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Abstract: Mountain forest soil is an important source of global greenhouse gas emissions,
including carbon dioxide (CO2), methane (CH4) and nitrogen oxide (N20), but the current
research on the impact of greenhouse gas emissions from mountain forest soil on the
climate is very scarce. This article will focus on methane emissions from mountain forest
soils for testing, and introduces a near-infrared spectroscopy on-line inspection, analysis
and measurement method for greenhouse gases in mountain forest soils. In this paper, a
photoelectric detection system is designed. Based on the STM32F103VB motherboard as
the hardware foundation and wireless remote communication technology, a set of mountain
forest soil greenhouse gas concentration detection system is developed to achieve online
monitoring of mountain forest soil greenhouse gas emissions. The difficulty of this paper is
mainly due to the low signal-to-noise signal of greenhouse gases in mountain forest soil. It
is difficult to capture the signal. In order to improve performance and cost considerations,
this paper uses a differential absorption detection method. The experimental results in this
paper show that the full-scale accuracy is 0.6% FS, the system response time is less than
16s, and the relative standard deviation is 1.41%. It has good repeatability and stability,
which proves that the system meets the design requirements. At the end of this paper, a
brief analysis of the source of the system error is also provided, which provides a direction
for further improving the accuracy of the system.

1. Introduction

At present, the main problems of the global climate are caused by global warming caused by
greenhouse gas emissions, and then the soil layer is an important source of atmospheric greenhouse
gases. 80% to 90% of N,O and 30% of CH, in the atmosphere are derived from soil . And the
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carbon content of terrestrial ecosystems is mainly provided by forest ecosystems, of which 73% of
the carbon elements in the global soil system are forest soil systems. Therefore, it is an important
component that affects the changes in global greenhouse gas emissions.

In recent years, few people have focused on the detection of CH, gas released from soil as the
focus of research, because in the intuitive sense of scholars, CH4 emissions in mountain forest soil
are very small, and the impact on the greenhouse effect is not as significant as CO,. However, the
relative capacity of CHy to affect climate change is 21 to 23 times that of CO,, and the impact rate
on the greenhouse effect accounts for about 15% of all greenhouse gases [1-2].

In order to explore the process of greenhouse gases produced by soil physical factors in the soil,
Guggenberger G proposed a new model relationship and found that they have complex and close
interactions, showing that in many cases, the physical conditions of the soil may be to control
emission levels The main factor [3]. Wang B studied the relationship between soil and greenhouse
gas emissions under the global warming environment. Using the new calculation system to calculate
new discoveries, he found that in the late succession system, due to a large amount of methane
oxidation, the global warming change level and reached an advanced level. This shows that
reducing the soil system can effectively reduce methane emissions and thus reduce the chance of
global warming [4]. In order to study the impact of greenhouse gas emissions from mountain soils
on the global climate, Zhibin LIN proposed the climatedition.net model. This model is as effective
as other state-of-the-art climate models, but the climate sensitivity ranges from less than 2 K to
more than 11 K. Wait. This suggests that models with this extreme sensitivity are essential for
studying the various possible responses of the climate system to rising greenhouse gas levels, as
well as assessing the risks associated with specific targets to stabilize these levels [5-6].

The main work of this paper is as follows: (1) Introduce the research background and ingenious
significance of near-infrared spectroscopy detection of greenhouse gases in mountain forest soil,
explain the principle of near-infrared spectroscopy in detail, explore the principle of near-infrared
spectroscopy absorption methane detection and differential absorption detection technology The
theory derives the relationship between concentration and detector output voltage. (2) The overall
system design plan and ideas are put forward, and the hardware design and software design of the
methane monitoring system are completed, including the optical path system and the circuit system.
(3) Design the calibration laboratory platform, and complete the system calibration experiment and
system performance verification experiment in the laboratory environment. Through the mountain
forest soil monitoring experiment and analysis of the experimental data, it is proved that the system
meets the expected design requirements.

2. Proposed Method
2.1. Methane Gas Detection Technology

At present, there are many methods for the detection of Jiaxiao gas, and each method has its own
advantages, disadvantages and application range due to the different detection mechanism.
According to the detection principle, it can be divided into catalytic combustion, heat conduction,
light interference, infrared absorption and other methods and detection methods based on other
principles. The following is an introduction to these different detection methods.

(1) Catalytic combustion method

Catalytic combustion type detection principle: the catalytic combustion reaction (oxidation) of
methane burns on the components coated with catalytic substances, releases the reaction heat, the



Academic Journal of Environmental Biology

heat released by the combustion of different concentrations of methane burning gas is different, and
the temperature of the component will change its resistance Change, by measuring the resistance
change value to get the actual concentration of methane. The catalytic combustion method is the
most common and effective and reliable method for measuring low concentration (usually in the
lower explosion limit range of 0 to 4%) in practical applications. After more than half a century of
use and development, the catalytic combustion method has reached a certain level. Its power
consumption is getting lower and lower, and its performance is getting higher and higher. A burn
sensor based on this principle has certain advantages, such as high sensitivity, short response time,
low cost, simple structure and easy to use, and is not easily interfered by environmental factors such
as temperature and humidity. However, the characteristics of this sensor must be accompanied by a
series of problems, such as short life span, short measurement range, and easy poisoning. In
addition, there is no way to suppress the zero drift and sensitivity drift of the sensor [7-8].

(2) Heat conduction method

The principle of thermal conductivity detection: according to the difference in thermal
conductivity of different gases, and the gas concentration is different, the thermal conductivity is
also different, this feature is measured by constructing a bridge to measure the change in resistance
of the detection element to measure the concentration of formazan. The sensor made by the
principle of heat conduction method has good stability when the gas concentration to be measured
is high, and the sensitivity is not high when the gas concentration is low. Therefore, it is often used
in the detection of high concentration forty-nine burns in the range of 4% to 100%. Generally, in
order to obtain a full-range A-Hang sensor, the thermal conductivity A-anti-sensor can be combined
with the catalytic combustion A-Huan sensor [9]. The thermal conductivity armor sensor circuit is
simple and easy to use, there is no poisoning, and the life is long, but the signal obtained by the
thermal conductivity armor sensor is weak and there is a zero drift, and it is sensitive to gases with
thermal conductivity different from air, and the detection error is poor. Larger [10].

(3) Optical interference method

Detection principle of optical interference method: The difference in the propagation speed of
light in air and nail burning will cause the optical path difference, causing the interference fringes to
move. The concentration of the nail courtyard is measured by measuring the amount of interference
fringe movement. The optical interference principle has been widely used for the detection of
forging burns after more than half a century of development. Its advantages are also obvious. It has
the characteristics of high accuracy, excellent stability, and wide detection range. But there are also
the following deficiencies:

It is easily affected by the gas environment. When the oxygen content in the air is low and the
nitrogen-oxygen ratio is unbalanced, the measurement error is large: it is easily interfered by other
gases and the selectivity is poor [11].

(4) Near infrared spectroscopy

The principle of near-infrared spectroscopy: when the infrared light beam passes through Jiaxiao
gas, the output light intensity will change due to infrared absorption, and the concentration of
formazan is measured by detecting the amount of change in light intensity. It can be known from the
selective absorption of molecules that any kind of gas molecule has its own absorption spectrum.
Only when the emission spectrum of the light source overlaps with the absorption spectrum of the
gas molecule, the spectrum absorption phenomenon occurs, which leads to the weakening of the
light intensity [12-13]. The intensity of light absorbed has a certain relationship with the
concentration of the gas to be measured, and the concentration of the gas to be measured can be
obtained by calculation by detecting the input and output intensity of light of a specific wavelength.
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Near-infrared spectral absorption detection technology is the result of long-term development of
spectral analysis technology. In the past, the spectrum analysis technology was only used for gas
analysis in the laboratory, and it was gradually applied to the detection of gas concentration. The
technology is relatively mature. The mainstream methane sensors on the market are based on this
detection technology. The burn sensor based on infrared absorption principle has many advantages,
and the detection range is relatively wide: it has good stability and high accuracy; it is not easy to be
interfered by other gases, has good selectivity, fast response, not easy to be poisoned and aging, and
has a long life It is also a major advantage [14-15].

2.2. Basic Theory of Near Infrared Spectroscopy

(1) Ideal harmonic oscillator model

In molecules, according to quantum theory, there are electronic energy levels and
vibration-rotational energy levels in molecules. When the transition between the electronic energy
level and the vibration-rotation energy level occurs, a molecular absorption spectrum and a
molecular emission spectrum are generated, which are shown as band spectra.

Transitions between different energy levels of molecules produce different molecular absorption
or emission spectra. The vibration energy level interval is generally 0.05-1eV, and the
electromagnetic spectrum generated by the vibration energy level transition is in the mid-infrared
spectrum region. Light has wave-particle duality. According to quantum theory, when infrared light
of a specific wavelength meets a molecule, if the light does not interact with the molecule, the light
then passes through the substance without generating an absorption spectrum; if the light interacts
with the molecule in a specific way, the substance absorbs the wavelength The light produces an
absorption spectrum, which is called infrared activity [16].

A diatomic infrared active molecule will be used as an example for description. Think of the
active molecules of diatomic molecules as vibrating dipoles. The dipole vibrates at a specific
frequency and amplitude. The atoms at both ends of the dipole are regarded as protons with masses
m1 and m2, respectively, and the chemical bond is regarded as a massless spring. The model is
shown in Figure 1 [17].

CO—O
(O

Figure 1. Infrared active molecular dipole model

Here, the vibration frequency of the dipole is v, and the maximum distance between two atoms
when the chemical bond vibrates is called the resonance amplitude. When the frequency of the
incident photon matches the vibrational frequency of the molecule, the molecule absorbs the energy
of the photon and increases the amplitude of the dipole, but the vibrational frequency is constant
[18].

The dipole vibration model is also called the harmonic oscillator model. The resonance
frequency depends on the force constant of the chemical bond and the mass of the atoms at both
ends of the chemical bond. The total energy of the harmonic oscillator is proportional to the
frequency of vibration. Applying Hooke's law, the vibration frequency of the harmonic oscillator is
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expressed as:

1)

Where: K: chemical bond force constant, different chemical bonds have different force constants
m; and my: the atomic mass of atoms 1 and 2 can be derived from formula (1), if you know the
chemical bond force constant, you can find a specific chemical bond The stretching vibration
frequency. Conversely, the force constant of a specific chemical bond can be obtained from the
vibration frequency of the molecular vibration spectrum. The force constant of a single bond is
about one-half of that of a double bond and one-third of that of a triple bond. And as the atomic
mass increases, the resonance frequency will decrease.

The study of quantum mechanics shows that the chemical bond cannot be simply regarded as a
massless spring. The vibration energy of the chemical bond in the molecule is quantized, that is, the
molecule can be at different vibration energy levels. Quite a lot [19-20]. In an ideal situation,
polyatoms can be viewed as a series of independent diatomic harmonic oscillators, so that the
energy of polyatomic molecules can be expressed as follows:

3N-6

E(vLv2,v3....)= > (V, +%)hvi )
i=1

Where: h: Planck constant

v: chemical bond vibration frequency

V: Vibration quantum number, V=0, 1, 2, 3 ...

(2) Non-resonance

In fact, when the particle is close to a certain degree, the true compression force is limited by the
spring itself. When the spring is extended, the spring will deform when it is stretched to a certain
extent, and it cannot be restored to its original shape. The curve of potential energy change of the
ideal harmonic oscillator model is shown as the parabola shown in B in Figure 2.

7

Figure 2. Potential energy curve of diatomic molecules

In the molecule, there is a potential energy barrier because the electron cloud of the two bonded
atoms hinders the approach of the nucleus during the process of decreasing the vibration amplitude.
In the process of increasing vibration amplitude, if the vibration energy level reaches the
dissociation energy, the chemical bond will eventually break. The curve A in Figure 2 illustrates this
situation. As the interatomic distance decreases, the potential energy increases rapidly. As the
interatomic distance increases, the potential energy gradually approaches zero [21].

As shown by A in Figure 2, for non-harmonic oscillators, the energy level spacing is
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non-uniform. As the energy increases, the energy level gradually approaches. The energy of the
non-harmonic oscillator is expressed by the following formula:

E, =V +E)hv—(\/ +£)2th+ .......
2 2 3)

In the formula: j , Representing the fundamental frequency

X: non-resonance constant

K: force constant of chemical bond (single bond 5N / cm, double bond 10N / cm, triple bond
15N/ cm)

And,my, my: atomic mass.

The position of the band obtained by equation (3) is closer to the actual position of the band. In
practice, the position of the frequency-doubling absorption band of a fundamental frequency
absorption spectrum band can be calculated by formula (4), where the displacement due to

non-resonance is about 1% to 5%.

a=h
k
In the formula: k: represents the frequency multiplier

A\1: position of the fundamental frequency absorption band.

For the position of the fundamental frequency absorption band at 3800 nm, the position of its

first frequency-doubling absorption band is in the range of $+3800*0.01:1938m to

—38200+3800*0.05:2090m .Therefore, there are many different vibration energy levels in the

+1,(0.01,0.02,...,0.05) (4)

molecule, and these energy levels usually contain two or more vibration forms with similar
vibration energy levels. This situation is called energy level degeneration. At this time, Fermi
resonance will occur, which will enrich the near-infrared spectral characteristics, but may also lead
to misinterpretation of the spectrum. When a Fermi resonance occurs, one frequency increases due
to the mutual repulsion of energy levels, while the other frequency decreases. This repulsion
depends on the inharmonicity of the energy levels at which the interaction occurs. The stronger the
inharmonicity, the stronger the Fermi resonance will be [22].

(3) Absorption spectrum analysis of molecular fundamental frequency, frequency doubling and
combined frequency

Since the frequency of molecular vibration includes the fundamental frequency, multiples of
frequencies at various levels, and various combined frequencies, the molecule may absorb the
corresponding electromagnetic wave of the same frequency in the environment through resonance
absorption (the amplitude of the internal vibration of the molecule changes), which is the basis of
the molecule Frequency absorption, frequency doubling absorption and combined frequency
absorption [23].

The transition of the molecule from the vibrational ground state to the first excited state is called
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the fundamental frequency transition, and the absorption of radiation generated by this transition is
the fundamental frequency absorption. Since the selection rule of the ideal harmonic oscillator when
transitioning between different energy levels is AV==£1, that is, ideally, the transition can only occur
between adjacent energy levels [24].

In fact, due to the existence of non-resonance, the selection rule of the transition will also appear
AE=%1, £2...... , in addition to the fundamental frequency, it can also occur from the ground state to
the second or higher excited state (V = 2, 3, ...). This kind of transition is called second-order
frequency doubling or multi-stage frequency-doubling transition, and the resulting absorption band
is second-order frequency doubling or multi-stage frequency doubling absorption, which is
collectively called frequency-doubling absorption.

Polyatomic molecular vibration is a linear synthesis of many simple independent vibrations.
Because various vibrations are not strictly harmonic, they may interact with each other. If the
electromagnetic wave photon energy is exactly equal to the energy required for a certain two
fundamental frequency transitions , And these two fundamental frequency vibrations have the same
symmetry, then a photon of this energy may simultaneously excite two fundamental frequency
transitions. The wave number (or frequency) of the absorption peak appearing in the spectrum is
equal to the sum of the two fundamental frequency vibration wave numbers (or frequency), and this
absorption is called combined frequency absorption.

The absorption of molecules in the mid-infrared spectrum is due to the transition between the
adjacent vibration energy levels of the vibration state, that is, the fundamental frequency absorption;
and the absorption in the near-infrared spectrum is due to the frequency doubling or combined
frequency absorption of molecular vibrations As a result, this is the source of information in the
near infrared spectrum.

Because the near infrared region starts from 4000 cm™ to 12500 cm™, the fundamental frequency
of the group is below 2000 cm™[25]. The frequency of the first-order octave and the combined
frequency of the spectral region is less than 4000 cm™, so it is not in the near infrared region , these
groups can only enter the near-infrared region with higher-order frequency doubling and combining
frequencies, but the intensity is very weak, so the information contained in the near-infrared
spectrum region is mainly the information of certain groups with a fundamental frequency above
2000 cm™ . Because the absorption strength of the hydrogen-containing groups is high, the practical
significance in the near-infrared analysis is mainly the characteristic groups mainly containing
H-containing groups (including OH, NH, CH, etc.), as shown in Table 1.

Table 1. The approximate position of the combined frequency of the main groups and the
absorption bands of frequency doubling at all levels

Unit cm? nm
Group C-H N-H O-H H,O C-H N-H | O-H H,O
Combined frequency 4250 4650 5000 5155 2350 | 2150 | 2000 | 1940
Double frequency 5800 6670 7000 6940 1720 | 1500 | 1430 | 1440
Triple frequency 6500 9520 10500 | 10420 | 1180 | 1050 | 950 960
Quadruple 11100 | 12500 | 13500 | 13300 900 800 740 750
Octave 13300 750

In terms of the distribution of absorption intensity, the absorption intensity of each
frequencydoubling and combined frequency of organic matter in the near-infrared spectrum region
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is approximately one order of magnitude higher than the fundamental frequency or the previous
frequency doubling. Take the absorption intensity of the CH bond as an example, see the table 2.
The absorption intensity from the combined frequency to the frequency doubling at all levels is
getting lower and lower. Each time the frequency doubling increases about one level, the relative
absorption intensity decreases by about an order of magnitude.

Table 2. Distribution of C-H group frequency doubling in the near infrared region

Wavelength Relative
range/nm absorption
Group 2900~3200 1
fomb'”ed 2200~2450 0.01
requency
Double frequency 1600~1800 0.01
Triple frequency 1150~1250 0.001
Quadruple 850~940 0.0001
Octave 700~780 0.00005

(4) Factors affecting the near-infrared spectrum

In some special cases, certain factors may interfere with the near-infrared spectrum of the
substance and change the position of the absorption band . These factors mainly have the following
aspects:

1) Association between molecules. The asymmetric distribution of the electron and proton
charges in the molecule will cause a strong electrostatic field, which exerts an influence on
neighboring molecules. The result of such intermolecular interactions is association, and the
strongly acting molecular clusters show significant interference, the most common being hydrogen
bonding. This type of bond is extremely sensitive to temperature. There are two extreme cases that
stem from this interaction. One is that the strength of this interaction is comparable to ordinary
covalent bonds, thereby forming binary or polyvalent compounds. The other is that the original
covalent bond is completely broken to cause ionization. This type can happen both inside and
between molecules [26].

2) Changes in the state of matter. A change in the state of a substance will cause a change in the
degree of freedom of the substance molecule, which will cause a change in the absorption band.

3) Temperature factor. Not only does temperature change affect the association of molecules, but
the number of excited molecules is a function of temperature, which follows the Boltzmann factor.
So temperature will affect the absorption of light by molecules.

4) Electronegative factors. In some compounds, halogen and H are connected to the same carbon
atom, which will affect the position and intensity of the adjacent C-H absorption band. The reason
lies in the electronegativity of halogen.

5) Fermi resonance. There are many Fermi resonance absorption bands in the near infrared
spectrum. When the non-interfering frequencies of two kinds of the same kind of vibration are close,
resonance will occur between the two kinds of vibration. When resonance occurs, the frequency and
intensity of both absorption bands change, but they are still separated. If the two resonance
absorptions are very close, the intensity of the absorption band is roughly the average of the
intensity of the band when it is not disturbed. If the two resonance absorption bands are far apart,
the intensity of the weak absorption band will obviously increase when resonance occurs, but the
position of the band will hardly change.
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2.3. Lambert-Beer Law

(1) Contents of Lambert-Beer Law

The theoretical basis for quantitative analysis of infrared absorption spectroscopy is
Lambert-Beer ’s Law .

Lambert's law states that the proportion of light absorbed by a transparent medium has nothing to
do with the intensity of incident light; each equal thickness of the medium absorbs the same
proportion of light in the optical path.

Beer's law states that the amount of light absorbed is proportional to the number of molecules
that produce light absorption in the optical path.

The combination of the two laws, known as Lambert-Beer Law, can be regarded as a
macroscopic representation of the above molecular vibration principle. For a mixed medium
containing n kinds of material components, the complete mathematical expression is:

A=In(l,/1)=In@T)=> A A=Y a,(A)C,L (5)

Where: A: absorbance as a function of wavelength
lo: incident radiation intensity

l;: transmitted radiation intensity

Cn: the concentration of componentn (mg/d L)
L: optical path length (m)

%+ Absorption coefficient of component n (mg / dL.m)

T: Transmittance = It/ 10

For the absorption coefficient® | it is the inherent property of the substance itself. Experiments
show that the same substance with different concentrations has the same absorption coefficient at
the same wavenumber; different substances have different absorbance coefficients at different
wavenumbers.

(2) The conditions for the establishment of Lambert-Beer law

The establishment of Lambert-Beer law requires certain conditions as prerequisites, mainly in
the following five aspects:

1) There is no interaction between substances in the absorption process, but the absorbance of
each substance is additive;

2) During the absorption process, the temperature of the substance remains unchanged;

3) The role of radiation and matter is limited to the absorption process, without chemical
phenomena such as fluorescence and scattered light;

4) Absorbent is a continuous system with uniform distribution;

5) The absorbance reading should be within the linear range of the standard curve, otherwise it
will have a greater impact on the accuracy of the result. Assuming that a single substance absorbs a
single wavelength, equation (5) can be changed to:
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INT =—aCL
£=—05ACL
(6)
AC AT
C TInT

Let AT =1, which means that the transmittance changes by 1 unit. Under different transmittances,
the deviation of the calculation result is shown in Table 3:

Table 3. Transmittance and concentration error correspondence table

T(%) AC/C(%) T(%) AC/C(%)
95 -20.52 36.8 -2.72
90 -10.55 30 -2.77
80 -5.60 20 -3.11
70 -4.01 10 -4.34
60 -3.26 5 -6.88
50 -2.89 3 -9.51
40 -2.73 2 -12.78

It can be seen from Table 3 that when the transmittance is between 20% and 60%, the density
error caused by the error of the detection result is less, and the density error caused by the greater or
smaller transmittance is larger.

2.4. Gas Absorption Spectrum

(1) CO; gas absorption spectrum

Carbon dioxide gas has absorption bands with different absorption strengths in the near-infrared
and mid-infrared bands. The strong absorption bands are distributed in 2.7um, 4.3um and 11.4um,
and the weak absorption bands are mainly distributed in 1.4um, 1.6pum and 2.0um.

Carbon dioxide gas has absorption bands with different absorption strengths in the near-infrared
and mid-infrared bands. The strong absorption bands are distributed in2.7um, 4.3pum and 11.4um,
and the weak absorption bands are mainly distributed in 1.4pum, 1.6um and 2.0um.

In the near infrared band, two absorption bands of 1580nm and 1600nm are commonly used. In
this band, the loss of the optical fiber is low, and long-distance optical fiber gas detection can be
achieved. In this paper, the carbon dioxide gas absorption line at 1580 nm is selected for detection,
and the absorption spectrum of carbon dioxide gas in this band is found in the standard spectrum
database (HITRAN).

It can be seen from the figure that there are two absorption envelopes of CO, gas near 1580nm,
there are more than 40 strong absorption lines, and the absorption intensity of the strongest
absorption line is1.76*10-23 cm™ / (molecule-cm™ ), the corresponding absorption wavelength is
1572.4nm.

After calculation of the standard CO, gas absorption line, it can be obtained that the half-width of
the absorption peak of CO, gas is about 0.035nm; in the band of 1570nm-1575nm, the CO, gas
absorption line basically exhibits a periodic distribution, between each two absorption lines It is

10



Academic Journal of Environmental Biology

about 0.32nm apart.

(2) CH4 gas absorption spectrum

In the near infrared region, there are many pan-band and combined bands. In 1983, Tohoku
University of Japan used InGaAsPLED and a germanium detector to measure the v2 + 2v3
combined band. The Q branch band absorption around 1.33um is quite strong, and its absorption
peak appears at 1.3312um. In 1984, the university also tested the 2v3 harmonic band of the CH4
molecule and found that the spectral bandwidth of the Q-band near 1.66 um is about 3 nm, and the
maximum absorption wavelength is at 1.6654 um .

The C H4 molecule has 4 inherent vibrations, corresponding to 4 fundamental frequencies, all in
the mid-infrared band. The wave numbers of the four fundamental frequencies are:vl= 2913.0 ¢
m-1 ,v2=1533.3 ¢ m-1 ,v3=3018.9 ¢ m-1 ,v4=1305.9 ¢ m-1 Each natural vibration corresponds to a
spectral absorption band, and their wavelengths are 3.43, 6.53, 3, 31, 7.66um.

3. Experiments
3.1. System Design Scheme Design

The overall structure of the system is composed of methane sensor detection system, data
acquisition terminal and monitoring software on the server. System design can be divided into
hardware design and software design. The system hardware is mainly divided into two parts, the
optical path system and the circuit system. The optical path system includes infrared light source,
detector and gas absorption gas chamber: the circuit system mainly includes the core controller
STM32 minimum system circuit, power supply module, light source drive and modulation module,
signal conditioning circuit module (amplifier, filter circuit), temperature sensing Modules and other
peripheral interface circuits (real-time clock, data storage, serial communication and other modules);
the system also integrates a GPRS communication module for remote wireless transmission of
collected data.

The system is powered by an independent power module. The microprocessor generates PWM
waves to control the driver to modulate the light source. The infrared light emitted by the infrared
light source passes through the gas chamber containing the gas to be measured. After the gas is fully
absorbed, the selective transmission of the filter is used After the end to the detector. The detector
converts it into two voltage signals according to the received light intensity. The two voltage signals
are very weak when output by the detector, and need to be pre-amplified and filtered by the
microprocessor ADC peripherals; the system uses a low-power 32-bit ARM processor
STM32F103VB as the main control chip, and leads to the standard The JTAG interface is
convenient for programming and debugging of the program; the real-time clock (RTC) module of
the STM32 controller provides a time basis for timing data collection and real-time storage. Use the
SPI interface of the STM32 controller to write the collected data and time into the SD card
synchronously to achieve local storage backup to prevent data incompleteness caused by the loss of
GPRS signal. In addition, the system uploads the collected data to the cloud server in real time
through the GPRS module through the RS232 interface. The monitoring center software is
developed on the server, which is responsible for establishing connection communication with the
GPRS module, and analyzing and storing the received data packets. Finally, the data can be
displayed through the constructed WEB dynamic webpage to access the database.

1"
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3.2. System Calibration Scheme Design

(1) Design of calibration experiment platform

In order to carry out system calibration and system testing, a calibration experiment platform was
built in the laboratory environment. The experiment platform consisted of pure nitrogen, standard
methane gas of different concentrations, gas pressure reducing valve, precision rotameter, methane
monitoring system and host computer software Module composition. The structure of the
calibration experiment platform is shown in Figure 3.

Glass Rotameter

Calibration gas

——————| Fumehood
hox
Host computer

CH4 monitoring
system

N

\J T

E Pressure v
valve %

>

JooV

Figure 3. Structure diagram of calibration experiment platform

(2) Prototype and experimental device

Before calibration, prototypes and experimental devices need to be prepared. The laboratory has
a bottle of pure N2 and 1%, 2%, and 3% concentration of CH,4. According to the calibration
principle, the more data points are calibrated to the system, the smaller the segmentation, the better
the system accuracy.Therefore, this design will use the existing calibration experiment platform, use
pure N, to dilute the existing standard methane gas to obtain more concentration of CH, gas, and
achieve the calibration of the system at 5% interval concentration.

3.3. Calibration Experiment

The system calibration experiment is mainly divided into a zero-point calibration experiment.
The calibration experiment is to obtain the corresponding relationship between the system output
and the concentration of formazan, and then solidify the correspondence to the STM32. The actual
concentration of the nail salon can be calculated by measuring the output voltage of the sensor. The
calibration experiment steps are:

(2) Build the calibration platform according to the above, at standard atmospheric pressure and
normal temperature, fill the gas box with pure nitrogen, exhaust the air, and turn on the machine.
After the data is stable, read the 4.1 measurement channel output Vg.so and the reference channel

12
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output Viero , Get Ko = Vgaso/ Vrefo.

(2) The methane gas of different concentration is introduced into the gas box at a constant flow
rate, and the monitoring result of the monitoring system is observed through the software of the host
computer. The ratio F = Vgas/ Vier.

(3) According to the data obtained from the gas absorption experiment, make a C-F graph,
linearly fit by the least squares method, draw the fitting formula and solidify it into the STM32
microprocessor.

4. Discussion
4.1. Zero Calibration Experiment

Under standard atmospheric pressure and normal temperature, open the valve of the cylinder and
fine-tune the pressure relief valve to purge the gas box with pure nitrogen at a constant flow rate.
After the system is stable, the zero adjustment is completed, and the concentration corresponding to
the output voltage of the system is 0. At this time, it is considered that the dual-channel output value
of the detector reflects the light energy when infrared light of different wavelengths is not absorbed
by the gas, and the dual-channel output is compared to obtain Ko. The experimental data of system
zero calibration is shown in Table 4.

Table 4. Zero calibration experiment data

Num VgasO(V) VrefO(V) KOZVgasO/ Vefo
1 2.175 1.849 1.170
2 2.154 1.830 1.170
3 2.205 1.980 1.170
) ==
C«o

2
Calibration Num

Figure 4. Zero calibration experiment data

It can be found from Figure 4 that Ko can fully reflect its accuracy. And it is found from Fig. 4
that K, can fully represent the stability of the calibration data of the device.

4.2. Gas Absorption Experiment

Under the same environment of system zero calibration, use the experimental calibration

13



Academic Journal of Environmental Biology

platform to perform absorption experiments on the monitoring system under different
concentrations of methane at 0.2%, 0.3%, 0.4%, 0.5%, 1%, 1.5%, 2%, 2.4%, and 3%. Record the
output voltage Vs of the system measurement channel and the output voltage Vs of the reference
channel for each concentration separately. Table 5 shows the experimental data of methane burning
gas absorption.

Table 5. Gas absorption experiment data

C(%) Vgas V) Vier(V) F:Vgas/ Vet
0.2 2.083 1.824 1.121
0.3 2.054 1.844 1.136
0.4 2.064 1.873 1.104
0.5 2.053 1.878 1.105

1 2.612 1.832 1.045
15 1.980 1.854 1.071
2 1.930 1.878 1.022
2.4 1.768 1.886 1.004
3 1.346 1.775 0.976

The relationship between the output voltage of the measurement channel and the reference
channel and the concentration of formazan according to the gas absorption experiment is shown in
Figure 5. It can be seen from the figure that the measurement channel exhibits a weakening of the
light intensity due to the absorption of near-infrared light at the wavelength by the formazan gas,
and the output voltage value is smaller as the concentration of formazan increases. The near infrared
radiation has no absorption effect, and its output value is basically unchanged, which is in line with
the principle of near infrared absorption and Lambert's law.

2.5
— Vgas
Vref
2l — F
>
::-:1.5
1 L
0.5 : : : :
0 0.5 1 1.5 2 2.5 3

C (%)

Figure 5. Relationship between output voltage and methane concentration

Figure 5 shows the C-F relationship diagram of the relationship between the dual-channel output
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ratio F (relative absorption rate) and methane concentration after the difference. Compared with the
relationship between the measurement channel and methane concentration in Figure 5, the C-F
relationship is better linear. Because the optical device is disturbed by environmental factors, the
relationship between the measurement channel and the methane concentration does not fully
conform to the linearity of the theoretical derivation, and through differential detection, the linearity
of the C-F relationship is improved, indicating that differential detection can reduce interference
and improve system detection accuracy.

According to the C-F relationship, the C-F relationship is obtained by least-squares linear fitting:

y =-21.51768x +24.10443 (7)

Among them, y represents the relative absorption rate of gas F, X represents the gas
concentration, burn (7) into the STM32 microprocessor, and then you can use the system to detect
different concentrations of methane.

4.3. System Performance Verification Experiment

After the system calibration, in order to check the system performance, inversion experiments
were carried out. The system is analyzed experimentally on accuracy, repeatability and stability.
The experimental results show that the system has good accuracy, good stability and good
repeatability, and meets the design requirements.

(1) Precision analysis

Under standard atmospheric pressure and normal temperature, put the calibrated and solidified
system into the gas box, and pass 1%, 2%, and 3% methane gas into the gas box at a constant flow
rate to measure the concentration value of the system output. And record the system response time
(the time required for the system to reach 90% of the final value). The accuracy analysis experiment
results are shown in Table 6.

Table 6. Precision analysis experiment results

Standard CH,4 Measured Corresponding
concentration(%) CHjconcentration(%) time(%)
1 1.02 15
2 2.03 16
3 3.02 15

According to the above table, calculate the full-scale accuracy according to formula (8):
maxC,, —C,|

— T x100%
(8)

Among them, Cm represents the measured methane concentration, and Cs represents the
standard methane concentration. R is the full-scale value. The range of this design system is 0 ~ 5%,
so R is 5%. The system full-scale accuracy calculated from Table 6 data and formula (8) is +0.6%
FS, and the system response time is not greater than 16S.

(2) Repeatable experiment

Under the same conditions as the calibration environment, the same measured object is measured
multiple times in succession, and the degree of consistency of the measurement results is called
repeatability. The relative standard deviation of the measurement results is usually used to
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characterize the repeatability of the system. First purge the air box with pure nitrogen for 10
minutes, and exhaust the air until the system shows "0". Then pass the standard methane gas with a
concentration of 1% into the gas tank. When the system indication is basically stable, record the
measurement result C;. Repeat the above steps 10 times under the same conditions. The
experimental results are shown in Table 7. Finally, according to the experimental results, calculate
the standard deviation and relative standard deviation.

The relative standard deviation is:
n=10 ~\2
o= Z(ci —c) /(n-1)
i=1

9 «100% ~1.41%
C

(9)

In the formula, C; is the i-th measurement result, C the average value of n measurement results,
n indicates the number of measurements n should be as large as possible, usually not less than 10.

After calculation: o = 0.014283, the relative standard deviation is: 1.41%, indicating that the
system has good repeatability.

Table 7. Repeatable experimental data

Test Num Indication(%) | Avg(%) Std Relative Std(%)
1.02
1.05
1.07
1.09
1.13
105 1.034 0.014437 151
1.04
0.98
1.05
10 1.07

(3) Stability experiment

Stability is a very important technical indicator to evaluate the performance of the system, and it
indicates the ability of the system to maintain its display value constant for a long time. As the
system monitors the trace methane emissions in the forest and mountain soil environment, the
methane concentration after the gas tank enrichment is below 1%. Therefore, this paper conducted a
system stability test on three groups of methane gas (0.4%, 0.6%, 0.8%) with different
concentrations in the range of 0 ~ 1% (V / V). The test duration of each group is 5 days (720 *
10min), and data is collected every 10min. The experimental results are shown in Figure 6. (A) (b)
(c) were 0.4%, 0.6%, 0.8% concentration test. The experimental results show that the measurement
errors of different concentrations of methane gas are less than 0.01% (V / V), and the monitoring
system has high monitoring accuracy and good stability.

OO |NOOTIAWIN| -
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Figure 6. Stability experiment results

(4) Monitoring experiment and analysis

Since the concentration of formic acid enriched in the gas box in a short period of time did not
change much, the experiment used intermittent monitoring and collected every 30 minutes. The
device starts the acquisition work every hour and half point, and after completion, it will disconnect
the power supply of the sensing device and the DTU wireless transmission unit through the relay,
and at the same time, the controller enters the low power consumption mode to reach the lowest
power consumption of the system. The experimental results are shown in Figure 7.

10 0
140 160 180 200 220 240 260 280

Time(30min)

Figure 7. The law of methane concentration and temperature with time

The red line in Figure 7 represents the monitoring concentration of the AA, reflecting its
emission flux. First of all, it gradually rises, which is shown as methane emissions, and then
gradually declines, which is shown as the absorption of nail resistance; the blue line in the figure is
the soil temperature, which changes with the change of air temperature: the methane monitoring
concentration and soil temperature have obvious daily changes, It also shows that the monitoring
concentration of methane has a significant negative correlation with soil temperature.

5. Conclusion

This paper designs a calibration experiment platform for the mountain forest soil greenhouse gas
detection system. First, the system was calibrated, including zero-point calibration and gas
absorption experiments. The least squares method was used to fit the experimental data to
determine the system output voltage and methane concentration. Relationship, and burn this
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relationship into the system. Secondly, the verification experiment and analysis of the system
accuracy, repeatability and stability are made. The experimental results show that the full-scale
accuracy is*0.6%, the system response time is not more than 16s, and the relative standard
deviation is 1.41%, which has good repeatability and stability. Later, through field data analysis of
mountain forest soil experiments, it was proved that the system met the expected design
requirements.

In this paper, when using Lambert's law to derive the gas concentration, it is assumed that the
monochromatic light is absorbed by the gas and then detected after reaching the detector. In fact,
the near-infrared light passing through the filter is not a monochromatic light, but a bandwidth

Ad= 0'03/"m, the center wavelength is the spectral band of the absorption wavelength, and at the
same time, there is some stray light through the filter, which will cause certain errors. The error is
called the Lambert deviation.

At the end of this paper, a brief analysis of the source of the system error is also provided, which
provides a direction for further improving the accuracy of the system. From the above system
performance verification experiment, the system designed has certain accuracy and stability to meet
certain detection needs. However, there are some deficiencies and there is still some room for
improvement.
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