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ABSTRACT

An Al-powered loT-based smart healthcare monitoring system for continuous monitoring of patients and
predictive analysis is presented in this research. The system gathers and processes physiological properties
including body temperature, heart rate, and SpO: by integrating wearable biomedical sensors, an ESP32
microcontroller, and cloud computing. The MQTT protocol is employed to transfer data, and Long Short-
Term Memory (LSTM) and Artificial Neural Network (ANN) models are utilized for anomaly detection
and risk prediction. Low-latency response and increased system efficiency are made possible by edge-
level preprocessing. Real-time notifications are created and communicated to caregivers when abnormal
situations occur. The results of the experiment show precise sensing, reliable communication, and efficient
anomaly detection. The proposed technique improves patient safety and early diagnosis by providing a
scalable and cost-effective remote healthcare monitoring solution.

Keywords: Artificial intelligence, wearable sensors, cloud computing, Remote Monitoring, ESP32,
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I. INTRODUCTION

In the crucial field of healthcare, technological advancements are essential for enhancing patient safety
and overall quality of life [1][2]. The rapid evolution of artificial intelligence (Al) and the Internet of
Things (IoT) in recent years has significantly transformed traditional healthcare systems into automated
and intelligent platforms [4][8][14]. By enabling real-time data collection, predictive analysis, and
continuous monitoring, these technologies improve the efficacy and effectiveness of healthcare delivery
[3][41[10].

Conventional healthcare monitoring systems primarily rely on hospital stays and routine checkups, during
which time patient information is gathered manually or by standalone medical equipment.

Critical health abnormalities might remain undetected until they reach severe stages because these
approaches, while providing essential diagnostic information, lack real-time monitoring capabilities and
fail to provide continuous insights into a patient's health condition, particularly outside of clinical
environments [6][9][10].

With the advent of loT-based healthcare systems, physiological signs including body temperature, blood
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oxygen saturation (SpO:), and heart rate can now be measured in real time utilizing embedded systems
and networked sensors [6][9]. Continuous data gathering and transmission to cloud platforms for
processing and storage is made possible by these devices [3][6][8]. Additionally, Al methods, particularly
deep learning models like Long Short-Term Memory (LSTM) networks, enhance the capacity of analyzing
time-series health data and more accurately predict potential health risks [10][13].

Despite these developments, several of challenges persist in modern healthcare systems, such as the requ
irement for scalable handling of massive health information, secure communication, and preserving priv
acy [S][11].

Home and remote monitoring systems are motivated by the fact that patients with chronic diseases need
continuous monitoring, while prolonged hospitalizations are costly and impracticable [15].This work sug
gests an Al-driven [oT-

based smart healthcare monitoring system for continuous patient supervision and predictive health analy
sis in order to overcome these constraints [10]. To enable real-time monitoring and intelligent decision-
making, the system combines biomedical sensors, embedded microcontrollers, cloud computing, and arti
ficial intelligence. Sensor data is sent to cloud platforms via effective communication protocols and anal
yzed using deep learning models for anomaly detection and risk prediction [13].

The system creates realtime alerts to inform individuals or medical experts of abnormal circumstances [3
1191.

In order to enable home healthcare, elder care, persistent disease management, and smart hospitals, the
suggested system seeks to offer a scalable, affordable, and dependable solution for remote healthcare
monitoring [6][8][15]. [oT connection and Al-driven data are used to improve overall patient outcomes,
facilitate proactive healthcare management, while enhancing early illness diagnosis [10].

II. LITERATURE REVIEW

A pandemic-era overview of IoT in healthcare is given in the study "Internet of Things (IoT) Applications
for COVID-19 Pandemic" by Javaid and Khan, which emphasizes that [oT is an emerging technology that
enables better record keeping, device integration, and support for precise treatment, particularly during
COVID-19 [13]. The review emphasizes that digitally controlled health management may significantly
improve healthcare system performance during crisis situations. The researchers identify seven major 1oT
technologies and sixteen applications relevant to pandemic care, including sensor-based monitoring to
decrease surgical risk and detect changes in critical patient parameters [13].

Similarly to this, Li et al. provide an in-depth evaluation of adoption of [oT in healthcare in their study "A
Review of IoT Applications in Healthcare," focusing on sensor technologies, communication strategies,
and practical applications [2]. The report addresses important issues including data security,
interoperability, and the most efficient use of loT-generated data while spotlighting applications like
remote patient monitoring, individualized therapy, and effective healthcare delivery [2].

Real-time patient monitoring utilizing biosensors connected with multi-hop IoT networks and cloud
platforms is covered in the research paper "Real-Time Remote Patient Monitoring: A Review of
Biosensors Integrated with Multi-Hop IoT Systems via Cloud Connectivity" by Uddin and Koo [7]. Cloud
connectivity is identified as an essential part for providing safe and scalable solutions for remote healthcare
monitoring [7]. The researchers describe systems where biosensors placed at various locations
communicate through multiple microcontrollers, forming multi-hop networks that transmit critical data to
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centralized servers. A layered loT architecture that is ideal for healthcare applications is also shown in the
paper [7].

In their pandemic-focused study, Javaid and Khan evaluate secure communication and privacy-preserving
architectures, highlighting the significance of security frameworks in IoT healthcare systems [13].
Moosavi et al. demonstrate the transition from conceptual IoT designs to scalable and safe real-world
implementations by proposing an end-to-end security architecture with authentication, authorization, and
effective DTLS-based protection for mobility-enabled healthcare IoT [12].

In their paper "IoT Based Real Time Health Monitoring System," Akash et al. present a complete system
that integrates numerous diagnostic equipment such as a thermometer, blood pressure monitor, glucometer,
pulse oximeter, heartbeat sensor, and ECG [8]. The system transmits data to cloud servers and healthcare
providers using Arduino hardware, GSM communication, and an Android application; experimental
results show high accuracy in oxygen saturation measurements and acceptable error rates for glucose
levels, proving the system's dependability and affordability [8].

II1. PROPOSED SYSTEM

To ensure to provide continuous, real-time, and predictive patient monitoring, the proposed AI-Driven [oT
Smart Healthcare System — Health Sense Services is designed as an intelligent, multi-layered healthcare
monitoring platform that utilizes wearable sensing technology, edge computing, cloud infrastructure, and
artificial intelligence. The complete operational workflow of the system is illustrated in Fig. 1, while the
detailed architectural design is presented in Fig. 2.

1. Wearable Health Device

2. Sensors Collect Body Data
(Temperature, Heart Rate, Oxygen Level, Motion)

3. Data is Sent to a Processing Unit

4. System Checks the Health Condition

o YES (Condition is Normal) 6. Normal Path: Continue
5. Condition Normal? Monitoring and Updating Data

NO (Condition is Abnormal)

7. Alert Path: Generate Alert Message
8. Get Patient Location
9. Send Alert to Caregiver or Hospital

10. End with: Display Data in
Dashboard and Store Records

Fig.1 Workflow of the Proposed System

As the main interface between the patient and the monitoring system, the system begins with a wearable
Internet of Things device [2][3]. Several biomedical sensors that can measure vital physiological
parameters including body temperature, heart rate, blood oxygen saturation (SpO-), and motion activity
are included into this medical device. Regardless of the patient's location, these sensors provide continuous
monitoring by continuously collecting real-time health data [7][13].

[JFMR260272715 Volume 8, Issue 2, March-April 2026 3



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

The system's central processing unit, an ESP32 microcontroller, captures all collected sensor data. In order
to ensure data accuracy and dependability, the system now performs data collecting and preprocessing,
which includes signal conditioning, filtering, and noise reduction. Prior to additional analysis, this
preprocessing stage is crucial for removing sensor noise along with improving data quality [9, 10].

After preprocessing, the system uses predetermined threshold-based logic to carry out edge-level
processing, which involves primary anomaly detection. As an illustration, problems like low SpO: levels,
abnormal heart rate, increased body temperature, or sudden motion changes (indicating a fall) are initially
evaluated at the device level. Even before cloud processing, this edge intelligence lowers latency and
enables the system to respond quickly to critical situations.

The processed data is transmitted to the cloud via the communication layer, employing the lightweight
MQTT protocol via Wi-Fi, as seen in Fig. 2. Because MQTT uses a publish-subscribe method, it is very
effective for Internet of Things applications with low power and bandwidth. To ensure data integrity and
secrecy during transmission, secure communication protocols like TLS are used [6][10].

[ INPUT LAYER ]
Wearable loT Device (ESP32-based Smart Vest)
Integrated Sensors

Temperature Sensor  Sp0, Sensor Heart Rate Trigger Alert System
(Body Temperature)  (Blood Oxygen Level) Sensor (Fall De(ectlon 1 Activity Momlunng)
2 e
[ DATA ACQUISITION ) LOCATION TRACKING S
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Continue Real-Time Monitoring / Pﬁ Web Dashboard + Ap| Real-time
Update Dashboard S—~— patient monitoring visualization

Fig. 2. Architectural design of the Proposed System

A centralized database is used to store the data after reaching the cloud processing layer, creating a wide
range of patient health records. Advanced data analytics, real-time access, and scalable storage are all
supplied available by the cloud platform. At present, time-series health data are analyzed using artificial
intelligence models, including Long Short-Term Memory (LSTM) networks and Artificial Neural
Networks (ANN). Based on past and current data, these models may find hidden patterns, spot
abnormalities, and forecast potential risks to health [10][11][14].

The decision block, shown in Figs. 1 and 2, is a crucial part of the system that establishes whether the
patient's status is normal or abnormal. Real-time data is refreshed on the dashboard and continuous
monitoring is continued if the system determines that all physiological parameters are within normal
thresholds.

On the other hand, the system triggers the alert decision process if any abnormal state is found. The alert
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path consists of several steps, including creating alert messages, finding the patient's location, and starting
notification processes, as seen in Fig. 1. To precisely ascertain the patient's location, the location tracking
module combines GPS capabilities with reverse geocoding methods [5].

The alert system then alerts consumers using a number of channels, including MQTT-based alert topics,
SMS, email, and mobile apps. This guarantees that guardians, medical professionals, or emergency
services are promptly informed of the patient's situation. In an emergency, the system can start an
emergency reaction, notifying doctors, hospitals, or ambulance services to take prompt action [9].
Long-term analysis and medical reference are made possible by the data logging module, which records
all sensor data, alert situations, and patient history. The dashboard interface, which offers healthcare
professionals a web-based visualization platform, is the system's last component. Making rational choices
is made easier by the dashboard's user-friendly presentation of historical patterns, alert messages, and real-
time patient data.

The integration of several levels, such as input, data collection, edge processing, communication, cloud
processing, decision-making, and application layers, ensures smooth data flow and intelligent system
operation, as shown in Fig. 2. [oT connectivity and Al-driven analytics improve the system's capacity to
offer rapid medical intervention, ongoing monitoring, and early identification of health issues.
All things considered, the suggested system provides a scalable, dependable, and effective healthcare
solution that overcomes the drawbacks of conventional monitoring systems. The solution greatly enhances
patient safety, speeds up medical response times, and facilitates contemporary remote healthcare
administration by providing real-time tracking, predictive analytics, and automatic alarm systems.

IV. RESULTS AND DISCUSSION

The Health Sense Services Smart Healthcare Monitoring System, which was built utilizing Internet of
Things (IoT) sensors, embedded hardware, cloud computing, and artificial intelligence for continuous
patient health monitoring, will be covered in this section along with its findings. Analyzing the system's
efficiency in gathering physiological data, sending it across IoT communication networks, and instantly
identifying problematic health conditions was the main goal of the experimental study.

Using integrated biomedical sensors, the device continually measures vital physiological factors including
body temperature, heart rate, and blood oxygen saturation (SpO:). An ESP32 microcontroller, which
interfaces with these sensors, interprets the data gathered and sends it to a cloud server for storage and
analysis. The sensors effectively captured continuous real-time health data at regular intervals throughout
system testing. The gathered information was securely sent to the cloud platform and kept in a consolidated
database.

The final results of the trial show that the system can monitor patient health status continuously and
steadily. Throughout the testing phase, the sensor readings were precise and constant, suggesting that the
system may offer dependable health monitoring. Furthermore, effective and low-latency data transfer
between the wearable device and the cloud server was guaranteed by the IoT communication network,
which was built on the MQTT protocol. This made it possible for medical personnel to easily monitor
patients remotely via a web-based interface.

A Long Short-Term Memory (LSTM) neural network-based artificial intelligence model was used to
improve the system's intelligence. Historical datasets with both normal and abnormal physiological
parameters were used to train the model. The evaluation's findings demonstrate that the Al model was very
accurate in identifying abnormal health conditions such as higher body temperature, decreased oxygen
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saturation, and elevated heart rate. The technology automatically sent out warning alerts when it found
such anomalies, allowing medical professionals to take action quickly.

The Doctor's Dashboard, seen in Fig. 3, is one of the system's two main user interfaces. and the patient
dashboard, which is seen in Figure 4. both intended to enhance health data's usability and accessibility.
For doctors, the Doctor's Dashboard provides a thorough monitoring interface. It shows visual
representations of trends over time in addition to real-time patient health indicators including body
temperature, heart rate, and SpO: levels. Additionally, the dashboard displays cloud-stored historical
patient data, enabling physicians to examine long-term health trends. It also has alert messages for
abnormal conditions, which facilitate quick emergency reaction and decision-making. Doctors may
monitor several patients at once from any place thanks to the dashboard's remote access feature.
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Fig 3: Doctor’s Dashboard for Real-Time Healthcare Monitoring

However, the Patient's Dashboard is intended to give patients an easy-to-use interface. It shows
fundamental graphical trends and current health data in an understandable style. When abnormal
conditions are identified, patients may examine their own health status in real time and receive alerts or
notifications. This feature supports proactive health management and self-awareness.
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Fig 4: Patient’s Doctor’s Dashboard for Real-Time Healthcare Monitoring

Both dashboards' visualization features are essential for deciphering complicated health data. Real-time
updates and graphical trends make it easier for users to spot odd patterns and have a better understanding
of the patient's condition. All data is kept safe and accessible for future reference and medical analysis
thanks to the integration of cloud storage.

Sensor accuracy, communication dependability, Al prediction accuracy, and system reaction time were
among the metrics used to assess the overall system performance. The system operates effectively across
all assessment measures, according to the results. The alert generating reaction time was very short,
ensuring quick alertness in cases of emergency.

In conclusion, the suggested Al-powered IoT healthcare monitoring system exhibits excellent accuracy,
efficiency, and dependability in real-time applications. Continuous monitoring, early diagnosis of
illnesses, and quick medical intervention are made possible by the combination of [oT technologies with
artificial intelligence. The system's usability and efficacy are further improved by the addition of doctor
and patient dashboards, making it a reliable option for contemporary healthcare administration.

V. CONCLUSION

For continuous patient monitoring, the recommended AI-Driven IoT Smart Healthcare System offers an
innovative and effective solution. Real-time health tracking and early diagnosis of medical issues are made
possible by the system's integration of IoT sensors, cloud computing, and artificial intelligence.
By enabling remote supervision, automatic data processing, and immediate warning creation, the system
effectively lessens the drawbacks of conventional healthcare monitoring. It increases decision-making,
lessens the burden on the healthcare system, and improves patient safety.

The application shows how IoT and Al may greatly enhance healthcare services, particularly for senior
citizens and others with long-term illnesses.

VI. FUTURE ENHANCEMENTS
To enable a greater health evaluation, the suggested system may be further improved by including modern
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biomedical sensors such blood pressure monitoring modules and electrocardiograms (ECGs). The creation
of a specialized mobile application can enhance usability and accessibility by giving patients and
healthcare providers real-time access to patient data. Furthermore, the accuracy and dependability of
health prediction and anomaly detection may be further enhanced by the application of sophisticated
artificial intelligence models, such as Transformer-based architectures and hybrid deep learning
approaches.
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