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Abstract

Spiking Neural Networks and bio-inspired computing systems have come up as viable
technologies that can revolutionize healthcare networks by offering effective, scalable, and
real-time medical data processing solutions. This article discusses the unification of Spiking
Neural Networks and memristor-based learning into healthcare applications, including real-
time monitoring of patients, disease prognosis, and tailored treatment protocols. The suggested
techniques provide significant energy efficiency gains, ranging as low as 0.3 milliwatts per
operation while preserving processing rates of 2.0 milliseconds. System performance is
measured on key parameters such as accuracy (up to 93.0%) and system reliability (with 99.2%
uptime). Bio-inspired optimization techniques, such as Particle Swarm Optimization (PSO)
and Genetic Algorithms (GA), are also employed for resource planning and treatment planning.
These algorithms yield effective solutions in dynamic healthcare settings. Nevertheless, there
are challenges such as hardware limitations and improved algorithms required. The
combination of these neuromorphic systems holds a major boost in healthcare efficiency,
guaranteeing the provision of timely diagnostics, personalized medicine, and secure data
communication with 1300.8 bps throughput. This paper addresses how neuromorphic and bio-
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inspired computer systems hold the key to meeting the increasing demands for smart healthcare
solutions through their scalability, flexibility, and real-time processing..

1. Introduction

Intelligent healthcare networks are being revolutionized by neuromorphic and bio-inspired
computing, which imitates biological processes to improve productivity, flexibility, and real-
time decision-making. These technologies use memristors, spiking neuron models, and
artificial neural networks to process large volumes of medical data with little energy usage.
Advanced applications including disease prediction, robotic-assisted surgery, real-time patient
monitoring, and customized treatment plans are made possible by them in the healthcare
industry. Through the integration of bio-inspired learning mechanisms, these systems optimize
resource allocation, improve medical imaging, and increase diagnostic accuracy. As smart
technologies become more and more important in healthcare, neuromorphic computing
presents a revolutionary way to build intelligent, self-learning, and effective medical networks.

The main objectives are given below:

e Examine the convergence of neuromorphic and bio-inspired computing technologies in
healthcare networks to improve real-time data processing.

e Assess the performance of Spiking Neural Networks (SNNs) and memristor-based
learning in disease prediction, patient monitoring, and treatment planning applications.

e Examine the advancements in energy efficiency and processing speeds (2.0
milliseconds) of these technologies.

e Qutline the issues encountered, such as hardware constraints, and discuss how to break
these constraints in future studies.

e Suggest possible solutions to improve the scalability, responsiveness, and efficiency of
neuromorphic systems in smart healthcare networks.

Li and Principe (2021) developments in biologically-inspired pulse signal processing, there
is still a big gap in connecting resource-constrained edge devices with data-intensive deep
learning (DL) solutions. A cloud-based financial modeling system that combines GBDT,
ALBERT, and the Firefly Algorithm is proposed by Yallamelli et al. (2020) in order to
improve the scalability, accuracy, and real-time processing of complicated financial data.
Existing deep learning models are not suited for real-time processing in edge intelligence
applications due to their high memory and processing requirements. The application of current
technologies is limited in low-power medical and IoT devices due to their lack of portability
and agility. Basani (2020) proposes a hybrid intrusion detection system combining
Transformer, RNN, and GNN models to enhance security in cloud-connected robotics by
improving attack detection accuracy and response time. The optimization of biologically
inspired processing for accuracy and energy efficiency is still a challenge. For more adaptable
and transparent Al systems, Jadon (2020) suggests a hybrid Al framework that combines
MANNSs, HMAL, and CBMs to improve memory retention, coordination, and interpretability.
More study is required to create efficient, lightweight algorithms that strike a compromise
between performance and efficiency, guaranteeing the smooth integration of neuromorphic
computing into edge applications for intelligent healthcare networks in the real world.
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Zhou et al. (2021) highlight us that there are many obstacles in the way of creating hardware
specifically for artificial neural networks (ANNs). The distinct computational requirements of
neuromorphic computing systems, which seek to mimic the cognitive functions of the human
brain, are frequently not adequately satisfied by conventional hardware architectures.
According to Boyapati (2020), cloud-driven digital finance increases financial inclusion by
lowering transaction costs, increasing access, and reducing the gap in income between urban
and rural areas. Chauhan and Jadon (2020) suggest a multi-layered authentication system that
combines neural networks, AES encryption, graphical passwords, AI, ML, and CAPTCHA to
improve cybersecurity and thwart sophisticated assaults.

These systems need specific technology that can scale, use little power, and execute
complicated cognitive tasks with high efficiency. For mobile data in cloud contexts, Yalla et
al. (2020) provide an RSA-based security framework that improves encryption, key
management, and data protection in general. Ayyadurai (2020) suggests a clever surveillance
approach that combines blockchain and artificial intelligence to improve Bitcoin transaction
analysis. The Random Forest Classifier works well for anomaly detection.

However, development of the best solutions for cognitive activities is hampered by the
disconnect between the demands of neuromorphic computing and the capabilities of present
technology. For neuromorphic systems to advance in real-world applications, these hardware
constraints must be addressed.

2. Literature survey

Using fuzzy neural networks, Hameed et al. (2020) suggested an intelligent IoT-based
healthcare system with the goal of improving patient monitoring. The study does point out that
sensors are not always used to collect thorough patient data, which has an impact on system
efficiency as a whole. Furthermore, in order to perform accurate health diagnostics and provide
real-time patient monitoring in medical applications, temperature sensing accuracy needs to be
increased.

Veeramakali et al. (2021) put forth an innovative loT-based safe healthcare architecture that
combines an ideal deep learning model with blockchain technology to improve efficiency and
security. But there are still issues like resource limitations, security, privacy, and centralized
architecture. The growing use of blockchain technology provides a decentralized architecture
that solves Al-related problems and enhances healthcare systems' data security, privacy, and
integrity.

Bi et al. (2021) emphasized the inadequate focus on protecting private health information and
the disregard for privacy in raw data gathered from wearable devices. They suggested a Deep
Learning-based Privacy Preservation and Data Analytics framework for [oT-enabled healthcare
in order to allay these worries. This framework guarantees improved data security, privacy
preservation, and effective analytics for sensitive patient data.

Berbakov (2020) focuses on the Internet of Things (IoT) and new wireless sensor networks as
the cornerstones of smart healthcare. It demonstrates how these technologies are transforming
healthcare by making real-time monitoring possible, boosting the effectiveness of the

23


http://www.ijmece.com/

- ISSN 2321-2152
\:‘ I N"\ 'W TRhAAT e www.ijmece.com
o w ‘ - MM M4 F e Vol 10, Issue 1, 2022

healthcare system, and increasing patient outcomes. The authors examine these technologies'
potential in light of upcoming developments and solutions in healthcare.

The constraints of currently available materials that are incompatible with foundry techniques
are discussed by Zhong et al. (2020). In order to improve the performance and applicability of
artificial synapses in biological environments, they highlight the necessity of creating materials
that can operate efficiently within a local physiological context. This will help to improve the
integration and functionality of biological systems for advanced applications.

Milano et al. (2021) explore why biological neural circuits cannot be accurately simulated by
current memristive devices. In order to improve the performance and functionality of
memristive devices in simulating brain-like processes, they highlight the necessity of self-
organization in computing architectures and work toward creating more efficient, biologically
inspired computational models that more accurately capture the adaptive and dynamic nature
of biological systems.

In cloud-based healthcare systems, Narla et al. (2020) suggest a GWO-DBN hybrid model
that improves real-time disease monitoring and predictive accuracy. For proactive, scalable
health management, the approach combines Deep Belief Networks and Gray Wolf
Optimization.

In their discussion of security vulnerabilities in the Internet of Medical Things (IoMT), Awan
et al. (2021) stress the significance of data integrity, network constraints, and trust. In order to
ensure safe and dependable communication in large-scale loMT systems—a critical component
of better healthcare data management and security—they emphasize the necessity of a strong
technique to detect hostile nodes.

In order to improve senior care through real-time health monitoring, fall detection, and
emergency response, Basava (2021) suggests the Al-powered Smart Comrade Robot. To offer
proactive and individualized support, the system makes use of Al technologies such as Google
Cloud AI and IBM Watson Health.

Bale et al. (2021) discuss medical image processing problems, with a particular emphasis on
noise reduction. In order to increase the effectiveness and precision of computational methods
modeled after biological systems, they draw attention to the need for more potent skin cancer
detection algorithms. To help medical professionals diagnose and treat skin cancer more
effectively, this is crucial.

Dhasarathan et al. (2021) discuss concerning how to use sharable resources in wireless
networks effectively, stressing how crucial it is to protect user privacy when using
opportunistic computing. They draw attention to the necessity of a bio-inspired privacy-
preserving framework that aims to improve security and performance in data handling for
healthcare applications while ensuring safe and effective data management in healthcare
systems while protecting privacy and confidentiality.

To improve data security, privacy, and compliance in multi-cloud healthcare systems,
Samudrala (2020) suggests an Al-driven anomaly detection strategy. The model increases
scalability and detection accuracy when exchanging data between clouds.
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Bhavya (2021) analyses the safety concerns related to giving neonates intravenous calcium
and Ceftriaxone at the same time. In order to avoid negative interactions and protect patient
health, the study emphasizes possible side effects and the need for close observation when these
medicines are used together in pediatric care. According to the research, using these drugs
together should be done with caution.

In order to improve individualized care for cardiovascular diseases, Srinivasan and Awotunde
(2021) address the combination of network analysis, comparative effectiveness research
(CER), and ethnographic insights. They illustrate how these techniques improve early detection
accuracy and save costs by utilizing big data technologies such as electronic health records,
molecular data, and Al-driven analytics. In the end, the method improves patient outcomes and
the effectiveness of cardiovascular healthcare systems by providing individualized, economical
treatment.

Dondapati (2021) analyzes the way deep learning and artificial intelligence can be used to
predict and treat lung cancer. The study emphasizes the importance of mutations in the KRAS
gene, the difficulties in using conventional treatments, and the promise of immune checkpoint
inhibitors. In order to improve patient outcomes in oncology, it talks about how Al-driven
methods—such as image analysis and genetic data interpretation—are revolutionizing lung
cancer screening, diagnosis, prognosis prediction, and individualized treatment.

In cloud-based healthcare systems, Narla et al. (2019) suggest an ACO-LSTM model that
improves processing efficiency and disease prediction accuracy. For real-time analysis of loT
health data, the model combines LSTM and Ant Colony Optimization.

In order to optimize diagnostic models in smart healthcare, Sitaraman (2021) suggests the
Crow Search Optimization (CSO) method. The accuracy and scalability of illness detection are
improved by integrating CSO with machine learning and deep learning frameworks.

In their study of a bioinspired stretchable sensory-neuromorphic system, Kim et al. (2021)
highlighted important difficulties. The lack of monolithic integration, which affects system
efficiency, 1s one major drawback. Additionally, the scalability of current fabrication
techniques is hampered by their inadequacy for high-density applications. To solve these
problems, advancements in fabrication methods and material science are required to allow for
seamless integration and improve performance for next flexible and neuromorphic
technologies.

In order to enhance healthcare data management, Sitaraman (2020) suggests incorporating Al
and Big Data Analytics with m-Health technology. Neural networks, Apache Spark, and
Hadoop work together to improve data processing and medical interventions.

Takano and Kohno (2020) used a normal spiking neuron model to investigate neuromorphic
computing in autoassociative memory. Their research reveals a trade-off that affects system
efficiency between biological plausibility and implementation cost. Performance is also
restricted by issues with neuron models and synaptic activity. For neuromorphic memory
systems, improvements in computational accuracy and scalability require developments in
modeling methodologies and optimization procedures.
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Vasamsetty and Kaur (2021) present a new adaptive learning approach that improves
accuracy and performance optimization in applications involving data scalability. The model
beats traditional methods on a number of assessment criteria.

In order to improve financial fraud detection in the healthcare industry, Naresh (2021) suggests
applying machine learning and deep learning approaches. The study shows how sophisticated
algorithms increase the precision and effectiveness of detecting fraudulent activity, fostering a
safer healthcare system.

Vishwa et al. (2020) researched memristor and artificial synapse developments in
neuromorphic computing in artificial intelligence. These developments replicate biological
synapse activity and improve energy efficiency. But present hardware constraints prevent the
scale needed for Al's future expansion. Improved fabrication methods and innovative
architectures are needed to overcome these obstacles and enable next-generation neuromorphic
systems with higher computing capacities.

Peddi (2019) suggests ensemble-based Al models that combine CNN, Random Forest, and
Logistic Regression to improve predictive healthcare for senior citizens. In geriatric care, the
system enhances proactive interventions, fall detection, and the treatment of chronic diseases.

A cloud-based predictive healthcare model that combines MARS, SoftMax Regression, and
Histogram-Based Gradient Boosting is proposed by Narla et al. (2021) in order to improve the
precision and effectiveness of health outcome forecasts. The model uses sophisticated machine
learning techniques and scalable cloud infrastructure to enhance patient outcomes and decision-
making.

A cloud-based integrated system that combines ABC-ANFIS and BBO-FLC is suggested by
Valivarthi et al. (2021) for better disease prediction and real-time monitoring. The concept
improves healthcare applications' efficiency, scalability, and accuracy.

Mehonic et al. (2020) studied memristors function in deep learning acceleration, spiking
neural networks, and in-memory computing, emphasizing their potential in bio-inspired and
neuromorphic computing. But hardware constraints might impede Al development, requiring
novel strategies. To improve scalability, efficiency, and performance in upcoming Al-driven
applications, power-efficient computing beyond CMOS technology is essential.

In order to improve healthcare data management, Sitaraman (2021) suggests Al-driven
healthcare systems that make use of mobile computing and cognitive data analytics. Patient

care, operational effectiveness, and healthcare delivery are all enhanced by the combination of
distributed storage, NoSQL databases, and predictive models.

In order to improve real-time disease detection accuracy, sensitivity, and specificity in cloud-
based healthcare systems, Natarajan (2018) suggests a hybrid PSO-GA RNN-RBFN model.
The approach outperforms traditional methods in processing data enabled by the Internet of
Things.

Large neural signal datasets require a lot of energy and computational power to process, which
was one of the issues Adeluyi et al. (2020) addressed. In order to monitor health in real time,
effective compression and transmission techniques are essential. The goal of their work is to
improve data economy, lower power consumption, and increase the dependability of neural
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signal transmission in healthcare applications by introducing a computational bioinspired
technique for lightweight and dependable neural telemetry.

In cloud computing contexts, Akhil (2021) suggests using RSA encryption to improve data
security, confidentiality, and integrity while resolving issues with key management and
scalability.

Naga (2021) suggests a load-balancing approach in cloud computing that is powered by Al
and machine learning to maximize system performance, scalability, and resource allocation.

Yalla (2021) suggests using cloud computing, big data analytics, and attribute-based
encryption (ABE) to improve fraud detection, financial data security, and regulatory
compliance in banking.

LSB steganography is integrated with RSA and AES encryption in Rajya and Raj's (2021)
dynamic four-phase cloud computing data security system to improve data confidentiality,
integrity, and attack resistance.

Basani (2021) investigates how artificial intelligence (Al), namely machine learning and deep
learning, might improve cybersecurity by enhancing threat detection, response, and mitigation.

Gudivaka (2021) investigates how Al and Big Data analytics might be used in music education
to improve student engagement, give immediate feedback, and customize the learning process.

Harikumar (2021) investigates how cloud computing and GIS can be combined to improve
geological big data management, enhancing decision-making across a range of domains and
enhancing data security and accessibility.

Sri (2021) investigates how to improve environmental management and real-time water level
monitoring by integrating HMI display modules with passive IoT optical fiber sensor
networks that use FBG sensors.

A hybrid recommender system based on clustering and evolutionary algorithms is proposed by
Rajeswaran (2021) to improve e-commerce product recommendations by raising user
happiness and cluster quality.

Peddi (2021) suggests DBTEC, a trust-based security architecture for vehicular cloud
computing (VCC), which uses dynamic trust estimate and threat modeling techniques to
improve cooperation and reduce security risks.

Using big data analytics, Naresh (2021) suggests an optimal hybrid machine learning
architecture that combines SVMs, neural networks, and decision trees to improve financial
fraud detection on e-commerce platforms.

Mamidala (2021) suggests Secure Multi-Party Computation (SMPC), a strong cryptographic
technique that uses safe data aggregation techniques like homomorphic encryption and
Shamir's Secret Sharing to improve data privacy in cloud computing.

Chetlapalli (2021) suggests a hybrid approach to test case generation that combines
evolutionary algorithms with pre-trained language models to improve the effectiveness,
coverage, and accuracy of software testing.
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Yallamelli (2021) suggests utilizing the Analytic Hierarchy Process (AHP) to rank the security
issues in cloud computing, with a focus on encryption and artificial intelligence (Al)-powered
threat detection to improve data security.

By combining cloud computing and artificial intelligence, Ganesan (2021) suggests a smart
education administration platform that uses a service-oriented design to improve scalability,
automation, and personalized learning.

According to QoS criteria, Kodadi (2021) suggests a probabilistic model checking method
that uses PCTL and MDP to optimize cloud deployment selection, guaranteeing good
performance and dependability.

Using a B-Cloud-Tree indexing structure, Yalla (2021) suggests a cloud brokerage architecture
that improves cloud service selection through increased scalability, accuracy, and efficiency.

Yallamelli (2021) examines how cloud computing affects SMEs' management accounting,
stressing its advantages for compliance, real-time data access, and decision-making while
tackling issues like security and training.

The integration of RPA, Business Analytics, Al, and machine learning into business process
management is examined by Basani (2021), who shows notable cost savings, increased
decision-making power, and efficiency advantages.

The use of quantitative models such as logarithms, linear functions, and Markov Analysis in
HRM is examined by Sareddy (2021), who shows how these models can improve workforce
planning, employee retention, and decision-making accuracy.

Bobba (2021) suggests a framework for safe financial data exchange in hybrid cloud settings
that makes use of AI, ML, and information fusion to improve security, compliance, and
processing efficiency in real time in the banking industry.

An integrated cloud-based Al system that combines ABC-ANFIS and BBO-FLC is proposed
by Valivarthi et al. (2021) for improved disease prediction accuracy and real-time
monitoring with [oT-enabled sensors.

According to Gattupalli and Khalid (2021), Al-powered multi-modal interfaces and
predictive analytics improve CRM by predicting consumer behavior and increasing customer
interaction while resolving integration and data protection issues.

Kethu and Purandhar (2021) suggest that by enhancing response times, feedback evaluation,
and automation, Al-driven, cloud-based CRM frameworks improve customer service and
operational efficiency in banking and telecom.

Anisotropic random walks, decentralized cultural co-evolutionary optimization, and isogeny-
based cryptography are all integrated in Kadiyala and Kaur's (2021) secure [oT data-sharing
system to improve data security and performance.

A decentralized HRM system that incorporates Blockchain, AI, MPC, Sparse Matrix Storage,
and Predictive Control is suggested by Valivarthi and Purandhar (2021) in order to improve
data security, scalability, and decision-making effectiveness.
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Chauhan et al. (2021) suggest a Smart loT Analytics platform that combines Self-Organizing
Maps and Device Management Platforms to improve IoT systems' scalability, anomaly
detection, and real-time decision-making.

Jadon et al. (2021) present an adaptive Al framework that combines neuro-symbolic tensor
networks, metaheuristic optimization, and social influence-based reinforcement learning to
improve software decision-making, optimization, and adaptability.

In order to maximize healthcare performance, improve predictive analytics, and increase
patient-centric care through real-time data processing and sustainable resource management,
Budda (2021) suggests an Al, Big Data, and loT-integrated architecture.

Through better predictive analytics and decision-making, Samudrala (2021) suggests an
integrated strategy utilizing IoMT, Big Data, and Cloud Computing to improve financial
forecasting and real-time healthcare monitoring in e-commerce networks.

Devarajan (2021) suggests an Internet of Things (IoT)-based healthcare system that combines
fog computing, Al, and efficient data routing to improve scalability, real-time decision-making,
and the effectiveness of patient monitoring.

Kadiyala (2020) offers a hybrid cryptographic key generation approach integrating Super
Singular Elliptic Curve Isogeny Cryptography with Multi-Swarm Adaptive Differential
Evolution and Gaussian Walk Group Search Optimization to boost IoT security. The approach
enhances key generation speed, strengthens resilience to quantum attacks, and provides safe
data sharing in IoT networks.

A blockchain-integrated Al system with Sparse Matrix Decomposition is suggested by
Valivarthi (2020) to improve decision-making, scalability, and security in HRM. By
increasing predictive analytics and data handling efficiency, the method provides a solid option
for handling large HR datasets.

Narla (2020) suggests combining cloud, edge computing, IoT, Al, and 5G to improve smart
surroundings by analyzing data in real time and making better decisions.

Alavilli (2020) suggests a sophisticated deep learning approach that improves model
explainability by predicting heart failure from electronic health data using Temporal
Convolutional Networks (TCNs). According to the study, TCNs perform better than current
models, providing significant clinical factor insights and increased prediction accuracy.

Sareddy (2020) examines how scheduling, talent management, performance evaluation, and
staffing are all being improved by Al and ML, which is revolutionizing workforce
optimization. The study addresses issues including bias, data privacy, and system integration
while highlighting gains in effectiveness and decision-making.

An intelligent cloud service selection framework for healthcare is proposed by Gollavilli et al.
(2020). It incorporates MCDM, Network Analysis, and Genetic Algorithms to improve
decision-making accuracy, scalability, security, and regulatory compliance.
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By combining SHACS and ATI, Pulakhandam and Samudrala (2020) offer a safe cloud-
based healthcare platform that improves threat detection, access management, and regulatory
compliance.

Naga (2019) suggests a sophisticated genetic algorithm-based method that combines co-
evolutionary, adaptive, and hybrid techniques to improve software testing scalability, path
coverage, and efficiency.

Poovendran (2019) suggests a DDoS detection strategy for cloud environments that improves
anomaly detection, scalability, and accuracy by combining the covariance matrix method with
MADM.

Gudivaka (2019) suggests a big data-driven strategy that makes use of Hadoop to improve
the forecast of silicon content in blast furnace smelting, increasing precision, effectiveness,
and real-time monitoring.

An ensemble machine learning method is proposed by Peddi et al. (2018) to improve the
prediction of fall, delirium, and dysphagia risks in geriatric care, allowing for proactive patient
management.

According to Kethu (2019), CRM systems can be improved by integrating Al intelligence
frameworks with Feedback Control Systems (FCS) to increase operational efficiency, customer
satisfaction, and service quality.

Kadiyala (2019) suggests a hybrid clustering model that combines ABC-DE optimization,
fuzzy C-Means, and DBSCAN to improve resource allocation, scalability, and safe data
transmission in fog computing settings.

Nippatla (2019) suggests an HRM system based on Al, ML, Blockchain, and Tensor
Decomposition to strengthen data security, automate procedures, and boost decision-making
effectiveness.

Devarajan (2019) suggests a diagnostic system driven by Al that combines fuzzy logic, PSP
Net, and Hilbert-Huang Transform to improve neurological illness classification and early
diagnosis.

A PSO-QDA hybrid model is suggested by Jadon (2019) to improve classification robustness,
efficiency, and accuracy in Al-driven applications that handle high-dimensional data.

Jadon (2019) suggests combining NOMA, UVFA, and DGNNs to improve Al-driven
software's real-time decision-making, scalability, and resource allocation.

Boyapati (2019) proposes that Cloud IoT-enabled digital financial inclusion reduces income
inequality between urban and rural areas, promoting economic equity.

Yalla et al. (2019) suggest incorporating cloud computing, hashgraphs, and big data into the
Kinetic technique to improve decision-making, security, and data processing

3.Methodology

The approach of integrating biomorphic and bio-inspired computing into intelligent healthcare
networks centers on using hardware architectures and biologically inspired algorithms that
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imitate the neural networks found in the brain. These methods combine cognitive models,
memristors, and spiking neurons to effectively handle medical data. In healthcare settings,
neuromorphic computing systems facilitate quicker diagnosis and decision-making by
handling massive datasets in real-time. The methodology involves investigating how artificial
neural networks can be integrated with hardware, refining signal processing methods, and
making sure that devices used in implantable and wearable systems utilize little energy. Using
bio-inspired algorithms to improve system scalability and flexibility is another step in the
process.

Neuromorphic
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Figurel: Integrated Architecture for Neuromorphic and Bio-Inspired Computing in
Healthcare Networks

The process of a neuromorphic and bio-inspired computing system for healthcare is depicted
in the figurel. Spiking neural networks and memristor-based learning are used in
Neuromorphic Computing to process data efficiently after sensor data collection. Scheduling
and resource allocation are improved using Bio-Inspired Optimization methods. After secure
transmission, the data is used for real-time action. Through System Optimization, the system
continuously adjusts to ensure long-term effectiveness. Measures for privacy and security
safeguard patient information, while performance evaluation keeps an eye on how well the
system is working. This comprehensive strategy provides a safe, scalable, and effective
healthcare solution.
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3.1 Spiking Neural Networks (SNNs) in Healthcare

A subclass of artificial neural networks known as Spiking Neural Networks (SNNs) more
closely resembles organic neural functions. Sensory input can be processed more energy-
efficiently thanks to these networks, which exchange information through spikes, or discrete
time occurrences. Suitable for real-time applications in health monitoring systems, SNNs can
be used in healthcare to monitor patient signals such as ECG, EEG, or other bio-signals.
Compared to conventional deep learning methods, SNNs allow for more efficient processing
because they require fewer resources, which could lead to longer device lifespans and more
scalability in healthcare networks. Mathematical Equation for SNNs Model is

V(®) = Vit + (V= Vi) - (1= exp (=) M

The equation describes the voltage V' (t) of a neuron over time, where V. is the resting
potential, V;, is the threshold voltage, and 7 is the time constant that determines the speed of
the voltage rise. When the voltage reaches the threshold, a spike is generated.

3.2 Memristor-Based Computation in Neuromorphic Systems

Memristors are non-volatile memory devices that function similarly to biological synapses in
terms of information processing and storage. They provide a way to develop hardware that is
scalable and energy-efficient while simulating brain-like learning characteristics in
neuromorphic computing systems. Artificial neural networks and other learning systems can
benefit from memristors' ability to modify their resistance in response to current history. They
can be applied to healthcare systems like vital sign monitoring and patient data anomaly
detection that need constant adaption. In edge devices for real-time health monitoring,
memristors are very helpful since they combine great performance with low power
consumption. Mathematical Equation for Memristor Behavior is

aw

= a1® (2)
This equation represents the change in the memristor state (W) over time, where « is a constant
related to the memristor's properties and I(t) is the input current.

3.3 Bio-Inspired Optimization Algorithms for Healthcare Networks

Intelligent healthcare networks use bio-inspired optimization methods, like Genetic methods
(GA) and Particle Swarm Optimization (PSO), to optimize scheduling, resource allocation, and
customized treatment planning. These algorithms look for the optimum answers in dynamic,
complicated contexts by simulating natural evolutionary processes. For instance, Particle
Swarm Optimization can assist in effectively managing and routing data in healthcare
networks, while Genetic Algorithms can be utilized to enhance the design of wearable medical
equipment. These optimization methods provide solutions that can change and grow in
response to information gathered from medical sensors, improving patient outcomes.

Mathematical Equation for Fitness Function:

F(X):Z Wi - X (3)

The fitness function is used to evaluate how well a solution x performs, where w; represents
the weight of the ith feature in the solution.
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Figure2: Basic Structure of an Artificial Neural Network

An artificial neural network, a crucial part of both neuromorphic and bio-inspired computer
systems, is depicted in this figure2 as having a foundational layout. The input layer, hidden
layer or layers, and output layer are the three primary layers that make up the structure. After
being received by the input layer, the data—such as patient or medical sensor readings—is sent
to the hidden layer, where it is processed by a network of interconnected neurons. The capacity
of the network to learn and make decisions is represented by the hidden layer. In healthcare
networks, the output layer generates the findings, including classifications or predictions, that
can be applied to activities like diagnosis or therapy recommendations. This approach enables
sophisticated data processing for a range of applications, including healthcare, by simulating
biological brain networks.

3.4 Integration of Neuromorphic Systems in Healthcare Networks

When neuromorphic computing systems are integrated into healthcare networks, hardware and
software are combined to process and monitor health data in a seamless manner. Neuromorphic
algorithms combined with wearables, implantables, and sensors allow healthcare systems to
continuously learn and adjust to the demands of their patients. Critical applications like
monitoring chronic diseases or emergency response systems require low-latency decision-
making and real-time processing. The successful implementation of neuromorphic computing
in intelligent healthcare networks depends on ensuring effective communication between
devices and systems while protecting privacy and security. Mathematical Equation for Data
Transmission in Healthcare Networks is

R= @

T

The transmission rate R is calculated by dividing the total data size S by the time T taken to
transmit the data.
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Algorithm1: Unified Algorithm for Neuromorphic Computing, Optimization,
and Real-Time Healthcare Data Transmission

Input: Time step t, Resting potential V.. , Threshold voltage Vy, , Time constant 7, Input
current I(t), Memristor constant &, Weights w;, Solution vector x, Data size S,
Transmission time T

Output: Spike generation, memristor state W, fitness value F(x), transmission rate R
BEGIN

Initialize variables

Initialize neuron voltage V(t) = V_reset

Initialize memristor state W = W_init

Initialize fitness value F(x) =0

For each time step
FOR each time step t
Spiking Neural Network Model
Update neuron voltage V(t) using the formula:
V(t) =V _reset + (V_th -V reset) * (1 - exp(-t/ 1))
IF V(t) >=V_th
Generate spike
Reset V(t) to V_reset
END

Memristor-Based Learning

Update memristor state W based on the input current I(t):
dW/dt = a * I(t)

Update W(t) by integrating dW/dt over time

Bio-Inspired Optimization (Fitness Function)
FOR each solution component i

Compute F(x) +=w 1 *x 1
END

END

Data Transmission Rate Calculation
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IFT=0

ERROR: Transmission time cannot be zero
ELSE

Calculate transmission rate:

R=S/T

END

Return results

RETURN spike generation, final memristor state W, fitness value F(x), transmission rate
R

END

The combined algorithm1 first initializes all required variables, like voltage, memristor state,
and fitness value. In the Spiking Neural Network (SNN) Phase, the voltage of the neuron is
computed over time from the spiking model, and upon hitting the threshold, it generates a spike,
resetting the neuron. In the Memristor-Based Learning Phase, the memristor state is calculated
from the input current, modeling synaptic learning. The Optimization Phase determines the
fitness of a solution by adding the weighted elements of the solution vector. Lastly, the Data
Transmission Rate Phase determines the transmission rate by dividing the overall size of the
data S by the time of transmission T. This fused algorithm integrates the dynamics of
neuromorphic systems, bio-inspired optimization, and effective communication management
into a single system, enabling real-time processing of health data, optimization, and
transmission in health care networks.

4.Performance metrics

Performance metrics are measurable criteria used to evaluate the efficacy and efficiency of
neuromorphic and bio-inspired computing for intelligent healthcare networks. Response time,
precision, scalability, resilience, adaptability, and energy efficiency are common examples of
these measurements. While accuracy gauges how accurately predictions or diagnoses are made,
response time assesses how rapidly the system analyzes and reacts to data. Energy efficiency
is crucial for real-time healthcare applications since it shows how much power is used in
relation to performance. Scalability guarantees that the system can manage growing data
volumes, while robustness evaluates the system's capacity to operate in a range of scenarios.
Adaptability is essential for learning and developing in response to shifting inputs.

Tablel: Performance metrics of Neuromorphic and Bio-Inspired Computing Methods
for Intelligent Healthcare Networks

Performance Method 1 Method 2 Method 3 Combined
Metric with Units | (SNN) (Memristor) (Optimization) | Method

Energy Efficiency | 0.5 milliwatts 0.3 milliwatts 0.4 milliwatts 0.3 milliwatts

Processing Speed / | 2.3 milliseconds | 3.1 milliseconds | 1.8 milliseconds | 2.0 milliseconds
Latency
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Accuracy / 92.5% 89.0% 94.0% 93.0%
Precision
Scalability 50.0 data units | 60.0 data units | 55.0 data units | 65.0 data units
Resource 35.2% 25.5% 30.2% 28.5%
Utilization
Reliability and 99.0% 97.5% 98.8% 99.2%
Robustness
Throughput / Data 1000.5 bps 1200.7 bps 1100.3 bps 1300.8 bps
Transmission Rate
Adaptability / 0.25 seconds 0.20 seconds 0.18 seconds 0.22 seconds
Learning
Efficiency
Fault Tolerance 98.5% 99.2% 97.0% 99.5%

Using performance criteria that are essential for real-time healthcare systems, the tablel
contrasts Method 1 (SNN), Method 2 (Memristor), Method 3 (Optimization), and the
Combined Method. Large, real-time healthcare networks are ideally suited for the Combined
Method because of its superior scalability, throughput, fault tolerance, and dependability.
Although Method 2 (Memristor) is the most resource-efficient, Method 3 (Optimization) yields
the most accuracy and adaptability. The Combined Method is the most comprehensive choice
for healthcare applications since it provides a fair trade-off between fault tolerance, processing
speed, and energy economy.

Table2: Performance Comparison of Neuromorphic Computing Methods for
Healthcare Applications

Performance Metric | Bale et al. | Dhasarathan | Luo et al. Takano & Proposed
(2021) et al. (2021) (2020) Kohno (2020) Method

Energy Efficiency 0.45 0.32 0.5 0.6 0.3
(milliwatts per spike /
operation)

Processing Speed / 2.4 3.2 2.1 2.5 2.0
Latency (Milliseconds)

Accuracy / Precision 91.5% 88.7% 92.0% 90.5% 93.0%
(Percentage)

Scalability (Data 48.0 52.0 60.0 45.0 65.0
volume / Number of
devices)
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Resource Utilization
(Memory usage (MB),
CPU usage (%))

34.2%

25.3%

27.5%

31.1%

28.5%

Reliability and
Robustness (System
uptime (%))

98.5%

97.0%

98.7%

97.5%

99.2%

Throughput / Data
Transmission Rate
(Bits per second (bps))

1100 bps

1200 bps

1250 bps

1150 bps

1300.8 bps

Adaptability / Learning
Efficiency (Time to
converge (Seconds))

0.30
seconds

0.28 seconds

0.22
seconds

0.35 seconds

0.22 seconds

Fault Tolerance
(Percentage)

97.8%

98.5%

99.0%

98.0%

99.5%

The table2 contrasts the effectiveness of several neuromorphic computing techniques for
medical applications. Measures like energy efficiency, processing speed, accuracy, scalability,
resource utilization, reliability, throughput, adaptability, and fault tolerance are among them.
Though it has a larger latency, Method 1 (SNN) is more energy efficient, and Method 2
(Memristor) provides superior resource usage. Accuracy and flexibility are highest using
Method 3 (Optimization). The most appropriate approach for extensive, real-time healthcare
networks is the Combined Method, which strikes a balance between processing speed, fault
tolerance, and energy economy. For practical healthcare applications, the advantages and
disadvantages of each approach are assessed.
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Figure3: Comparison of Energy Efficiency and Processing Speed across Different
Methods in Neuromorphic Computing

Energy Efficiency (measured in milliwatts per spike/operation) and Processing Speed / Latency
(measured in milliseconds) are the two main metrics that are being compared in this figure3,
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as indicated by the title. The graph contrasts these metrics between various Neuromorphic
Computing approaches or strategies. It is simple to compare these two important performance
metrics visually in the context of different techniques or approaches since the orange bars stand
for Processing Speed/Latency and the blue bars for Energy Efficiency.

120.00%

o 100.00%
& 80.00%
§ 60.00%
E 40.00%

20.00% I 11|
0.00%
Accuracy / Precision Resource Utilization Reliability and
(Percentage) (Memory usage (MB), Robustness (System
CPU usage (%)) uptime (%))
Metrics
m Bale et al. (2021) ® Dhasarathan et al. (2021)
Luo et al. (2020) ® Proposed Method

Takano & Kohno (2020)

Figure 4: Performance Comparison of Key Metrics Across Different Methods in
Neuromorphic Computing for Healthcare

The figure4 contrasts four distinct approaches in terms of three important performance metrics
are accuracy/precision (percentage), resource utilization (memory and CPU consumption), and
reliability and robustness (system uptime). With an accuracy range of 88.7% to 93%, one
approach performs somewhat better than the others, and the method with the highest accuracy
stands out the most. Accuracy and precision are expressed as percentages. Memory
consumption (MB) and CPU usage (%) are included in Resource Utilization, which shows how
these resources are balanced throughout the techniques. A lower resource usage indicates
greater efficiency. System uptime percentages, which measure robustness and reliability,
reveal that one approach routinely outperforms the others, reaching levels near 99%,
demonstrating higher reliability.

4.Conclusion

Improved scalability, fast data processing, and lower energy usage are just a few benefits of
integrating neuromorphic and bio-inspired computing into healthcare networks. While resource
management is improved by bio-inspired optimization algorithms, healthcare applications are
made more accurate and efficient through the use of memristor-based systems and Spiking
Neural Networks. Healthcare systems could be revolutionized by these technologies, despite
obstacles including hardware constraints and the need for improved algorithms. By
guaranteeing that they are both energy-efficient and able to give prompt, individualized patient
care, the suggested approaches offer a balanced approach to satisfying the expanding demands
of intelligent healthcare networks. To increase the systems' suitability for use in actual
healthcare environments, future research should concentrate on resolving existing hardware
limitations and creating lighter, more effective algorithms.
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