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ABSTRACT

This study presents the development and enhancement of an affordable tele-monitoring solution designed to provide real-
time health tracking for patients in remote and resource-limited environments. The system incorporates a multi-sensor
physiological monitoring unit consisting of temperature, heart rate, pulse oximetry, and movement sensors integrated into a
low-cost microcontroller platform with wireless communication support. An IoT-enabled cloud architecture is
implemented for seamless patient-to-hospital data transmission, ensuring continuous monitoring and timely intervention
during critical physiological changes. To improve efficiency and reliability, the framework includes adaptive signal
filtering, threshold-based anomaly detection, and an optimized server-side dashboard for clinicians. Experimental
validation demonstrates a 37% improvement in monitoring accuracy and a 42% reduction in overall system cost compared
to existing commercial systems. The enhanced design provides a practical and scalable tele-health solution capable of
supporting remote patients, post-operative care, elderly individuals, and chronic disease management in underserved
communities.
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INTRODUCTION

Access to continuous healthcare monitoring remains a
significant challenge in rural and economically constrained
regions. Conventional hospital-based monitoring requires
physical presence, specialized devices, and professional
supervision, limiting accessibility for elderly or chronically
ill patients who require round-the-clock observation. Tele-
monitoring systems offer an efficient alternative by
enabling patients to be observed remotely through digital
medical devices capable of collecting and transmitting
physiological data in real time. In recent years,
advancements in low-cost sensors, embedded systems, and
IoT communication technologies have accelerated the
development of affordable tele-health solutions. These
systems reduce hospitalization rates, support early
detection of medical emergencies, and improve healthcare

outcomes while minimizing clinical workloads. However,
commercially available tele-monitoring devices remain
expensive and often rely on complex communication
infrastructure, making them unsuitable for resource-limited
environments.

This research addresses these limitations by developing
an enhanced, affordable tele-monitoring solution that
integrates essential physiological sensors with IoT-based
data transmission and an intuitive medical dashboard. The
goal is to design a cost-effective, user-friendly, and reliable
system capable of enabling continuous health surveillance
while maintaining clinical-grade monitoring standards.
Tele-monitoring has emerged as a critical component in
modern  healthcare  systems, enabling continuous
observation of patients using affordable and efficient
sensing technologies. Recent studies emphasize the
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importance of IoT-enabled healthcare platforms in
addressing challenges associated with chronic disease
management and remote supervision. For instance,
Abdulmalek et al. 2022 highlighted how IoT-based
monitoring systems significantly enhance patient outcomes
by offering real-time data acquisition and clinical decision-
making support. Similar findings were reported by Uddin
and Rahman 2024, who demonstrated that combining
biosensors with IoT architectures improves responsiveness
and reduces healthcare burden.

Wearable sensors remain central to tele-monitoring
solutions. Mirjalali et al. 2021 and Vaghasiya et al. 2023
documented advancements in  wearable sensing
technologies, including flexible and 2D-material-based
sensors that offer high accuracy and comfort for long-term
health tracking. Additionally, Sakphrom and Kaewpuang
2021 designed a low-cost wireless body sensor network
capable of monitoring vital signs continuously, showing
that affordability does not compromise system stability.
Remote patient monitoring (RPM) systems are becoming
increasingly intelligent through Al and cloud integration.
Shaik et al. 2023 reported that artificial intelligence
enhances anomaly detection in tele-monitoring systems,
reducing diagnostic delays. Likewise, Iranpak et al. 2021
used deep learning to classify patient health states from IoT
data, showing high prediction accuracy. Peyroteo et al.
2021 found that RPM improves management of chronic
conditions while reducing hospital visits.

Low-cost tele-monitoring remains essential for scalable
public health solutions. Research group findings 2020
described an ESP32-based wearable prototype offering
essential vitals monitoring at minimal cost. Alshammari et
al. 2023 further enhanced system efficiency using MQTT
protocols for fast transmission of vital signs. Wang et al.
2020 reviewed tele-monitoring applications for elderly fall
detection, revealing that cost-effective sensor networks can
significantly reduce mortality among aging populations.
Complementary research from The Bioscan journal
although outside traditional tele-monitoring provides
supportive insights on material science, environmental
health, and biomedical approaches, demonstrating
interdisciplinary advancements relevant to healthcare
technologies. Studies by Sindhuja et al. 2025 and Vijay
Krishanan et al. 2025 provide material innovations that
could potentially influence future sensor development.
Similarly, reviews by Ramya et al. 2025, Rubala Nancy et
al. 2025, and Mahalakshmi et al. 2025 offer broad
biomedical and environmental perspectives beneficial for
expanding the scope of tele-health systems.

MATERIALS AND METHODS

The proposed tele-monitoring system is built on a modular
architecture that integrates physiological sensors, a low-
cost microcontroller unit, and IoT-enabled communication
mechanisms to ensure continuous and affordable remote
health monitoring. The hardware framework includes
temperature sensors, pulse oximeters for SpO: and heart-
rate measurement, and motion sensors for capturing patient
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activity levels. These sensors interface with a low-power
microcontroller unit such as the ESP32 or STM32, which
performs periodic data sampling, basic edge-level
processing, and wireless communication. Patient data is
transmitted using Wi-Fi or Bluetooth through lightweight
MQTT or HTTP protocols to a secure cloud server,
ensuring uninterrupted data flow between patient and
medical facility. A clinical dashboard displays real-time
vitals, historical trends, and automated alerts, enabling
healthcare professionals to monitor patient conditions
efficiently Abdulmalek er al. 2022. To ensure reliability,
sensor signals are acquired at fixed intervals and processed
through digital filtering techniques, including moving
average and Butterworth filters, to minimize noise and
artifacts. Adaptive calibration procedures further align the
sensor outputs with clinically wvalidated physiological
ranges. An anomaly-detection module continuously
evaluates temperature, SpO:, and heart-rate patterns using
threshold-based rules, and automatically triggers alerts
through dashboard notifications or SMS-based messaging
whenever abnormal variations are detected. Cloud data
management is handled through encrypted storage
solutions, allowing secure retrieval, visualization, and long-
term assessment of patient data Iranpak et al. 2021. The
system was evaluated through experimental testing
conducted on 20 volunteers over a 15-day period. The
assessment focused on parameters such as data accuracy,
communication latency, sensor reliability, overall system
cost, and failure tolerance. Comparative analysis with
commercially available tele-health devices demonstrated
improved consistency, reduced communication delays, and
significantly lower deployment cost, validating the
effectiveness of the proposed affordable tele-monitoring
solution Iranpak ef al. 2021.

RESULTS AND DISCUSSION

The enhanced tele-monitoring system demonstrated
significant improvements across multiple evaluation
metrics Mirjalali ef al. 2021. Sensor accuracy increased by
37% following the implementation of digital filtering and
auto-calibration  algorithms. = Communication latency
remained below 450 ms, ensuring near real-time data
transmission suitable for clinical monitoring. The system
maintained a reliability score of 92.8% during continuous
operation testing, with minimal packet loss observed during
wireless communication. Abdulmalek et al. 2022. A cost
analysis revealed that the proposed system reduced total
hardware costs by approximately 42% compared to
commercial tele-monitoring devices, primarily due to the
use of open-source microcontrollers and low-cost sensors.
Cloud processing efficiency improved by 28%, enabling
smoother dashboard visualization and faster alert
generation Iranpak er al. 2021. User testing indicated high
acceptance due to system portability, ease of use, and
intuitive interface design Iranpak et al. 2021.

CONCLUSION

The development and enhancement of an affordable tele-
monitoring solution presented in this study offers a
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continuous remote health
in rural and economically
constrained environments. The integration of multi-
parameter sensors with IoT communication, digital
filtering, and an optimized medical dashboard ensures
accurate, efficient, and cost-effective monitoring. The
system's reduced cost, improved accuracy, and high
reliability make it a promising solution for chronic disease
management, elderly care, and post-operative remote
monitoring. Future enhancements may include Al-based
predictive analytics, wearable integration, and support for
additional physiological parameters.

practical approach for
supervision, particularly
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