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Abstract 
Carbon monoxide (CO) is a prevalent and widely distributed air pollutant. Its detection and control in 
residential and industrial environments are essential in order to avoid potentially severe health 
consequences in people. The aim of this study was to conduct an air quality assessment by measuring 
CO concentrations using the MQ-7 Semiconductor Sensor. The MQ-7 sensor is a commonly accessible 
and cost-effective sensor with specific heating needs. The objectives of the study are to provide a 
method for implementing heater cycle requirements, equipment-less calibration, and the derivation of 
a formula for measuring CO concentrations in parts per million (ppm). A procedure for calibrating gas 
sensors is discussed, which involves measuring the sensing resistance and calculating the resistance 
ratio. The resistance ratio is then used to calculate the target gas concentration in ppm using a formula 
derived with the aid of Microsoft Excel, such that it represents the original CO characteristic curve 
provided in the sensor datasheet with greater accuracy. An N-channel MOSFET and Pulse Width 
Modulated (PWM) voltage were used to get the required heater voltage levels. The methodology 
developed for calibrating and deriving the equation to determine the target gas concentration can be 
used for any MQ semiconductor sensor and does not require any special equipment.   
 

Keywords: carbon monoxide concentration, heater cycle requirement, indoor air quality, MQ gas sensor, 

ppm 

 
 
 

Introduction 

An average adult breathes about 15,000-20,000 liters of air per day [1]. When polluted 

air is inhaled, the contaminants get into the lungs, enter the bloodstream, and be 

carried to internal organs, causing adverse health effects. New evidence even suggests 

that every internal organ of the human body is harmed due to inhalation of 
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contaminated air [2]. Carbon monoxide (CO) is a prevalent air pollutant that is 

classified as a class-III toxic gas [3]. Exposure to CO is one of the leading causes of 

accidental poisoning and is the root cause for a large number of deaths annually all 

over the world [4]. When considering the adverse health effects of CO exposure, real-

time monitoring of the CO concentration in the environment has become significant. 

Although there are several ways to monitor the CO concentration level, the metal-

oxide-semiconductor (MOS) solution is the most researched CO detection technology. 

Researchers studied MOS sensors for a lengthy period with a particular focus on CO 

sensors with high sensitivity, selectivity, absorptivity (of oxygen), stability, 

reversibility, low power consumption, and low manufacturing costs. The primary 

purpose of the metal-oxide sensing layer is to determine the amount of CO gas 

absorbed into the metal-oxide layer by measuring its conductivity. The electrical 

conductivity changes due to oxygen adsorption on the metal-oxide surface. The 

reaction between adsorbed oxygen molecules and CO molecules aids in identifying 

the target gas [5, 6, 7]. The CO concentration can be determined by comparing the 

conductivity of the oxide layer in the presence of CO to that in the absence of CO. 

 
All sensitive MOS react with CO gas by adsorbing oxygen. However, the variation in 

electrical conductivity is different in n-type and p-type MOS. When CO gas is exposed 

to n-type MOSs, the gas is oxidized, and the metal-oxide layers resistance decreases. 

The most used n-Type MOS for detecting CO are Zinc Oxide (ZnO), Titanium Oxide 

(TiO2), and Tin Oxide (SnO2) [8]. This study utilized an MQ-7 (SnO2) semiconductor 

sensor to detect CO concentration in the environment. These semiconductor sensors 

require calibration in order to eradicate and minimize the factors that cause imprecise 

measurements [9, 10]. Calibration of gas sensors using calibrating equipment is a more 

complex and costly process [11]. The paper mainly focuses on developing a simple 

procedure for equipment-less calibration of the MQ-7 semiconductor sensor and a 

convenient method of deriving a formula to measure CO concentration in particles 
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1) Gas sensing layer 

2) Electrode 

3) Electrode line 

4) Heater coil 

5) Tubular ceramic 

6) Anti-explosion network 

7) Clamp ring 

8) Resin bas 

9) Tube Pin 

A-B:  Connection to the resistive gas sensor element. 

H-H: Connection to the heating coil.   

 

Figure 1. Structure of MQ-7 gas sensor [14] 

per million. In addition, an approach to address the heater cycle requirement of the 

sensor. 

MQ-7 Gas Sensor Structure  

The MQ-7 gas sensor is composed of a micro Aluminum Oxide (AL2O3) ceramic tube, 

a Tin Dioxide (SnO2) sensitive layer, a measuring electrode, and a nickel-chromium 

(NiCr)  heater coil fixed into a crust made of plastic and stainless steel net [12]. Figure 

1 illustrates the structure of the sensor. MQ-7 sensor primarily has six pins. Both pins 

A and B can be connected separately [13]. The specifications of the MQ-7 gas sensor 

are attached in Appendix-A.  

  

 

 

 

 

 

 

The primary sensing material of the MQ-7 gas sensor is SnO2, which shows higher 

electrical resistance (lower electrical conductivity) in clean air and lower electrical 

resistance (higher electrical conductivity) along with high CO concentration. The 

heater coil provides the necessary working condition for internal sensitive 

components. Therefore, it is required to maintain a series of heat cycles to detect the 

CO concentration. As illustrated in Figure 2, the heat cycle consists of a high-

temperature state and a low-temperature state. Applying 1. 4 V across the heater coil 

for 90 seconds results in a low-temperature state in which the CO concentration is 

measured. Also, 5 V must be applied across the heater coil for 60 seconds to achieve 

the high-temperature state, in which other gases absorbed during the low-
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temperature state are cleaned. Therefore, it is crucial to continuously maintain the heat 

cycle to get an accurate measurement of CO concentration. The sensor must undergo 

48 hours of burn-in (run heat cycle) to obtain stabilized readings [15]. 

 

 

 

 

 

 

MQ-7 Test Circuit 

Figure 3 illustrates a simple test circuit for the MQ-7 gas sensor, which requires two 

voltage inputs: heater voltage ( 𝑉𝐻 ) and circuit voltage ( 𝑉𝑐) . Heater voltage (𝑉𝐻 ) 

supplies voltage for the heater coil of the sensor. The circuit voltage (𝑉𝑐) drives the gas 

sensor circuit, which comprises the sensing element and the load resistor (𝑅𝐿). 𝑉𝑅𝐿 is 

the voltage across the load resistor, which is in series with the sensing element 

resistance (𝑅𝑠). 

 

 

 

 

 

 

Materials and Methods 

This section describes the implementation of the heater cycle requirement, calibration 

process, and formula derivation to detect CO concentration in parts per million (ppm). 

Figure 2. Heat cycle with high and low-temperature states 

𝑉𝐻 = 5 V for high temp. cycle  
𝑉𝐻 = 1.4V for low temp. cycle 
 

𝑉𝐻 
 

𝑉𝐶 

𝑉𝑅𝐿 
𝑅𝐿 

H 

H 

A B 

5 V 

𝑅𝑆 

Figure 3. MQ-7 Test circuit [14]  
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Implementation of Heater Cycle Requirement 

The heater cycle of the sensor was implemented based on the Pulse Width Modulation 

(PMW) technique of an Arduino microcontroller (Mega 2560). PWM is a method for 

obtaining analog results using digital means [16].  Digital control is used to create a 

square signal, which is a signal that switches between on and off (High and Low). This 

on-off pattern can simulate voltages between the board's full VCC (Voltage Common 

Collector) and off by changing the portion of the time signal spends on (High) versus 

the signal's time off (Low). The duty cycle is the percentage of time the signal was high 

(on) during a period, and a period is the amount of time required for a signal to 

complete an on-and-off cycle. Changing the duty cycle results in varying analog 

values. When a device is powered by PWM, it behaves similarly to the average of the 

pulses [17, 18]. The average voltage level might be steady or dynamic. However, If the 

on-off pattern is repeated fast enough, the signal will appear to be a steady voltage 

between 0 and VCC.  Assume that the high-level voltage on a PWM-driven device is 5 

V and the low-level voltage is 0 V. If the pulse is driven at 50% duty cycle, then the 

average voltage can be calculated by multiplying the duty cycle by the pulses high 

level, which is 2.5 V. 

To address the sensor's heater cycle requirement, the duty cycles of the PWM signal 

were set to be equivalent to 5 V and 1. 4 V. The program codes used to generate the 

PWM signal are included in Appendix-D. Even though the voltages can be generated, 

the maximum current on a single input/output pin of an Arduino Mega 2560 is limited 

to 40 mA [19]. But the MQ-7 sensor with a heater consumption of 350 mW [14] requires 

a much higher current to drive the heater cycle, which is typically beyond the limits 

of the Arduino Mega 2560 specifications. As the solution, a Metal-Oxide-

Semiconductor Field-Effect Transistor (MOSFET) was used to handle the high current 

required for the heater coil. A MOSFET was essentially used by considering its 

responsiveness and high current capability compared to bipolar junction transistors 

(BJT) [20]. As illustrated in Figure 4, an N-channel MOSFET (IRF 2807) was used in the 
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Figure 4. Implementation of heater cycle by using an Arduino microcontroller 

25.75 

Figure 5.  Sensitivity characteristics of the MQ-7 sensor 

[14] 

experimental setup to implement the required PWM signal to drive the sensor's heater 

coil. 

 

 

 

 

 

 

 

Calibration of MQ-7 Gas Sensor 

The Sensitivity Characteristics of the MQ-7 Sensor are shown in Figure 5 [14]. The 

graph can be used to determine the CO concentration in ppm with respect to the 

resistance ratio (
𝑅𝑆

𝑅𝑂
) of the sensor, the same principle is used for the calibration process. 

This experiment was conducted under the assumption that the ambient air is clean. 

Please note that the graph has logarithmic scales on both x and y axes. 

 

 

 

 

 

 

 

 

𝑅𝑂 – Gas sensor resistance in clean air 
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𝑅𝑆 – Gas sensor resistance at different CO concentration 

According to the graph, it is clear that the resistance ratio (
𝑅𝑆

𝑅𝑂
) of the MQ-7 sensor in 

clean air is approximately 25.75 (refer to the characteristic curve corresponding to air). 

Therefore, the following expression can be written for the resistance ratio in clean air. 

𝑅𝑆

𝑅𝑂
= 25.75   (Equation 1) 

If the value of 𝑅𝑆 in Equation 1 is known, the remaining term 𝑅𝑂 can be determined 

since the resistance ratio is already known as 25.75. Therefore, the target of the 

calibration process is to find  𝑅𝑂
 in ambient air conditions (clean air).  

Considering Equation 1, it is required to find the value of 𝑅𝑆 to calculate 𝑅𝑂. The value 

of 𝑅𝑆 in clean air needs to be determined experimental procedures as described in the 

following sections. The voltage divider rule can be used to obtain the following 

expression for the MQ-7 gas sensor test circuit shown in Figure 3. 

𝑉𝑅𝐿 = 𝑉𝐶 × (
𝑅𝐿

𝑅𝑆+𝑅𝐿
)  

The sensor resistance 𝑅𝑆 can be calculated as 

𝑅𝑆 = (
𝑉𝐶

𝑉𝑅𝐿
− 1) × 𝑅𝐿       (Equation 2) 

The only unknown parameter in Equation 2 is 𝑉𝑅𝐿 . It can be experimentally 

determined as described below. 

For the experimental setup, a 10 kΩ  resistor was used as the load resistor (𝑅𝐿)  and 

voltage ( 𝑉𝑅𝐿)  across the load resistor was measured using the Arduino 

microcontroller. Figure 6 illustrates the experimental setup used to determine CO 

concentration. 
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The value of 𝑅𝑂  can be directly obtained from the experimental setup by 

implementing Equation 2 and Equation 1 in the microcontroller unit. Program codes 

corresponding to the calibration process are included in Appendix C. The test was 

done in ambient air conditions for three trials, and each trial had twenty readings for 

𝑅𝑂, taken each in between 150 seconds (the period of the heat cycle). The readings 

were tabulated as shown in Table B1 in Appendix-B. Once the test was completed, the 

average value for 𝑅𝑂 was determined as 2.12 𝑘Ω. Minor changes in the data points 

were observed during the trials due to the effects of temperature and humidity. The 

impact of these two parameters was not taken into account. 

Results and Discussion Section 

Developing a Formula to Determine the CO Concentration 

Once the calibration process is completed, CO concentration in any condition can be 

determined using the CO characteristic curve provided in the sensor datasheet. 

However, using manual means to determine the gas concentration corresponding to 

the resistance ratio using merely the graph is a complicated and time-consuming 

process. Hence utilizing a computer application to derive the characteristic curve 

equation simplifies the process and produces more accurate results. In order to 

Figure 6.  Experimental setup for the CO concentration 
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develop an equation, it is essential to extract the data points of the resistance ratio (
𝑅𝑆

𝑅𝑂
) 

and the corresponding CO concentration values. Table 1 was prepared using the 

extracted data points. 

Table 1. Data Points extracted from the CO characteristic curve using WebPlotDigitizer [21] 

CO concentration [ppm] Resistance ratio (
𝑹𝑺

𝑹𝑶
) 

     49.43 1.58 

     97.87 1.00 

  393.68 0.38 

  995.71 0.22 

4005.08 0.09 

  

As shown in Figure 7, a new graph was plotted using the data points extracted from 

the CO characteristic curve. As the next step, the best fit curve and its equation were 

found using the trendline option of Microsoft Excel [22], such that it represents the 

original CO characteristic curve with greater accuracy.  

 

 

 

 

 

 

 

 

The equation of the best fit curve for CO was found as, 

𝑦 = 19.709 𝑥−0.652    (Equation 3) 

y = 19.709x-0.652
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Figure 7. Best fit CO concentration characteristic curve in clean air 
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 𝑥 – CO concentration in ppm  

 𝑦 – Resistance ratio (
𝑅𝑆

𝑅𝑂
) 

Equation 3 can be rearranged to find the CO concentration in any condition if the 

resistance ratio (
𝑅𝑆

𝑅𝑂
) is known. Hence, the required formula can be expressed as, 

CO concentration [ppm] = [
(

𝑅𝑆
𝑅𝑂

)

19.709
]

(
−1

0.652
)

   (Equation 4) 

Steps Implemented in the microcontroller to determine CO concentration in ppm 

Step 1:  Find the gas sensor resistance ( 𝑅𝑆 ) in the target environment using the 

experimental setup. 

Step 2: Compute the resistance ratio (
𝑅𝑆

𝑅𝑂
) for that particular condition by taking 𝑅𝑂 =

2.12  𝛺  (i.e., the gas sensor resistance in clean air (ambient air), determined in the 

calibration process). 

Step 3: Substitute the resistance ratio in Equation 4 to calculate the CO concentration 

in that particular condition. 

Conclusion 

Calibration of MQ-7 gas sensors with the use of lab equipment is a complex process. 

A simple procedure for calibrating the sensor was developed. It involves determining 

the sensor resistance in ambient air (𝑅𝑂), which was determined to be 2.12 𝐾Ω. CO 

concentrations were measured relative to the sensor resistance in ambient air 

conditions ( 𝑅𝑂 ). The formula for determining CO concentration was derived as 

[CO (ppm)  = [
(

𝑅𝑆
𝑅𝑂

)

19.709
]

(
−1

0.652
)

]  using the CO characteristic curve provided in the 

datasheet. A simple circuit was designed utilizing an N-channel MOSFET (IRF 2807) 

to implement the required PWM signal to address the heater cycle requirement of the 
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sensor. Since the effects of temperature and humidity were not considered, an 

averaging method was executed to compensate for minor deviations in data points. 

Other calibration procedures involving temperature and humidity compensations 

may result in more accurate readings at the expense of increased complexity. Even 

though the study focuses only on the MQ-7 sensor, this developed method of 

calibration and formula derivation can be used with any type of MQ sensor (MQ-6, 

MQ131, etc.). 
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Appendix – A 

MQ-7 Gas Sensor Specifications: 
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Appendix – B 

Table B 1. Gas sensor resistance in clean air (𝑅𝑂) for the test 

 

 

 

 

 

 

 

 

 

 

 

  

Reading No. 
Ro – Gas sensor resistance in clean air (Ohm) 

Trial 1 Trial 2 Trial 3 

1 2.14 2.16 2.21 

2 2.16 2.21 2.19 

3 2.21 2.19 1.79 

4 2.19 1.79 1.53 

5 1.79 1.53 2.03 

6 1.53 2.03 2.16 

7 2.03 2.16 2.17 

8 2.16 2.17 2.17 

9 2.17 2.17 2.14 

10 2.17 2.14 2.14 

11 2.14 2.14 2.17 

12 2.14 2.17 2.17 

13 2.17 2.17 2.19 

14 2.17 2.19 2.19 

15 2.19 2.19 2.16 

16 2.19 2.16 2.21 

17 2.16 2.21 2.21 

18 2.21 2.21 2.21 

19 2.21 2.21 2.23 

20 2.21 2.23 2.14 

Average value (RO): 2.12 2.12 2.12 
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Appendix – C 

Program Code for the Calibration Process of the MQ-7 Gas Sensor 

int CO_sensorPin = A2;    // select the input pin for the CO sensor   

int pwmpin = 9;          // PWM signal to the MOSFET 

 

void setup() { 

   Serial.begin(9600);            //Baud rate  

   pinMode(CO_sensorPin, INPUT); // To get input from the sensor 

   pinMode(pwmpin, OUTPUT);     // To give the pluse width modulation to 

the n channel MOSFET 

} 

void loop() { 

  float CO_VRL;               //Define variable for sensor voltage  

  float CO_RS;               //Define variable for sensor resistance 

  float CO_R0;              //Define variable for R0 

  float CO_sensorRead=0.0; //Define variable for analog readings  

  float CO_RL=10;         //Load Resistance (Units are Kilo Ohms) 

  float CO_VC=5.0;       //Supply DC voltage 

 

  //****MQ-7**** 

  analogWrite(pwmpin, 255);   // turn the heater to 5V  

  delay(60000);              // heat for 60 second   

  analogWrite(pwmpin, 72);  // turn the heater to 1.4V   

  delay(90000);   // wait for 90 seconds | Read values at heater voltage 

1.4V 

  

   // read the value from the sensor and calculations:   

  CO_sensorRead = analogRead(CO_sensorPin); //Read analog values of 

sensor   

  

  CO_VRL = CO_sensorRead*(CO_VC/1023.0); //Convert Sensor analog signal to 

voltage  

 

  CO_RS = ((CO_VC/CO_VRL)-1) * CO_RL; //Calculate RS (sensor resistance) in 

fresh air  

  

  CO_R0 = CO_RS/25.75;              //Calculate R0 I got 25.75 from the 

graph in the data sheet  

   

Serial.print("Sensor resistance in ambient air RO "); 

Serial.print(CO_R0);           

delay(1000); //Wait 1 second 

  } 
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Appendix – D 

Program Code for Measuring the CO Concentration in Any Condition 

int sensorPin = A2;       // select the input pin for the CO sensor   

int pwmpin = 9;          // PWM signal for the MOSFET 

float R0 = 2.12;        // R0 value measured and calculated in the    

caliberation step previously 

  

void setup() { 

  Serial.begin(9600);         //Baud rate  

  pinMode(sensorPin, INPUT); // To get input from the sensor 

  pinMode(pwmpin, OUTPUT);  // To give the pluse width modulation to the n 

channel MOSFET 

} 

void loop() {   

  

  float sensorRead=0.0;      //Define variable for analog readings  

  float RS;                 //Define variable for sensor resistance   

  float ratio;             //Define variable for resistance ratio 

  float VRL;              //Define variable for sensor voltage  

  float VC=5.0;          //Supply Voltage 

  float RL=10;          //Load Resistance(Units are Kilo Ohms) 

  double COppm;        //Carbon monoxide in Particles per Million 

 

  // **** Heater Cycle **** 

  Serial.println("Heating sensor at high voltage for 60 seconds"); 

  analogWrite(pwmpin, 255);    // turn the heater to 5V  

  delay(60000);               // heat for 60 second  

  Serial.println("Heating sensor at low voltage for 90 seconds"); 

  analogWrite(pwmpin, 72);  // turn the heater to 1.4V   

  delay(90000);            // wait for 90 seconds | Read values at heater 

voltage 1.4V 

    

 

  // read the value from the sensor and calculations  

  sensorRead = analogRead(sensorPin); //Read analog values of sensor   

   

  VRL = sensorRead*(VC/1023.0);     //Convert Sensor analog signal to voltage  

  

  RS = ((VC/VRL)-1) * RL;         //Calculate RS in fresh air  

  

  ratio = RS/R0;                 // Get resistance ratio  

 

  COppm = pow((19.709/ratio),(1/0.652));  // Got these values through the 

trendline method using excel sheet | The intial equation of the trend line 

was y=19.709x^(-0.652) 

  

  Serial.print("Carbon monoxide = "); 

  Serial.print(COppm);          // FINAL Carbon Monoxide Concentration in 

PPM 

  Serial.println(" ppm"); 

  delay(1000); 

  

} 


