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Abstract—Fire safety is a critical concern in modern
infrastructure, necessitating efficient and reliable
systems for early detection and rapid suppression of
fires. Traditional fire safety measures often operate in
silos, with fire alarms and extinguishers functioning
independently, potentially leading to delayed responses
and increased damage. This research presents the
design and development of an integrated fire alarm and
extinguisher system that leverages Internet of Things
(IeT) technologies to enhance fire detection,
monitoring, and suppression capabilities.

The proposed system incorporates a network of
sensors—including smoke, heat, and gas detectors—
connected to a central microcontroller that
continuously monitors environmental conditions. Upon
detecting fire indicators, the system triggers audible
and visual alarms while simultaneously activating the
appropriate fire suppression mechanism. The
integration of real-time data analytics enables the
system to assess the severity and type of fire, ensuring
the deployment of suitable extinguishing agents,
thereby minimizing collateral damage.

Furthermore, the system is designed to communicate
with emergency services and building management
systems, providing real-time alerts and status updates
to facilitate prompt evacuation and response. The
implementation of this integrated approach aims to
reduce human error, enhance response times, and
improve overall fire safety management.

Experimental evaluations demonstrate the system's
efficacy in promptly detecting and suppressing fires,
highlighting its potential application in residential,
commercial, and industrial settings. This research
contributes to the advancement of smart fire safety
solutions, promoting safer living and working
environments through technological innovation.
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L INTRODUCTION

Fire safety is a paramount concern in modern
infrastructure, encompassing residential,
commercial, and industrial settings. The increasing
complexity of building designs, coupled with the
proliferation of electrical appliances, has elevated the
risk of fire incidents. Recent events underscore the
urgency of enhancing fire safety measures. Between
January 2023 and May 2025, Delhi experienced 130
fire-related incidents in educational institutions and
78 in hospitals and nursing homes, highlighting
critical safety lapses in these sectors. Similarly, a
devastating fire in Hyderabad's Gulzar Houz area
resulted in 17 fatalities, drawing attention to outdated
electrical systems and the absence of basic safety
components like miniature circuit breakers.

Traditional fire safety systems often operate in
isolation, with fire alarms and extinguishers
functioning independently. This separation can lead
to delayed responses and increased damage during
fire incidents. The evolution of fire detection and
suppression technologies has paved the way for
integrated systems that combine early detection with
immediate suppression. Advancements in smart
building technologies and the Internet of Things
(IoT) have enabled the development of
interconnected systems that provide real-time
monitoring and control of fire protection
mechanisms.

Historically, fire suppression methods have
transitioned  from approaches  to
sophisticated, automated solutions. The introduction
of smoke detectors, heat sensors, and automated

manual

sprinkler systems has significantly improved early
detection and response times. Modern fire protection
systems now incorporate Al-driven analytics and
IoT-enabled devices to enhance responsiveness and
efficiency.

Despite  these  technological  advancements,
challenges persist in implementing comprehensive
fire safety solutions. Many existing buildings lack
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integrated systems, and there is often a reliance on
outdated equipment. Furthermore, the absence of
regular maintenance and safety audits exacerbates
vulnerabilities. The integration of fire detection and
suppression systems is essential to address these
issues, ensuring prompt responses and minimizing
potential damage.

This research aims to design and develop an
integrated fire alarm and extinguisher system that
leverages IoT technologies for enhanced fire
detection, monitoring, and suppression. The
proposed system will incorporate a network of
sensors, including smoke, heat, and gas detectors,
connected to a central microcontroller for continuous
environmental monitoring. Upon detecting fire
indicators, the system will trigger alarms and activate
appropriate  fire suppression
Additionally, the  system  will facilitate
communication with emergency services and
building management systems, providing real-time
alerts and status updates to support prompt
evacuation and response.

mechanisms.

By integrating detection and suppression capabilities
into a unified system, this research seeks to reduce
human error, enhance response times, and improve
overall fire safety management. The implementation
of such a system has the potential to significantly
mitigate fire-related risks, safeguarding lives and
property in various settings.

II.  LITERATURE REVIEW
Fire Detection Systems

Fire detection systems are essential for -early
identification of fire incidents, enabling prompt
evacuation and response. Traditional systems
primarily utilize manual call points and basic smoke
detectors. However, advancements have led to the
development of sophisticated systems incorporating
various sensors and technologies.

Smoke Detectors: These devices detect airborne
particles produced by combustion. Ionization smoke
detectors are sensitive to flaming fires, while
photoelectric detectors are more responsive to
smouldering fires.

Heat Detectors: Operating on fixed temperature or
rate-of-rise principles, heat detectors respond to
temperature changes indicative of fire. They are

suitable for environments where smoke detectors
may cause false alarms, such as kitchens or garages.

IoT-Based Solutions: The integration of Internet of
Things (IoT) technology has revolutionized fire
detection. Smart detectors can communicate
wirelessly, provide real-time alerts, and integrate
with building management systems for coordinated
responses. These systems enhance reliability and
allow for remote monitoring and diagnostics.

Fire Suppression Systems

Fire suppression systems aim to control or extinguish
fires, minimizing damage and ensuring safety.
Various methods are employed based on the nature of
the protected environment.

Water Sprinklers: The most common suppression
method, sprinklers discharge water upon detecting
heat. They are effective for a wide range of fires but
may not be suitable for areas with sensitive
equipment.

Gas-Based Systems: Utilizing inert or chemical
gases, these systems suppress fires without leaving
residues, making them ideal for data canters and
laboratories. Agents like FM-200 and Novec 1230 are
commonly used.

Portable Extinguishers: Handheld devices filled with
agents like dry chemical powder, foam, or CO-, are
designed for immediate response to small fires. Their
effectiveness depends on the correct selection and
usage based on fire class.

Integrated Systems

Integrating fire detection and suppression systems
enhances the overall efficacy of fire protection. Such
systems ensure that detection leads to immediate
suppression actions, reducing response times and
potential damage.

Advantages: Integrated systems provide automated
responses, reducing reliance on human intervention.
They offer centralized monitoring, enabling
coordinated actions and real-time decision-making.

Shortcomings: Challenges include the complexity of
system design, higher installation costs, and the need
for regular maintenance to ensure reliability.
Integration also requires compatibility between
various components and adherence to stringent
standards.
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Standards and Regulations

Adherence to established standards ensures the
effectiveness and reliability of fire safety systems. BS
5839 Part 1 provides comprehensive guidelines for
the design, installation, commissioning, and
maintenance of fire detection and alarm systems in
non-domestic premises. It emphasizes system
integrity, proper zoning, and regular maintenance to
prevent false alarms and ensure prompt responses.

Compliance with such standards is crucial for legal
adherence, requirements, and, most
importantly, the safety of occupants and property.

insurance

System Design and Methodology

System Architecture

The proposed integrated fire safety system combines
detection, notification, and suppression mechanisms
into a cohesive framework. The architecture is

designed to ensure rapid response to fire incidents,
minimizing damage and enhancing occupant safety.
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Fig 1-: Fire Alarm System Wiring Diagram

Key Components:

e Sensors: Deployment of smoke detectors, heat
sensors, and gas detectors to identify fire
indicators.

e Control Unit: A microcontroller-based central
unit processes sensor data and initiates
appropriate responses.

e Communication Modules: Integration of GSM
and Wi-Fi modules facilitates real-time alerts to
occupants and emergency services.

e  Suppression Mechanisms: Automatic activation

of fire extinguishers or sprinkler systems upon

fire detection.

This architecture with

approaches that emphasize the

detection and suppression systems for enhanced
efficacy.

aligns contemporary

integration of
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Fig 2-: Fire Alarm System Architecture Diagram

Selecting appropriate components is crucial for

system reliability and effectiveness.

e Sensors: MQ-2 gas sensors detect combustible
gases, while DHTIl sensors monitor
temperature and humidity levels.

e  Microcontroller: An Arduino Uno board serves
as the central processing unit, offering flexibility
and ease of programming.

e Communication Modules: SIM900 GSM
modules enable SMS alerts, and ESP8266 Wi-Fi
modules support internet connectivity for remote
monitoring.

e  Suppression Devices: Solenoid valves control
the release of extinguishing agents, such as CO:
or dry chemicals, upon activation.

The integration of these components ensures a
responsive and adaptable fire safety system.

Circuit Design

The circuit design involves interfacing sensors with
the microcontroller, ensuring
acquisition and processing.

accurate data

e Sensor Integration: Analog and digital sensors
are connected to the microcontroller's input pins,
with appropriate voltage dividers and pull-up
resistors as needed.

e Actuator Control: Output pins control relays or
transistors that activate alarms and suppression
devices.

e  Power Supply: A regulated power supply ensures
stable operation of all components, with backup
batteries for redundancy.

Proper circuit design is essential to prevent false

alarms and ensure timely responses.

Software Development
The system's software governs sensor data
processing, decision-making, and actuator control.

. Sensor Data Processing: The
microcontroller continuously reads sensor inputs,

applying threshold values to detect anomalies

indicative of fire.

e Decision-Making Algorithms: Upon detecting
fire indicators, the software triggers alarms and
activates suppression mechanisms.

e Communication Protocols: The system sends
SMS alerts via the GSM module and updates a
web-based dashboard through Wi-Fi
connectivity.

e  User Interface: A web application allows users to
monitor system status, receive alerts, and
configure settings remotely.

Implementing robust software ensures the system's

responsiveness and adaptability to various scenarios.

Safety and Reliability Measures

Ensuring the system's safety and reliability involves

incorporating fail-safes and adhering to established

standards.

e Redundancy: Critical components, such as
power supplies and communication modules,
have backups to maintain functionality during
failures.

e Regular Testing: Routine system checks and
maintenance schedules are established to verify
operational readiness.

e Compliance with Standards: The system design
adheres to guidelines outlined in BS 5839 Part 1,
which provides recommendations for fire
detection and alarm systems in non-domestic
premises.

Incorporating these measures enhances the system's

dependability and ensures compliance with safety

regulations.

Implementation and Testing

System Implementation

The implementation phase involves assembling the

integrated fire detection and suppression system,

ensuring seamless interaction between hardware and
software components.

IJIRT 180212 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 374



© June 2025 | JIRT | Volume 12 Issue 1 | ISSN: 2349-6002

Hardware Components:
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Fig 3-: Hardware components

e Sensors: Smoke detectors, heat sensors, and gas
detectors are strategically placed to monitor
environmental conditions.

e  Control Unit: A microcontroller, such as Arduino
Uno, processes sensor data and controls
actuators.

e Communication Modules: GSM and Wi-Fi
modules facilitate real-time alerts and remote
monitoring.

e  Suppression Mechanisms: Solenoid valves and
actuators control the release of extinguishing
agents upon fire detection.

Software Development:

The system's software is developed to process sensor

inputs, make decisions based on predefined

thresholds, and control actuators accordingly. The

program includes routines for:

e  Sensor Data Acquisition: Continuous monitoring
of environmental parameters.

e Decision-Making  Algorithms:
determine fire presence and severity.

Logic to

e  Actuator Control: Commands to activate alarms
and suppression systems.

e Communication Protocols: Sending alerts via
SMS and updating remote dashboards.

This implementation aligns with methodologies

discussed in the literature, emphasizing the

integration of detection and suppression systems for

enhanced fire safety.

Testing Methodology

Testing is crucial to validate the system's
performance, reliability, and compliance with safety
standards.

Functional Testing:

Each component is individually tested to ensure

proper operation:

e Sensor Calibration: Verifying accurate detection
of smoke, heat, and gas levels.

e Actuator Response: Ensuring timely activation
of alarms and suppression mechanisms.

e Communication  Verification:  Confirming
successful transmission of alerts and system
status updates.

Integration Testing:

The complete system is tested under simulated fire

conditions to assess overall functionality. This

includes:

e Scenario Simulation: Introducing controlled
smoke or heat to trigger the system.

e Response Time Measurement: Recording the
time from detection to suppression activation.

e System Recovery: Observing the system's ability
to reset and resume monitoring after an event.

Compliance Testing:
The system is evaluated against relevant standards to
ensure adherence to safety regulations:
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e BS 5839 Part 1: Guidelines for fire detection and
alarm systems in non-domestic premises.

e NFPA 72: Standards for the installation,
performance, and maintenance of fire alarm
systems.

e EN 54 Series: European standards for fire
detection and alarm systems.

Testing ensures the system's reliability and

effectiveness in real-world scenarios.

I1I. RESULTS AND ANALYSIS

The testing phase yielded the following observations:

e Detection Accuracy: Sensors accurately
identified fire indicators with minimal false
positives.

e Response Time: The system activated alarms and
suppression mechanisms within acceptable
timeframes, aligning with industry standards.

e Communication Efficiency: Alerts were
successfully transmitted to designated recipients,
ensuring timely notification.

e System Reliability: The integrated system
demonstrated consistent performance across
multiple test scenarios.

These results confirm the system's capability to

detect and respond to fire incidents effectively,

enhancing overall safety.

Iv. DISCUSSION

The implementation and testing of the integrated fire
extinguisher and fire alarm system highlight the
benefits of combining detection and suppression
mechanisms. The system's rapid response and
reliable performance underscore its potential for
widespread application in various settings.

However, considerations for future development

include:

e Scalability: Adapting the system for larger or
more complex environments.

e Advanced Analytics: Incorporating machine
learning algorithms to enhance detection
accuracy.

e User Interface: Developing intuitive interfaces
for easier system management and monitoring.

Continued research and development will further

improve the system's effectiveness and adaptability.

V. CONCLUSION AND RECOMMENDATIONS

Conclusion

The development and evaluation of the integrated fire
extinguisher and fire alarm system underscore the
critical importance of combining early detection with
immediate suppression to enhance fire safety. By
integrating sensors, control units, communication
modules, and suppression mechanisms, the system
demonstrated rapid response times and reliable
performance during testing phases.

The implementation of such integrated systems
aligns with contemporary approaches to fire safety,
where the synergy between detection and suppression
components is vital. Studies have shown that systems
utilizing combined technologies, such as video
surveillance for fire detection and automated
suppression units, can effectively identify and
mitigate fire hazards in real-time.

Moreover, adherence to established standards, such
as NFPA 72, ensures that fire alarm systems are
designed, installed, and maintained to provide
optimal protection. Regular testing and maintenance,
as outlined in these standards, are essential to
guarantee system reliability and effectiveness.

The integration of communication modules,
including GSM and Wi-Fi, facilitates real-time alerts
and remote monitoring, enhancing the system's
responsiveness and user engagement. Such features
are increasingly important in modern fire safety
systems, providing stakeholders with timely
information and control capabilities.

Recommendations

Based on the findings and observations from the

implementation and testing phases, the following

recommendations are proposed to enhance the
effectiveness and applicability of integrated fire
safety systems:

1. Regular Maintenance and Testing: Implement a
structured maintenance schedule, including
weekly  functional tests and  annual
comprehensive inspections, to ensure system
components operate correctly and adhere to
safety standards.

2. Compliance with Standards: Ensure that system
design and operation comply with relevant codes
and standards, such as NFPA 72, to maintain
legal compliance and optimal safety
performance.
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3. User Training: Provide comprehensive training
for users and maintenance personnel to ensure
proper operation, response to alerts, and
execution of maintenance procedures.

4. Scalability and Adaptability: Design systems
with scalability in mind, allowing for easy
expansion or modification to accommodate
different building sizes and configurations.

5. Integration with Building Management Systems:
Incorporate the fire safety system into broader
building management systems to enable
centralized monitoring and control, enhancing
overall safety and efficiency.

6. Research and Development: Encourage ongoing
research into advanced detection methods, such
as Al-enhanced sensors, to improve -early
detection capabilities and reduce false alarms.

By implementing these  recommendations,

stakeholders can  enhance the reliability,

effectiveness, and user engagement of integrated fire
safety systems, contributing to safer environments
and reduced fire-related risks.
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