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ABSTRACT

« Design and implementation of an automatic fire extinguishing system >
Abstract

Fire detection and suppression are essential for the safety of monitored environments. Our project aims to
develop an intelligent solution using Al to optimize these processes. We integrate algorithms to process
signals from gas and flame sensors via Arduino and use Al to analyze camera signals to improve accuracy.
When a fire detected, a signal sent to an automatic extinguisher for immediate intervention. Additionally,
we have designed a remote monitoring platform in Python, enabling real-time system management from a
control center. This platform offers proactive management and instant visibility into the status of monitored
environments, thereby enhancing overall security. A thorough analysis confirms that our FDS system is
robust and effective for fire detection and management, ensuring rapid and precise responses, and thus
contributing to the safety and peace of mind of users

.Keyword: Fire detection, Al, Automatic fire extinguishing, safety
« Conception et réalisation d’un systéme d’extinction automatique d’incendie >

Résumé

La détection et la suppression des incendies sont essentielles pour la sécurité des environnements surveillés.
Notre projet vise a développer une solution intelligente utilisant I'lA pour optimiser ces processus. Nous
intégrons des algorithmes pour traiter les signaux des capteurs de gaz et de flamme via Arduino, et utilisons
I'lA pour analyser les signaux des caméras afin d'améliorer la précision. En cas de détection d'incendie, un
signal est envoyé a un extincteur automatique pour une intervention immédiate. De plus, nous avons congu
une plateforme de surveillance a distance en Python, permettant la gestion en temps réel du systéme depuis
un centre de contrdle. Cette plateforme offre une gestion proactive et une visibilité instantanée sur I'état des
environnements surveillés, renforgant ainsi la sécurité globale. Une analyse approfondie confirme que notre
systeme FDS est robuste et efficace pour la détection et la gestion des incendies, garantissant des réponses
rapides et précises, et contribuant ainsi a la sécurité et a la tranquillité d'esprit des utilisateurs.

Mot-clé: Détection d'incendie, Al, Extinction automatique des incendies, Sécurité.
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Dommages)
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FDS Fire Detection System

FSMS Fire Safety Management System
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ISS integrated security systems

I0ES Internet of Emergency Services
LCD Liquid Crystal Display

LTSM Long Short-Term Memory

MCP manual call points

MQTT Message Queuing Telemetry

Transport
ML Machine learning
NYC New York City

NFPA The National Fire Protection

Association
NN neural networks
NRL National Rugby League

OEM original equipment manufacturer

SaaS Software as a Service.
PWM Pulse Width Modulation
RGB Red, Green, Blue

RAM Random Access Memory

UV Ultraviolet
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US.EPA United States Environment
Protection Agency

USB Universal Serial Bus

VS Code Visual Studio Code

2EE Java 2 Platform, Enterprise Edition
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GENERAL INTRODUCTION
Technological advancements have led to the development of various automatic fire

detection and suppression systems aimed at protecting lives and property. However, despite their
widespread use, these systems are not without challenges. Issues such as false alarms and

inaccurate detection persist, posing significant obstacles to their reliability and effectiveness.

The main problem lies in the frequent occurrence of false alarms and inaccurate fire
detection, which undermine the efficiency and reliability of these systems. False alarms can cause
unnecessary panic and resource deployment, while inaccurate detection can lead to delayed

responses, resulting in severe fire damage and loss.

To address these challenges, this study proposes an intelligent approach utilizing artificial
intelligence (Al) techniques for enhanced fire detection and suppression. The envisioned solution
integrates algorithms for processing and encoding signals from various sensors, including gas and
flame sensors, via the Arduino software platform. Furthermore, it implements Al processing to
analyze signals captured by cameras, further improving fire detection accuracy and automatically

triggering suppression upon detection.

Additionally, this research proposes a remote monitoring platform using Python
programming, enabling real-time monitoring and management of the fire detection and suppression

system from a centralized point.

The primary objective of this study is to resolve false alarm and inaccurate fire detection
issues while enhancing the overall efficiency and reliability of automatic fire detection and
suppression systems. This study structured into three chapters, each addressing specific aspects of
the project: the first chapter highlights the crucial role of fire detection and suppression systems in
reducing fire damage. It emphasizes the importance of understanding fire dynamics and using
advanced sensors, while stressing the need for regular maintenance and compliance with
regulations. The second chapter explores the transformative potential of intelligent automatic fire
safety systems. By integrating Al and loT technologies, these systems enhance fire detection and
response capabilities, despite challenges such as false alarms. The third chapter offers a detailed

examination of the technical implementation of the FDS project.
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It includes a review of related work, a description of system components, and a discussion
of future directions for project improvement and development.

Overall, this study aims to enhance fire detection and suppression systems by integrating
Al technologies, thereby improving detection accuracy and response capabilities. It offers a

solution to many challenges faced by automatic fire detection and suppression systems.
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I.1. Introduction:

Effective fire detection and suppression are crucial for protecting lives and property from
the swift and catastrophic destruction caused by fires. This chapter explores the principles and
practical considerations of fire security systems, emphasizing the need to understand fire's nature,
including its stages and the fire triangle. Fire detection systems use advanced sensors to detect early
signs of fire, while suppression systems deploy various agents to extinguish flames. Both manual
and automatic systems face challenges, such as human error, maintenance issues, and false alarms.
Maintaining these systems through regular inspections and compliance with regulations is essential
for their reliability and effectiveness in fire safety.

1.2. Theory of Fire:

1.2.1. Definition of fire

A fire is an exceptionally dangerous phenomenon that can cause significant human and
material damage, often with catastrophic consequences. The criticality of fire risk assessed based
on two criteria: frequency (probability of occurrence) and severity (extent of damage). Fire safety
encompasses all techniques aimed at reducing the likelihood of fire ignition and minimizing

damage in the event of a fire.

A fire is an uncontrolled chemical combustion reaction that typically develops in a
disorderly manner and is difficult to manage. This exothermic reaction occurs when a combustible
substance interacts with an oxidizing agent in the presence of activation energy, triggering chain
reactions. The Fire Triangle illustrates this combination, representing the three essential elements

for combustion: fuel, oxygen, and heat. [1]

1.2.2. Stages of fire
The progression of a fire influence by various factors including the type of fuel, its form,
ventilation, and the ignition source. Understanding the stages of fire is crucial for effective fire

management and safety. [1]
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1.2.2.1 Ignition Phase
The initial phase of a fire, known as the ignition phase, begins when heat, oxygen, and a
fuel source combine and a chemical reaction starts. At this stage, the temperature localize at the

ignition point, and the first signs of smoke and gas appear. [1]

1.2.2.2 Growth Phase

During the second phase, the growth phase, the fire's intensity increases as the flames start
to spread. Radiation and direct contact with flames heat nearby materials, causing hot gases
released and fill the space. This phase characterize by the increasing size of the fire as it spreads to

more fuel sources. [1]

1.2.2.3 Fully Developed Phase

In the fully developed phase, accumulated hot gases because the available fuels to reach
their ignition temperatures, leading to a sudden and intense spread of fire throughout the entire
volume (flashover). This phase marks the peak intensity of the fire, during which all combustible

materials are burning. The presence of flammable gases can also lead to explosions. [1]

1.2.2.4 Decay Phase

The final stage, known as the decay phase, occurs as the fire's intensity decreases due to the
depletion of available fuel. Most of the fuel has been consumed, and efforts focused on cooling the
remaining embers and preventing re-ignition. The fire gradually diminishes until it completely

extinguisher. [1]

1.2.2.5 Methods of Heat Transfer
Fire spreads through various methods of heat transfer:

v Radiation: Heat energy travels in waves and ignites materials from a distance.

v Convection: hot gases rising and spreading the fire carry Heat.

v Conduction: Heat transfers through solid materials, spreading the fire to adjacent areas.
v

Direct Contact: Flames directly touch and ignite other materials. [1]
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1.2.3. Classification of Fire
Explanation of Fire Classes:

CLASS A

Fires involving ordinary combustibles like wood, paper, and cloth. [1]

CLASS B

Fires involving flammable liquids such as gasoline and propane. [1]

CLASS C

Fires involving flammable gases. [1]

CLASS D

Fires involving combustible metals that react violently with water. [1]

CLASS K

Fires involving cooking oils and fats. [1] &
—-—
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1.2.4. Fire triangle

The Fire Triangle The fire triangle comprises three essential elements for a fire to initiate
and persist: oxygen, fuel, and heat. Fire is a type of energy released during a combustion reaction,
where oxygen reacts with a fuel. Common fuels in everyday life include natural gas, wood, paper,
and candles. Although these fuels are in direct contact with oxygen in the air, they typically do not
ignite spontaneously. This is because one component of the fire triangle is absent: heat. Heat is
necessary for a fire to begin as it provides the energy required to start the reaction, known as
activation energy. Once sufficient energy is supplied by heat, the combustion reaction initiates,

producing significant heat to sustain the fire.As illustrated in the figure 1.1. [2]

The Tetrahedron of Fire

Oxygen Sources Heat Sources
i
Approximately 16% To Reach Ignition Temperature
Regquired Open Flames - The Sun
Normal air contains Hot Surfaces
21% O2. Some fuel ?l?a'?ﬁna“g Arcs .
materials contain E"‘“‘? “e"gy““”:m

sufficient oxygen within
their makeup to support
burning.

Compressionof Gases
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Figurel. 1 : The tetrahedron of fire (Fire triangle).
Fire is a chemical reaction that requires three elements: a combustible material, oxygen,
and an ignition source. This ignition temperature can reached in the presence of a flame, a spark, a
heat source, or friction. These three elements typically represented in a triangle, known as the fire

triangle. The three sides of the fire triangle are. [2]

v" Combustible material
v' Oxygen

v" Ignition source
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1. There are many types of combustible materials, categorized into three groups:
v" Solids (e.g., clothing, packaging materials, dirty rags)
v Liquids (e.g., gasoline, diesel, paint, paint thinner)

v' Gases (e.g., natural gas, propane)

The air normally contains 21% oxygen, which is sufficient for combustion to start. If the
oxygen content is higher (e.g., due to a leak from an oxygen cylinder), combustion will occur more
rapidly. [2]

2. Various sources can lead to a fire or explosion:
v Open flames (e.g., smoldering cigarette, welding sparks)
v" Sparks from short circuits or static electricity
v" Increased heat from heating or friction

The three sides of the fire triangle illustrate the conditions necessary for a fire to start. A
fire cannot exist if one of these elements is missing. If all three elements combined in the right
proportions, the fire triangle is complete, and a fire ignites. Removing any one of these factors will

extinguish the fire, making the fire triangle a useful tool for fire prevention and control. [2]

1.2.5. Definition of combustion

Combustion is the chemical process wherein molecules of combustible substances undergo
oxidation, typically facilitated by high temperatures, resulting in the release of energy. This process
accompanied by the phenomenon known as "flame" and the generation of "heat energy". When
carbon combines with oxygen, it forms carbon dioxide, a non-toxic gas, liberating heat according
to the equation: [3]

C+02—CO2-+heat (Eq: 1.1)

Similarly, hydrogen combines with oxygen to form water vapor (steam), also releasing heat

according to the equation: [3]

2H2+02—2H20+heat (Eq: 1.2)
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The fuel-air ratio plays a crucial role in combustion, as the ideal ratio ensures complete
oxidation without residual oxygen. Deviations from this ratio lead to either a rich mixture with
excess fuel or an oxygen-deficient mixture. Incomplete combustion results in the formation of

carbon monoxide, a toxic gas, as seen in the equation: [3]
2C+02—2CO-+heat (Eq: 1.3)

While incomplete combustion generates less heat compared to complete combustion, it is
sometimes necessary for specific industrial processes, though it is generally discouraged due to

safety concerns. [3]

Conversely, an excess of oxygen leads to a "fuel lean" mixture, resulting in oxidizing
combustion characterized by a short, blue flame. Air, composed of oxygen and nitrogen, serves as
the oxidizer in most combustion processes. Adding excess air beyond stoichiometric proportions
can decrease the flame temperature due to the dilution effect caused by the unreacted nitrogen and

oxygen. [3]
Hydrocarbon CxHy + oxygen O2 — carbon dioxide CO2 + water H20 + heat. Eq (1.4)

1.3. Fire Security Systems

A Fire Security System (FSS) is a comprehensive set of devices designed to gather and process
all information and commands related to fire safety. Its primary functions are to ensure the safety
of individuals, facilitate firefighter intervention, and limit the spread of fire. The FSS achieves
these goals by detecting fires and automatically (or manually) initiating safety measures within a

building or establishment. [4]

The FSS is composed of two main subsystems: the Fire Detection System (FDS), which
identifies the presence of fire through sensors and alarms, and the Fire Safety Management System
(FSMS), which executes necessary actions to secure the building, such as activating sprinklers or
fire doors. The objectives of an FSS include ensuring human safety by alerting and guiding
evacuations, aiding firefighters by providing critical information and control systems, and

containing the fire through compartmentalization and smoke control.
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Its primary functions involve isolating fire-affected areas to prevent spread, sealing off sections
with doors and fire dampers, and activating systems to remove smoke from the building, thus aiding

visibility and reducing inhalation risks. [5]

1.3.1. The Fire Detection System (FDS)

A fire detection system is an integrated arrangement of equipment designed to identify the
presence of fire at its earliest stages and alert occupants and emergency responders. It includes
automatic detectors, manual call points, and control units to ensure timely and efficient detection
and response to fire incidents. The primary goal of the system is to protect lives and property by
providing early warnings of fire through various detection methods such as smoke, heat, and flame

sensors. [4]

It consists of automatic detectors (AD), manual call points (MCP), and control and
signaling equipment (CSE) that manage information from the detectors and call points. Its purpose
is to detect and signal fire emergencies as early as possible. This system is crucial for early fire

detection and alarm activation, providing a comprehensive setup to protect lives and property. [5]
There are various types of detectors available:
a) Heat Detectors

Detect the rise in temperature due to fire and are suitable for areas where smoke detectors might
give false alarms. They are less prone to false alarms and are less expensive but slower in response
compared to smoke detectors. The figure 1.2 shows the mechanical components of the heat detector.

[4]
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Figurel. 2:280 Series Mechanical Heat Detector.
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b) Smoke Detectors

Utilize photoelectric or ionization methods to detect smoke and provide early warnings. They
are highly effective but may not be suitable for all environments. The figurel.3 illustrates the

operating principle of the smoke detector. [6]

lonization Chamber

Metal Plates ] ‘

Americium Source

Figure I. 3: Americium in lonization Smoke Detectors | US EPA.

c) Flame Detectors

Sensitive to light waves (UV or IR) emitted by flames, used in high-risk areas like industrial
facilities and fuel-loading areas. They need to be pointed towards the potential fire source and can

sometimes give false alarms due to sunlight as demonstrated in the figure 1.4. [6]
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Figurel. 4: Working of Flame lonization Detectors.
d) Gas Sensing and Other Phenomena Detectors
Detect specific gases produced by fires, such as carbon monoxide, which can indicate a fire

even before flames are visible. These are becoming popular in homes for detecting dangerous gases

from malfunctioning heating equipment. [6]
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e) Manual Fire Alarm Boxes (Pull Stations)

Simple devices that allow individuals manually trigger the alarm system. They commonly
found in hallways, near exits, and strategic locations like nurse stations or security centers. The

figurel.5 illustrates a type of Manual Pull Stations. [6]

FIRE < FIRE

-iw-

PROTECTO Wrree
e 24

Figure 1. 5:Manual Pull Stations.

f) Linear Smoke Detectors:

Use light absorption principles to detect smoke over large areas, making them ideal for airports,
shopping centers, and large facilities. They typically have a range of 100 meters and are well suited

for monitoring large spaces. [5]
g) Optical Smoke Detectors (Point Type):

Utilize the Tyndall effect where a LED and photodiode arrange such that the photodiode does not
receive light unless smoke particles are present. [5]

h) Multi-Sensor Detectors:

Combine smoke and heat detection to improve accuracy and reduce false alarms. They are

particularly effective in environments with varying conditions. [5]

1.3.2. Fire Safety Management System (FSMYS)

Fire suppression systems designer to contain or extinguish fires in buildings, especially in rooms
housing valuable or critical equipment. Upon detecting heat or smoke, these systems activate
immediately, releasing an extinguishing agent. This agent, which can be a dry chemical, a wet
agent, or a combination of both, fills the room to prevent further damage. Various types of fire

suppression systems exist, each employing different methods to extinguish fires.
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1.3.2.1. Sprinkler Systems:
Sprinkler systems designed automatically distribute water to contain and control the spread
of fires. These systems consist of a network of pipes and sprinkler heads installed at or near the

ceiling. The sprinkler heads specifically designed to release water when a fire detected.

Fire sprinkler systems are essential for public safety, as they help reduce injuries and
fatalities during fire emergencies. The most commonly used type of sprinkler system is the

traditional wet pipe system.

These systems must comply with Chapter 9 of the 2014 NYC Building Code (BC), the
NYC Fire Code, and relevant NFPA standards as modified by Appendix Q of the 2014 NYC BC.

A fire sprinkler system is an automatic extinguishing system (AES) that helps prevent the
growth and spread of fires by releasing water through sprinkler heads connected to a distribution-
piping network. The sprinkler heads activate and release water when the surrounding air
temperature reaches 165 degrees Fahrenheit. This active protection method enhances the safety of
both firefighters and the people they protect. Figure 1.6 shows a model of sprinkler systems. [7]

Figure 1. 6: Sprinkler Systems / Spray Flooding Systems.
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1.3.2.2.Gaseous fire suppression:
Gaseous fire suppression, also known as clean agent fire suppression, refers to the use of

inert gases and chemical agents to extinguish fires. These agents regulate by the NFPA 2001
Standard for Clean Agent Fire Extinguishing Systems in the US, with varying standards and
regulations in other regions. A typical gaseous fire suppression system includes the fire suppression
agent, storage containers, release valves, fire detectors, a fire detection system (comprising wiring,
control panels, and actuation signaling), delivery piping, and dispersion nozzles. In some cases, the
agent may be delivered via solid propellant gas generators that produce either inert or chemically

active gas. The figure 1.7 illustrates the Gas fire suppression system. [8]

2 Alarm Bell

Discharge Nozzle |~

Discharge Strobe

Figure 1. 7: Gas fire suppression system
1.3.2.3. Foam Systems:
This type of fire extinguisher contains a pre-mixed foam solution. The foam can either be
stored under pressure in the same container or activated using a separate gas cartridge. This method

is highly effective for extinguishing fires, especially those involving flammable liquids.

Dry chemical powders are also excellent for fire suppression. They are composed of dry
powder kept under pressure and typically feature a pressure gauge and nozzle. These extinguishers
are suitable for Class A, B, and C fires. The chemical powder is free flowing, water-repellent, and

non-toxic, making it ideal for firefighting. The figure 1.8 illustrates the Foam Systems. [9]
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Figure I. 8: Foam System.

Additionally, these extinguishers are widely used in high-risk fire scenarios due to their
exceptional effectiveness. Foam is particularly useful for Class A and B fires. One advantage of
using foam extinguishers on Class B flammable liquid fires of a certain depth is the foam's ability

to float on the liquid's surface and envelop it, helping to prevent re-ignition. [9]

1.3.2.4.Chemical Suppression Systems

A chemical fire suppression system is a fire protection device that uses chemical agents to
extinguish or control flames. These systems can utilize various types of agents, such as dry
powders, chemical foams, or gases, which react with the elements of fire (heat, fuel, and oxygen)
to interrupt the combustion process. They designer to be rapid and effective, thus minimizing
damage and ensuring the safety of people and property. The figure 1.9 elucidates the operational
diagram of a Chemical Automatic Fire Suppression System for Kitchen, PRI-SAFETY Class K.
[10]
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Figure 1. 9: Wet Chemical Automatic Fire Suppression System for Kitchen,PRI-
SAFETY Class K.
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1.3.2.5. Water mist systems

These extinguishers filled with water and pressurized dry air. When activated, they release
water as finely divided droplets, controlling the fire through a cooling effect. Water mist systems,
a type of fire suppression technology, use extremely small water droplets to extinguish or control
fires. These droplets effectively manage fires by enhancing cooling, displacing oxygen, and pre-
wetting surfaces, all while using less water and requiring smaller pipes compared to standard
sprinkler systems. Figure 1.10 illustrates the water mist firefighting system. Additional benefits of
water mist systems include reduced water damage and minimal environmental impact, though they
do require higher system pressure. This blog will review the basics of these systems to help
incorporate them into your fire protection design portfolio.. The figure 1.10 provides an explanation

of Water mist firefighting system. [9]
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Figurel. 10: Water mist firefighting system - Danfoss SEM-SAFE.

1.3.3. Know problems in the manual fire security systems:

Manual fire security systems have been an integral part of building fire protection systems for many
years. Operating on a manual basis, these systems require human intervention to initiate fire alarms.
When a fire detected, alarms activated through call points located throughout the building,

providing a high level of accuracy in identifying the location of fires and smoke.

However, manual fire alarm systems rely on someone spotting the fire and activating the
alarm, which can lead to delays in larger buildings or areas not frequently visited. Additionally,
conventional systems can be costly to install due to the extensive wiring required for monitoring
devices, and they may require labor-intensive maintenance. Operational tests, cleaning, and
recalibration of detection devices are necessary to ensure proper functioning, and identifying faults

in the system can be challenging and time-consuming.

Design and implementation of an automatic fire extinguishing system Page 28



Chapter | Overview of fire detection and extinction system

Human error is a significant concern with manual systems, as effectiveness depends heavily
on correct and timely intervention. Maintenance issues, such as neglected upkeep leading to
malfunctions, and limited coverage in large or complex buildings are additional challenges. Proper
training of personnel is essential for effective system operation, and response times can be slower
compared to automatic systems. Environmental conditions and component failures further
compromise system reliability, potentially creating a false sense of security and inadequate

investment in more reliable fire suppression systems. [11]

1.3.4. Know problems in the automatic fire security systems:

Automatic fire security systems are vital for ensuring safety and minimizing damage in the
event of a fire. However, these systems are not without their challenges. Understanding the
common issues that can arise in automatic fire security systems is crucial for enhancing their
reliability and effectiveness. The key problems include false alarms, detector malfunctions,
inadequate coverage, maintenance neglect, environmental interference, and integration issues.
Each of these challenges can significantly affect the performance of fire security systems,
potentially compromising safety. Will explore these issues in detail, providing a comprehensive
overview of the obstacles that need to address to ensure optimal functionality and safety.

1.3.4.1.False Alarms:

False alarms occur when sensors within the fire alarm system mistakenly detect non-fire
events as fires. For example, smoke detectors placed too close to kitchens can trigger false alarms.
These nuisance alarms can lead to complacency, causing people to ignore alarms, which should

always be treated as true emergencies until verified by the fire department. [12]

1.3.4.2. Detector Malfunction:
Detectors may malfunction due to sensor degradation or other faults, resulting in repeated false

activations. Therefore, it is crucial to conduct regular inspections and maintenance to identify and

replace faulty detectors, ensuring the system operates correctly.

1.3.4.3. Inadequate Coverage:
Inadequate installation of commercial fire alarm systems frequently results in non-
compliance with safety standards and regulations. The Regulatory Reform (Fire Safety) Order 2005

was established to ensure proper installation and adherence to specific requirements for fire
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systems. Non-compliance with this regulation can lead to serious repercussions, such as penalties,
legal liabilities, and insurance issues. Furthermore, systems that do not meet these standards may

not perform effectively during a fire, endangering lives and property.[13]

Improper installations can undermine the performance and reliability of fire alarm systems.
Issues such as inadequate wiring, incorrect placement of detectors and alarms, or faulty connections
can impair the system’s ability to promptly detect and respond to fires. These shortcomings can
result in delayed response times or, in the worst case, the system failing to activate when it most

need.

1.3.4.4. Maintenance neglect:

Regular and effective maintenance of fire alarm systems is essential to ensure they function
correctly and can promptly detect fires. This involves periodic inspections, tests, cleaning, and
replacing worn components to keep the system operational and fault-free. Adhering to local
standards and regulations, which specify the frequency and scope of maintenance, is crucial.
Neglecting maintenance can lead to undetected fires, endangering lives and property, and causing

false alarms that disrupt daily activities and erode trust in the system.

1.3.4.5. Environmental interference:

Environmental interference refers to external factors and conditions in the environment that
can disrupt or negatively impact the performance and functionality of systems, devices, or
processes. In the context of fire and security systems, environmental interference includes elements
such as extreme temperatures, humidity, dust, smoke, and electromagnetic interference, which can
affect the accuracy and reliability of sensors and communication systems. Effective mitigation of
environmental interference requires careful consideration of these factors during the design,
installation, and maintenance of the systems to ensure they operate optimally under varying

environmental conditions.

» Temperature: High temperatures can cause electronic components in fire alarm systems
to malfunction, resulting in false alarms or failure to detect fires. Low temperatures can also
affect the reliability of fire alarm systems.

» Humidity: High humidity can cause corrosion of electronic components in fire alarm

systems, resulting in failure or false alarms.
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» Dust: Dust can accumulate on the sensors and electronic components in fire alarm systems,
affecting their sensitivity and reliability.
» Smoke: Smoke can also affect the performance of fire alarm systems, especially if the

smoke detectors not designed for the type of smoke produced by a fire. [14]

1.3.4.6. Integration Issues:

Integration issues encompass the challenges encountered when harmonizing disparate
systems, components, or processes to operate seamlessly. In the realm of fire and security systems,
these issues manifest when attempting to merge fire detection and suppression systems with
security systems, access control systems, or other building management systems. Such hurdles may
include conflicting requirements, technological incompatibilities, communication breakdowns, and
coordination difficulties among stakeholders or systems. Addressing integration issues necessitates
meticulous planning, compatibility assessments, and technical proficiency to ensure cohesive

functionality and alignment with objectives.

An essential aspect to consider is the inherent conflict between fire safety and security

requirements, complicating comprehensive integration.

A prime example lies in door control, where security dictates closure and fortification while
fire safety mandates accessibility and openness. This contradiction often leads to standards, like
BS7273-4, mandating door release not only during fires but also during power failures, cable faults,
detector removal, or isolation events. Achieving seamless integration amidst such divergent
demands requires innovative approaches and tailored solutions to reconcile disparate needs

effectively.

I.4. Maintenance of fire security systems Installations

Beyond basic tasks like visual checks by the operator, a specialized company that meets these

criteria must perform maintenance of fire security systems (FSS):

Possesses the required certification.
Has the necessary expertise for equipment maintenance.

Maintains a dedicated functional organization for FSS maintenance.

vV V VYV V

Provides insurance coverage tailored to the needs.

» Has an organization for procuring spare parts. [4]
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1.4.1. Steps to Follow for Proper Maintenance

Experts recommend two maintenance visits per year, including three main operations:

1.4.1.1.Examination of operating documents
» Review operating instructions and control records or safety register.
» Check technical installation documentation.
» Verify APSAD declaration.

1.4.1.2. Visual inspection of the installation

> Inspect the condition of FSS signals and controls.

> Assess integration of FSS equipment.

> Ensure automatic fire detection system adaptation.

> Verify operating system adaptation to decrees and standards.

1.4.1.3. Integrity of FSS equipment
» Confirm adequacy of automatic fire detection.
» Check the condition of cables for main equipment.

1.4.1.4. Functional testing of the installation

> Test the safety scenario operation in both automatic and manual modes.
> Test all safety devices and technical equipment shutdowns.

> Verify backup power supplies and batteries.

> Check alarm transmission and fault information.

> Verify systems and operating aid units.

1.4.2. Evacuation Steps in Case of Fire
Evacuation involves quickly moving personnel and the public to safety. Every alarm must take

seriously. Follow these rules for a safe evacuation:
> Stop work immediately.

> Turn off electrical appliances.
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> Close windows.

> Evacuate by closing doors behind you, head to the nearest smoke-free emergency exit using

the shortest route (stay low if there is smoke).
> Never use elevators, even for disabled individuals.
> Do not go back for any reason.

> Remain calm and follow instructions from management, evacuation teams, and emergency

services.
> Gather at the assembly point (inform emergency services if a colleague is missing).

> Assist disabled individuals promptly; if not possible, move them to a room near a window

and inform emergency services. Do not leave them alone.

These safety instructions should displayed within the company, and every employee must know

them.

1.4.3. Intervention Teams
Apart from initial operational tasks (such as visual inspection by the operator), maintenance

of the SSI must be conducted by a specialized company that meets specific criteria. [15]

a) First Team: Raises the alarm, fights the fire at its origin, provides initial first aid, and reports
the situation with available on-site resources.

b) Second Team: Properly trained (fire risk, operating in hostile environments, familiarity with
premises, pathways, and firefighter access, identification of establishment-specific risks), this

team:

> Assembles at the designated point upon alarm.

> Uses available first aid resources and all firefighting means.
> Receives and guides external rescuers.

> Reports the fire's location.
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1.4.3.1. A technical dossier:
A technical dossier intended to describe in detail the facilities, procedures, and safety and
security systems implemented by the laboratory to ensure protection of its personnel, the

population, and the environment in this dossier.

1.4.3.2. Evacuation drills:
Organized to raise staff awareness and reduce evacuation time. Management does not need

to inform staff in advance. Firefighters may assist, but it is not mandatory.

1.4.3.3. The alarm signals:
Audible and/or visual signals inside the establishment warn staff (and sometimes the

public) of nearby danger. Everyone must evacuate quickly and calmly.

1.4.3.4. Alert is the transmission:
Alerts to public emergency services usually through urban telephone systems but can also
done via direct lines, private alarms, or external individuals. Emergency services reception should

arranged at the establishment's entrance.

1.4.4. Objective of Maintenance
The establishment's management must implement necessary measures to ensure individual
safety and minimize environmental impacts. FSS, which might only need years after installation,

must operate flawlessly despite aging. [4]

1.5. Conclusion

This first chapter has established the essential foundations for understanding the
phenomenon of fire and fire safety systems. We introduced the importance of studying fire
dynamics and safety measures. Next, we explored the theory of fire, including its definition, stages,
and methods of heat transfer. The classification of fires and the fire triangle (heat, fuel, oxygen)
were detailed, highlighting their importance for fire prevention and control. We also explained
combustion and discussed manual and automatic fire detection systems and their challenges, such
as false alarms. Finally, we addressed the importance of regular maintenance of fire safety systems
to ensure their proper functioning. This chapter provides a comprehensive understanding of the
fundamental concepts of fire safety, essential for effectively preventing, detecting, and responding

to fire incidents.
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I1.1. Introduction:

In fire safety management, smart automatic fire security systems represent a significant leap
in efficiency and innovation. These systems integrate artificial intelligence (Al) and Internet of
Things (1oT) technology to enhance fire detection and response. Al enables predictive analytics
and adaptive responses, while loT facilitates improved data collection and situational awareness.
Key components include Al-powered detection sensors, automated suppression systems, and
firefighting robots. Despite challenges like false alarms, advanced Al algorithms help, minimize

these issues.

This chapter explores the challenges posed by false alarms and demonstrates how artificial
intelligence algorithms mitigate them through advanced pattern recognition and in-depth
contextual analysis. Through this analysis, the revolutionary potential of intelligent automatic fire
security systems becomes undeniably clear, offering a vision of a future where safety and efficiency
harmoniously unite to safeguard lives and property. Lastly, a review of existing literature to

contextualize our approach.

11.2. Definition of the smart automatic fire security system

A smart automatic fire security system is an advanced fire protection solution that makes it
easier to manage fire alarm systems and ensures comprehensive safety for buildings and their
occupants. This system integrates with existing fire alarm panels to capture and report alarm
activity, helping ensure that detection and alarm systems are operational and compliant with legal
regulations. It combines sensors, alarms, and automated control units to monitor and respond to
fire hazards effectively. The system detects fires early using smoke, heat, and flame detectors,
automatically triggers alarms to alert occupants and emergency services, and sends notifications to
designated personnel. Additionally, it allows remote monitoring and control through mobile or web
applications, integrating security systems to detect movements and potential intrusions, thereby

enhancing overall safety. [16]
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11.2.1.The benefits of the smart automatic fire security system

A smart automatic fire security system offers numerous benefits crucial for safeguarding
people, property, and assets. Early detection and alerting capabilities are paramount, with advanced
sensors promptly identifying fires and triggering alarms while sending notifications to designated
personnel and on-site occupants for swift action. Ensuring safety compliance, the system automates
routine tasks like weekly tests and maintenance reports, aiding in meeting legal requirements.
Remote monitoring and control facilitate easy oversight through mobile or web applications, while
cost savings achieve through insights into system health and reduced maintenance costs. Off-site
data storage ensures information remains safe from fire threats, while enhanced security integration
bolsters overall safety by combining fire detection with security monitoring. Improved emergency
response is facilitated through immediate alerts, enabling quicker evacuations and better
emergency preparedness, ultimately making a smart automatic fire security system an
indispensable addition to any building's safety infrastructure. [17]

11.2.2. Operation of Smart Automatic Fire Security Systems

Smart automatic fire security systems rely on advanced sensors, software algorithms, and
remote monitoring capabilities for operation. These systems employ strategically positioned
sensors within a building to detect fire indicators like smoke, heat, or flames, promptly transmitting
signals to a central control panel upon detection. This panel then activates alarms and initiates
necessary responses, while also notifying designated personnel and occupants through various
communication channels for immediate action. Automation is integral, managing routine tasks
such as testing and maintenance to ensure compliance with legal standards and system
functionality. Remote monitoring features enable stakeholders to access system data and supervise
operations from anywhere via mobile or web applications, enhancing overall safety by integrating
with existing security systems and ensuring off-site data storage for security purposes. Ultimately,
smart automatic fire security systems operate through early detection, rapid response, task

automation, remote accessibility, and seamless integration to fortify safety and protection.

A notable benefit of smart fire alarm systems is their integration capability with existing
fire detection and alarm systems, eliminating the need for equipment replacement. These systems

integrate through a gateway device, connecting existing infrastructure to cloud-hosted software
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accessible to users. Compatible with most commercial fire alarm control panels, the smart system

serves as a non-intrusive addition, enhancing rather than disrupting performance.

This makes it a cost-effective solution suitable for connecting disparate systems across
multiple buildings or sites, optimizing fire safety management. Such integration simplifies the
enhancement of fire alarm management in various business settings without the necessity for

extensive equipment overhaul.

11.3. Al in the smart fire security system

The contemporary evolution of security systems deeply intertwined with widespread
automation and integration, extending beyond security to encompass the management of building
systems and life support mechanisms. This evolution has led to the development of integrated
security systems (ISS) with comprehensive functionalities, enabling the automated management of
a building's engineering systems. Fire alarm systems (FAS) universally mandated as a critical
component when any structure commissioned for use. Within this context, Artificial Intelligence
(Al) assumes a central role in enhancing the capabilities of smart fire security systems. Through
Al algorithms, these systems can analyze extensive datasets collected by sensors to detect patterns
indicative of potential fire hazards or environmental anomalies. Al-powered predictive analytics
facilitate the anticipation of fire risks based on historical data and environmental conditions,
enabling proactive risk mitigation measures. Furthermore, Al enables the differentiation between
false alarms and genuine emergencies, thereby reducing unnecessary disruptions and improving
response efficiency. Continuous adaptation and refinement of system performance through
machine learning algorithms further enhance the accuracy and effectiveness of fire detection and
response mechanisms. Ultimately, Al empowers smart fire security systems to deliver more

reliable, efficient, and proactive protection against fire threats. [18]

11.3.1. Definition of Al

Avrtificial Intelligence (Al) is the emulation of human cognitive processes by computer
systems, including learning, reasoning, problem solving, perception, and language understanding.
Al systems designed to mimic human intelligence, analyzing data, identifying patterns, making

decisions, and adapting to changing contexts autonomously.
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Subfields within Al include machine learning, natural language processing, computer
vision, robotics, and expert systems. The overarching goal of Al is to develop machines capable of
executing tasks traditionally reserved for human intelligence, thereby increasing efficiency,
accuracy, and productivity across various domains. Definitions of Al are complex, reflecting its
dynamic nature and multifaceted applications. Scholars emphasize the importance of flexibility in
Al definitions, considering its advancements in autonomous Al across diverse fields. Al considered
a mechanical system that simulates intelligence, processing and disseminating knowledge. It
defined as the system's ability to understand external data, learn from it, and apply acquired
knowledge to achieve specific objectives. Al characterized by successful utilization of big data and
machine learning to forecast future outcomes. It highlights the system's ability to learn from errors
and perform tasks similar to humans. Al defined as the study of enhancing computer performance
beyond human capabilities, enabling rational thought and action. It acknowledges the system's
ability to perform tasks traditionally done by the human brain, including knowledge acquisition,
judgment, and idea generation. Al classified into four perspectives: intelligence, research, business,
and programming. It described as a multidisciplinary science lacking a unified language or
standards. In most Al definitions, hardware and software perform human-like activities such as
learning and reasoning. Al defined as the science of creating intelligent machines and utilizing
computers to understand human intelligence. In essence, Al is an advanced technology that evolves
as it performs tasks, with machines teaching and learning from each other during task execution.
[19]

11.3.2. Enhancing Fire Security Systems with Al Technology:
Integrating artificial intelligence (Al) technology into fire security systems represents a

pivotal advancement in safeguarding lives and property against the peril of fires.

By harnessing the power of Al algorithms and capabilities, we can revolutionize traditional
fire detection and prevention mechanisms to operate with unprecedented efficiency and foresight:
[20]

11.3.2.1.Improved fire detection:
Al empowers the development of sophisticated fire detection systems capable of identifying fire

outbreaks at their nascent stages. By meticulously analyzing data from an array of sources
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including smoke detectors, heat sensors, and surveillance cameras, Al enhances the accuracy and

timeliness of fire detection, potentially saving invaluable time for emergency response teams.

11.3.2.2.Predictive fire prevention:

One of the most remarkable applications of Al lies in its ability to forecast potential fire
hazards and anticipate the occurrence of fires. By assimilating diverse datasets encompassing
weather patterns, building structures, and historical fire incidents, predictive models powered by
Al, offer invaluable insights into where and when fires are likely to erupt. Armed with this
preemptive intelligence, preventative measures can swiftly implemented to avert disasters before

they escalate.

11.3.2.3.Firefighting assistance:

In the heat of battle against raging fires, Al serves as a stalwart ally to firefighters,
furnishing them with real-time situational awareness and strategic support. By furnishing vital
information such as fire location, size, and intensity, Al-equipped systems empower firefighters to
make informed decisions swiftly, optimizing resource allocation and operational effectiveness.
Moreover, the advent of Al-driven firefighting robots augments the capabilities of response teams,
enabling them to tackle hazardous environments and execute intricate rescue missions with

precision and efficiency.

11.3.2.4.Al-powered smoke detectors:
These detectors utilize Al algorithms to differentiate between different types of smoke,

minimizing false alarms and enhancing fire detection accuracy.

11.3.2.5.Al-powered fire surveillance cameras:
Equipped with Al, these cameras detect fires and smoke in real-time, aiding firefighters in

understanding fire behavior and facilitating more effective firefighting strategies. [20]

11.3.2.6. Al-powered fire prediction models:
By analyzing diverse data sources, including weather and historical fire data, Al predicts

fire occurrences, enabling proactive fire prevention measures and resource allocation.
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11.3.2.7. Al-powered firefighting robots:

Al-powered firefighting robots represent a groundbreaking advancement in fire safety
technology, equipped with Al algorithms and advanced capabilities to extinguish fires, rescue
individuals, and collect critical data in hazardous environments. These robots utilize sophisticated
firefighting mechanisms, such as water cannons and foam sprayers, guided by Al analysis of fire
behavior to apply the most effective suppression methods. Additionally, they navigate
autonomously through smoke-filled areas and debris, collaborating with human firefighters to
enhance operational efficiency and safety. Continuous learning through machine learning
algorithms enables these robots to improve their performance over time, making them invaluable
assets in firefighting operations, ultimately reducing the risk to both firefighters and civilians while

mitigating the impact of fires on lives and property.

11.3.3. 10T Technology and Generic 10T Architecture:

The Internet of Things (loT) is a transformative technology that connects and facilitates
communication between various devices and objects over the internet. Equipped with sensors, 10T
devices gather data on physical and environmental conditions, such as temperature, humidity, air
quality, and motion. This data can be transmitted and analyzed in real-time, enabling informed
decision-making and automation. For example, sensors on a bridge can monitor its structural
integrity and alert maintenance teams before issues become critical. The IoT ecosystem driven by
advances in low-cost sensors, wireless communication, and cloud computing, which together

enable the collection and processing of vast amounts of data.
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Figure 11. 1: A generic architecture of an loT system comprises 10T devices.

A generic 10T architecture consists of several integrated layers. The perception layer
includes all physical devices and sensors that collect environmental data. The network layer ensures
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reliable data transmission between devices and the cloud, often facilitated by various connectivity
options like Wi-Fi and cellular networks. The edge layer processes data close to its source, reducing
latency, while the processing layer in the cloud handles extensive data analysis and storage. The
application layer provides user interfaces and applications for monitoring and controlling 10T
systems, and the security layer interwoven throughout, ensuring data integrity and privacy. The

figure I1.1 illustrates the generic architecture of an 10T system comprises 10T devices. [21]

11.3.3.1.Applications of 10T in Emergency Management

The technology of the Internet of Things (loT) offers numerous potential applications in
emergency management, ranging from early warning systems to real-time monitoring and
response. 10T sensors can detect natural disasters such as earthquakes, hurricanes, and floods,
issuing real-time alerts to authorities and the public, allowing for evacuation measures or other
necessary actions to mitigate the impacts of disasters. Additionally, 10T sensors monitor various
environmental and infrastructure factors such as air quality, water levels, and structural integrity,
helping to identify emerging emergencies and coordinate rapid responses from emergency
responders. 10T technology also tracks the movement of people and resources during emergencies,
facilitating effective coordination of responses and resource deployment through wearable and
GPS devices.

Beyond immediate crisis management, IoT plays a crucial role in post-disaster recovery by
monitoring the condition of buildings and infrastructure to identify areas needing repair or
reconstruction, thus guiding resource allocation for targeted and effective recovery efforts.
Through real-time data analysis and resource management, 10T enhances the ability to respond
quickly and effectively to incidents and disasters, minimizing their impact on individuals and

communities. [21]

11.3.3.2. Components and Devices of Internet of Emergency Services
The Internet of Emergency Services (I0ES) encompasses a variety of 10T components and
devices essential for effective emergency management. These technologies enhance the ability to

detect, respond to, and recover from emergencies, minimizing their impact on communities.
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11.3.3.2.1.Detection

Sensors are crucial for collecting data to manage and respond to emergencies in I0ES. They
can gather various types of information such as temperature, humidity, air quality, radiation levels,
and more. This data then used to make decisions, monitor the situation, and take appropriate
actions. Here are some examples of sensors used in I0ES and their applications in emergency

management and response:
a) Environmental sensors:

These sensors measure various environmental factors, including temperature, humidity, air
quality, and radiation levels. They provide valuable information to emergency responders for
assessing the situation and taking appropriate actions. For example, during a natural disaster like a
hurricane or flood, environmental sensors can monitor water levels, air quality, and other

environmental conditions.
b) Motion sensors:

Motion sensors detect movement or changes in movement. They can identify human presence,
vehicle movement, or even debris movement after a disaster. These sensors are particularly useful
for detecting survivors in collapsed buildings or landslides as they can detect even the smallest

movements and vibration.
c) Gas sensors:

Gas sensors detect the presence of harmful gases such as carbon monoxide, methane, and sulfur
dioxide. They are especially useful in industrial accidents where toxic gases pose significant risks
to human health and safety. [18]

d) Sound sensors:

Sound sensors detect changes in sound. They can identify distress signals such as someone
shouting for help or the sound of an explosion. These sensors can also detect changes in sound

patterns, such as the sound of a building collapsing.
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e) Pressure sensors:

Pressure sensors detect changes in pressure or force, indicating leaks or ruptures. They are useful
for detecting underground leaks or changes in water pressure during a flood.

Examples of sensor usage in emergency management include earthquake monitoring, air quality

monitoring in areas affected by wildfires, flood monitoring, and chemical spill detection. [18]

11.3.3.2.2.Alarm:

The Internet of Things (loT) refers to a network where physical objects communicate via
software, sensors, electronics, and communication channels, operating independently of human
involvement. For instance, consider an loT-driven fire alarm system utilizing Arduino equipped
with temperature and smoke sensors. This system detects smoke or temperature changes,
transmitting this data directly to the fire department. Typically, such a system comprises two
sensors, one triggered by temperature shifts and the other by smoke detection. An ADC adapter
facilitates the conversion of analog sensor signals to digital ones, forwarded to the microcontroller
(Arduino).

Programmed within the microcontroller unit is the functionality to activate the alarm once

the smoke or temperature exceeds a predefined threshold.

Subsequently, the Arduino transmits this data to the Wi-Fi module, ESP8266, enabling
connectivity to the Wi-Fi network. ESP8266 then relays the collected information to a designated
website, where authorized personnel can swiftly respond to mitigate the fire risk. To pinpoint the
device's location, a unique identifier, known as the device ID, employed. The figure 11.2 illustrates

the Block diagram of Fire alarm and monitoring system. [22]
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Figure 11. 2: Block diagram of Fire alarm and monitoring system.

11.3.3.2.3.Suppression

The fire suppression system'’s fundamental structure adheres to the conventional loT value
chain, comprising four core elements: device, network, platform, and application. At the device
level, an 10T gateway, a compact mini-PC, interfaces with the FSS panel to capture data. For this

study, a Tornatech FSS panel utilized, capturing essential data such as water pressure, primary

power status, and backup power status (diesel generator). This data undergoes processing via Node-
RED software before being transmitted through the MQTT protocol over a Wi-Fi connection.
Renowned for its efficiency, MQTT serves as a lightweight and bandwidth-optimized solution

widely embraced in 10T scenarios.

Upon reception, the loT platform, serving as the linchpin in the 10T value chain, operates
as an MQTT broker. It aggregates the amassed data, storing it in a centralized database and
constructing an API tailored for consumption by web or mobile applications. Culminating the chain
is the application layer, furnishing a user-friendly interface to facilitate interaction with the loT
system. Authorized personnel advantage the dedicated web application to monitor FSS status,
promptly receiving alerts should any irregularities surface. The figure 11.3 provides an explanation

of architecture of the IOT-based FSS monitoring system. [23]
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Figure I1. 3: Architecture of the IOT-based FSS monitoring system.

11.3.4. Robotics (automatic drones and firefighting robots)
111.3.4.1.Firefighting drones:

In the realm of firefighting, technological advancements have ushered in a new era of
efficiency and safety. Firefighting drones have emerged as indispensable tools, revolutionizing
how responders combat infernos and save lives. Equipped with cutting-edge capabilities, these
drones offer a multifaceted approach to tackling blazes and mitigating disaster. As shown in the
figure 11.4 which explains the architecture of a firefighting drone (dry powder fire extinguishing

boom). [24]
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Figure I1. 4: Firefighting drone (dry powder fire extinguishing boom).

Utilizing drones in firefighting situations can provide valuable aerial support, including:
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a) Enhancing Situational Awareness
Traditionally, firefighters have challenged by limited visibility and incomplete information
when entering a burning structure. However, with the integration of drones, responders gain
unprecedented situational awareness. By conducting aerial surveys and employing thermal
imaging, drones provide real-time data on fire spread, structural integrity, and potential hazards.
This vital information empowers firefighters to formulate strategic plans and execute targeted
interventions, significantly enhancing operational effectiveness.

b) Accessing Inaccessible Spaces

The agility and maneuverability of drones enable access to areas inaccessible to traditional
firefighting apparatus. Navigating through confined spaces and hazardous environments, drones
serve as scouts, guiding responders to critical points of intervention. By preemptively assessing the
extent of a fire and identifying hotspots, drones optimize resource allocation and minimize

exposure risks for personnel. [24]

c) Facilitating Thermal Assessment
Time is of the essence in firefighting operations, and accurate thermal assessment is
paramount for effective strategy implementation. Equipped with thermal imaging technology,
drones play a pivotal role in identifying heat signatures and pinpointing fire sources within
structures.
This invaluable capability enables responders to prioritize areas for suppression efforts,
maximizing efficiency and minimizing property damage.

d) Empowering Search and Rescue

In crises, every second counts, especially in search and rescue missions. Drones equipped with
thermal cameras serve as force multipliers, exponentially increasing the search radius and
enhancing detection capabilities. Rapid deployment of thermal imaging drones enables swift

identification of trapped individuals, streamlining rescue operations and saving precious lives. [23]

11.3.4.2.Artificial Intelligence in firefighting Drone Technology
The integration of Artificial Intelligence (Al) with drone technology has ushered in a new
era of innovation and efficiency in the dynamic landscape of firefighting. As wildfires rage more

fiercely and urban environments grow denser, the demand for advanced solutions to combat these
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threats has intensified. In response, Al-powered firefighting drones have emerged as a
transformative force, reshaping traditional approaches and enhancing the capabilities of

responders.

At the core of Al-driven firefighting drones lies their ability to process vast amounts of data
in real-time, providing responders with actionable insights and situational awareness. Through
sophisticated algorithms and machine learning models, these drones analyze aerial imagery,
thermal images, and environmental variables to assess fire behavior, predict its trajectory, and
identify vulnerable areas. This intelligent analysis empowers firefighters to make informed

decisions rapidly, optimizing resource allocation and response strategies.

The dynamic nature of wildfires demands adaptive and proactive response strategies. Al-
equipped drones excel in this regard by continuously monitoring changing conditions and adjusting
their tactics accordingly. By integrating data from multiple sources, including weather forecasts,
topographical maps, and historical fire patterns, these drones autonomously optimize their flight
paths, prioritize targets, and deploy suppression measures with precision. This adaptive approach

enhances the effectiveness of firefighting efforts while minimizing risks to personnel and property.

Al-driven firefighting drones are not only reconnaissance assets but also active participants

in fire suppression operations.

Equipped with advanced firefighting payloads and autonomous navigation systems, these
drones can identify ignition points, assess fire intensity, and deploy extinguishing agents with
pinpoint accuracy. Whether dispersing water, foam, or specialized retardants, these drones act as
force multipliers, augmenting the capabilities of ground-based crews and containing fires before

they escalate.

11.3.4.3.Artificial Intelligence in firefighting robots Technology

Acrtificial Intelligence (Al) and autonomy are pivotal elements driving the evolution of
intelligent fire-fighting robots. The amalgamation of multi-sensor fusion, wireless networking,
machine learning, and core robotic perception and manipulation algorithms stands as a cornerstone

in this domain's progression. The advent of Al has notably shifted focus towards fire source
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identification and localization within research circles. While numerous studies concentrate on

detecting fire sources using visible light images, practical applications remain constrained.

Developments include an LSTM (Long-Short-Term-Memory) model with two LSTM
layers and a fully connected layer, leveraging a substantial numerical database derived from 100
tunnel-fire scenarios for precise prediction of tunnel fire locations and sizes. [25] Recent strides in
video-based fire detection necessitate intelligent video processing techniques for discerning
uncontrolled fire behavior, spotlighting attributes like color, motion, and temporal fire intensity
variations. Environmental complexities often impede visible light image-based fire detection,
mitigated by infrared thermal imaging and binocular vision. Multi-sensor fusion technology is
indispensable for devising navigational algorithms amidst static obstacles, ensuring secure robot

navigation during fire rescue operations.

A comprehensive intelligent fire-fighting platform, amalgamating sensors, networking, and
intelligent decision-making systems, has successfully engineered. This facilitates remote
interaction and control of fire-fighting robots by firefighters, enabling autonomous patrol, fire
source identification, and precise spatial location determination. Path planning enhancements,
surpassing traditional algorithms like ACO, have been proposed and validated through simulations

and experiments.

In environments fraught with fires, identifying fire sources amidst complicating factors
like smoke and sunlight necessitates the fusion of RGB cameras and infrared thermal imagers,
bolstering identification accuracy through temperature assessments and color characteristic
analyses. [25]

Al's role in advancing firefighting robot technology is monumental, reshaping fire combat
and safety paradigms. Al empowers robots to autonomously assess, decide, and execute actions,
effectively reducing risks and damage. By adeptly processing real-time data, these robots analyze
environmental factors, strategize, and prioritize interventions. Equipped with cutting-edge sensors
and imaging technologies, Al-driven robots navigate hazardous terrains, locate trapped individuals,
and identify hazards with precision. Adaptive learning further refines their performance,

amplifying decision-making and response prowess over time.
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The seamless integration of Al into firefighting robots marks a quantum leap in fire safety
technology, fortifying human capabilities, enhancing situational awareness, and curtailing fire
impacts to safeguard lives and property. [25] As present in the figure 11.5 that explains NRL designs
robot for shipboard firefighting.

Figure 11. 5: NRL designs robot for shipboard firefighting.

11.4. Controlling False Alarms with Al in Smart Automatic Fire Security

Systems

Minimizing false alarms is essential for the reliability and effectiveness of smart automatic
fire security systems. Advanced algorithms are at the forefront of addressing this challenge,
seamlessly integrating data from various sensors like smoke detectors, heat sensors, and cameras.
By analyzing diverse data streams, these algorithms effectively distinguish between genuine fire

incidents and false alarms triggered by factors such as steam, dust, or cooking fumes.

Machine learning (ML) algorithms, through extensive training on large datasets, discern
patterns indicative of real fire events versus benign occurrences. Continuously learning and

adapting, these algorithms improve their accuracy over time, thereby reducing false alarms.
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Contextual analysis is another vital aspect, where systems evaluate factors like time of day,
occupancy patterns, and environmental conditions to assess the likelihood of a fire event. For
example, detecting smoke in a kitchen during meal preparation hours is more likely to trigger a

false alarm compared to nighttime when the kitchen is typically inactive.

These systems also become adept at recognizing normal behavioral patterns within a
building and identifying anomalies that may signal a fire or a false alarm. Unusual spikes in

temperature or smoke levels in an otherwise dormant area could prompt further investigation.

Implementing a feedback loop allows the system to learn from past false alarms, refining
its algorithms to minimize similar occurrences in the future based on user input. The figure 11.6
Manufacturer of Fire Alarm, Talk back, Public Address System. [26]
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Figure I1. 6: Manufacturer of Fire Alarm, Talk back, and Public Address
System.

Remote monitoring capabilities enable the verification of fire events through interconnected
devices, reducing false alarms by confirming the presence of smoke or fire before triggering an

alarm.

Customization features empower users to adjust alarm sensitivity levels based on their preferences
and specific environmental conditions, ensuring optimal system performance while mitigating false

alarms.
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Additionally, self-diagnostic checks conducted by algorithms on sensors and system components
help maintain proper functionality and prevent false alarms caused by faulty equipment. By
leveraging these technologies, smart automatic fire security systems can significantly reduce false
alarms, enhancing their reliability in protecting lives and property.

11.5. Maintenance of smart firefighting system

Maintaining a smart firefighting system is crucial for ensuring its reliability, efficiency, and
longevity. This involves a combination of regular checks, updates, and proactive measures to
prevent malfunctions and ensure optimal performance. Here is a comprehensive guide to

maintaining a smart firefighting system:

11.5.1. Comprehensive Maintenance Guide for Smart Firefighting Systems

11.5.1.1. Regular Inspection and Testing

Regular maintenance of a smart firefighting system involves monthly visual inspections to
check for physical damage or obstructions on all sensors, alarms, and control panels. Quarterly, a
functional test performed on all sensors and alarms, including smoke detectors, heat sensors, and
flame detectors, to ensure they work correctly. Annually, a comprehensive system test conducted,

covering all components and integrated systems, to confirm they function as expected.

11.5.1.2. Software and Firmware Updates
Ensure all software and firmware, including central control software, sensor firmware, and
Al algorithms, are consistently updated. Promptly apply security patches to safeguard the system

against vulnerabilities and cyber threats.

11.5.1.3. Sensor Calibration
Regularly calibrating sensors is crucial for maintaining their accuracy, typically performed
every six months annually. Automated calibration can achieve using Al and machine learning,

which ensures consistent performance without requiring manual intervention.

11.5.1.4. Cleaning and Maintenance
Regularly clean smoke detectors, heat sensors, and cameras to prevent dust and debris from

causing false alarms or impairing functionality. Additionally, ensure all mechanical components,
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such as sprinkler systems and ventilation controls, are maintained to be free from rust and

blockages, ensuring their proper operation.

11.5.1.5. Battery and Power Supply Checks

Regularly inspect and replace the batteries in wireless sensors and alarms according to the
manufacturer's guidelines to ensure optimal performance. Additionally, perform routine checks on
all power supplies and backup generators to confirm they are operational and have adequate fuel
or battery life to maintain system reliability.

11.5.1.6. System Integration Checks

Ensure the smart firefighting system seamlessly integrated with other building management
systems, such as HVAC, lighting, and security, to facilitate coordinated responses. Regularly check
communication lines between system components and the central control unit to guarantee

uninterrupted data transmission, ensuring the system's reliability and effectiveness in emergencies.

11.5.1.7. Al and Machine Learning Model Maintenance

To ensure optimal performance and adaptability, regularly retrain Al and machine learning
models with updated data. This improves their accuracy and helps them adjust to environmental
changes. Additionally, use Al for anomaly detection to identify irregularities in system behavior
that could signal potential issues or indicate the need for maintenance.

11.5.1.8. User Training and Awareness

Conduct regular training sessions to educate staff and users on operating and maintaining
the smart firefighting system, covering alarm response and troubleshooting common issues.
Additionally, implement awareness programs to emphasize the importance of system maintenance

and encourage prompt reporting of any problems.

11.5.1.9. Documentation and Records

Maintain detailed logs of all maintenance activities, including inspections, tests, updates,
and repairs, to ensure comprehensive records. Additionally, ensure that all maintenance activities
comply with local regulations and standards by maintaining necessary documentation for
inspections and audits. This helps in keeping the system reliable, ensures adherence to legal

requirements, and facilitates easy reference and accountability during inspections and audits.
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11.5.1.10. Professional Servicing

Engage professional service providers for periodic third-party inspections and maintenance
to ensure unbiased assessments of the system's health. Additionally, utilize original equipment
manufacturer (OEM) support for specialized maintenance tasks and to access genuine parts and

expertise.

11.5.2. Addressing Traditional Maintenance Challenges with 10T and Cloud Computing

Traditional firefighting facilities maintenance, which relies heavily on manual inspections and
paper-based records, is often inefficient and prone to oversight. This can lead to delays in
information updates and difficulty in locating equipment during emergencies, posing significant
security risks. A centralized, platform-based system for fire maintenance management is essential
to overcome these challenges. [27]

11.5.2.1. Leveraging loT and Cloud Computing

The Internet of Things (l10T) technology extends Internet applications to physical objects,
enabling real-time identification, location, monitoring, and management through data collection,
transmission, exchange, and processing. By utilizing 10T, each fire facility can identified, and data

on water levels, pressure, voltage, and switch status can collected for real-time monitoring. [28]

However, handling massive data storage and processing, along with rapid deployment and
iteration, requires cloud-computing technology. This approach enables processing of large volumes

of data collected by 10T systems and provides platform services to users.

11.5.2.2. Cloud Platform for Smart Firefighting Facilities Maintenance

This platform, based on IoT and cloud computing, provides maintenance services as Software
as a Service (SaaS). It operates within a cloud environment provided by a public cloud for the
application platform layer. The intelligent firefighting maintenance system, built using J2EE
technology, integrates several key components and processes: [27]

1. Data Collection: 10T sensors embedded in firefighting installations collect real-time data on
various parameters such as water level, pressure, temperature, etc. Figure 11.7 and Figure 11.8

shows the architecture diagram.
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Figure 11. 8: The platform architecture.

Figure I1. 7: Smart maintenance system architecture

2. Data Transmission: Data collected by sensors transmitted to the cloud platform via secure
network connections.

3. Data Storage: Data is securely stored in the cloud, where it can be easily accessed for

subsequent analysis and processing. Figure 11.9 shows data stream between above four parts.
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Figure I1. 9: The relationship diagram of four parts of task
Management subsystem.
4. Data Analysis: Collected data analyzed to detect potential issues or anomalies in firefighting

installations. Advanced analytics algorithms may use to predict failures and optimize
preventive maintenance.
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5. Alert Management: In case of anomaly detection or critical situations, alerts generated to
inform maintenance personnel or relevant authorities. Figure 11.10 shows a pc webpage

screenshot of the system.
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Figure 11. 10: Homepage screenshot of system under the authority of
networked unit.

6. Proactive Maintenance: Based on analyzed data and generated alerts, proactive maintenance
actions can planned and executed to ensure continuous proper functioning of firefighting
installations.

7. User Interface: The cloud platform provides a user-friendly interface for users to visualize

real-time data, manage alerts, plan maintenance, and access detailed reports and analyses.

The cloud platform for smart firefighting facilities maintenance utilizes IoT to collect and
transmit real-time data, data analysis to detect potential issues, and maintenance planning to ensure

continuous proper functioning of firefighting installations. [27]

11.6. Related work

The contemporary advancements in security system development closely intertwined with
extensive automation and integration processes. These processes extend beyond just security
systems, encompassing all systems intended to automate life support management and the
operations of various facilities, including residential buildings, offices, and enterprises. A natural
progression of this integration has led to the creation of integrated security systems (ISS) with
comprehensive functionalities, enabling the automation of engineering system management within

buildings or facilities. Across all countries, regulations govern the requirement for fire alarm

Design and implementation of an automatic fire extinguishing system Page 56



Chapter I Smart automatic fire security system

systems (FAS), which are compulsory components for any building or structure upon its

commissioning.

Using artificial intelligence (Al) elements based on trained neural networks (NN) principles
is one of the most promising areas for designing integrated fire alarm and evacuation control
systems. NNs are a complex system of connected and interacting simple processors (artificial
neurons). Each processor receives and transmits signals to other processors, enabling the resolution
of complex problems.

The authors (A Andreev, A Doronin , V Kachenkova, B Norov, and Z Mirkhasilova) of the
article formulated a scientific hypothesis regarding the possibility of using NNs for pattern
recognition and fire classification based on visual features. Mathematical, empirical, and

theoretical methods employed as research methodologies. [29]

Al is particularly well suited for classifying challenging situations using signs obtained
from object monitoring data (such as smoldering, combustion, etc.). For instance, Al can identify
a set of special characteristics or features of various fire situations using collected data and apply

them to decision-making in real fire scenarios.

One of the primary properties of NNs is their ability to learn, enabling Al-based fire alarm
systems to enhance the reliability of assessing different fire situations by optimizing the functional

weights and parameters of algorithms.

Learning is a process in which the parameters of an NN adjusted by simulating the
environment (such as a fire scene) where the network is deployed. However, learning algorithms
are challenging to adapt to dynamic changes, including the combustion process, as the values of
variables fixed after the learning process.

These projects encompass a wide range of applications, from urban firefighting systems to
wildfire prediction and management strategies. One notable example is Project Fire-Grid, a
research endeavor funded by the European Union, which aims to create a network of interconnected
sensors and cameras equipped with Al algorithms for early fire detection and proactive firefighting
strategies. Additionally, companies are developing Al-driven firefighter helmets equipped with

thermal cameras, enabling firefighters to navigate hazardous environments more effectively.
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Furthermore, drone-based fire monitoring and suppression systems leverage Al and thermal

imaging technology to assess fire extent and deploy resources swiftly.

Moreover, Al integration into smart building fire safety systems enables real-time
monitoring and analysis of thermal data to differentiate between normal conditions and potential
fire hazards, thus reducing false alarms and improving response times. Lastly, the use of Al models
for wildfire prediction and management assists authorities in allocating resources efficiently and

implementing preventive measures to mitigate the impact of wildfires.
There are several examples of projects with the same concept as our project:

11.6.1. Project Fire-Grid:

The Connected Firefighter Platform offers cloud-based connectivity, facilitating seamless
transmission of critical data to both on-scene and remote team members, enhancing connection,
communication, and confident decision-making during firefighting operations. This platform
enables the management of device and incident data, personnel and products on-scene, as well as
inventory and maintenance records for firefighting equipment. Real-time information, crucial for
effective fire-scene management, provided through features like Fire-Grid Monitor for local on-
scene monitoring and Remote Monitoring for web-based oversight of multiple active incidents.
Additionally, Fire-Grid Configure supports quick customization of devices via a mobile
application. Data-driven decisions are empowered by automatic data generation and transmission
for storage, facilitating insights for post-scene evaluation, personnel training, and preventative
maintenance, ensuring optimal performance for future firefighting missions. [30] As figure 11.11

shows.
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Figure 11. 11: Firegrid™ Map View.

11.6.2. Drone-Based Fire Monitoring and Suppression:

The use of firefighting drones allows for early detection and rapid access to hard-to-reach
areas, ultimately saving lives. Fire-extinguishing balls, combined with remote sensing technology
and drones, represent a major advancement. This method enables firefighters to deploy the balls
from safe locations, preventing the spread of fires. Drones facilitate the detection of flame length,
helping to extinguish fires efficiently. Advances in forest firefighting drones, incorporating
artificial intelligence (Al), allow for the detection of smoke or fire through computer vision
techniques. Fixed-wing and rotary-wing drones, equipped with IR and zoom cameras, offer
advanced capabilities, even though their design is still in development [31]. Figure 11.12 shows
Drone Based Fire Suppression Concept Extinguishing Fires.
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Figure I1. 12: Drone Based Fire Suppression Concept Extinguishing
Fires..
11.6.3. Smart Building Fire Safety Systems:

Smart buildings are cyber-physical solutions designed to support and facilitate the daily
routines of users and/or optimize building management. The current models available for smart
buildings encompass various domains, including health, energy, and security. These models can

operate persistently with close interaction with users or autonomously.

Nevertheless, the solutions provided in smart buildings share a common goal of addressing
or mitigating recurring issues in the building or in users' daily activities. Smart Building Fire Safety
Systems advanced solutions intended to enhance fire safety in buildings by integrating modern
technologies such as artificial intelligence (Al), the Internet of Things (IoT), and automated
response mechanisms. These systems surpass traditional fire alarms and sprinklers by
incorporating intelligent components capable of predicting, detecting, and responding to fire
hazards more efficiently. [32] Figure 11.13 shows Siemens launches new fire protection system for

buildings.
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Figure I1. 13 Siemens launches new fire protection system for
buildings.

11.6.4. Wildfire Prediction and Management:

Wildfire Prediction and Management advantages advanced technologies to forecast,
monitor, and control wildfires, minimizing damage and enhancing firefighting efforts. Key
components include predictive analytics, which uses weather data, historical fire data, and
vegetation conditions to predict wildfire likelihood and spread. Remote sensing with satellite

imagery and drones enables real-time detection and assessment.

Al analyzes large datasets to predict fire behavior and aid decision-making. 10T integrates
sensors and cameras in high-risk areas for early warning and tracking. GIS maps fire-prone areas
and plans evacuations. Advanced technologies like automated drones and Al-driven robots
improve fire containment. Community preparedness programs educate and engage residents in fire
safety. Despite some challenges, these combined technologies aim to reduce wildfire impact and
enhance community resilience. [33] Figure 11.14 shows Wildfire Prediction and Detection

Solutions.
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Figure I1. 14 : Wildfire Prediction and Detection Solutions.

11.6.5.Al-Driven Firefighter Helmet:

Researchers from Edinburgh's National Robotarium, in collaboration with the School of
Informatics, have developed an Al-powered helmet designed to assist firefighters in navigating
smoke-filled environments and rescuing victims more efficiently. This innovative device leverages
artificial intelligence to integrate data from thermal imaging cameras, radar, and other sensors
mounted on standard-issue fire helmets, providing firefighters with real-time information from fire
scenes. The technology aims to help emergency services safely maneuver through dangerous or
low-visibility conditions and reduce the time needed to rescue victims. Figure 11.15 shows Al fire

helmet could help save lives.[34]
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Figure I1. 15 : Al fire helmet could help séve lives.

11.7. Conclusion

The second chapter examines the advantages of intelligent automatic fire security systems,
integrating Al and 1oT. It details their superiority in fire detection and prevention. Al optimizes
fire detection, prevention, and firefighting assistance, including smoke detectors and surveillance
cameras. Fire prediction models and firefighting robots are revolutionary. 10T is crucial in
emergency management with its detection, alarm, and suppression components. Autonomous
drones and robots enhance these systems. Minimizing false alarms through Al is essential.
Maintaining these systems ensures their reliability. In summary, these innovations revolutionize

fire detection, prevention, and firefighting, enhancing safety and emergency responses.
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I11.1. Introduction

In this chapter, we delve into the technical implementation of our Fire Detection System (FDS)
project in detail. We begin with describe our solution by detailing the various components of the
system, such as gas and flame sensors, as well as alerts through LED and buzzer. We also examine
the architectures of Arduino and Raspberry Pi, along with the software used, including the Arduino
IDE, Python, and Visual Studio Code. We address automatic extinguishing mechanisms and the
central control unit. The chapter includes an analysis of the results, including sensor tests, data
correlation, and integration of the surveillance platform. Finally, we present avenues for future
work, such as improving sensor technology, integrating with smart building systems, remote
monitoring and control, predictive analytics, and collaboration with emergency services, while

ensuring scalability and adaptability of the system.

111.3. Our Solution FDS

Due to identified shortcomings in fire detection and extinguishing systems, a solution
proposed to mitigate false alarms and ensure swift fire detection in residential, commercial, and
industrial sectors, thanks to the architectural design of this system. This automatic system provides
a solution to well-known issues in the fire detection and extinguishing systems market. It relies on
an intelligent approach, utilizing artificial intelligence (Al) for detection, as well as processing and
encoding signals from sensors (such as gas and flame sensors) via the Arduino software.
Additionally, it incorporates Al processing for analyzing signals captured by the camera. This
solution also offers a remote monitoring platform, facilitated by the use of Python. Figure 111.1

shows Architecture of ours project FDS.
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Figure I11. 1: Architecture of ours project FDS.

111.3.1. System Architecture Design

Our system comprises three essential components: detection, extinguishing, and the control
unit. The detection section includes gas and flame sensors, as well as a camera, enabling rapid risk
identification. The extinguishing section is equipped with automatic extinguishers integrated into
the system, ensuring immediate intervention. Finally, the hardware control unit is a fire

management platform, providing efficient coordination and a swift response in case of an incident.
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Various sensors linked to the microcontroller (Arduino Python). This device processes the
data using a customized algorithm, ultimately reaching a final decision. Subsequently, notifications
generated for both the web portal and the local alert system. Figure 111.7 illustrates the system's
block diagram, encompassing sensor data processing alongside the camera, inclusive of all

necessary components.

Additionally, it includes a suite of programs, predominantly algorithms defining the fire
detection unit and managing the entire system. The interpretation of sensor and camera inputs and
the determination of whether they trigger or deactivate alerts, fully managed by the software
employed. In the event of a fire, an automatic door receives a signal, prompting the activation of
an automatic fire extinguisher. Operating as an autonomous and intelligent entity, the system may
necessitate a central control unit for remote unit management. The integration of Al into camera

processing enhances the rapid and accurate detection of fires.

A schematic outlining the sensor and camera wiring with the microcontrollers and the
control unit provided. If needed, multiple central control units can deployed to cover extensive

areas. Figure 111.2 shows Block diagram of the system.

Microcontroller Local Alert
(Arduino: Board * Data System

. Final Notification

ecision

and R
And Alert
Custom R

Algorithme otification Automatic

Control Unit

Figure 111. 2: Block diagram of the system.

Design and implementation of an automatic fire extinguishing system Page 67



Chapter 111 The technical implementation of our FDS project

111.3.2.System Implementation

Our system based on three essential stages: detection, extinguishing, and control. At each
stage, we use specific equipment to carry out the operation and ensure the proper functioning of
the process. These devices designed to guarantee optimal performance and maximum reliability,

thereby contributing to the safety and efficiency of the entire system.

111.3.2.1.Detection

The detection section of our Fire Detection System (FDS) project employs an integrated
approach combining multiple technologies to ensure rapid and accurate fire detection. At the core
of this section are the MQ135 gas sensor and the KY-026 flame sensor, connected via Arduino IDE
2.3.2 to an Arduino Uno R3 microcontroller. To enhance this setup, we have also integrated a
camera managed by a Python (Al) program on a Raspberry Pi microcontroller. When the sensors
detect a potential fire, a signal sent to the serial monitor. This signal then compared with the data
collected by the camera, allowing for cross-validation of the alert. This double-verification strategy
minimizes false alarms and increases the system's reliability, ensuring a prompt and appropriate
response in the event of an actual fire detection.

To carry out this operation, the following equipment is required:

111.3.2.1.1.Gas Sensor

We chose the MQ135 sensor for our project FDS due to its exceptional capabilities in
detecting a wide range of gases. The MQ135 can identify LPG (liquefied petroleum gas), smoke,
carbon monoxide, ammonia (NH3), nitrogen oxides (NOx), alcohol, benzene, and carbon dioxide
(CO2). This versatility makes it particularly suitable for early fire detection, as fires can emit
various gases and smoke. Additionally, its high sensitivity allows it to detect gas concentrations as
low as 10 to 300 ppm for ammonia, 10 to 1000 ppm for benzene, and 10 to 300 ppm for alcohol[32],
ensuring a quick and effective response in case of a potential fire. As present in the figure 111.3,
that explains Interfacing of MQ-135 Gas Sensor with Arduino.
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Figure 111. 3: Interfacing of MQ-135 Gas Sensor with Arduino.

111.3.2.1.2.Flame Sensor

We selected the KY-026 flame sensor for our project FDS due to its high infrared sensitivity
(760 to 1100 nm), its capability to provide both analog and digital signals, and its adjustable
detection threshold. The sensor features a 60-degree detection angle and operates on a 0 to 15 V
DC [32] power supply, making it versatile for various configurations. Its compact dimensions
ensure easy integration into different environments. The primary purpose of utilizing this sensor
swiftly and accurately detect the presence of flames, thereby enabling a prompt response in the
event of a fire. As present in the figure 111.4, that explains KY-026 Flame Detector - SensorKit

Figure I11. 4: KY-026 Flame Detector - SensorKit
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111.3.2.1.3. LED and Buzzer:

In our FDS project, we use LEDs and a buzzer to ensure a quick and effective response in
case of a fire alert. The LEDs provide an immediate visual indication of the presence of smoke or
abnormal heat, allowing occupants quickly become aware of the danger. The buzzer emits a loud
and distinctive sound to alert people, even if they are not in direct view of the LEDs. This
combination of visual and auditory indicators ensures comprehensive coverage, increasing the
likelihood of a fast and safe evacuation, thereby minimizing risks to human lives and property. As

present in the figure 111.5, that explains Activate Buzzer and LED.

Connect longer leg to any
Gizitat pin on the arduino. e Gt Wi g

Connect the shorter feg to
GND on the breadboard.

Figure 111. 5: Activate Buzzer and LED

111.3.2.1.4. Arduino Architecture:

As part of our FDS project, the use of the Arduino Uno R3 proves to be crucial. This
versatile tool, based on an Atmega328P architecture, features 14 digital input/output pins (6 of
which can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz crystal oscillator, a USB
connection, a power jack, and a reset button. . Figure 111.6 shows Arduino Technology Architecture

and its Applications.
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Figure 111. 6: Arduino Technology Architecture and its Applications.

These characteristics allow for efficient processing of data from various sensors,
particularly those for gas and flame detection. The architecture of the Arduino Uno R3 facilitates
the quick and precise processing of incoming signals thanks to its interrupt capabilities and analog-
to-digital conversion. In the event of detecting flammable gases or flames, the Arduino Uno R3
activates an LED to indicate the presence of danger and triggers a buzzer to alert the occupants.
Figure 111.7 shows Arduino UNO R3.

Figure 111. 7: Arduino UNO R3.
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111.3.2.1.5. Arduino software (IDE 2.3.2):

In our FDS project, the use of the Arduino Integrated Development Environment (IDE) is
of paramount importance for effectively managing the data captured by our gas and flame sensors.
Through this integrated development environment, we can precisely program and calibrate our
sensors reliably detect potentially hazardous gas levels and the presence of flames. The Arduino
IDE, as officially supported software by the Arduino platform, provides a user-friendly interface
for writing, editing, and compiling the code required for our detection system. Compatible with
both C and C++ languages, this environment enables us to develop sophisticated algorithms to
interpret sensor data and trigger appropriate actions in the event of fire detection, such as activating
alert LEDs or buzzers. By fully integrating the Arduino IDE into our development process, we
ensure a professional and efficient approach to realizing our project. Figure 111.8 shows a window
of Arduino IDE 2.3.2.

Figure I11. 8: Arduino IDE 2.3.2.

111.3.2.1.6.-Camera:

The camera plays a crucial role in our Fire Detection System FDS project, significantly
enhancing the accuracy and reliability of fire detection. By capturing infrared radiation, the thermal
camera can detect temperature variations and hotspots that are indicative of a potential fire, even
in its early stages. This capability allows for real-time monitoring and rapid response, crucial for

minimizing damage and ensuring safety.
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In the context of our fire detection and extinguishing project (FDS), we used a USB Digital PC
Webcam Driverless camera, model OEM-CS0138. This camera has the following specifications: a
720p resolution, a frame rate of 30 fps, and a high-sensitivity CMOS sensor. By processing it to

function as a thermal camera, we were able to detect temperature variations in the environment.

Figure I11. 9: Webcam USB Digital PC Camera Driverless, OEM-CS0138 » Gadget mou.

By comparing the thermal data with signals from other sensors, such as the MQ135 gas
sensor and the KY-026 flame sensor, the system employs a cross-validation mechanism that
minimizes false alarms. This integration ensures a high level of precision, providing a dependable

solution for early fire detection and significantly enhancing the overall efficacy of our FDS project.

111.3.2.1.7. Raspberry pi Architecture

The architecture of the Raspberry Pi, first launched in 2011-2012, stands out for its unique
combination of computing power and versatility, making it an ideal choice for our FDS project for
automatic fire detection. Equipped with a high-performance ARM processor and ample RAM, the
Raspberry Pi provides the resources needed effectively execute the complex artificial intelligence

algorithms required for thermal image analysis.

Design and implementation of an automatic fire extinguishing system Page 73



Chapter 111 The technical implementation of our FDS project

Its extensive connectivity, including USB ports, GPIO interfaces, and wireless connections,
facilitates the integration of various modules and sensors, including cameras, essential for our
application. Furthermore, its compact size and low power consumption make it suitable for large-

scale deployments while ensuring efficient resource management.

By leveraging well-established Al frameworks such as TensorFlow or PyTorch, the
Raspberry Pi can analyze captured thermal data in real-time, enabling rapid and accurate fire
detection. This combination of performance, connectivity, and ease of use makes the Raspberry Pi
an indispensable choice for our project, offering an economical, reliable, and scalable solution for

automatic fire detection. Figure 111.10 shows Raspberry Pi (c) 2011.12.

Figure I11. 10: Raspberry Pi (c) 2011.12.

111.3.2.1.8. Python software (3.12 (64 bits)):

Python 3.12 (64 bits) plays a pivotal role in programming the camera for our FDS project,
which dedicated to automatic fire detection. With its clear syntax and extensive library ecosystem,
Python provides an ideal development environment for integrating artificial intelligence into our
detection system. Leveraging specialized libraries such as Open CV and Tensor-Flow, Python
simplifies the manipulation and analysis of thermal images captured by the camera. The breadth of
Python's features enables the implementation of sophisticated machine learning algorithms and

image processing techniques to detect thermal anomalies associated with fires.

Moreover, Python's portability across various platforms, including the Raspberry Pi, makes
it an optimal choice for our project, offering flexibility and performance for precise and rapid-fire

detection.
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111.3.2.1.9. Visual Studio Code software:

Visual Studio Code (VS Code) proves to be an essential element in the programming
process of the camera for our FDS project focused on automatic fire detection. With its array of
sophisticated features and intuitive user interface, VS Code provides an optimal development
environment for code creation, debugging, and deployment. The versatility of VS Code in
programming languages, notably its strong compatibility with Python, a widely used language in
artificial intelligence projects, makes it a strategic choice for our application. The available
extensions for VS Code allow seamless integration of Al-specific tools and libraries, such as
TensorFlow or PyTorch, which are crucial for thermal image analysis. Figure 111.11 shows a

window of Visual Studio Code.
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Figure I11. 11: Visual Studio Code.

Here is a flowchart for the transmitter system of the gas and flame sensors, based on the

provided code:
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Figure I11. 12: FDS Code flowchart.
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111.3.2.2.Extinguishing
111.3.2.2.1. Automatic Fire Extinguishers

As part of our project, we suggested linking our project with automatic fire extinguishers
for their ability to provide a rapid and effective response in case of fire. These devices directly
connected to our advanced fire detection system, which uses sophisticated sensors to identify the
presence of smoke or abnormal heat levels. When a fire signal detected, the extinguishers
automatically activate to put out the fire. This automation allows for immediate intervention, which
is crucial for minimizing property damage and ensuring the safety of occupants, without requiring

human intervention.

Integrated heat detector
reacts instantly to fire
conditions.

Accessory connections
for pressure switch,
discharge indicator, or

On-board pressure gauge - manual operation.

for clear status checks.

FM 200 clean agent
provides effective
fre protection.

Figure I11. 13: Automatic Fire Extinguishers for Fire Protection.

The characteristics of automatic fire extinguishers include ultra-fast activation, extensive
suppression capacity, and compatibility with various extinguishing agents such as water, foam,
chemical powders, and inert gases, suitable for different types of fires. Additionally, they are
equipped with deployment mechanisms that ensure optimal distribution of the extinguishing agent,

effectively covering the affected area.

Their role is fundamental in providing continuous protection, reducing reaction time to
fires, and enhancing the overall reliability and efficiency of our protection solution. By integrating
these automatic fire extinguishers into our detection system, we ensure a rapid and coordinated

response to emergencies, thereby maximizing safety and minimizing losses.
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111.3.2.3. Central Control Unit

As part of our FDS project, we have developed a sophisticated monitoring platform. This
platform designed to provide precise fire location, accurately identifying the room, floor, and
apartment affected. The objective is to optimize fire management and enable real-time remote
monitoring. To achieve this operation, we followed a methodical process comprising several

essential steps.

111.3.2.3.1. Python software (3.12 (64 bits)):

Python plays a central role in the programming of our FDS monitoring platform. Python
enables rapid and efficient development. Its extensive libraries and frameworks, such as
TensorFlow, PyTorch, and OpenCV, are essential for integrating artificial intelligence and image
processing capabilities, which are indispensable for our fire detection system. Additionally, Python
offers excellent compatibility with microcontrollers and embedded systems like the Raspberry Pi,

facilitating real-time acquisition and analysis of data from thermal sensors.

111.3.2.3.2. Visual Studio Code

Visual Studio Code (VS Code) is a fundamental pillar in programming our fire-monitoring
platform. As a versatile and sophisticated Integrated Development Environment (IDE), it provides
our developers with a comprehensive set of tools for writing, debugging, and deploying code
efficiently. VS Code allows us easily integrate specific functionalities tailored to our project, such
as image processing and artificial intelligence algorithms. Its built-in version control system

facilitates collaboration among team members, promoting cohesive and efficient development.

Furthermore, the task management tools and advanced debugging features of VS Code help

ensure the reliability and performance of our code.

111.3.3. Results And Discussion

The analysis of the results of our FDS project highlights several key aspects of its operation
and effectiveness. Firstly, comprehensive testing of the sensors demonstrated the system's
reliability in real-time data collection, which is essential for accurate fire detection. The correlation
between sensor data and camera signals enhanced continuous surveillance and the system's ability

to react promptly.
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111.3.3.1.Comprehensive Sensor Testing:
During this phase, the sensors underwent a series of tests to evaluate their reliability in real-

time data collection. These tests verified the accuracy of measurements and the sensors'
effectiveness in detecting fire signals. The following assembly represents the electronic circuit

operation of our project (Figure 111.14).
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Figure 111. 14: Circuit diagram of the fire detection system.

The figure 111.15 represents the circuit and the actual installation of our project:

Figure I11. 15: The Actual Installation of Our Project.
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111.3.3.2.Data Correlation:
Once the sensor data collected, it compared to signals recorded by the camera. This

correlation strengthened system surveillance by providing a coherent overview of the monitored

environment, enabling rapid and accurate fire detection.

The figure 111.16 shows the system in a safe condition with no fire detected.

Figure I11. 16: System In A Safe Condition With No Fire
Detected.

The following figure 111.17 illustrates fire alarm detection.

Figure I11. 17: Fire Alarm Detection.
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111.3.3.3.Signal Recording:

The system configured to record distinct signals based on the presence or absence of a fire.
This functionality was crucial for triggering appropriate emergency measures, such as visual and
auditory alerts, as well as automatic activation of extinguishers, ensuring a swift response in case
of fire. The figure.l11.18 and figure 111.19 represents the triggering of an alarm after the detection

by the camera and sensors.

1 Fire Detection Output o x
“H Lower: 12 '

S Lower: 50 "]
V Lower: 50 ]
H Upper: 35 ]

S Upper: 255 ]

V Upper: 255 '

Figure 111. 19: The Triggering of An Alarm After The Detection By Sensors.
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111.3.3.4.Integration of Surveillance Platform:

Integrating the surveillance platform enabled proactive management of the situation by
providing users with real-time visibility into the status of each monitored environment. This feature
facilitated prompt and efficient intervention in the event of a fire, thereby enhancing overall site

security. The figure 111.20 represents the design of the platform.

# Random Data Giid Display

Number of squares

Update Grid

Figure 111. 20: Platform design.

The in-depth analysis of the results confirms that our FDS system is a comprehensive and robust
solution for fire detection and management. Its ability to deliver a rapid and accurate response
significantly contributes to the safety of monitored environments, providing users with peace of
mind. The figure 111.21 and figure 111.22 represent the integration of the alarm system with the

platform.
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4 Il
i

Figure 111. 21: In terms of security status. Figure 111. 22: Fire detection.

The green color indicates a secure environment, while the red color signals a fire hazard.

111.3.4. Future Work
In our project, we plan to add various improvements and future proposals to further develop
it, increase its efficiency, and enhance its functionalities. Here are some proposals for future work

and improvements to our FDS project based on its current state:

111.3.4.1.Enhanced Sensor Technology:
We can explore advancements in sensor technology to improve the accuracy and
responsiveness of fire detection. This could involve integrating more sensitive sensors or exploring

emerging technologies such as machine learning algorithms for more precise detection.

111.3.4.2.Integration with Smart Building Systems:
We should investigate integrating the FDS with smart building systems for enhanced
automation and response capabilities. This could include the automatic shutdown of heating

systems, unlocking of emergency exits, or triggering notifications to building occupants.
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111.3.4.3.Remote Monitoring and Control:

We could develop a robust remote monitoring and control system that allows users to access
real-time data and control the FDS from anywhere. This might involve developing a mobile
application or web interface for easy access to system status and control features.

111.3.4.4.Predictive Analytics:
We should implement predictive analytics algorithms to anticipate potential fire hazards
based on historical data and environmental conditions. This proactive approach could help prevent

fires by identifying and addressing potential risks early on.

111.3.4.5.Integration with Emergency Services:
We need to explore options for integrating the FDS with local emergency services for faster
response times in the event of a fire. This could involve automatically alerting fire departments and

providing them with real-time data to aid in their response efforts.

111.3.4.6.Scalability and Adaptability:
We should design the FDS to be scalable and adaptable to different types of buildings and
environments. This could involve developing modular components that can be easily customized

and expanded to meet the specific needs of different applications.

By focusing on these areas for future work, we can continue to enhance the effectiveness
and functionality of our FDS project, ultimately contributing to improved fire safety and protection

in various environments.

I11.4.Conclusion

In conclusion, our FDS project underwent meticulous technical implementation, involving
thorough research and integration of various components to ensure effective fire detection and
extinguishing capabilities. We devised a unique solution integrating multiple sensors, including
gas and flame sensors, with LED and auditory indicators for immediate alerts. Utilizing Arduino
architecture and the Arduino IDE facilitated seamless integration and control. Additionally,
integration of a camera and Raspberry Pi architecture expanded our system's capabilities, enabling
heightened detection accuracy and enhanced data processing. Python software, supported by Visual

Studio Code, served as the central control unit for remote monitoring and control. Exhaustive
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sensor testing affirmed the reliability of our system, with data correlation mechanisms enhancing
operational efficiency. Integration with a surveillance platform enabled real-time visibility and
proactive fire management. Moving forward, we aim to advance sensor technology, integrate with
smart building systems, implement remote monitoring and control features, leverage predictive
analytics for proactive fire prevention, integrate with emergency services, and ensure scalability
across diverse environments. Through ongoing research and development efforts, we aspire to

enhance the effectiveness of our FDS project, bolstering fire safety across various settings.

Design and implementation of an automatic fire extinguishing system Page 85



GENERAL CONCLUSION

Design and implementation of an automatic fire extinguishing system Page 86



GENERAL CONCLUSION

GENERAL CONCLUSION

Automated fire detection and extinguishing systems play a crucial role in preserving lives
and property. However, they often face issues of false alarms and limited precision, thereby
hindering their effectiveness. These shortcomings observed in market-available systems,
compromising their reliability and ability effectively respond to fire hazards.

In response to identified deficiencies in fire detection and extinguishing systems, our
project offers a solution to these issues. Our aim is to prevent false alarms and ensure swift fire
detection in residential, commercial, and industrial sectors. In conclusion, our research highlights
significant issues prevalent in automated fire detection and extinguishing systems. To address these
challenges, our FDS solution adopts a comprehensive approach. By leveraging artificial
intelligence (Al) and advanced sensor technologies, our system ensures fast and accurate fire
detection across various environments. The architectural design integrates multiple sensors,
including gas and flame sensors, along with algorithms for signal processing and analysis.
Additionally, the integration of a camera enhances detection accuracy, while a Python-powered

remote monitoring platform provides real-time visibility and control.

The meticulous technical implementation of our FDS project required extensive research
and integration of various components, resulting in a reliable and efficient fire detection and
extinguishing system. Moving forward, our goal is to further advance sensor technology, integrate
with smart building systems, and implement predictive analytics for proactive fire prevention,
thereby improving fire safety across diverse environments. Through ongoing research and
development, we remain committed to enhancing the effectiveness and scalability of our FDS

project.
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