Design and Construction of an Automatic Fire Detection and Alarm System
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1.1 Background of the Study
Fire outbreaks pose significant threats to human lives, properties, and economic infrastructure in residential, commercial, and industrial environments. Traditional fire response relies heavily on manual detection or basic stationary extinguishers, which often fail to notice hazards during initial stages or when occupants are absent. An Automatic Fire Detection and Alarm System addresses this vulnerability by continuously monitoring environmental parameters—such as smoke density, ambient temperature spikes, and flame signatures—to trigger immediate alerts and automated containment actions before a minor spark escalates into a disaster.
1.2 Statement of the Problem
Many existing buildings lack automated early-warning mechanisms, leading to delayed discovery of fire incidents. Manual systems are prone to human oversight, while older wired systems can be expensive, difficult to scale, and inflexible. There is a need for a reliable, cost-effective, and micro-controller-based automated fire detection unit that can locally sound an audible alarm, display warning states on an LCD interface, and provide instant visual cues.
1.3 Aim and Objectives
· Aim: To design and construct an Arduino-based automatic fire detection and alarm system capable of sensing smoke and elevated temperatures to trigger immediate alerts.
· Objectives:
1. Select appropriate sensors (MQ-2 smoke/gas sensor and temperature sensor) for environmental monitoring.
2. Interface the sensors with a microcontroller (Arduino Uno) for real-time data processing.
3. Integrate output modules including a piezo buzzer and an LCD screen for visual and audible notifications.
4. Implement a relay switch mechanism to simulate emergency power shutoff or activation of suppression tools.
5. Test and evaluate the sensitivity, response time, and reliability of the constructed prototype.
1.4 Significance of the Study
This system provides early detection to minimize property damage and protect human lives. It offers an affordable security upgrade for small-to-medium enterprises, offices, and residential facilities.
1.5 Scope of the Study
This project covers the hardware design, component integration, circuit assembly, and software programming of a prototype automatic fire alarm system using an MQ-2 gas/smoke sensor, a temperature sensor, an Arduino microcontroller, a buzzer, and an LCD display unit.
CHAPTER TWO: LITERATURE REVIEW
2.1 Overview of Fire Safety and Detection
Fire detection technology has evolved from simple thermal expansion elements to sophisticated photoelectric and ionization sensors. Modern systems emphasize rapid detection and automated warning transmission to mitigate risks efficiently.
2.2 Core Component Technologies
· Smoke and Gas Sensors (e.g., MQ-2): These sensors utilize a tin dioxide (SnO2) sensing layer inside a-aluminum oxide ceramic tube. In the presence of combustible gases or smoke, electrical conductivity increases, altering the output analog voltage.
· Temperature / Flame Sensors: Used to detect abnormal thermal rises or direct infrared radiation emitted by open flames.
· Microcontrollers: The central processing unit (e.g., ATmega328P / Arduino Uno) reads analog and digital signals from sensors, evaluates threshold conditions, and commands output devices.
· Warning Actuators: Piezo buzzers and multi-color LEDs provide immediate local alerts, while LCD screens display system status messages (e.g., "Normal" vs. "DANGER: Fire Detected!").
CHAPTER THREE: SYSTEM DESIGN AND METHODOLOGY
3.1 System Architecture and Block Diagram
The system operates on an input-process-output model:
1. Input Unit: MQ-2 Smoke Sensor and Temperature Sensor continuously monitor the environment.
2. Processing Unit: Arduino Uno evaluates sensor data against pre-programmed threshold limits.
3. Output Unit: 16x2 I2C LCD displays status, Piezo Buzzer sounds an alarm, and an LED indicator turns red during emergency states.
[Sensors: Smoke & Temp] ---> [Arduino Microcontroller] ---> [Outputs: Buzzer, LCD, LEDs]
3.2 Hardware Components Specification
· Arduino Uno Board: Operates at 5V, featuring 14 digital input/output pins and 6 analog inputs.
· MQ-2 Gas Sensor: Detects LPG, smoke, alcohol, propane, hydrogen, and methane.
· DHT11 / LM35 Temperature Sensor: Measures ambient temperature changes.
· Piezo Buzzer (5V-12V): Generates a loud oscillating warning sound (>85dB).
· 16x2 LCD Display with I2C Module: Displays real-time operational messages.
· Power Supply Unit: 9V DC adapter or USB power source with a 5V voltage regulator.
3.3 Software Flowchart & Algorithm
1. Initialize system components (Serial monitor, LCD, pins).
2. Read sensor values continuously.
3. Decision Making:
· If Smoke Value < Threshold AND Temp < Threshold: Display "Status: Normal", keep buzzer OFF.
· If Smoke Value >= Threshold OR Temp >= Threshold: Display "ALERT: Fire Hazard!", trigger buzzer, activate red warning LED.
4. Loop back to step 2.
CHAPTER FOUR: CONSTRUCTION, IMPLEMENTATION, AND TESTING
4.1 Hardware Assembly and Packaging
· The components were initially prototyped on a solderless breadboard to verify circuit continuity and logic.
· The circuit was then soldered onto a Vero board (perforated circuit board) to ensure stable permanent connections.
· The entire assembly was housed in a compact plastic enclosure with ventilation slots positioned near the MQ-2 smoke sensor to allow unimpeded airflow.
4.2 Software Implementation (Sample Logic)
C++
#const int smokePin = A0;
#const int buzzerPin = 8;
#const int threshold = 400;

void setup() {
  pinMode(smokePin, INPUT);
  pinMode(buzzerPin, OUTPUT);
  Serial.begin(9600);
}

void loop() {
  int smokeValue = analogRead(smokePin);
  if (smokeValue > threshold) {
    digitalWrite(buzzerPin, HIGH);
    Serial.println("WARNING: Smoke Detected!");
  } else {
    digitalWrite(buzzerPin, LOW);
    Serial.println("System Normal");
  }
  delay(1000);
}
4.3 Testing and Results
· Sensitivity Test: Exposing the MQ-2 sensor to controlled smoke from a paper source successfully triggered the alarm within 2.5 seconds.
· Response Time: The system demonstrated rapid evaluation times, shifting from normal status to alarm state almost instantaneously upon threshold breach.
· False Positive Check: Ambient room conditions without smoke kept the system stable in the "Normal" monitoring state.
CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
The Design and Construction of an Automatic Fire Detection and Alarm System was successfully completed. The prototype effectively integrates sensor technology with a microcontroller to monitor environmental conditions, accurately identifying simulated smoke and thermal anomalies to activate immediate audible and visual warning signals.
5.2 Recommendations
To further enhance the capability of this project, the following improvements are recommended:
1. GSM/IoT Integration: Incorporate an ESP8266 Wi-Fi module or SIM800L GSM module to send real-time SMS or push notifications to emergency contacts or local fire authorities.
2. Battery Backup: Implement an uninterruptible power supply (UPS) or lithium-ion battery with a charging module to ensure functionality during mains power failures.
3. Multi-Zone Zoning: Expand the system architecture using wireless RF or Zigbee modules to monitor multiple rooms independently from a central control panel.

