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Abstract

The realm of indoor air quality confronts a pressing challenge with elevated carbon
dioxide (CO2) levels, demanding an innovative solution for optimal safety. This abstract
introduces the " Advanced Multi-Gas Detection System for Optimal Safety" project, a
pioneering initiative to address the complex dynamics of indoor air quality. The project
employs a research methodology involving requirement gathering, literature review, and
user surveys to inform its development. The system integrates the high-precision CO2,
CO, and other hazardous gas sensors with a microcontroller, forming the core of a
sophisticated detection mechanism. Complemented by an alarm system including a
speaker alarm, SMS, Email and mobile app notification system, display interface, and
IoT features like a web dashboard and mobile app for online access, the device ensures
real-time Carbon dioxide, Carbon monoxide, LPG, smoke, and other hazardous gases
detection with addition to detection of temperature and humidity level. The benefits of
this system are multifaceted, offering immediate alerts, differentiation between gases, and
a user-friendly interface for swift action. Significantly, this project contributes to
creating a safer indoor environment, impacting various stakeholders. The proposed
system's key features include accurate detection, timely alerts, and user-friendly
interaction, aligning with the transformative shift towards enhanced indoor safety. The
outcomes aspire to set new standards in gas detection systems, fostering a healthier and
safer living environment for individuals and communities.

Introduction

Indoor air quality, an elemental factor of human health and overall well-being, permeates
every facet of our daily existence. Within the confined boundaries of enclosed spaces, the
quality of the air we breathe becomes an omnipresent influencer, shaping our physical
comfort, cognitive performance, and overall safety. At the heart of this complex
atmospheric interplay lies carbon dioxide (CO2), a gas both essential and potentially
hazardous. In its natural state, CO2 often goes unnoticed —a transparent and odorless
companion in the composition of Earth's atmosphere. Yet, within the confines of indoor
environments, it assumes a more significant role, potentially transforming from an
innocuous constituent to an invisible adversary. Elevated CO2 levels, unchecked and
unmonitored, pose a myriad of health concerns, compromise productivity, and threaten
safety.

This upward trajectory of CO2 accumulation can be attributed to a multifaceted interplay
of factors. From the inadequacy of ventilation systems to the activities of occupants and
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the operation of machinery and appliances. Prolonged exposure to elevated CO2 levels
can lead to various adverse health effects, including headaches, dizziness, shortness of
breath, fatigue, and impaired cognitive function. In extreme cases, it can even lead to
asphyxiation or loss of consciousness, posing a severe threat to life. the invisible menace
of CO2 demands our attention, It is the recognition of these latent dangers that drives the
urgency for proactive measures to secure the safety and well-being of those inhabiting
enclosed spaces. The focal point of this project, encapsulated within the title "Advanced
Multi-Gas Detection System for Optimal Safety," is a resolute endeavor to unveil the
intricacies of indoor air quality. In an era where the fusion of technology and well-being
reigns supreme, this research emerges as an essential bridge —a bridge that spans the gap
between the potential perils of heightened CO2 levels and the imperative to safeguard
the sanctity of indoor spaces.

As we embark on this intellectual journey, it becomes manifestly clear that our
exploration is not conducted in isolation. It is a resonant response to the echoes of prior
research and the insights gleaned from the tapestry of scholarly endeavors. The
significance of our endeavor is underscored by the chorus of voices that have already
recognized the gap in our understanding of indoor air quality —a concern that has grown
in prominence as we relentlessly pursue greater safety and well-being within enclosed
environments. In the ensuing sections, we shall embark on a deeper exploration of the
subject matter, unravel the profound significance of our research, pose salient research
questions, and lay the foundation for a comprehensive examination of our "Advanced
Multi-Gas Detection System for Optimal Safety." Our aspiration extends beyond merely
filling a critical gap; it encompasses a commitment to foster a safer, healthier, and more
secure indoor world for all.

2. Related Work

The effects of human activities on their environment have gained important global
consideration in the last decade. Air pollution is one of the significant effects which occur
either due to increase in number of industries and industrial processes, vehicles for
transportation systems or household-kitchen activities. CO accumulates rapidly to
dangerous concentrations even in areas that seems to be well ventilated. The MQ-7 sensor
detects CO by measuring the electrical conductivity of a semiconductor material. When
CO s present, the conductivity of the material changes, and the sensor produces a voltage
signal. The Arduino microcontroller reads the voltage signal from the sensor and
converts it to a digital value. The Arduino then uses the Wi-Fi module to send the digital
value to a cloud server. The cloud server stores the data and makes it available to the user
through a web application. The user can use the web application to view the current CO
level in real time, and to set alerts to be notified if the CO level exceeds a certain threshold.
The system can be used in a variety of settings, such as homes, offices, factories, and
vehicles. It is a simple and inexpensive way to implement an IoT-based CO detection
system [1].

The user can monitor the gas level and receive alerts remotely through a remote
monitoring system. This is especially useful for monitoring gas levels in unattended
buildings or vehicles [2]. This system has described a new approach for gas leakage
detection system at a low concentration. A quick response rate is provided by this
system. With the help of this system the critical situations can be solved quickly over the
manual methods which require large amount of time [10].
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Overall, the gas leakage monitoring system described in the paper is a simple, effective,
and affordable way to improve safety and reduce the risk of accidents [3].

I'believe that intelligent IoT-based gas leakage monitoring systems like the one described
in the paper have the potential to make a significant contribution to improving safety in
a variety of settings [4]. The main objective of this work is to create an information-
measuring system that can continuously monitor the air for harmful gases and vapors.
When the concentration of these substances exceeds the maximum permissible limits, the
system will provide alerts through sound signals, light indications, and warning
messages.

3. Methodology

The goals of methodology section are to provide a thorough explanation of the approach
and research techniques used for this project. The chapter will first go through
requirement gathering, research methods, and requirements that have been gathered.
The discussion of requirements analysis follows. This part analyzes and visually displays
the needs of that have been gathered using various diagram, including Data flow
diagram and final preliminary design are addressed in the end.

4. Tools to be used

At this phase it was declared the entire set of project tools, including the hardware and
the software resources tool required in terms of developing of this system needed to be
developed. In software tools we are using C++ programming language and in Hardware
tools, Arduino is used and other parts as bellow:

CO2 Sensor: A high-quality carbon dioxide sensor is essential for accurately detecting
and measuring CO2 levels in the environment. This sensor will serve as the core
component of our detection system.

Microcontroller: We will employ a microcontroller, such as Arduino or Raspberry Pi, to
interface with the CO2 sensor and process the sensor data. The microcontroller will act
as the brain of the system, executing the necessary algorithms and control functions.
Display Interface: To provide real-time information to users, we will incorporate a
display interface, such as an LCD screen or LED indicators. This interface will present
CO2 levels and other relevant information in a clear and easily understandable format.
Alarm System: An integral part of the project will be an alarm system to alert individuals
when CO2 levels exceed safe thresholds. The piezo, also known as the buzzer, is a
component that is used for generating sound. It is a digital component that can be
connected to digital outputs, and emits a tone when the output is HIGH.

Power Supply: A reliable power supply is crucial for the continuous operation of the CO2
detection system. We will consider using a combination of battery power and/or AC
power adapters to ensure uninterrupted functionality.

MQ-7 Sensor: The MQ-7 is a type of gas sensor used to detect gases like carbon monoxide
(CO) and methane (CH4) in the air. It's often used to prevent gas leaks in homes and
industries.

MQ-135: The MQ-135 is a gas sensor that is widely used for detecting a variety of gases
in the air. he MQ-135 is designed to detect gases such as ammonia (NH3), benzene
(C6HS6), carbon dioxide (CO2), carbon monoxide (CO), methane (CH4), and various
volatile organic compounds (VOCs). It's particularly useful for air quality monitoring
applications.
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MQ-2: In this project we used MQ-2 sensor and the primary focus of the system is to
detect the presence of potentially hazardous gases such as LPG, propane, and methane,
providing an early warning to ensure the safety of occupants in homes or industrial
environments.

User Interface: To enable user interaction, we will include a user interface mobile app
thot would share the real-time data and also notify the user for any emergency.

5. System Architecture

iezo Buzzer
Transistor - NPN BC337
$0.27 x Qty: 1

1K Ohm Resistor

LCD 16x2

$105xQty: 1

220 Ohm Resistor

Rotary Potentiometer - 10k Ohm,
Linear

$0.76 x Qty: 1

Hazardous Gas Sensor - MQ-135
$1.46x Qty: 1

BreadBoard

Jumper Wires Pack - M/M
$1.95x Qty: 2

Male Headers Pack- Break-Away
$0.66 x Qty: 1

6. Control Flow Diagram

Input G Displ gas
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7. Conclusion

In conclusion, the Advanced Multiple Gas Detection System marks a significant stride
toward fortifying safety measures in environments susceptible to hazardous gases.
Beyond its current state, the project lays the foundation for continuous evolution.
Acknowledging and addressing limitations, the system has the potential for ongoing
refinement and adaptation to emerging safety requirements. The success of this project
lies not only in its technological prowess but also in its commitment to the perpetual
enhancement of safety standards.
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8. Future Recommendations and Improvement

Looking ahead, several avenues for improvement and future recommendations present
themselves:

Sensor Calibration Refinement: Future efforts should prioritize the refinement of sensor
calibration methodologies. Continuous research and development in this area can
significantly enhance the accuracy and reliability of gas concentration measurements,
ensuring the system's effectiveness in real-world scenarios.

Integration of Additional Gas Sensors: To broaden the system's applicability, there is a
need to expand its sensor array. Incorporating sensors capable of detecting a wider range
of gases would enable the system to adapt to various environments and emerging safety
challenges.

Machine Learning for Anomaly Detection: Introducing machine learning algorithms
not only for gas concentration measurement but also for anomaly detection could
enhance the system's ability to identify irregular patterns or potential gas leak events,
providing a proactive safety approach.

Integration with Smart Building Systems: Collaborating with existing smart building
infrastructure could elevate the system's capabilities. Integration with HVAC (Heating,
Ventilation, and Air Conditioning) systems, for instance, could enable automatic
ventilation adjustments in response to detected gas levels, contributing to rapid gas
dissipation.

Adaptive Power Management: Incorporating adaptive power management features can
optimize energy consumption. This could involve sensor activation based on occupancy
patterns or the implementation of low-power modes during periods of inactivity,
contributing to prolonged battery life in portable systems.

Real-time Data Analytics: Implementing real-time data analytics capabilities can
provide users with insights into historical gas concentration trends. This feature would
enable users to identify patterns, assess potential risks, and make informed decisions
regarding preventive measures.

Customizable Alert Thresholds: Empowering wusers to set personalized gas
concentration alert thresholds adds a layer of customization. This feature ensures that
users can tailor the system's response based on their specific safety requirements and the
sensitivity of their environment.

Integration with Emergency Services: Strengthening the system's emergency response
capabilities by directly integrating with local emergency services or building
management systems ensures a swift and coordinated response in critical situations

Exploration of Machine Learning Algorithms: The integration of machine learning
algorithms holds the potential to introduce adaptive learning mechanisms to the system.
This could enable it to evolve and improve its detection accuracy over time, learning from
real-world data and user interactions.

Enhanced Alert Mechanisms: Future developments may include the implementation of
more sophisticated alert mechanisms. This could involve automated notifications to
emergency services, integration with smart home systems for rapid response, and the
ability to provide users with detailed insights into detected gas concentrations.
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Field Testing and User Feedback: Conducting extensive field testing in diverse
environments is paramount. Gathering user feedback is equally essential to
understanding the system's performance in real-world conditions, uncovering potential
challenges, and identifying areas for improvement.
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