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Abstract 

The introduction of IoT Solutions to healthcare is quickly shifting the way we treat 

medically. Through IoT technologies, health systems have evolved into systems allowing for 

continuous monitoring of patients from anywhere in the world. Patients' data can be 

transmitted in real-time to their providers, resulting in improved clinical decision-making. 

This research evaluates the engineering aspect of IoT-enabled medical devices, specifically: 

the design of embedded systems; the architecture of sensors; the effectiveness of 

communications; and the performance at the edge of devices (i.e., optimization). Using a 

secondary-source analytical approach, this study will synthesize literature, technical 

frameworks and peer-reviewed journal articles to evaluate important engineering difficulties 

and limitations at the system level. 

The paper discusses the integration of embedded electronics with biosensors. It discusses 

signal conditioning, low power circuit design, and hardware reliability. Its discussion 

includes evaluations of the wireless communication channels and the issues of latency and 

bandwidth with respect to real-time healthcare delivery. The role of edge; computing is 

critically analyzed as a support layer which increases the responsiveness of the system, 

reduces communication overhead, and allows for efficient data processing at the device level. 

Also discussed are security and privacy issues, as well as scalability challenges in the Indian 

healthcare environment. 

There is a proposed an Edge-Assisted Embedded Optimization Framework which addresses 

the latency-security-power trade-off through local analytics, adaptive communication and 

performance control via feedback. The results of the study show that embedding optimised 

embedded design with edge computing creates higher efficiencies, greater reliability, and 

increased scalability for any internet based health systems. This study has provided 

invaluable information for creating cost effective, secure and high performance Medical 

Devices that can be utilized in a variety of healthcare infrastructure types. 

Keywords: IoT healthcare, embedded systems, edge computing, medical devices, wireless 

communication 
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1. INTRODUCTION 

The implementation of the Internet of Things (IoT) technology in our health care system has 

changed the way we provide and monitor medical services. The addition of IoT medical 

devices, like wearable sensors, implantable devices and remote monitoring systems, now 

allows for the ongoing collection and transmitting of physiological data from patients 

including heart rate, glucose level, blood pressure and body temperature. This data is 

transferred via interconnected networks that allow for real-time communication between 

patients and their health care providers and also provides access to cloud-based analytical 

platforms. This evolution has moved health care delivery models from being reactive to 

proactive and preventive (Abdulmalek et al., 2022). 

Medical devices that incorporate the Internet of Things represent an engineering challenge 

because they are composed of multiple individual elements including electronics, wireless 

communication, electronic data processing, and a connection to the cloud. Medical devices 

need to work properly under very strict medical conditions. Therefore, all electronic devices 

used in a medical setting must be designed to work properly while maintaining high 

reliability, excellent accuracy, low power consumption, and excellent security. The 

expanding burden of chronic illness, an increasingly elderly population, and the rising need 

for remote patient care have resulted in increased adoption of IoT-enabled devices globally, 

particularly in developing nations such as India (Mamdiwar et al., 2021). 

The principles of Electronics Engineering, including Embedded System Design, Sensor 

Technology, Low-Power Circuit Design, and Communications Engineering, form the basis of 

the Design and Operation of IoT Medical Devices. Embedded Systems are the backbone of 

all IoT devices; a Microcontroller or SoC architecture will receive data from the Sensor and 

execute the functions of the Device. Embedded Systems must be designed for real-time 

performance with minimal use of power. Sensor Technology is critical to measuring and 

collecting accurate biomedical signals. Advanced biosensors can detect very small changes in 

a person's physiology; the performance of these devices is based on the Signal Conditioning, 

Noise Reduction, and Calibration of the devices. Low-Power Wireless Communication 

Protocols, such as Bluetooth Low Energy (BLE) and Zigbee, are essential for continued 

transmission of Data without excessive energy use (Haghi et al., 2017). 

Additionally, another important consideration is the implementation of edge computing that 

processes data within proximity of the end-user device as opposed to depending on a cloud 

computing infrastructure to process all the information. As a result, latency is reduced, 

response times improve and the overall reliability of the system increases; this has particular 

implications for emergency healthcare applications. For this reason, IoT healthcare systems 

embody the intersection of multiple disciplines, including embedded electronic components, 

communication systems, and intelligent methods of data processing (Rancea et al., 2024). 

Rapid digital technology advancements have made many new trends in the Internet of Things 

(IoT) in healthcare possible. The biggest trend has been remote continuous monitoring of a 

patient’s health by health care professionals via remote patient monitoring (RPM) systems, 
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which allow a physician to monitor a patient’s health status in real time without a direct visit 

to the physician's office. RPM systems have proved particularly valuable during worldwide 

health-related crises, where reducing the opportunity for close contact events is paramount. 

Another current trend is the growing use of wearable health devices due to their ability to 

continuously monitor patients and provide early diagnosis of medical issues. Examples of 

wearable health devices include smartwatches, fitness trackers, and biosensor patches, all of 

which are equipped with advanced sensors and wireless connectivity and have become an 

integral part of modern healthcare (Mamdiwar et al., 2021). 

There is also an increasing trend toward the integration of edge computing into healthcare 

IoT systems. Edge-enabled architectures allow data processing at the device or gateway 

levels (instead of solely in cloud systems), which enables faster decision-making and reduces 

the burden on centralized cloud systems. In addition to this, there is an increasing emphasis 

on the use of secure connected devices, which include encryption, authentication and data 

integrity mechanisms to safeguard sensitive medical information (Singh & Chatterjee, 2023). 

Abdulmalek et al. (2022) conducted a comprehensive review of IoT-based healthcare 

monitoring systems with the aim of evaluating their role in improving quality of life. This 

study used a systematic review of the literature to examine a broad range of IoT architectures 

and applications. It was found that IoT can help with real-time monitoring of patient data, 

decrease the number of times a patient has to go to the hospital, and improve preventive 

healthcare. The study also found that security, privacy, and quality-of-service issues were the 

biggest challenges faced by IoT. It was concluded that there is a great deal of promise for 

IoT; therefore, we must create models of reliable system architecture and effective security 

frameworks to effectively implement IoT systems. 

Mamdiwar et al. (2021) focused on IoT-assisted wearable sensor systems and aimed to 

analyze recent technological advancements in healthcare monitoring. A comprehensive 

review of existing structures, systems and methodologies was used to examine existing 

architectures, communications technology as well as applications. It was determined through 

the study that the use of wearable devices has improved patient engagement as well as 

provided for continuous monitoring; however, obstacles exist in the form of energy use and 

interoperability. It was concluded by the authors that future initiatives will require 

optimization of system architecture and improvements in communications protocols. 

Haghi et al. (2017) examined wearable devices in the Medical Internet of Things from both 

scientific and commercial perspectives. A review-based methodology was utilized to conduct 

an examination of device architectures, sensor technologies, and application frameworks. 

Results indicated that improvements in semiconductor technology and miniaturization of 

sensors have had a significant impact on performance of the devices. This last point led to the 

conclusion that more research needs to be done to increase the reliability and integration of 

these devices. 
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Mohamad Jawad et al. (2022) conducted a systematic review to explore the enabling factors, 

challenges, and recommendations for IoT in healthcare. The research pointed out that IoT 

offers instant data transfer and enables patient-oriented services while also encountering 

difficulties with its incorporation into care delivery (e.g., integrating devices from different 

manufacturers). These authors determined that to further increase the use of IoT in the 

healthcare sector, there needs to be consistency in terms of the types of systems used as well 

as improvement to the overall integration of the various systems. 

Rancea et al. (2024) analyzed the role of edge computing in healthcare IoT systems using a 

PRISMA-based methodology. The research determined that the use of edge computing will 

help with reduced latency, data privacy, and improving overall efficiency by performing the 

computations necessary to process data on-location instead of in a central location. Yet, 

difficulties related to coordination and security for distributed systems have been shown as 

well. The research suggests that using edge-enabled architectures will be important for future 

systems in the healthcare industry. 

Despite the significant amount of research available regarding IoT systems for healthcare, 

there are still many areas where there is not yet enough work done to fill existing gaps. Much 

of the current literature on these types of systems mainly focuses on general system 

architectures and applications; however, it does not adequately address optimizing the 

devices themselves from an electronics engineering perspective. Furthermore, there has not 

been much literature published discussing power-efficient design of embedded systems and 

how that affects performance after long periods of use. In addition to this, the integration of 

edge computing technologies into embedded medical devices has not yet been thoroughly 

researched, especially when looking towards new systems in the healthcare industry. 

There also exists an additional significant gap that is seen through the lack of region-specific 

research into healthcare and IoT deployment within a developing country like India where the 

lack of infrastructure for service delivery due to constraints and costs continues to negatively 

impact IoT implementations. Finally, studies examining either technical performance or 

practical scalability do not generally consider both as a unified body of knowledge, which 

can cause a misalignment between what has been developed theoretically v what will exist 

once implemented in the physical world. 

This study highlights the problem of the inefficiency of power consumption, latency, 

reliability of communication, and scalability of IoT (Internet of Things) medical devices as 

the primary research issue, which limits the use of IoT healthcare systems due to their 

technical shortcomings (especially in resource-constrained settings). To tackle these issues 

requires an integrated engineering approach which, through the optimization of device 

design, communication protocol, and system architecture will reduce the barriers for 

implementing IoT healthcare systems. 

In this paper, the performance efficiency of IoT-enabled medical devices will be researched 

from an Electronics Engineering perspective through a focused literature analysis which will 

assess the design of embedded systems, sensor integration, communication methods, and 
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edge computing architecture. Further, the research will identify what are the key engineering 

challenges to the performance and scalability of IoT-enabled medical devices and propose an 

optimized conceptual framework to increase the efficiency, reliability, and adaptability of IoT 

healthcare systems in developing healthcare settings. 

The methodology of this research is secondary-source analytical; the data was obtained 

through the analysis of peer-reviewed journals, open-access, scientific journals that have 

published content on IoT healthcare systems, embedded electronics, and edge computing as 

well as from credible sources found on the internet. A systematic literature review approach 

was used to identify the key themes in relation to performance of devices, system 

architecture, and communication efficiency. 

The literature obtained was reviewed using thematic analysis procedures; there were many 

common themes in the collected articles identified and categorized according to four major 

domains: (1) Embedded System Design; (2) Sensor Technologies; (3) Communication 

Protocols; (4) Edge Computing Integration. Furthermore, comparative analysis was utilized 

to also compare various architecture of those systems and determine common problems and 

limitations. The developed conceptual framework is based on the findings of the literature 

review; this framework was specifically developed to help resolve the identified gaps in 

research and likely improve overall performance of IoT medical devices. 

2. EMBEDDED ELECTRONICS AND SENSOR ARCHITECTURE IN IOT 

MEDICAL DEVICES 

Embedded Medical-Device Design and System Layers 

The multi-layered architecture of IoT-based healthcare systems provides structure for the 

integration of sensing, processing, communication, and application layers in embedded 

medical devices. At the first layer of the architecture, the sensing layer consists of biomedical 

sensors that gather physiological signals like heart rate, body temperature, and blood oxygen 

levels. The data from the sensors at the sensing layer transmits to the second layer of the 

architecture, the embedded processing layer, which uses microcontrollers or System-On-Chip 

(SoC) hardware to perform the initial data processing and control operations. 

The third layer of the multi-layered architecture is the communication layer, which consists 

of various wireless technologies (e.g., Bluetooth Low Energy (BLE), Wi-Fi, Zigbee) to 

transfer data between the embedded devices and cloud computing platforms. The last layer of 

the architecture is the application layer, which consists of data analytics tools, visualization 

dashboards, and decision-support tools used by healthcare professionals. Coordination among 

these four layers is essential in order to provide real-time monitoring of patients and reliable 

healthcare delivery (Mamdiwar et al., 2021). The design of such multi-layered systems must 

provide for scalability, interoperability, and low latency to enable functionality within the 

dynamic environment of healthcare services. 
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Biosensors, Signal Acquisition, and Data Conditioning 

Biosensors are one of the most important components of IoT medical devices and serve as the 

conversion of physiological parameters into electrical signals for data processing and 

analysis. Examples of common biosensors include electrocardiogram (ECG), 

photoplethysmography (PPG), glucose sensors, and temperature sensors; therefore, the 

accuracy of these types of sensors directly affects the reliability of a physician's diagnosis and 

patient monitoring. 

Signal acquisition is the method by which raw analog signals are captured from the human 

body; these signals are typically weak and susceptible to noise. As a result, signal 

conditioning circuit boards are used to amplify, filter, and convert the raw analog signals to 

their corresponding digital form, suitable for use by device processors. Signal integrity 

requires specific techniques for success, like analog-to-digital (ADC) conversion; noise 

filtering; and signal calibration (Haghi et al., 2017). Many advanced sensor technologies 

integrate real-time calibration and adaptive filtering technologies into their designs to 

improve measurement accuracy under variable physiological conditions. 

In addition, multiple sensors can be present in one device, allowing for multi-parameter 

monitoring and providing an overall view of a patient's health. While this capability increases 

system complexity, it also necessitates the establishment of reliable data fusion processes that 

allow for efficient processing and interpretation of the data resulting from the outputs of the 

multiple sensors. 

Power Efficiency, Miniaturization, and Hardware Reliability 

IoT medical devices, particularly wearable and implantable devices reliant on battery 

operation, must take into consideration power efficiency as a critical design factor. Low-

power microcontrollers, energy-efficient communication protocols, and efficient circuit 

designs must be utilized to maximize device life and to reduce the need for replacement, 

maintenance, and recharging. In order to minimize power consumption, duty cycling, sleep 

modes, and energy harvesting are commonly used (Abdulmalek et al., 2022). 

Modern medical devices also need to be compact, lightweight, and comfortable for long 

periods of use. The advancement of semiconductor technology and microfabrication is 

enabling the development of highly integrated circuits that provide sensing, processing, and 

communication functions in small packages. However, in the pursuit of reducing the size of 

the devices, their overall performance and/or reliability must not be sacrificed. 

Reliability of hardware is critical within healthcare applications due to the serious 

consequences of device failure. Therefore, to achieve consistent performance in a variety of 

environmental and physiological conditions, it is important to use robust design practices 

such as fault tolerance, redundancy, and appropriate testing to ensure the reliability of the 

devices. In addition, reliability is affected by the quality of materials used, the stability of the 

circuits, and the level of external interference. 
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Electronics-Level Constraints in Continuous Healthcare Monitoring 

While there have been advances made with technology, there are still many limitations with 

the technology used for continuous healthcare monitoring via IoT medical devices, especially 

at the electronics level. The largest limitation regarding performance capabilities of IoT 

medical devices is not only the limited capacity of batteries; but this restricts how long they 

can be used without recharging or replacing their batteries. The other main limitation of 

performance for IoT medical devices is that wireless communications can be a high consumer 

of power and data when the system is always transmitting data. 

Another limitation is that signals may experience significant levels of signal noise or 

interference, which can negatively impact the accuracy of the sensor by providing inaccurate 

data due to external factors (e.g., motion artifacts), electromagnetic interference, or changing 

environmental conditions (Mohamadi Jawad et al., 2022). It is therefore necessary to develop 

effective signal processing methods to ensure reliability and reliability through the use of 

effective noise-reduction techniques. 

Latency is another big issue, especially because in some applications (like when monitoring 

patients), if the data is delayed while being transmitted or delivered, then immediate help may 

not occur. Also, this creates a challenge with devices communicating between different 

companies because they have different communications protocols and standards, so this 

limits full integration of devices and through those devices to the end user. Optimizing the 

design of embedded systems, developing more efficient ways of communicating and 

developing additional and more sophisticated methods for processing signals are all keys to 

providing better performance and reliability to IoT healthcare devices. 

3. COMMUNICATION, EDGE SUPPORT, AND DEPLOYMENT EFFICIENCY 

Wireless communication pathways in medical IoT 

The core function of IoT-enabled medical devices is provided by wireless communication 

enabling the transfer of data between embedded systems with sensors and healthcare systems. 

These devices utilize multiple communication methods including Bluetooth Low Energy 

(BLE), Zigbee, Wi-Fi, and cellular communication, allowing the user advantages in power 

usage as well as distance and speed (Mamdiwar et al., 2021). 

BLE has become the most popular form of communication for wearable medical devices due 

to its minimal power usage; while Wi-Fi has become the most commonly used 

communication method for the transfer of data with hospital/clinical systems. Zigbee is used 

more frequently than the other methods for low-power, mesh-network communications 

associated with IoT-enabled medical devices.  Most importantly, the choice of a certain 

communication protocol is dependent upon the application requirement (such as, the volume 

of data and frequency of the transmission) and/or the surrounding environment. Therefore, 

within IoT-enabled medical devices, the reliability and consistency of communication are 

crucial because an interruption would impact patient monitoring and ultimately, may affect 

clinical decisions. 
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Latency, Bandwidth, and Real-Time Response in Healthcare Environments 

The performance of IoT-based healthcare systems is largely determined by two performance 

parameters: bandwidth and latency. Applications such as cardiac monitoring and emergency 

response systems require low-latency communications to ensure timely and accurate action. 

Latency dramatically impacts the effectiveness of these two types of applications, as even 

small delays in latency can lead to severe issues that may have life-or-death consequences. 

Similarly, bandwidth is equally important because it determines the amount of data that can 

be sent over the communication link. For example, in telemetry systems that utilize high-

resolution images or multi-parameter continuous monitoring, bandwidth plays a critical role. 

Cloud-based architectures that leverage a centralized data center have a tendency to introduce 

significant latency due to the physical distance between the data center and the IoT device. If 

communications are delayed, it will significantly affect timely medical intervention. 

Therefore, optimizing the communication paths and minimizing the overhead associated with 

transmitting data are both critical aspects of enhancing the responsiveness of an IoT 

healthcare system (Singh & Chatterjee, 2023). Data compression, prioritizing critical signals. 

and using adaptive bandwidth management schemes, are three methods that are becoming 

more prevalent to provide solutions to the challenges outlined above. 

Edge Computing as a Support Layer for Medical-Device Performance 

The emergence of edge computing as a paradigm shift in the field of IoT (Internet of Things) 

has created new opportunities for enhancing the performance and functionality of healthcare 

systems. In contrast to sending all data to a centralized cloud server for processing, edge 

devices can provide local analysis of the data generated at the source through preliminary 

analysis, pre-filtering of data, and localized decision-making. As a result, edge computing can 

provide a dramatic reduction in latency, conserve bandwidth usage, and improve overall 

system efficiency. Using edge computing in medical applications supports features such as 

real-time alerting capabilities, detection of anomalies, and rapid response systems that 

directly impact patient safety and are therefore critical to patient safety. Additionally, edge 

computing reduces dependence on always-on internet connectivity; hence, it is useful in 

semi-urban or rural healthcare settings. According to published research studies, architectures 

that utilize edge computing provide better system performance and reduced communication 

overhead while also enhancing data privacy through less exposure of data (Rancea et al., 

2024). 

Security and Privacy Engineering Challenges 

Privacy and security are very important factors when dealing with patient information 

anywhere. Because patient medical data is sensitive, it creates a target for cybercriminals. 

There are many different kinds of attacks that could be used against an IoT device such as an 

electronic health record; these attacks include data breaches, denials of service, and 

unauthorized access to systems. In order to secure communications between different 

devices, there are several types of cryptographic protocols, authentication mechanisms and 

hardware modules needed. 
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There are many engineering challenges that come with integrating security into devices that 

do not have enough resources. Because a patient’s electronic health record must use 

encryption, engineers may face limitations because the devices that collect and transmit 

patient information have limited processing power and consume very little energy. For this 

reason, lightweight security solutions need to be developed to ensure both the effectiveness of 

a device’s data protection and its performance. It is also critical to maintain the integrity of 

data and comply with requirements in healthcare so that patients will continue to trust IoT 

systems (Abdulmalek et al., 2022). 

Scalability Issues for Indian Healthcare Environments 

One of the most significant challenges in implementing IoT in Indian healthcare is the 

scalability of IoT healthcare solutions for the variety of geographic aspects of India. For 

instance, many Indian urban areas have better infrastructure and access to fast networks than 

semi-urban and rural areas, which may struggle with the availability of quality internet 

access, quality equipment, and cost limitations on the installation of IoT healthcare devices. 

The lack of homogeneity among healthcare facilities, along with variations in digital literacy, 

makes it difficult to implement IoT healthcare solutions at scale. To implement IoT 

healthcare devices across India's vast landscape of varying environmental conditions and 

different network capabilities requires that IoT healthcare devices meet specific design 

standards, and solution providers should provide low-cost and adaptable architectures to their 

solutions to encourage wide-spread adoption. 

Another challenge with deploying these IoT healthcare devices is the need for interoperability 

with other manufacturers/devices in order to enable a distributed deployment. Standard 

communication protocols and standard system interfaces will help facilitate the integration of 

devices and support the effectiveness of the overall system. Overall, a combination of 

engineering innovation, government policy support, and infrastructure development are all 

vital for addressing the challenges of applying IoT to the provision of healthcare in India 

(Mohamad Jawad et al., 2022). 

4. PROPOSED MODEL: EDGE-ASSISTED EMBEDDED MEDICAL DEVICE 

OPTIMIZATION FRAMEWORK 

The Edge-assisted embedded medical device optimization framework has been developed to 

improve performance, reliability and scalability of IoT-based healthcare systems by 

incorporating enhanced edge computing capabilities to improve the functioning of embedded 

electronic components. This model is aimed at optimising three key areas: data processing, 

communication efficiency and energy consumption through the use of secure real-time health 

monitoring. The framework introduces a multi-layered architecture that distributes 

computational tasks across both device level and edge level components. Therefore, reducing 

the dependency on centralised cloud systems and improving overall system responsiveness. 

Figure 1: Edge-Assisted Embedded Medical Device Optimization Framework 
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The input layer of sensing is made up of biomedical devices which are continuously 

measuring physiological characteristics (in this case: heart rate, oxygen saturation, body 

temperature). These sensors send their unprocessed analog output to the embedded 

computing element. 

The embedded computing portion of the device is the primary processing facility for these 

sensor inputs through the process of signal conditioning, conversion from analog to digital, 

and some initial processing of the signals. The embedded device will produce an accurate 

representation of the sensor output while minimizing power requirements. 
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The local data analytics portion of the device will be responsible for performing the first level 

of analysis on the data at the device. This portion determines if any of the data contain 

anomalies, eliminates duplicate pieces of information, and ranks the severity level of the 

information; thus minimizing the amount of data that needs to be transmitted. 

The adaptive transmission component of the device will select based on network 

environment, priority of data, and available power, the most appropriate communication 

protocol to use; thus providing the most reliable and efficient method of transmitting data. 

There is a middle layer in the Edge Gateway that aggregates data from many devices and 

does advanced analytic functions and reduces latency and enables real-time decision-making 

before the data is sent to the cloud. 

There is a Clinician Dashboard at the application layer which allows clinicians to see 

processed data, receive alerts, and make informed decisions. 

The Security layer of all components ensures the confidentiality, integrity and authenticity of 

data. It provides encryption services, secure authentication protocols and access control 

systems to protect sensitive medical information from unauthorized access. 

The Performance Control Loop is a feedback mechanism continuously monitoring 

performance parameters such as latency, power consumption and communication efficiency. 

Based on real-time feedback, the Loop adjusts the operational parameters dynamically (data 

transmission frequency, processing load distribution, and energy use). This adaptive method 

enables the best performance of the system under different application conditions. 

One of the biggest challenges facing IoT healthcare systems is balancing latency, security and 

power consumption. Implementing a high level of security requires additional processing 

which means higher power usage and higher latency. Similarly, reducing latency by 

constantly transmitting data uses a lot of battery life. 

This proposed architecture models a trade-off between reliability and latency by distributing 

computer processes to the embedded layer and edge layers. It processes time-sensitive data at 

the embedded or edge layer to reduce latency. It also provides optimized security 

functionality using lightweight encryption methods to reduce computational overhead and is 

designed to transmit only necessary data through the adaptive transmission module to 

conserve energy. This integrated architecture achieves a balance between performance, 

security, and energy efficiency by providing systems with an efficient way to do so. 

This proposed framework is designed for the healthcare environment in India, where there is 

variability in the infrastructure and limited resources available for healthcare systems. 

Incorporating edge computing reduces the reliance on fast network connectivity in semi-

urban and rural healthcare delivery environments. Additionally, the energy-efficient design of 

this framework allows for long-term operation of wearable and portable devices, reducing the 

cost of operation. 
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In addition, the modular architecture of the proposed framework supports easy integration 

with existing healthcare systems, as well as scalability across regions. The adaptive 

communications and processing mechanisms will allow the system to operate effectively and 

efficiently under a variety of conditions, making it an ideal solution for large-scale 

implementations. Therefore, this framework provides a strong foundation for enhancing 

accessibility, efficiency, and reliability of healthcare in new, evolving healthcare ecosystems. 

5. CONCLUSION AND RECOMMENDATIONS 

Researchers investigated how adding embedded electronic circuits and communication 

structures can improve the effectiveness of IoT-enabled healthcare devices. They studied 

each of the layers in building an IoT-enabled healthcare device and how using layered 

architectures - such as sensor units, embedded controllers and communications modules - 

contribute to the implementation of real-time patient monitoring in a hospital environment. 

Researchers also looked at how biosensors; signal conditioning; and low power embedded 

design affect the ability to capture continuous and accurate physiological information. 

Overall, researchers found that the efficacy of a system is determined primarily by the way 

hardware components are integrated and optimized to process data. 

Further, the researchers identified numerous challenges that are faced in the implementation 

of IoT-based healthcare solutions, namely, delays in communications, limitations in the 

available bandwidth and reliability of systems when deployed in a healthcare environment. 

They assessed the functionality of edge computing and found that edge computing reduces 

data transmission latency and improves the responsiveness of a system by processing data 

locally. Researchers also found that the greatest challenges preventing widespread 

deployment of IoT-based healthcare solutions relate to data security, privacy, interoperability 

of devices and mobility. 

To overcome these difficulties, researchers created a proposed Edge-Assisted Embedded 

Medical Device Optimization Framework that incorporates edge processing, adaptive 

communication, and performance control based on feedback to enhance the overall efficiency 

of the system. The results indicate that this framework is applicable in healthcare 

environments with limited infrastructure and cost constraints. The study provides evidence 

that optimized electronics design and distributed computing techniques are important for 

enabling scalable and dependable IoT healthcare systems. 

Future designs of IoT medical devices should give priority to ultra-low-power embedded 

systems for improving system reliability and performance. Using energy-efficient 

microcontrollers and optimized circuit architectures will increase the usable life of the device 

and decrease the need for maintenance. Additionally, designers should use advanced signal 

conditioning methods such as noise filtering and calibration methods to increase the accuracy 

of sensors. 

Miniaturization of components will not impair system performance, and will also keep 

devices small and comfortable for continuous use. Furthermore, the inclusion of edge 
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processing capabilities in devices will reduce the need for external systems, as well as 

enhance real-time responsiveness. A modular design approach will allow for easy upgrades, 

maintenance and scalability. Reliable and fault-tolerant hardware systems must be developed 

to promote the continued operation of IoT healthcare systems within a wide range of 

environmental conditions. 

The secure deployment of IoT healthcare systems relies on establishing a comprehensive 

security framework addressing confidentiality, integrity and availability of data. Embedded 

devices should implement lightweight encryption algorithms for data protection and avoid 

significantly increasing computational overhead. Multi-level authentication mechanisms 

should be utilised to limit access to medical data and systems from unauthorised parties. 

Interoperability among different manufacturers’ devices requires standardization through the 

use of common communication protocols and data formats to enable smooth integration and 

increase overall system efficiency. The establishment of regulatory standards will help ensure 

compliance with data protection requirements, improve the reliability of devices, and create 

benchmarks for device performance and safety. Additionally, healthcare organizations must 

invest in the development of infrastructure to enable large-scale deployments of IoT-based 

systems, including secure networks and dependable means of communication. Lastly, 

healthcare professionals should receive training to improve their technical abilities to 

effectively use IoT-based systems. 

Finally, researchers should continue to focus their efforts on the development of new eco-

friendly, low-power electronic components to allow for continual monitoring without 

replacing batteries on a frequent basis; this will require the study of energy harvesting sources 

like solar and kinetic energy, both of which would be viable sources of renewable energy for 

wearable and implantable devices. 

Future research on edge computing architecture will also require special attention to 

distributed computation and real-time decision-making capabilities. Artificial intelligence can 

be integrated with embedded systems, which will allow for enhanced data analytics and 

predictive healthcare applications.   

Another important area of future research is the creation of secure hardware architectures that 

can offer built-in protection against cybercrime.  Developing new materials, as well as 

manufacturing techniques, for miniaturised sensors and circuits can contribute to 

performance improvements in devices. Lastly, region-specific studies are needed for effective 

deployment of IoT-based healthcare systems in different environments. 

 This research is essential to developing tailored solutions as well as bridging the gap 

between both theoretical progress and practical implementation of IoT-enabled medical 

devices, which are expected to be affordable, effective, and maintainable across many 

different healthcare environments. 
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