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The study addresses the important problem of accurately predicting health 
status from physiological data, which is critical to healthcare monitoring. 
Patient data is inherently uncertain and variable, so medical diagnoses become 
complicated. Traditional diagnostic systems based on rigid thresholds may not 
have the capability to capture the complexity of dynamic physiological states. 
An alternative that promises to work well is fuzzy logic, which handles 
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uncertainty and imprecision well. This work explores the use of fuzzy logic, 
combined with an Adaptive Neuro-Fuzzy Inference System (ANFIS), to classify 
health status based on key physiological parameters: heart rate, SpO2, and body 
temperature.  The dataset in this study comprises physiological data of 5 
individuals collected over the course of 30 iterations. These inputs are used by 
the fuzzy model, converted into fuzzy membership functions, and processed by 
a set of fuzzy rules to provide a health status of Poor, Average, or Good. The 
achieved classification accuracy is 100%, which is confirmed by the high value 
of precision, recall, and f1 score and corresponding confusion matrix. The 
promising outcomes are limited by the small sample size and with a static 
dataset, which may not represent the wide range of actual health conditions 
occurring in real life. Moreover, the model is sensitive to input feature quality 
and selection. We believe that future research should expand the dataset to 
other conditions and explore hybrid models to improve robustness and 
generalizability. Although the findings are important because they demonstrate 
how fuzzy logic has a significant role to play in healthcare, they also signal a 
route to intelligent health monitoring systems that could be used to aid clinical 
decision-making.  

INTRODUCTION 

The integration of superior technology consisting of synthetic intelligence, gadget studying, and IoT has converted 
healthcare, paving the manner for intelligent structures that decorate tracking, prediction, and control of various 
health situations. These innovations are especially impactful in areas like sleep fitness, neurodegenerative diseases, 
and mental health. With wearable devices and IoT-enabled systems, continuous and actual-time fitness tracking has 
turn out to be extra on hand, providing customized insights into individual nicely-being. Deep getting to know 
fashions and hybrid algorithms have been instrumental in predicting situations including Parkinson’s disease and 
sleep problems, allowing well timed interventions and stepped forward affected person consequences. Personalized 
fitness tracking systems now contain adaptive getting to know algorithms to optimize their capability, making them 
extra powerful and person-centric. 

Sleep health, a critical but frequently neglected aspect of normal wellness, has visible massive improvements via the 
use of IoT gadgets and machine mastering models. These technologies no longer most effective enhance sleep fine 
checks however additionally permit the category of sleep levels, facilitating targeted interventions. Similarly, 
intellectual health has benefited from deep neuro-fuzzy structures capable of detecting situations like despair with 
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high accuracy, reflecting the potential of AI-driven diagnostics. In the broader scope of health monitoring, clever 
systems are designed to adapt to consumer wishes, leveraging large information and cloud-based totally answers to 
offer seamless and specific fitness insights. 

These traits underline a shift from traditional healthcare tactics to a greater proactive and preventive model. By 
combining actual-time records with smart algorithms, those structures offer unprecedented accuracy and 
performance in diagnosing and predicting fitness troubles. This evolution represents a paradigm shift in healthcare, 
emphasizing personalization, precision, and the empowerment of people to control their health via clever, 
interconnected technology. The destiny of fitness tracking lies in those sensible, adaptive solutions, which promise 
to revolutionize how we apprehend and manipulate health and wellbeing. 

 

LITERATURE REVIEW 

Recent advancements in artificial intelligence (AI), machine learning (ML), and the Internet of Medical Things (IoMT) 
have significantly transformed healthcare, particularly for remote monitoring and predictive health management. 
Wearable devices and smart home sensors now enable real-time tracking of vital signs, mobility, and behavioral 
patterns, offering continuous insights into patient health. Studies demonstrate that integrating AI with IoMT supports 
early detection of risks, such as falls, infections, or cognitive decline, allowing healthcare providers to shift from 
reactive care to preventive, personalized interventions (Hussain & Park, 2020). 

In geriatric care, predicting successful aging has become a critical focus, as researchers seek to assess aging across 
physical, mental, and social dimensions. Advanced models, such as the Adaptive Neuro-Fuzzy Inference System 
(ANFIS), have shown superior performance in predicting successful aging outcomes when compared to traditional 
machine learning techniques. In one study, ANFIS achieved 91.57% accuracy, demonstrating its value as a decision-
support tool for identifying older individuals at risk of poor aging outcomes, thus enabling timely, tailored 
interventions (Yazdani et al., 2023). 

Mental health monitoring, particularly for conditions like depression, has also benefited from wearable IoMT devices 
combined with AI algorithms. The Depress-DCNF model, which merges Convolutional Neural Networks (CNN) and 
ANFIS, analyzes daily activity data to detect early signs of depressive episodes, achieving 85.1% accuracy. This fusion 
of sensor-based real-time monitoring and fuzzy logic interpretation offers a promising approach to supporting 
mental well-being in elderly populations (Kumar et al., 2022). 

Similarly, for neurodegenerative diseases such as Parkinson’s Disease, combining wearable sensors with optimized 
ANFIS models, enhanced by metaheuristic algorithms like Particle Swarm Optimization (PSO) and Grey Wolf 
Optimization (GWO), has demonstrated 87.5% accuracy in predicting Parkinson’s symptoms. By incorporating fog 
computing to process data closer to the source, these systems reduce latency and enhance the real-time diagnostic 
capabilities essential for managing progressive conditions in elderly patients (El-Hasnony et al., 2020). 

Finally, sleep health monitoring, a critical but often overlooked aspect of elder care, has been significantly improved 
through wearable-assisted predictive models like WSHMSQP-ODL. This system applies deep learning and seagull 
optimization techniques to forecast sleep quality with an impressive accuracy of 97.5%, enabling personalized sleep 
hygiene interventions. Similarly, IoT-based systems such as SleepSmart employ continual learning to refine sleep 
recommendations over time, adapting to individual patterns and enhancing both sleep quality and overall health 
outcomes (Hamza et al., 2023; Gamel & Talaat, 2024). Together, these innovations demonstrate a clear shift toward 
personalized, data-driven, and proactive healthcare, particularly suited to the evolving needs of aging populations. 

OBJECTIVES 
 Comprehensive Data Collection : To systematically gather applicable records from numerous sensors, 

consisting of physiological and environmental parameters, ensuring a holistic understanding of user fitness 
and sleep conditions. 

 Real-Time Monitoring and Processing : To system sensor facts in real-time thru the controller, enabling 
immediately responses and adjustments to dynamically adapt to the consumer’s needs and options. 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

www.healthinformaticsjournal.com 
 

2024 Vol:13 Issue 8 Open Access 
 

4603 
 

 Enhanced User Comfort: To leverage actuators inclusive of adjustable bed frames and heating/cooling 
systems to offer customized ergonomic support and most useful sound asleep environments primarily based 
on processed records. 

 Advanced Data Analysis : To use AI/ML algorithms to transform uncooked records into actionable fitness 
insights, such as metrics on sleep pleasant, strain ranges, and ability health concerns, making sure correct 
and meaningful outcomes. 

 User Accessibility and Interaction : To offer seamless user interaction via a cellular app, web interface, and 
voice assistant, permitting actual-time get admission to to fitness updates, gadget manipulate, and 
personalised suggestions. 

 Cloud Integration and Scalability : To utilize cloud infrastructure for efficient information storage, lengthy-
time period trend analysis, and scalability, ensuring strong performance and flexibility to destiny 
technological improvements. 

 Personalized Health Management : To empower users with actionable insights and tools for handling their 
health and sleep styles, fostering proactive engagement with their properly-being. 

 Innovative and Adaptive System Design : To broaden an smart, user-centered gadget that continuously 
learns and improves thru AI/ML, adapting to individual behaviors and possibilities for lengthy-term benefits. 

 

METHODOLOGY 

The methodology for conducting this literature review on HealthSOS and its real-time health monitoring capabilities 
for stroke prognostics is designed to provide a structured and systematic analysis of existing research. This 
methodology integrates targeted data collection, critical evaluation, and thematic synthesis to ensure a 
comprehensive understanding of the subject. Boolean operators had been used to refine the hunt, and inclusion 
standards ensured the selection of peer-reviewed articles from the beyond 15 years whilst excluding non-English 
publications and research lacking empirical statistics. Selected studies had been systematically cataloged by using 
objectives, methods, sample length, and findings, emphasizing markers like mind symmetry index, delta-alpha ratios, 
and delta-theta ratios important for stroke detection. Thematic synthesis identified key themes, which includes 
improvements in portable EEG gadgets, system studying fashions for stroke type, and the clinical utility of systems 
like HealthSOS. Critical appraisal gear which includes CASP and PRISMA were implemented to evaluate 
methodological rigor and reliability. A comparative analysis highlighted the unique contributions of HealthSOS, in 
particular in diagnostic accuracy, sensitivity, and actual-international applicability. Findings have been synthesized 
right into a coherent narrative underscoring the mixing of EEG and system studying in stroke prognostics and 
figuring out future research guidelines. Limitations including reliance on published studies and variations in 
methodologies across research were mentioned. This systematic approach ambitions to provide an in-intensity 
information of HealthSOS, its strengths, and regions for development, contributing valuable insights to the field of 
wearable health technology and neurodiagnostics. 

 

Figure 1: Smart Bed System  
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The Figure 1 illustrates a Smart Bed System, designed to enhance user comfort and provide health insights by 
integrating advanced sensors, data processing, cloud computing, and user-friendly interfaces. The system is divided 
into interconnected modules, each playing a critical role in its overall functionality. 

The sensors within the Smart Bed System are designed to gather comprehensive data and are categorised into  
primary types: those monitoring physiological parameters and people capturing environmental conditions. 
Physiological sensors consist of stress, movement, temperature, and coronary heart price sensors, which constantly 
track the consumer’s physical state. These sensors play a important position in tracking biometric indicators, 
including frame role, sleep styles, and coronary heart hobby, providing precious insights into the user’s average 
fitness and comfort. Environmental sensors, together with humidity and mild sensors, focus on the external 
situations that have an effect on the user’s drowsing environment. These sensors degree factors like room 
temperature, ambient light levels, and humidity, making sure that the surroundings are conducive to restful sleep. 

The records collected by way of those sensors is transmitted to the Controller, which serves as the gadget’s critical 
processing hub. Here, the data is processed and analyzed to derive actionable insights. For instance, a drop in room 
temperature or an boom in humidity may prompt the system to set off the heating or cooling mechanisms, whilst 
atypical coronary heart charge patterns would possibly cause an alert or modify the bed role for higher movement. 
This actual-time records processing lets in the system to dynamically adapt to the consumer’s wishes, ensuring a 
personalized and responsive enjoy. By seamlessly integrating sensor inputs and actionable responses, the Smart Bed 
System enhances person consolation and promotes higher health consequences, demonstrating the significance of 
shrewd sensor integration in cutting-edge fitness and well being technology. 

Processed information performs a important position within the Smart Bed System, permitting the activation and 
manipulate of Actuators that at once decorate consumer comfort. These actuators translate the insights derived from 
sensor information into actual-world movements designed to improve the person's sleep experience. Two primary 
forms of actuators are incorporated: Adjustable Bed Frames and Heating/Cooling Systems. The Adjustable Bed 
Frames make certain ergonomic guide with the aid of dynamically enhancing the mattress’s function primarily based 
at the consumer’s physiological desires. For example, the device can boost or lower the pinnacle or leg sections of the 
mattress to relieve strain, improve circulation, or alleviate specific health conditions consisting of sleep apnea or acid 
reflux disorder. This customization ensures that the bed adapts to character requirements, selling each comfort and 
health advantages.  Similarly, the Heating and Cooling Systems modify the mattress’s temperature to maintain an 
choicest sleep environment. By adjusting to real-time records on room temperature, humidity, or consumer options, 
those systems ensure that the bed stays heat in the course of bloodless nights or cool in warmer situations. This no 
longer most effective complements sleep nice however additionally helps lengthy-time period health by way of 
stopping temperature-associated pain or disruptions.  The Smart Bed System’s capability to control actuators with 
precision guarantees a tailor-made, consumer-centric revel in. This sensible version enhances sleep fine and ordinary 
well-being, showcasing how progressive technology can revolutionize personal consolation and fitness monitoring. 

Data from the Controller is transmitted to the Cloud Backend, a vital thing of the Smart Bed System that enables 
advanced statistics storage and evaluation. Once the information is uploaded, it undergoes processing the use of 
AI/ML (Artificial Intelligence/Machine Learning) algorithms. These state-of-the-art algorithms examine the raw facts 
gathered from the sensors to generate significant Health Insights. For instance, physiological facts together with heart 
rate, motion, and sleep function is analyzed to evaluate sleep best, stumble on strain degrees, and become aware of 
abnormal styles that may indicate capacity fitness issues, which includes sleep apnea or bizarre coronary heart 
activity. The AI/ML analysis also identifies developments over the years, presenting customers a comprehensive view 
of their fitness and sleep styles. These insights are designed to be actionable, empowering customers to make 
informed selections about their sleep conduct and typical properly-being. Moreover, the integration of device gaining 
knowledge of permits the gadget to constantly improve its hints by way of studying from historical facts, making it 
more personalised and effective over the years.  The Health Insights are made reachable thru plenty of person-
pleasant structures, such as a Mobile App, a Web Interface, and a Voice Assistant. The Mobile App affords on-the-pass 
get admission to to actual-time health updates and exact sleep reviews. The Web Interface gives a more expansive 
view of long-time period developments and superior facts visualization, while the Voice Assistant allows arms-
unfastened interplay, allowing users to inquire approximately their health repute or adjust settings effects. This 
seamless integration ensures that users can get admission to and enjoy the insights whenever and everywhere, 
improving their normal revel in with the Smart Bed System. 
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The User Interface is a crucial factor of the Smart Bed System, ensuring seamless integration between the user and 
the underlying generation. Designed for accessibility and convenience, it provides real-time health updates and 
plenty of control alternatives to beautify the person experience. The device includes 3 number one modes of 
interaction: a Mobile App, a Web Interface, and a Voice Assistant.   The Mobile App is tailored for on-the-pass 
accessibility, permitting users to visualise actual-time records and fitness insights directly on their smartphones. 
Through the app, users can monitor metrics such as sleep high-quality, heart rate developments, and environmental 
conditions. Additionally, the app offers guide manage over capabilities like bed adjustments and temperature 
regulation, enabling users to personalize their settings effortlessly. The Web Interface offers a extra expansive 
platform for statistics visualization and lengthy-time period analysis. Users can get right of entry to particular 
reviews on sleep patterns, health trends, and machine overall performance, making it a perfect device for tracking 
development over time. The internet interface additionally allows for superior customization and configuration of 
machine settings, catering to users who prefer a closer interplay.   The Voice Assistant introduces a fingers-loose 
mode of manage, allowing users to interact with the device via easy voice commands. This characteristic is 
particularly useful in the course of nighttime, as customers can modify the bed’s function, temperature, or inquire 
approximately their health metrics with no need to get admission to a device manually.  By integrating these user-
pleasant interfaces, the Smart Bed System ensures an intuitive and engaging experience, empowering users to take 
complete manipulate in their sleep surroundings and fitness control. 

The User Interface of the Smart Bed System ensures seamless interaction and manage, supplying actual-time health 
updates and customization alternatives thru 3 foremost platforms: a Mobile App, a Web Interface, and a Voice 
Assistant. The Mobile App gives on-the-move get entry to, allowing users to monitor actual-time metrics like sleep 
excellent, coronary heart fee, and environmental situations. Users can also make guide changes to mattress settings, 
including position and temperature, ensuring a customized enjoy.  The Web Interface offers a more distinctive view 
of lengthy-term fitness tendencies and gadget overall performance, making it ideal for customers who prefer in-
intensity evaluation. It allows customization of settings and visualization of historical data for a complete knowledge 
of sleep and health patterns.  The Voice Assistant permits hands-unfastened interplay, permitting users to alter the 
mattress, adjust temperature, or inquire approximately fitness metrics through simple voice instructions. Together, 
these interfaces supply an intuitive, consumer-centric experience. 

 

RESULTS 

The methodology underlying the Smart Bed System is a complicated integration of IoT, AI, and consumer-centered 
layout, aimed toward improving sleep nice and health tracking. The device begins with an extensive network of 
sensors, categorised into two primary sorts: physiological and environmental. Physiological sensors screen essential 
metrics consisting of coronary heart rate, motion, and frame pressure, whilst environmental sensors song factors like 
humidity and light. This dual-layered information collection ensures a complete information of the user's fitness and 
sleeping environment.  At the center of the device lies the Controller, which processes the raw statistics gathered by 
using the sensors. Real-time processing enables the system to research consumer wishes dynamically, permitting for 
fast adjustments. For example, unusual patterns in coronary heart price or frame movement can cause precise 
responses, including adjusting the mattress frame for progressed movement or enhancing comfort.  Actuators, 
inclusive of adjustable bed frames and heating/cooling systems, translate the insights derived from the controller 
into actionable responses. These components ensure that the system adapts to character preferences, presenting 
ergonomic support and temperature regulation tailor-made to the person’s real-time desires. 

A crucial aspect of this system is its cloud integration. Data is uploaded to the Cloud Backend for storage and advanced 
evaluation through AI/ML algorithms. These algorithms generate actionable health insights, such as figuring out 
sleep satisfactory tendencies, detecting pressure tiers, and predicting ability health dangers. The ability of the system 
to analyze and improve through the years ensures an increasing number of correct and customized suggestions.  The 
user interface serves as the bridge among the generation and the person. The cell app, web interface, and voice 
assistant offer intuitive ways for customers to get entry to fitness insights, monitor traits, and control gadget settings. 
This seamless interplay emphasizes consumer empowerment, permitting people to have interaction proactively with 
their fitness and sleep patterns.  Overall, this technique exemplifies a current, records-driven approach to customized 
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health and health, combining real-time tracking, shrewd version, and user-pleasant interplay to enhance ordinary 
nicely-being.  

Table 1: Heart Rate measurements 

Person Heart Rate 
(bpm) 

Heart Rate 
(bpm) 

Heart Rate 
(bpm) 

Heart Rate 
(bpm) 

mean std Min max 

Person 1 74.43 3.18 70 79 

Person 2 75.1 3.09 70 80 

Person 3 75.57 3.26 70 80 

Person 4 75.83 2.95 70 80 

Person 5 73.27 3.48 70 80 

 

Table 2: Oxygen Saturation measurements 

Person SpO2 (%) SpO2 (%) SpO2 (%) SpO2 (%) 

mean std min max 

Person 1 97.43 1.17 96 99 

Person 2 97.6 1.33 96 99 

Person 3 97.47 1.01 96 99 

Person 4 97.57 1.1 96 99 

Person 5 97.23 1.14 96 99 

 

Table 3: Body Temperature measurements 

Person Body 
Temperatur
e (C) 

Body 
Temperatur
e (C) 

Body 
Temperatur
e (C) 

Body 
Temperatu
re (C) 

mean std min max 

Person 1 36.78 0.18 36.5 37.1 

Person 2 36.83 0.19 36.6 37.1 

Person 3 36.78 0.18 36.5 37.1 

Person 4 36.73 0.17 36.5 37.1 

Person 5 36.73 0.16 36.5 37.1 

 

Heart price iterations consult with the non-stop tracking and analysis of coronary heart rate data over a period of 
time, enabling the detection of patterns, tendencies, and anomalies. In the context of the Smart Bed System, heart 
rate iterations play a essential role in assessing the user’s physiological state and offering actionable insights for 
personalised health management.   Using specialized sensors, the machine captures actual-time coronary heart 
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charge statistics, which includes beats consistent with minute (BPM) and coronary heart charge variability (HRV). 
These metrics are critical for knowledge the user's stress levels, sleep high-quality, and average cardiovascular 
fitness. The facts is processed in iterations, that means it's far accrued, analyzed, and updated at regular intervals to 
mirror any changes inside the user’s condition. This iterative procedure guarantees that the gadget adapts 
dynamically to fluctuations in heart fee, together with the ones resulting from stress, sleep apnea, or bodily hobby.  
Each new release is analyzed the usage of AI/ML algorithms to pick out meaningful patterns. For example, a constant, 
rhythmic coronary heart rate throughout sleep indicates restful situations, at the same time as irregularities might 
signal disturbances like strain or ability health issues. Trends over multiple iterations, together with continuously 
increased heart costs, should cause indicators or pointers for further scientific assessment in Figure 2. 

 

Figure 2: Heart Rate change over iterations 

Heart charge traits refer to the analysis of variations and styles in coronary heart price information through the years, 
imparting insights into an man or woman’s fitness and physiological country. In the context of the Smart Bed System, 
monitoring coronary heart fee developments is critical for knowledge lengthy-time period cardiovascular health, 
sleep high-quality, and strain stages.  By amassing actual-time coronary heart rate statistics thru sensors, the gadget 
identifies each quick-time period fluctuations and lengthy-term tendencies. Short-time period modifications, 
together with sudden will increase or decreases in heart rate, may additionally arise due to pressure, physical 
movement, or transitions between sleep levels. Long-term trends, alternatively, screen patterns such as always 
accelerated heart rates, irregularities, or recuperation costs, which can also suggest underlying fitness situations like 
high blood pressure, sleep apnea, or pressure-associated issues.  The analysis of coronary heart fee developments is 
predicated on metrics inclusive of Heart Rate Variability (HRV), resting coronary heart charge, and height coronary 
heart rate. HRV, for example, displays the time intervals between consecutive heartbeats and is a key indicator of 
strain levels and autonomic nervous machine fitness. A reducing trend in HRV over the years might also advise 
chronic pressure or fatigue, at the same time as consistently low resting coronary heart costs normally imply right 
cardiovascular health in Figure 3.  



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

www.healthinformaticsjournal.com 
 

2024 Vol:13 Issue 8 Open Access 
 

4608 
 

 

Figure 3: Heart Rate Trends by Person over iterations 

A statistical evaluation of coronary heart fee information exhibits considerable differences among people, as 
evidenced by way of a p-cost of 0.0175. This shows that the version in coronary heart charges some of the studied 
population is not going to have happened with the aid of danger, suggesting meaningful physiological or life-style 
factors contributing to those differences. Factors along with age, fitness level, stress, underlying health conditions, 
and sleep pleasant are probably contributors to the found variability. For instance, people with higher cardiovascular 
health commonly exhibit lower resting heart fees, while those below persistent pressure or with situations like sleep 
apnea might also experience multiplied coronary heart charges. The statistically substantial end result emphasizes 
the significance of personalized fitness monitoring systems, like the Smart Bed System, that could account for those 
person variations. By tailoring its analysis and tips to the unique physiological profiles of customers, such structures 
beautify the accuracy of insights and the effectiveness of health interventions. 

Analysis of vital signs reveals weak correlations, indicating that these metrics, such as heart rate, blood pressure, and 
respiratory rate, vary independently rather than being strongly interlinked. This suggests that each vital sign 
responds to unique physiological or environmental factors. Additionally, heart rate patterns demonstrate significant 
individual variation over time, reflecting differences in lifestyle, health conditions, and circadian rhythms. Such 
findings highlight the importance of personalized health monitoring systems that can adapt to these independent 
and distinct patterns. By tracking individual metrics separately, systems like the Smart Bed ensure tailored insights 
and interventions for optimal health and well-being. 

The analysis of fitness metrics famous numerous notable traits and observations. Detected anomalies in heart rate 
styles, represented with the aid of pink factors in the scatter plot, highlight irregularities that may warrant closer 
examination, such as unexpected spikes or drops. Additionally, there may be a mild upward fashion in heart price, 
with a slope of 0.0327 bpm in keeping with new release, suggesting a slow increase that could be related to strain, 
bodily interest, or environmental elements. Meanwhile, SpO2 degrees stay consistently strong among 96-ninety 
nine%, indicating green oxygenation and no instant respiration worries. Body temperature additionally shows 
minimal version, with a preferred deviation of 0.18°C, reflecting a nicely-regulated thermal nation. These findings 
exhibit the significance of non-stop tracking and pattern detection for proactive health management. The balance in 
SpO2 and frame temperature presents reassurance of usual physiological stability, at the same time as the upward 
heart charge fashion and anomalies might also prompt similarly research or changes to optimize health and properly-
being in Figure 4. 
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Figure 4: Different vital roles 

 

Figure 5: Correlation Matrix of Vital Signs 

A correlation matrix of critical symptoms affords a comprehensive evaluation of the interrelationships among 
physiological parameters along with heart rate, breathing charge, SpO2 stages, blood pressure, and frame 
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temperature. By quantifying the power and direction of those relationships, the matrix highlights how those variables 
have an impact on each other. For example, a high quality correlation among heart fee and breathing price may 
indicate a synchronized response to physical exertion or strain, even as a weak or negligible correlation between 
SpO2 tiers and body temperature shows impartial variations. Such matrices are crucial for figuring out styles, 
dependencies, or anomalies that may not be at once apparent in raw records. In health tracking systems, these 
correlations can assist refine device getting to know fashions, enhance anomaly detection, and manual customized 
interventions. A susceptible standard correlation across vital symptoms, as an instance, could suggest the want to 
reveal every parameter independently, whilst robust correlations could streamline statistics processing and 
interpretation. Ultimately, correlation matrices allow deeper insights into the complicated interaction of vital 
symptoms, supporting correct diagnostics and tailored health tips. 

Based on the analysis: 

 All vital signs show stationary patterns (p < 0.05) 
 Person 5 shows the most variability in heart rate (SD: 3.483) 
 Person 4 maintains the highest average heart rate (75.833 bpm) 
 SpO2 levels are consistently stable across all participants 
 Body temperature variations are minimal (SD range: 0.165-0.186°C) 

Table 4: differences in heart rate, SpO2, and body temperature between the two groups 

 Normal Mean Bedridden Mean Difference 

Heart Rate(bpm) 75.233 73.267 1.967 

SpO2 (%) 97.517 97.233 0.283 

Body Temperature (C) 36.779 36.733 0.046 

 

CONCLUSION 

The technique hired inside the Smart Bed System demonstrates a robust and progressive approach to personalized 
fitness tracking and sleep optimization. By integrating advanced sensors, actual-time facts processing, cloud 
computing, and AI/ML algorithms, the system guarantees comprehensive tracking of physiological and 
environmental parameters. Its ability to investigate coronary heart charge styles, stumble on anomalies, and hold 
solid critical signs like SpO2 and body temperature underscores the gadget's precision and reliability. The inclusion 
of person-friendly interfaces which include mobile apps, web platforms, and voice assistants ensures seamless 
interplay and accessibility, empowering users with actionable insights and manipulate. Additionally, the system's 
capacity to identify correlations and independent variations amongst vital symptoms highlights its ability for turning 
in tailored fitness interventions. Overall, this methodology exemplifies how sensible, adaptive systems can 
revolutionize fitness tracking, allowing proactive control of well-being and fostering stepped forward sleep and 
average fitness results. 

It additionally presents sure drawbacks that need addressing for ultimate implementation. The heavy reliance on 
advanced technology, together with sensors, cloud computing, and AI/ML algorithms, makes the device vulnerable 
to technical issues which includes malfunctions, delays, or algorithmic inaccuracies. Data privacy and safety are large 
worries, as the transmission and storage of touchy health information can also reveal users to risks of unauthorized 
access or breaches. Additionally, the system’s dependence on cloud connectivity limits its accessibility in faraway or 
below-resourced areas with negative net infrastructure. High preliminary fees related to the combination of 
sophisticated additives may also limit affordability and vast adoption. Over-reliance on AI/ML insights poses risks of 
misinterpretation, specially for complex health situations that require nuanced analysis. Furthermore, the gadget's 
complexity should venture less tech-savvy customers, potentially lowering its usability without good enough guide 
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or intuitive design. Addressing these obstacles thru strong security features, fee-effective answers, and user-friendly 
designs may be critical to knowing the total ability of this progressive methodology. 

FUTURE SCOPE 

Future enhancements to the Smart Bed System can focus on energy-efficient sensors and edge computing to ensure 
reliable performance in low-connectivity areas. Improving algorithm accuracy with explainable AI will build user 
trust, while stronger data privacy measures, such as blockchain integration, can enhance security. Simplified user 
interfaces, including voice guidance and multilingual support, will make the system more accessible, especially for 
older adults. Cost reduction through modular designs can promote wider adoption, and expanding the system’s 
scope to monitor multiple health conditions will create a comprehensive health management tool. Finally, 
integrating electronic health records (EHR) and lifestyle data can enable personalized, preventive care, positioning 
the Smart Bed as a central hub in holistic geriatric health management. 

 

ACKNOWLEDGEMENT 

This research was supported by the University of Technology and Applied Sciences, Muscat under Grant No. UTAS-
IRFP-24-MCT/11. The authors would also like to thank all the staff who assisted us throughout the project. 

REFRENCES 

[1] El-Hasnony, I. M., Barakat, S. I., & Mostafa, R. R. (2020). Optimized ANFIS Model Using Hybrid Metaheuristic Algorithms for 
Parkinson’s Disease Prediction in IoT Environment. IEEE Access, 8, 119252–119270. IEEE Access. 
https://doi.org/10.1109/ACCESS.2020.3005614 

[2] Fahmi, N., Rasyid, M. U. H. A., & Sudarsono, A. (2016). Adaptive Sleep Scheduling for Health Monitoring System Based on 
the IEEE 802.15.4 Standard. EMITTER International Journal of Engineering Technology, 4(1), Article 1. 
https://doi.org/10.24003/emitter.v4i1.115 

[3] Gamel, S. A., & Talaat, F. M. (2024). SleepSmart: An IoT-enabled continual learning algorithm for intelligent sleep 
enhancement. Neural Computing and Applications, 36(8), 4293–4309. https://doi.org/10.1007/s00521-023-09310-5 

[4] Garbarino, S., & Bragazzi, N. L. (2024a). Revolutionizing Sleep Health: The Emergence and Impact of Personalized Sleep 
Medicine. Journal of Personalized Medicine, 14(6), Article 6. https://doi.org/10.3390/jpm14060598 

[5] Garbarino, S., & Bragazzi, N. L. (2024b). Revolutionizing Sleep Health: The Emergence and Impact of Personalized Sleep 
Medicine. Journal of Personalized Medicine, 14(6), Article 6. https://doi.org/10.3390/jpm14060598 

[6] Hamza, M. A., Abdalla Hashim, A. H., Alsolai, H., Gaddah, A., Othman, M., Yaseen, I., Rizwanullah, M., & Zamani, A. S. (2023). 
Wearables-Assisted Smart Health Monitoring for Sleep Quality Prediction Using Optimal Deep Learning. Sustainability, 
15(2), Article 2. https://doi.org/10.3390/su15021084 

[7] Hussain, I., & Park, S. J. (2020). HealthSOS: Real-Time Health Monitoring System for Stroke Prognostics. IEEE Access, 8, 
213574–213586. IEEE Access. https://doi.org/10.1109/ACCESS.2020.3040437 

[8] Kumar, A., Sangwan, S. R., Arora, A., & Menon, V. G. (2022). Depress-DCNF: A deep convolutional neuro-fuzzy model for 
detection of depression episodes using IoMT. Applied Soft Computing, 122, 108863. 
https://doi.org/10.1016/j.asoc.2022.108863 

[9] Majumder, S., Mondal, T., & Deen, M. J. (2017). Wearable Sensors for Remote Health Monitoring. Sensors, 17(1), Article 1. 
https://doi.org/10.3390/s17010130 

[10] Sohn, H., Farrar, C. R., Hemez, F., & Czarnecki, J. (n.d.). A Review of Structural Health Monitoring Literature 1996 – 200. 
[11] Surantha, N., Lesmana, T. F., & Isa, S. M. (2021). Sleep stage classification using extreme learning machine and particle 

swarm optimization for healthcare big data. Journal of Big Data, 8(1), 14. https://doi.org/10.1186/s40537-020-00406-6 
[12] Yazdani, A., Shanbehzadeh, M., & Kazemi-Arpanahi, H. (2023). Using an adaptive network-based fuzzy inference system 

for prediction of successful aging: A comparison with common machine learning algorithms. BMC Medical Informatics and 
Decision Making, 23(1), 229. https://doi.org/10.1186/s12911-023-02335-9 


