Keywords: sentiment analysis ■ computer-assisted text analysis (CATA) tools • 
ter-aided text analysis software ■ text data analysis ■ LIWC ■ Empath ■

level, 
variables,

compu 
content analysis

1 Introduction
An emerging area of research in computational social science and human-computer inter­
action mate use of technologies to interpret the emotions and sentiments “pressed in 
natural language. For example: since more than a couple of decades scholarly wnti g 
analysis ha^ been the subject of active cognitive research. It uses techniques like time- 

consuming traditional methods to automated text analysis tools. To extract h'gh-quiy 

information from text, such as cognition level, communication, authenUctty tone an - 
lytical ability etc. the automated techniques combine linguistic, statistical and machine 

learning methods. For automated text analysis, researchers collect the data from common
sources like social media, product reviews, news articles, blogs, etc.

As social media users have access to ever larger and more diverse data from the 
Internet it becomes significant to scale our ability to conduct such analyses with breadth 
and accuracy In this paper, reviews written for children’s storybooks are collected to 
perform sentiment analysis tasks. These reviews are obtained from a website and wntte 
by children of different age groups. The collected reviews are processed and analyzed 

whh the help of computer-assisted text analysis (CATA) tools: LIWC and Empat .

S Tamaneet aUEdf): ICAMIDA 2022, ACSR 105, pp. 671-679,2023. 

https://doi.org/10.2991/978-94-6463-136-4,58

https://doi.org/10.2991/978-94-6463-136-4,58


c

+>•C

U\ U
o

p:

-5
QJ
05

•i
Q.

CO

-e<

'o
2
2
o.
o

o

5?
to
<

COX c r\j2. O) CD8 E cn§ Q_ cnO co £D. cu Q- OJ>UJ CLCD 4—1
CD l/)Q ft >>

tncu05
X! T3o
<0 CUi§ (T5 Cc Q-C CT3

roroLU ro c/>Q.•K
2 >/)D (U□ Ou00O)

l/l c 5ro'•a CD CMO T5 o CDcuC rxl Zro cu V) O CU c-§ E U X xc <ro £o <u §tn
E /s CDCUCU2 >u13 O 1oC< cn .•ti C;zzcu H ccXCU U CD dcc Oc c a=3O ro CU

U ar\i Uco CD aco r\J c
X c OQu O to c1- oo CDro COG> C un cCDcn LL-u T“

tocu

O CD

£ E 
v o
X

aa cc: aCU
Q_ -S
CO £to

Z3Q- cu c
to

CU CO au >cu +-»c odu3 onucu $-<c O Z<cu cu cn2a. (MC
CO§ <o

Q_u CMIII
CN



Dual adaptive model for change detection in
multispectral images

$in
Surekha Jonnala Anoop Kumar Mishra ^O
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O
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in

high performance in segmenting the images, semantic

—sss ««
expedence^th^issues ^ihTlow computational efficiency.

of the conventional RS image change detection
is illustrated in this

UJ

detection (CD), resembles as basic
S issues*n Earth tracking attains the major research concern over 
3 he M t few decades. There is a considerable enhancement m he
3 CD reSo„r”e data in view of the rapid evolntion in the sate hte
8 slrs in the current years, which provides very-higl.-resolut.on
S muldspectra* inmge w^i.h copious Cange evid-e. However,
— i i- *i,p nrccise varying area is considered as me
§ challenge. Hence, this research a.temp.s to de'ndop .he Dua The review
S adaptive model to precisely locate the real changed aretw^ The modd with advantage and disadvantage . ^
8 pixel evaluation is done by the fusion network that hyb P ragraph. The superpixel improved CD network termed as

5 SrZ;:.en. mode, considering nccnrncy, prec.smn, recai, and sPper pixel convoiution. A

s FI-measure. new CD technique termed as detection
, , attention CNN (DDCNN) was presented in [5] for the detectio

Keywords—Change detection, Dual adaptive model, ^ cover change. Amalgamation ot the DE and dense
- Multispectral image, Optimization, Segmentation. attention unit can prominently extricate the spatial perspecUve
6 .. 

i jg
^ ?lopPs collected from the similar ecological area at distinct combining dice coefficient loss and weighted binary cr0^
-§ variation HI Generally, CD obtains a considerable entr0py (WBCE) loss, the network’s training competence o

i r^'f^nrdSio^atrd^
^ protidedTy HRSlf HoweveT tee expfrTenct [hr^Sel'yovid^higrLcSS: Howctce  this model
” dfficultts in processing of the ground object information due * ovides fhe details of the changing ^a “d femes 
1 f' the imerference provided by background information and ^ the information about the changed ob ect The semi
ra • rpstrirtion in the imaging condition [6]. The existing ^unervised label propagation teclinique was utilized [ ]
° HRSIs CD methods are categorized into two main classes, such d Permine the CD in the RS image. The SSLP is not exaggerate 

HRSh. . , , J Cn (OBCD) and pixel-based CD based on j in the disparity image and this model provides h g
1 rpSXttit rfcrxhe OBCDPis widely accepted in CD ^manee with smaller quantity of data. However, thts mode
1 to the pixeTbased technique due to the significant advantage P not sujtable for defective dataset with various spatial
S over pixel-based methods. Further, it ensures more Potential for resolution, acquisition angle and cloud cover.
S the extrication of individuality features, whtch effect,vely ^ ^ ^ to the changes in ,he satellite
| highlights the changed domains [7]. imaEes The obtained satellite images are required to be pre-

The conventional OBCD algorithm fails to consider the procgessed due t0 the presence of the noises &om haze clouds,
tient; within the object neighbourhood. The image Once the pre-processing is performe , P1 segrrmntaflonTs’^the mo:. cSal stepgs involved in the process ^a5«on°nev° uation j? performed using the dun, adaptive 

^ f^ORrn However the conventional method exhibits son Heennet that will be designed based Rpr-rr
3 Nations mat results in “under segmented” and “over optimization hybridized with the pre-trained modeb like Res^^
| segmented image” [7]. Currently deep learning model exhibits ^ Unet? Segnet and Fully connected desne .
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Identification and management of 
crucial for the

water cycle [1].
accessible water resources are 
prevention and management of emergencies 
droughts and floods [2], Investigating the water 
body has gained popularity as a scientific issue in 
recent years. Field measurements take a lot of time 
and effort to complete, especially if frequent access 

and the location is large or

w identification is onew Abstract- Surface water resource 
of the main techniques used in remote sensing image 
analysis. This is necessary to stop calamities li e 
floods and droughts. Feature selection based on pnor 
information and complex spectrum analysts are 
required by machine learning algorithms for 
extracting waterbodies. The use of deep learn.ng- 
based algorithms, which have just lately been 

eliminated the need for manually

a
like(N

Q
o

r»~>

cu

is required right away 
difficult to access, 
sensing methods offer satellite images that make
Large-scale spatial and temporal waterbody data

to other 
to detect

i/")
CN

On the other hand, remote£

outstanding performance. Because ot this, each deep 
learning architecture that has been demonstrated 
may recognize some of the patterns that are presen 
in the given situations. To develop a reliable model 
for identifying surface water, this research trains and 
optimises deep learning architecture that have been 
presentedin different disciplines using surface wate 
data. This is accomplished by the model s output 
more accurately by extractingthe finalized segmented 
mask of water bodies. Our suggested approach was 
tested using a Kaggle dataset. This datase included 

tin el-2 satellite images of numerous water bothes.
current best

O
IT)

r?
GC

as
be easily retrieved. In comparison 

of land cover, water is easier
due to the availability of 

and the water's spectral

at can
oT types

through satellite images 
data

oy
y
■—- remote sensing 

characteristics [3], The sentinel-2 satellite senes is 
used for water detection m order to

i
0>

achieve this goal [4, 5], A key method in the 
processing of remote sensing images is semantic 
segmentation. Many techniques have been 
employed in this subject utilising the benefits of 
deep convolutional neural networks (DCNNs). 
DCNNs are inefficient as feature extractors and 
basic classifiers because the spectrum of ground 
objects in remote sensing is more complex 
Discriminate between several types of ground 
objects Additionally, DCNNs blur the edges of 

they leam to extract contextual cues from
a single

£
1c
o

c? Sen _
The suggested method outpertorms

in semantic segmentation performance.
t
S

practises
Keywords- Remote sensing analysis, BCD- Unet, Water 
body Segmentation, Deep Learning.

u
c

i
e I. INTRODUCTION
<L>

£ objects as 
vast
labelled dataset that serves as 
this method tests the DSSN on the second dataset 
that serves as the target domam [6]. The following 
are our main contributions to this work:

Water is one of the most crucial natural resources 
for maintaining human survival, which is also 
essential for hydrological cycles, mdustnal an 
agricultural output for modelling and control of 
natural disasters. Increasmg human activity, rapi 
societal development, and population growth 
currently affecting water resources. Finding and
successfully managing these resources
best methods to halt this natural disaster. Climate 

is another element that increases the study s 
negative impact on the

receptive fields. After training it on
the source domam,£c

O
■a
§
'•s
E

area
data from surface water images 

the Sentinel-2 satellite, deep 
architecture is trained and 

trustworthy model

■B • Using
captured by 
learning - 
optimized to create a 
for identifying surface water.

CO is one of the8

change 
importance, which has a
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Abstract:

Monkeypox is a zoonotic illness transmitted by an orthopox virus that causes smallpox-like symptoms in individuals. 
Therapies utilized in the smallpox control and elimination also offered immunity to monkeypox. New vaccinations have 
indeed been discovered, and 1-of-them is licensed for the preventive of monkeypox. Monkeypox was induced by 
monkeypox virus, which is a species of a Orthopoxvirus subfamily in the Poxviridae group. Monkeypox is often a self- 
limiting condition, with signs that generally last 2 to 4 weeks. Extreme symptoms are possible. Recently, the fatality rate 
has hovered at 3-6%. Monkeypox is spread to individuals by directly interacting to an infectious creature or human, or 
via exposure to virus-contaminated substances. The monkeypox infection spreads by intimate exposure to lesions, 
bodily liquids, inhalation, or infected items including clothing. Monkeypox seems to be a virus zoonotic illness which 
typically originates in tropical rainforests regions of middle and western Africa, but is sometimes transported to different 
parts of the world. An antibody-drug intended to cure smallpox has been approved for use in the treatment of 
monkeypox. Monkeypox is lesser infectious than smallpox (an orthopoxvirus linked to monkeypox) and generates 
fewer serious sicknesses. Monkeypox is characterized medically by temperature, rashes, and enlarged lymph nodes, 
and it can result in a variety of health consequences. In this study, we propose machine learning-based predictions 
using linear regression, decision tree, random forest, elasticNet, and ARIMA. The ARIMA attained 0.9267 R 2 for 
monkeypox predictions. We hope that based on generated will be helpful for further additional research on society.
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Abstract- The Coronavirus Disease 2019 (COVID19) 
epidemic, which erupted at the end of 2019, continued rapidly 
throughout the nations from Wuhan, China. This highly 
contagious infectious disease is rapidly spreading among the 
public. Early research on COVID-19-affected patients has 
revealed distinctive anomalies in chest radiography images. As 
a result, it is now necessary to identify various risk factors that 
can move an infected person from a mild to a serious stage of 
sickness. In Deep Learning (DL), strategies as a subset of 
Artificial Intelligence (AI) are used to deal with many real-life 
glitches. This paper introduces a Deep Convolutional Neural 
Network (DCNN) to perform multiclass classification for 
COVID-19, Pneumonia, and Normal Patients from radiological 
imaging of the chest. Also, the work is implemented with an loT 
framework, used for communicating user and DCNN model. 
This Deep Convolutional Neural Network (DCNN) classification 
mechanism achieved a perfect test accuracy of 94.95% for 
COVID-19. The used datasets are acquired from Kagcle and 
GitHub.
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Fig. 1. Chest Radiography Image

Another strategy for RT-PCR testing may be radiography 
testing for COVID-19 testing. In the radiographic 
examination, experienced radiologists perform and analyze 
chest radiography imaging. Radiologists then try to remove 
the visual cues to diagnose SARS-CoV-2 virus contamination, 
as shown in Fig. 1. Most of the visual cues from radiology 
images of the COVID-19 chest showed similar features such 
as circular morphology, ground-glass opacities, lung 
distribution, and lung integration [3]. Although radiological 
chest pictures may assist in the initial diagnosis of doubted 
cases, the features of diverse major pneumonia are similar. 
Consequently, it is difficult for diagnosticians to detect 
COVID-19 from other types of pneumonia. This leads to the 
search for a computer-assisted test program (CAD) to assist 
the radiologist in translating radiological chest images of 
COVID-19 classification accurately and rapidly.

The major contributions are as follows:

• A custom DCNN classification model is 
recommended that will be employed to distinguish 
COVID-19 individuals using X-ray images.

• To improve classifier efficiency, 
preprocessing and training methods were used.

• The samples in public repositories are small and 
skewed. We used multi-control data augmentation to 
address this while considering the samples for 
all classes.
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I. Introduction
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I Nowadays, the notion of the Internet of Things (loT) 

is very much popular in artificial intelligence applications. 
So, here we have used loT-based automation in the deep 
learning model. COVID-19 continues to be a major threat 
to human health worldwide, with millions estimated to 
be affected within a few months after the outbreak and 
thousands of deaths [1]. Humans are infected with the 
acute respiratory disease coronavirus-2, which 
COVID-19 (S.A.R.S.-Co.V-2). Effective and 
examination of infection is one of the crucial steps in 
struggling infection, allowing infected people to start 
instant action to cure, also isolating and separating those 
infected to prevent the virus from spreading. The most 
public diagnostic techniques used to test for infected people 
with COVID-19 infection are Antigen Test or Reverse 
Transcription Polymerase Chain Reaction (RT-PCR) test [2] 
that can detect S.A.R.S-Co.V-2 RNA 
respiratory samples obtained by several 
combinations such as nasopharyngeal or oropharyngeal 
rods. Although RT-PCR testing is now the yardstick for 
COVID-19 infection because of its sensitivity, it is 
laborious and demanding. The limited

E
E
O

"O

(TJ

c3

I
Eo

causes
accurate

"Su
>Tj

§
u
S
£ different§

ro

£ from
C
5
c

■5
CO
CM

O

978-1-6654-0816-5/22/S31.00 ©2022 IEEE

1398

Authorized licensed use limited to: Birla Institute of Technology. Downloaded on June 08.2022 at 05:57:00 UTC from IEEE Xplore. Restrictions apply.

mailto:yogeshbhosale988@gmail.com
mailto:shrinivas.zanwar@gmail.com
mailto:devbhuyar@gmail.com
mailto:zakee4@gmail.com
mailto:devbhuyar@gmail.com
mailto:nakrani.mahender@gmail.com


Q O 2 - 2_

COVID-19 and Associated Lung Disease 

Classification Using Deep Learning Check for

Yogesh H. Bhosale, Priya Singh, and K. Sridhar  Patnaik

Abstract Coronavirus 2019, well familiar as COVID-19, is a virus that causes 
significant pneumonia and has varying degrees of severity based on the patient’s 
capability. The coronavirus infection was initially discovered in the Chinese town of 
Wuhan in Dec. 2019 and quickly spread around the world as a worldwide pandemic. 
Early detection of positive cases and prompt treatment of infected individuals is 
required to prevent viral transmission. The necessity of testing kits for COVID-19 
has grown, and most of the growing nations are encountering a scarcity of testing 
kits as new cases emerge daily. In this case, the current study is with the help of radi­
ology imaging techniques, including X-ray, to help in detecting COVID-19. In several 
disease diagnoses and decision-making circumstances, the information provided in 
a chest X-ray sample is sufficient to assist medical experts. With the help of a Deep 
Convolutional Neural Network (CNN), the research proposes an intelligent method 
to classify various nine diseases, including coronavirus disease 2019, with the help 
of X-ray instances applying pre-trained DenseNetl69 architecture. The fundamental 
goal of this paper is to classify lung diseases with COVID-19. The used datasets 
collected from online repositories, i.e., Kaggle and NIH contained X-ray images of 
all nine classes. This dataset consists of 1200 images for each class. Various rota­
tions and scaling operations have been applied to the dataset, and the data in the 
dataset are divided into the test, train, and validation sets. In comparison to other 
studies in the literature, our models performed well. The highest accuracy attained 
by DenseNetl69 is for COVID-19 with an accuracy of 99.4%, FI-score of 97.5%, 
precision of 97%, recall of 98%, and specificity of 99.6%. The highest True Positive 
rate we got in this is 99% for COVID-19, followed by 97% for Cardiomegaly. The 
minimal rate we got is 88% in Atelectasis. DesnseNetl69 proved to be more robust
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reservoir operation model to maximize the sum of releases for irrigation considering envtr̂ 2 ^Z ^Central Water 
downstream. The environmental flow requirements are considered as per the recommendations of the Central ^ _ 
Commission (CWC) studies from a report submitted by a working group to advise Water Quality Assessment Authority on 
minimum flows in the rivers. CWC report recommends two different minimum environmental flow criteria Jor thf H[mal“Jan 
Rivers and other rivers from India [1]. The optimal reservoir operation policy is presented considering constraints finding 
Initiation release, Turbine release, Reservoir storage and hydrologic continuity. A monthly reservoir operation model 
ZZ: Xw™ Program’m,ng for ornUi object™. Mo<Ul app.ier, for Maja,gao„ ” “
Sindhaphana river in Maharashtra State, India. Majalgaon dam is component of Jayakwadi Stage-IIproject.

Keywords: Optimization, Multi Objective Analysis, Reservoir Operation

so­

using the developed piecewise-linear operating rule. 
Chen et al [4] have suggested an interactive dynamic 
programming model for optimize reservoir operation 
to support the policy makers for balancing humans and 
environmental water requirement. Mousavi et al. [5] 
have presented reservoir operation model using a 
dynamic programming fuzzy rule-based approach. 
This model was applied to the reservoirs system in 
Iran. Developed model gives better values of the 
simulated objective function with the higher reliability 
of meeting the demand Nagesh Kumar et al. [6] have 
developed a reservoir operation model for flood 
control purpose with the help of folded dynamic 
programming. Regulwar and Anand Raj [7] have 
proposed a multi reservoir operation model using 
genetic algorithm under fuzzy environment 
considering multi objectives. Regulwar and Kamodkar
[8] derived a fuzzy constrained reservoir operation 
model for multipurpose reservoir. Model is useful in 
dealing with imprecise constraints.

ENVIRONMENTAL  FLOW:  Brisbane declaration
[9] provide a clear idea of Environmental Flow (E- 
Flow) and it can be defined as “ The quantity, timing, 
and quality of water flows required to sustain 
freshwater and estuarine ecosystems and the human 
livelihoods and wellbeing that depend on these

1. INTRODUCTION

Rising demand for water from all sectors presents a 
challenge for policy makers to improve water 
allocation policies for storage reservoirs. Thus, 
reservoir optimization methods are becoming more 
popular and suitable which provides best feasible 
solution for water distribution among all stakeholders, 
considering all constraints. In this study Linear 
programming optimization method is adopted for 
optimization of single reservoir. Objective of the study 
is to maximize the irrigation release for command area 
from available storage while considering all other 
releases.

Labadie [1] have presented a review on optimal 
operation model for multi reservoir systems by all 
different methods of optimization for water resources 
operations and management. Wurbs [2] have 
discussed different reservoir-system simulation and 
optimization models to give guideline about different 
methods and its usefulness in various types of 
decision-support situations. Kim et al. [3] have 
developed a monthly operating rule for single­
reservoir operation for Soyanggang dam basin in 
Korea Peninsula, with objectives of minimization of 
shortage and maximization of sum of Hydropower 
production, the simulation results are obtained by

mailto:Dushpak3dahhade@gmail.com
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ABSTRACTARTICLE  INFO

emerging attention for the various automatic classification frameworks to distinguish
piece of paper records as it is noticed that

There is anArticle history:
Received 16 January 19
Received in revised form 30 January 19

Accepted 24 February 19

characters in software structure when information is looked 
the amount of daily identifications and records which are in published manner recognized with various 
businesses. This is popularly known as the document image exploration. To utilize Optical Character 
Recognition efficiently for character categorization so as to achieve image analysis, the data is utilizing in

product as the

over

Grid assemblies. For high processing of documents, the heavy industries require 
framework which is known as character recognition classification. Also, there is need to create character 
recognition programming agenda to achieve document analysis in the form of image processing which 
deals with the organization of the material to the electronic reading arrangement. So this paper deals with 
the efficient learning approach which deals with the automatic classification from using processing of the 
images and machine learning for the optical character recognition process. In this research we have 
worked on the feature extraction using Independent component analysis with the swarm intelligence 
approach with Firefly algorithm, because it helps us to reduce more error probabilities and reduces the 
false positive and negative rates and increase the high learning rate. The learning is achieved using neural 
network. It is noticed that the proposed approach is able to perform high in terms of high specificity, 
sensitivity and recognition rate through which it is noticed that the proposed approach is able to achieve

Keywords: 
Document Analysis 
Neural Networks 
Swarm intelligence.

high true positive and true negative rates.

© 2019SUSCOM Hosting by Elsevier SSRN. All  rights reserved. 
Peer review under responsibility of International Conference on Sustainable Computing in Science, Technology and Management.

7. Introduction

Recognition of the patterns is the job of a physical event to se.erai unique spec,tied categories [H. Althobait, C. Lu], It is “

area of the process,ng of the mages and pattern acknowledgment. Character is generally known for the recogmt.on as opt,cal character b“ ‘us' *  
with the optical processes to obtain the characters. These types of classifications have huge solicitations which deal w.th the conversion of handwr.tten 
information into structural process, automatic classifications of the number plates etc. [R.S. VanBlon, J.N. Novak, S R.Pernn, . Zhang], Class,ficat,on of 
the character is the simple building element in the language of the computers that is recycled usmg different language structures [A  M, Burry 
Kozitsky P Paul], Recognition of the characters is a procedure which deals with symbolic processes with objects dramed on the vanous imag^OCR 
adds vastly to the attainment of automation procedure and recovers the interface among man and machine ,n frequent appheafions [M.  Chnsty, A. Gup 
E Grumbach L Mandell, R. Furuta, R. G. Osuna], ANN which is popularly known as the approach for OCR ,.e. character recogmhons in optical 
is now achieving significance because of ANN’s highly parallel planning and fault tolerance. One of the important technique also came into 's

which also deals with the recognition of the characters using BPNN which is popularly known as the backthe SMT i.e. Surface Mount Technology 
propagation neural network.
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Face Recognition Using OpenCv Based On loT for Smart Door

A. D. Deshmukh, M. G. Nakrani, D. L. Bhuyar, U. B. Shinde
of Electronics & Telecommunication Engg.Csmss Chh. Shahu collge ofEngg, Aurangabad, India----------------------------Department

ABSTRACTARTICLE INFO

Automated embedded systems have made a lot of progress in today’s world. The significance of such
system in applications like surveillance, private security has been proven to be very effective. This paper 
discusses a face recognition system which is designed and implemented for doors resulting in smart doors

using open source technology

Article history:
Received 14 January 19
Received in revised form 24 January 19

Accepted 23 February 19
based on loT. The paper intends to provide the information to the 
which comprises of OpenCV2, LBPH algorithm, SMTP, raspberry pi3,pi camera. The implementation 

on local level like home, offices and campus. The system provides real time face

user

area is categorized more
detection and recognition once the bell is triggered. The captured image is analyzed with the available 

and if  it is a match, the access is granted and door will  open. On the contrary if  the face did not 
match the captured image is then sent to the user mail using SMTP. The system will  then wait for the 
response from user within stipulated time with appropriate message. The message is retrieved on raspberry 
pi using IMAP. Based on the retrieved message context either access will  be granted or denied. The sys-
tem is acting as a base station. The wireless communication is achieved using SMTP and IMAP. The aim 
of the system is to develop a real time face recognition model having low cost solutions in security.

Keywords:
Face Recognition

OpenCv2

LBPH
Raspberry Pi 3

database

loT
Security
SMTP
IMAP

© 2019SUSCOM. Hosting by Elsevier SSRN. All  rights reserved.
in Science, Technology and Management.Peer review under responsibility of International Conference on Sustainable Computing

1. Introduction

As discussed above first task is face detection involves detecting a face from the image. A classifier is a program used for the process which identifies

classifier which p g g ^ ^ ^ ^ ^ ^ ^ ^ on for creating database directory containing sub directories that belongs to the

each will  consist of 45 images of each person. The haar classifier extracts face image 
. The haar is adopted for the system because of its high detection accuracy and low

. The idea to use

directory where the main program
face database. In this paper we are creating database sub-directories

— -ed Local Binary Pattern Histograms (LBPH, ^

the LBPH is to avoid light effect if  any and it find the local structure of image by comparing each pixel to the neighbouring pixe ne sue con e s 
sZ m ;*g 1 ZXhez Lopez,^Laura 20,0). Once the image ,s fed to the system, the recognizer will  generme histogram of that image which will

The person with the outmost matching result will  be labelled in the output window.
be matched to the existing histogram.

115135137 11

w) 11100001 ^ 22582 79 ^ 0199*
0 0 0455470

Fig. 1 LBP Conversion to Binary

H^^sternls'dKi^n^vdii^wiU^k^ide'r^^firnc^^ ’SrdfiCP Zuser. Hus paper ,s organ .ged as follows: section 2 pun
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Detection of Lung Nodules in Computed Tomography Image 

using Deep Machine Learning: A Review

Mahender G NakranP , Ganesh S Sableb, Ulhas B Shindea'b*
"Assistant Professor, E&TC Engineering, CSMSS's Chh. Shahu College of Engineering, Aurangabad, 431002, India 

bProfessor, E&TC Engineering, G S Mandal s Maharashtra Institite of Technology, Aurangabad, 431002, India 
“h Professor, E&TC Engineering, CSMSS’s Chh. Shahu College of Engineering, Aurangabad, 43/002, India

Abstract

Lung Nodules detection is very critical in detection of early stage lung cancer. A radiologist tries to diagnoses the clinical 
chest computed tomography (CT) scans by detecting lung nodules in them. This task is rigorous and becomes 
difficult  due to the complex structure and anatomy of lung parenchyma region. To assist radiologists in correct diagnosis 
of CT scan images, many Computer-aided detection (CAD) algorithms were developed and proposed. After the success of 
deep convolutional neural network (D-CNN) for classification of images, D-CNN has found its way into lung nodules 
detection systems. D-CNN has demonstrated better results and performances than traditional machine learning based lung 
nodules detection algorithms. In this paper, we will  discuss about different D-CNN proposed for lung nodules detection 
and compare the results and performances of these detection algorithms. We will  also discuss about the D-CNN which can 
be used to further improve the results of lung nodules detection.

even more

Keywords- Lung Nodules, Convolutional Neural Network, Nodules detection, Classification, False positive reduction.

©2019-Authors.

1. Introduction

Cancer is one of the leading causes of disease deaths globally. It has become a major threat to our society. 
It is the one of the major cause of disease deaths in India. In 2018 alone around 1157294 new cases of cancer 
have been registered in India out of which 784821 has resulted in death as reported by National Institute of 
Cancer Prevention and Research. Out of all different types of cancers, Lung cancer is among top five types of 
cancer in India. The survival rate of early detected cancer patients is much higher as it allows diagnose lung 
cancer when it is operative with curative intent. It will  also facilitate in distinguishing whether a solitary 
pulmonary nodule is benign or malignant. Radiologist receives the CT scans of the patients and diagnoses it 
by finding the malignant nodules. This task is affected by many factors such as professional experience of

* Mahender G Nakrani. Tel.: +91-750-777-6775. 
E-mail address: nakrani.mahender@gmail.com.

i his preprint research paper has not been peer reviewed. Electronic copy available at; https://ssrn.com/abstract~3421475

mailto:nakrani.mahender@gmail.com
https://ssrn.com/abstract~3421475
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An Innovative Method of Servomotor Design for the Ease of 

Visual Understanding
ASRasal, ASRamteke, GSMundadaZakee Ahmed S M,

Department of Electronics &  Telecommunication Engineering,
Pune Institute of Computer Technology, Pune411043, Maharashtra 

El zakeeahmed@pict.edu

Abstract
In academia to explain exact working and construction of servomotor to a new learner is quite 
challenging. This paper proposes innovative ways to explain construction and working of a dc 
motor, where individual component can be visually see and physically touched. This way any 
learner can learn not only construction and working of a servo motor but also he may be able to design is 

In addition to design the cost of components are also very cheap, so this may be used as project 

based learning task in control system, embedded system and mechatronics system training.
Keywords: LabVIEW; dc sei-vomotor; Arduino; Mechatronics; Control system; Project based learning

servo
new

own.

the rudder controls its direction, rudder angular
„  ,, . position decides in which direction the boat will

The best way to understand a feedback move>thus>thecontrolofrudderis best suited need
control system /embedded system/mechatromcs of servo control> if  electronic control of the boat is 

system is to understand servomechanism. Servo ^ ^ designeci. Similarly in an aircraft, the flaps of 
mechanism is a perfect combination of sensor, ^ reqi,ired similar precision of control. In
controller and actuator. In this paper we have ^ observatory system the telescope needs a
investigated behaviour of a dc servo motor by .fic angular position to observe planets and 
implementing it with two different approaches. At telescope wjthout servomechanism will  be
first approach a low cost design is prototyped wit j sible [2).
Arduino as embedded con^®^’ ^ A generallzed model of a dc servomotor will  
angular position sensor and a 70 rpm BO dc i assembly,

——--- 
shaft, component to provide input, a controller, and

Introduction

an

setup
position is implemented [ 1 ].

A servomotor is a controlled motor that allows 
precise control of angular or linear position, 
velocity and acceleration irrespective of load and 
other external factors. In this paper, emphasis is 
given to angular position control using

of visual

the motor driver circuitry.

Contact/Non Contact 
psCoupIlng AnguJdr 

Position 
Sensor ,

DC Motor

servomechanism with ease
understanding. Figure 1 shows the block diagram f Dc Motor 
of servomotor for position control. There are many 
examples with which servomechanism for 
position control can be understood. Like in a boat, Figure 1: Biockai.gr.mof. weaervomoior

InputController♦
Drive

0
Electronics &  Telecommunication Engineering Division Board

mailto:zakeeahmed@pict.edu
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Opting Suitable Data Acquisition System for Environmental 
Temperature Analysis: NI-MyDAQ  vs Arduino Uno

Zakee Ahmed S M S S KhotGSMundada
Department of Electronics &  Electronics Enginnering

Pune Institute of Computer Technology 
Pune 411043, Maharashtra
El zakeeahmed@pict.edu

Wring data from sensors into a storing device is a crucial task these days in industry, academia, and 
research fields. Computer plays an important role to monitor the behaviour and response of physical

here which is 
system for their specific application.

Keywords:  Arduino Uno, NIMyDAQ, LabVIEW, LM35

conditioning unit and brought into the voltage 
u , j (generally), then converted into digital form by 

Data Acquisition (DAQ) System may be a s an - ^ resoiuti0n ADC. The digital data is to be
alone system which may be referred sometimes a ocesSed and transformed into the format
data logger, or it may be a PC based Data 
Acquisition System. For academic and research,

PC based system is most preferred [1,2].

Introduction

which a computer can understand; data is sent to 
puter over wired/wireless channel. Computer 

helps us to analyze this data in the form of 
Figure 1 shows a generalized block schematic of graphs/charts aiso stores the data for further 
typical DAQ system [3]. Sensor transforms action̂  for which appropriate software is 

physical information to electrical data called as required 
sensed signal, which represents P™?0™™1 Thus ^ DAQ implementation is not only just
values of measured parameter tn electrical form. ^ few llardware but it is an
The signal from sensor which may be weak, noisy . of software hardware. Over
and in inappropriate form is condittone y sig ^ ^ sensor t0 acquired data the flow of signal

will be signal, signal-conditioning, DAQ 

hardware, driver and application software.

In this paper, signal is the output of temperature 
sensor LM  35. Signal conditioning is done at DAQ 

hardware only [3]. The driver is USB, and the 
application software is national instrument’s 
LabVIEW. DAQ hardware is either Arduino Uno 

board orNl MyDAQ.

com

lOptioml)imarftl

(omfmtff

PC based dataFigure 1: Generalized block diagram for a 
acquisition system

ics &  Telecommunication Engineering Division Board0 Electron!
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Exploring Mechatronics System and Technical Investigation of 
Hydraulic and Pneumatic System Maneuver for Archetypal Engineering 
Applications

G.S. Mtmdada , Rupesh C. Jaiswal1, Zakee Ahmed1
Department of Electronics & Telecommunication Engineering, Pune Institute of Computer Technology, Pune1, 
gsmundada@pict.edu *

ABSTRACT

Industry uses three methods for transmitting power mechanical transmission through gear, shaft, chain, and belts, 
while electrical transmission through wires, transformers and fluid power through liquid or gas in a confined space. 
Mechatronics is the synergetic integration of electronics engineering, mechanical engineering, computer engineering 
and electrical control engineering for design and development of electromechanical products. A rapid growth in 
Mechatronics observed in recent times is due to need of automation, Internet of Things (loT), smart and intelligent 
devices. The hydraulic and pneumatic system are at the prime importance of mechatronics system. Hydraulic 
systems are complex fluid-operated systems that transfers energy to perform intended mechanical, measurement, 
control and operational work. These systems can serve many applications because of its small size-to-power ratios, 
ability to generate large torque for linear, rotational, oscillatory and reciprocative motion. The compact electro- 
hydraulic system further act as the limb to the physical system trading with the mechanical process and feasible 
deliverables. Hydrodynamic systems work with high flow rate and less pressure of fluid, whereas hydrostatic work 
with low flow rate and high pressure. Such systems work as a force multiplier that takes a smaller input force and 
transforms it into a bigger output force. Because of better power to weight ratio, these systems can deliver a 
noteworthy power to a load with a comparatively smaller mass. These characteristics allow them for aircraft 
applications where weight is most important. Life of equipment and components gets better because of self-
lubrication phenomenon. These systems are rugged so as to operate in extreme temperature, environments and 
critical situation like reversal of motion. Pneumatics is derived from the greek term ‘pneuma’, which means breath 
or air. These system characterizes the behavior and application of compressed air. Pneumatic industrial systems 
work in a very analogous way to that of hydraulic industrial systems. The foremost dissimilarity is the high pressure 
air that is used instead of a fluid as it is more compressible and is much easier to store using reservoirs. Pneumatic 
systems are open systems, and exhausts the compressed air or any gas to atmosphere after its utilization, without 
causing any pollution. Hydraulic systems are closed systems and it re-circulates the oil or water after use. In 
manufacturing, pneumatics can turn out to be an effective alternative to electricity and may be a most prevalent and 
economical choice for implementing mechanical motion. This paper attempts to explore Mechatronics, present in 
general, the techniques used in Mechatronics engineering and in specific, to investigate hydraulic and pneumatic 
system maneuver for archetypal engineering applications.

KEYWORDS Mechatronics, Pneumatic systems, Hydraulic sytems. Design process. Force multiplier, 
Compression, Reservoirs

INTRODUCTION

Exploring Mechatronics System 
The key elements of Mechatronics [1,3] systems can be classified as Information systems. Mechanical systems 
(connected with sensors and actuators components). Electrical systems (interfaced with ADC and DAC 
components), and Computer systems (includes controllers and display sections).
Figure 1 shows the key elements of Mechatronics System, which
(a) Sensors [4] consisting Thermocouple, Strain gauge, Potentiometer, Switches, MEMS, Motion sensors etc.
(b) Actuators [5,6] like Stepper motor, DC motor. Solenoids, Servomotor, Voice coils.. Hydraulic actuators or 

Pneumatic actuators etc.
(c) Electrical systems mainly consist of signal conditioning processes. Signal conditioning components used can be 

ADC. DAC, Amplifier, Filter, Rectifiers, Attenuators, Multiplexer and Demultiplexer, V to F and F to V 
converter, Isolation components, etc.

(d) Digital controllers [7] like PLC (programmable logic controller), SBC, Logic circuits. Microcontroller, 
Communication controller. Arithmetic and Logic controller, Timing and Sequence controller etc.

(e) Graphical displays used for visual feedback can be LCD, LED, CRT, TFT, Matrix displays.
(f) Information systems [8] include the following important processes:
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