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ABSTRACT

This work tackles the constraints of current low-resource ventilator systems.
These systems sometimes lack built-in monitoring for the environment and vital
signs, which reduces patient safety and increases the need for using multiple
devices. The proposed solution is a smart, affordable health-monitoring
ventilator system. It combines temperature, humidity, light, heart rate, blood
oxygen levels, and dangerous gas detection into a single automated platform.
The system’s goal is to provide constant, real-time monitoring. It also seeks to
enhance comfort by automatically adjusting fans and lights, according to input
from various sensors. The Arduino microcontroller handles both data gathering
and control, operating effectively on its own, without needing any outside
components. To improve use in both home and clinical settings, the readings
are shown immediately on an LCD panel. The aim is to offer a cost-effective,
space-saving, and dependable multi-parameter monitoring system, well suited
for environments with limited resources. This system’s uniqueness comes
from merging environmental sensing, biomedical monitoring, and automatic
ventilation control into a single, completely integrated, and affordable system.
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INTRODUCTION

As healthcare organizations increasingly adopt patient-
centered, technology-driven models that promote
comfort, safety, and real-time decision-making,
smart health-monitoring technologies have become
increasingly vital. In both home and hospital settings,
environments with ventilation require constant
monitoring of physiological and environmental factors [
to maintain the best health outcomes. Traditional
ventilation systems usually rely on distinct sensors to
measure temperature, humidity, air quality, vital signs,
and other important elements. This separation raises
costs and maintenance needs, and it also limits access
for areas with fewer resources who need reliable and
affordable monitoring tools.

In modern healthcare, the emphasis on early detection,
rapid reaction, and the integration of sensing
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technologies has led to an increasing need for compact
systems. These systems should automate environmental
control while also accurately and easily collecting
patient health data. The emergence of affordable
embedded platforms.® like Arduino, has enabled the
design of smart systems. These systems can combine
sensing, computation, and actuation in a compact form.
Integrating sensors that measure temperature, humidity,
light, heart rate, oxygen levels, and dangerous gases
allows for the creation of a multi-parameter system.
This system offers thorough monitoring without needing
complex external devices.

Moreover, this connectivity improves reliability. The system
continuously updates and shows important information in
real-time.? allowing caregivers to respond instantly to any
unusual findings. In areas with limited medical resources,
an independent and affordable device that helps manage
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the environment and track vital signs could greatly improve
patient outcomes. This is because it reduces the time it
takes to discover potential health problems.

Automated control of ventilation and lighting is a
significant step forward in increasing patient comfort and
reducing the need for manual changes. The system may
automatically control a DC fan and lighting components
by using environmental sensors to detect changes in
temperature, humidity, or ambient light. This automation
lightens the burden on caregivers!*] and helps maintain
the right environmental conditions for patients. This is
especially important for those who need steady airflow,
clean air, or specific lighting to aid their recovery.
Furthermore, the incorporation of biomedical sensors,
including infrared-based heartbeat rate modules, SpO:
detectors, and MQ-2 gas sensors, broadens the system’s
functionality beyond mere environmental observation.

This integration facilitates a comprehensive methodology
that simultaneously records internal physiological
data and external environmental influences impacting
patient health. Displaying all monitored® parameters
directly on an LCD module significantly improves
usability. This design choice eliminates the need for
external computers or mobile devices, which makes the
system well-suited for remote areas, places with limited
resources, or during emergencies. Being able to see real-
time data instantly keeps caregivers, patients, and their
families in the loop, eliminating the need to wrestle
with complicated systems or technical hurdles. This
straightforward design facilitates quick implementation
when instant monitoring is essential.

Think temporary clinics, home-care isolation setups,
or medical facilities with limited resources. The work
demonstrates how integrated sensing, intelligent
control, and economical technology may be incorporated
into a single, coherent platform. This platform! then
improves health management methods. This technology,
by combining environmental tracking with vital-sign
monitoring and automated actuation, presents a
tangible way to boost patient safety and comfort. It’s a
significant step forward in the development of healthcare
technologies that are easier for everyone to use.

This work is structured with the literature survey review
given in Section Il. Section Il outlines the methodology,
with specific focus on its operationality. Results and
discussions are in Section IV. Finally, Section V ends with
the ultimate findings and recommendations.

LITERATURE SURVEY

The recent work on smart health-monitoring systems
has increasingly focused on combining environmental
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and biomedical sensors to improve patient safety and
comfort. Recent studies highlight the need for affordable,
automated solutions that integrate monitoring vital signs
with ventilation management that can adjust to changing
conditions. The development of embedded systems and
sensor technologies has enabled the creation of small,
reliable platforms. These platforms are appropriate for
continuous monitoring in both home and clinical settings.

This study offers a non-invasive ventilator, complete
with several sensors, designed for use in both clinical
settings and home telemedicine. It keepsl”! tabs on vital
signs, sending them wirelessly for remote monitoring.
This provides a patient-centric method for ongoing
respiratory assistance, allowing for immediate oversight
thanks to built-in communication capabilities. This
study provides an automated oxygenation system. It
changes airflow based on a patient’s state and sends
important information through mobile communication.
It improves emergency response efforts® by controlling
oxygen supply and delivering real-time information.
This provides a readily available solution for supportive
respiratory care, even for those without specialized
technical training.

This study describes a ventilator that conserves oxygen
by adjusting its breathing assistance based on certain
physiological measures of the patient. It keeps tabs on
crucial health metrics, adjusting home ventilation to
work best when resources are tight. This provides® a
useful option for keeping breathing steady while saving
oxygen in hospital settings where supplies are limited.

This study explores a learning-based approach to improve
how patients and ventilators work together during
assisted breathing. The system assesses performance
across different situations, showing a considerable
improvement in responsiveness. Its goall'” is to minimize
issues stemming from breathing inconsistencies, so
contributing to safer and more effective respiratory
care, particularly in challenging clinical environments.
This study investigates the issues of maintaining stable
breathing and heart function during robotic surgery.
The text highlights concerns relating to how patients
are positioned, airway pressurem,l'! and the length of
surgical procedures. It emphasizes the significance of
meticulous monitoring and teamwork to protect patient
safety and minimize complications in complex surgical
situations.

This review underlines the limitations of existing
ventilators and presents a portable, cost-effective device
ideal for urgent care settings. The system stresses ease of
use, built-in sensingm,!'?l and better access for patients
with breathing problems. This is especially important in
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situations when quick deployment and affordability are
crucial for appropriate respiratory assistance.

This study studies how intelligent systems can be
integrated into ventilators to improve clinical decision-
making. This analysis explores how interconnected
processing and cloud-based!'¥ insights can facilitate
prompt modifications, lessen the burden of monitoring,
and ultimately enhance patient care. The goal is to
expand the functionality of current breathing equipment.
This study proposes a self-organizing framework
designed to manage networked healthcare services. This
approach showcases how adaptivel™ coordination can
enhance continuous newborn monitoring. By creating
responsive service groups, it boosts both flexibility and
dependability within dynamic healthcare settings, all
while minimizing the need for manual input.

This study offers a small negative-pressure ventilator,
meant to be both affordable and comfortable. Built with
robust materials and equipped!"™ with safety measures,
this device is designed for ease of use. It provides a viable
option for respiratory support in critical situations,
tackling issues related to expense, ease of transport,
and patient comfort.

This study describes the creation of a ventilator system
that uses the Internet of Things (loT) to improve
accessibility. The system is designed to help patients.['®
in critical situations. It automates breathing support
using controlled compression, offering a cost-effective
solution. This technique increases access to vital
respiratory treatment, especially in areas with limited
resources. This study presents a connected paradigm
for forecasting ventilator failures in clinical settings.
It pinpoints susceptible elements and offers ongoing
surveillancel' alerting users to potential problems as
they arise. This approach enhances safety, minimizes
operational interruptions, and facilitates proactive
upkeep for essential respiratory devices.

This study examines how to pick extra monitoring devices
to assist active asset tracking in healthcare settings.
This method uses a structured priority system [18] to
identify equipment that needs constant monitoring. This
improves operational awareness and supports better
management of vital resources.

This study proposes a monitoring system designed to
identify early spoiling in stored crops, utilizing gas
sensing technology. The system provides constant
data gathering and remote monitoring. This allows!'
facilities to uphold quality standards, minimize waste,
and fine-tune environmental factors throughout the
extended storage of delicate agricultural goods.
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This study presents a method for finding loose bolts in
ventilation systems, utilizing signals as indicators. This
study analyzes how changes in structural behavior can
show signs of deterioration. This allowsi?! for quicker
identification of harmful circumstances and supports
better maintenance of important industrial ventilation
systems.

METHODOLOGY

The methodology describes the whole operational
process of the smart health-monitoring ventilator
system. It details how data is collected, processed,
evaluated, and displayed to assure ongoing patient
safety and environmental comfort. The process begins
with the simultaneous collection of environmental and
biomedical data. This is followed by a methodical signal
conditioning phase, which transforms the initial electrical
signals into precise digital values. These revised values
are subsequently reviewed using programmed decision-
making procedures, which control the automatic
operation of ventilation and lighting systems. The final
processed results are presented to the user via a real-
time LCD interface. This structured approach allows for
the smooth integration of sensing, processing, control,
and display functions. As a result, it enables a completely
automated, cost-effective monitoring platform. This
platform is designed for reliable home and clinical
applications, requiring minimal human involvement.

SMART HEALTH-MONITORING VENTILATOR SYSTEM

IR-based Heartbeat
Rate (HBR) Sensor

=

SpO, Sensor
(MAX30100)

MQ-2 Gas Sensor

&

Temperature
Sensor (DHT1)

Humidity Sensor
(DHT11)

SIS
ARDUINO

LDR Sensor
]

DC Fan Moduld | |ighting
£ vy Module

(LEDS)

LCD Display Module (16x2)
TEMP: 25C
HUMID. 60% 60%
HBR: 72 BPM  SpO;: 98%
GAS: CLEAN

POWER SUPPLY

Fig. 1: Block diagram

A. Sensor Data Acquisition

During this stage, all sensors in the system continuously
collect real-time environmental and health data,
which is necessary for reliable monitoring. The DHT11
sensor monitors temperature and humidity, providing
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information about the environment’s comfort. At the
same time, the LDR measures the surrounding light
intensity, which is used to adjust lighting. The infrared
heartbeat sensor collects biomedical data by detecting
pulse changes, while the SpO2 sensor measures oxygen
saturation. At the same time, the MQ-2 gas sensor detects
smoke and hazardous gasses, which could be dangerous
to patients. The Arduino Uno receives data from each
sensor, using either analog or digital pins. This setup
allows for continuous and coordinated data collection.
The system’s automatic monitoring capabilities are built
on this multi-parameter acquisition step.

B. Signal Processing and Conditioning

After the raw data is collected by the Arduino, the signal
processing phase transforms these electrical outputs
into useful, reliable, and interpretable measurements.
Analog signals are changed into digital signals by a
process called analog-to-digital conversion, which
allows for numerical representation of different values.
In contrast, digital signals are directly understood by
looking at the logical levels produced by sensors. To
stabilize the changing waveforms, noise filtering is
performed to heartbeat signals. In addition, calibration
algorithms are used to assure the accuracy of SpO:
and gas sensors. To provide accurate measurements in
different environments, temperature, humidity, and
light data are handled using programmed conversion
procedures. The Arduino constantly fine-tunes and
verifies every parameter, removing any inconsistencies
that can compromise the system’s dependability. This
phase guarantees the controller gets data that’s not just
clean, but also precise and easy to understand, making
it ready for immediate operation and display.

C. Decision-Making and Automation Control

In this phase, the Arduino assesses the processed data
against predetermined thresholds and circumstances,
which allows the system to respond automatically. Should
the temperature or humidity levels surpass predefined
thresholds, the controller springs into action. It then
uses the L293D driver to control the DC fan, ensuring a
consistent and comfortable airflow. As soon as the light-
dependent resistor (LDR) senses a drop in surrounding
light levels, the Arduino takes action, activating the DC
light to brighten the area. The monitoring of vital signs
uses various systems to identify unusual heart rates, low
oxygen levels, or high concentrations of gases. These
systems then trigger quick automatic responses. These
automated systems work without human involvement,
allowing them to function continuously, even in areas
with limited resources. The automation framework is the
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system’s basic intelligence, delivering timely corrective
measures to preserve patient comfort and safety.

D. Real-Time Display and User Output

Ultimately, the Arduino sends all the processed data to
the LCD module. This allows for the real-time display
of temperature, humidity, light levels, heart rate, SpO:
%, and the status of gas concentrations. The display
refreshes periodically, so users can always see the latest
system data, no need for any outside gadgets. This
interface prioritizes straightforwardness and instant
understanding, enabling caregivers and patients to
swiftly evaluate both environmental and biological
factors. The constant display on the device also
promotes transparency in how the system works. This
allows for early discovery of problems and helps users
make educated decisions. This stage completes the
monitoring process by turning internal system data into
easily available, real-time information. This information
can then be used in both home and clinical settings.

RESULT AND DISCUSSION

The smart, low-cost health-monitoring ventilator
system’s results show that combining environmental
sensing, biological monitoring, and automated actuation
creates a reliable, unified platform. This platform is
suited for use in both home and clinical settings. The
system’s performance during testing showed consistent
results. It accurately recorded temperature, humidity,
light intensity, heart rate, SpO: levels, and gas
concentrations. This confirmed that the chosen sensors
were well-suited to the project’s goals. The DHT11 sensor
offered responsive environmental data, accurately
reflecting changes in the surrounding conditions. This
allowed the Arduino to alter the ventilation system in
real time. Similarly, the light-dependent resistor (LDR)
accurately monitored changes in the surrounding light.
This triggered the direct current (DC) light to turn on
if the light level went below the set threshold. The
results verified the automatic environmental-control
components worked well, showing that the system could
maintain pleasant conditions without needing human
intervention.

To show the consistency of the sensor outputs, a rep-
resentative numerical dataset was recorded during the
system’s evaluation. The following table summarizes the
readings taken throughout the prototype’s stable oper-
ation. It shows ambient variables, vital signs, and gas
concentration levels measured in a controlled setting.

The collected data shows that the sensor’s reaction is
consistent across different measurements. Environmental
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Table. 1: Performance analysis

Heart
Temp | Humidity | Light Rate Sp0: Gas
(1Y) (%) (LDR) (BPM) (%) | (MQ-2)
29 63 210 78 97 182
30 61 198 80 96 190
31 64 220 79 97 185
28 60 205 76 98 178
29 62 215 77 97 181

readings alter predictably with temperature and
humidity. At the same time, the light-dependent resistor
(LDR) values demonstrate the precise measurement of
light levels. The biomedical sensing results were also
impressive, with the infrared heartbeat sensor and
the SpO2 module providing reliable physiological data
over the extended monitoring durations. The heartbeat
sensor effectively recorded pulse signals using optical
changes. After filtering and processing, it delivered
accurate and reliable beats-per-minute data. The SpO:
sensor provided continuous measurements of oxygen
saturation, and its precision was satisfactory for the
low-cost hardware used. This made it useful for early
detection of unusual breathing patterns or signs of
patient decline. The MQ-2 gas sensor quickly detected
changes in smoke and gas levels, offering an extra safety
feature when dangerous concentrations were present.

The Arduino’s automated control logic was crucial
for connecting sensor data to immediate actions.
The decision-making algorithms correctly identified
when thresholds were exceeded and then took the
required steps. These included turning on the fan when
temperatures climbed and altering the illumination
depending on the LDR measurements. The results
demonstrated that the system’s built-in control model
could operate independently, while yet maintaining
logical and responsive behavior. Moreover, the transitions
between different actuation states were smooth. This
showed that the L293D motor driver and the related
hardware were set up correctly, able to handle the
switching requirements without any delays or instability.
The system’s architecture is considered robust and
suitable for continuous operation because of the stable
interaction between sensing, processing, and actuation
components.

The LCD module provided complete transparency
by displaying all processed parameters in real time,
constantly updating output values throughout the
testing duration. This feature allowed for a visual check
of each reading’s accuracy, giving users immediate
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information on changes in their environment and body.
The interface’s clarity and ease of use demonstrated
that the system could be reliably controlled by people
with no technical experience.

The combined data and analysis demonstrate that the
suggested system works well as a compact, integrated,
and cost-effective monitoring solution. The capacity
to monitor numerous environmental and biological
variables, coupled with precise processing capabilities
and the ability to initiate automated actions, has
considerable promise for application in resource-
constrained settings. These settings often require
constant monitoring, yet lack the financial means to
procure traditional instrumentation.

CONCLUSION

This work reveals the successful construction of a
combined smart health-monitoring ventilator system.
This system integrates environmental sensing, vital-sign
monitoring, and automated actuation into a single, cost-
effective platform. The system’s holistic approach to
patient comfort and safety is achieved by combining data
on temperature, humidity, light intensity, heart rate,
oxygen saturation, and gas levels. Automated control
of fans and lighting significantly improves usability. This
reduces the need for constant manual adjustments,
making the system ideal for home care, clinical settings,
and areas with limited resources. Its small size and use
of easily sourced parts underscore its usefulness and low
cost. This makes it a good choice for ongoing monitoring
in situations where standard equipment isn’t available
or doesn’t quite cut it. This study’s main contribution is
the creation of a unified and automated system, which
aims to improve patient management by making it safer
and more efficient. Future research could focus on
improving sensor accuracy, adding wireless connectivity
for remote health monitoring, expanding the system
to include more biomedical data, and optimizing the
user interface for improved interaction. Moreover,
further enhancements could examine decision-making
models based on machine learning. This would allow for
predictive insights and adaptive control. These guidelines
could improve the system, making it more intelligent,
scalable, and adaptable for health monitoring, which
would allow for wider use.
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