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ABSTRACT

This study describes the design, implementation, and evaluation of an Arduino-based
smoke detection system that integrates both hardware and software components for
reliable smoke monitoring and alert generation. The system employs an MQ2 gas sensor
to detect smoke and combustible gases, including methane, butane, and hydrogen. An
Arduino Uno microcontroller serves as the central processing unit and interfaces with
an LCD, light-emitting diodes (LEDs), and a buzzer to provide real-time visual and
auditory alerts. Smoke concentration levels are classified using predefined thresholds and
indicated through color-coded LEDs: green for safe conditions, yellow for moderate
levels, and red for high concentrations. In critical conditions, the red LED is activated
alongside an audible alarm from the buzzer. The control program, developed using the
Arduino Integrated Development Environment, continuously reads sensor data,

processes smoke concentration levels, and displays real-time information on the LCD.
The system was evaluated under three testing scenarios representing low, moderate, and
high smoke conditions. The results demonstrate consistent detection performance and
rapid system response across all scenarios, confirming its ability to provide timely alerts.
Overall, the proposed system offers a low-cost, practical solution for early smoke
detection, with potential applications in residential and commercial environments.

Contribution/Originality: This study contributes to the existing literature by presenting a low-cost, integrated
Arduino-based smoke detection system. It employs a new estimation methodology based on calibrated MQ2 sensor
thresholds for multi-level alerts. This research is among the few studies that have investigated real-time visual and

auditory alert integration using Arduino.

1. INTRODUCTION

Fire poses a significant threat to human health and property, with smoke often being an early indicator of fire
[1, 27]. Smoke detectors are essential devices that detect smoke particles in the air and alert building occupants to
potential fires [87]. The presence of smoke is not limited to residential areas but can occur in various settings,
including offices, industrial sites, and natural environments. Uncontrolled smoke can result in severe health risks and
considerable property damage, underscoring the need for effective smoke detection and monitoring systems [4-6].

Traditional fire monitoring methods relied on manual observation, which involved positioning personnel to
detect smoke visually at strategic points. However, this approach has limitations in accurately determining smoke
concentration and reacting quickly enough to prevent escalation [77]. Technological advancements have introduced
digital smoke detectors capable of assessing smoke concentration in real time, providing reliable and immediate alerts

to ensure safety.

© 2025 Conscientia Beam. All Rights Reserved.


https://orcid.org/0000-0001-5079-082X
https://orcid.org/0009-0008-1924-6066
https://orcid.org/0000-0002-4161-4880
mailto:ao.ilori@oaustech.edu.ng
mailto:emmanuelstephenchinemerem@gmail.com
mailto:oy.omogunloye@oaustech.edu.ng
https://doi.org/10.18488/75.v8i1.4657

Review of Advances in Physics Theories and Applications, 2025, 8(1): 1-11

This study aims to design and construct an Arduino-based smoke detection system that detects smoke levels
surpassing safe thresholds and measures smoke concentration in parts per million (ppm). Equipped with an MQ2
smoke sensor and an LCD, the system indicates smoke concentration and triggers an audible alarm if levels exceed
safety thresholds. This development enhances early warning capabilities, which are critical for reducing injury,
fatalities, and property damage during fire incidents. Studies have reported that smoke detectors are vital in providing
advanced warnings, allowing occupants to respond to fire hazards before they become unmanageable [8-107.

In addition to fire safety, smoke detection has applications in monitoring air quality, particularly in indoor
environments where pollutants like cigarette smoke can impact health. Passive exposure to cigarette smoke is notably
hazardous, especially for individuals with respiratory conditions such as asthma, as exposure can exacerbate their
symptoms [11, 127]. Numerous studies have explored Arduino-based smoke detection systems, including indoor
cigarette smoke monitoring and automated air quality control [18-157. This study builds on previous work by
implementing an Arduino-based MQ2 gas sensor for accurate, real-time smoke detection and concentration

measurement.

2. LITERATURE REVIEW

The detection and control of smoke as a fire indicator have evolved significantly over the years, driven by the
need for enhanced safety measures and early warning systems in residential, industrial, and public spaces. Smoke
detectors have proven effective in alerting individuals to the presence of smoke, offering crucial time for evacuation
and reducing the risk of casualties and property damage [27. Traditionally, smoke detection systems relied heavily
on manual methods, where personnel were stationed to monitor potential smoke or fire hazards visually. However,
this method was prone to inaccuracies due to human limitations and often required identifying smoke concentration
levels, making it challenging to assess the severity of potential fire hazards [37].

Technological advancements have enabled the development of more sophisticated smoke detection systems that
utilize digital sensors to detect smoke with increased accuracy and reliability. Digital smoke detectors are widely
implemented in modern safety systems, employing sensors to measure smoke concentration and transmit real-time
information, often with embedded alarm mechanisms [16, 177. The introduction of the Internet of Things (IoT) and
microcontroller technology, such as Arduino, has further enhanced smoke detection capabilities. IoT-based smoke
detectors can transmit real-time data to remote systems, offering expanded functionalities for fire detection and air
quality monitoring in diverse environments [18, 197].

Arduino-based smoke detection systems, in particular, have been explored for their affordability, adaptability,
and ease of programming. Studies by Habib et al. (207 and Ilham et al. [217] highlighted the advantages of Arduino
in creating modular smoke detection systems that can be tailored to specific needs. Arduino can be used to design
smoke detectors that not only sense the presence of smoke but also measure smoke concentration in parts per million
(ppm), allowing users to monitor air quality dynamically. In addition, incorporating sensors such as the MQ series
enables these systems to differentiate between various gases, adding versatility to their applications in detecting
household smoke, industrial emissions, and indoor pollutants like cigarette smoke [227].

The relevance of smoke detection extends beyond fire safety, as prolonged exposure to smoke from sources such
as cigarettes has been associated with respiratory and cardiovascular issues. Cigarette smoke, for instance, contains
harmful particles that, when inhaled even secondhand, can significantly impact health, particularly in vulnerable
populations like children and those with preexisting respiratory conditions [237]. Advanced Arduino-based systems
have been developed specifically for monitoring cigarette smoke, enabling real-time air quality tracking and alerting
users when pollutant levels exceed safe thresholds. Such systems use MQ sensors, paired with Arduino boards, to

detect smoke particles and gases, providing valuable data that supports improved indoor air quality management

[137.
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In recent years, Arduino-based smoke detection systems have also been combined with GSM and Wi-Fi modules,
allowing data transmission to mobile devices and cloud servers, thereby broadening their applicability in residential
and industrial contexts. These systems are particularly beneficial for remote locations and larger buildings where
traditional fire alarms may be less effective in delivering timely alerts. As demonstrated in studies by Adenan et al.
[5] and ITham et al. [217, incorporating wireless communication in smoke detectors enables notifications to be sent
to users’ smartphones, offering a proactive approach to smoke monitoring. Such IoT integration supports continuous
smoke surveillance, enabling users to respond promptly to fire hazards, even when not physically present at the site
[247.

Current developments also highlight the potential for Arduino-based smoke detectors in integrated health
environments. Systems capable of tracking cigarette smoke levels are beneficial in hospitals, schools, and workplaces,
where air quality plays a crucial role in health and productivity. By implementing smoke detection technologies with
display units, alarms, and reset functions, Arduino-based systems can maintain safer indoor environments and assist
in enforcing air quality standards that safeguard occupants from smoke exposure risks [257.

This study builds upon these advancements by designing an Arduino-based smoke detection system utilizing the
MQ2 sensor to detect and display smoke concentrations. It leverages existing research to create an adaptable, user-
friendly smoke detector that can alert occupants to smoke presence while providing valuable data on smoke
concentration levels. This system, equipped with a resettable alarm and an LCD for real-time display, addresses fire

safety and indoor air quality monitoring, reflecting a comprehensive approach to smoke detection technology.

3. METHOD

The design of this Arduino-based smoke detection system incorporates both hardware and software components,
effectively integrating a series of sensors, visual indicators, and an auditory alarm to signal the detection of smoke.
The study relies primarily on an MQ2 gas sensor, an Arduino Uno microcontroller, and additional peripherals, such
as LEDs, a buzzer, and a liquid crystal display (LCD) for visual readouts. The MQ2 sensor detects gas concentration
by measuring changes in its resistance. The sensor’s resistance R. varies inversely with gas concentration and is given
by Ajiboye et al. [267].

Rs = Rypaa (VinViu‘;out) (1)

Rjpaq 1s the load resistor used in the circuit,V,,; is the voltage across the sensor output, and V;, is the input

voltage (typically 5V for Arduino).

The hardware components were selected based on their compatibility and functionality within an Arduino
environment. The MQ2 gas sensor is the primary smoke-detection unit due to its ability to sense various gases,
including smoke, methane, butane, and hydrogen. Figure 1 illustrates the MQ2 gas sensor module and its key
components used for smoke and gas detection. The figure shows the sensing element, which is responsible for
detecting smoke and combustible gases, mounted on the sensor head. The module includes a voltage comparator 1C
that enables digital signal processing, allowing the sensor to provide both analog (AO) and digital (DO) outputs. A
sensitivity potentiometer is integrated to adjust the detection threshold, while the power LED indicates module
activation and the output LED signals gas detection status. The VCC and GND pins supply power to the module,

ensuring compatibility with Arduino-based systems.
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Figure 1. MQ2 gas/Smoke sensor.

The sensor’s analog output is connected to the Arduino’s analog pin to enable precise readings of gas
concentrations. The gas concentration C (in ppm) detected by the MQ2 sensor can be modeled by a logarithmic
relation [277:

log (C) = a.log (2—:) +b (2)

Ry is the sensor resistance in clean air, a and b are empirically determined constants specific to the gas type and
sensor.

Additional hardware components include a 5V power supply, a 16x2 LCD for displaying sensor readings, and
three LEDs (green, yellow, and red), which serve as visual indicators of smoke levels. Figure 2 shows the 16x2 liquid
crystal display (LCD) module used to present real-time sensor readings and system status information. The figure
highlights the pin configuration of the LCD, including power supply pins (VSS, VDD), contrast control (V0), control
pins (RS, RW, and E), and data pins (D0-D7) for communication with the Arduino microcontroller. The backlight
connections (A and K) provide display illumination, ensuring clear visibility of information. This display module
enables continuous monitoring of smoke concentration levels and system alerts, supporting effective user interaction

with the smoke detection system.

a]
a OrNMYEION
00902 85883888 «y No Symbol Function
VSS  Ground

2 VDD 5V+
3V Contrast
4 RS Register
5 RW  Read/Write
6 E Enable
7 DO Data bus
8 DI Data bus
9 D2 Data bus

10 D3 Data bus

11 D4 Data bus

12 DS Data bus

13 D6  Databus

14 D7 Data bus

15 A Anode [5V+)

16 K Cathode (GND)

|
Figure 2. 16 by 2 LCD.
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The buzzer, controlled by the Arduino, emits an audible alarm when smoke concentrations surpass a specified
threshold. The LEDs are color-coded to represent different smoke density levels: green for safe levels, yellow for
moderate concentrations, and red for high concentrations that require immediate attention. These components are
interconnected using resistors and jumper wires to complete the circuit and prevent damage to the microcontroller.
Figure 38 depicts the image of Arduino Uno RS8, a popular microcontroller development board based on the
ATmega328P chip used in the study. The visible key components include digital and analog I/O pins, the USB Type

B port, the power jack, and the reset button, making it ideal for various electronic and IoT projects.
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Figure 3. Arduino Uno R3 microcontroller board.

The software component is implemented using the Arduino Integrated Development Environment (IDE), where
the code is written to control the system’s functionality. It features a simple code editor, a message area, a text console,
a toolbar with standard functions, and a set of menus. The Arduino IDE supports C++ programming, enabling users
to manage hardware components like sensors and actuators, create interactive projects, and connect with various
Arduino-compatible boards.

The LiquidCrystal.h library is included to enable communication between the Arduino and the LCD. The code
initializes the MQ2 sensor, LEDs, and buzzer, configuring their input/output pins, and continuously monitors the
sensor output. Analog signals from the MQ2 are translated into readable smoke concentrations displayed on the LCD,
while predefined thresholds trigger the LEDs and buzzer. When smoke levels exceed 200 ppm, the system shifts from
a visual alert (red LED) to a dual-alert mode, activating both the red LED and the buzzer to signal hazardous
conditions.

Figure 4 shows that the Arduino Integrated Development Environment (IDE) is used for writing, compiling,
and uploading programs to the Arduino Uno. Key elements include the menu bar, verify and upload buttons, text
editor, and serial monitor. These components support the implementation of the LiquidCrystal.h library, sensor

initialization, pin setup, continuous monitoring, and alert activation.
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A0 analog input on the Arduino. The LCD's pin setup is as follows: RS is connected to digital pin 12, RW to ground,
VSS to ground, VDD to 5V, E to pin 11, and data pins D4-D7 connect to pins 10-7, respectively. A potentiometer
adjusts the LCD's contrast. The LEDs were attached to digital pins 8, 4, and 5 via 220-ohm resistors, with their

common ground connected to the Arduino’s ground. The buzzer connects to digital pin 2, with the push button linked

Review of Advances in Physics Theories and Applications, 2025, 8(1): 1-11

< ——1Menu Bar

Verify Serial Monitor

sketeh_ocl02a §

id tetup() {
// put your metup code here, to run onee:

void leoup() {
// put your main code here, to run repestedly:

¥ <1 TextEditor

<:| Output Pane
Arduine/Oenuine Une on COMB

Figure 4. The Arduino integrated development environment (IDE).

The MQ2 sensor was wired to the Arduino's 5V power and ground, while its analog output was connected to the

to pin 6 via a pull-up resistor. Table 1 shows the connection of the LCD to the Arduino.

Table 1. Connection of the LCD with the Arduino.

Lcd pins Connections

RS Connected to digital pin 12 of the Arduino
RW Connected to the ground of the Arduino
VSS Connected to the ground of the Arduino
VDD Connected to the 5V of the Arduino
Enable (E) Connected to digital pin 11 of the Arduino
Vo (Contrast Pin) Connected to a Pot

K (Cathode Pin) Connected to the ground of the Arduino

A (Anode) Connected to Arduino 5V through a 10K resistor
D4 Connected to Digital Pin 10 of the Arduino
D5 Connected to Digital Pin 9 of the Arduino
D6 Connected to Digital Pin 8 of the Arduino
D7 Connected to Digital Pin 7 of the Arduino

continuously. The green LED remains illuminated in safe conditions, and the LCD displays the current ppm value.
When smoke levels rise, the yellow LED indicates increasing concentration, while the red LED and buzzer activate

when the threshold is exceeded. The buzzer sounds until the smoke concentration drops below the set level or the

The overall system operation follows a structured sequence where the Arduino monitors smoke concentrations

push button is pressed, temporarily silencing the alarm for two minutes.
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4. RESULTS AND DISCUSSIONS
Testing the smoke detection system demonstrated that it effectively detects and responds to various smoke levels,
transitioning seamlessly through the LED indicators and activating the buzzer at hazardous concentrations. Figures

5a and 5b show the complete setup of the system and the test running of the smoke detector with the program.

Figure 5b. Test running of the smoke detector with the program.

The LCD provided real-time feedback on smoke concentration in ppm, offering a clear visual display of changes
in smoke density. The red LED and buzzer alert successfully engaged once the concentration surpassed 200 ppm,
providing a reliable signal for intervention. The push button also functioned as expected, muting the alarm

temporarily during testing. Figure 6 depicts the testing of the smoke detector functionality.
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Figure 6. Smoke detector functionality testing.

The system consistently responded to varying smoke densities in multiple simulated smoke tests within seconds,
confirming its sensitivity and prompt response rate. This rapid detection and signaling make it a viable solution for
early smoke detection in residential or commercial settings. The system remained stable throughout testing, with no
interference or false alarms, highlighting the selected components' reliability and the Arduino-based design's efficacy.

Three tests were conducted at varying smoke concentrations to assess the system's effectiveness. Each test
measured the system's response time, accuracy in displaying smoke levels, and the activation of visual and audible
alerts. The tests confirm the system's ability to detect and signal hazardous conditions, providing consistent, early
warnings.

Test 1: Baseline Smoke Detection

The system was exposed to a controlled environment with minimal smoke during the initial test. The MQ2
sensor recorded smoke concentrations below 100 ppm. The green LED remained on, the yellow and red LEDs stayed
off, and the buzzer was inactive. This test confirmed that the system correctly identifies safe conditions without
triggering unnecessary alarms. The LCD accurately displayed low concentration levels, and no false alarms were
observed.

Test 2: Warning Threshold Response

The second test introduced moderate smoke levels to evaluate the system's response as concentrations
approached the warning threshold. As the smoke concentration increased to 150 ppm, the yellow LED illuminated,
indicating a warning state. The red LED and buzzer remained off, as the concentration had not reached critical levels.
This test validated the accuracy of the yellow LED warning mechanism and the system's ability to distinguish
between safe and warning levels. The LCD displayed the concentration level in real-time, matching expected sensor
readings with a delay of less than one second.

Test 3: Critical Alert Activation

In the final test, smoke levels exceeded 200 ppm, crossing the critical threshold. The red LED illuminated, and
the buzzer was activated, providing a clear and immediate alert. The system transitioned from warning to critical
state as concentrations increased, with the buzzer and red LED remaining active until the concentration fell below
the threshold. This test demonstrated the system's responsiveness in critical situations, with an alert delay of
approximately 0.8 seconds.

The tests confirmed that the Arduino-based smoke detection system reliably detects and signals varying smoke
concentration levels. With minimal delay, the LEDs and buzzer activate accurately at the pre-set thresholds. The

system's functionality across safe, warning, and critical states suggests it can be an effective early smoke detection
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tool for home and industrial applications. Table 2 summarizes the three tests assessing the Arduino-based smoke

detection system’s performance.

Table 2. System performance at varying smoke concentration levels.

Test Smoke LED Status | Buzzer | LCD Display | Response Observations
Concentration Status Time
(ppm)

Test 1 | Below 100 ppm | Green LED | Inactive | Low Immediate | The system accurately
on; Yellow concentration identifies safe conditions
and red off levels without triggering alarms;

no false alarms were
observed.

Test2 | 150 ppm Yellow LED | Inactive | Real-time < 1second | The system enters a
on; Red and concentration warning state at the
green off display correct threshold; the

LCD concentration is
accurate.

Test 3 | Above 200 ppm | Red LED on; | Active Critical 0.8 seconds | The system transitions to
Green and concentration a critical state with
yellow off display immediate  visual and

audible alerts until the
smoke is reduced.

These results showed that the system responds accurately to varying smoke concentration levels, with LED and
buzzer alerts activating reliably at each threshold level. This makes it a viable early smoke detection tool for practical

applications.

5. CONCLUSION

In conclusion, the design and construction of an Arduino-based smoke detection system have demonstrated its
efficacy in detecting varying levels of smoke concentration, ensuring timely alerts in potentially hazardous situations.
The system integrates hardware components such as the MQ2 gas sensor, LEDs, buzzer, and LCD, coupled with a
responsive software framework to provide visual and auditory warnings. The system consistently responded to smoke
concentrations during testing, accurately signaling safe, warning, and critical states within seconds. Incorporating
clear LED indicators, a buzzer, and real-time LCD feedback enhances the system's reliability and usability, making it
suitable for early smoke detection in residential and industrial settings. The test results confirm that this system
eftectively distinguishes between different smoke density levels and alerts users accordingly, highlighting its potential
as a practical and cost-effective solution for enhancing safety measures. Future improvements include expanding
sensor compatibility and integrating wireless connectivity for remote monitoring, increasing its versatility and

applicability.
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