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Website: www.neptjournal.com Air pollution has evolved into a global issue that necessitates immediate and accurate pollution control.

The usage of the Metal Oxide Semiconductor (MOS) sensor as a monitoring system for air pollution
levels is one possible answer to this challenge. The MQ-136 sensor is calibrated using standard SO,
(0, 5, 10, 20, 30, 40, 50, 60, 70) ppm as the test gas in this study. To collect the sensor output signal,
a variety of equipment was created, including a gas test box, a voltage divider, and follower circuit,
and a gas flow control unit operated by a microcontroller. The test gas can be pumped into the test
box at a constant rate of 1.0 L.min"" by the apparatus. To evaluate a significant difference (= 0.05), an
analysis of variance was performed on the response signal generated by a series of sensors due to
the concentration of the test gas. To examine the correlation between the sensor response signal and
the test gas concentration treatment, as well as the sensor performance, linear regression analysis
was used. The ANOVA results demonstrate no significant differences amongst the sensors, indicating
that they all follow the same routine. Furthermore, ANOVA analysis reveals that the sensors respond
differently at each level of SO, concentration. According to linear regression, the relationship between
gas concentration and sensor-1, sensor-2, and sensor-3 output signals is reflected by coefficients of
determination of 0.94, 0.91, and 0.93, respectively.
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INTRODUCTION norms influence air pollution levels in Indonesia. The thresh-
old values for air pollutant levels, as well as the methods
and equipment for measuring the level of pollutants in the
air, are all defined by these laws. The traditional approach
is used because it is accurate and selective to the observed
parameters, but it has significant maintenance costs and takes

a long time to analyze.

Air pollution has become a global problem given the risk it
poses to human health and the environment. Air pollution is
increasing as a result of rapid urbanization, industrialization,
population, and economic growth (Rumana et al. 2014). Air
pollution has been found to have harmful consequences on
human health and the environment in recent studies. Air
pollution, for example, has a social and economic impact on
crop yields in developing countries (Ahmed 2015).

Designing a low-cost air pollutant meter that takes advan-
tage of the potential of a solid-state gas sensor is one viable
approach to complement existing methods. Solid-state gas

Measurement of SO, is an important component of
air pollution control initiatives. Fossil fuels, refining and
combustion, non-ferrous smelting, iron ore smelting, pulp,
and paper mills, transportation sources, and steel mills all
contribute about 99 per cent of sulfur dioxide to the envi-
ronment (Riordan & Adeeb 2004). These pollutants, when
emitted in high quantities into the ambient air, can cause
health problems such as pulmonary, asthma, and other res-
piratory illnesses.

Many countries have set guidelines for determining the
level of pollution and its consequences, recognizing the
hazards of air pollution. Government legislation and national

sensors, particularly those based on MOS, have become the
industry standard in various household, commercial, and
industrial gas sensor systems in recent decades (Liu et al.
2012). The MOS gas sensor is connected to an instrumen-
tation system and a network to monitor pollution levels in
real-time (Arroyo et al. 2019). Although MOS gas sensors
have been used to assess pollutant levels in the ambient air,
the gas detection technique is complicated.

MOS gas sensors have benefits over other types of sen-
sors, according to Korotcenkov (2007), especially in terms
of sensitivity, stability, price, and reaction time. However,
to assure accuracy, evaluation, and validation of gas sensor
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performance, MOS gas sensors must be calibrated (Adithyan
etal. 2016). When using MOS sensors as a low-cost air qual-
ity monitoring system, several factors must be considered,
including producing, transferring, and combining data from
numerous sensors, as well as reviewing accuracy and predic-
tions (Snyder et al. 2013). The calibration of gas sensors, on
the other hand, is neither cheap nor simple.

The calibration of the MQ-136 sensor with standard gas
using the apparatus used in this investigation is presented
in this publication. In addition, to learn more about sensor
performance, ANOVA and linear analysis were used in this
study.

MATERIAL AND METHODS
Experimental Setup

To get the sensor output, a series of equipment was creat-
ed in this study, including a gas test box, voltage divider,
follower circuit, and gas flow control unit operated by a
microcontroller, as shown in Fig. 1. As shown in Fig. 2, all
these components are combined to form an experimental
setup for gas sensor calibration.

The test box is a container for holding the test gas and
contains a series of gas sensors installed with a fully function-
al gas flow system. The test box is made of acrylic material
with a bending technique to minimize gas leakage. The test
box is in the form of a cube with a volume of free space of
1000 cm3, as shown in Fig. 3. The test box consists of two
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Fig. 1: Design of gas sensor calibration equipment
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Fig. 2: Experimental setup for low-cost gas sensor calibration.
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parts: the top in the form of a lid and the bottom as a gas
storage container. The lid is equipped with a rubber seal, a
mount for attaching the gas sensor circuit board, and a sev-
en-pin female connector. The gas container is equipped with
a 12VDC fan which functions to homogenize the standard
gas in the container, and a pneumatic fitting is installed for
the gas line.

The MOS gas sensor used is a low-cost sensor manufac-
tured by Hanwei Electronics Co., Ltd, the MQ-136 variant
of three sensors. The MQ-136 sensor was chosen because
it has a high sensitivity to H,S gas and can detect other
gases containing sulfur (Zhengzhou 2015). However, more
detailed and complete information about these sensors is
minimal, especially regarding sensor calibration for SO,
gas. As a result, the sensor will be tested with SO, gas in
this study to see how accurate the response signal is to the
gas concentration level.

As seen in Fig. 4, the standard circuit on the MQ series
sensor consists of two parts, namely the heating circuit
(Ry) and the signal output circuit (R,). When the sensor is
activated, the heating component will light up and cause
the sensing material to activate so that the electrons on the
sensing component’s surface move freely. Electrons will
react with oxygen in the air around the material, thereby
increasing the sensing material’s resistance R, (Barsan et
al. 2012). However, when the target gas appears, the oxygen
molecules will react with the target gas, which causes the Ry
to decrease with the target gas content in the air. When Ry

Connector
Rubber shield

e

Sensor Gas

Fig. 3: Design of test box with 5 mm thickness acrylic material.
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Fig. 4: Illustration of primary test circuit MQ sensor (Zhengzhou 2015).
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is combined serially with constant resistance R;, an electric
current is applied due to the potential difference V-, and
there will be a voltage variation Vj; due to changes in target
gas levels in the air. The relationship between Ry and R; is
described in equation 1.

Re= (5 1)

L (D)
where Vy, is the sensing output (V,;) from the sensor in
volt.

The primary test circuit for the MQ sensor above becomes
areference in making the sensor PCB. The suitability of the
sensor leads and symbol in Fig. 4 and Fig. 5 is as follows:

a. Pin A islead numbers 1 and 3, pin B is lead numbers 4
and 6, and pin H is lead numbers 2 and 5.

b. R, is equivalent to the combination of resistance of R,
and R; or Rs and R or Rg and R,,.

c. Vcand Vy represented by V.

The gas sensor array system is designed to detect the
test gas in the test box. The PCB is designed to mount three
sensors at once. R,, Rs, and Ry are variable resistors value of
100 kOhm. R;, R, and R, have the same resistance value of
1 kOhm. R, R4, and Rj are used to build a voltage divider
with Ry. The MQ sensor manual states that the R; can be
determined as 10 kOhm =+ 5%. As shown in Fig. 5, the re-
sistances R,, Rs, and Rg are 9 kOhm. So, equation 1 can be
rewritten into equation 2.

Rs =R, —(VC;;V") 2)

where R; is the load resistor equivalent R, + R in kOhm.
Ve 1s applied at 5V.

According to Tian et al. (2005), the MOS sensor output
signal, as illustrated in Fig. 6, possesses characteristics with
a significant enough gain. Therefore, V,, is observed only

Sensor #01 VCC

Sensor #02 VCC  Sensor#03 VCC

Voltage Micro
L 9€ Lyl Controlier b Computer
Follower A/D

Fig. 6: Interface circuit diagram of MOS gas sensor (Tian et al. 2005).

by connecting the sensor to the Atmega 328 via a voltage
follower circuit as a buffer between the sensor output and
the A/ D channel. V,, is converted into a digital signal via
a 10-bit resolution ADC channel.

In this paper, a Moving Average Filter (MAF) is selected
as a general denoising method equivalent to low pass filtering
(Bassey et al. 2014). MAF works by averaging several points
within a specified data point range from the input signal to
produce each output signal point described by equation 3.

ylk] =~ SNZ3 x[k +n] .03
where y is the output signal, N is the number of points
of data before the output signal.

This research can obtain the variation in the target concen-
tration level by flowing the standard gas into the test box for a
particular duration. This gas flow must be kept constant at 1.0
L.min"! to reach the desired gas concentration. Therefore, the
gas standard in the tube is not directly flowed into the test box
but through a flow controller in the form of a 12 VDC 5 L.min!
vacuum pump, a Wiebrock 3 KPa 1.5 NL.min"! flowmeter,
and a 12 VDC solenoid valve is shown in Fig. 7. The gas flow
duration setting is based on a logical button combination. In
Table 1, the gas flow duration in code letters will be mapped
based on the desired gas concentration in the test box.

ST T ames Gas pUMP  Buzer
Voltage 1 g

divider

Fig. 7: Electrical schematic of low-cost gas sensor calibration.

Table 1: Logical combination of the button to select a flow duration.

Button Combination

B#1 B#2 B#3 B#4 Decimal Duration
0 0 0 0 0 A

0 0 0 1 1 B

0 0 1 0 2 C

0 0 1 1 3 D

0 1 0 0 4 E

0 1 0 1 5 F

0 1 1 0 6 G

0 1 1 1 7 H

1 0 0 0 8 1

Nature Environment and Pollution Technology ® Vol. 21, No. 1, 2022
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The flow control performance test is conducted to deter-
mine the stability of the gas flow. The test was carried out
by opening and closing the gas flow rate for 10 repetitions
using a flow controller with 100 seconds to flow the gas and
20 seconds to monitor the gas flow. Stability is indicated by
the difference in the actual gas flow value on the flowmeter
against the target value represented in the Mean Absolute
Percentage Error (MAPE) as in equation 4. The same test
is also carried out without a flow controller for comparison.

Ai—F;
A .4

where A; and F; are the actual and forecast value at data
point-i. N is the number of data (Kim & Kim 2016).

MAPE = ¥},

Gas Concentration Level

To determine the relationship of the sensor response signal to
the treatment of the test gas concentration, Air Liquide stand-
ard SO, gas is used with a concentration of 100 ppm with
an accuracy of 99.0%. The gas concentration in the test box
is calculated based on the dilution of the gas as in equation
5. In this study, the range of initial SO, gas concentrations
is shown in Table 2.

Cix Vy=C, XV, ...(5)

where C, is the initial concentration of SO, gas, V| is
the initial volume of SO, gas, C, is the final concentration
SO, gas, and V, is the final volume SO, gas in the test box.

Data Acquisition

Before collecting calibration data, the MQ-136 goes through
a preheating phase. The purpose of this step is to determine
the nature of the sensor output signal in the target gas condi-
tion of 0 ppm in normal settings, as well as the sensor output

Table 2: Dilution of SO, gas level in normal condition (25°C).

No  Standard  Flow Duration ~ Volume Level
SO, rate time target of SO,
(ppm) (NL. (ms) of SO, (ppm)

min’!) (mL)

1 100 1.0 0 0 0

2 100 1.0 3000 50 5

3 100 1.0 6000 100 10

4 100 1.0 12000 200 20

5 100 1.0 18000 300 30

6 100 1.0 24000 400 40

7 100 1.0 30000 500 50

8 100 1.0 36000 600 60

9 100 1.0 42000 700 70
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range and sensor performance similarity. Furthermore, before
the initial stage of calibration, the sensor will be turned on for
1 minute at 1-second intervals to establish the sensor’s base-
line by exposing it to clean air. The data is then subjected to
baseline differential modification, as described in equation 7.

X{(1) = V(1) - Av; ..(7)
where X(7) is the corrected raw data value of the sensor-j

at time-t, V(7) is raw data value of the sensor sensor-j at
time-t, and Avj is mean baseline value of 1 minute.

All stages of the calibration are shown in Fig. 8. First, the
test box is cleaned of residue or other contaminant gases by
turning on the fan for 5 min, then the lid is closed and stabi-
lizes for 3 min. Next, select the combination to select the gas
flow duration and start recording sensor response before gas
flows into the test case for 60 seconds. Gas starts flowing by
first activating the flow controller. Simultaneously, the fan is
turned on for 60 seconds to distribute the gas in the test box
evenly. Recording continues for 240 seconds to determine
the sensor response after gas flow. Finally, the lid is opened,
and the reading is continued for 240 seconds. Repeat all of
the above steps three times for the same concentration level
and another concentration level. Experiments were carried
out in the laboratory by maintaining a temperature of 25 +
1 °C and relative humidity of 50 + 5 %.

Analysis of Variance and Linear Regression

Analysis of Variance (ANOVA) is a statistical method

Q

Run the fan mixer for 5 min to Stop to flow standard gas and
remove residual gasses Apply timer off to solenoid,
buzzer, led, and fan
Close lid and stabilize
condition for 3 min read gas levels for 240 s witha
y sampling time of 100 ms
Select the button combination
The lid is opened then reads
- Y the sensor response for 240 s
Mapping button state B
combination to duration flow
selection save the data
v
Start data record
v Repetition

Start flowing gas, apply a timer <3?
to the solenoid, pump, buzzer,
and led according to the {
duration of flow.

Turn fan on for 60 s

é Terminate finish

Fig. 8: Workflow of gas sensor calibration.

do for other volume variations
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Table 3: Comparison of the performance stability of flow controller and direct flowing gas.

No Actual gas flow (f,) Target gas flow (f) Error value
(L.min™) (L.min”) (%)
Flow controller Direct flowing Flow controller Direct flowing

1 1.0 1.0 1.0 0.0 0.0
2 1.1 1.0 1.0 10.0 0.0
3 1.0 1.0 1.0 0.0 0.0
4 1.0 0.9 1.0 0.0 10.0
5 1.0 0.9 1.0 0.0 10.0
6 1.0 0.9 1.0 0.0 10.0
7 1.1 0.8 1.0 10.0 20.0
8 1.0 0.8 1.0 0.0 20.0
9 1.1 0.6 1.0 10.0 40.0
10 1.0 0.6 1.0 0.0 40.0
MAPE 3.0 15.0

commonly used in experimental research. The experimen-
tal design was applied using Microsoft Excel software by
considering two factors, namely the exposure of the test
gas to the sensor gas and the sensor sensitivity, which was
calculated from the sensor’s response to variations in the
concentration of the test gas. ANOVA analysis is used to
analyze whether there are differences in the performance of
the three sensors from the same sensor variant tested simul-
taneously and in iteration.

Analysis of Linear Regression

In general, regression analysis is used to determine the
relationship between two or more variables (Rawlings et
al. 1998). In this study, the gas sensor output signal was
chosen as the dependent variable and the variation of the test
gas concentration as a predictor variable. The value of the
dependent variable can be estimated using the mathematical
model defined in equation 8.

Yi=PBo+BiXi+ & ..(8)

Where Y; shows the concentration of the test gas, X;is the
sensor output signal. , and f; are constants. ¢; is a random
variable that includes all other factors.

RESULT AND DISCUSSION
Equipment Calibration Performance

The results of standard gas flow rate testing using and without
a gas flow controller are shown in Table 3. Comparing the
actual data (f,) with the target gas flow (f,) using and without
a flow controller can determine the MAPE value. The MAPE

value system is equipped with a 3.0 % flow controller. Mean-
while, the system direct flowing gas was 15.0 %. Comparing
the MAPE values shows that the test gas flow rate using the
flow control design is more stable than directly passing the
gas into the test box.

Preheating of Gas Sensor

The sensor first goes through a preheating process to achieve
chemical equilibrium. The MQ-136 sensor used in this study
is still in a new condition, but it is unknown how long it has
been in storage since production. Therefore, preheating is es-
sential to avoid instability in the reading of the sensor output
signal. In this study, the preheating process was carried out at
a test gas concentration level of O ppm for 30 hours with an
interval of 3 seconds and using a 30 point MAF. MAF with
30 points was chosen because it considers the filter’s ability
to reduce noise and limited memory Atmega 328.

Fig. 9 shows that the sensor response signal fluctuates
and then stabilizes after 24 hours. According to the MQ-136
sensor datasheet, this may be due to the long sensor storage

Table 4: Comparison of the maximum, minimum, average, standard devi-
ation and range values of the three MQ-136 sensors.

Parameter Sensor-1 Sensor-2 Sensor-3
Mean 876.42 880.06 888.86
Standard Deviation 17.78 29.22 29.88
Range 78.15 139.03 139.03
Minimum 826.05 825.15 834.93
Maximum 904.20 964.18 973.96

Nature Environment and Pollution Technology ® Vol. 21, No. 1, 2022
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time, and the sensor needs time to reach chemical equilibrium
through the preheating process. In addition, the fluctuating
sensor response can also be caused by changes in temperature
and humidity during the preheating process, which affects
the basic resistance, sensitivity, and reactivity (Samad et al.
2020). The statistical analysis of the three sensors resulting
from the preheating process is presented in Table 4. This
shows the similarity of the response signal behavior of the
three MQ-136 sensors. In addition, the standard deviation
indicates that the data is different from the mean value of
each sensor.

Raw Signal Output

The testing of the three MQ-136 sensors was carried out
simultaneously at each test gas concentration level of 0, 5,
10, 20, 30,40, 50, 60, and 70 ppm. Sensor testing at each con-
centration level was repeated three times. Raw data from the
sensor output signal for each iteration is digitally processed
with the 5-point MAF algorithm on the microcontroller.

Overall, the time taken to test the sensor was 600 seconds.
After the sensor is put into the test box, in the time range 0-60
seconds (t_g), the output signal reads in the condition that
SO2 gas has not flowed into the test box, as shown in Fig.
10. This signal shows the baseline condition of the sensor
in the range of 0-60 seconds (baseline t,_¢,) before the test
gas is applied. Fig. 11 indicates that the baseline t ¢, values

S 1400

E 1200

[0}

g 1000 P

3 600

5 400 — MQ-136 Sensor 1
@ 200 MQ-136 Sensor 2
] ——— MQ-136 Sensor 3
2 0

0 5 10 15 20 25 30 35
Number of data (x103)

Fig. 9: The baseline value of the MQ-136 sensor is under normal
conditions.
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|
| Timeframe : | o-60s | | e0-120 | | 1203605 | | 360-6005 ||

Fig. 10: The baseline value of the MQ-136 sensor is under normal
conditions.
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for the three sensors are pretty flat and tend to be the same
in each iteration.

The results of the calculation of the mean t,_g, for each
sensor are presented in Fig. 12. With a rise in the measured
SO, concentration, the baseline value of the average t;.q,
increases. The sensor response that does not completely
recover after recording a given concentration level can cause
this increase in the baseline t;_¢,. In other words, there is still
residual test gas on the sensor surface, resulting in a high
sensor response value when detecting different concentration
levels. In addition, because the gap between repetitions was
only 5 minutes, the baseline reading result of t, o, was higher
than before, as shown in Fig. 11.
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Fig. 11: Raw signal response of sensor MQ-136 for each repetition of
each level concentration SO, gas in normal condition.
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Fig. 12: The average baseline t; ¢, value of the MQ-136 for each repeti-
tion of each level concentration SO, gas.
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SO, gas is pumped into the test box for 60 seconds, de-
pending on the desired concentration level. The fan is then
switched on for 60 seconds to ensure that the gas is evenly
spread throughout the box. The response signal rises at the
same time until it reaches a steady peak value. The consid-
erable concentration of the test gas influences the sensor’s
ability to reach a consistent peak time. The longer the output
signal from the MQ-136 sensor reaches a steady peak, the
greater the concentration value, as illustrated in Fig. 13.

Sensor Response Correction

By using the differential approach, the raw output signal
for each sensor is averaged and then corrected by the mean
baseline value. As a result, equation 7 corrects the sensor
response signal to give it a new range, as shown in Fig. 14,
in which each average baseline value subtracts all raw signals
from each repetition at each concentration. This is done to
account for any variations or changes in sensor response
readings and to make comparing sensor output values at
different test gas concentration levels easier.

Analysis of Variance

Table 5 shows the mean peak stable signal values at 200-350
second intervals (t,y,3s0) Of the corrected data. The time

Table 5: Peak-stable value sensor response in millivolt.

range t,,.3so was chosen because almost all of the sensor
output signals are stable or flat in that period. The results
of data analysis using ANOVA with a significant difference
(a =0.05) using Microsoft Excel are presented in Table 7.

Based on Table 6, the term “sample” refers to the MQ-136
sensor group, while the “column” refers to the SO, concen-
tration treatment. The sample obtained p-value >0.05 and F
< F_,;» soit can be said that there is no significant difference
in the response signal generated between sensors. In contrast,
the column obtained p-value < 0.05 and F' > F,;,, so it can
conclude that the concentration of SO, gas treatment affects

the signal output generated by the sensor.

Tukey’s yardstick method was used to determine whether
there is a significant difference between the sensor’s out-
put signal at each SO, concentration treatment. To create
the comparison matrix displayed in Table 8, this method
compares the average response signal at each concentration
level (AMS). The equation for Tukey’s yardstick value
will be return ® of 77.41. This value is added to the sen-
sor’s AMS so that the range value (AMS + ®) is formed
(Table 7). At a concentration of 5 ppm, the range value is
77.41432.40=109.81. If the AMS value at a concentration
of 10 ppm is greater than the range value, the sensor output
value at a concentration of 5 ppm-10 ppm is significantly

Sensor Repetition The concentration of SO, gas (ppm)
5 10 20 30 40 50 60 70
Sensor-1 1 43.06 140.23 221.54 324.79 426.95 542.21 572.71 562.10
2 26.65 134.12 200.01 283.03 348.33 519.89 527.80 537.60
3 20.99 137.20 182.28 264.33 354.21 491.29 559.46 497.16
Sensor-2 1 31.94 97.64 221.00 308.64 400.22 506.80 510.44 540.28
2 27.85 117.29 208.00 294.77 360.84 503.81 452.82 500.02
3 33.19 112.39 203.51 276.71 351.68 482.65 479.16 507.25
Sensor-3 1 46.62 117.19 230.77 301.21 449.25 507.04 557.14 537.79
2 32.67 122.18 192.83 285.64 409.72 504.21 496.89 507.73
3 28.96 136.83 174.52 267.02 395.63 472.82 514.43 471.84

Table 6: Results of the ANOVA for each sensor for each iteration at each concentration level of SO, (a = 0.05).

Source of Variation SS df MS F P-value F crit
Sample 3201.86 2 1600.93 3.02 0.0584 3.1907
Columns 2274017.98 7 324859.71 612.03 1.15E-44 2.2074
Interaction 12376.00 14 884.00 1.67 0.096 1.9037
Within 25477.95 48 530.79

Total 2315073.79 71

Nature Environment and Pollution Technology ® Vol. 21, No. 1, 2022
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different. This process is continued for a concentration of
10-20 ppm, 20-30 ppm, and so on.

Analysis of Linear Regression

In Table 8, the value “1”, shows the significant difference
between the average sensor output signal at a certain con-
centration level and the average value of the output signal
at a certain concentration level. Meanwhile, the value “0”
indicates the opposite meaning. For example, the ratio of
the average response of a sensor signal at a concentration
level of 50-60 ppm, 60-70 ppm, and 50-70 ppm are “0”.
This means that the signal in the concentration treatment is
not significantly different. Thus it can be concluded that the
sensor can only read SO, gas concentrations below 50 ppm.

CONCLUSION

Table 7: The mean and standard deviation of ANOVA for each sensor for
each replication at each level of SO, concentration.

SO, Sensor-1 Sensor-2 Sensor-3 Average
(ppm) Mean  SD Mean SD Mean  SD of the
mean
(AMS¥*)
5 30.2 1.5 30.1 2.8 36.1 9.3 324
10 137.1 3.1 109.1 102 1254 102 1239
20 1912 19.6 2107 92 1994 287 2004
30 290.7  31.0 2934 160 2846 17.1 289.6
40 376.5 438 3709 258 4182 27.8 3885
50 517.8 255 4978 132 4947 190 5034
60 5533 231 4808 289 5228 31.0 519.0
70 5323 328 5159 215 5058 33.0 518.0

*AMS (Average of mean response signal at each concentration level)

Table 8: Matrix compares the total value of the average response signal with

the range values calculated by Tukey’s yardstick.
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The calibration findings reveal that the sensor output signal
and the SO, concentration treatment have a link. The coeffi-
cients of determination for sensor-1, sensor-2, and sensor-3
are 0.94,0.91, and 0.93, respectively (Fig. 15). The MQ-136
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Fig.13: The average response time of the MQ-136 for each repetition of
each level concentration SO, gas.
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Fig. 14: Sensor response correction of each sensor MQ-136, sensor-1 (a),
sensor-2 (b), and sensor-3 (c).
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Fig. 15: The coefficient of determination of the effect of SO, gas concentration on the sensor response signal.

sensor utilized in this investigation, however, has an optimal
reading range in the SO2 concentration range of 5 to 50 ppm,
according to the ANOVA analysis results. Furthermore, the
calibration findings reveal that the three MQ-136 sensors
perform similarly. This is based on an ANOVA analysis that
found no significant differences between the sensors.
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