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INTRODUCTION 
n recent years, with the development of industry, the 

problems of air pollution and global warming are becoming 

increasingly serious, and the gas monitoring system has 

obtained a sufficient market for development.  Gas sensors are 

essential in the field of Carbon monoxide detection, for 

purposes such as gas monitoring, high-temperature fire 

detection, smoking in ghetto, and air quality detection 

(Gutmacher D et.,al 2012) . MQs gas sensor not only overcome 

the shortcomings of gas sensors based on catalytic or 

electrochemical principles, i.e., prone to poisoning, aging, and 

a short life, but also have high detection accuracy, a large 

range, high reliability, a long service life and other recognized 

advantages, which makes this project hotspot and 

development direction in the future (Betty C.A et.,al 2014).  
For any workplace, society and homes, a clean and safe 

environment is all we need. And, factors like CO (Carbon 

monoxide from cigarette), combustible materials and ethanol 

gases make an unhealthy impact at the workplace, society and 

homes. And, that’s why you have seen that many organizations 

make the other rooms for smoking because it is highly 

unacceptable to do these activities in cooperate environment. 
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ABSTRACT 
In this research, 

simulation and 

implementation of 

a low-cost Carbon 

monoxide detector 

was carried out to 

provide an 

efficient, straight 

forward and robust 

solution to monitor 

the air quality 

continuously and in 

real-time. It is a 

portable system 

that integrates 

single sensor MQ9 

sensor as single 

unit and can be 

place anywhere. 

The result for 

simulation are 

00ppm at 

00seconds, 128ppm 

at 1.8secs, 100ppm 

at 2.00secs and 

50ppm at 2.80secs 

and in testing the 
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Carbon monoxide (CO) is a colorless, tasteless, and toxic gas to humans. It is usually the 

result of imperfect combustion, which creates the CO that is a great threat to human 

health. CO is a serious threat because it can lead to intoxication, which is one of the main 

causes of uncertain morbidity and mortality (mostly combustion related inhalation injury) 

(Tomchenko, A et,.al 2003). Because of that, it is necessary to determine the best material 

and technology for sensing this toxic gas. Therefore, researchers investigated many 

materials using several methods and techniques to detect this gas and to commercialize 

them in the form of CO sensors. Because carbon monoxide is created in residential and 

household environments, 

It is very important to develop mini or micro sensing devices that are cost effective and 

efficient in these environments. Metal oxide semiconductor (MOS)  and electrochemical 

based sensor of Gas has received a lot of attention because it can be used in the form of 

micro and macro detector  Therefore the concept of this project is to simulate and 

implement CO Carbon monoxide detector, using electrochemical  sensor (MQ-3 sensor)  

module and microcontroller system.  

Several studies have shown that CO sensors are promising in detecting fires (Gutmacher, 

U et,.al 2012). Cestari, Worrell and Milke conducted a study where they compared data 

from CO sensors in combination with other measurements and technologies, such as 

temperature rise rate, ionization and photoelectric Carbon monoxide alarms. One of the 

key findings from the study was that CO sensors detect Carbon monoxide earlier than 

photoelectric detectors, and that they provide a higher level of nuisance immunity.  

Besides looking at how detectors are made by other manufacturers it is also possible to 

seek out certain standards and specifications which must be followed when designing a 

detector or sensor. There are standards written by approval companies that 

manufacturers go to help ensure the safety of their product. These standards can include 

design requirements for eachCarbon monoxide detectors, heat detectors, and carbon 

monoxide detectors if the appropriate sets of standards are inquired.  

implemented detector, the obtained result in room was 20ppm at 0.00secs, 120ppm 

at 5secs and 60ppm at 30secs while in outdoor environment at 0.00secs, CO level was 

10ppm at 5secs the CO level was 300ppm and at 30secs the ppm level was 40 

respectively. The system uses 9V as it DC power supply. The research recommends 

that the device be modified using GSM module. 
 
Keywords: Sensor, Carbon monoxide, Module, Gas, Pollution and detector. 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
NOV., 2022 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

 TIJSRAT 

SCIENCE RESEARCH AND TECHNOLOGY VOL. 11 

123 ISSN: 2623-7861 

The most used standard for Carbon monoxide detectors is called Carbon monoxide 

Detectors for Fire Alarm Signaling Systems (UL 268) written by Underwriters Laboratories 

Inc. (UL). This standard goes into great detail about how Carbon monoxide detectors will 

be tested, which in turn provides information on how detectors can be made and 

specifications should be followed when designing the detectors. The standard also 

explains different tests which a Carbon monoxide detector should be able to pass in order 

to become a device listed for use. One requirement to meet in this standard is that a 

detector “shall not alarm prior to an obscuration level of 0.5 percent per foot (1.65 

percent/m), or less”. This standard also has many approval tests that a detector must pass 

in order for it to be accepted by UL. 

There is also standard for heat detectors. This is called Heat Detectors for Fire Protective 

Signaling Systems (ANSI/UL 521) and is approved by the American National Standards 

Institute (ANSI) and Underwriters Laboratories. This standard states that a heat detector 

with a temperature range of 134 °F to 174 °F is of an ordinary temperature range which is 

often used for residential applications. The standard says that if the ceiling temperature 

is not projected to rise above 100 °F then a heat detector within the range of 135 °F to 165 

°F should be installed. Another standard which deals with carbon monoxide is called 

Standard for Single and Multiple Station Carbon Monoxide Alarms (ANSI/UL 2034) and is also 

approved by ANSI and UL. 

Safety is the primary concern in any residential or commercial premises. Carbon monoxide 

and fire are the key element in safety considerations. This project study to simulate and 

implement an arduino microcontroller Carbon monoxide detector system. Gas detector 

are very sensitive. However, the most interesting factor is that the gas sensor is easily 

affected by environmental factors, such as temperature and humidity, so it should have 

the advantages of better anti-interference ability and a stable and reliable system. The 

cost of simulating and implementing this detector is relatively low since the components 

used are relatively cheap and are easily available in the market. The single microcontroller 

can be used to interface several sensors with alarms located in different locations as long 

as more pins are freed for multiple inputs multiple outputs. 

The aim of this project is to simulate and implement a low-cost Carbon monoxide sensor 

for environmental monitoring, based around a single-board microcontroller that offer an 

alternative to commercial gas sensing equipment while still providing accurate 

measurement. 

 

The Following objectives will also be addressed 

i. To simulate Carbon monoxide detector 
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ii. To implement a Carbon monoxide Detector using single board 

microcontroller. 

 

MATERIALS AND METHODS  

The following materials were used during the simulation and implementation of the 

carbon monoxide detector: 

 

Table 1. Components Required  

Components Name Quantity 

Arduino Nano with USB cable 1 

MQ-3 Gas Sensor 1 

LCD Display with I2C interface - 16 x 2 1 

 Active Buzzer Module 1 

Slide Switch 1 

9V Battery with Battery connector 1 

PCB Zero board 1 

Connecting wires As required in the circuit diagram 

Case 1 

 

Tools Required 

Tools Name Quantity 

Soldering Iron 1 

Soldering wire 1 

Soldering flux 1 

Soldering stand 1 

Multimeter 1 

Desoldering pump 1 

Wirecutter 1 

Standard Screwdriver (Flat heat screw 

driver) 

1 

 

Software 

• Arduino IDE 

 

METHOD 
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Figure.1 Circuit diagram of the carbon monoxide detector 

 

The experiment was conducted to simulate the detector on several rooms, offices and 

outdoor to monitor and control the concentration of the Carbon monoxide on each of 

those locations. The area mentioned where simulated. 

 

Step by Step procedure 

1. First mount the sensor to a breadboard. Note that MQ-3 is a heater-driven sensor. 

For accurate measurement, the sensor needs to be fully warmed up. The code 

below has a 20s warm-up, but increase the warm-up time to 2 hours for maximum 

accuracy. 

2. Do wiring. 

3. Open Arduino IDE. 

4. Plug your Arduino Nano board into your PC and select the correct board and com 

port 

5. Verify and upload sketch for analog output or sketch for digital output to your 

Arduino Nano. 

6. Open up Arduino IDE Serial monitor  

7. The code was upload to the  selected Arduino board 

8.  The Arduino board was unplugged and the detector was tested  

https://github.com/AcoptexCom/arduino/blob/master/MQ3%20Alchohol%20sensor/Sketch/MQ3sensorAnalogsketch/MQ3sensorAnalogsketch.ino
https://github.com/AcoptexCom/arduino/blob/master/MQ3%20Alchohol%20sensor/Sketch/MQ3sensorDigitalsketch/MQ3sensorDigitalsketch.ino
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Figure. 2 The Carbon monoxide detector   

 

SIMULATIION PROCESS 

The programming language used for the coding was C++. The basic structure of the 

Arduino programming language runs in three parts. The first part includes importing 

required libraries, declaring variables and functions. The second part is setup. The setup 

function runs only once and is used to perform initialization steps, such as setting pin 

mode as input or output, initializing serial communication, etc. The third part is loop 

function, this function is the core of programming and the codes in the loop will be 

executed continuously. .The basic structure of the software running on the Arduino board 

is shown as flowing: 

1. The first step is initialization and setup. This process includes declaration of any required 

variables, setting up and initializing all the pins. For example, declaring using float to 

define humidity value, setting pin mode, initializing serial communication, and setting 

baud rate at 9600 

2. The loop function follows next and includes the actions of sensors that to be executed 

by the controller continuously. In the loop, data collection proceeds in the following 

sequence: CO2. This is an infinite loop and will end when the device shuts down. 

3. The measurement results are displayed on the LCD screen and sent to the serial port.  

4.  I set a 30 seconds cycle for the microcontroller to take all the measurements. If the 

time has not passed the 30 seconds cycle, there will be a delay. During the delay, only the 
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time is refreshed (at the rate of once per second) on the LCD screen and the serial port. 

The simulation process was conducted by filling a building room and the opened space 

with Carbon monoxide and other gases. 

After there is enough flow of the Carbon monoxide inside the room and the opened 

space, turn off the Carbon monoxide gas. Turn on the sensor, the data will be conducted 

by a computation unit. The threshold values was set to 9000.  

 

IMPLEMENTATION  

After the simulation the setup was implemented as Carbon monoxide detector system by 

interfacing the required materials on the vero board. The have the sensitivity to detect 

Carbon monoxide and other flammable gas level in both indoor and outdoor 

environment. 

 

RESULT AND DISCUSSION 

The MQ-3 gas sensor module has four pins (standard male headers) as shown above. The 

air quality information is readable via the AO pin. Since AO is a varying voltage, this pin is 

connected to one analog input of a microcontroller. The DO pin is an open-collector digital 

output (but with a pull-up resistor onboard) that becomes low when the detection level 

exceeds a predefined level. The detection threshold can be tailored through the small trim 

pot soldered on the bottom of the module. Following is the generic schematic diagram of 

the MQ-3 module (forged by me). Initial preparation of the module shouldn’t present any 

undue difficulties if you strictly follows the procedure lined here. Well, first of all power 

up the module alone with a regulated 5VDC power supply. The heater of the MQ-3 sensor 

requires 5V and have 33Ω±5% resistance, so your power supply must render a minimum 

200mA of current for the sensor part. Remember that at first the MQ-3 gas sensor have 

to be kept on continuously for its preheating time (over 2 hour) before you can actually 

play with it. Thereafter, introduce the MQ-3 sensor to the gas you want to detect and 

slowly adjust the trim pot until DO gets low. I tested my module with isopropyl alcohol, 

cigar lighter gas, perfumed body spray, and the breath of mine. 

Now every time your sensor gets introduced to that gas at predefined concentration, DO 

will go low (0V) else will remain high (5V). Note that the green LED (OUT_LED) should also 

light up when gas is observed. Also note that when the sensor is powered up for gas 

detection, it needs around 60-120 seconds to settle, because the heater will need that 

much time to heat the sensor up. Remember, the MQ-3 gas sensor is suitable for detecting 

(or measuring) of NH3, NOx, alcohol, Benzene, smoke, CO2, etc. 

As might be expected you can take the AO output to achieve the same thing rather in a 

slightly different way. Try to read the AO output (0-5V) through a microcontroller so that 

https://www.codrey.com/microcontroller/microcontroller-basics/
https://www.codrey.com/resistor/electrical-resistance/
https://www.codrey.com/microcontroller/microcontroller-basics/
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you’ll get an output voltage directly proportional to the concentration of the gas to which 

the sensor is keyed to detect. This lets you experiment more with the analog output 

values and develop your project accordingly. Give it a good try! 

This is a very bare code to read values from the MQ-3 module with its AO connected to A0 

of an Arduino nano. The values read from the sensor is proportional to the air quality 

measured by the sensor, and it’s displayed on the serial monitor. Remember to use a 

separate 5VDC power supply for the MQ-3 module (as mentioned earlier) but firmly join 

their ground rails (GND) together so that they can work with a common ground 

connection As the device is powered, the Arduino board loads the required libraries, 

flashes some initial messages on the LCD screen and start sensing data from the MQ-3 

sensor. The sensor is calibrated by preheating for 2hours so that its analog output voltage 

is proportional to the concentration of polluting gases in PPM. The analog voltage sensed 

at the pin A0 of the Arduino is converted to a digital value by using the in-built ADC channel 

of the Arduino. The Arduino board has 10-bit ADC channels, so the digitized value ranges 

from 0 to 1023. The CO2 sensor module requires a pre-heat time before taking 

measurements. Because of this, the device was powered on for about 2 hours before 

taking the first reading. 

When the detector is placed in a smoky environment the buzzer is activated and indicated 

“CARBON MONOXIDE DETECTED”. This was as expected since the quantity of Carbon 

monoxide had surpassed the environment. The device was placed outdoor and monitored 

temperature and humidity. The results were read from the LCD screen in ppm .Before 

taking the measurement, the device was given time to adjust to the outdoor temperature 

because of the large temperature difference between the room temperature and outside 

temperature. When the ppm value is <400 the environment is clean and if the ppm level 

exceed 40, there is presences of Carbon monoxide in the environment. 

 

CONCLUSION AND RECOMMENDATION 

Conclusion 

Human safety is a very crucial aspect in both domestic and industrial setting, hence use of 

CO sensors is inevitable in addition to other more sophisticated security systems. From 

the discussion of the work above, it was observed that it detects CO and other flammable 

gases and it detection rate depends on the range at which you place the controller, it uses 

low power and the battery used for the device has a long-life cycle, it is very small and not 

heavy. For efficient and good detection level it is advisable that the device should be 

mounted to the ceiling above the ground and in direction of the window where there is 

most likely to be the direction of the wind to facilitate the contact of the sensor with the 

smoke containing CO so as to be able detect fast enough and issue audible alert to the 
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occupant of the premises. This project is done to help the society secure good air quality 

and the device can be used for security purposes in detecting smoke where is prohibited.  

 

RECOMMENDATIONS 

The following suggestions are for future research: 

1. Increasing the range of detection and by making the device use both DC (Direct 

Current) and AC (Alternating Current) power supply and also make the battery 

rechargeable. 

2. The function of the system can be enhanced by adding a wireless network function. 
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