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Abstract - Existing air circulation systems of
vehicles mostly depend on manual controls, which
have not proved effective in responding to
changing air quality conditions. This can result in
Poor ventilation, high CO: levels, and higher risk
of health complications. This research consists of
the design with the development of a smart air
quality monitoring and re-circulation system for
vehicles with the help of python software. The
system is having sensors integrated to monitor
carbon dioxide (CO:) in real-time. Automated
actions are to be applied for adjustment of cabin
ventilation. This study presents a CO: monitoring
system using an MQI135 sensor and Raspberry Pi
4. The ADS1115 ADC converts sensor data, which
is analyzed via Python on Raspbian OS. When CO:
exceeds 1000 ppm, the system triggers an
optocoupler relay to activate an LED, simulating
an air recirculation control. This ensures real-time
air quality monitoring for improved passenger
safety. The results from experiments show
remarkable improvements and management of air
quality, thus giving a smart cost-effective and
efficient safety measure.

Indexed Terms- Air Quality, CO2, Raspberry Pi,
Recirculation.

L INTRODUCTION

Ensuring safe air circulation and maintaining high
air quality within vehicle cabins should be given top
priority, especially given the enclosed nature of
these spaces. Poor air quality can have significant
adverse effects on both drivers and passengers,
leading to potential health risks, reduced cognitive
function, and decreased alertness. Prolonged
exposure to pollutants, allergens, and harmful gases
within a confined space may contribute to
respiratory issues, fatigue, and discomfort, which in
turn increases the likelihood of accidents due to
reduced driver focus. As a result, optimizing air
circulation and improving air quality in vehicle
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cabins is essential for enhancing safety, comfort, and
overall well-being.

In urban environments, vehicle cabins are exposed
to various air pollutants, including carbon monoxide
(CO),carbon dioxide(CO:) nitrogen oxides (NOx),
volatile organic compounds (VOCs), and particulate
matter (PM). These pollutants may infiltrate the
cabin from external sources, such as traffic and
industrial emissions, or originate from within the
vehicle due to materials used in manufacturing or
prolonged recirculation of air. Without proper
ventilation and air purification, these contaminants
can accumulate to hazardous levels, affecting not
only health but also the efficiency and focus of the
driver. Therefore, there is a growing need for an
intelligent air monitoring and control system that
ensures optimal air circulation and filtration to
mitigate the risks associated with poor cabin air
quality.

This research aims to address these concerns by
designing and developing an air monitoring and
control system specifically for vehicle cabin carbon
dioxide(CO2) level monitoring. The system will
integrate real-time air quality monitoring with
automated control mechanisms to enhance air
circulation. By continuously detecting and
responding to changes in air quality, this system will
ensure that pollutant levels remain within safe limits,
thereby improving both safety and comfort for
vehicle driver and occupants.

The main objectives of this research are:

e To design and develop a real-time air monitoring
and control system.

e To observe the effect of the system in air
circulation and safety air quality levels.

e To compare the performances of the systems in
regard to existing commercial air quality
systems.
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IL. LITERATURE SURVEY

The study in [[1]] presents an IoT-based in-car air
quality monitoring system that detects CO, COs.,
PM2.5, and PM10 levels in real time. Using Node
MCU ESP8266, MQ-7, MQ-135, and PMS5003
sensors, the system transmits data to ThingSpeak for
visualization and sends alerts via Blynk when air
quality worsens. Tests under different conditions
(car stopped, engine on/off, moving) showed
significant pollutant variations.

The study in [[2]] presents a Smart In-Cabin Air
Monitoring System using IoT technologies to
enhance passenger safety by monitoring oxygen
(O2), carbon dioxide (COz), and temperature in real
time. It employs Arduino Uno R3, MQ-135 CO:
sensor, and Winsen ME2 O: sensor to track air
quality. If dangerous levels are detected, the system
alerts the vehicle owner and authorities and
automatically rolls down windows for ventilation.

The study [[3]] introduces an IoT-enabled Air
Quality Monitoring System (AQMS) using
Raspberry Pi for real-time indoor and outdoor air
pollution tracking. It integrates WSN (Wireless
Sensor Networks) with gas sensors (MQ-7 for CO,
MQ-135 for CO2, NHs, NOx) and ThingSpeak cloud
services for remote monitoring.

This study [[4]] investigates fractional air
recirculation in vehicle cabins to optimize air quality
by reducing particle pollutants while maintaining
safe CO: levels. Tests were conducted with different
passenger numbers, fan speeds, and driving
conditions using a manually controlled recirculation
system. The proposed fractional recirculation
method, keeping 85% recirculation, successfully
maintained CO2 below 2000 ppm, ensuring both air
purification and passenger safety.

In this study [[5]] A deep learning model (LSTM-A-
E) was developed to predict in-cabin VOC levels,
outperforming traditional methods. The model
successfully forecasts 12 VOC concentrations,
aiding in exposure assessment and smart car air
quality control. This approach highlights the need
for adaptive air purification systems.

In the study [[6],[7],[8],[8]] Machine learning plays
a crucial role in automatic air recirculation by
predicting and controlling CO: levels in vehicle
cabins, ensuring safer and healthier air quality.
Elevated CO: concentrations lead to driver fatigue,
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drowsiness, and impaired cognitive function,
increasing accident risks. Traditional manual air
circulation methods are ineffective in adapting to
real-time air quality fluctuations.

Studies have implemented deep learning models,
such as LSTM and GRU, to predict in-cabin CO2
variations more accurately than conventional
methods. These models analyse sensor data to
anticipate CO: build-up and optimize ventilation
control. IoT-based systems, including Raspberry Pi
implementations, enable real-time air quality
monitoring and automatic switching between fresh
air and recirculation modes based on CO:
thresholds.

By integrating machine learning and [oT, modern air
recirculation systems improve passenger comfort,
driving safety, and energy efficiency, making them a
key feature for smart vehicle innovations.

The literature review highlights significant
advancements in loT-based air quality monitoring
and machine learning-driven air recirculation for
vehicle cabins. While studies demonstrate effective
pollutant detection and ventilation automation, gaps
remain in real-time adaptability, integration with
HVAC systems, and standardized CO: thresholds.
Future research should focus on Al-driven
predictive control, multi-sensor fusion, and energy-
efficient ventilation strategies for improved safety
and efficiency.

I1I. SYSTEM ARCHITECTURE
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Figure 1: Architecture Block Diagram

COMPONENTS USED
e Raspberry Pi 4 Model B
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e Gas Sensor (MQ — 135)

e ADC converter (ADSI1115)
e Optocoupler relay

e LED indicator

RASPBERRY PI 4 MODEL B

Figure 2: Raspberry Pi 4 Model B

The Raspberry Pi 4 Model B, a quad-core 1.5 GHz
computer with 4GB RAM, acts as the system’s core,
using its 40 GPIO pins (3.3V logic) to process
MQ135 data via I12C, control a relay and LED, and
run a Python script on Raspberry Pi OS to monitor
CO: and toggle outputs based on a 1000 ppm
threshold.

MQ135 GAS SENSOR

Figure 3: MQ135 Gas Sensor

The MQI135, a low-cost sensor with a tin dioxide
(SnO2) layer heated to 300-400°C, detects CO: by
reducing resistance (Rs) as gas concentration rises,
outputting a 0-5V signal across a 10k resistor.

IRE 1708223

ADC CONVERTER(ADS1115)

Figure 4: ADS 1115

The ADS1115, a 16-bit ADC with 12C, converts the
MQ135’s analog voltage (0-5V) to a digital signal
for the Pi, offering 65,536 levels at +4.096V gain,
wired to 3.3V and GPIO 2/3, sampling the sensor’s
output to ensure precise CO: readings with a
resolution of ~0.125mV.

OPTOCOUPLER RELAY

Figure 5: Optocoupler Relay

The relay module acts as a switch that controls high-
voltage devices using a low-voltage signal from the
Raspberry Pi. Since the Pi operates at 3.3V logic
while the relay requires 5V, an opto-isolator ensures
electrical separation, preventing damage to the
Raspberry Pi. When activated, the relay allows
current to flow through its normally open (NO)
terminal, switching on the connected device (e.g., an
LED bulb).

LED BULB
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Figure 6: Light Emitting Diode

The LED bulb serves as a visual indicator of high
gas concentration levels. It is powered through the
relay and remains OFF under normal conditions.
When the relay is triggered by the Raspberry Pi, the
circuit completes, allowing current to flow and
turning the LED ON as an alert.

Iv. METHODOLOGY

The sensor used is MQ 135, an air quality
monitoring sensor which is connected to Raspberry
Pi 4 Model B. The Raspbian OS is installed in the
Raspberry Pi using Raspberry Pi Imager via SD
card. Both the PC and microcontroller are connected
to the same Wi-Fi network. Using REAL VNC,
Raspberry Pi graphical interface is opened in the PC.
Under the programming section (Thonny), the
program is written using Python programming
language.

The MQ135 gas sensor is connected to the raspberry
Pi via ADS 1115. The Raspberry Pi is connected to
the LED through an optocoupler relay. The ADS
1115 converts the analog output of the MQ135 into
digital output and feeds it to the microcontroller. The
microcontroller continuously monitors the CO-
levels and compares it with the threshold value
(1000 ppm) entered in the program. When the CO2
level exceeds the threshold it sends signal to the
optocoupler relay which then switches on the LED.
The LED is used as a placeholder for the air
recirculation button on the vehicle.
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V. RESULT

Figure 7: Experimental Setup

The gas detection system built using MQ-135,
ADSI1115, and Raspberry Pi 4 successfully detected
changes in air quality and provided alerts when CO-
level increased. The ADS1115 ADC helped convert
the analog signal from the sensor into digital values,
which were processed by the Raspberry Pi. When
the gas concentration crosses the set limit, the relay
module activates the LED indicating the working of
air recirculation system.

The system worked as expected and showed:

e Accurate Gas detection for CO2

e Automatic warning system using an LED.

e Reliable data processing using Raspberry Pi and
ADSI1115.

e Possibility for IoT integration for remote
monitoring.

Our research focuses exclusively on vehicle-centric
applications, in contrast to earlier studies that take a
more general approach to environmental
monitoring. Compared to the larger arrays of
sensors used in general environmental monitoring
studies, our study uses a more condensed collection
of sensors that are specifically designed for our use
case. Another difference is our focus on direct
automation, which contrasts with previous
research's concentration on cloud and IoT
technology. Ultimately, our study makes a targeted
contribution to the field of environmental
monitoring by addressing a particular, useful issue:
enhancing vehicle air quality.
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VL FUTURE DEVELOPMENTS

This gas detection system can be improved in
several ways to make it smarter, more efficient, and
widely applicable.

1. IoT-Based Remote Monitoring

e By connecting the system to cloud
platforms (AWS, Firebase, ThingsBoard)
we can store and analyse gas concentration
data.

e We can develop a mobile app or web
dashboard for real-time monitoring and
alerts.

e SMS, email, or push notifications can be
sent when dangerous gas levels are
detected.

2. Integration with AT & Machine Learning

e Using machine learning we can detect
patterns in gas levels and predict dangerous
situations before they happen.

e By implementing anomaly detection
algorithms, we can identify unusual gas
concentration spikes.

Improving sensor calibration using Al can give more
accurate readings over time.

Figure 8: Circuit Connections

CONCLUSION

The Automatic Vehicle Cabin Air Recirculation
System using Raspberry Pi effectively enhances in-
cabin air quality through real-time CO: monitoring
and automated ventilation control. The system’s
integration of the MQ-135 sensor, ADS1115 ADC,
and relay-based automation demonstrated precise
detection and responsive activation of the
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recirculation mechanism when CO: levels exceeded
1000 ppm.

Our results confirm that IoT-driven automation can
significantly improve air quality, reducing health
risks and enhancing passenger safety without
manual intervention. The system’s reliability and
scalability make it a promising solution for modern
vehicle environments.

Looking ahead, future improvements could include
cloud-based data monitoring, Al-driven predictive
control, and multi-sensor integration for even
smarter air quality management. This work lays the
foundation for more adaptive and intelligent vehicle
ventilation systems, contributing to safer and
healthier travel experiences.
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