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ABSTRACT

Fire accidents in industries, laboratories, homes, and public areas can cause severe damage to life
and property if they are not detected at an early stage. To reduce such risks, an efficient and fast fire
detection system is essential. This project presents the design and implementation of a PIN Photodiode Based
Fire Sensor, which is used to detect fire by sensing the infrared and visible light emitted from flames. The
system mainly utilizes a PIN photodiode as the sensing element because of its high sensitivity, fast response
time, and reliable performance. A PIN photodiode is a semiconductor device that converts light energy into
electrical current. When fire occurs, the flame emits intense light radiation, especially in the infrared region.
The PIN photodiode detects this radiation and produces a corresponding electrical signal. This signal is
then amplified and processed using electronic circuits such as transistors, comparators, or a microcontroller.
Once the detected light intensity exceeds a predefined threshold value, the system activates an alarm or
buzzer to indicate the presence of fire. The proposed fire sensor system is designed to provide rapid and
accurate fire detection with minimal delay. Compared to conventional heat sensors and smoke detectors, the
PIN photodiode-based system offers a faster response because it directly senses flame radiation. This
project demonstrates the practical application of optoelectronic devices in safety and security systems. The
developed sensor can be further enhanced by integrating wireless communication, automatic sprinkler
systems, or [oT technology for smart fire monitoring applications. Hence, the PIN photodiode-based fire
sensor provides an effective solution for early fire detection and prevention, improving overall safety and

reducing potential losses caused by fire hazards.
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CHAPTER 1-INTRODUCTION

Fire accidents are one of the major hazards in industrial, residential, and forest environments, causing
significant damage to life and property. Early detection of fire is crucial to prevent large-scale disasters and
ensure safety. Traditional fire detection systems such as smoke detectors and heat sensors often suffer
from delayed response and limited sensitivity.

This project presents a PIN photodiode-based fire detection system that detects fire by sensing
infrared radiation emitted by flames. The system uses a PIN photodiode as the primary sensing element,
which converts incident light into electrical current. This current is amplified using an operational amplifier
such as the LM358 Op-Amp IC and processed to trigger an alarm when fire is detected.

The proposed system provides fast response, high sensitivity, and reliable operation compared to
conventional systems. It can be used in industrial safety systems, smart homes, and forest fire monitoring
applications. The system is cost-effective, easy to implement, and suitable for real-time fire detection.

Fire detection is an essential safety requirement in many environments such as industries, homes,
forests, and public buildings. Fires can spread rapidly, causing severe damage if not detected at an early
stage. Traditional fire detection systems rely on smoke sensors, heat sensors, or manual monitoring, which
may not provide immediate detection.

With the advancement of sensor technology, optical detection methods have gained importance. Fire
emits strong infrared radiation and visible light, which can be detected using optical sensors. A PIN
photodiode is a highly sensitive semiconductor device that converts light into electrical current, making it
suitable for fire detection applications.

1.1 AIM

This project focuses on designing a fire detection system using a PIN photodiode, signal conditioning
circuits, and an alarm system. The system ensures faster detection compared to conventional methods and
provides an efficient solution for fire safety.

1.2 LIMITATION OF EXISTING SYSTEM

In recent years, there has been a shift from conventional fire detection methods to sensor- based
intelligent systems. Traditional systems mainly depend on smoke or temperature changes, which may not
always provide immediate detection.

1.3 PROBLEM STATEMENT

Fire detection systems based on smoke and heat sensors often fail to detect fire at an early stage.
These systems depend on environmental changes such as temperature rise or smoke accumulation,
which may take time to occur.

1.4 NEED FOR THE PROPOSED SYSTEM

~Fire spreads before detection
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~Delayed response leads to severe damage
~Systems are not sensitive to small flames

Therefore, there is a need for a fast, sensitive, and reliable fire detection system that can detect fire
instantly using optical sensing techniques.
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CHAPTER 2 - LITERATURE SURVEY

2.1 Ge-on-Si Photodetector Based Flame Detection

R. Ela et al., [1] presented a flame detection system using a Ge-on-Si photodetector with
voltage spectral response. The system enhances flame sensing accuracy by adjusting spectral
sensitivity according to environmental conditions. The study demonstrated high sensitivity and fast
response characteristics, confirming the effectiveness of photodiode-based sensing for reliable fire
detection applications.

2.2 Photodiode-Based Flame Sensing System

L. Ari et al. [2] developed a photodiode-based sensor for flame sensing and combustion-
process monitoring. The sensor was capable of detecting flame intensity variations through optical
radiation measurements. Experimental results showed improved monitoring accuracy and stable
operation, validating the importance of photodiodes in industrial fire and combustion monitoring
systems.

2.3 Diamond Schottky Photodiode for Flame Sensing

Y. Koide et al. [3 introduced a Schottky photodiode using a submicron thick diamond epilayer
for flame sensing applications. The detector exhibited excellent ultraviolet sensitivity and high
thermal stability under harsh conditions. The research highlighted the suitability of advanced
photodiode materials for reliable flame detection in high-temperature environments.

2.4 Optical and Electrical Fire Detectors in Simulated Fire Scenes

D. Fan et al. [4] conducted field tests on opt al and electrical fire detectors under simulated
fire scenarios. The study compared the response time and detection efficiency of various sensing
methods. Results indicated that optical detectors provide faster and more accurate fire identification,
supporting the use of photodiode-based systems in modern fire safety applications.

2.5 Quantum Dot Photodetector for Early Fire Detection

A. De lacovo et al. [5] proposed a Pb S colloidal quantum dot visible-blind photodetector
for early indoor fire detection. The detector efficiently identified flame radiation while minimizing
interference from ambient visible light. The research demonstrated improved early-warning capability
and enhanced reliability in indoor fire monitoring systems.
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CHAPTER 3 - PROPOSED SYSTEM

3.1 PROPOSED SYSTEM METHOD

The proposed system is a PIN photodiode-based fire detection system that uses optical
sensing to detect fire at an early stage. Unlike traditional methods that rely on smoke or heat, this
system directly detects the light (infrared radiation) emitted by flames.

In this system, a PIN photodiode is used as the main sensing element. When fire occurs, it
emits infrared radiation, which is detected by the photodiode. The photodiode converts this light
energy into a small electrical current.

Since the generated signal is very weak, it is amplified using an operational amplifier such as
the LM358 Op-Amp IC. The amplified signal is then given to a comparator circuit, where it is
compared with a predefined threshold value.

the detected signal exceeds the threshold level, it indicates the presence of fire. The system
then activates a buzzer or alarm to alert the user immediately.

The proposed system provides fast response, high sensitivity, and reliable performance,
making it suitable for real-time fire detection applications.

3.2 BLOCK DIAGRAM:
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3.3 ADVANTAGES OF PROPOSED SYSTEM

The proposed system offers several advantages over traditional fire detection methods:

1. FastResponse Time
2. Early Fire Detection

Can detect fire at the initial stage, reducing damage and risk.
3. High Sensitivity

PIN photodiode can detect even small flames with low light intensity.
4. Reliable Operation

Provides consistent performance with proper calibration.
5. Low Power Consumption

Suitable for continuous operation with minimal energy usage.
6. Cost-Effective

Uses simple and affordable electronic components.
7. Simple Design

Easy to build and implement.
8. Suitable for Various Applications

Can be used in homes, industries, and safety systems.
9. Less Delay Compared to Existing Systems

Faster than smoke and heat-based detection methods.

3.4 OBJECTIVES

The primary objective of this project is to design and develop an efficient and reliable fire
detection system using a PIN photodiode sensor. The system aims to utilize optical sensing techniques
to detect fire at an early stage and provide timely alerts to prevent damage and ensure safety.

The specific objectives of this project are as follows:

1. To design a fire detection system based on optical sensing using a PIN photodiode capable of
detecting infrared radiation emitted by flames.

2.To study and analyze the working characteristics of a PIN photodiode, including its
responsivity, sensitivity, and response time under different light intensities.

3.To operate the photodiode in reverse bias condition to achieve high-speed response and
improved detection accuracy.
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4.To develop a signal conditioning circuit using an operational amplifier such as the LM358 Op-
Amp IC for converting the weak photocurrent into a measurable voltage signal.

5.To design and implement a comparator circuit that compares the amplified signal with a
predefined threshold voltage for accurate fire detection.

6.To ensure rapid detection of fire by minimizing system response time and improving
sensitivity to low-intensity flames.

7.To reduce the chances of false triggering by analyzing environmental factors such as ambient light
and implementing proper calibration techniques.

8.To design a reliable alarm system using a buzzer or indicator that provides immediate
notification when fire is detected.

3.5 EXISTING SYSTEM

In traditional fire detection systems, fire is detected using sensors such as smoke detectors, heat
sensors, and flame sensors. Smoke detectors work by sensing the presence of smoke particles in the
air, while heat sensors detect a rise in temperature when a fire occurs. These systems are widely used
in homes, industries, and commercial buildings.

Most existing systems operate based on predefined threshold values. When the smoke density
or temperature exceeds a certain level, the system triggers an alarm. These systems are generally
simple and cost-effective but depend heavily on environmental changes.

In some advanced systems, multiple sensors are used together to improve detection accuracy.
However, even these systems may experience delays because they rely on indirect indicators of fire
such as smoke or heat rather than detecting the flame itself.

3.6. DISADVANTAGES OF EXISTING SYSTEM
The existing fire detection systems have several limitations:
1. Slow Response Time
Smoke and heat sensors take time to detect fire because they depend on
environmental changes.
2. Delayed Detection
Fire may spread before smoke or temperature reaches the required threshold.
3. Low Sensitivity to Small Flames
Small or early-stage fires may not produce enough smoke or heat to trigger the system.
4. False Alarms

Smoke detectors can be triggered by dust, steam, or cooking smoke.
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5. Limited Accuracy

Environmental factors like airflow and humidity can affect sensor performance.
6. Not Suitable for Open Areas

Smoke and heat may disperse quickly in open environments like forests.
7. Maintenance Required

Sensors need regular cleaning and calibration.

IJERT V15l S052689 Page 12
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (I1JERT)

https://lwww.ijert.org/ I SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 151ssue 05, May - 2026

CHAPTER 4 - METHODOLOGY

4.1 SCOPE OF THE PROJECT

The scope of this project is to design and develop a fire detection system using a PIN
photodiode sensor. The system detects fire by sensing the light (infrared radiation) emitted from
flames and converting it into an electrical signal.

The project mainly focuses on building a basic hardware system that includes a photodiode sensor,
an amplifier circuit using the LM358 Op-Amp IC, and an alarm unit such as a buzzer. When fire is
detected, the system gives an immediate alert.

This system is designed for real-time fire detection with fast response and high sensitivity. It is
suitable for small-scale applications like homes, laboratories, and small industries.

The project is limited to optical fire detection only and does not include other sensors like smoke
or gas sensors. However, it can be improved in the future by adding more features like IoT-based
alerts, wireless communication, and smart monitoring systems.

Overall, this project provides a simple, low-cost, and effective solution for early fire detection
and safety.

4.2 HARDWARE REQUIREMENTS:
The hardware components required for this project are:
e PIN Photodiode
Used to detect infrared radiation emitted by fire.
e Operational Amplifier (Op-Amp) — LM358 Op-Amp IC Used to

amplify the weak signal from the photodiode.
e Resistors and Capacitors
Used for biasing, filtering, and stabilizing the circuit.
e Comparator Circuit

Used to compare the signal with a reference voltage.
e Buzzer/ Alarm

Provides alert when fire is detected.
e Power Supply (5V / 9V Battery)

Supplies power to the circuit.
e Breadboard / PCB

For circuit implementation.
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e Connecting Wires
For electrical connections.
4.3 SOFTWARE REQUIREMENTS:
1 Arduino IDE

Used for programming microcontroller.

2  Embedded C

Programming language for control logic.

3 Simulation Software (Optional)

Tools like Proteus for circuit simulation.
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CHAPTER S - IMPLEMENTATION AND TESTING

5.1 DATA FLOW DIAGRAM:

The data flow diagram illustrates a simple light-activated alarm circuit powered by a 9V battery.
A photodiode is used as the sensor, which normally allows current to flow when exposed to
light. When the light falling on the photodiode is interrupted, its resistance increases, causing a
change in the base current of the connected transistor. This change switches the transistor ON,
allowing current to flow through the output stage that includes an LED and a buzzer. As a result,
both the LED and the buzzer are activated, providing visual and audible alerts. A resistor (R1) is
placed in series with the LED to limit current and protect the components. Overall, the circuit
detects changes in light intensity and triggers an alarm system accordingly.

Start \}
Fire Sensor Circuit

~ =

i

- ~

~

,// - S
< Is Fire s Yes
"~ Detected?
=t S

< v

Buzzer and

— LED Stay OFF

Activate Buzzer
and LED

/" Audible + Visual
Alert o

Fig 2 : DATA FLOW DIAGRAM

5.2. CIRCUIT DIAGRAM:

The circuit diagram represents a light-activated alarm system that uses a photodiode sensor
and a timing IC to produce a delayed alert. The photodiode D1 (BPW34) detects changes in light
intensity and feeds the signal to the CA3140 operational amplifier (IC1), which amplifies the
small current produced by the photodiode. The amplified signal drives transistor T1 (BC547),
which in turn triggers the CD4060 timer IC (IC2). The CD4060 contains an internal oscillator
formed using RS, R6, and capacitor C1, generating timing pulses. Based on the timing output,
the IC activates LED1, LED2, LED3, and controls transistor T2 (BC547). When T2 switches
ON, it energizes the piezo buzzer (PZ1), producing an audible alarm. Current-limiting resistors
R3, R4, R7, and R8 protect the LEDs and transistors from excess current. The entire circuit is
powered by a 9V battery, with the ground line connecting all return paths. Overall, the system
senses variations in light through the photodiode, processes the signal using an amplifier and
timer IC, and activates LEDs and a buzzer to provide a visual and audible alert.
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Fig 3 : CIRCUIT DIAGRAM

5.3. HARDWARE SETUP

The experimental setup for the PIN photodiode—based fire sensor consists of a light-sensitive PIN
photodiode, an operational amplifier, a transistor switching stage, and an alarm unit arranged
systematically on a breadboard. The PIN photodiode is positioned such that it directly faces the source
of light or flame, enabling it to detect even small variations in infrared radiation emitted during a
fire. The output of the photodiode is connected to an op-amp configured as a sensitive amplifier to
convert the weak photocurrent into a usable voltage level. This amplified signal is then fed to a
transistor, which works as a switch to drive indicators such as an LED or a buzzer. A regulated DC
power supply powers the circuit, ensuring stable operation during testing. The sensor module, alarm
unit, and connecting wires are neatly organized on the experimental board to observe the circuit
behaviour clearly. When a flame is brought near the photodiode, its current increases, triggering the
amplifier and activating the transistor, which in turn switches ON the alarm, thus demonstrating the
functioning of the fire detection system.

Fig4: HARDWARE SETUP
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5.4. MODULES DESCRIPTION:

1. Sensor Module

e The sensor module is the main part of the system, responsible for detecting fire. It consists of
a PIN photodiode, which senses the infrared radiation emitted by flames.

e When fire is present, the photodiode absorbs the light energy and converts it into a small
electrical current. The amount of current generated is proportional to the intensity of the light.
This module provides the initial input signal for the system.

2. Signal Conditioning (Amplifier) Module

e The electrical signal generated by the photodiode is very weak and cannot be used directly.
Therefore, it is passed to the signal conditioning module.

e This module uses an operational amplifier such as the LM358 Op-Amp IC to amplify the
signal. The amplifier increases the strength of the signal so that it can be processed accurately
in the next stage.

e This stage also helps in reducing noise and improving the quality of the signal.

3. Comparator Module

e The comparator module is used to make a decision based on the signal received from the
amplifier.

e Inthis module, the amplified signal is compared with a predefined reference (threshold)
voltage. If the signal is greater than the threshold value, it indicates the presence of fire.

e The comparator then produces a HIGH output signal, which is used to activate the alarm
system.

4. Alarm (Output) Module

e The output module is responsible for alerting the user when fire is detected.

e When the comparator output becomes HIGH, it activates a buzzer or alarm. This
provides an immediate warning so that necessary action can be taken.

e This module ensures real-time notification and improves safety.

5. Power Supply Module

e The power supply module provides the required electrical energy for the entire system.

e Ittypically uses a DC power source such as a battery (5V or 9V). A stable power supply is
important for proper functioning of the photodiode, amplifier, and other components.

6. Control Module

e Inadvanced versions, a control module using a microcontroller like Arduino Uno can be
added.

e This module can:

L. Process signals digitally
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II. Add smart features
III. Enable IoT-based alerts

5.5 FEASIBILITY STUDY:

The feasibility study evaluates whether the proposed PIN photodiode-based fire detection system is
practical, cost-effective, and suitable for real-world implementation. It analyses different aspects such as
technical, economic, and operational feasibility

p—

Technical Feasibility

e The proposed system is technically feasible as it uses simple and widely available electronic
components such as a PIN photodiode, resistors, and an operational amplifier like the LM358
Op-Amp IC.

e The design is straightforward and does not require complex hardware or advanced

programming. The system operates based on well-established principles such as the

photoelectric effect and signal amplification. It can be easily implemented using basic

electronic knowledge.

2. Economic Feasibility

e The system is highly cost-effective because it uses low-cost components that are easily
available in the market.

e No expensive sensors required

e Minimal hardware cost

e [Low maintenance cost

e This makes the system affordable for small-scale applications such as homes,
laboratories, and small industries.

3. Operational Feasibility
The system is simple to operate and does not require skilled personnel. Once installed, it
automatically detects fire and provides an alert without manual intervention.

e FEasytouse

e Automatic operation

e Quick response

e This makes it suitable for real-time safety applications.

4. Time Feasibility
e The system can be designed and implemented within a short period of time since it
involves simple circuit design and basic components.

e [t does not require long development cycles, making it suitable for academic projects and
quick deployment.

Practical Feasibility
e The system can be practically implemented in real environments such as homes,
industries, and warehouses. It is compact, portable, and reliable.

IJERT V15l S052689 Page 18
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (I1JERT)
https://lwww.ijert.org/ I SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 151ssue 05, May - 2026

e However, proper calibration is required to avoid false detection due to ambient light.

5.6. TESTING OF THE PRODUCT:

Testing of the PIN photodiode-based fire detection system is carried out to ensure that the
system works correctly and reliably under different conditions. The testing process verifies the
performance, sensitivity, and response time of the system.

1.Objective of Testing

e The main objective of testing is:

e To check whether the system detects fire accurately.
e To verify the response time of the system.

e To ensure proper functioning of all modules.

e To identify any errors or false triggering.

2. Testing Methodology

e The system is tested by exposing the PIN photodiode sensor to different light
conditions, including the presence and absence of flame.

e Steps:

e Assemble the complete circuit

e Power ON the system

e Keep the sensor in normal condition (no fire)

e Bring a small flame (like a candle) near the sensor

e Observe the system response

3.Test Cases and Observations

e Test Condition
e Expected Output
e Actual Output
e No flame present

e Alarm OFF

e Alarm OFF

e Small flame present
e Alarm ON

e Alarm ON

e Strong flame present
e Alarm ON

e Alarm ON

4.Performance Analysis

e The system responded quickly when flame was introduced
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e The photodiode successfully detected light from fire
e The amplifier increased signal strength effectively
e The comparator triggered the alarm correctly

5.1ssues Observed

o Slight sensitivity to strong ambient light
e Requires proper threshold adjustment
e May need shielding to avoid false detection

6.Improvements Suggested

e Use optical filters to reduce sunlight interference
e Adjust threshold voltage carefully
¢ Add microcontroller for smart control

IJERT V15l S052689 Page 20
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (I1JERT)
https://lwww.ijert.org/ I SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 151ssue 05, May - 2026

CHAPTER 6 - RESULTS AND DISCUSSION

The proposed PIN photodiode-based fire detection system provides a simple and efficient
solution for early fire detection. However, the system can be further enhanced and expanded to
improve its performance, reliability, and real-world applicability.

One major improvement is the integration of microcontrollers such as Arduino Uno. By adding
a control unit, the system can process signals more accurately, reduce noise, and implement
advanced logic for better decision-making. This also enables digital control and flexibility in system
operation.

Another important future enhancement is the integration with Internet of Things (IoT)
technology. The system can be connected to the internet to send real-time alerts to users through
mobile applications, SMS, or email. This allows remote monitoring and immediate response even
when the user is not physically present near the system.

The system can also be improved by implementing wireless communication technologies
such as Wi-Fi, Bluetooth, or GSM modules. This enables the fire detection system to communicate
with central monitoring systems or emergency services automatically.

To increase accuracy, multi-sensor integration can be introduced. In addition to the PIN
photodiode, sensors such as smoke detectors, temperature sensors, and gas sensors can be combined.
This hybrid approach reduces false alarms and improves detection reliability under different
environmental conditions.

Another enhancement is the use of optical filters to eliminate unwanted light sources such as
sunlight or artificial lighting. This helps in improving the accuracy of the photodiode and reduces
false triggering.

Advanced systems can incorporate Artificial Intelligence (Al) and Machine Learning (ML)
algorithms to analyse fire patterns and differentiate between real fire and false signals. This makes
the system smarter and more reliable in complex environments.

The system can also be expanded for large-scale applications, such as forest fire detection
and industrial safety systems. In such cases, multiple sensor nodes can be deployed over a wide area
and connected through a network for centralized monitoring.

Additionally, the system can be integrated with automatic fire suppression systems, such as
water sprinklers or fire extinguishers, to not only detect fire but also take immediate action to control
it.

In terms of hardware improvement, more advanced photodiodes with higher sensitivity and
faster response can be used to enhance system performance.
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CHAPTER 7 - CONCLUSION & FUTURE WORK

The proposed PIN photodiode—based fire detection system successfully demonstrates a fast,
sensitive, and reliable method for early fire detection using optical sensing technology. By utilizing the
high-speed response and strong sensitivity of the PIN photodiode toward infrared radiation, the system
is able to detect flames at an early stage, even under low-light conditions. The LM358 operational
amplifier effectively amplifies the weak photocurrent generated by the photodiode, while the
comparator circuit ensures accurate decision-making by comparing the signal with a predefined
threshold. When fire is detected, the alarm unit activates immediately, providing timely alerts to prevent
potential hazards. The overall system is simple, low-cost and consumes minimal power, making it
suitable for small-scale safety applications. The results confirm that optical flame detection is faster than
conventional smoke or heat-based methods, offering improved safety and quicker response during fire
incidents.

Although the system performs efficiently, several enhancements can be implemented to improve
its functionality and applicability. Future developments may include integrating [oT- based features for
real-time monitoring and sending instant alerts to mobile devices or fire control units. Wireless
communication modules such as Wi-Fi, GSM or LoRa can be added to extend the system for remote
monitoring applications. To reduce false alarms caused by ambient light, intelligent signal processing
techniques or infrared band-pass filters can be incorporated. Further improvements can involve
combining additional sensors like smoke, temperature, or gas sensors for multi-parameter fire detection,
increasing reliability in complex environments. Advanced microcontroller-based systems and machine
learning algorithms can be adopted to classify flame signals and improve accuracy. Finally, the system
can be packaged into a commercial prototype and tested in real-world environments to ensure robustness
and long-term stability.
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