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ARTICLE INFO ABSTRACT 

 

 
Diseases of the heart (CVD) include the primary source of rising death rates 
as well as major cause of fatality. Improving the predictability as well as 
accuracy of cardiac disease is the primary goal of constructing the 
suggested model. Experts who ignore patient complaints put the patient at 
danger of serious complications that might result in death or disability. 
Consequently, in order to find patterns and hidden information in the 
medical data related to heart disease, we require expert systems that act as 
analytical tools. Finding hidden underlying patterns in vast amounts of 
data is a cognitive process known as machine learning. This study uses 
ensemble learning approaches in an attempt to improve the preciseness of 
the risk of heart disease assessment. Additionally, this research project has 
included feature selection and hyper parameter tuning approaches, which 
have increased accuracy even further. Used the information on heart 
disease to assess its performance using several measures. Six machine 
learning classifiers, including SVM, LR, RF, DT, and Ensemble techniques, 
were applied to the final dataset for this purpose, both before and after the 
hyper parameter tuning of the classifiers. Additionally, by doing specific 
data pre-processing, dataset standardization, and hyper parameter 
tweaking, using the common heart disease dataset, we confirm their 
correctness. The K-fold cross-validation approach was use through the 
researchers. Lastly, the experimental findings showed that machine 
learning classifiers' accuracy of prediction increased with hyper parameter 
tweaking, and they produced noteworthy outcomes with data 
standardization, hyper parameter tuning, and Light GBM. 
 
Keywords: Heart Disease, expert system, Light GBM and ensemble 
techniques 

 
1. Introduction : 

 
Cardiovascular disorders, including heart disease, are among the world's most deadly illnesses. The illness 
really arises from the heart's failure to pump enough blood to meet the needs of the body. Elevated blood 
pressure, obesity, smoking, alcohol misuse, sleep apnea, and elevated mental stress are the main risk factors 
for heart disease. As stated The World Health Organization estimates that heart disease accounts for around 
24 percent of the deaths in India caused by non-communicable illnesses. Around the world, cardiovascular 
illnesses account for a third of all fatalities. Cardiovascular disease (CVD) is a leading cause of death globally, 
claiming the life of around 17 million people annually; Asia has the highest prevalence of CVD (WHO). And 
additionally Statistics from the World Health Organization (WHO) indicate that by 2030, heart failure and 
strokes would account for the majority of CVD-related deaths—more than 23.6 million deaths [13]. 
Numerous variables, such as stress, alcohol, smoking, poor food, sedentary lifestyle, and other linked health 
issues including high blood pressure, may contribute to CVD. On the other hand, once identified in their 
early stages, the majority of CVD-related illnesses are known to be fully treatable [14].It is very difficult to 
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Privacy and security present signi�cant challenges in wireless sensor networks (WSNs). In
order to enhance security, the sensor network is equipped with high throughput. While
the importance of both source node (SN) and base station (BS) location privacy and
security is acknowledged, recent research has predominantly focused on location
privacy. Addressing this gap, the geometric zigzag bidirectional tree e�ectively tackles
privacy and security threats at both the SN and BS locations. Future iterations of WSN are
anticipated to integrate additional functionalities to meet diverse requirements in real-
world applications. The absence of robust security constraints leads to an unpredictable
sensor network setup. This article aims to reduce energy consumption (EC) while
simultaneously enhancing network security and connectivity. To address security
challenges in WSN, we propose an optimized meta-heuristic clustering-based privacy key-
agreement routing technique. In the suggested system, a gateway-based network is
constructed to devise a key arrangement protocol that promotes privacy during
communication. The proposed routing strategy involves forming clusters of sensor nodes
( ), facilitating the e�cient selection of cluster heads (CHs) that prioritize nodes with
the least modi�cation. This e�ectively addresses the EC problem. A comprehensive
performance evaluation is conducted, considering improvements in energy e�ciency,
packet delivery ratio (PDR), throughput, end-to-end delay (  delay), and EC.

Sn

E
2

  Back

12/20/24, 12:11 PM An optimized meta‐heuristic clustering‐based routing scheme for secured wireless sensor networks - Kiran Kumar - 2024 - I…

https://onlinelibrary.wiley.com/doi/10.1002/dac.5791 1/6612



613



Received 9 January 2024, accepted 22 January 2024, date of publication 25 January 2024, date of current version 15 February 2024.

Digital Object Identifier 10.1109/ACCESS.2024.3358448

Intelligent Ultrasound Imaging for Enhanced
Breast Cancer Diagnosis: Ensemble
Transfer Learning Strategies
KUNCHAM SREENIVASA RAO 1, PANDURANGA VITAL TERLAPU 2,
D. JAYARAM3, (Member, IEEE), KALIDINDI KISHORE RAJU4, G. KIRAN KUMAR5,
RAMBABU PEMULA 6, (Member, IEEE), M. VENU GOPALACHARI 3, (Member, IEEE),
AND S. RAKESH 3, (Member, IEEE)
1Department of Computer Science and Engineering, Faculty of Science and Technology (IcfaiTech), The ICFAI Foundation for Higher Education, Hyderabad,
Telangana 501203, India
2Department of Computer Science and Engineering, Aditya Institute of Technology and Management, Tekkali, Srikakulam, Andhra Pradesh 532201, India
3Department of Information Technology, Chaitanya Bharathi Institute of Technology, Hyderabad, Telangana 500075, India
4Department of Information Technology, SRKR Engineering College, Bhimavaram, Andhra Pradesh 534204, India
5Department of Computer Science and Engineering, Chaitanya Bharathi Institute of Technology, Hyderabad, Telangana 500075, India
6Department of Artificial Intelligence, Vidya Jyothi Institute of Technology, Hyderabad, Telangana 500075, India

Corresponding authors: Kuncham Sreenivasa Rao (ksrao@ifheindia.org) and Panduranga Vital Terlapu (vital2927@gmail.com)

ABSTRACT According to WHO statistics for 2018, there are 1.2 million cases and 700,000 deaths from
breast cancer (BC) each year, making it the second-highest cause of mortality for women globally. In recent
years, advances in artificial (AI) intelligence and machine (ML) learning have shown incredible potential
in increasing the accuracy and efficiency of BC diagnosis. This research describes an intelligent BC image
analysis system that leverages the capabilities of transfer learning (TLs) with ensemble stackingMLmodels.
As part of this research, we created a model for analyzing ultrasound BC images using cutting-edge
TL models such as Inception V3, VGG-19, and VGG-16. We have implemented stacking of ensemble
ML models, including MLP (Multi-Layer Perceptron) with different architectures (10 10, 20 20, and 30 30)
and Support VectorMachines (SVM)with RBF and Polynomial kernels.We analyzed the effectiveness of the
proposed system in performance parameters (accuracy (CA), sensitivity, specificity, and AUC). Compared
to the results with existing BC diagnostic systems, the proposed method (Inception V3 + Staking) is
superior, with performance parameters 0.947 of AUC and 0.858 of CA values. The proposed BCUI analysis
system consists of data collection, pre-processing, transfer learning, ensemble stacking of ML models, and
performance evaluation, with comparative analysis demonstrating its superiority over existing methods.

INDEX TERMS Breast cancer, deep learning, machine learning, transfer learners, ultrasound images.

I. INTRODUCTION
Breast cancer (BC) is a frequent cancer that poses significant
risks to women’s lives globally. Correct diagnosis and early
identification are critical in improving patient outcomes.
According to the WHO’s IARC, BC has overtaken lung can-
cer as the most prominent cancer form in terms of new cases
recorded, with 2.26 million (11.7%) unique patients reported
compared to 2.2 million (11.4%) instances of lung cancer.

The associate editor coordinating the review of this manuscript and

approving it for publication was Amin Zehtabian .

By the end of 2020, BC is expected to officially become
the most prevalent cancer worldwide, highlighting the urgent
need for increased awareness and comprehensive efforts to
combat this disease [1], [2].

The continuous decrease in the cancer mortality rate
since 1991, marking a 33% overall reduction and preventing
approximately 3.8 million deaths, is attributed to declines
in smoking, increased screening for breast, colorectal, and
prostate cancers, and advancements in treatments such as
adjuvant chemotherapies for colon and breast cancer (BC)
[3]. The 2022-2024 BC Facts & Figures report shows a
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Abstract 

INTRODUCTION: This study explores machine learning algorithms (SVM, Adaboost, Logistic Regression, Naive Bayes, 
and Random Forest) for heart disease prediction, utilizing comprehensive cardiovascular and clinical data. Our research 
enables early detection, aiding timely interventions and preventive measures. Hyperparameter tuning via GridSearchCV 
enhances model accuracy, reducing heart disease's burdens. Methodology includes preprocessing, feature engineering, 
model training, and cross-validation. Results favor Random Forest for heart disease prediction, promising clinical 
applications. This work advances predictive healthcare analytics, highlighting machine learning's pivotal role. Our findings 
have implications for healthcare and policy, advocating efficient predictive models for early heart disease management. 
Advanced analytics can save lives, cut costs, and elevate care quality. 
OBJECTIVES: Evaluate the models to enable early detection, timely interventions, and preventive measures. 
METHODS: Utilize GridSearchCV for hyperparameter tuning to enhance model accuracy. Employ preprocessing, feature 
engineering, model training, and cross-validation methodologies. Evaluate the performance of SVM, Adaboost, Logistic 
Regression, Naive Bayes, and Random Forest algorithms. 
RESULTS: The study reveals Random Forest as the favored algorithm for heart disease prediction, showing promise for 
clinical applications. Advanced analytics and hyperparameter tuning contribute to improved model accuracy, reducing the 
burden of heart disease. 
CONCLUSION: The research underscores machine learning's pivotal role in predictive healthcare analytics, advocating 
efficient models for early heart disease management. 

Keywords: AdaBoost Classifier (AB), Cross-Validation Methods, Data Preprocessing Techniques, Early Diagnosis Models, Healthcare 
Analytics, Logistic Regression (LR), Naïve Bayes Classifier (NB), Random Forest Algorithm (RF), Support Vector Machines (SVM) 
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1. Introduction

Cardiovascular diseases, including heart disease, keep on 
being a leading reason of morbidity and death worldwide. 
Heart disease, a leading global cause of death, is strongly 
linked to risk factors like smoking, high blood pressure, 
and cholesterol, affecting nearly half of the US population. 
Machine learning plays a pivotal role in predicting 

cardiovascular diseases based on personal indicators, with 
this paper presenting six models, including Xgboost, 
Adaboost, Random Forest, Decision Tree, Logistic 
Regression, and Naïve Bayes, achieving an impressive 
91.57% accuracy using the logistic regression model [14]. 
In recent years, cardiovascular diseases have become a 
leading global cause of death, driven by lifestyle changes, 
dietary habits, and work culture. Early detection and 
continuous medical monitoring can mitigate this issue, but 
limited resources necessitate technological solutions. 
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A R T I C L E I N F O
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A B S T R A C T

The intelligent Internet of Vehicles (IoV) provides superior results in effectively addressing
complex transportation challenges. Predicting vehicle traffic, crashes, demand, location, commu-
nication, and travel safety are all critical issues in today’s transportation systems. The proposed
paper optimizes vehicle traffic by incorporating reroute recommendations, increasing the use of
public transportation, and providing onboard vehicle drivers with intelligent health assistance
using Federated Learning (FL). This research also focuses on resolving complex transportation
issues such as a vehicle’s current location, exact vehicle count information on each route,
and onboard vehicle vacant seat information. Furthermore, vehicle communication contributes
to the proposed system’s efficiency by avoiding communication delays or information loss
to registered users and the cloud server. An intelligent FL-based scheme for vehicle route
optimization has been proposed as part of this research to prevent vehicle traffic in a real-time
Internet of Things (IoT) connected IoV transportation system. The vehicle detection approach
determines the number of vehicles traveling on each route to recommend the best route to
registered users. The effective implementation of cluster-based vehicle communication and
location estimation models enhances the efficiency of the proposed system.

1. Introduction

People nowadays spend a significant amount of time traveling between areas to meet their demands. Migration increases vehicle
traffic, pollution, and demand [1]. According to the U.S. Energy Information Administration (EIA), the total global oil consumption
in 2022 was 87.1 million barrels per day [2]. If current consumption rates persist, there will be only 51 years of oil left in the
future, causing rapid depletion of nonrenewable energy sources [3]. Global vehicle carbon emissions from fossil fuels totaled 10.654
Gigatonnes (Gt) in 2017, according to the U.S. Environmental Protection Agency (EPA) [4], and daily vehicle carbon emissions were
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A B S T R A C T   

Counterfeit products have become a significant problem for small and medium-sized businesses (SMBs), with the 
estimated value of counterfeit goods worldwide reaching trillions of dollars. However, SMBs often lack the re-
sources and technical expertise to implement sophisticated anti-counterfeiting measures. Towards this end, the 
work proposes a blockchain-based solution named as Fake Product Identification for Small and Medium Firms 
(FPISMF) using Hyperledger and AES encryption to enable SMBs to identify fake products and protect their brand 
reputation. The details of the products and the details of customers are encrypted using AES encryption and 
recorded on the blockchain. The application communicates with the blockchain network to validate the product 
and retrieve the details of the product. Chaincode is executed in a containerized environment, which provides 
isolation and security for the code and data being processed. An algorithm is also proposed to substitute the 
missing QR-code bits and data that helps reduce customer wait time. Experiments are conducted on synthesized 
data sets and results showing the effectiveness of the proposed FPISMF framework and reconciliation technique. 
It is observed from the results that though the time taken to replace a blurry bit is greatly reduced as compared to 
manual replacement of the product, there is an increase in this time when associated with encryption while 
extraction of the corresponding code from cloud database thereby achieving a time complexity of O(n), where ‘n’ 
is the number of scanned products. In addition, the AES SMB time complexity is approximately recoded as O(n/2) 
and the Cloud access and retrieval time is O(n) as compared to O(2n) in the existing work. This shows a sig-
nificant improvement in the ability to replace missing bits and perform a secure analysis respectively.   

1. Introduction 

Counterfeit code generators are ample in e-commerce industry to 
replace or substitute the expiry date on a product with an extended one, 
thereby risking the life of the customers. Hence, amongst a multitude of 
emerging technologies, blockchain serves as a suitable technology to 
deal with the fraudulent access-based product storage and detection. 
The initial manufacturing and expiry dates of the products are recorded 
in the chain and once the date is exceeded, an alert is sent to the firm 
owner to replace the expired products with the new once. If the 
replacement is not carried out within a stipulated time, then penalty will 
be imposed on the store owners in terms of the cryptocurrencies. This 

will add up as a reward to the customer and increase their stake in the 
store maintenance responsibilities [1]. In addition, the code associated 
with a particular product (either barcode or QR code or RFID) is 
encrypted and hashed before being stored in the blockchain such that 
only authenticated key based owners can gain access, thereby elimi-
nating the scope for counterfeit code generation. The realistic imple-
mentation is lagging in many of the existing works as available in the 
literature. Hence, to provide a complete scenario about the proposed 
FPISMF framework, wide number of works to access product details 
using barcode/QR code and RFID are surveyed in the literature section 
to highlight the significance of integrating the aforementioned tech-
nologies with blockchain. 
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Abstract
The recent focus on cloud computing is due to its evolving platform and features 
like multiplexing users on shared infrastructure and on-demand resource compu-
tation. Efficient use of computer resources is crucial in cloud computing. Effec-
tive task-scheduling methods are essential to optimize cloud system performance. 
Scheduling virtual machines in dynamic cloud environments, marked by uncertain-
ty and constant change, is challenging. Despite many efforts to improve cloud task 
scheduling, it remains an unresolved issue. Various scheduling approaches have 
been proposed, but researchers continue to refine performance by incorporating di-
verse quality-of-service characteristics, enhancing overall cloud performance. This 
study introduces an innovative task-scheduling algorithm that improves upon exist-
ing methods, particularly in quality-of-service criteria like makespan and energy ef-
ficiency. The proposed technique enhances the Snake Optimization Algorithm (SO) 
by incorporating sine chaos mapping, a spiral search strategy, and dynamic adaptive 
weights. These enhancements increase the algorithm’s ability to escape local optima 
and improve global search. Compared to other models, the proposed method shows 
improvements in cloud scheduling performance by 6%, 4.6%, and 3.27%. Addition-
ally, the approach quickly converges to the optimal scheduling solution.

Keywords Task scheduling · Makespan · Cloud computing · Snake optimisation 
algorithm · Computing resources · Cloud providers

1 Introduction

Cloud computing has revolutionized the dynamic and virtualized distribution of 
computer resources and services over the Internet, offering capabilities that were 
previously unattainable [1]. Operating within the utility computing paradigm, users 
now pay for their computer resources like other essential services such as electric-

Received: 15 December 2023 / Accepted: 10 July 2024 / Published online: 7 August 2024
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Abstract
Modification of size, residual stress, and surface roughness have an enormous impact on a complex mechanical product’s 
final machining quality. Machine quality can be ensured using Digital Twin (DT) technology by checking the real-time 
machining process. The virtual–real separation display method is the most modern DT System (DTS). It results in the inef-
fective transmission of the necessary restricting the use of the DTS by processing data on-site technicians to support field 
processing. Augmented Reality (AR) monitoring the manufacturing process approach to solve this problem is proposed based 
on the DT. First, the dynamic multi-view for AR is built using data from multiple sources. Second, real-time monitoring 
of complex product’s intermediate processes incorporates AR to encourage communication between the users of the DT 
machining system. The outcome of the system can prevent errors that cannot be fixed. An application case for observing 
will be used to confirm the viability and the efficacy of the proposed method.

Keywords Digital twin · Machining technology · Monitoring application · Augmented reality · Effectiveness

Introduction

As Industry 4.0 takes off in the modern world, the conven-
tional manufacturing industry is facing challenges globally 
because of the quick advancement and the development of 
digital technologies. While doing so, the idea of a “DT”—
the introduction—is being used more and more in manu-
facturing [1]. An actual time simulation of a manufacturing 

system or component is called a DT. It can depict how a 
product performs, operates in an environment, and shaped, 
and resources' current states are updated based on ongoing 
data collection, and in comparison to its physical counter-
part, DT is a growing industry as well. Convergence between 
information and physical space can be furthered with this 
efficient real-time interaction method [2]. The manufactur-
ing environment has made extensive use of AR as one of the 
key technologies in Industry 4.0 [3]. With AR, users can see 
the real world while seeing virtual objects superimposed on 
it, instead of replacing it entirely. Additionally, it permits 
interaction between users and the outside world, where the 
virtual objects' information helps people carry out tasks in 
the real world [4].

Regarding the modeling of the ideal assembly, digital 
assembly technology has advanced in several ways recently, 
including analysis and simulation [1]. When used to simulate 
intricate product assembly, DT and AR technologies present 
new challenges and opportunities [5]. Researchers have tried 
to use AR in the industrial sector for life cycle operations 
like product design, planning, maintenance, and assembly 
by fusing virtual objects with a physical setting to create an 
environment for an augmented virtual fusion where product 
characteristics and behaviors can be examined [6]. Technol-
ogy for assembling products using AR is, to some extent, a 

This article is part of the topical collection “Research Trends in 
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Verma, Pradeepika Verma and Kiran Kumar Pattanaik.
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would help transfer a packet faster in a mobile network along 
with energy-efficiency. Hence, this framework seems to be a 
desirable, forgiving approach for such applications.

Keywords EC-BATMAN · AODV · OLSR · LoRa · 
MANET · Mote

1 Introduction

MANETs are being considered for use in military exer-
cises, salvage operations, and time-based applications. The 
MANET test bed uses AODV, OLSR, and EC-BATMAN for 
remote multi-bounce organizations. When courses change 
often, BATMAN is superior to AODV because it cushions 
the packages. While AODV is a responsive convention, it 
delays organization (Failed 2010). Tolerable performance 
is unknown for wireless mesh networks. Given these com-
panies’ vast plans and boundary spaces, comprehensive 
execution reviews are impossible. BATMAN Advanced 
(BATMAN-Adv) conference in a realistic office setting, 
with the AODV conference as a control (Seither et al. 2011). 
B.A.T.M.A.N. progressed on an indoor mesh potato (MP) 
proving ground. MPs are small devices used for distant voice 
communications and data storage. BATMAN-Adv promotes 
ad hoc wireless groups. (Chissungo et al. 2011). Based on 
a deep understanding of a top-notch steering convention 
named BATMAN, we conducted a trial examination of its 
presentation using a delegate set of substantial measures 
using a Wireless Mesh Network (WMN) proving ground in 
our grounds. According to testing, BATMAN is a productive 
and reliable steering convention that meets media commu-
nication requirements in network organizations, according 
to testing. (Xu et al. 2011).

Abstract The Internet of Things is now a subject of study 
that is expanding quickly. Massive volumes of data manage-
ment and collection are addressed by web-connected sen-
sors and devices. This sensor combination could be able 
to recognise and locate objects with more precision than a 
sensor working alone could. In any event, these dispersed 
sensors have to be able to operate in environments with little 
to no internet connectivity, which may greatly restrict their 
viability. These sensors might also be mounted on some-
what peculiar stages, further complicating connections and 
information flow. Using the energy-efficient B.A.T.M.A.N. 
(Better Approach to Mobile Ad Hoc Networking) steering 
convention modified for LoRa, known as EC-BATMAN, a 
low-power long-range RF convention, to route sensor data 
through various hubs to arrive at web passages and allow 
these devices to connect with the cloud that would other-
wise be unable, is one potential solution. The aim of the 
research is to improve the ability to anticipate route quality. 
Several modifications to the algorithm will be examined, 
including the incorporation of energy efficiency and message 
signal solidarity. In comparison with existing systems due 
to the decrease in end-to-end delay, the proposed approach 
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A B S T R A C T   

As wireless communication grows, so does the need for smart, simple, affordable solutions. The 
need prompted academics to develop appropriate network solutions ranging from wireless sensor 
networks (WSNs) to the Internet of Things (IoT). With the innovations of researchers, the ne-
cessity for enhancements in existing researchers has increased. Initially, network protocols were 
the focus of study and development. Regardless, IoT devices are already being employed in 
different industries and collecting massive amounts of data through complicated applications. 
This necessitates IoT load-balancing research. Several studies tried to address the communication 
overheads produced by significant IoT network traffic. These studies intended to control network 
loads by evenly spreading them across IoT nodes. Eventually, the practitioners decided to migrate 
the IoT node data and the apps processing it to the cloud. So, the difficulty is to design a cloud- 
based load balancer algorithm that meets the criteria of IoT network protocols. Defined as a 
unique method for controlling loads on cloud-integrated IoT networks. The suggested method 
analyses actual and virtual host machine needs in cloud computing environments. The purpose of 
the proposed model is to design a load balancer that improves network response time while 
reducing energy consumption. The proposed load balancer algorithm may be easily integrated 
with peer-existing IoT frameworks. Handling the load for cloud-based IoT architectures with the 
above-described methods. Significantly boosts response time for the IoT network by 60 %. The 
proposed scheme has less energy consumption (31 %), less execution time (24\%), decreased 
node shutdown time (45 %), and less infrastructure cost (48\%) in comparison to existing 
frameworks. Based on the simulation results, it is concluded that the proposed framework offers 
an improved solution for IoT-based cloud load-balancing issues.   
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A B S T R A C T   

MANET (Mobile ad-hoc networks) is typically a no-infrastructure multi-hop network where every node interacts 
with other network nodes either indirectly or directly via intermediate nodes. A lot of research is being un-
dertaken to save the energy of mobile nodes at different levels. Power-relevant issues can have an effect on every 
layer of the stack, making the traditional layered approach ineffective. In this work, cross layered routing pro-
tocol based on PSO (Particle swarm optimization) with adapted contention window technique is proposed. To 
form consistent and energy efficient routing paths, PSO algorithm uses Traffic index, Average energy load, data 
success rate & trust value parameters that are computed from network layer. After establishing routing paths, 
network’s contentions are measured MAC layers for communications and contention with measured contentions 
and average energy loads. The trust of nodes is computed using the following constraints: group trust-provided 
by neighbour nodes & quality trust-computed by node QoS. Dual authentications with EnDA (enhanced dual 
authentication) using key management strategies for enhanced data security and integrity. ECC (Elliptical curve 
cryptography) and Diffie-Hellman key exchanges with bilinear maps improve security of communications. The 
suggested protocol when measured in terms of energy usage and secure key agreements during network’s 
transmissions, showed satisfactory performances.   

1. Introduction 

MANETs encompass sets of wireless nodes which are self- 
configurable and establish networks without pre-defined architectures 
[1]. The nodes are in motion and have randomized mobility. Every host 
in this network should be capable of functioning in the form of a router. 
Owing to differences in propagation route losses, shadowing effects, 
multipath fades, and interferences, host mobilities affect wireless 
connection signal qualities and routes relying on these connections are 
broken and links fail. Hence, due to their changing topologies, MANETs 
need reliable routing protocols that are adaptive. 

In MANETs, the resources utilized are quite less i.e. the protocol 
utilized must not take up a massive amount of energy or are required to 
have less amount of computational or communication overheads [2]. 
There is a dynamic variation in the topology of the MANETs. Therefore, 
it is hard designing a protocol capable of achieving hard assurances 
regarding the security and energy that an application requires. Energy 
efficiency is a significant factor in MANETs, as nodes are relying on the 

less battery power supplied for their energy [3]. 
Dynamic topologies, real-time communications, resource depletions, 

bandwidth controls, and packet broadcast overheads are issues that ad 
hoc networks need to overcome [4]. Networks get complicated when 
routing protocols are created for addressing problems. Several routing 
protocols have been developed for MANETs, but they consume signifi-
cant portions of nodes’ battery power [5]. 

With MANETs, there is a difficult environment for having a secure 
communication among the nodes taking part. All nodes present within 
the signal reception range can acquire the packets and provide arbitrary 
responses. Routing attacks are aimed at interfering with the network’s 
natural routing process and therefore, the protocol routing performance 
is degraded. The node mobility leads to a constantly varying network 
topology. All the nodes present in a signal reception range can acquire 
the packets and produce arbitrary responses. Hence, it is very easy for an 
intrusive node to plan and implement a routing attack against any node 
present in a MANET. Ad hoc networks are vulnerable to several attack 
types, including link assaults, which can vary from passive eaves 
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Summary

The demand for the Internet of Things (IoT) has significantly increased in the

current scenario; specific sectors that require IoT include industrial automa-

tion, home control, health care applications, military and surveillance applica-

tions, habitat monitoring, and nanoscopic sensor applications. The use of

optimal wireless sensor networks (WSNs) in transmission techniques has

resulted in their involvement. A WSN is made up of thousands of randomly

distributed sensor nodes that sense and transmit environmental data such as

temperature, pressure, humidity, light, and sound. One of the most important

requirements when using these sensor nodes is energy. As a result, it has

become a major area of research in recent years; additionally, several design

techniques and protocols have been presented in the last decade, particularly

for IoT-based applications. As a result, the systemization of an energy-

optimized WSN in dynamic functional conditions with automatic

self-configuration of sensor nodes is a critical goal. This paper proposed an

opportunistic energy-efficient dynamic self-configuration routing (OEDSR)

algorithm for IoT-based applications. Initially, the optimal route to the base
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a b s t r a c t

Daily digital payments in Financial Technology (FinTech) are growing exponentially. A huge demand is
for developing secure, lightweight cryptography protocols for wearable IoT-based devices. The devices
hold the consumer information and transit functions in a secure environment to provide authentication
and confidentiality using contactless Near-Field Communication (NFC) or Bluetooth technologies. On the
other hand, Security breaches have been observed in various dimensions, especially in wearable payment
technologies. In this paper, we developed a threat model in the proposed framework and how to mitigate
these attacks. This study accepts the three-authentication factor, as biometrics is one of the user’s most
vital authentication mechanisms. The scheme uses an ‘‘Elliptic Curve Integrated Encryption
Scheme (ECIES)”, ‘‘Elliptic Curve Digital Signature Algorithm (ECDSA)” and ‘‘Advanced Encryption
Standard (AES)” to encrypt the messages between the entities to ensure higher security. The security
analysis of the proposed scheme is demonstrated through the Real-or-Random oracle model (RoR) and
Scyther’s widely accepted model-checking tools. Finally, we present a comparative summary based on
security features, communication cost, and computation overhead of existing methods, specifying that
the proposed framework is secure and efficient for all kinds of remote and proximity payments, such
as mini, macro, and micro-payments, using wearable devices.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Wearable payments are becoming an extension of digital pay-
ments. FinTech wearable applications refer to electronic devices
embedded into items or accessories worn. They can do tasks just
as a mobile or a computer can. It is a part of the emerging Internet
of Things (IoT) trend, which helps optimize operations, increase
productivity, boost revenue, and improve lives (Challa et al.,
2017; Chen et al., 2019). Wearable technology can be categorized
into two main categories: business and personal usage. Parts of

physical objects are embedded with sensors and software for indi-
vidual usage as activity trackers. For business-oriented purposes,
wearable devices can be effectively used for transactions in global
markets. The modes or channels of digital payments using smart-
phone applications are more. Nowadays, most people are inter-
ested in buying products through digital payments, especially
wearable devices–the massive demand for wearable device pay-
ments in global payment markets. The enormous growth of pay-
ment market value for connected devices globally from 2015 to
2025 is shown in Fig. 1. It provides ten-year market forecasts of
wearable transactions and transaction volume by region, device
type, and technology from 2015 through 20251. Wearable devices
contribute toward banking and payments and provide better ser-
vices than smartphone devices. Wearable devices have tremendous
potential to provide better and more efficient services to end-
users; for this reason, most banks are implementing wearable tech-

https://doi.org/10.1016/j.jksuci.2023.101785
1319-1578/� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
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for Privacy Preservation and Security of Smart

Electronic Health Records
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Abstract—This study introduces a blockchain-based
lightweight encryption strategy with federated learning to
address the scalability and trust concerns of electronic health
records (EHR). After implementing lightweight encryption,
the EHR data is stored in a decentralized cloud system. The
importance of protecting the privacy and security of distant
patients’ health records is explored. Now that stakeholders
have a secure portal and cloud data is inaccessible, assaults
on electronic healthcare records should decrease. The study
guarantees full encryption throughout the whole conversation
with federated learning. Deprived of the essential for a trusted
third party, the system sets up active smart contracts at runtime
between the sensor and the data user to facilitate the transfer
of EHR data. To ensure that the data is private between the
owner and user during the contract’s execution, it employs a
very effective proxy re-encryption mechanism with federated
learning. To examine the performance of the proposed system,
it has been built and deployed on an Ethereum-based testbed. It
is observed that the PSNR and MSE of the proposed model are
39 (1.07×) and 229.6 (1.02×) respectively. The entropy of the
image is assessed to be 7.8 for the proposed model. This is also
compared with existing algorithms and proved to be a secured
model.

Index Terms—Federated learning, electronic health records,
patient data, blockchain-based light weight encryption strategy,
ethereum-based testbed.

I. INTRODUCTION

MEDICAL facilities and healthcare providers have prof-
ited greatly from the Internet of Medical Things

(IoMT). Concern about security and privacy concerns preva-
lent in the IoMT, nevertheless, present difficulties for firms
using this innovation. The security, privacy, and accessibility
of patient information are all at danger when several medi-
cal systems are used [1], [2]. Availability, data integrity, and
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privacy are all at risk if security is compromised. In addi-
tion, hackers can utilize medical records to locate prescriptions
and commit fraud or identity by ordering medications online.
Hackers may also use blackmail and extortion to coerce vic-
tims into disclosing medical information they would rather
keep private. In addition, accessibility, privacy, and security
of IoMT-enabled health tools like fitness trackers are major
considerations [3], [4], [5]. Access management and authen-
tication are also important aspects of security. To sum up,
it’s crucial to regulate who may access the IoMT network.
After a user has been recognized and authenticated, it is crit-
ical to determine if they have the authorization to utilize the
requested resources [6]. For access control to work, software
entities must be able to ask for and grant permission to each
other. However, it is difficult to implement reliable Internet
access control for medical equipment.

Security and privacy in the IoMT face additional challenges
from identity management and authentication. Authentication
verifies the claimed identity of a person or group of people to
establish trust in the identity management system. Since con-
fidentiality, integrity, and availability might all be jeopardised
without authentication in the IoT, it is essential. Availability
is all jeopardised if an enemy can pose as a trusted entity and
get access to entire data [7]. User authentication and identi-
fication is a major problem in the IoMT. Password/username
combinations are widely used for identifying and authenticat-
ing users in computer systems. Shared keys, digital certificates,
and biometric authentication are among more options. Security
risks to the present Internet would rise because to the high
rate of enormous size of IoMT systems. When it comes to
IoMT’s network and protocol security services, heterogene-
ity plays a huge role [8]. As well as protecting the data
on IoT devices, security solutions must also allow for their
authentication and authorization. Physical barriers to com-
munication and technology are another source of security
concerns. For the Internet of Things to function, even the tini-
est devices must implement Internet Protocols. IoMT devices
are limited in their capacity to process information at lightning
speeds, hence this limits the potential of the technology [9].
The available resources, including storage space, processing
power, and power, are limited. Different types of security are
required to balance the opposing needs for low energy use and
high performance. IoMT system efforts to ensure privacy and
security are impacted by their limited resources and scale.

1558-4127 c© 2023 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.
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a b s t r a c t

Reliable and accessible cloud applications are essential for the future of ubiquitous computing, smart
appliances, and electronic health. Owing to the vastness and diversity of the cloud, a most cloud
services, both physical and logical services have failed. Using currently accessible traces, we assessed
and characterized the behaviors of successful and unsuccessful activities. We devised and implemented
a method to forecast which jobs will fail. The proposed method optimizes cloud applications more
efficiently in terms of resource usage. Using Google Cluster, Mustang, and Trinity traces, which are
publicly available, an in-depth evaluation of the proposed model was conducted. The traces were also
fed into several different machine learning models to select the most reliable model. Our efficiency
analysis proves that the model performs well in terms of accuracy, F1-score, and recall. Several factors,
such as failure of forecasting work, design of scheduling algorithms, modification of priority criteria,
and restriction of task resubmission, may increase cloud service dependability and availability.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of ShandongUniversity. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In cloud computing, tolerance enables uninterrupted service
regardless of the failure of individual components. Cloud archi-
tectures are substantially more complicated than conventional
distributed systems owing to their variety and scale. Therefore,
new initiatives that guarantee high dependability and availabil-
ity are required for the development of cutting-edge IoT-cloud
applications, such as smart cities and e-Health. The reliability
and dependency on cloud services are major issues for both
cloud providers and their customers. The complexity of cloud
formation is a major factor in the level of success [1–3]. Con-
cerning dependability, the problems faced by cloud providers are
not similar from those previously encountered. Problems include
blackouts, computer breakdowns, botched deployments, faulty
software, and simple human errors. Buyers of cloud services
continue to worry about dependability and accessibility. Elastic
Block Storage (EBS), an AWS service, had experienced an outage
in the past. Because of this vulnerability, hundreds of applica-
tions and 24 h-hosted websites have been down [4]. When an
error occurs, the application or website hosting it must be able

∗ Corresponding author.
E-mail address: Rajanikanth.aluvalu@ieee.org (R. Aluvalu).

to recover from the setback and continue functioning normally.
Service providers in the cloud must keep their systems running
smoothly and reliably for their customers so that they can enjoy
good quality of service (QoS). The Capacity, Resource, and Service
are the three different types of schedules. They are capable of
similar tasks, and in certain contexts, more than one of them will
be useful. Failure occurrences directly affect the dependability of
the system with regard to schedule type. Despite the remarkable
resilience of the public cloud, there were a few instances of
failure in the first half of 2020, beginning at 9:30 am, when
connections were down for more than six hours. Microsoft Azure
is now experiencing [5] downtime, according to the company’s
status page. Fault-analysis techniques are required to identify
the causes of peripheral and programming errors in a live cloud
environment. Nevertheless, the major goal of the failure prophecy
is to anticipate unsuccessful jobs. The key metrics and attributes
of the cloud application are determined by developing a ser-
vice for aborted analysis and forecasting. Exploring the typical
alterations and behaviors of cloud applications is the primary
focus of failure forecasting and scrutiny. In the event of a failure,
substantial amounts of data storage and processing power are
lost. The Google Traces feature [6] has been extensively stud-
ied [2–5,7], and its many qualities have been recognized [8,9].
There are some results from a few studies on the improvement

https://doi.org/10.1016/j.hcc.2023.100165
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Abstract

Purpose
Cloud computing (CC) refers to the usage of virtualization technology to share computing resources through the
internet. Task scheduling (TS) is used to assign computational resources to requests that have a high volume of
pending processing. CC relies on load balancing to ensure that resources like servers and virtual machines (VMs)
running on real servers share the same amount of load. VMs are an important part of virtualization, where physical
servers are transformed into VM and act as physical servers during the process. It is possible that a user’s request or
data transmission in a cloud data centre may be the reason for the VM to be under or overloaded with data.

Design/methodology/approach
VMs are an important part of virtualization, where physical servers are transformed into VM and act as physical servers
during the process. It is possible that a user’s request or data transmission in a cloud data centre may be the reason
for the VM to be under or overloaded with data. With a large number of VM or jobs, this method has a long makespan
and is very di�cult. A new idea to cloud loads without decreasing implementation time or resource consumption is
therefore encouraged. Equilibrium optimization is used to cluster the VM into underloaded and overloaded VMs
initially in this research. Underloading VMs is used to improve load balance and resource utilization in the second
stage. The hybrid algorithm of BAT and the arti�cial bee colony (ABC) helps with TS using a multi-objective-based
system. The VM manager performs VM migration decisions to provide load balance among physical machines (PMs).
When a PM is overburdened and another PM is underburdened, the decision to migrate VMs is made based on the
appropriate conditions. Balanced load and reduced energy usage in PMs are achieved in the former case. Manta ray
foraging (MRF) is used to migrate VMs, and its decisions are based on a variety of factors.
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Building on our prior research, currently under review for 
publication, which developed a robust system integrating 
YOLOv5 and PaddleOCR for efficient detection and recognition 
of bus routes, this chapter extends the system’s capabilities with 
innovative enhancements. We introduce a user-friendly interface 
that allows users to upload images or videos using a camera 
module sensor based on IoT from which the system can extract 
relevant details, a feature not present in the initial version. This 
enhancement significantly improves accessibility and usability, 
enabling seamless interaction with the system in real-world 
environments. Additionally, we integrate a spell check algorithm 
based on the Levenshtein distance to refine the textual outputs 
obtained from PaddleOCR, effectively correcting recognition 
errors and ensuring higher accuracy in identifying route numbers 
and destination names. 
Our enhanced system not only retains the high detection 
accuracy and efficiency of the original model but also 
significantly improves the overall user experience through better 
interaction and more reliable textual information. The results 
demonstrate that the incorporation of the UI and spell check 
algorithm markedly enhances the system’s practical application, 
making public transportation navigation even more accessible 
and user-friendly. This chapter contributes to the advancement 
of intelligent transportation systems, highlighting the importance 
of user-centric design and error correction in real-world 
applications, and provides valuable insights for researchers and 
practitioners in the field. 
Keywords: Bus Route Detection, Intelligent Transportation 
Systems, IoT, Levenshtein Distance, Optical Character 
Recognition, PaddleOCR, Spell Check Algorithm, User Interface, 
YOLOv5,  

 
Introduction 

Public bus transportation plays a crucial role in daily commuting, offering an affordable and extensive 
means of travel. However, many commuters face difficulties in accurately identifying bus routes, 
which can significantly impact their travel experience. This paper presents an advanced system that 
integrates YOLOv5 (You Only Look Once) and PaddleOCR (Optical Character Recognition) 
technologies to simplify bus route detection. 
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Progress In Electromagnetics Research C, Vol. 136, 113–121, 2023

Design of Ultra-Miniaturized Wearable Antenna for Bio-Telemetry
Applications

Regalla Narendra Reddy1, *, Nalam V. Koteswara Rao2,
Dasari Rama Krishna1, and Jeet Ghosh2

Abstract—In this paper, an ultra-miniaturized, planar dual-band wearable antenna is proposed for bio-
telemetry applications. The proposed antenna covers the 433MHz and 915MHz Industrial, Scientific,
and Medical (ISM) bands with a compact volume of 0.000000384λ3

0. The antenna consists of a meander
line on the top side of the substrate, while the backside is loaded with an inductive grid structure to
achieve miniaturization. Moreover, the absence of vias in the design of the antenna offers a significant
benefit in terms of simplifying the fabrication process. The design approach considers the integration
of other components for device-level architecture. The antenna exhibits stable performance when being
placed on different human body parts, such as the head and hand. The evaluated specific absorption
rate (SAR) complies with the regulated human safety standard. Additionally, the link margin (LM)
calculation shows that the antenna could establish a biotelemetry communication link at a distance of
20 meters.

1. INTRODUCTION

The emerging technology of wearable electronics is offering numerous healthcare applications such as
endoscopy, neural recording, and glucose monitoring. A conventional wearable telemetry device is made
up of one body control unit (BCU) and one or more body sensor units (BSUs) [1]. BCU can receive
physiological signal data from BSUs and transmit it to a remote access point. To be able to maintain
an effective communication link to the external unit, an efficient wearable antenna plays an important
role in wearable devices. For maintaining the compactness and comfortability of the wearable devices,
the antenna should be very small, low profile, and mechanically strong [2].

In the literature, several wearable antennas have been reported for wireless body area network
(WBAN) applications at different Industrial, Scientific, and Medical (ISM) frequency bands, such as
0.433/0.915/2.45/5.85GHz. In general, the footprint of the antenna is relatively small in the high-
frequency region. For this reason, researchers are keen to design numerous wearable antennas at
2.45/5.85GHz using a variety of geometries, including rectangular patches [3], circular patches [4],
meander bowtie antennas [5], and co-planar waveguide (CPW)-fed monopoles [6]. A wearable antenna
integrated with defected ground structure (DGS) and neutralization line (NL) has been presented in [7].
It should be mentioned that the high-frequency regions are prone to attenuation and propagation
loss [8]. In this regard, the 433MHz and 915MHz frequency bands also have importance for the design
of wearable antennas. The main design problem for low-frequency antennas is their size. In [9], an
antenna unit with a volume of 1267.2mm3 is proposed for the communication in 400MHz frequency
band. Likewise, an alternate solution based on a meanderline monopole antenna is presented in [10]. It
is observed that the antenna covers a large area of dimensions (0.085λ0 × 0.075λ× 0.002λ) in wearable

Received 26 June 2023, Accepted 1 August 2023, Scheduled 14 August 2023
* Corresponding author: Regalla Narendra Reddy (narendra.r@uceou.edu).
1 ECE Department, University College of Engineering, Osmania University, Hyderabad, Telengana, India. 2 ECE Department,
Chaitanya Bharathi Institute of Technology, Hyderabad, Telangana, India.
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Abstract

The e�ective management of microgrids, which incorporate DERs such as generators

and batteries, is crucial for ensuring stability and e�ciency in the power system. By

evenly distributing the load across modules’ capabilities, frequencies, and voltages, a

network of micropower systems can be created, capable of transitioning between

various states such as islanding, leaving, and reentering the grid. Synchronizing

controllers play a vital role in regulating these transitional phases and maintaining

system stability, and we propose a Deep Learning approach for power regulation and

optimization. By monitoring voltages, phases, and frequencies on both sides of the
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Optimized transmit antenna selection and self-attention based 
convolutional resource allocation model for massive MIMO technology 

G.V. Pradeep Kumar a,*, V.V. Satyanarayana Tallapragada b, N. Alivelu Manga c 

a Department of Electronics and Communication Engineering, Chaitanya Bharathi Institute of Technology, Hyderabad, India 
b Department of Electronics and Communication Engineering, Mohan Babu University, (Erstwhile Sree Vidyanikethan Engineering College), Tirupati, 517102, India 
c Solutions Engineer Sr. Grade-I, Synopsys Private Ltd. Hyderabad, India   

A R T I C L E  I N F O   

Keywords: 
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Improved sheep flock optimization 
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A B S T R A C T   

Massive multiple input and multiple output (MIMO) plays an important role in enhancing the transmission 
reliability and capacity of the transmitting channel. However, the resource allocation (RA) and transmit antenna 
selection (TAS) scheme are essential for massive MIMO systems to reduce implementation costs and complex 
operations. Because the presence of a large antenna consumes enormous resources that must be reduced in order 
to develop a user-friendly model. Hence, this article introduces a novel TAS and RA scheme in a massive MIMO 
system that can enhance communication performance efficiently. In this study, an improved sheep flock opti-
mization algorithm (ISFOA) is first emphasized to select the efficient antenna, thus effectively minimizing the 
cost and the design complexity. Then, a novel deep learning (DL) based self-attention aided deep convolutional 
neural network (SA-DCNN) model for the stable allocation of resources to all available users is proposed. Thus, 
the user equipment (UE) can develop a better quality path and reduce the power consumption of the entire 
system. In the experimental scenario, the performance of the proposed model is compared with an existing 
technique based on sum rate, spectral efficiency (SE) and energy efficiency (EE) by varying base station (BS) 
antennas, varying user, signal to noise ratio (SNR), and sub-carriers along with the computational performance. 
Particularly, when the SNR=10 dB, the proposed model obtains the SE of about 50 bits/s Hz compared to the 
existing techniques.   

1. Introduction 

In recent years, wireless communication (WC) has played a vital role 
in developing advanced applications for better communication [1]. 
Massive multiple input multiple output is considered as an extension of 
mMIMO and its primary objective is to improve the transmission reli-
ability among the channels [2]. The massive MIMO is the key system in 
the fifth generation (5 G) as it increases energy efficiency and spectral 
efficiency [3]. The millimeter wave (mm) with a massive MIMO system 
can produce a frequency ranging from 30 GHz to 300 GHz [4]. The 
massive MIMO with mm-wave maximizes energy efficiency with high 

channel gain, especially in recent WC applications. Compared to tradi-
tional antenna systems, mm-wave MIMO improves EE based on 3rd 
order magnitude [5]. However, in massive MIMO systems, many RF 
chains are required, rapidly increasing design complexity and system 
cost. For the design of energy-efficient Massive MIMO systems, an 
improved TAS (Transmit Antenna Selection) system is imperative to 
minimize system implementation and hardware costs [6]. 

Some of the traditional techniques like branching algorithms [7], 
bounding search [8] and traditional global optimizers [9] have been 
used to select the effective antenna in the MIMO system. However, the 
traditional TAS approach reduces spectrum power and increases 

Abbreviation: WC, wireless communication; M-MIMO, massive-multiple input multiple output; SA-DCNN, Self-attention aided deep convolutional neural network; 
RA, resource allocation; TAS, transmit antenna selection; H-CRAN, heterogeneous based cloud and radio access networks; DL, deep learning; SE, spectral efficiency; 
EE, energy efficiency; UE, user equipment; BS, base station; SNR, signal to noise ratio; ISFOA, Improved sheep flock optimization algorithm; CSI, channel state 
information; RL, reinforcement learning; MDP, Markov’s decision process; ZF, zero forcing; MMSE, minimum mean square error; QoS, quality of service; WPT, 
wireless power transfer; GSA, gravitational search algorithm; ML, machine learning; IUI, Inter-user interference; GA, genetic algorithm; PSO, particle swarm 
optimization. 
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Guthi Srinivas, Srikar D

A low-pro�le circularly polarized (CP) antenna with high gain and broad bandwidth is
aimed at 5-GHz Wi-Fi applications using a symmetrical E-shaped patch. Initially, the
radiating element is modeled as a symmetrical E-shape. An array of 4 × 4 rectangular
patches are arranged periodically to make up a reactive impedance surface (RIS)
structure. Furthermore, the RIS structure is deployed in the middle of a symmetrical E-
shaped radiating patch and a perfect electric conductor (PEC) ground plane. As a result,
the broadband CP is achieved with high gain. The above-mentioned combinations have
achieved a −10-dB re�ection coe�cient bandwidth of 21.4% (4.92–6.1 GHz) and a 3-dB
axial ratio (AR) bandwidth of 15.5% (5.25–6.1 GHz), and the antenna has attained a gain of
7.45–7.53 dBic.
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A R T I C L E  I N F O   
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A B S T R A C T   

In the single carrier frequency division multiple access (SC-FDMA) system, the use of discrete cosine transform 
(DCT) instead of discrete Fourier transform (DFT) has shown improved bit error rate (BER) performance. 
Nevertheless, peak-to-average power ratio (PAPR) in the DCT-based SC-FDMA system is higher than that in the 
DFT-based system. This paper investigates the performance of various companding schemes to reduce PAPR in 
DCT-based SC-FDMA systems by considering carrier frequency offsets (CFOs). Simulation results, considering 
parameters like BER, PAPR, and power spectral density (PSD), are provided to find the best companding tech-
nique. Furthermore, the results have been validated in a real-time indoor channel using a wireless open-access 
research platform (WARP) hardware.   

1. Introduction 

Cellular systems provide wireless communication services through 
multiple base stations covering a specific geographical area. In these 
systems, downlink transmissions are one-to-many, where a base station 
simultaneously transmits signals to multiple user devices within its 
coverage area. This necessitates high transmission power capability at 
the base station to accommodate the shared transmission power among 
multiple users [1]. In contrast, uplink transmissions are many-to-one, 
where a single user device has its entire transmission power available 
for transmitting signals to the base station. Designing an efficient mul-
tiple access and multiplexing scheme for uplink transmissions is more 
challenging compared to the downlink due to the many-to-one nature of 
the uplink communications. Additionally, low signal peakiness is a 
crucial requirement for uplink transmissions as user devices have 
limited transmission power available. 

One commonly used multiple access system is orthogonal frequency 
division multiple access (OFDMA), which is employed in standards such 
as IEEE 802.11 and IEEE 802.16 and long term evolution (LTE) 

downlink communications [2,3]. However, OFDMA suffers from a peak- 
to-average power ratio (PAPR) problem, which makes single-carrier 
transmissions more favorable. So, in LTE standard for uplink commu-
nications, single carrier frequency division multiple access (SC-FDMA) 
has replaced OFDMA systems due to its lower PAPR values [4]. SC- 
FDMA, which is a discrete Fourier transform (DFT) spread OFDMA, 
spreads all modulation symbols to all allocated sub-carriers before the 
OFDMA modulation, resulting in reduced PAPR [5]. In [6], authors 
suggested the use of different sinusoidal transforms in place of DFT for 
OFDM systems. This prompted the development of a new SC-FDMA 
system that used discrete cosine transform (DCT) in place of DFT [7]. 
Due to the energy compaction property of DCT, a significant amount of 
signal energy is packed into its first few samples. This reduces the 
intersymbol interference as the relative amplitudes will be smaller at 
high-frequency indices, thereby improving the performance of bit error 
rate (BER) when compared to DFT-based systems. Moreover, DCT can be 
computed by using only real arithmetic operations whereas DFT needs 
complex arithmetic operations. Although DCT-based system surpasses 
DFT-based system in BER performance [1], its PAPR is higher than that 
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30 Accesses Explore all metrics 

Abstract

The 5G communications needs a high-speed data rate to satisfy the real-world

communication applications. Further, the network on chip (NoC) plays the major role in

real-time applications, which includes data communications, multi-processors and

multi-controllers. However, existing NoC systems resulted in lower data rate with higher

hardware resource utilization. Therefore, this article is focused on implementation of code

division multiple access-NoC (CDMA-NoC router) using ternary content addressable

memory (TCAM) buffer, Round Robin Arbiter (RRA) and XY-routing algorithm. Here,

TCAM used to store the data generated across input and output ports. Further, TCAM also

controls the read–write operations based on route requests. Then, RRA is used to allocate

the priorities to the routes based on the traffic presented in the route. Finally, XY-routing
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IoT based enabling home automation system for individuals with 
diverse disabilities 
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A R T I C L E  I N F O   
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A B S T R A C T   

This paper addresses the challenges faced by individuals with impairments, focusing on their specific needs. 
Moreover, the insights from this study can be applied to individuals who have encountered accidents or various 
similar circumstances. The primary objective of this endeavor is to mitigate their discomfort. The project 
demonstrates the creation of an affordable machine control system utilizing IoT technology. This system in-
corporates functionalities such as speech control and hand gestures, making it beneficial for people with im-
pairments. The Internet of Things (IoT) pertains to the interconnectedness of electronic devices, software, 
sensors, actuators, and network connectivity among machines, vehicles, structures, and other entities. This 
connectivity enables the gathering and sharing of data. 

The application of IoT technology in this undertaking facilitates wireless control of devices via internet 
connectivity. The project employs a Node MCU development board as the central computing module. Further-
more, the project envisions an interface that empowers users through voice commands and hand gestures, 
accessible through a dedicated app. The MIT Software Inventor employs an online speech-to-text infrastructure 
to enable speech control. The system listens for the user’s vocal commands and recognizes hand angular posi-
tions. Upon detecting specific predefined phrases, corresponding actions are triggered to activate or deactivate 
the machines. The innovative aspect of this concept lies in its ability to empower differently-abled individuals to 
effortlessly control machines through voice commands and hand gestures. The proposed system extends its 
applications to the industrial sector, streamlining machinery management and enhancing personnel control. This 
app-based interface can be accessed from any global location, further enhancing its accessibility and usability.   

Introduction 

Designing an affordable IoT based system for machine control with 
voice and hand Gesture recognition. This study endeavors to create an 
economical machine control system harnessing IoT (Internet of Things) 
technology, integrating voice commands and hand movement detection 
to facilitate device activation and deactivation. The proposed system 
offers versatility in its application, extending its usability across various 
scenarios. IoT represents the interconnectivity of products encompass-
ing electronics, software, sensors, actuators, and network connectivity 
to gather and exchange data. In this project, IoT technology takes center 
stage to enable wireless equipment control through internet connectiv-
ity. This innovation serves a dual purpose: aiding individuals with visual 
impairments and offering a solution for emergency situations, such as 

car accidents, where voice recognition can assist those incapable of 
conventional communication. The project employs IoT to remotely 
manage devices via the internet, employing a Node MCU development 
board as the core computational unit. Furthermore, the concept strives 
to empower users through a dedicated mobile app, granting them con-
trol through vocal commands and hand gestures. The system adeptly 
captures and responds to hand gestures as they are performed. The 
integration of speech control and hand gestures simplifies machine 
operation for individuals with physical disabilities, enhancing their 
accessibility and independence. This initiative carries significance for 
industrial contexts, streamlining machinery management through app- 
based control. Notably, the app’s utility extends globally, allowing 
operation from any corner of the world. 
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Abstract
Doppler collision has a very important issue in satellite-based navigation systems. Navigation with the Indian Constellation
(NavIC) comprises seven operational satellites, among which three are geo-stationary (GEO) satellites, and the rest are
geosynchronous satellites. Due to the ’small line of sight velocities’ of GEO satellites, estimated ranges suffer from the
unique challenge of Doppler collision (DC). In this study, we present an analysis of DC events in both static and dynamic
conditions, particularly in aerospace applications. We utilize experimental data acquired from the Indian Regional Navigation
Satellite System (IRNSS)-GPS-Satellite Based Augmentation System (SBAS) (IGS) receiver located at a low altitude station
to develop algorithms for the prediction, avoidance, and mitigation of DC events. The prediction of DC is based on the moving
average method. We have devised an efficient algorithm to avoid the occurrence of DC, considering all possible combinations
of IRNSS GEO satellites. Additionally, we perform the mitigation of DC using a proposed hybrid approach that involves both
the space segment and user segment. The approach is based on repositioning the IRNSS 1C satellite and varying the loop
bandwidth of the Delay Locked Loop (DLL). With the implementation of this proposed hybrid approach, the time duration
of DC is reduced by 59.16% in static conditions and 16% in dynamic conditions.

Keywords Doppler collision · NavIC · GEO satellites · IGS receiver

1 Introduction

The radio navigation, which makes use of electromagnetic
waves in position fixing, has accuracy far superior to earlier
navigational methods such as celestial navigation and dead
reckoning [1]. In addition to Global Navigation Satellite Sys-
tems (GNSS) such asGPS,GLONASS,Galileo, andBeiDou,
recently, regional navigational systems like NavIC (the oper-
ational nameof the IRNSS system) andQuasi Zenith Satellite
System (QZSS) have become operational. The NavIC sys-
tem is designed and developed by the Indian Space Research
Organization (ISRO), India [2, 3]. It provides Position, Nav-
igation, and Timing services over the Indian landmass and
the surrounding region, extending 1500 km around it. The

B P. Sathish
psathish_ece@cbit.ac.in

1 Chaitanya Bharathi Institute of Technology (Department of
ECE), Hyderabad, Telangana, India

2 Chaitanya Bharathi Institute of Technology, (R&E Hub),
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first phase of the NavIC constellation consists of seven satel-
lites, among them, four are geosynchronous (GSO) and three
are GEO satellites, operating at L5 (1176.45 MHz) and S1
(2492.028 MHz) band frequencies [4, 5]. The position coor-
dinates and their status of IRNSS satellites are presented in
Table 1. The first phase of the IRNSS satellites became oper-
ational in July 2016 onwards. The second phase of NavIC
includes four geosynchronous (GSO) satellites in addition to
the seven IRNSS satellites [6].

In addition to several other limitations, Doppler Collision
(DC) presents a unique challenge to NavIC, BeiDou Phase -
II, and theWideArea Augmentation System (WAAS), which
use GEO satellites in ranging [7]. The sky plot (Fig. 1)
describes the ’figure of Eight’ orbital path of IRNSS four
geosynchronous satellites. Satellites 1A and 1B are placed
in one orbit, while 1D and 1E are in another orbit. The
orbital path of geostationary satellites 1C, 1E, and 1G with
± 5° inclination angle can also be seen in Fig. 1. DC can
significantly influence the navigation solution for aerospace
applications but to a lesser extent influence standalone appli-
cations [8]. It occurs when the relative Doppler shift between
two satellites is less than the receiver code tracking loop
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Abstract
The position accuracy of GNSS is limited by several errors including multipath error. The multipath error is well known as one
of the dominant error sources in most of the high-precision GNSS applications, as its fast-changing and site-dependent nature
make it challenging to model and mitigate. The Non-Line-of-Sight (NLOS) signals in combination with the original Line-of-
Sight (LOS) signal lead to multipath (MP), which results in erroneous range estimation. To mitigate the effect of multipath,
detecting the presence of NLOS/multipath signals plays a vital role. In this paper, GPS and IRNSS signals are considered
in simulated multipath environment and in open-sky conditions. A machine learning (ML) approach for classification of
LOS/NLOS/multipath is presented inboth the environments. In this paper, twoclassifiers are proposed.Theproposed classifiers
are trained with signal strength, elevation angle, Doppler shift, delta pseudorange, and pseudorange residuals as attributes. The
accuracies of these models are computed and compared and it is found that, among all the algorithms, K-Nearest Neighbors,
Decision Tree, and its ensemble functions have demonstrated superior performance. Experimental results are presented using
GPS L1, IRNSS L5, and S1 data. A comparative analysis on both the classifiers is also presented. Further, to substantiate these
results, another experiment is conducted in a complex real-time dynamic multipath environment and the obtained results are
also presented.

Keywords GPS · IRNSS · Machine learning · Data classification

1 Introduction

Global Positioning System (GPS) is a well-established
satellite-based navigation system with global coverage,
whereas Indian Regional Navigation Satellite System
(IRNSS) is the emerging satellite-based autonomous navi-
gation system developed by Indian Space Research Organi-
zation (ISRO), India to cater navigational and precise time
needs over the Indian region and its surrounding. GPS con-
stellation consists of 24 satellites in Medium Earth Orbit
(MEO) at an altitude of 20,200 Kms, whereas IRNSS Con-
stellation consists of 7 satellites at an altitude of 36,000
Kms above the earth’s surface in geo synchronous orbit
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2 Department of ECE, Adikavi Nannaya University,
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(GSO)/geostationary orbit (GEO). Out of these seven satel-
lites, three are located in geostationary orbit (GEO) at
32.5° East, 83° East, and 131.5° East longitude. The remain-
ing four satellites are in inclined geosynchronous orbit
(GSO) [1, 2]. IRNSS system operates on both L band
(1164.45–1188.45 MHz) and S band (2483.5–2500 MHz)
frequencies in contrast to GPS that operates only on L band
[3, 4]. The performance of both of these systems is limited by
several errors like tropospheric error, ionospheric error etc.,
including one of the predominant errors, i.e., “multipath” [5].

Multipath is a dominant error source that affects GNSS
positioning, because the transmitted radio waves arrive in
multiple paths to a receiver in the presence of various obsta-
cles [6, 7].Aconsiderable researchwas carried out tomitigate
the multipath error from multipath-affected GNSS signals.
Yedukondalu et al. has estimated and mitigated the multi-
path error using GPS signals [8]. However, to eliminate the
multipath effect, the reflected signals, i.e., NLOS/multipath
signals, are to be isolated from the direct (LOS) signal.
Hence, the classification of LOS/NLOS/multipath plays a
significant role. In the previous studies, Marais et al. (2005)
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ABSTRACT 

This paper describes the novel approach to generate the trigonometric function sine wave with different 

amplitudes and different frequencies. The proposed design is synthesized using Xilinx ISE 14.7 using Verilog HDL 

programming language and simulated using the modelsim simulator. The sine wave generation is targeted on the high 

performance Zynq 7-series Zedoard FPGA (7020) which has a capability of programming language (PL) and processing 

system (PS). Generation of sine wave is carried out using Xilinx IP Core (DDS) approach with simulation, and synthesis. 

Zed board works on 28nm technology. Hardware device utilization summary of the design is analyzed along with the 

timing values. The power report of the design is extracted using the X power analyzer. Power analysis is compared with 

Micro wind software and X-power analyzer. 

 
Keywords: Xilinx ISE, FPGA, zedboard, modelsim. 
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1. INTRODUCTION 

Modern Electronic equipment such as function 

generators uses Sine wave generation for calibration, 

reference, and other purposes. FPGAs are more popular 

nowadays because of their less delay, less area, and low 

power consumption. The most important trigonometric 

functions like sine and cosine waves in digital circuits can 

be generated, simulated, and synthesized by using 

different techniques like Direct Digital Synthesizer(DDS) 

core, CORDIC(Coordinate Rotation and Digital 

Computer) based algorithm, Double integration, LUT 

based approach. This article proposes a novel and simple 

approach to generate the sine wave with the amplitude and 

frequency. The sine wave can easily be transferable to any 

targeted chip.  

 

1.1 Sine Look Up Table Generation 

The method of generating the samples of sine 

waves with certain amplitude and frequency can be done 

by using MATLAB or Python script. The amplitude of 

samples is converted into binary data and stored in the 

ROM memory of FPGA. Here this article proposes the 

generation of sine wave values using online generating 

sine wave values using the website [1]. This online tool 

provides one complete cycle with fixed frequency and 

amplitude levels. For example, one can select the number 

of points as shown in Table-1. Here in this example, 32 

points are taken and similarly, the maximum amplitude is 

set as 255 the number of samples per row is selected as 8 

and the generated samples are taken in decimal format. 

The hexadecimal format samples can also be generated. 

The 8 bit binary data is taken as an output. The maximum 

value for an 8 bit data is 255(2
8
-1). All the values in the 

table can be generated according to the design and 

according to the frequency and amplitude requirement of 

the design engineer 

 

Table-1. Sine look up table generator input. 
 

 
{128,152,176,198,218,234,245,253, 

255,253,245,234,218,198,176,152, 

128,103,79,57,37,21,10,2, 

0,2,10,21,37,57,79,103} 

 

2. LITERATURE REVIEW  
Many researchers proposed trigonometric 

functions like sine waves, and cosine waves using the 

hardware description language (HDL). Upadhyaya et al 

[2] proposed a Direct Digital Synthesizer core approach to 

generate a sine sample using a Spartan 3 FPGA device. 

The hardware device utilization is discussed and the power 

analysis is carried out. Bohrn et al [3] proposed ASIC Sine 

wave using Spartan 3 FPGA device and the hardware 

utilization summary is summarized and the different 

algorithms are compared. Liu et al [4] proposed the AM 

modulated wave form using a DDS core with the help of a 

NIOS-II softcore processor and the Quartus II FPGA 

device. The theoretical frequency and the measured 

frequency from the oscilloscope are compared. Al-Safi et 
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Abstract
The advancement in medical diagnosis approaches increases the demand for effective dis-
ease prediction and classification system. Although, various machine learning (ML) based 
disease classification techniques were developed, they face severe issues. Hence, a novel 
optimized framework named as Wolf based Generative Adversarial System (WbGAS) sys-
tem was designed to predict and specify the heart disease using Electrocardiogram (ECG) 
database. The collected dataset contains three classes namely Normal Sinus Rhythm 
(NSR), Arrhythmia (ARR), and Congestive Heart Failure (CHF). The dataset is initialized 
and trained using the proposed (WbGAS) approach to predict the normal and abnormal 
signals present in dataset. In addition, the integration of wolf fitness function in the pre-
sented approach provides finest prediction rate. Moreover, the type of heart disease is spec-
ified based on the trained features. Also, a case study was presented with three different 
cases to explain the functioning of designed (WbGAS) approach. The designed model is 
implemented in MATLAB software and then, the performance of the system is determined 
as specificity, recall, accuracy, and precision value. At the end, to verify the results of the 
developed technique a comparative assessment was performed by comparing the outcomes 
of presented approach with existing ML based approaches.

Keywords Heart disease classification · Grey wolf algorithm · Generative adversarial 
network · Arrhythmia · Heart failure
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The extremity of error due to clocks, ephemeris etc., broadcasted in navigation message of NavIC will result in

inaccurate information provided by the satellites that tamper the Navigation with Indian constellation (NavIC)

system integrity. The information provided by the satellites may be faulty due to various error sources and cannot be

used for applications which require very high accuracy. Integrity of the information provided by satellites plays a

vital role and the system needs to be notified accordingly. The traditional methods receiver autonomous integrity

monitoring (RAIM) algorithms require both navigation and observation data for implementation and involves

several computations, hence in this paper an efficient approach considering only navigation message is proposed to

monitor the integrity of NavIC. The NavIC Navigation data of 28 days data corresponding to 4 months is collected

from IGS website. The integrity check is performed considering the satellite's User Range Accuracy Upper Bound

(URA UB), fit interval and health parameters from navigation message. It is observed from the results that there are

specific instances of integrity failure of NavIC system. However, it is also noticed that 99.5% of times the integrity

provided by NavIC is within specified limits that guarantee the NavIC utility for critical applications. © 2023 Walter

de Gruyter GmbH, Berlin/Boston.

Author keywords
Indian regional navigational satellite system; integrity; receiver autonomous integrity monitoring (RAIM); user

range accuracy (URA)

Indexed keywords

SciVal Topics

Metrics

Funding details

References (��)

Nowak, A., Specht, C.

Snapshot RAIM algorithms availability in urban areas

(����) Annu Navig, ��, pp. ��-��.  .

 

Meng, F., Wang, S., Zhu, B.

(����) IEEE Aerospace and Electronic Systems Magazine, �� (��), art. no.

�������, pp. ��-��.  .

doi: ��.����/MAES.����.������

 ▻View in search results format

    

All

Export  Print  E-mail  Save to PDF Create bibliography

�

Cited � times

�

GNSS reliability and positioning accuracy enhancement
based on fast satellite selection algorithm and R AIM in
multiconstellation

Cited �� times

View at Publisher

655

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=6fb28f8af8b92a992cfc5a289688301c&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85165356139%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85165356139
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=6fb28f8af8b92a992cfc5a289688301c&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85165356139%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85165356139
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=6fb28f8af8b92a992cfc5a289688301c&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85165356139%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85165356139
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-84904786057&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963830369&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963830369&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963830369&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-84963830369&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMAES.2015.140024&locationID=3&categoryID=4&eid=2-s2.0-84963830369&issn=08858985&linkType=ViewAtPublisher&year=2015&origin=reflist&dig=65adacdacd4802a7a7eb7c03e9fee779


Tian, A., Fu, C., Zhang, S., Zhou, M.

(����) Proceedings of ���� �th International Conference on Information

Management, Innovation Management and Industrial Engineering, ICIII

����, �, art. no. �������, pp. ��-��.  .

ISBN: ���-���������-�

doi: ��.����/ICIII.����.�������

Langley, R.B.

(����) Dilution of Precision, ��, pp. ��-��.  .

Cleveland, Ohio GPS World

 

Wang, E., Yang, F., Pang, T.

(����) Proceedings of the ���� ��th IEEE Conference on Industrial Electronics

and Applications, ICIEA ����, ����-February, pp. ����-����.  .

ISBN: ���-���������-�

doi: ��.����/ICIEA.����.�������

Brown, R., Hwang, P.Y.C.

PS failure detection by autonomous means within the cockpit

(����) Institute of Aviation �nd Annual Meeting, pp. �-��.  .

U.S. Institute of Navigation

 

Sony, D., Satya Srinivas, V., Naveen, P., Krishna Reddy, D.

IRNSS User Range Accuracy (URA) Evaluation for Receiver Autonomous

Integrity, ���� URSI, Asia Pacific Radio Science Conference (AP-RASC), New

Delhi, �-��th March ����

 

Sony, D., Reddy, D.K., Kumar, P.N.

(����) Aerospace Systems, � (�), pp. ���-���.  .

doi: ��.����/s�����-���-�����-x

�

A new satellite selection algorithm in GNSS

Cited � times

View at Publisher

�

Cited ��� times

�

GNSS receiver autonomous integrity monitoring algorithm
based on least squared method

Cited � times

View at Publisher

�

Cited �� times

�

�

Implementation of receiver autonomous integrity algorithm
for fault detection of IRNSS

Cited � times

https://www.springer.com/journal/�����

View at Publisher

656

https://www.scopus.com/record/display.uri?eid=2-s2.0-84893683144&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-84893683144&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICIII.2013.6703671&locationID=3&categoryID=4&eid=2-s2.0-84893683144&issn=&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=093f1e9ff5b21279507c51d05fbe0956
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-0010222704&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047464468&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047464468&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-85047464468&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICIEA.2017.8283169&locationID=3&categoryID=4&eid=2-s2.0-85047464468&issn=&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=9d01f4c1a29f4aca0285fce2c3ed2182
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-4644267752&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85137900033&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85137900033&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-85137900033&src=s&origin=reflist&refstat=core
https://www.springer.com/journal/42401
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs42401-022-00161-x&locationID=3&categoryID=4&eid=2-s2.0-85137900033&issn=25233955&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=7e6e851d56b6329dc399741f1e0ab986


� of �

Tong, H., Zhang, G., Ou, G.

(����) ���� International Workshop on Multi-Platform/Multi-Sensor Remote

Sensing and Mapping, M�RSM ����, art. no. �������.  .

ISBN: ���-���������-�

doi: ��.����/M�RSM.����.�������

Li, M., Zihuan, H., Zhang, L.

Improved receiver autonomous integrity monitoring algorithm

(����) J Eng, ����, pp. ����-����.  .

 

Sony, D., Krishna Reddy, D., Naveen Kumar, P.

Statistical characterization of IRNSS satellite clock error for receiver

autonomous integrity

(����) Springer Third International Conference Soft Computing and Signal

Processing; (ICSCSP-����).  .

 

Annex ��: Aeronautical communications

(����) V�: Radio Navigation Aids - Amendment, ��.

International Civil Aviation Organization (ICAO)

 

Zhang, T., Xu, A., Su, R.

(����) ���� IEEE Chinese Guidance, Navigation and Control Conference,

CGNCC ����, art. no. �������, pp. ���-���.  .

ISBN: ���-���������-�

doi: ��.����/CGNCC.����.�������

 Devalapally, S.; Chaitanya Bharathi Institute of Technology, Gandipet,Telangana,

Hyderabad, India; email:

© Copyright ���� Elsevier B.V., All rights reserved.

�

GNSS RAIM availability assessment for worldwide precision
approaches

Cited � times

View at Publisher

��

Cited � times

https://doi.org/��.����/joe.����.����

��

Cited � times

��

��

Evaluation on user range error and global positioning
accuracy for GPS/BDS navigation system

Cited � times

View at Publisher

 
sonyd_ece@cbit.ac.in

 Top of page

657

https://www.scopus.com/record/display.uri?eid=2-s2.0-79951762763&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-79951762763&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-79951762763&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fM2RSM.2011.5697417&locationID=3&categoryID=4&eid=2-s2.0-79951762763&issn=&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=6510d069c9c03b109d97da56f14abd97
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-85137880356&src=s&origin=reflist&refstat=dummy
https://doi.org/10.1049/joe.2019.0330
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-85137931540&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84922578701&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84922578701&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85165356139&refeid=2-s2.0-84922578701&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fCGNCC.2014.7007297&locationID=3&categoryID=4&eid=2-s2.0-84922578701&issn=&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=b9fec575b749ffc7b005328ab97d4fbb
mailto:sonyd_ece@cbit.ac.in
mailto:sonyd_ece@cbit.ac.in


Terms and conditions Privacy policy Cookies settings

All content on this site: Copyright © ���� Elsevier B.V. , its licensors, and contributors. All rights are reserved, including those for

text and data mining, AI training, and similar technologies. For all open access content, the relevant licensing terms apply.

We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies .

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する

�看简体中��本

查看�體中�版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

658

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


659



660



661



662



663



664



� of �

 Download  Print  Save to PDF ⋆ Save to list   Create bibliography

Research on Biomedical Engineering  • Volume ��, Issue �, Pages ��� - ���  • June ����

Document type

Article

Source type

Journal

ISSN

��������

DOI

��.����/s�����-���-�����-x

View more

An enhanced skin lesion detection and classification

model using hybrid convolution-based ensemble learning

model

Nagadevi D. ; Suman K. ; Lakshmi, P Sampurna

Save all to author list

a a b

Department of Electronics and Communication Engineering, Chaitanya Bharathi Institute of Technology,

Telangana, Hyderabad, ������, India

Department of Electronics and Instrumentation Engineering, Vallurupalli Nageswara Rao Vignana Jyothi

Institute of Engineering & amp; Technology (VNRVJIET), Telangana, Hyderabad, ������, India

a 

b 

Full text options Export

Explore the new Document details page

An enhanced version of the Document details page is available. Give it a try and share your feedback.

Try new version

Cited by � documents

Inform me when this document

is cited in Scopus:

Related documents

, 

(����) Multimedia Tools and

Applications

,  ,

(����) International Journal of

Engineering Trends and

Technology

,  , 

(����) International Journal of Ad

Hoc and Ubiquitous Computing

Find more related documents in

Scopus based on:

Set citation alert ▻

A three-tier BERT based

transformer framework for

detecting and classifying skin

cancer with HSCGS algorithm

 George, J. Rao, A.K.

An Intuitive U-LSTM Model for

Classification and Recognition

for Skin Cancer Detection

 Bandi, R.C. Prasad, K.R.

Kamalakumari, A.

Optimal hybrid classifier with

fine-tuned hyper parameter and

improved fuzzy C means

segmentation: skin cancer

detection

 Burada, S. Eraiah, M.B. Sunil

Kumar, M.

View all related documents

based on references

 ▻Authors  ▻Keywords

Brought to you by CBIT - Library & Information Centre

Abstract

Author keywords

Indexed keywords

Sustainable Development Goals

SciVal Topics

Metrics

665

javascript:void(0)
mailto:dnagadevi_ece@cbit.ac.in
https://www.scopus.com/pages/publications/85191819248
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85176427371&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58547089300&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58547089300&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59123277100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59123277100&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85184783976&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85184783976&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85184783976&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85184783976&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85184783976&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85184783976&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58520679000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58520679000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58642751500&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58642751500&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58520246100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58520246100&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85183319075&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58614356000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58614356000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57540384800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57540384800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56043515200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56043515200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56043515200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56043515200&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85191819248&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/record/www.library.cbit.ac.in
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic


Abstract

Background: One of the major health concerns that affect the well-being of people around the world is called as the

skin cancer. Among diverse kinds of skin cancer, melanoma is regarded as the most harmful disease along with a

higher rate of mortality. Earlier detection as well as the screening process is considered the more complex job for

dermatologists due to the enormous variations in morphological attributes of skin cancer. Therefore, there is a

requirement for the most reliable and efficient diagnosis system, which has aided dermatologists in adequate

decision-making and diagnosis. Aim: An advanced deep learning technique-based skin lesions classification and

detection model for early detection and efficient classification of skin lesions is proposed. Methods: The

dermoscopic images are collected from online sources in the earlier stage. Then, the collected images are segmented

with the help of dilated Mask-Regions with Convolutional Neural Networks (RCNN) with an attention mechanism

for segmenting the abnormal regions. After that, the segmented images are classified using adaptive hybrid

convolution-based ensemble learning (AHC-EL), which is used along with techniques like residual attention network

(RAN), MobileNet, and Inception. Here, parameters optimization takes place using a hybrid optimization algorithm

namely, fitness-aided battle royale and red deer algorithm (FBR-RDA) for enhancing the classification performance.

Finally, the classified outputs of skin lesion classification are obtained based on high ranking between the ensemble

learning techniques. Conclusion: Experimental analysis is carried out between proposed and conventional

approaches to verify the efficacy of the recommended method. © The Author(s), under exclusive licence to The

Brazilian Society of Biomedical Engineering 2024.

Author keywords
Dermoscopic images; Dilated Mask RCNN with attention mechanism; Fitness-aided battle royale and red deer

algorithm; Inception; MobileNet; Residual attention network; Skin lesion segmentation and classification
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A B S T R A C T   

Brain tumor classification plays a significant role in exact detection of abnormal brain tissues and facilitates the 
clinical diagnosis of patients. The computer vision researchers have created numerous algorithms, but they still 
suffer from low accuracy. Therefore, a Brain Tumor Classification utilizing Triple Memristor Hopfield Neural 
Network optimized with Northern Goshawk Optimization is proposed in this paper for MRI Image (BTC-TMHNN- 
NGOA). Here, the input imageries are pre-processed to increase the images quality using Median Modified 
Weiner Filtering (MMWF) method. The pre-processed image is supplied to Synchro Extracting Chirplet Trans-
form (SECT) to extract the features of anti-noise interference capability and image resolution. Then the Triple 
Memristor Hopfield Neural Network (TMHNN) for classifying Tumor and Non-Tumor Image. Afterward, 
Northern Goshawk Optimization Algorithm (NGOA) is used to optimize the weight parameters of TMHNN 
classifier for precise classification. The proposed BTC-TMHNN-NGOA technique is activated in MATLAB under 
metrics, like precision, accuracy, sensitivity, specificity, ROC, F1-score, computational time and computation 
cost. The proposed method attains 13.88%, 8.75%, and 8.46% higher accuracy for tumor; 9.47%, 14.51% and 
10.23% higher accuracy for Non-Tumor on MRI brain image dataset compared with existing methods like 
Automated Brain Tumor Categorization utilizing Optimized Hybrid Neural Network (EABTC-OHNN), Convolu-
tional Neural Network for MRI-Based Brain Tumor Categorization (CNN-MRI-BTC), Enhancing Convolutional 
Neural Network using Hybridized Elephant Herding Optimization approach for MRI Categorization Glioma Brain 
Tumor Grade (OCNN-HEHOA-MRIC-GBTG). The comparative results exemplify the effectiveness of the proposed 
method and underscore its advantages in automating brain tumor classification.   

1. Introduction 

Brain is the most complex organ in the human body; it is made up of 
billions of cells [1]. The brain tumour arises from an abnormal collection 
of cells around or inside the brain due to uncontrolled cell growth [2]. 
These cells have ability to destroy healthy tissue, also obstruct proper 
brain function [3]. The tumour is separated as benign and malignant [4]. 
Benign is considered less aggressive because they are not malignant and 
not spread to other body parts [5]. Usually, they begin at the brain then 
progressively grow. Malignant is considered as cancer that develops 
rapidly [6]. They could result from the primary malignant tumour that 
starts in the brain, but the secondary tumour that spreads to the brain 
from another part of the body [7]. A number of techniques have been 
suggested so far to classify the tumors of brain [8]. Benign is also known 
as primary tumour and Malignant is also known as secondary tumour. 
Tumour begins in the brain is known as primary tumour [9]. Secondary 

tumours originate from cancer in another part of the body and progress 
to the brain [10]. Early, accurate grading with categorization of brain 
tumors are essential to diagnose cancer, develop a treatment plan, and 
evaluate the medicine efficacy [11]. Even though advances in medicinal 
technology, the histological analysis of specimen is principally utilized 
to identify brain tumors [12–15]. A final diagnosis is usually reached 
after pathological testing [16]. The disadvantages of these diagnostic 
techniques are invasive, time-consume, and leads to collection errors 
[17]. Numerous tests, such as MRI, CT scan, biopsies can identify the 
brain tumours. Among these, MRI has more effective for tumor classi-
fication [18–20]. MRI provides additional benefits, such as lessening 
time, chemical shift that help accurate depiction of the brain tissue 
[21–24]. Improving the diagnostic skills of doctors to reduce the time 
required for accurate analysis is possible with the help of fully auto-
mated identification [25]. 

Nowadays, there is a significant emphasis on employing machine 
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learning approaches and optimization strategies for classifying brain 
tumors. However, the existing approaches face challenges related to 
substantial computational costs and limited precision [26–32]. The 
proposed method utilizes TMHNN classifier basis feature map creation. 

The aim of the BTC-TMHNN-NGOA technique is “to categorize an 
MRI tumor picture automatically”. The TMHNN weight parameters are 
ideally chosen to optimise the NGOA and increase the classification 
accurateness. After the process of classification, the effectiveness of the 
BTC-TMHNN-NGOA method is evaluated. 

The primary contributions of this paper are summarized below: 

• Brain Tumor organization utilizing Triple-Memristor Hopfield Neu-
ral Network enhanced through Northern Goshawk Optimization Al-
gorithm proposed classifying normal and tumor image of the MRI 
Images (BTC-TMHNN-NGOA)  

• The data is amassed from Brain Tumor dataset [33,34]. Then the 
data is fed to pre-processed stage.  

• During pre-processing, the noise is removed as well as improves the 
picture quality under Median Modified Weiner Filtering (MMWF) 
[35].  

• The pre-processing image is given to the feature extraction with the 
help of Synchro Extracting Chirp let Transform (SECT) [36] to 
extract the features of anti-noise interference capability and image 
resolution.  

• After that, the extracted features are given to Triple Memristor 
Hopfield Neural Network (TMHNN) [37] for classifying the tumor 
and non-tumor of MRI Image effectively. 

• Northern Goshawk Optimization Algorithm (NGOA) [38] is consid-
ered to enhance the weight parameters of TMHNN classifier, which 
precisely classifies the Normal and Tumor image of the MRI image. 

• The metrics, like accuracy, precision, sensitivity, F1-score, speci-
ficity, ROC, computational time is analyzed to verify the proficiency 
of the proposed method.  

• The obtained outcomes of BTC-TMHNN-NGOA method are 
compared with existing EABTC-OHNN [26], CNN-MRI-BTC [27], 
and OCNN-HEHOA-MRIC-GBTG [28] models. 

Continuing paper is designed as: unit 2 analyses the recent studies, 
unit 3 designates the proposed method, unit 4 proves the results, unit 5 
presents the conclusion. 

2. Literature survey 

Some of the recent works presented in the literature related to deep 
learning based BTC are reviewed here, 

Shanthi et al., [26] have presented proficient automatic brain tumor 
categorization using enhanced hybrid neural network. The input image 
data was taken from MRI dataset. Images were pre-processed for 
removing noise, also enhance the input image. The MRI image was 
classified with OHDNN. OHDNN was the consolidation of Convolution 
Neural Network-Long Short Term Memory. Adaptive Rider Optimiza-
tion Algorithm (AROA) was used to improve the performance of the 
OHDNN. It reached higher accuracy, but maximal computation period. 

Soewu et al., [27] have introduced convolutional neural network 
MRI-based brain tumor categorization. The data was taken from MRI 
image dataset under Kaggle. Input picture was pre-processing. Then the 
image dimensionality was reduced through Convolutional Auto 
encoder. By using convolutional neural network, MRI image was clas-
sified as cancer and non-cancer. It reached high precision, but high 
computation time. 

Bezdan et al., [28] have presented Optimizing CNN depending on 
Hybridized Elephant Herding Optimization approach for MRI categori-
zation Glioma Brain Tumor Grade. Input image were gleaned from MRI 
image dataset. Input image was pre-processed by pre-processing filter to 
improve the image resolution. The pre-processed image was classified 
with Convolutional Neural Network. It attained low computation time, 

but low sensitivity. 
Kumar and Mankame, [29] have presented optimized driven deep 

convolutional neural network for braintumor categorization. Input im-
ages were gleaned from MRI image dataset. Input image was pre- 
processed by pre-processing filter for improve the image resolution. 
The pre-processed image was given to feature extraction phase. In 
feature extraction phase, some of the arithmetical features, such as 
mean, variance, and skewness can be performed. It reached high 
sensitivity, but low F-Score. 

Ghassemi et al., [30] have introduced deep neural network along 
generative adversarial networks (DNN-GAN) pre-trained for BTC. Input 
image was gathered from MRI dataset. Image was pre-processed through 
pre-processing filter for image normalization. The pre-processed image 
was supplied to the feature extraction for extracting the robust struc-
tures, learn structures MRI convolutional layers. Features of MRI can be 
classified utilizing DNN-GAN. Then the classified image was optimized 
with Adaptive Algorithm. It attained high F-score, but low accuracy. 

Siddique et al., [31] have suggested deep convolutional neural 
network based for the classification of brain tumour. The input data was 
gathered via MRI dataset. The dataset contains 253 brain images. The 
imagery was pre-processed by pre-processing filter for noise reduction 
and image normalization. Normalized image was supplied to the feature 
extraction phase VGG-16. Then the extracting image was classified with 
DCNN. It achieved high sensitivity, but low specificity. 

Kibriya et al., [32] have presented multiple class BTC utilizing con-
volutional neural network with support vector machine. The input 
image was amassed from Fig share dataset. Then the input image was 
pre-processed by min–max normalization technique for normalizing the 
image. The normalized image was classified with convolutional neural 
network. It reached high F1-score, but low specificity. 

3. Proposed methodology 

Brain Tumor classification under Triple Memristor Hopfield Neural 
Network enhanced through Northern Goshawk Optimization Algorithm 
(BTC-TMHNN-NGOA) is discussed in this segment. The block diagram of 

Fig. 1. Block diagram of proposed BTC-TMHNN-NGOA Technique.  
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the BTC-TMHNN-NGOA is represented in Fig. 1. It covers four stages: 
pre-processing, data acquisition, feature extraction, brain tumor cate-
gorization. The comprehensive illustration of all stages are specified 
beneath, 

3.1. Data acquisition 

The image is taken from kaggle MRI Brain image Dataset to classify 
the Brain Tumor. The image was sorted in a file and loaded into MATLAB 
software. This dataset has totally 3762 MRI brain tumor images, in 
which 1000 Tumor images and 2762 non tumor images. The dimension 
of the image was 512x512 pixels. Image column delimits the name of 
image, whereas Class column delimits either the imagery has tumor or 
not (1 = tumor, 0 = non-tumor). Sample MRI images of kaggle Brain 
Tumor dataset is depicted in Fig. 2. 

3.2. Pre-processing using Median Modified Weiner Filtering (MMWF) 

In this step, Median Modified Weiner Filtering [28] accomplishes 
data pre-processing for reducing noise and improving the image quality. 
Initially, Median Modified Weiner Filtering is employed for degraded 
noise image exhibited in equation (1), 

r (a, b) = e (a, b) ∗ v (a, b)+ m (a, b) (1)  

where e (a, b) denotes acquired image, v (a, b) denotes squalor function, 
m (a, b) signifies Gaussian noise, ∗ is the convolution. The Final unknown 
noise characteristics image can be calculated by equation (2), 

s(a, b) = R [r (a, b) ] (2)  

here r (a, b) signifies output degraded image s(a, b) denotes final output 
degraded image with submission technique R. Noise reduction image of 
the Weiner filter can be calculated in following equation (3) 

α =
1

SR
∑

s,r ∈ η
x (s, r) (3)  

where α is the mean of the image and (s, r) is the mask matrix of the s × r 
set for spatial reduction filter. Variance of the image can be calculated by 
equation (4), 

β2 =
1

SR
∑

s,r ∈ η
x2(s, r) − α2 (4)  

where β2 denotes variance of Gaussian noise in image set of s × r matrix 
and η denotes locality area in mask. Then the new pixel value of the 
image can be calculated in following equation (5) 

yw(s, r) = α+
β2 − v2

β2 . (x(s, r) − α ) (5)  

here v2 denotes noise variance of mask matrix of Weiner Filter and yw(s,
r) is the median pixel value of the image. Then the average pixel value of 
the image is scaled by equation (6) 

ymmwf (s, r) = α̃+
β2 − v2

β2 . (x (s, r) − α̃ ) (6)  

where ̃α is the average mean of the image and ymmwf is the final improved 
image with Median Modified Weiner Filter. Finally, the noise reduction 
and quality of the image is improved was done by Median Modified 
Weiner Filtering. Then the pre-processed image preserved feature 
extraction phase. 

3.3. Feature extraction utilizing Synchro Extracting Chirplet Transform 
(SECT) 

The substantial features present under pre-processing are clarified 
with the help of Synchro Extracting Chirplet Transform [29]. From pre- 
processing output, its substantial features, such as anti-noise interfer-
ence capability, image resolution can be extracted with the help of SECT. 
The foremost intention of SECT is to excerpt discriminative features for 
attaining accurate brain tumor classification. The improved anti-noise 
interference is computed by equation (7), 

a(t) = X(t)iδ(t) (7)  

let X(t) denotes instantaneous amplitude, δ(t) denotes prompt phase,a(t)
denotes signal of reconstruction image. The phase of original image is 
exhibited in equation (8), 

φ(α + t) ≈ φ(t) + φʹ(t)α+
1
2

φʹ́(t)α2 (8)  

Consider φʹ(t) denotes first derivative of the image time-varying 
behaviour, φ(t) denotes phase of image and φʹ́(t) denotes second de-
rivative of the image time-varying behavior. The amplitude of the image 
is computed by equation (9), 

X(α + t) ≈
∑N

n=0

X(n)(t)
n!

α(n) (9)  

where X(n) implies nth order derivative of the X(t) , N implies positive 
integer. The concise chirplet transform is scaled by equation (10), 

Fig. 2. Sample mri images of kaggle Brain Tumor dataset.  
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CTr
s(t, δ, β) =

∫ +∞

− ∞
a(τ) . r(τ − t) . e−

iβ(τ− t)2

2 e− iω(τ− t)dτ (10)  

where β is the crucial parameter chip rate. Then the Chirplet rate is 
estimated using equation (11), 

CTr
s(t, δ, β) = eiφ(t)

∑N

n=0

1
n!

Xn(t)
∫ +∞

− ∞
τnr(τ)e−

i (φʹ́ (t) − β )τ2

e− i (ω− φʹ(t) )τ
dτ

(11)  

where τn is the density of the image. The simpler form of Chirplet Rate is 
determined by equation (12), 

CTr
s(t, δ) = eiφ(t)

∑N

n=0

in

n!
Xn(t)r(n)(δ − φʹ(t) ) (12)  

let in denotes projection of the image. The image resolution is deter-
mined by equation (13), 

I

⎧
⎪⎨

⎪⎩

∂
∂t CTr

s(t, δ)
CTr

s(t, δ)
+ φʹ́(t)

∂
∂δ CTr

s(t, δ)
CTr

s(t, δ)

⎫
⎪⎬

⎪⎭
= δ (13)  

where I is the linear coefficient of the pixel image. The synchro 
extracting chirp let operator is expressed in equation (14), 

ρ(δ − δ1(t, δ) ) =
{

1, δ = δ1(t, δ)
0, otherwise

}

(14)  

where ρ is the improved resolution of the image. Then the pixel repre-
sentation can be calculated by equation (15), 

δ1(t, δ) = I

⎧
⎪⎨

⎪⎩

∂
∂t CTr

s(t, δ)
CTr

s(t, δ)
+ φʹ́(t)

∂
∂δ CTr

s(t, δ)
CTr

s(t, δ)

⎫
⎪⎬

⎪⎭
(15)  

here δ1 denotes accurate representation of the pixel image. The final 
output of Chirplet Transform is articulated in equation (16), 

SECT(t, δ) = CTr
s(t, δ)ρ(δ − δ1(t, δ) ) (16)  

The extracted features are given to Triple Memristor Hopfield Neural 
Network classifier. A comparison among the proposed and existing 
methods is given in Table1. 

Table 1 demonstrates that the proposed methodology shows superior 
performance compared to others due to its optimized Triple Memristor 

Hopfield Neural Network (TMHNN) leveraging the Northern Goshawk 
Optimization Algorithm (NGOA), leading to higher accuracy and 
reduced computation time. The integration of advanced algorithms 
enables efficient brain tumor classification, making it a standout choice 
among the presented methods. 

3.4. Classification using Triple Memristor Hopfield Neural Network 

The input MRI image is given to TMHNN for categorizing MRI brain 
image as tumor or non-tumor. Classification of brain tumors using 
TMHNN [30] accurately classifies MRI images into tumor and non- 
tumor. Memristors established great promise creating Memristive neu-
ral network through complex dynamics. TMHNN perform two functions: 
(i) multi-structure chaotic attractors, (ii) spatial initial-offset simulta-
neous behaviours. Hopfield Neural Network is studied since the network 
organization and convoluted chaotic dynamics. 

The active Memristor of the structured image is exhibited in equation 
(17) 
{

j = X(β) u = aβu
dφ/ dt = cu − dg(β) (17)  

let dφ as the position of the spatial Memristor. Then the chaotic 
attractors can be calculated by equation (18), 

g1(β) =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

β,N = 0

β −
∑N

i=1
(tang)q (β + (2i − 1) ) + tang (q (β − (2i − 1) ) )

N = 1,2, 3, ....

(18)  

here 
∑N

i=1(tang) is the exponential function of the weighted image. Then 
the multi-structure chaotic of the image characters is calculated by using 
equation (19), 

g2(β) =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

β − tang (qβ), M = 0

β − tang (qβ) −
∑M

j=1
(tang(q(β + 2j) ) ) + tang(q(β − 2j) )

M = 1, 2,3, ......

(19)  

here β − 2j is the fixed coefficient of the memristor,N,M denotes regu-
lator parameters. The fundamental properties of the image is shown in 

Table 1 
Comparison between the proposed and existing related works.  

Authors Methodology Contributions Advantages Limitations Hardware Configuration 

Shanthi et al.,  
[26] 

OHDNN with AROA Efficient Automatic Brain Tumor 
Classification 

High accuracy, 
OHDNN combines 
CNN-LSTM 

High computation 
time 

PC contains 4 GB RAM along 
Intel core i7, AMD Radeon RX 
5700 XT, 

Soewu et al.,  
[27] 

CNN with Convolutional 
Autoencoder 

CNN-Based MRI-Founded Brain 
Tumor Classification 

High precision High computation 
time 

AMD Ryzen9, NVIDIA Quadro 
RTX 5000, 64 GB 

Bazedan et al.,  
[28] 

CNN with Hybridized 
Elephant Herding 
Optimization Algorithm 

Glioma Brain Tumor Grade 
Classification 

Low computation time Low sensitivity Intel Xeon Gold,NVIDIA Tesla 
V100, 8 GB 

Kumar and 
Mankame,  
[29] 

DNN with Dolphin-SCA 
Optimization Process 

Optimized Deep Convolutional 
Neural Network Brain Tumor 
Detection 

High sensitivity High computation 
time, Low F-Score 

Intel Core i9,NVIDIA RTX 3090 
Ti, 32 GB 

Ghasemi et al.,  
[30] 

DNN-GAN with Adaptive 
Algorithm 

MR Images-Based Brain Tumor 
Organization 

High F-Score Low accuracy AMD Ryzen 7, NVIDIA GeForce 
GTX 1080 Ti, 32 GB 

Siddique et al.,  
[31] 

DCNN with VGG-16 Deep Convolutional Neural Networks 
Model for Brain Tumor Detection 

High Sensitivity Low specificity Intel Core i7, AMD Radeon RX 
5700 XT, 16 GB 

Kibriya et al.,  
[32] 

CNN with Support Vector 
Machine 

Multiclass Brain Tumor Classification High F1-Score Low Specificity Intel Core i7, NVIDIA Quadro 
P5000, 32 GB 

BTC-TMHNN- 
NGOA 
(proposed) 

TMHNN with NGOA 
Algorithm 

Brain Tumor Classification using 
optimized Triple Memristor Hopfield 
Neural Network 

High accuracy, low 
computation time 

− PC along Intel Core i7, NVIDIA 
Tesla V100, 64 GB RAM  
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equation (20), 

dβ/dt = − dg(β) (20)  

where dβ is the space initial-offset behavior of the image. Then the final 
chaotic Hopfield neural network is exhibited in equation (21), 

Ciyi = −
yi

Ri
+

∑n

j=1
xijtang

(
yj

)
+ Ii (21)  

where Ci, yi,Ri denotes membrane capacitance, membrane resistance, 
membrane resistance ith neuron, tang denotes neuron activation action Ii 
denotes external input current. 

Finally, Triple Memristor Hopfield Neural Network classifies the MRI 
image as tumor and non-tumor, where space multi-configuration 
attractors, space initial-offset behavior can be done. Northern 
Goshawk Optimization Algorithm approach is taken due to the conve-
nience, pertinence, comprehensive belvedere. 

Northern Goshawk Optimization Algorithm is exploited for 
enhancing ideal parameters of TMHNN classifier. NGOA is applied to 
tune the weight with bias parameters of TMHNN. Some methods used 
restriction formation. Investigation share familiar weakness regarding 
reiteration time, no subterfuge-collected acquainted exploration. To 
solve these problems, NGOA is used. 

In this work, NGOA is selected, since it has own development, takes 
slow repetition time than other tuning models, viz grid investigation, 
manual investigation, random investigation also finding optimal weight 
parameter of generator. This is a meta-heuristic approach incited by 
Northern Goshawk foraging with navigation behaviours. The stepwise 
process of NGOA are specified below, 

3.5. Northern Goshawk Optimization Algorithm (NGOA) 

This segment discusses about the NGOA [31]. Northern goshawk 
medium-sized hunter of Accipitridae family first defined under present 
scientific name, Accipitridae. The Accipiter genus includes the northern 
goshawk, hunts small and large birds, and tiny critters like mice, rabbits, 
squirrels, also large animals like foxes, raccoons. The northern goshawk 
hunting strategy is divided into two phases: first, it moves quickly upon 
seeing its prey, then it engages in a brief tail-chase manoeuvre to pursue 
it. 

Step 1: Initialization 
Initially the populace members are initialized at the exploration 

space at random. In NGOA algorithm, the population matrix is shown in 
equation (22), 

Y =

⎡

⎢
⎢
⎢
⎢
⎣

Y1
⋮
Yi
⋮

YM

⎤

⎥
⎥
⎥
⎥
⎦

M×u

=

⎡

⎢
⎢
⎢
⎢
⎣

y1,1 ⋯ y1,j ⋯ y1,u
⋮ ⋱ ⋮ . . . ⋮

yi,1 ⋯ yi,j ⋯ yi,u
⋮ . . . ⋮ ⋱ ⋮

yM,1 ⋯ yM,j ⋯ yM,u

⎤

⎥
⎥
⎥
⎥
⎦

M×u

(22)  

Let M denotes number of population member,Y specifies population 
algorithm northern goshawks, yi,j denotes jth variable specified ith 

proposed result, u denotes problem variables. 
Step 2: Random Generation 
First phase of hunting, northern goshawk discoveries target random, 

attack quickly. Since random collection of prey in exploration space, 
phase boosts NGOA’s investigation power. 

Step 3: Fitness function 
The solution is generated randomly through the initialization. The 

evaluation of the fitness function uses the results of weight parameter 
optimization β. It is shown in equation (23), 

fitness function = Optimizing[β] (23)  

Step 4: Exploitation phase 
Phase initiates global exploration of search space to determine the 

best region. Northern goshawk behavior through stage, includes prey 
selection, attack. The phase notions are quantitatively modelled using 
equation (24), 

Yi =

{
YNew,B2

i ,ENew,B2
i < Ei.,

Yi , ENew,B2
i ≥ Ei.,

(24)  

where YNew,B2
i denotes new status for ith proposed result, ENew,B2

i denotes 
objective function value of NGOA. 

Step 5: Exploration phase 
NGOA’s searching capacity is enhanced by randomly selected prey in 

exploration space throughout phase. This stage results in a study of the 
search space for the best site of searching. Conceptions expressed in 
phase exactly modelled utilizing equation (25), 

yNew,B1
i,j =

⎧
⎨

⎩

yi,j + v(bi,j − J yi,j),EBi < Ei,

yi,j + v(yi,j − bi,j), EBi ≥ Ei,
(25)  

Let J denotes random numbers to generate random NGOA, v denotes the 
random number interval, and bi shows the position of ith NGOA. 

Step 6: Termination 
Weight parameter values β from Triple Memristor Hopfield Neural 

Network is optimized with the help of NGOA, will repeat the functions 
until the position information vi(r + 1) = vi(r) is met. Finally, BTC- 
TMHNN-NGOA identifies the data transmission. Fig. 3 represents the 
flow chart of NGOA. 

Fig. 3. Flowchart of NGOA for enhancing TMHNN parameter.  
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4. Result and discussion 

The experimental outcomes of the BTC-TMHNN-NGOA method are 
analyzed in this section. The proposed technique is activated in MATLAB 
using PC along Intel Core i7, NVIDIA Tesla V100 with 2.50 GHz CPU, 
64 GB RAM, Windows 7. The performance is evaluated under the 
mentioned metrics. The attained outcomes of the proposed technique 
are compared with existing EABTC-OHNN [26], CNN-MRI-BTC [27], 
OCNN-HEHOA-MRIC-GBTG [28] models. The simulation parameter of 
the BTC-TMHNN-NGOA method is shown in Table2. 

4.1. Performance measures 

The following metrices confirm the effectiveness of the BTC- 
TMHNN-NGOA approach. 

4.1.1. Accuracy 
It determines the identification rate that is properly categorized. It is 

measured by eqn (26), 

Accuracy =
(TP + TN)

(TP + FP + TN + FN)
(26)  

4.1.2. Precision 
The maximum positive labels are anticipated through eqn (27), 

Precision =
TPα

(TPα + FPλ)
(27)  

4.1.3. Sensitivity 
It defines the ratio of positives using eqn (28), 

Sensitivity =
TP

(TP + FN)
(28)  

4.1.4. F1-score 
It depends on the precision or recall value using eqn (29), 

F1Score =
TP

(

TP + 1
2 [FP + FN]

) (29)  

4.1.5. Specificity 
This is the ratio of negatives determined by eqn (30), 

Specificity =
TN

(FP + TN)
(30)  

4.1.6. RoC 
The range of area within the RoC curve is 0.5 to 1. It is measured 

through eqn (31), 

RoC = 0.5 ×

(
TP

TP + FN
+

TN
TN + FP

)

(31)  

4.2. Performance analysis 

Fig. 4-11 depicts the experimental results of BTC-TMHNN-NGOA. In 
these Figures, the proposed BTC-TMHNN-NGOA technique is analyzed 
with existing EABTC-OHNN [21], CNN-MRI-BTC [22] and OCNN- 
HEHOA-MRIC-GBTG [23] models. Fig. 4 shows analysis of accuracy. 
The proposed method employing TMHNN with NGOA attains higher 
accuracy due to its innovative combination of advanced neural network 
architecture and optimization technique. TMHNN enhances the model’s 
capacity to capture intricate patterns in MRI images. Simultaneously, 
the NGOA optimizes the network parameters, leading to superior per-
formance in accurately distinguishing between different tumor classes. 
Proposed BTC-TMHNN-NGOA method attains 7.42 %, 12.81 %, 8.45 % 
and 16.18 % higher Accuracy for Tumor analysis; 11.98 %, 10.19 %, 
15.12 %, 14.4 % greater accuracy Non-Tumor equated existing methods 
such as EABTC-OHNN, CNN-MRI-BTC and OCNN-HEHOA-MRIC-GBTG 
respectively. 

Fig. 5 shows precision analysis. The proposed BTC method excels in 
precision by incorporating a comprehensive image processing pipeline. 
Pre-processing using MMWF Filtering method effectively enhances 
image quality by reducing unwanted noise. The integration of Triple 
Memristor Hopfield Neural Network as a classifier, followed by opti-
mization through NGOA, synergistically refines precision, ensuring ac-
curate classification of tumor or non-tumor MRI images. Proposed BTC- 
TMHNN-NGOA technique reaches 9.42 %, 12.81 %, 10.45 % and 
15.18 % higher precision for Tumor analysis; 10.98 %, 5.19 %, 15.12 % 
and 16.42 % greater precision Non-Tumor equated with existing 
methods such as EABTC-OHNN, CNN-MRI-BTC and OCNN-HEHOA- 
MRIC-GBTG respectively. 

Fig. 6 shows sensitivity. The proposed method achieves higher 
sensitivity through a robust framework. TMHNN excels in capturing 
intricate patterns in MRI images, enhancing its sensitivity to tumor 
features. NGOA fine-tunes the TMHNN’s weight parameters, ensuring 
heightened sensitivity in detecting subtle abnormalities. This results in a 
classification model that effectively identifies potential tumors with 
increased sensitivity, showcasing the method’s efficacy in brain tumor 
diagnosis. Proposed BTC-TMHNN-NGOA technique reaches 9.42 %, 
14.81 %, 9.85 % and 17.18 % higher Sensitivity for Tumor analysis; 
10.88 %, 11.19 %, 14.62 % and 15.92 % greater Sensitivity Non-Tumor 
equated existing methods likes EABTC-OHNN, CNN-MRI-BTC and 
OCNN-HEHOA-MRIC-GBTG respectively. 

Fig. 7 depicts F1-Score estimation. The proposed method attains a 
higher F1 score, indicative of its balanced precision and recall perfor-
mance. The Triple Memristor Hopfield Neural Network contributes to a 
more precise classification. The Northern Goshawk Optimization Algo-
rithm optimizes the TMHNN’s weight parameters, striking a balance 
amongst minimizing false positives and false negatives. This meticulous 
optimization process results in an enhanced F1 score, reflecting the 
proposed method’s robust ability to achieve both high precision and 
recall in brain tumor classification. Proposed BTC-TMHNN-NGOA 

Table 2 
Simulation parameter.  

Parameter Value 

Count of neurons 1000 
Learning rate 0.01–0.1 
Population size 50 
Number of iterations 200 
Activation function Sigmoid, linear 
Halting criteria 0 to 1 
Number of epochs 20,40,50,60,80,100 
Number of classes 2  Fig. 4. Analysis of brain tumor Classification accuracy of different approaches.  
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method attains 7.42 %, 16.81 %, 10.45 % and 17.18 % higher F1-Score 
for Tumor analysis; 11.98 %, 9.80 %, 14.92 % and 15.82 % greater F1- 
Score for Non-Tumor equated through existing techniques likes EABTC- 
OHNN, CNN-MRI-BTC and OCNN-HEHOA-MRIC-GBTG 
correspondingly. 

Fig. 8 displays specificity estimation. The proposed brain tumor 
categorization uses TMHNN for accurate identification of non-tumor 
regions, thereby boosting specificity. Optimization with NGOA fine- 
tunes the TMHNN’s parameters, emphasizing its ability to minimize 
false positives and enhance discrimination against non-tumor elements. 
This meticulous optimization contributes to the method’s higher speci-
ficity, making it proficient in accurately differentiate tumor and non- 
tumor regions. Here, the BTC-TMHNN-NGOA method attains 8.42 %, 

Fig. 5. Analysis of brain tumor Classification Precision of different approaches.  

Fig. 6. Analysis of sensitivity of different approaches.  

Fig. 7. Analysis of brain tumor Classification F1-Score of different approaches.  

Fig. 8. Analysis of specificity.  

Fig. 9. RoC Analysis of different brain tumor Classification approaches.  

Fig. 10. Overall Computation Time Analysis of different brain tumor Classifi-
cation approaches. 

Fig. 11. Computation cost Analysis.  
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13.81 %, 9.45 % and 16.18 % higher Specificity for Tumor analysis; 
10.98 %, 9.19 %, 14.12 % and 15.42 % better Specificity for Non-Tumor 
analyzed with existing EABTC-OHNN, CNN-MRI-BTC and OCNN- 
HEHOA-MRIC-GBTG models. 

Fig. 9 shows RoC analysis. The TMHNN’s ability to capture intricate 
patterns in MRI images, coupled with the precise optimization achieved 
through NGOA, results in a classifier with an improved trade-off among 
true positive rate (sensitivity) and false positive rate. This elevated ROC 
curve highlights the proposed method’s enhanced discriminatory 
power, showcasing its effectiveness in distinguishing between tumor 
and non-tumor instances with higher accuracy. Here, BTC-TMHNN- 
NGOA method attains 6.282 %, 5.365 %, 2.451 % and 3.915 % higher 
RoC analyzed to the existing EABTC-OHNN, CNN-MRI-BTC and OCNN- 
HEHOA-MRIC-GBTG models respectively. 

Fig. 10 portrays computation Time analysis. The BTC-TMHNN- 
NGOA technique lowers computation time by capitalizing on 
TMHNN’s efficient associative memory and Northern Goshawk Opti-
mization Algorithm’s ability to fine-tune parameters, optimizing the 
brain tumor classification process. The integrated approach enhances 
the network’s learning and decision-making efficiency, resulting in 
faster and more precise MRI image classification. So the proposed 
method reaches 52.136 %, 59.04 %, 44.51 % and 35.81 % lesser 
computation Time evaluated to the existing EABTC-OHNN, CNN-MRI- 
BTC and OCNN-HEHOA-MRIC-GBTG models respectively. 

Fig. 11 shows analysis of computation cost. The BTC-TMHNN-NGOA 
technique reaches lower Computation cost due to the optimized nature 
of its TMHNN combined with NGOA. This synergy allows for efficient 
brain tumor classification without incurring excessive computational 
expenses. The algorithm’s inherent optimization strategies and syner-
gistic integration contribute to streamlined computations, minimizing 
the overall resource utilization and associated costs. Thus the proposed 
method attains average computation cost of 300 Kb. This demonstrates 
the cost-effectiveness and efficiency of the proposed method. 

5. Discussion 

Brain Tumor Classification for MRI image is discussed. Brain Tumor 
organization using Triple Memristor Hopfield Neural Network enhanced 
through Northern Goshawk Optimization Process MRI Images (BTC- 
TMHNN-NGOA) is proposed. The stepwise procedure of the proposed 
methodology is outlined in a coherent manner, starting from image pre- 
processing involving the use of Median Modified Weiner Filtering 
(MMWF) improve input image quality, decrease the noise. Subse-
quently, the feature extraction process is described, wherein the Synchro 
Extracting Wavelet Transform (SEWT) method is employed the Sub-
stantial features such as anti-noise interference capability, image reso-
lution can be extracted with the help of Synchro Extracting Chirplet 
Transform. TMHNN categorize as tumor and non-tumor of MRI image 
with the help of Hopfield Neural Network layer. Additionally, the inte-
gration of NGOA to fine-tune weight parameters of TMHNN shows a 
strategic approach to further enhance model’s performance. The pro-
posed technique is examined under the mentioned metrics. The obtained 
result shows that the BTC-TMHNN-NGOA method gives best classifica-
tion performance with 98.04 % accuracy when compared to the existing 
EABTC-OHNN, CNN-MRI-BTC, and OCNN-HEHOA-MRIC-GBTG models. 

5.1. Statistical analysis 

The statistical validation of the BTC methods presents in Table 3. The 
proposed BTC-TMHNN-NGOA method achieves the highest accuracy of 
98 %, with a negligible standard deviation of 2 %. This outstanding 
result is reflected in the narrow confidence interval [97.99 %, 98.01 %], 
demonstrating not only superior performance but also exceptional 
consistency and confidence in the classification outcomes. 

The significant margin between the proposed method and existing 
approaches, along with the minimal standard deviation and tight 

confidence interval, underscores the robustness and reliability of the 
BTC-TMHNN-NGOA method. These findings position the proposed 
approach as highly promising for advancing the field of brain tumor 
classification, outperforming current state-of-the-art methods in both 
accuracy and consistency. 

6. Conclusion 

In this manuscript, BTC-TMHNN-NGOA is successfully implemented 
for classifying the tumor and non-tumor region of the MRI image. Here, 
Synchro Extracting Wavelet Transform is presented for extracting more 
discriminative features and TMHNN is used for classification of brain 
tumors using kaggle MRI Brain image Dataset. The BTC-TMHNN-NGOA 
approach enhances the brain tumor detection accurately and rapid 
identification times by extracting the features. The proposed BTC- 
TMHNN-NGOA technique is activated in MATLAB. The BTC-TMHNN- 
NGOA attains 9.42 %, 12.81 %, 10.45 %, 15.18 % higher accuracy, 
11.98 %, 9.80 %, 14.92 % and 15.82 % higher F1-score when compared 
with existing EABTC-OHNN, CNN-MRI-BTC and OCNN-HEHOA-MRIC- 
GBTG models. Future research will focus on creating classification 
methods that use hybrid deep learning techniques to account for genetic 
and molecular profiles recognize tumor types and offer insights into 
personalized treatment options based on tumor aspects, patient de-
mographics, and treatment history. 
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Abstract

The Paper introduces the Decoder based Architectures for data comparators mainly used in Nonlinear filters in

Imaging applications. Two Decoder based Architectures for a data Comparators is enumerated in this paper. The

former checks for the magnitude and selects a higher or lower value based on decoder output and the latter has a

carry generation circuit implemented using Decoder based full subtractor that triggers a set of multiplexers that

selects Maximum and Minimum values. The proposed Algorithm was mapped for XCV2000e-7bg560 and various

Data comparators were implemented using VHDL language. It was found that the modified Decoder based

Architecture offers a combinational delay of 17.90ns with power consumption of 7mw. The Proposed Architecture

also performed well when compared with decoder based comparators with Area, speed and Power. © 2024 American

Institute of Physics Inc.. All rights reserved.

Author keywords
Carry Generation Circuit; Data Comparators; Decoder based Full Subtractor; Low Power Consumption
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Abstract

Semantic segmentation of cityscapes via deep learning is an essential and game-changing

research topic that offers a more nuanced comprehension of urban landscapes. Deep learn-

ing techniques tackle urban complexity and diversity, which unlocks a broad range of appli-

cations. These include urban planning, transportation management, autonomous driving,

and smart city efforts. Through rich context and insights, semantic segmentation helps deci-

sion-makers and stakeholders make educated decisions for sustainable and effective urban

development. This study investigates an in-depth exploration of cityscape image segmenta-

tion using the U-Net deep learning model. The proposed U-Net architecture comprises an

encoder and decoder structure. The encoder uses convolutional layers and down sampling

to extract hierarchical information from input images. Each down sample step reduces spa-

tial dimensions, and increases feature depth, aiding context acquisition. Batch normalization

and dropout layers stabilize models and prevent overfitting during encoding. The decoder

reconstructs higher-resolution feature maps using "UpSampling2D" layers. Through exten-

sive experimentation and evaluation of the Cityscapes dataset, this study demonstrates the

effectiveness of the U-Net model in achieving state-of-the-art results in image segmentation.

The results clearly shown that, the proposed model has high accuracy, mean IOU and

mean DICE compared to existing models.

1. Introduction

Semantic segmentation of urban landscapes using deep learning has emerged as a central

research subject in recent years [1], because of its transformational potential in comprehending
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Abstract

Purpose: Cross-layer approach in media access control (MAC) layer will address interference and jamming problems.

Hybrid distributed MAC can be used for simultaneous voice, data transmissions in wireless sensor network (WSN)

and Internet of Things (IoT) applications. Choosing the correct objective function in Nash equilibrium for game

theory will address fairness index and resource allocation to the nodes. Game theory optimization for distributed

may increase the network performance. The purpose of this study is to survey the various operations that can be

carried out using distributive and adaptive MAC protocol. Hill climbing distributed MAC does not need a central

coordination system and location-based transmission with neighbor awareness reduces transmission power.

Design/methodology/approach: Distributed MAC in wireless networks is used to address the challenges like network

lifetime, reduced energy consumption and for improving delay performance. In this paper, a survey is made on

various cooperative communications in MAC protocols, optimization techniques used to improve MAC performance

in various applications and mathematical approaches involved in game theory optimization for MAC protocol.

Findings: Spatial reuse of channel improved by 3%–29%, and multichannel improves throughput by 8% using

distributed MAC protocol. Nash equilibrium is found to perform well, which focuses on energy utility in the network

by individual players. Fuzzy logic improves channel selection by 17% and secondary users’ involvement by 8%. Cross-

layer approach in MAC layer will address interference and jamming problems. Hybrid distributed MAC can be used

for simultaneous voice, data transmissions in WSN and IoT applications. Cross-layer and cooperative

communication give energy savings of 27% and reduces hop distance by 4.7%. Choosing the correct objective

function in Nash equilibrium for game theory will address fairness index and resource allocation to the nodes.

Research limitations/implications: Other optimization techniques can be applied for WSN to analyze the

performance. Practical implications: Game theory optimization for distributed may increase the network

performance. Optimal cuckoo search improves throughput by 90% and reduces delay by 91%. Stochastic approaches

detect 80% attacks even in 90% malicious nodes. Social implications: Channel allocations in centralized or static

manner must be based on traffic demands whether dynamic traffic or fluctuated traffic. Usage of multimedia

devices also increased which in turn increased the demand for high throughput. Cochannel interference keep on

changing or mitigations occur which can be handled by proper resource allocations. Network survival is by efficient

usage of valid patis in the network by avoiding transmission failures and time slots’ effective usage.

Originality/value: Literature survey is carried out to find the methods which give better performance. © 2023,

Emerald Publishing Limited.

Author keywords
Base stations; Congestion; Cooperative communication; Distributed MAC; Energy; Game theory

optimization; Nash equilibrium; Optimization; Traffic
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Abstract

Wireless Sensor Networks (WSN) play a major role in the wide variety of applications like underground pipeline and

leaks monitoring, temperature distribution monitoring in industrial cyber systems, military, forest life monitoring,

and environmental and geographical monitoring. Sensors are widely used in these different applications. The

number of sensors and the application concerned mainly decides the energy consumption, network lifetime. In this

process relay nodes may help the sensors as backbone to connect with sink node or base stations. In this paper, we

introduce a new approach for relay node selection in WSN to minimize the energy consumption of the network. It

uses channel aware relay selection technique using game theory optimization and act as a virtual backbone in

connecting to the base station. However, the relay nodes are varied to check the optimal number of relays required

for the small, medium and large number of nodes deployed in the network. Simulations are carried out using

Network Simulator NS-2.35 and network is analyzed in wide variety of scenarios. Results show that the proposed

relay node selection algorithm reduces energy consumption, improves lifetime, throughput of the network. © 2024 -

IOS Press. All rights reserved.
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Abstract

In this article, a two-port aperture coupled silicon-graphene based THz radiator is structured and investigated. The

focused points of given radiating structure are: (a) a suspended polarization convertor (metasurface) over dual port

antenna produces the circular polarized (CP) waves from 5.65 THz to 5.85 THz; (b) designed metasurface also

improves the isolation level to more than 30 dB; (c) coating of graphene makes the designed radiator frequency

agile; and (d) computational time significantly reduced with the assistant of two different machine learning (ML)

techniques i.e. Artificial Neural Network and Random Forest. With the help of CST/HFSS and ML prediction, it is

confirmed that the designed antenna works effectively in between 5.1 and 5.9 THz. Stable Far-field patterns and

diversity parameters makes the designed radiator suitable for THz based wireless applications. © The Author(s),

under exclusive licence to The Optical Society of India 2024.
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Abstract

In this communication, a hybrid radiator (graphene-silicon ceramic) in THz frequency regime is designed and

discussed. Three main features of proposed antenna are: (a) array-based structure enhance the gain of radiator to

10.0 dBi; (b) a suspension of polarization convertor creates the CP waves in between 6.01–6.45 THz; (c) machine

learning (ML) algorithms i.e. random forest and XGboost are utilised to predict the reflection coefficient

characteristics of designed antenna, which reduces the effective simulation time for designing of proposed radiator.

A reconfigurability in operating band as well as circular polarization band is achieved by coating of graphene over

the silicon ceramic and by making graphene-based polarization convertor respectively. HFSS/CST-MWS and with

assistance of ML algorithms, it is confirmed that the designed operates in between 5.2–6.55 THz with an isolation

level more than 25 dB. Good value of diversity factors and steady far-field features make the antenna design suitable

for THz based wireless applications. © The Author(s), under exclusive licence to The Optical Society of India 2024.
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Array antenna; Dielectric resonator antenna; Machine learning; MIMO antenna

Indexed keywords

Sustainable Development Goals

SciVal Topics

Metrics

References (��)

Akyildiz, I.F., Jornet, J.M., Han, C.

(����) Physical Communication, ��, pp. ��-��.  .

doi: ��.����/j.phycom.����.��.���

Jamshed, M.A., Nauman, A., Abbasi, M.A.B., Kim, S.W.

(����) IEEE Access, �, art. no. �������, pp. ������-������.  .

doi: ��.����/ACCESS.����.�������

 ▻View in search results format

    

All

Export  Print  E-mail  Save to PDF Create bibliography

�

Terahertz band: Next frontier for wireless communications

Cited ���� times

http://www.elsevier.com/wps/find/journaldescription.cws_home/������/de

scription#description

View at Publisher

�

Antenna Selection and Designing for THz Applications:
Suitability and Performance Evaluation: A Survey

Cited �� times

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=�������

View at Publisher

 ▻Authors  ▻KeywordsSciVal Topics

Metrics

733

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=5fceb0fd0ebe88ffb314e0edd43f118c&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85189650403%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85189650403
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=5fceb0fd0ebe88ffb314e0edd43f118c&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85189650403%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85189650403
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=5fceb0fd0ebe88ffb314e0edd43f118c&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85189650403%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85189650403
https://www.scopus.com/record/display.uri?eid=2-s2.0-84897677731&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-84897677731&src=s&origin=reflist&refstat=core
http://www.elsevier.com/wps/find/journaldescription.cws_home/713690/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/713690/description#description
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.phycom.2014.01.006&locationID=3&categoryID=4&eid=2-s2.0-84897677731&issn=18744907&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=cbb27d51b37f3d927baafff42edf3027
https://www.scopus.com/record/display.uri?eid=2-s2.0-85087608002&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85087608002&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85087608002&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2020.3002989&locationID=3&categoryID=4&eid=2-s2.0-85087608002&issn=21693536&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=1b1649ec3b86840517ae2f9fca850452
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85189650403&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85189650403&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85189650403&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85189650403&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85189650403&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85189650403&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments


Abadal, S., Hosseininejad, S.E., Lemme, M., Bolivar, P.H., Solé-Pareta,

J., Alarcón, E., Cabellos-Aparicio, A.

Graphene-based antenna design for communications in the terahertz band

(����) Nanoscale Netw. Commun. Handb., pp. ��-��.  .

 

Sharma, A., Dwivedi, A.K., Narayaswamy, N.K., Prajapati, Y.K., Tripathi, D.K.

(����) Optical Engineering, �� (�), art. no. ������.  .

doi: ��.����/�.OE.��.�.������

Nishtha, Yaduvanshi, R.S., Varshney, G.

(����) Optical and Quantum Electronics, �� (�), art. no. ���.  .

doi: ��.����/s�����-���-�����-�

Jensen, M.A., Wallace, J.W.

(����) IEEE Transactions on Antennas and Propagation, �� (��), pp. ����-

����.  .

doi: ��.����/TAP.����.������

Varshney, G., Gotra, S., Pandey, V.S., Yaduvanshi, R.S.

(����) Nano Communication Networks, ��, art. no. ������.  .

doi: ��.����/j.nancom.����.��.���

�

Cited �� times

�

Ceramic material-based optical antenna for multiband
photonics applications

Cited �� times

http://www.spie.org/x���.xml

View at Publisher

�

Isolation control for implementing the single dielectric
resonator based tunable THz MIMO antenna and filter

Cited �� times

https://www.springer.com/journal/�����

View at Publisher

�

A review of antennas and propagation for MIMO wireless
communications

Cited ��� times

View at Publisher

�

Proximity-coupled two-port multi-input-multi-output
graphene antenna with pattern diversity for THz
applications

Cited ��� times

http://www.elsevier.com/wps/find/journaldescription.cws_home/������/de

scription#description

View at Publisher

734

https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85118332234&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85124473405&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85124473405&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85124473405&src=s&origin=reflist&refstat=core
http://www.spie.org/x867.xml
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1117%2f1.OE.61.1.017104&locationID=3&categoryID=4&eid=2-s2.0-85124473405&issn=15602303&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=674509d3cd20f689f2c96498666a4105
https://www.scopus.com/record/display.uri?eid=2-s2.0-85149256732&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85149256732&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85149256732&src=s&origin=reflist&refstat=core
https://www.springer.com/journal/11082
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs11082-023-04623-0&locationID=3&categoryID=4&eid=2-s2.0-85149256732&issn=1572817X&linkType=ViewAtPublisher&year=2023&origin=reflist&dig=4e62988dae6ac04e1df316992d35df4e
https://www.scopus.com/record/display.uri?eid=2-s2.0-9744279102&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-9744279102&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-9744279102&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTAP.2004.835272&locationID=3&categoryID=4&eid=2-s2.0-9744279102&issn=0018926X&linkType=ViewAtPublisher&year=2004&origin=reflist&dig=772d2ce6d9ffce45da752890ecdad109
https://www.scopus.com/record/display.uri?eid=2-s2.0-85068824153&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85068824153&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85068824153&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85068824153&src=s&origin=reflist&refstat=core
http://www.elsevier.com/wps/find/journaldescription.cws_home/722774/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/722774/description#description
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.nancom.2019.05.003&locationID=3&categoryID=4&eid=2-s2.0-85068824153&issn=18787789&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=067b27cb38e7b99022620e7cccd98197


Rubani, Q., Gupta, S.H., Rajawat, A.

 (Open Access)

(����) Optik, ���, art. no. ������.  .

doi: ��.����/j.ijleo.����.������

Vasu Babu, K., Das, S., Varshney, G., Sree, G.N.J., Madhav, B.T.P.

(����) Journal of Computational Electronics, �� (�), pp. ���-���. 

.

doi: ��.����/s�����-���-�����-�

Vamsi, C., Dwivedi, A.K., Bharti, G., Verma, V.R., Sharma, A.

(����) Applied Optics, �� (��), pp. ����-����.  .

doi: ��.����/AO.������

Vishwanath, Varshney, G., Sahana, B.C.

(����) Nano Communication Networks, ��-��, art. no. ������. 

.

doi: ��.����/j.nancom.����.������

Ali, M.F., Bhattacharya, R., Varshney, G.

(����) Nano Communication Networks, ��, art. no. ������.  .

doi: ��.����/j.nancom.����.������

�

A compact MIMO antenna for WBAN operating at Terahertz
frequency

Cited �� times

http://www.elsevier.com/journals/optik/����-����

View at Publisher

�

A micro-scaled graphene-based tree-shaped wideband
printed MIMO antenna for terahertz applications

Cited ��

times

https://rd.springer.com/journal/volumesAndIssues/�����

View at Publisher

��

Efficient graphene-based circularly polarized MIMO
antenna for THz applications

Cited �� times

https://opg.optica.org/ao/abstract.cfm?uri=ao-��-��-����

View at Publisher

��

Implementing the single/multiport tunable terahertz
circularly polarized dielectric resonator antenna

Cited ��

times

http://www.elsevier.com/wps/find/journaldescription.cws_home/������/de

scription#description

View at Publisher

��

Graphene-based tunable terahertz self-diplexing/MIMO-
STAR antenna with pattern diversity

Cited �� times

http://www.elsevier.com/wps/find/journaldescription.cws_home/������/de

scription#description

View at Publisher

735

https://www.scopus.com/record/display.uri?eid=2-s2.0-85079631935&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85079631935&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85079631935&src=s&origin=reflist&refstat=core
http://www.elsevier.com/journals/optik/0030-4026
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.ijleo.2020.164447&locationID=3&categoryID=4&eid=2-s2.0-85079631935&issn=00304026&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=f2129d4136a0978af6e0b9d9e3e7463a
https://www.scopus.com/record/display.uri?eid=2-s2.0-85123261378&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85123261378&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85123261378&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85123261378&src=s&origin=reflist&refstat=core
https://rd.springer.com/journal/volumesAndIssues/10825
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs10825-021-01831-3&locationID=3&categoryID=4&eid=2-s2.0-85123261378&issn=15728137&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=7d64d322ff79eaa46652ff7c439fa30c
https://www.scopus.com/record/display.uri?eid=2-s2.0-85140165975&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85140165975&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85140165975&src=s&origin=reflist&refstat=core
https://opg.optica.org/ao/abstract.cfm?uri=ao-61-28-8155
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1364%2fAO.462531&locationID=3&categoryID=4&eid=2-s2.0-85140165975&issn=21553165&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=ea02bfe44a90cbc9b5bf33cd5f66551d
https://www.scopus.com/record/display.uri?eid=2-s2.0-85135305850&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85135305850&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85135305850&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85135305850&src=s&origin=reflist&refstat=core
http://www.elsevier.com/wps/find/journaldescription.cws_home/722774/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/722774/description#description
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.nancom.2022.100408&locationID=3&categoryID=4&eid=2-s2.0-85135305850&issn=18787789&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=6cf089c96be43d240a3fe3307090cda9
https://www.scopus.com/record/display.uri?eid=2-s2.0-85118324837&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85118324837&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85118324837&src=s&origin=reflist&refstat=core
http://www.elsevier.com/wps/find/journaldescription.cws_home/722774/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/722774/description#description
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.nancom.2021.100378&locationID=3&categoryID=4&eid=2-s2.0-85118324837&issn=18787789&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=03485b81741dcc140b38fa039b246931


Zheng, Z., Chen, X., Huang, K.

 (Open Access)

(����) International Journal of RF and Microwave Computer-Aided

Engineering, �� (�), pp. ��-��.  .

doi: ��.����/mmce.�����

Sharma, Y., Zhang, H.H., Xin, H.

(����) IEEE Transactions on Antennas and Propagation, �� (�), art. no.

�������, pp. ����-����.  .

doi: ��.����/TAP.����.�������

Ranjan, P., Maurya, A., Gupta, H., Yadav, S., Sharma, A.

(����) Progress In Electromagnetics Research M, ���, pp. ��-��. 

.

doi: ��.����/PIERM��������

Srivastava, A., Gupta, H., Kumar Dwivedi, A., Kanth Varma Penmatsa,

K., Ranjan, P., Sharma, A.

(����) AEU - International Journal of Electronics and

Communications, ���, art. no. ������.  .

doi: ��.����/j.aeue.����.������

Varshney, G., Gotra, S., Kaur, J., Pandey, V.S., Yaduvanshi, R.S.

 (Open Access)

(����) Semiconductor Science and Technology, �� (�), art. no. ��LT��. 

.

doi: ��.����/����-����/ab�fd�

��

Application of support vector machines to the antenna
design

Cited �� times

View at Publisher

��

Machine Learning Techniques for Optimizing Design of
Double T-Shaped Monopole Antenna

Cited ��� times

https://ieeexplore.ieee.org/servlet/opac?punumber=�

View at Publisher

��

Ultra-Wideband CPW Fed Band-Notched Monopole Antenna
Optimization Using Machine Learning

Cited ��

times

http://www.jpier.org/PIERM/pierm���/��.��������.pdf

View at Publisher

��

Aperture coupled dielectric resonator antenna optimisation
using machine learning techniques

Cited �� times

http://www.elsevier.com/aeue

View at Publisher

��

Obtaining the circular polarization in a nano-dielectric
resonator antenna for photonics applications

Cited ��

times

https://iopscience.iop.org/article/��.����/����-����/ab�fd�/pdf

View at Publisher

736

https://www.scopus.com/record/display.uri?eid=2-s2.0-78650341832&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-78650341832&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-78650341832&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1002%2fmmce.20491&locationID=3&categoryID=4&eid=2-s2.0-78650341832&issn=10964290&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=ff5a2a714462e0ebd7ce733e739f1803
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088035327&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088035327&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85088035327&src=s&origin=reflist&refstat=core
https://ieeexplore.ieee.org/servlet/opac?punumber=8
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTAP.2020.2966051&locationID=3&categoryID=4&eid=2-s2.0-85088035327&issn=15582221&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=3eb36165007703be5627e026a115881d
https://www.scopus.com/record/display.uri?eid=2-s2.0-85125071915&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85125071915&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85125071915&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85125071915&src=s&origin=reflist&refstat=core
http://www.jpier.org/PIERM/pierm108/03.21122802.pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.2528%2fPIERM21122802&locationID=3&categoryID=4&eid=2-s2.0-85125071915&issn=19378726&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=457a2f7d9be92cf9d6f298064e166470
https://www.scopus.com/record/display.uri?eid=2-s2.0-85133548098&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85133548098&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85133548098&src=s&origin=reflist&refstat=core
http://www.elsevier.com/aeue
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.aeue.2022.154302&locationID=3&categoryID=4&eid=2-s2.0-85133548098&issn=16180399&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=f97dd54c139faa64e002e3a1d19dce31
https://www.scopus.com/record/display.uri?eid=2-s2.0-85070897338&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85070897338&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85070897338&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85070897338&src=s&origin=reflist&refstat=core
https://iopscience.iop.org/article/10.1088/1361-6641/ab1fd1/pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1088%2f1361-6641%2fab1fd1&locationID=3&categoryID=4&eid=2-s2.0-85070897338&issn=13616641&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=b248fcd5d638b4dc2388c66652b2de62


� of �

Kajfez, D., Glisson, A.W., James, J.

(����) IEEE Transactions on Microwave Theory and Techniques, �� (��), pp.

����-����.  .

doi: ��.����/TMTT.����.�������

Sharma, A., Das, G., Gangwar, R.K.

(����) IEEE Antennas and Propagation Magazine, �� (�), pp. ��-��. 

.

doi: ��.����/MAP.����.�������

Balanis, C.A.

(����) Antenna theory: analysis and design.  .

Publication, A John Wiley & Sons, INC

 

Wang, Z., Zhao, L., Cai, Y., Zheng, S., Yin, Y.

(����) Scientific Reports, � (�), art. no. ����.  .

doi: ��.����/s�����-���-�����-z

Sharawi, M.S.

(����) IEEE Antennas and Propagation Magazine, �� (�), art. no. �������, pp.

���-���.  .

doi: ��.����/MAP.����.�������

 Kushwah, V.S.; Department of Electronics & amp; Communication Engineering,

Chaitanya Bharathi Institute of Technology (Autonomous Institute affiliated to

Osmania University), Gandipet, Telangana, Hyderabad, India;

email:

© Copyright ���� Elsevier B.V., All rights reserved.

��

Computed Modal Field Distributions for Isolated Dielectric
Resonators

Cited ��� times

View at Publisher

��

Composite antenna for ultrawide bandwidth applications:
Exploring conceptual design strategies and analysis

Cited ��

times

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=��

View at Publisher

��

Cited ����� times

��

A Meta-Surface Antenna Array Decoupling (MAAD) Method
for Mutual Coupling Reduction in a MIMO Antenna System

Cited ��� times

www.nature.com/srep/index.html

View at Publisher

��

Current Misuses and Future Prospects for Printed Multiple-
Input, Multiple-Output Antenna Systems [Wireless Corner]

Cited ��� times

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=��

View at Publisher

 

drviveksinghkushwah@gmail.com

 Top of page
737

https://www.scopus.com/record/display.uri?eid=2-s2.0-0343533087&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-0343533087&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-0343533087&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTMTT.1984.1132900&locationID=3&categoryID=4&eid=2-s2.0-0343533087&issn=15579670&linkType=ViewAtPublisher&year=1984&origin=reflist&dig=09f436cc38075c988f33836681bf987d
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045744366&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045744366&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85045744366&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85045744366&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=74
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMAP.2018.2818013&locationID=3&categoryID=4&eid=2-s2.0-85045744366&issn=10459243&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=cb3df57eb0d749cf2ce35fcf4ce5f461
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-0003593314&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042216779&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042216779&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85042216779&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.nature.com/srep/index.html
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1038%2fs41598-018-21619-z&locationID=3&categoryID=4&eid=2-s2.0-85042216779&issn=20452322&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=7878df4e82889890cb1c98310501af17
https://www.scopus.com/record/display.uri?eid=2-s2.0-85017382003&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85017382003&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85189650403&refeid=2-s2.0-85017382003&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=74
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMAP.2017.2658346&locationID=3&categoryID=4&eid=2-s2.0-85017382003&issn=10459243&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=b580c419b71530c74d6c30740e2b820f
mailto:drviveksinghkushwah@gmail.com
mailto:drviveksinghkushwah@gmail.com


Terms and conditions Privacy policy Cookies settings

All content on this site: Copyright © ���� Elsevier B.V. , its licensors, and contributors. All rights are reserved, including those for

text and data mining, AI training, and similar technologies. For all open access content, the relevant licensing terms apply.

We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies .

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する

�看简体中��本

查看�體中�版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

738

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


� of �

 Download  Print  Save to PDF ⋆ Save to list   Create bibliography

International Journal of Electrical and Electronics Research  • Open Access  • Volume ��, Issue �, Pages ���� - ����  • ��

October ����

Document type

Article • Hybrid Gold Open Access

Source type

Journal

ISSN

�������X

DOI

��.�����/IJEER.������

View more

Citation in Scopus

�.��
FWCI

View all metrics

Performance Analysis of Multi-Hop Hybrid FSO/mm Wave

Communication System for Next-Generation Wireless

Networks

Kumar, Mogadala Vinod ; Minchula, Vinodh Kumar ; Kumar, M. Hemanth ;

Krishna, M. Vamshi ; Gottapu, Sasibhushana Rao

Save all to author list

a b c

d e

Department of Electronics and Communication Engineering, Dhanekula Institute of Engineering and

Technology (A), Vijayawada, ������, India

Department of Electronics and Communication Engineering, Chaitanya Bharathi Institute of Technology(A),

Telangana, India

Department of Electronics Engineering, IIT (BHU), Uttar Pradesh, Varanasi, ������, India

Department of Electronics and Communication Engineering, Dhanekula Institute of Engineering and

Technology, Vijayawada, ������, India

View additional affiliations

a 

b 

c 

d 

� ��th percentile

View PDF Full text options Export

Explore the new Document details page

An enhanced version of the Document details page is available. Give it a try and share your feedback.

Try new version

Cited by � document

,  ,

(����) International Journal of

Electrical and Electronics

Research

Inform me when this document

is cited in Scopus:

Related documents

,  ,

(����) International Journal of

Electrical and Electronics

Research

,  , 

(����) Photonics

,  , 

(����) Photonics

Find more related documents in

Scopus based on:

A Novel Hybrid FSO-mm Wave

System for Enhanced Mobile

Network Capacity and

Reliability

 Kumar, M.V. Ram, R.B.

Likhitha, P.

View details of this citation

Set citation alert ▻

A Novel Hybrid FSO-mm Wave

System for Enhanced Mobile

Network Capacity and

Reliability

 Kumar, M.V. Ram, R.B.

Likhitha, P.

Systematic Performance

Analysis of Hybrid FSO/RF

System over Generalized Fading

Channels with Pointing Errors

 Wu, Y. Jiang, M. Li, G.

Performance Analysis of a Multi-

Hop Parallel Hybrid FSO/RF

System over a Gamma–Gamma

Turbulence Channel with

Pointing Errors and a

Nakagami-m Fading Channel

 Wu, Y. Chen, J. Guo, J.

View all related documents

based on references

Brought to you by CBIT - Library & Information Centre

739

javascript:void(0)
mailto:mogadala.vinod@gmail.com
mailto:vinodh.edu@gmail.com
mailto:mhemantkumar.rs.ece19@itbhu.ac.in
mailto:vamshi51@yahoo.co.in
mailto:sasigps@gmail.com
https://www.scopus.com/pages/publications/85179989283
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57204606646&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57204606646&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=59380110000&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=59380110000&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=59381184300&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=59381184300&zone=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&src=s&origin=recordpage
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&src=s&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85207240828&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57204606646&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57204606646&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59380110000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59380110000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59381184300&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59381184300&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149486012&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56883428800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56883428800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58131409100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=58131409100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57214552233&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57214552233&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85138632563&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56883428800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56883428800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55938841300&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55938841300&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56199377800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56199377800&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/record/www.library.cbit.ac.in
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic


Abstract

Next-generation wireless networks are facing increasing demand for high data rates, low latency, and seamless

connectivity. To address these challenges, a multi-hop hybrid communication system integrating Free Space Optics

(FSO) and millimeter wave (mm Wave) technologies for backhaul communication is proposed. This system combines

the advantages of FSO, such as high bandwidth and low latency, with the robustness and reliability of mm Wave

technology. The multi-hop architecture enables the formation of a network of interconnected nodes, providing

improved coverage and flexibility. Each node is equipped with FSO and mm Wave transceivers, allowing for seamless

handovers and adaptive routing. For the proposed system, analytical formulas for outage probability (OP) and

average bit error rate (ABER) are derived and validated using simulations. The Monte Carlo simulations provide

evidence of enhanced performance in the proposed Multi-Hop Hybrid FSO/mm Wave (MHFM) system compared to

the FSO system. © 2023 by the Mogadala Vinod Kumar, Vinodh Kumar Minchula, M. Hemanth Kumar, M Vamshi

Krishna and Sasibhushana Rao Gottapu.

Author keywords
Average BER; Free-Space Optics; Hybrid FSO/mm Wave; Millimeter Wave; Multi-Hop; Outage Probability

SciVal Topics

Metrics

References (��)

Al-Gailani, S.A., Mohd Salleh, M.F., Salem, A.A., Shaddad, R.Q., Sheikh,

U.U., Algeelani, N.A., Almohamad, T.A.

 (Open Access)

(����) IEEE Access, �, art. no. �������, pp. ����-����.  .

doi: ��.����/ACCESS.����.�������

Abdalla, A.M., Rodriguez, J., Elfergani, I., Teixeira, A.

(����) Optical and Wireless Convergence for �G Networks, pp. �-���. 

.

ISBN: ���-���������-�; ���-���������-�

doi: ��.����/�������������

 ▻View in search results format

    

All

Export  Print  E-mail  Save to PDF Create bibliography

�

A Survey of Free Space Optics (FSO) Communication
Systems, Links, and Networks

Cited ��� times

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=�������

View at Publisher

�

Optical and wireless convergence for �G networks

Cited ��

times

https://onlinelibrary.wiley.com/doi/book/��.����/�������������

View at Publisher

 ▻Authors  ▻Keywords
Abstract

Author keywords

SciVal Topics

Metrics

740

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=5a9a6d5400bec5d72f837a8059deda96&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85179989283%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85179989283
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=5a9a6d5400bec5d72f837a8059deda96&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85179989283%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85179989283
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=5a9a6d5400bec5d72f837a8059deda96&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85179989283%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85179989283
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099112393&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099112393&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85099112393&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2020.3048049&locationID=3&categoryID=4&eid=2-s2.0-85099112393&issn=21693536&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=a683a94fb9a3f623a8aabfd3766ae763
https://www.scopus.com/record/display.uri?eid=2-s2.0-85098817930&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85098817930&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85098817930&src=s&origin=reflist&refstat=core
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119491590
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1002%2f9781119491590&locationID=3&categoryID=4&eid=2-s2.0-85098817930&issn=&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=8508cebba89c0e78ab90a9c2c8c7edff
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85179989283&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments


Magidi, S., Jabeena, A.

 (Open Access)

(����) Wireless Personal Communications, ��� (�), pp. ����-����. 

.

doi: ��.����/s�����-���-�����-�

Wu, Y., Mei, H., Dai, C., Zhao, F., Wei, H.

(����) Optics Communications, ���, art. no. ������.  .

doi: ��.����/j.optcom.����.������

Shakir, W.M.R.

 (Open Access)

(����) IEEE Photonics Journal, �� (�), art. no. �������.  .

doi: ��.����/JPHOT.����.�������

Tahami, A., Dargahi, A., Abedi, K., Chaman-Motlagh, A.

(Open Access)

(����) Physical Communication, ��, art. no. ������.  .

doi: ��.����/j.phycom.����.������

Wu, Y., Chen, J., Guo, J., Li, G., Kong, D.

(����) Photonics, � (�), art. no. ���.  .

doi: ��.����/photonics�������

�

Free Space Optics, Channel Models and Hybrid Modulation
Schemes: A Review

Cited ��

times

https://www.springer.com/journal/�����

View at Publisher

�

Design and analysis of performance of FSO communication
system based on partially coherent beams

Cited �� times

https://www.journals.elsevier.com/optics-communications

View at Publisher

�

Performance Evaluation of a Selection Combining Scheme
for the Hybrid FSO/RF System

Cited �� times

http://www.ieee.org

View at Publisher

�

A new relay based architecture in hybrid RF/FSO system

Cited �� times

http://www.elsevier.com/wps/find/journaldescription.cws_home/������/de

scription#description

View at Publisher

�

Performance Analysis of a Multi-Hop Parallel Hybrid FSO/RF
System over a Gamma–Gamma Turbulence Channel with
Pointing Errors and a Nakagami-m Fading Channel

Cited �� times

http://www.mdpi.com/journal/photonics

View at Publisher

741

https://www.scopus.com/record/display.uri?eid=2-s2.0-85103413622&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103413622&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85103413622&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85103413622&src=s&origin=reflist&refstat=core
https://www.springer.com/journal/11277
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs11277-021-08380-9&locationID=3&categoryID=4&eid=2-s2.0-85103413622&issn=1572834X&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=6c2ccfb5133e229491498cf724e8f1fa
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084188709&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084188709&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85084188709&src=s&origin=reflist&refstat=core
https://www.journals.elsevier.com/optics-communications
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.optcom.2020.126041&locationID=3&categoryID=4&eid=2-s2.0-85084188709&issn=00304018&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=2ebdd0782c7aa2bd15893bbde7a489e3
https://www.scopus.com/record/display.uri?eid=2-s2.0-85033692572&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85033692572&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85033692572&src=s&origin=reflist&refstat=core
http://www.ieee.org/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJPHOT.2017.2771411&locationID=3&categoryID=4&eid=2-s2.0-85033692572&issn=19430655&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=419e0e019b00b4cdfd2c8955011debfe
https://www.scopus.com/record/display.uri?eid=2-s2.0-85070518827&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85070518827&src=s&origin=reflist&refstat=core
http://www.elsevier.com/wps/find/journaldescription.cws_home/713690/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/713690/description#description
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.phycom.2019.100818&locationID=3&categoryID=4&eid=2-s2.0-85070518827&issn=18744907&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=af27588d395bab2bbdb593c4e0fcc931
https://www.scopus.com/record/display.uri?eid=2-s2.0-85138632563&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85138632563&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85138632563&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85138632563&src=s&origin=reflist&refstat=core
http://www.mdpi.com/journal/photonics
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fphotonics9090631&locationID=3&categoryID=4&eid=2-s2.0-85138632563&issn=23046732&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=070a8fba848aeb43ff52c956c1f0636c


Vishwakarma, N., R, S.

 (Open Access)

(����) Optics Communications, ���, art. no. ������.  .

doi: ��.����/j.optcom.����.������

Vishwakarma, N., Swaminathan, R.

(Open Access)

(����) IEEE Photonics Journal, �� (�).  .

doi: ��.����/JPHOT.����.�������

Liang, H., Gao, C., Li, Y., Miao, M., Li, X.

 (Open Access)

(����) Optics Communications, ���, pp. ���-���.  .

doi: ��.����/j.optcom.����.��.���

Alathwary, W.A., Altubaishi, E.S.

(����) IEEE Photonics Journal, �� (�), art. no. �������.  .

doi: ��.����/JPHOT.����.�������

Khalid, H., Sheikh Muhammad, S., Nistazakis, H.E., Tombras, G.S.

(����) Computation, � (�), art. no. ��.  .

doi: ��.����/computation�������

�

Performance analysis of hybrid FSO/RF communication over
generalized fading models

Cited �� times

https://www.journals.elsevier.com/optics-communications

View at Publisher

�

On the Capacity Performance of Hybrid FSO/RF System with
Adaptive Combining over Generalized Distributions

Cited �� times

http://www.ieee.org

View at Publisher

��

Analysis of selection combining scheme for hybrid FSO/RF
transmission considering misalignment

Cited �� times

View at Publisher

��

On the performance analysis of decode-and-forward multi-
hop hybrid FSO/RF systems with hard-switching
configuration

Cited �� times

http://www.ieee.org

View at Publisher

��

Performance analysis of hard-switching based hybrid
FSO/RF system over turbulence channels

Cited �� times

https://res.mdpi.com/computation/computation-��-

�����/article_deploy/computation-��-�����.pdf?filename=&attachment=�

View at Publisher

742

https://www.scopus.com/record/display.uri?eid=2-s2.0-85099783312&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099783312&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85099783312&src=s&origin=reflist&refstat=core
https://www.journals.elsevier.com/optics-communications
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.optcom.2021.126796&locationID=3&categoryID=4&eid=2-s2.0-85099783312&issn=00304018&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=13f1573f947961bafc793b112a77e4e2
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121806072&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121806072&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85121806072&src=s&origin=reflist&refstat=core
http://www.ieee.org/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJPHOT.2021.3135115&locationID=3&categoryID=4&eid=2-s2.0-85121806072&issn=19430655&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=921ce23c81193e39eafa380a073af101
https://www.scopus.com/record/display.uri?eid=2-s2.0-85057596033&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85057596033&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85057596033&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.optcom.2018.11.042&locationID=3&categoryID=4&eid=2-s2.0-85057596033&issn=00304018&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=22dfa13c9fdea61660364bbc577c173a
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077501876&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077501876&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077501876&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85077501876&src=s&origin=reflist&refstat=core
http://www.ieee.org/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJPHOT.2019.2949859&locationID=3&categoryID=4&eid=2-s2.0-85077501876&issn=19430655&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=764e6788da289a9ee1f2f091fdac66f7
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067085175&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067085175&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85067085175&src=s&origin=reflist&refstat=core
https://res.mdpi.com/computation/computation-07-00028/article_deploy/computation-07-00028.pdf?filename=&attachment=1
https://res.mdpi.com/computation/computation-07-00028/article_deploy/computation-07-00028.pdf?filename=&attachment=1
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fcomputation7020028&locationID=3&categoryID=4&eid=2-s2.0-85067085175&issn=20793197&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=4dbf3f7c6ffc15f3c551db6d9dcaa451


Odeyemi, K.O., Owolawi, P.A.

(����) Optics Communications, ���, pp. ���-���.  .

doi: ��.����/j.optcom.����.��.���

Amirabadi, M.A., Vakili, V.T.

 (Open Access)

(����) IET Communications, �� (��), pp. ����-����.  .

doi: ��.����/iet-com.����.����

Usman, M., Yang, H.-C., Alouini, M.-S.

(����) IEEE Photonics Journal, � (�), art. no. �������.  .

doi: ��.����/JPHOT.����.�������

Sharma, S., Madhukumar, A.S., Swaminathan, R.

(����) Journal of Optical Communications and Networking, �� (�), art. no.

�������, pp. ���-���.  .

doi: ��.����/JOCN.��.������

Wang, P., Wang, R., Guo, L., Cao, T., Yang, Y.

 (Open Access)

(����) Optics Communications, ���, pp. ��-��.  .

doi: ��.����/j.optcom.����.��.���

��

Selection combining hybrid FSO/RF systems over generalized
induced-fading channels

Cited �� times

View at Publisher

��

Performance comparison of two novel relay-assisted hybrid
FSO/RF communication systems

Cited �� times

http://www.ietdl.org/IP-COM

View at Publisher

��

Practical switching-based hybrid FSO/RF transmission and
its performance analysis

Cited ��� times

http://www.ieee.org

View at Publisher

��

Switching-based cooperative decode-and-forward relaying
for hybrid FSO/RF networks

Cited �� times

http://ieeexplore.ieee.org/xpl/tocresult.jsp?

isnumber=�������&punumber=�������http://www.opticsinfobase.org/jocn/

journal/jon/about.cfm

View at Publisher

��

On the performances of relay-aided FSO system over M
distribution with pointing errors in presence of various
weather conditions

Cited �� times

View at Publisher

743

https://www.scopus.com/record/display.uri?eid=2-s2.0-85055131606&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85055131606&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85055131606&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.optcom.2018.10.009&locationID=3&categoryID=4&eid=2-s2.0-85055131606&issn=00304018&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=3c3b7666215d2cde04a2014e832dcd79
https://www.scopus.com/record/display.uri?eid=2-s2.0-85069537702&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85069537702&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85069537702&src=s&origin=reflist&refstat=core
http://www.ietdl.org/IP-COM
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1049%2fiet-com.2018.5469&locationID=3&categoryID=4&eid=2-s2.0-85069537702&issn=17518628&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=81d6dfef92c2ebf79a960c756b50f264
https://www.scopus.com/record/display.uri?eid=2-s2.0-84907191039&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84907191039&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-84907191039&src=s&origin=reflist&refstat=core
http://www.ieee.org/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJPHOT.2014.2352629&locationID=3&categoryID=4&eid=2-s2.0-84907191039&issn=19430655&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=76ad21900cfcaa15a94b817774da683e
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067345585&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067345585&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-85067345585&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=7331118&punumber=4563700http://www.opticsinfobase.org/jocn/journal/jon/about.cfm
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=7331118&punumber=4563700http://www.opticsinfobase.org/jocn/journal/jon/about.cfm
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=7331118&punumber=4563700http://www.opticsinfobase.org/jocn/journal/jon/about.cfm
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1364%2fJOCN.11.000267&locationID=3&categoryID=4&eid=2-s2.0-85067345585&issn=19430639&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=2c094f87bde3b8b292cb76804b122ceb
https://www.scopus.com/record/display.uri?eid=2-s2.0-84955467194&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84955467194&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84955467194&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-84955467194&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.optcom.2016.01.004&locationID=3&categoryID=4&eid=2-s2.0-84955467194&issn=00304018&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=f3dbba3f63ba2fddf0aa20338664b9cd


� of �

Usman, M., Yang, H.-C., Alouini, M.-S.

 (Open Access)

(����) IEEE Photonics Journal, � (�), art. no. �������.  .

doi: ��.����/JPHOT.����.�������

Gradshteyn, I. S, Ryzhik, I. M.

Table of Integrals, Series, and Products.  .

�th ed. Elsevier Acadimic Press

 

 Kumar, M.H.; Department of Electronics Engineering, IIT (BHU), Uttar Pradesh,

Varanasi, India; email:

© Copyright ���� Elsevier B.V., All rights reserved.

��

Practical switching-based hybrid FSO/RF transmission and
its performance analysis

Cited ��� times

http://www.ieee.org

View at Publisher

��

Cited ����� times

 
mhemantkumar.rs.ece��@itbhu.ac.in

 Top of page

744

https://www.scopus.com/record/display.uri?eid=2-s2.0-84907191039&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84907191039&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-84907191039&src=s&origin=reflist&refstat=core
http://www.ieee.org/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJPHOT.2014.2352629&locationID=3&categoryID=4&eid=2-s2.0-84907191039&issn=19430655&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=76ad21900cfcaa15a94b817774da683e
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85179989283&refeid=2-s2.0-0003498504&src=s&origin=reflist&refstat=dummy
mailto:mhemantkumar.rs.ece19@itbhu.ac.in
mailto:mhemantkumar.rs.ece19@itbhu.ac.in


Terms and conditions Privacy policy Cookies settings

All content on this site: Copyright © ���� Elsevier B.V. , its licensors, and contributors. All rights are reserved, including those for

text and data mining, AI training, and similar technologies. For all open access content, the relevant licensing terms apply.

We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies .

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する

�看简体中��本

查看�體中�版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

745

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


 � of �◅ Back to results

 Download  Print  Save to PDF ⋆ Save to list   Create bibliography

IEEE Transactions on Consumer Electronics  • Volume ��, Issue �, Pages ���� - ����  • � February ����

Document type

Article

Source type

Journal

ISSN

��������

DOI

��.����/TCE.����.�������

View more

Citations in Scopus

�.��
FWCI

View all metrics

Industry �.� Enablers in Consumer Electronics Market

Assessment under T-Spherical Fuzzy Integrated Decision-

Making Approach

Dhumras, Himanshu ; Shukla, Prashant Kumar ; Bajaj, Rakesh K. ; Boulila, Wadii ;

Shukla, Varun ; Shukla, Piyush Kumar ; Minchula, Vinodh Kumar ;

Chauhdary, Sajjad Hussain

Save all to author list

a b a c

d e f

g

Jaypee University of Information Technology, Department of Mathematics, Solan, ������, India

KL Deemed to Be University, Department of Computer Science and Engineering, Guntur, ������, India

Prince Sultan University, Robotics and Internet-of-Things Laboratory, Riyadh, �����, Saudi Arabia

Pranveer Singh Institute of Technology, Department of Electronics and Communications Engineering, Kanpur,

������, India

View additional affiliations

a 

b 

c 

d 

� ��th percentile

Full text options Export

Explore the new Document details page

An enhanced version of the Document details page is available. Give it a try and share your feedback.

Try new version

Cited by � documents

(����) Advanced Engineering

Informatics

,  , 

(����) Mathematics

, 

(����) Journal of Cleaner

Production

Inform me when this document

is cited in Scopus:

Related documents

, 

(����) Annals of Operations

Research

An integrated MEREC-taxonomy

methodology using T-spherical

fuzzy information: An

application in smart farming

decision analytics

Chen, T.-Y.

Hybrid Management Strategy

for Outsourcing

Electromechanical Maintenance

and Selecting Contractors in

Taipei MRT

 Peng, S.-N. Huang, C.-Y. Liu,

H.-D.

Harmonizing sustainability in

industry �.� era: Transformative

strategies for cleaner production

and sustainable competitive

advantage

 Sharma, R. Gupta, H.

View all � citing documents

Set citation alert ▻

On Industry �.� supply chain

management system in

production sector using hybrid

q-rung picture fuzzy decision-

making techniques

 Garg, G. Dhumras, H.

On Federated Learning-Oriented

q-Rung Picture Fuzzy

TOPSIS/VIKOR Decision-Making

Approach in Electronic

Marketing Strategic Plans

Brought to you by CBIT - Library & Information Centre

Abstract 746

https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&offset=1&origin=recordpage
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&offset=1&origin=recordpage
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&offset=1&origin=recordpage
javascript:void(0)
mailto:himanshudhumrash@gmail.com
mailto:prashantshukla2005@kluniversity.in
mailto:rakesh.bajaj@juit.ac.in
mailto:wboulila@psu.edu.sa
mailto:varun.shuklaa@gmail.com
mailto:piyush@rgpv.ac.in
mailto:vinodhkumarm_ece@cbit.ac.in
mailto:shussain1@uj.edu.sa
https://www.scopus.com/pages/publications/85174817535
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85207925770&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=55687647000&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=55687647000&zone=
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85199919826&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=58075742400&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=58075742400&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=36018230300&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=36018230300&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57194185762&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57194185762&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57194185762&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57194185762&zone=
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85186484788&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=58913786300&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=58913786300&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=7201692177&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=7201692177&zone=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85174817535&src=s&origin=recordpage
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85174817535&src=s&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85210472905&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56894638500&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56894638500&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57916574900&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57916574900&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85174837776&noHighlight=false&sort=plf-f&src=s&sid=e9bb8beec51b50da58f2a9d2d22bff56&sot=b&sdt=b&sl=138&s=TITLE-ABS-KEY%28Industry+5.0+enablers+in+consumer+electronics+market+assessment+under+T-spherical+fuzzy+integrated+decision-making+approach%29&relpos=1
https://www.scopus.com/record/www.library.cbit.ac.in
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic


Abstract

The prime focus on the deliberations related to Industry 5.0 lies in creativity, efficiency and resilience for adapting

various organic components such as accurate decisions, customized demands in consumer electronics with

promising/sustainable solutions. This transformation and paradigm shift inside the Industry 5.0 frame can be

comprehensively understood by integrating the factors related to human values with the cutting-edge technologies

of consumer electronics for compatibility with the issue of sustainable development. The present work proposes an

integrated approach for extensive study with a set of criteria and possible Industry 5.0 enablers in consumer

electronics using a novel decision-making approach. The approach comprises of T -spherical fuzzy information

containment/processing through an analytic hierarchy process (AHP) and then utilizing the weighted aggregated

sum product assessment (WASPAS) sequentially to obtain the necessary weights of selected criteria. Further, the

obtained weights from AHP would be used in WASPAS for the computational assessment while finding the

prioritization/ranking of industry 5.0 enablers. The results with the sensitivity analysis validate the robustness-cum-

resilience of the proposed integrated approach with standard managerial implications and the findings take care of

cognitive in the human socio-technical environment. The regulated adoption of Industry 5.0 enablers would help

consumer electronics manufacturers in finding optimized solutions. © 1975-2011 IEEE.

Author keywords
analytical hierarchy process; enablers in consumer electronics; Industry �.�; multi-criteria decision-making; T-

spherical fuzzy information
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Abstract

Urban sensing plays a significant role in improving resource management, citizen engagement, environmental

monitoring, urban planning, safety, and social equality. Global positioning system (GPS) is a crucial part in urban

sensing as it provides accurate location tracking, real-time data collection, location-based services, mobility and

transportation solutions, intelligent urban planning, and disaster management. However, there are various

challenges associated with accurately estimating positions in urban environments due to various factors such as

signal obstruction, urban canyons, multipath interference, noise and signal degradation, and differential GPS

limitations. In the context of GPS-based urban sensing applications, the use of a navigation algorithm plays a critical

role in extracting reliable data from corrupt sources, which can significantly impact inference performance for

various signal processing applications. However, modeling all error sources that affect data quality can significantly

increase system complexity, leading to challenges in terms of hardware and computation. To address this challenge,

this article proposes a novel particle filter-based algorithm, called the double-resampling-based least-squares

particle filter (DR-LPF), designed specifically for estimating the position of a GPS receiver without the need to model

all error sources. By integrating current measurements (CMs) into the particle before resampling through the least-

squares (LS) method, the DR-LPF allows the double-resampled particles to move toward high-likelihood regions,

leading to improved estimation accuracy, reduced computation time, and reduced computational load. The

application of the proposed DR-LPF algorithm finds wide applications in urban sensing environments where data

quality can be affected by multiple error sources. By reducing the computational load and improving the estimation

accuracy, the proposed DR-LPF algorithm can provide valuable insights into the movement and behavior of

individuals and objects within an urban environment, enabling a wide range of smart city applications, such as

traffic monitoring, environmental sensing, and crowd management. © 2001-2012 IEEE.

Author keywords
Estimation; global positioning system (GPS); least-squares (LS) estimator; particle filter; resampling; signal

processing

Indexed keywords

Sustainable Development Goals

SciVal Topics

Metrics

Funding details

References (��)  ▻View in search results format

    

All

Export  Print  E-mail  Save to PDF Create bibliography

 ▻Authors  ▻Keywords
Abstract

Author keywords

Indexed keywords

Sustainable Development Goals

SciVal Topics

Metrics

Funding details

759

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=2d0241c0ed20cbc165c2272b1eaccfd8&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85168258240%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85168258240
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=2d0241c0ed20cbc165c2272b1eaccfd8&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85168258240%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85168258240
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=2d0241c0ed20cbc165c2272b1eaccfd8&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85168258240%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85168258240
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85168258240&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85168258240&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85168258240&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85168258240&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85168258240&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85168258240&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments


Shi, W.

 (Open Access)

(����) Urban Book Series, pp. ���-���.  .

doi: ��.����/���-���-��-����-�_��

Ma, L., Zhang, C., Wang, Y., Peng, G., Chen, C., Zhao, J., Wang, J.

(����) Sensors (Switzerland), �� (�), art. no. ����.  .

doi: ��.����/s��������

Arulampalam, M.S., Maskell, S., Gordon, N., Clapp, T.

(����) IEEE Transactions on Signal Processing, �� (�), pp. ���-���. 

.

doi: ��.����/��.������

Simon, D.

 (Open Access)

(����) Optimal State Estimation: Kalman, H∞, and Nonlinear

Approaches, pp. �-���.  .

ISBN: ���-���������-�; ����������; ���-���������-�

doi: ��.����/����������

Dong, F., Xu, L., Li, X.

 (Open Access)

(����) IEEE Communications Letters, �� (��), art. no. �������, pp. ����-

����.  .

doi: ��.����/LCOMM.����.�������

�

Introduction to Urban Sensing

Cited �� times

springer.com/series/�����

View at Publisher

�

Estimating urban road gps environment friendliness with
bus trajectories: A city-scale approach

Cited � times

https://www.mdpi.com/����-����/��/�/����/pdf

View at Publisher

�

A tutorial on particle filters for online nonlinear/non-
Gaussian Bayesian tracking

Cited �����

times

View at Publisher

�

Optimal state estimation: Kalman, H∞, and nonlinear
approaches

Cited ���� times

http://onlinelibrary.wiley.com/book/��.����/����������

View at Publisher

�

Particle Filter Algorithm for DOA Tracking Using Co-Prime
Array

Cited �� times

https://ieeexplore.ieee.org/servlet/opac?punumber=����

View at Publisher

760

https://www.scopus.com/record/display.uri?eid=2-s2.0-85103962195&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85103962195&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/springer.com/series/14773
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-981-15-8983-6_19&locationID=3&categoryID=4&eid=2-s2.0-85103962195&issn=23657588&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=c60572eaccc39a21562c6babf961eb5f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081581301&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081581301&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85081581301&src=s&origin=reflist&refstat=core
https://www.mdpi.com/1424-8220/20/6/1580/pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fs20061580&locationID=3&categoryID=4&eid=2-s2.0-85081581301&issn=14248220&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=b29250b3b08fbe7ce55e61915e4edf3c
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036475447&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036475447&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-0036475447&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-0036475447&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2f78.978374&locationID=3&categoryID=4&eid=2-s2.0-0036475447&issn=1053587X&linkType=ViewAtPublisher&year=2002&origin=reflist&dig=daf8f7e8ca3ca7211583c8d8774d6d97
https://www.scopus.com/record/display.uri?eid=2-s2.0-84889830739&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-84889830739&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-84889830739&src=s&origin=reflist&refstat=core
http://onlinelibrary.wiley.com/book/10.1002/0470045345
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1002%2f0470045345&locationID=3&categoryID=4&eid=2-s2.0-84889830739&issn=&linkType=ViewAtPublisher&year=2006&origin=reflist&dig=9d2c7b5d88d3d1ad4db60427f57aecbc
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096106295&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096106295&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85096106295&src=s&origin=reflist&refstat=core
https://ieeexplore.ieee.org/servlet/opac?punumber=4234
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fLCOMM.2019.2953466&locationID=3&categoryID=4&eid=2-s2.0-85096106295&issn=15582558&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=c70587dae9975b9b586d161c0ec2ddb2


Hostettler, R., Tronarp, F., Garcia-Fernandez, A.F., Sarkka, S.

(����) IEEE Signal Processing Letters, ��, art. no. �������, pp. ���-���. 

.

doi: ��.����/LSP.����.�������

Yu, S.S., Guo, J., Chau, T.K., Fernando, T., Iu, H.H.-C., Trinh, H.

(����) IEEE Transactions on Power Systems, �� (�), art. no. �������, pp. ����-

����.  .

doi: ��.����/TPWRS.����.�������

Chen, L., Chen, J., Wang, H., Wang, Y., An, J., Yang, R., Pan, H.

(����) IEEE Transactions on Power Electronics, �� (�), art. no. �������, pp.

����-����.  .

doi: ��.����/TPEL.����.�������

Pitt, M.K., Shephard, N.

 (Open Access)

(����) Journal of the American Statistical Association, �� (���), pp. ���-

���.  .

doi: ��.����/��������.����.��������

Song, W., Wang, Z., Wang, J., Alsaadi, F.E., Shan, J.

(����) IEEE Transactions on Signal Processing, ��, art. no. �������, pp. ���-

���.  .

doi: ��.����/TSP.����.�������

�

Importance Densities for Particle Filtering Using Iterated
Conditional Expectations

Cited �

times

https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=��

View at Publisher

�

An Unscented Particle Filtering Approach to Decentralized
Dynamic State Estimation for DFIG Wind Turbines in Multi-
Area Power Systems

Cited �� times

https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=��

View at Publisher

�

Remaining Useful Life Prediction of Battery Using a Novel
Indicator and Framework with Fractional Grey Model and
Unscented Particle Filter

Cited �� times

https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=��

View at Publisher

�

Filtering via Simulation: Auxiliary Particle Filters

Cited ���� times

View at Publisher

��

Distributed Auxiliary Particle Filtering with Diffusion
Strategy for Target Tracking: A Dynamic Event-Triggered
Approach

Cited �� times

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=��

View at Publisher

761

https://www.scopus.com/record/display.uri?eid=2-s2.0-85079094614&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85079094614&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85079094614&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85079094614&src=s&origin=reflist&refstat=core
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=97
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fLSP.2020.2964531&locationID=3&categoryID=4&eid=2-s2.0-85079094614&issn=15582361&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=543d2b9eaa95ad6c43dc9db9bd9915ac
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086888827&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086888827&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086888827&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85086888827&src=s&origin=reflist&refstat=core
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=59
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTPWRS.2020.2966443&locationID=3&categoryID=4&eid=2-s2.0-85086888827&issn=15580679&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=29f8f8d00f7d9c3e31ae5d16bc934739
https://www.scopus.com/record/display.uri?eid=2-s2.0-85080877048&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85080877048&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85080877048&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85080877048&src=s&origin=reflist&refstat=core
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=63
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTPEL.2019.2952620&locationID=3&categoryID=4&eid=2-s2.0-85080877048&issn=19410107&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=beeaf05a578d6f4107ac6e577a4b6677
https://www.scopus.com/record/display.uri?eid=2-s2.0-1542427941&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-1542427941&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1080%2f01621459.1999.10474153&locationID=3&categoryID=4&eid=2-s2.0-1542427941&issn=1537274X&linkType=ViewAtPublisher&year=1999&origin=reflist&dig=9df934fbbaf0a8b3b58ca276e621923f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097952780&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097952780&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097952780&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85097952780&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=78
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTSP.2020.3042947&locationID=3&categoryID=4&eid=2-s2.0-85097952780&issn=19410476&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=a67ecdc9ab850536fe51d0d8657a8b61


Wu, Y., Wang, J., Zhang, P.-C.

(����) Electronics Letters, �� (��), pp. ����-����.  .

doi: ��.����/el.����.����

Rao, G.S.

(����) Global Navigation Satellite Systems: With Essentials of Satellite

Communications.  .

New York, NY, USA: McGraw-Hill

 

Jakowski, N.

 (Open Access)

(����) Springer Handbooks, pp. ����-����.  .

doi: ��.����/���-�-���-�����-�_��

Laveti, G., Sasibhushana Rao, G.

(����) Advances in Intelligent Systems and Computing, ���, pp. ���-���.

ISBN: ���-���������-�

doi: ��.����/���-���-��-����-�_��

Ashok Kumar, N., Suresh, C., Sasibhushana Rao, G.

(����) Advances in Intelligent Systems and Computing, ���, pp. ���-

���.  .

ISBN: ���-���������-�

doi: ��.����/���-���-��-����-�_��

Ashok Kumar, N., Sasibhushana Rao, G.

(����) International Journal of Innovative Technology and Exploring

Engineering, � (�), pp. ���-���.  .

��

Least-squares particle filter

Cited � times

https://ietresearch.onlinelibrary.wiley.com/loi/�������x

View at Publisher

��

Cited �� times

��

Ionosphere Monitoring

Cited �� times

springer.com/series/�����

View at Publisher

��

A modified variance Kalman filter for GPS applications

http://www.springer.com/series/�����

View at Publisher

��

Extended Kalman filter for GPS receiver position estimation

Cited �� times

http://www.springer.com/series/�����

View at Publisher

��

Unscented Kalman filter for GPS based positioning and
tracking services

Cited � times

https://www.ijitee.org/wp-

content/uploads/papers/v�i�s�/G��������S���.pdf

762

https://www.scopus.com/record/display.uri?eid=2-s2.0-84915820499&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-84915820499&src=s&origin=reflist&refstat=core
https://ietresearch.onlinelibrary.wiley.com/loi/1350911x
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1049%2fel.2014.2980&locationID=3&categoryID=4&eid=2-s2.0-84915820499&issn=00135194&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=7bba79d4b492712dd02e17dc4f3e2249
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-84924188129&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047852336&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85047852336&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/springer.com/series/15558
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-3-319-42928-1_39&locationID=3&categoryID=4&eid=2-s2.0-85047852336&issn=25228706&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=4eafc36ebac85e971e7089a2224334a7
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042761691&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
http://www.springer.com/series/11156
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-981-10-5272-9_26&locationID=3&categoryID=4&eid=2-s2.0-85042761691&issn=21945357&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=d70386dbaad499df08ad90ec608cb6dc
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045639727&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85045639727&src=s&origin=reflist&refstat=core
http://www.springer.com/series/11156
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-981-10-7566-7_47&locationID=3&categoryID=4&eid=2-s2.0-85045639727&issn=21945357&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=df4b8ee11279ce446396ae8ae1601171
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067996401&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067996401&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85067996401&src=s&origin=reflist&refstat=core
https://www.ijitee.org/wp-content/uploads/papers/v8i7s2/G11100587S219.pdf
https://www.ijitee.org/wp-content/uploads/papers/v8i7s2/G11100587S219.pdf


Rao, G.S., Bagadi, L., Arasavali, N.

 (Open Access)

(����) ���� International Conference on Recent Innovations in Electrical,

Electronics and Communication Engineering, ICRIEECE ����, art. no.

�������, pp. ����-����.

ISBN: ���-���������-�

doi: ��.����/ICRIEECE�����.����.�������

Ashok Kumar, N., Sasibhushana Rao, G., Lavanya, B.

(Open Access)

(����) Procedia Computer Science, ���, pp. ���-���.  .

doi: ��.����/j.procs.����.��.���

Sasibhushana Rao, G., Bagadi, L.

(Open Access)

(����) Procedia Computer Science, ���, pp. ���-���.  .

doi: ��.����/j.procs.����.��.���

Ashok Kumar, N., Kumar, P.S., Mohiddin, M.K., Gemeda, M.T., Mishra, A.

(����) Journal of Sensors, ����, art. no. �������.  .

doi: ��.����/����/�������

Pagoti, S.K., Vemuri, B.S.S.I.D., Mohiddin, M.K.

 (Open Access)

(����) International Journal of Engineering and Technology

Innovation, �� (�), pp. ���-���.  .

doi: ��.�����/IJETI.����.����

��

GPS Position Correction using Differential Evolution
Algorithm for Coastal Region of Andhra Pradesh

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=�������

View at Publisher

��

Novel bat algorithm for position estimation of a GPS
receiver located in coastal region of southern India

Cited � times

http://www.sciencedirect.com/science/journal/��������

View at Publisher

��

Hybrid technique for GPS receiver position applications

Cited � times

http://www.sciencedirect.com/science/journal/��������

View at Publisher

��

GPS Receiver Position Estimation and DOP Analysis Using a
New Form of the Observation Matrix Approximations

Cited � times

http://www.hindawi.com/journals/js/biblio.html

View at Publisher

��

Enhanced Kalman Filter Navigation Algorithm Based on
Correntropy and Fixed-Point Update

Cited � times

http://ojs.imeti.org/index.php/IJETI

View at Publisher

763

https://www.scopus.com/record/display.uri?eid=2-s2.0-85081978924&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081978924&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8988140
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICRIEECE44171.2018.9009270&locationID=3&categoryID=4&eid=2-s2.0-85081978924&issn=&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=8c1575733ad10c194e2b5f07899e4ae1
https://www.scopus.com/record/display.uri?eid=2-s2.0-85058277646&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85058277646&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85058277646&src=s&origin=reflist&refstat=core
http://www.sciencedirect.com/science/journal/18770509
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.procs.2018.10.369&locationID=3&categoryID=4&eid=2-s2.0-85058277646&issn=18770509&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=4a68c61349ecdb4ac4e137e5fa57b60d
https://www.scopus.com/record/display.uri?eid=2-s2.0-85058309783&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85058309783&src=s&origin=reflist&refstat=core
http://www.sciencedirect.com/science/journal/18770509
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.procs.2018.10.364&locationID=3&categoryID=4&eid=2-s2.0-85058309783&issn=18770509&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=abdae8460e9a85de7762f319b8c0a72c
https://www.scopus.com/record/display.uri?eid=2-s2.0-85139486478&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85139486478&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85139486478&src=s&origin=reflist&refstat=core
http://www.hindawi.com/journals/js/biblio.html
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1155%2f2022%2f6772077&locationID=3&categoryID=4&eid=2-s2.0-85139486478&issn=16877268&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=d1ba61bab9deb28dc0bb9393faa7ab59
https://www.scopus.com/record/display.uri?eid=2-s2.0-85125888497&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85125888497&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85125888497&src=s&origin=reflist&refstat=core
http://ojs.imeti.org/index.php/IJETI
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.46604%2fIJETI.2022.8072&locationID=3&categoryID=4&eid=2-s2.0-85125888497&issn=2226809X&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=3f8d4f0aecb79a863f587eb93f221327


Kumar, N.A., Rao, G.S., Rani, S.S.

Covariance-tuned EKF resampling based particle filter

(����) J. Appl. Sci. Eng., �� (�), pp. ���-���.

 

Cheng, L., Yin, F., Theodoridis, S., Chatzis, S., Chang, T.-H.

(����) IEEE Signal Processing Magazine, �� (�), pp. ��-��.  .

doi: ��.����/MSP.����.�������

Liu, H., Yue, Y., Liu, C., Spencer, B.F., Cui, J.

(����) Tunnelling and Underground Space Technology, ���, art. no.

������.  .

doi: ��.����/j.tust.����.������

Zhou, G., Li, W., Zhou, X., Tan, Y., Lin, G., Li, X., Deng, R.

(����) International Journal of Remote Sensing, �� (��), pp. ����-����. 

.

doi: ��.����/��������.����.�������

Al-Shaar, W., Nehme, N., Adjizian Gérard, J.

 (Open Access)

(����) Arabian Journal for Science and Engineering, �� (�), pp. ���-���. 

.

doi: ��.����/s�����-���-�����-w

��

��

Rethinking Bayesian Learning for Data Analysis: The art of
prior and inference in sparsity-aware modeling

Cited �� times

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=��&year=����

View at Publisher

��

Automatic recognition and localization of underground
pipelines in GPR B-scans using a deep learning model

Cited �� times

www.elsevier.com/inca/publications/store/�/�/�/

View at Publisher

��

An innovative echo detection system with STM�� gated and
PMT adjustable gain for airborne LiDAR

Cited

�� times

https://www.tandfonline.com/loi/tres��

View at Publisher

��

The Applicability of the Extended Markov Chain Model to the
Land Use Dynamics in Lebanon

Cited

�� times

https://link.springer.com/journal/�����

View at Publisher

764

https://www.scopus.com/record/display.uri?eid=2-s2.0-85141517685&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85141517685&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85141517685&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=79&year=2008
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fMSP.2022.3198201&locationID=3&categoryID=4&eid=2-s2.0-85141517685&issn=15580792&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=7cf3c4f12e6392c58627da2c009de3e4
https://www.scopus.com/record/display.uri?eid=2-s2.0-85147551245&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85147551245&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85147551245&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/inca/publications/store/7/9/9/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.tust.2022.104861&locationID=3&categoryID=4&eid=2-s2.0-85147551245&issn=08867798&linkType=ViewAtPublisher&year=2023&origin=reflist&dig=d8bf2f0fc711bcfa4cad4847c78ccd95
https://www.scopus.com/record/display.uri?eid=2-s2.0-85119363477&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85119363477&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85119363477&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85119363477&src=s&origin=reflist&refstat=core
https://www.tandfonline.com/loi/tres20
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1080%2f01431161.2021.1975844&locationID=3&categoryID=4&eid=2-s2.0-85119363477&issn=13665901&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=e656330a4b5f7e223d367ea8d4a17497
https://www.scopus.com/record/display.uri?eid=2-s2.0-85085371349&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85085371349&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85085371349&src=s&origin=reflist&refstat=core
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85085371349&src=s&origin=reflist&refstat=core
https://link.springer.com/journal/13369
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs13369-020-04645-w&locationID=3&categoryID=4&eid=2-s2.0-85085371349&issn=21914281&linkType=ViewAtPublisher&year=2021&origin=reflist&dig=32a9df1aab51ccd6c5d0054aca985621


 � of �

Arafeh, M., El Barachi, M., Mourad, A., Belqasmi, F.

 (Open Access)

(����) ���� �th International Conference on Smart and Sustainable

Technologies, SpliTech ����, art. no. �������.  .

ISBN: ���-���������-�

doi: ��.�����/SpliTech.����.�������

Abdul Rahman, S., Mourad, A., El Barachi, M., Orabi, W.A.

(����) Vehicular Communications, ��, pp. ���-���.  .

doi: ��.����/j.vehcom.����.��.���

Pandya, S., Srivastava, G., Jhaveri, R., Babu, M.R., Bhattacharya,

S., Maddikunta, P.K.R., Mastorakis, S., (...), Gadekallu, T.R.

(Open Access)

(����) Sustainable Energy Technologies and Assessments, ��, art. no.

������.  .

doi: ��.����/j.seta.����.������

 Gadekallu, T.R.; Zhongda Group, Haiyan, Zhejiang, Jiaxing, China;

email:

© Copyright ���� Elsevier B.V., All rights reserved.

��

A Blockchain based Architecture for the Detection of Fake
Sensing in Mobile Crowdsensing

Cited �� times

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=�������

View at Publisher

��

A novel on-demand vehicular sensing framework for traffic
condition monitoring

Cited �� times

http://www.journals.elsevier.com/vehicular-communications/

View at Publisher

��

Federated learning for smart cities: A comprehensive survey

Cited ��� times

http://www.journals.elsevier.com/sustainable-energy-technologies-and-

assessments

View at Publisher

 
thippareddy@ieee.org

◅ Back to results  Top of page

765

https://www.scopus.com/record/display.uri?eid=2-s2.0-85070836967&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85070836967&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85070836967&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8768799
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.23919%2fSpliTech.2019.8783092&locationID=3&categoryID=4&eid=2-s2.0-85070836967&issn=&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=78676ff2fac78e61dfafd6dd6e5a3838
https://www.scopus.com/record/display.uri?eid=2-s2.0-85046126760&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/record/display.uri?eid=2-s2.0-85046126760&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85046126760&src=s&origin=reflist&refstat=core
http://www.journals.elsevier.com/vehicular-communications/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.vehcom.2018.03.001&locationID=3&categoryID=4&eid=2-s2.0-85046126760&issn=22142096&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=b29f554eb1c06e76bc18515749a05a21
https://www.scopus.com/record/display.uri?eid=2-s2.0-85145265343&origin=reflist&sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85168258240&refeid=2-s2.0-85145265343&src=s&origin=reflist&refstat=core
http://www.journals.elsevier.com/sustainable-energy-technologies-and-assessments
http://www.journals.elsevier.com/sustainable-energy-technologies-and-assessments
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.seta.2022.102987&locationID=3&categoryID=4&eid=2-s2.0-85145265343&issn=22131388&linkType=ViewAtPublisher&year=2023&origin=reflist&dig=f075ddc0621f75a96b709788da8aec09
mailto:thippareddy@ieee.org
mailto:thippareddy@ieee.org
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29&offset=1&origin=recordpage
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29&offset=1&origin=recordpage
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=69cef61bb549c98092da36ec8c008b67&sot=b&sdt=b&sl=187&s=TITLE-ABS-KEY%28Development+of+a+Double-Resampling-Based+Least-Squares+Particle+Filter+for+Accurate+Position+Estimation+of+a+GPS+Receiver+in+Visakhapatnam+Region+of+the+Indian+Subcontinent%29&offset=1&origin=recordpage


Terms and conditions Privacy policy Cookies settings

All content on this site: Copyright © ���� Elsevier B.V. , its licensors, and contributors. All rights are reserved, including those for

text and data mining, AI training, and similar technologies. For all open access content, the relevant licensing terms apply.

We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies .

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する

�看简体中��本

查看�體中�版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

766

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


� of �

 Download  Print  Save to PDF ⋆ Save to list   Create bibliography

AIP Conference Proceedings  • Volume ����, Issue �  • � June ���� • Article number ������  • ���� International

Conference on Research in Sciences, Engineering, and Technology, ICRSET ����  • Virtual, Online  • �� November ����through ��

November ����  • Code ������

Document type

Conference Paper

Source type

Conference Proceedings

ISSN

�������X

DOI

��.����/�.�������

View more

Citation in Scopus

��.��
FWCI

View all metrics

Area Efficient High-Speed Binary Divider Using Xilinx IP

Core

Khaleelu Rehman B. ; Vallathan G. ; Rajamani, Vetriveeran ; Basha, Mudasar ;

Kumar, Raman

Save all to author list

a b c d

a

Dept. of Ece, Nalla Malla Reddy Engineering College, Telangana, Hyderabad, India

Dept. of Ece, Geethanjali College of Engineering & Technology, Telangana, Hyderabad, India

School of Electronics Engineering (SENSE), Dept. of Micro and Nano Electronics, Vellore Institute of Technology,

Vellore, India

Dept. of Ece, B.V. Raju Institute of Technology, Telangana, Narsapaur, India

a 

b 

c 

d 

� ��th percentile

Full text options Export

Explore the new Document details page

An enhanced version of the Document details page is available. Give it a try and share your feedback.

Try new version

Cited by � document

, 

(����) Proceedings of the �th

International Conference on

Smart Electronics and

Communication, ICOSEC ����

Inform me when this document

is cited in Scopus:

Related documents

, 

(����) Proceedings - ���� �nd

International Conference on

Innovative Sustainable

Computational Technologies,

CISCT ����

,  ,

(����) ISCIT ���� - ��th

International Symposium on

Communication and Information

Technology

,  ,

(����) ARPN Journal of

Engineering and Applied Sciences

Hardware Efficiency and

Thermal Management in FPGA

Devices: Power Consumption

and BCD to Excess-� Code

Implementation

 Singh, G. Kaur, A.

View details of this citation

Set citation alert ▻

Power Estimation Tool for

Divider Generator IP Core Based

on Xilinx Zynq SOC

 Prasad, H. Kumar, A.

An FPGA-Based Divider Circuit

Using Simulated Annealing

Algorithm

 Sworna, Z.T. Haque, M.U.

Rahman, S.

Translation of division algorithm

into verilog HLD

 Yusmardiah, Y. Mohd, D.A.

Karimi, A.

View all related documents

based on references

Brought to you by CBIT - Library & Information Centre

Abstract

Author keywords

SciVal Topics 767

javascript:void(0)
mailto:afridi.1156@gmail.com
mailto:gvallathan@gmail.com
https://www.scopus.com/pages/publications/85196191745
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85209945798&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=59156654800&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=59156654800&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57214487309&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57214487309&zone=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85196191745&src=s&origin=recordpage
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85196191745&src=s&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149436103&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149436103&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149436103&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149436103&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149436103&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85149436103&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57190763378&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57190763378&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59157710600&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=59157710600&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061010486&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061010486&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061010486&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061010486&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061010486&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061010486&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57188999740&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57188999740&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57213945828&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57213945828&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=7402514266&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=7402514266&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85020128807&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85020128807&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85020128807&noHighlight=false
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85020128807&noHighlight=false
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57194426219&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57194426219&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=36023475200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=36023475200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57194423205&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57194423205&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85196191745&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85196191745&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85196191745&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85196191745&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/record/www.library.cbit.ac.in
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic


Abstract

The Research article focuses on the Xilinx intellectual property (IP) cores and the process that allows in the simple

way of incorporating the IP'S and its functionality. The developed IP'S are interfaced with the high end recent Xilinx

FPGAs. Binary division circuit is designed using VHDL style of programming by using Xilinx ISE 14.7 version and the

IP cores associated with Xilinx ISE environment and targeted by using FPGAs like Spartan 3E (xc3s500e-5fg320),

Spartan-6 (xc6slx45t-3csg324) Virtex-5 (XC5VXT50T) devices which works on 90nm technology, 60nm technology and

45 nm technology respectively. Xilinx X power analyzer is used to calculate power analysis of the design. Restoring

algorithm and non-restoring algorithm for the binary divider is implemented and its RTL verification, simulation

analysis (timing and functional simulation), Synthesis, place and route and power analysis. The comparison of

hardware utilization summary (percentage of FPGA resources) with the latest research articles is compared and the

proposed design got the area optimized solution for the stand-alone system. © 2024 Author(s).
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FPGA; ISE; VHDL; Virtex-�; Xilinx IP
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Abstract

The intelligent reflecting surface (IRS) has recently become the most promising technology to achieve maximum

beam-forming gain with a simultaneous wireless information and power transfer (SWIPT) system. Many existing

studies perform a single IRS deployment or utilize space division multiple access (SDMA) and non-orthogonal

multiple access (NOMA) schemes. However, the existing schemes face high time complexity and block signal

transmission for larger indoor communications. Hence, this article introduces a dual IRS-aided multiuser SWIPT

system by implementing rate-splitting multiple access (RSMA) systems. To enhance the minimum achievable rate

and ensure the minimum harvesting energy (HE), this study proposes a joint successive convex approximation with

an integrated optimization algorithm (SCA-IOA). The proposed algorithm jointly optimizes the reflecting beam

forming and power splitting (PS) coefficient of all the users effectively. The simulation results demonstrate the

effectiveness of the proposed techniques and produce an outstanding performance for deploying dual IRS and

implementing RSMA compared to traditional SDMA and NOMA systems. © 2024 John Wiley & Sons Ltd.

Author keywords
beam forming design; intelligent reflecting surface; min-max rates; rate splitting multiple access; resource

allocation; signal-to-interference noise ratio; simultaneous wireless information and power transfer
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Abstract

In multiple input multiple output-orthogonal frequency division multiplexing (MIMO-OFDM) systems, efficient

pilot design (PD) and channel estimation (CE) greatly influences the reliability and robustness of pilot-based CE

methods. But, accurate estimationof the channel remains a challenge in a high-mobility environment with non-

linear channel characteristics. Many techniques have been introduced to overcome the pilot contamination and CE

problems in the MIMO-OFDM system to overcome this issue. However, these techniques take multiple paths at the

receiver, resulting in delay spread and interference in the communication. Hence, this study presents a novel deep

learning (DL) based technique for channel estimation based on channel state information (CSI). A DL technique

based on a hyper convolutional neural network (Hyper-CNN) is introduced for the optimal pilot design. The

selection of the pilot position can be made using the tunicate swarm optimization (TSO) approach. Finally, a DL-

based long short-term memory (LSTM) model is proposed for the CE in the MIMO-OFDM system. The proposed

method is implemented in the MATLAB platform, and the outcome is compared under different metrics like mean

square error (MSE) and bit error rate (BER). In the experimental scenario, the proposed method attains the BER of

0.20 and 0.03 for CP (cyclic prefix) and without CP, respectively. In addition, the proposed method attains the MSE of

1.14, 0.99, 1.08 and 0.97 for 8, 16, 48 and 64 pilots, respectively. The performance of a proposed method is compared

with the existing method and proves the efficacy of the proposed method. © 2023 John Wiley & Sons Ltd.
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Abstract

Receiver autonomous integrity monitoring (RAIM) is a technique mainly used to evaluate the integrity of global

navigation satellite system (GNSS) signals. There is every possibility, that the GNSS satellites will broadcast slightly

erroneous information which leads to inaccurate navigation information. GNSS systems do not carry any

information related to the integrity of the signals. Therefore, in this paper, Signal in Space (SIS) errors are evaluated

to detect errors/faults broadcasted by the Indian regional navigation satellite systems (IRNSS). Further, it focuses on

implementing Beeline method for IRNSS to estimate SIS errors where the precise ephemeris is unavailable. To carry

out the trust analysis of IRNSS signals using Beeline method, the User equipment errors (UEE) and User equivalent

range error (UERE) are estimated to evaluate the SIS error. UEE constitutes the ionospheric, tropospheric, multipath

errors and receiver noise error. UERE depends on the position error and the geometry of the satellites. It is found

from the simulated results that the peak value of SIS error is 4.17 m for 1C geostationary satellite and the minimum

value was found to be 0.4 m with 1D, which is a geosynchronous satellite. © 2023, The Author(s), under exclusive

licence to The Korean Society for Aeronautical & Space Sciences.

Author keywords
Fault detection; IRNSS; Receiver autonomous integrity monitoring; Signal in space errors; User range

accuracy
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