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Abstract. Reliable and affordable healthcare facility accessing is a
major problem in rural areas and underdeveloped areas, like remote
villages and tribal regions, where medical facilities like PHC and
hospitals are often limited. To focus on these issues, this project
work proposes a low-cost system for health monitoring and remote
consultations that is intended to provide continuous and real-time
monitoring of vital signs. The proposed model uses a group of
biosensors, including LM35 for temperature, MQ135 for air quality,
BMP280 for pressure, HRM2511E for heart rate, and a glucose
sensor. These sensors measure vital health signs such as body
temperature, air quality, and blood pressure, heart rate, and blood
glucose levels. All sensors are interconnected to a microcontroller
(Auduino) that gathers and sends data using LoRa (Long Range)
communication protocol and the receiver at the healthcare provider
end will receive the signals. Use of LoRa reduces the need for
internet access and ensure dependable performance in remote areas
or area with weak network connectivity. While experimenting that
data transmission was proper up to limited range, with real-time
monitoring of parameters on LCD screens and IoT-based
dashboards. Additionally, SMS alerts were successfully sent for
abnormal values. This shows the system's ability to support early
detection and timely medical intervention. Unlike existing IoT
healthcare systems that depends on continuous internet access, the
proposed system will provide a low-power, offline, and affordable
option for community health monitoring. Overall, this system
provides a model for early disease detection, prevention, and
teleconsultations, helps to reduce the gap in healthcare facilities for
rural populations. Keywords - Low-cost sensors, LoRa, IoT,
telemedicine and Consultation, Continuous health monitoring.

1. Introduction

Effective management of health is based on the early diagnosis of diseases and
treatment.
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However, the people living in rural villages and tribal area are regularly faced with a
lot of challenges in getting the health care facilities due to lack of limited healthcare
facilities, and inaccessibility of the area [3], [6].

In order to address these issues, we propose a system that diagnosis disease with
biosensors, which is cost-effective and suitable for rural areas. From the literature review,
previous works have also explored the concept of developing an affordable IoT and
telemedicine system for remote health monitoring [1], [8]. In this paper, We proposes a
system that offers an affordable solution for continuous monitoring of vital health
indicating parameters by using widely available and cost-effective sensors, such as
temperature, air quality, and heart rate monitoring sensors [1], [9]. The system will be able
to collect patient’s vital health parameters in real time, and abnormal variations in vital
parameters will helps to detect health issues [10].

This proposed system uses different types of sensors to help people to monitor their
health vitals through simple, accessible way. For example, temperature sensor body
temperature, while heart rate sensors check pulse rate. The use of air quality sensors used to
check the surrounding area. Glucose sensor checks the blood sugar and pressure sensor to
detect blood pressure. By integrating all these sensors in to a single system, the system can
find early warning signs of abnormalities and you can take action earlier if something is
abnormal. [1], [3].

This system will give real-time monitoring and processes your vital parameter data
continuously. [11] By integrating multiple sensors into a single device, the systems will
reduces treatment delays and reliance on distant healthcare centers that are far away from
their place. This helps peoples living in rural areas to monitor and manage their health
vitals independently. [14].

In addition, the system enables rural communities to make health decisions by their
own, especially in areas where access to health facilities is restricted [6]. The system has
been equipped with a remote consultation , which enables individuals to forward their
health related information to medical experts for away from them for further analysis, thus
will enable them to receive expert advice without physically presenting themselves and the
can visit the doctors when ever needed only[13]. This will improve diagnosis accuracy as
well as accessibility to quality healthcare facilities, ensuring timely medical action when
needed [15].

Related work

Recent advancements in the IoT and telemedicine technologies have enabled the
remote healthcare systems affordable and effective for continuous health monitoring and
early diagnosis. Islam et al. [1] proposed an IoT-based health monitoring system that
integrated environmental and physiological sensors with an ESP32 controller to provide
real-time data through a web interface, but the system required uninterrupted internet
connection. Yu and Zhou [2] presented an enhanced telemedicine service based on
combining IoT with machine learning to analyze physiological and emotional data, to
improve the accuracy of diagnosis for physiological and emotional health data.

For the benefit of rural healthcare applications, Aswath et al. [3] have proposed the
concept of Automated Doctor Machine using the Raspberry Pi and basic medical sensors to
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support initial diagnosis. Garbhapu and Gopalan [4] have proposed a low-cost system for
remote monitoring system with the long-range wireless communication, however, the
system has the drawback of power consumption as well as connectivity issues. Sofia [5] has
proposed an loT-based tele-monitoring and automated medicine dispensing system with
improved patient treatments. Nedungadi et al. [6] have presented AmritaJeevanam, a
personalized healthcare system with multilingual support, but the system efficiency was
affected by inconsistent network availability.

Several research studies have focused on challenges faced by system. Abdulmalek et al.
[7] and Bhargava et al. [13] have identified the challenges related to scalability,
interoperability and energy consumption as major obstacles to large-scale deployment. The
hybrid cloud—-edge computing architectures has been identified as a way to improve system
performance [9], while the use of fog computing and blockchain-based approaches have
improved data security with increasing system complexity [10,14]. A lightweight
communication protocol like LightloT offered improved energy efficiency and provides
limited privacy protection [12].

Overall, it can be concluded that, although the existing methods have achieved huge
improvements, they have certain limitations, such as dependence on internet, complexity of
system, and infrastructure costs. The proposed work aims at overcoming these difficulties
by proposing a system based on the LoRa protocol, which has the advantage of supporting
multiple sensors, low cost, long-range communication, and the ability to work offline.

The goal of this proposed work is to create a cost-effective system for disease
diagnosis and consultation with integrated sensors, which can be used for continuous health
monitoring in rural and resource-restricted environments. The system can measure critical
physiological vital parameters, such as body temperature, heart rate, blood pressure, air
quality, and blood glucose levels, with cost-effective non invasive sensors. The proposed
system uses LoRa protocol technology with IoT-based data communication and
visualization, which can be used for continuous health monitoring, disease diagnosis and
consultation with limited dependency on conventional internet infrastructure

System Design and Methodology

The system proposed in this paper is a low-cost, portable health monitoring platform
for rural and resource constrained regions as it can measures key physiological vital
parameters, such as heart rate, body temperature, blood pressure, air quality, and blood
glucose levels, using cost-effective sensors [1], [3]. The system architecture comprises a
transmitter and a receiver for real-time data transfer [4]. Measurements are displayed
locally in LCD monitor and stored and visualized through an IoT dashboard using
Mathworks thinkspeak application to support continuous monitoring and for better clinical
decision-making [1], [2], [7].

To facilitate long-distance communication, this system uses LoRa wireless protocol,
which uses stable communication while transmitting data with low power consumption and
without internet connectivity, making it suitable for use in remote regions [4], [11].
Unusual physiological parameter readings trigger automatic SMS alerts to healthcare
professionals for early detection and intervention [5]. The systems portability and user-
friendly design enables home-based monitoring, while collected data can be analyzed using
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spreadsheet tools or IoT based dashboards for continuous monitoring and remote medical
consultation [6,8].

Fig 1. Block Diagram for Transmitter

The block diagram for the transmitter and receiver is shown in figures 1 and 2,
respectively. The sensors will be interfaced with an Arduino or ESP32 microcontroller for
acquiring sensor data. The sensor data will be processed and converted into digital form by
the microcontroller before being transmitted to the receiver using a LoRa module. The
transmitter will include a GSM module for sending SMS to healthcare professionals in case
of abnormal physiological readings.
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Fig 2. Block Diagram for Receiver

2. Hardware Components

The system integrates a series of sensors and electronic components for producing
better accuracy, cost-effectiveness, and microcontroller interface ability. An Arduino
microcontroller acts as the primary processing unit, which connects with sensors and
controls external devices such as the LCD and communication interfaces(LoRa
module). Additionally, an ESP32 microcontroller is used for IoT-based operations,
which feature dual-core processing capabilities along with Wi-Fi and Bluetooth
connectivity.

Physiological and environmental parameters are measured by the use of dedicated
sensors. Body temperature measurement uses the LM35 sensor, which has an accuracy
of £0.5 °C. Air quality measurement uses the MQ135 sensor, which can detect COx,
NHs, benzene, and smoke. Barometric pressure measurement uses the BMP280 sensor.
Heart rate measurement uses the HRM2511E sensor based on photoplethysmography
(PPG). Blood glucose levels are estimated by a non-invasive optical sensor based on
near-infrared absorption. Long-range wireless communication is achieved by the use of
the HC-12 LoRa module at 433 MHz. A GSM module is used for SMS and remote
communication by sending sensor values. Real-time display of sensor readings is
shown by the 16x2 LMO16L display.

3. Software Implementation

Proteus is used to carry out a simulation and verification of circuits. This tool tests
the hardware design and microcontroller virtually before it is physically implemented.
The Arduino Integrated Development Environment (IDE) is used to develop a program
that can be used to acquire data from a sensor, process it, and communicate it using a
LoRa or GSM module. In the case of loT-based monitoring systems, data visualization
can be done using a platform called ThingSpeak.
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Fig 3. Simulation result of Proteus

Fig 4. Hardware implementation

The system output was tested through laboratory experiments and outside fields. It
successfully monitored body temperature, heart rate, air quality, barometric pressure, and
glucose levels, with real-time and the data displayed on a local LCD and also on the remote
via the ThingSpeak IoT dashboard. The received measurements were recorded in Excel
sheet and can be visualized online, thus facilitating remote trend analysis by healthcare
personnel. The SMS alert module was added to send when predefined normal thresholds
were exceeded, thus confirming timely notification abnormal healthcare data.

During testing, the system shows stable performance which is essential for vital-
sign monitoring. Sensor outputs are remained within expected ranges, also transmission
was strong under line-of-sight conditions. These results are reliable with prior low-cost
rural monitoring studies [1], [4] and align with recent fog-computing enabled monitoring
architectures enabling low-latency local processing and long-range tele-consultation [11].
Overall, the results shows the possibility of a LoRa-based, sensor-integrated architecture
for remote healthcare in resource-constrained areas (see Fig. 5).
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The proposed system will improves healthcare accessibility for individuals in rural
and resource-limited regions by using affordable biomedical and environmental
sensors, like LM35, MQI135, BMP280, HRM2511E, and a glucose sensor, to
continuously monitor  vital physiological parameters. Using an HC-12 LoRa
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communication module, the system can achieves a real-time data transmission over
distances of up to 5 km without reliance on internet connectivity with line of sight.
Experimental results show reliable communication, better sensor measurements, and
reliable data visualization on both local LCD displays and IoT dashboards
(Thinkspeak). The SMS alert mechanism added a timely medical response to abnormal
readings, supporting early diagnosis healthcare.

Future enhancements may also include the integration of artificial intelligence and
machine learning algorithms for predictive diagnosis and early anomaly detection.
Additional sensors like SpO., ECG,respiration monitors,etc,. can be included for
comprehensive health monitoring. Expansion of the system with real-time video
consultation and cloud-based analytics would provide a fully comprehensive
telemedicine solution. Overall, this work presents a scalable and sustainable approach
to smart rural healthcare systems and lays a foundation for next-generation of IoT-
based health monitoring systems.
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