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As an important environmental monitoring equipment, the existing methane sensors or the traditional interferometer-based
methane detectors have some drawbacks, such as low accuracy, large size, and complex calibration operations. Moreover, the
optical path model and analysis method for the light interference methane sensor are not practical. In this paper, an eﬀective
light interference methane sensor is proposed based on a three-dimensional optical path model with point light source. Based
on this model, the interference optical system is studied to illustrate the cause of the interference fringes. Furthermore, the
inﬂuencing factors of the light intensity distribution are analyzed and an adjustment method for the interference fringes is
proposed, which helps to simplify the assembling and calibrating operations. In order to improve the measurement accuracy, a
temperature drift compensation method which includes a mapping table, a steady-state compensator, and a dynamic
compensator is proposed. The mapping table is established between the output voltages of photoelectric detector, and the
methane concentration, the steady-state compensator, and the dynamic compensator are proposed to eliminate the temperature
drift. Finally, an experimental device for the light interference methane sensor is constructed to validate the interference fringe
adjustment method and the temperature drift compensation method.

1. Introduction
Methane is widely distributed in nature; it is the main component of natural gas, oil gas, and coal mine gas. Methane
can be made artiﬁcially, and it is an important clean energy.
But the methane concentration in the air needs to be
strictly controlled. If the methane concentration in the air
exceeds 5%~15%, it is very ﬂammable and may cause violent explosions under suitable conditions. If the methane
concentration in the air reaches 25%~30%, it can cause
some uncomfortable symptoms, such as headache, dizziness, fatigue, heartbeat acceleration, ataxia, and even death
of asphyxia. Therefore, it is necessary to monitor methane
concentration in real time in special environment, such as
gas fueling station, coal mine, gas treatment plant, and various kinds of pipelines.

According to the detection principle for methane, the
methane sensors are divided into various categories such as
catalytic combustion methane sensor, thermal conductivity
methane sensor, gas sensitive semiconductor methane sensor, infrared methane sensor, and light interference methane
sensor [1]. Catalytic combustion methane sensor uses the
resistance of the detection element to reﬂect the heat that is
produced by the oxidation-reduction reaction [2, 3]. The
thermal conductivity methane sensor makes use of the diﬀerence in thermal conductivity between methane and air to
obtain the electrical signals [4, 5]. The detection principle
of gas sensitive methane sensor is that the resistivity of metal
oxide changes signiﬁcantly when the metal oxide is adsorbed
on diﬀerent gases [6–8]. The principle of infrared methane
sensor is that diﬀerent gases have diﬀerent absorption spectra
of infrared radiation, and the intensity of absorption is
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related to the methane concentration [9–11]. However, these
methane sensors do not measure methane concentration in
large scale and require frequent calibration.
The light interference methane sensor uses the principle
of light interference to measure the methane concentration
[12]. The refractive index of coherent light is diﬀerent in different media because of which the optical path diﬀerence varies, leading to the movement of interference fringes [13, 14].
Light interference methane sensor has many advantages
such as high sensitivity, wide measurement range, and
good stability. It is gaining popularity and is being increasingly used in mining. However, some problems have been
found during the process of using the methane sensor. For
example, assembly diﬃculties, interference fringes spacing
cannot be adjusted, measurement accuracy is susceptible
to temperature. It is necessary to establish an accurate
optical path model to analyze the inﬂuencing factors of
the measurement accuracy.
In 2014, Lin improved the traditional optical path structure of the light interference methane sensor by reducing the
size of the sensor [15, 16]. The planar optical path model is
used to analyze the principle of light interference methane
sensor. However, there are two hypotheses for the planar
optical path model. First, it is assumed that the incident light
of the interference methane sensor is parallel light, and the
angle between incident light and refracting prism in the vertical direction is 90 degrees. This hypothesis can be used to
explain the measurement principle of light interference
methane sensor, but it cannot explain the cause of interference fringes. Second, it is assumed that the optical path on
the horizontal plane is exactly the same, and the light path
is only analyzed on a horizontal plane. However, in the actual
optical interference methane sensor system, the angle of each
incident light is diﬀerent. Only by analyzing the diﬀerence of
the optical path of diﬀerent planes, the regulation of the
interference fringes can be obtained. On the other hand, the
optical measurement part requires very high stability, and
the temperature has a great inﬂuence on the optical devices
and mechanical parts. So, the light interference methane
sensor is particularly sensitive to the temperature, and it
is easy to produce temperature drift. Therefore, the design
of a general temperature compensation method is the premise for accurate measurement of the light interference
methane sensors.
Based on the light interference methane sensor proposed
by Lin [15], we have accomplished the following. Firstly, we
proposed a three-dimensional optical path model with point
source. This model could explain the causes of interference
fringes and analyze the inﬂuencing factors of the fringe
spacing. Secondly, we proposed a method for adjusting
the interference fringes and a temperature drift compensation method. Finally, we have designed an experimental
setup and veriﬁed the validity of the methods.
The rest of the paper is organized as follows: In Section 2,
the three-dimensional optical path model is proposed. In
Section 3, the propagation of the optical path and the
adjustment of interference fringes based on the point source
light interference methane sensor are described in detail.
In Section 4, the factors that aﬀect the fringe spacing of
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interference fringes are analyzed, and the temperature drift
compensation method is proposed to reduce the measurement error. In Section 5 and Section 6, the experimental
setup and experimental results are discussed to verify the
eﬀectiveness of the proposed three-dimensional optical path
model and the temperature drift compensation method.
Finally, the main contents of this paper are summarized.

2. Three-Dimensional Optical Path Model
In our previous work, the traditional light interference
methane sensor was improved to reduce the size of the
optical system and it was suitable for various measuring
environments [15]. The original three chambers were changed to two chambers. The planar optical model is shown in
Figure 1. However, in the planar optical path model that we
used before, parallel light was incident on the refracting
prism and the optical paths of each parallel light were consistent because of which the interference fringes could not
be explained.
In the actual optical structure, the light source cannot
emit a parallel light, and some of the light must form a
certain angle with the reﬂecting surface of the refracting
prism.
Assuming that the length of the chamber is L, the
refractive index of air in the reference chamber is nr ,
and the refractive index of gas to be measured in the sample chamber is ns . If the interference fringes are generated,
the intensity distribution of the interference fringes could
be described as follows [17]:

I r = 2I 0 1 + cos

2π ⋅ Δ
λ

,

1

where λ is the wavelength of the incident light, I r is the intensity of the interference fringes, and I 0 is the intensity of the
incident light. Δ = ns − nr L is optical path diﬀerence.
We assume that the light source is a point light source,
and a radial light is formed after passing through a narrow
gap. In the three-dimensional optical path model, the inﬂuence of the chamber is consistent with that in the planar optical path model. The three-dimensional optical path model is
shown in Figure 2.
There is a diﬀerence in the light propagation along diﬀerent planes, because the beam emitted by a point source is not
parallel. As shown in Figure 2, the light L1 is obliquely
injected into the refracting prism, and the angle between
the incident light plane and the reﬂecting plane of the
refracting prism is 45°. The refracting prism that uses the
detachment amplitude method to obtain the light L2 and
L3 is shown in Figure 2. L1 , L2 , and L3 are in a plane,
and L2 and L3 are parallel to each other and spreading
obliquely. L2 and L3 pass through the triangular reﬂecting
prism and form L4 and L5 . L4 and L5 form new planes,
after which they are superimposed by the refracting prism
to produce the interference fringes.
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Figure 2: Three-dimensional optical path model.

3. Light Propagation and Adjustment of
Interference Fringes
The light from the point light source passes through the
refracting prism at diﬀerent angles, and L2 and L3 will also
pass through the triangular reﬂecting prism at diﬀerent
angles. Therefore, diﬀerent incident angles cause diﬀerent
propagation distances of light, which eventually results in
an interference fringe in the vertical direction of the

photoelectric detector. We analyzed the incident light at
two diﬀerent angles in the same vertical plane.
The propagation of light on the top view and proﬁle view
is discussed through orthogonal decomposition. If the position of the refracting prism and the triangular reﬂecting
prism is ﬁxed, the light remains unchanged in the top view
regardless of the diﬀerent incident angles. As shown in
Figures 3(a) and 3(b), the optical path in the top view of
the three-dimensional optical model is same as the optical
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Figure 3: (a) Optical path of the refracting prism in top view, (b) optical path of the triangular reﬂecting prism in top view, (c) optical path of
the refracting prism in proﬁle view, and (d) optical path of the triangular reﬂecting prism in proﬁle view.

path in the planar optical path model. S1 , S2 , and S3 represent
the distances between the optical paths. d 1 represents the
thickness of refracting prism; d2 and d 3 represent the distance between the reﬂection point and the incident plane in
the triangular reﬂecting prism.
The incident light in the proﬁle view at two diﬀerent
incidence angles is shown in Figures 3(c) and 3(d). θ and θ′
represent the incident angle of incident light L and L′ in a
vertical plane. φ and φ′ represent the angle between incident
light and reﬂected light on the vertical plane when light L2
reﬂects for the ﬁrst time in the triangular reﬂector prism.
Only the optical path of the incident light from the light
source is fully drawn in Figure 3(c). The light L4 and L5
is similar to the optical path of L1 . The optical path of
the proﬁle view in the triangular reﬂecting prism is shown
in Figure 3(d).

3.1. Single Light Propagation. According to the geometric
relationship between Figures 3(a) and 3(c), when L1 passes
through the refracting prism, the optical path diﬀerence can
be described as follows:
Δ1 = np
= np

l2AB +
4l2AB

S21
+ d 21 +
4

+ S21

S21 2
+ lBC + d21
4

2

+ 4d21 ,

where np represents the refractive index of light in the
prisms, l2AB represents the distance between A and B points,
and l2BC represents the distance between B and C points.
When L4 and L5 pass through the reﬂecting prism, the
optical path diﬀerence can be described as follows:
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Δ2 = −np

5
4l2AB + S21 + 4d 21

lHK = lDG , HI DE, K J GF

4

If the baselines of the two isosceles trapezoids coincided
with each other, we could obtain the geometric relation
shown in Figure 4.
According to the geometric relation shown in Figure 4, if
l F J = l JO , then φ = π and θ = 0. When the light incident angle
θ is 0 in the proﬁle view, the optical path diﬀerence of the
coherent light in the triangular reﬂecting prism is 0. When
θ ≠ 0, the optical path diﬀerence in the proﬁle view of the triangular reﬂecting prism can be described as follows:

= 2np d3 − d2 cot

φ
2

1 + cos φ
sin φ

5

According to the geometric relation of space and (5), the
optical path diﬀerence in the triangular reﬂecting prism can
be described as follows:
Δ3 =

4 np d 3 − d 2 cot

φ
2

2

+ S2 − S3

F
𝜑

Therefore, coherent light propagating in the refracting
prism does not produce an optical path diﬀerence.
When L2 and L3 pass through the triangular reﬂecting
prism, two isosceles trapezoids HI JK and DEFG are generated in the proﬁle view. Because L2 and L3 are injected
in parallel into the triangular reﬂecting prism and ejected
in parallel, the geometric relationship can be described
as follows:

Δ3′ = 2np l F J − l JO = 2np d 3 − d 2

E

3

2

6

3.2. Multiple Light Propagation. An interference fringe is
formed at the photoelectric detector, and it must be composed of several lights that have diﬀerent light intensities.
According to (1), the diﬀerent light intensities could be
obtained by changing the incident light intensity, the incident wavelength, and the optical path diﬀerence. The light
interference methane sensor in this paper is a ﬁxed light
source, and it cannot change the intensity and wavelength
of each incident light. Therefore, the interference fringes
are formed by changing the optical path diﬀerence of
coherent light.
As shown in Figure 3(c), L1 and L1′ are the two incident
lights, which have diﬀerent directions. The incident angle of
L1 is greater than that of L1′ in the proﬁle view. According
to (2) and (3), the optical path diﬀerence in the refracting
prism is compensated when the incident light traverses back.
Therefore, the optical path diﬀerence in the refracting prism
is 0 regardless of the incident angle. Meanwhile, the incident
angles of L3′ and L4′ are less than L3 and L4 due to the diﬀerence in the incident angle θ and θ′. Therefore, φ′ is less than
φ, as shown in Figure 3(d). According to Figure 4 and (6),
when φ reduces to φ′, the value of cos φ increases, which
results in the increase in optical path diﬀerence in the

I

J

d3

O

d2

H/D

K/G

Figure 4: Geometrical relation of the optical path in the triangular
reﬂecting prism.

triangular reﬂecting prism. According to the optical principle, the value of cos φ = −sin θ/np
As mentioned above, the light intensity distribution
detected by the photoelectric detector is related to θ, φ, d 2 ,
d 3 , S2 , and S3 . If the point light source and the position of
the prisms are ﬁxed, the optical path diﬀerence of each light
is determined by the incident angle θ of the proﬁle view. Each
incident light emitted from the point light source has diﬀerent angles and remains constant. Therefore, a stable interference fringe is formed in the photoelectric detector.
3.3. Adjustment of Interference Fringe Spacing. The methane
sensor measures the methane concentration in the sample
chamber by detecting the movement of the interference
fringes; therefore, it is necessary to ensure that the interference fringe spacing is equal to the height of the photoelectric
detector in the vertical direction. The position relation
between the interference fringes and the photoelectric detector is shown in Figure 5.
In the optical path system, the light intensity distribution
on the photoelectric detector is directly related to the optical
path diﬀerence. In order to keep the optical path system
stable, the positions of the light source, the refracting
prism, and the triangular reﬂecting prism are kept ﬁxed.
Therefore, a compensating prism is added to the optical path
system to adjust the interference fringe spacing. As shown in
Figure 6, the compensating prism consists of two cuboid
prisms, p1 and p2 , which form an included angle γ. L4 and
L5 pass through prisms p1 and p2 , respectively, and the optical path diﬀerence of L4 and L5 is changed. The same phenomenon occurs with L4′ and L5′. According to the
geometric relation, the optical path diﬀerence between L4
and L5 in the compensating prism is described as follows:

Δp = MQ − NP = xnp

1
n2p − sin2 β

−

1

,

n2p − sin2 β − γ
7

where β is the incidence angle of L4 , and x is the width of the
cuboid prism.
Because the light from the point source is radial, there
must exist an incident light with incident angle 0 in

6

Journal of Sensors
Voltage (V)

Interference
fringe

d

Vmax
Vs
Vs′
Vz
Vz′
Vmin

Photoelectric
detector

c
c′

b
a

b′
0FS

Concentration (%)

Figure 7: Relationship between methane concentration and output
voltage of the photoelectric detector.

Due to Δp ≠ Δp0 , the compensating prism has diﬀerent
eﬀects on the light at diﬀerent incident angles given by θ.
According to the actual optical path, γ ≅ 0 and Δp0 ≅ 0.
Therefore, the increment in the optical path diﬀerence is
monotone similar to θ, leading to a change in the interference
fringe spacing.

4. Temperature Drift Compensation Method
Figure 5: Relative position relation between interference fringes
and photoelectric detector.
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Figure 3(c), and β in Figure 6 is 0. When β = 0, the optical
path diﬀerence between L4 and L5 is described as follows:
Δp0 = x 1 −

np
n2p − sin2 −γ
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According to the optical path described in Section 3, many
factors will aﬀect the measurement accuracy. In addition to
the methane concentration in the sample chamber, the pitching angle of the light source, the pitching angle of the refracting prism, and the included angle of the compensating prism
also aﬀect the spacing or light intensity distribution of the
interference fringes. The point light source and all the optical
devices are ﬁxed on the shell by screws to maintain the stability of the optical path system. Nevertheless, the shell will
cause a small deformation due to temperature changes, and
the refractive index of the prism will vary with temperature.
In addition, the wavelength of the light source, the characteristics of the photoelectric detector, and the ampliﬁcation processing circuit will be aﬀected by the temperature. All these
factors will lead to the change in the interference fringe shifting or the interference fringe spacing. Therefore, temperature
is a crucial factor aﬀecting the accuracy of the sensor, and the
sensor temperature compensation is mainly considered in
this paper.
4.1. Steady-State Compensator. The relationship between
measurement errors and temperature variation is complex,
and there are diﬀerences between each sensor. Therefore, it
is necessary to design a general method to compensate the
temperature drift of methane sensors. The output voltage
curve of photoelectric detector with the methane concentration is shown in Figure 7. There is a sinusoidal relationship
between the output voltage and methane concentration
because of which the maximum measurement range is the
diﬀerence between the maximum and the minimum of the
sinusoidal curve. In order to distinguish the repeated voltage
in the sinusoidal curve, the light interference methane sensor
needs to be calibrated before measurement, and the highest
concentration in the environment should be limited. In order
to obtain an approximate linear measurement curve, we
reduce the measurement range by selecting one-third segment of the half period of the sinusoid for measurement.
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As shown in Figure 7, the bc segment is taken as the measuring curve and calibrated, point b is the zero point of the measurement range, and point c is the full range point of the
measurement range. Therefore, the measurement curve is
approximately a straight line. When the temperature is changed, the sinusoidal curve will move and the variation is
shown as the red dotted line in Figure 7, where b and c move
down to b′ and c′. In this paper, an eﬀective steady-state temperature drift compensation method is proposed to reduce
error caused by temperature drift and improve the accuracy
of the steady-state measurement.
To realize the steady-state temperature compensation,
the sensor is placed in the temperature control box, and the
temperature is varied between −10°C and 40°C. The zero
point drift value C0i and full range point drift value Cf i
under temperature T i are recorded. According to our analysis and veriﬁcation, T i is −10°C, 0°C, 10°C, 20°C, 30°C, and
40°C, respectively. The piecewise linear compensation for
temperature drift and calibration of the measuring curve
slope is realized. This compensation process is used as a
steady-state compensator for methane sensors. The steadystate compensator could be described as follows:
Cs =
C0 =

C ′ − C0 ∗ FS
Cf − C0

simulate the corresponding methane concentration. The
relationship of methane concentration cm and pressure difference p could be described as cm = p/0 518.
4.3. Dynamic Compensator. Only the inﬂuence of stable
temperature is considered in the steady-state compensator,
but the inﬂuence of temperature change on measurement
accuracy is not considered. Because temperature is a very
large lag factor, the ambient temperature, internal temperature of the sensor, and the temperature of the electronic
components are not exactly the same, because of which
the steady-state compensator cannot eliminate the drift
in the dynamic process. In the actual experiment, it is also
observed that the zero drift is very severe during the temperature change.
A dynamic compensator is designed in this paper. The
internal and external temperature of the methane sensor is
collected at the same time. A linear line is ﬁtted to compensate the temperature in the dynamic process by establishing
the relationship between the temperature diﬀerence and the
zero point drift value. After the compensation, the methane
concentration is expressed as follows:
c t = C0 t − Cs − Cd ,

,

T − T i C0i+1 − C0i
+ C0i ,
T i+1 − T i

T − T i Cf i+1 − Cf i
Cf =
+ Cf i ,
T i+1 − T i

9

10

where Cs is the methane concentration after the steady-state
compensation, T is the current temperature, and FS is the
measurement range of the sensor.
4.2. Mapping Table. When the temperature drift is too large,
the measured curve will be located in the nonlinear measurement range. Therefore, the assumption that the output
voltage varies approximately linearly with the methane concentrations is untenable. It will seriously aﬀect the accuracy
of the measurement.
To solve the problem of the bc segment in the nonlinear
segment, the output voltage value of the photoelectric detector and the methane concentration value that is compensated
by the steady-state compensator are recorded. The linear
functions are ﬁtted between two points of the mapping table.
The concentration range of the mapping table is the concentration range corresponding to the maximum range of the
output voltage at ambient temperature. The error caused by
the measurement curve in the nonlinear segment can also
be reduced by the mapping table. Because the methane
concentration is nonnegative, the standard methane sample
cannot be used to obtain a concentration below 0%. However, the calculation results may be negative during data processing. Therefore, the pressure method is used to simulate
the methane concentration and a complete mapping table is
established. The pressure method uses the pressure diﬀerence
between the reference chamber and the sample chamber to

Cd = kΔT t + b,

11
12

where C 0 t is the methane concentration in the sample
chamber before the temperature compensation, k, b are
the dynamic compensation constants, and ΔT t is the
temperature diﬀerence.
The measurement process of the light interference
methane concentration sensor is shown in Figure 8, which
summarizes the abovementioned steps.
Figure 8 depicts the measurement process of the methane
sensor using a point light source. The point light source
forms a diﬀused surface light source when the light passes
through a narrow slit. After the light passes through the
refracting prism, the chambers, and the triangular reﬂecting
prism, interference fringes are formed at the photoelectric
detector, which measures the movement of the interference
fringe and outputs the corresponding voltage value. By establishing the mapping table between the voltage and the methane concentration, the sinusoidal curve is mapped into
approximate linear curve and the measurement error caused
by the nonlinear segment in the sinusoidal curve can be
eliminated to the maximum extent possible. After the mapping of the voltage value, the temperature drift compensation
method is used to obtain the methane concentration.

5. Experimental Setup
In order to verify the eﬀectiveness of the proposed threedimensional optical path model of the light interference
methane sensor based on a point light source, a practical
light interference methane concentration sensor system
was implemented in this study, as shown in Figure 9(a).
A monochromatic LED was used as the point source,
and the LED was packaged in housing with a narrow slit
so that the point source was only a beam of light in the
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Figure 9: (a) Light interference methane sensor and (b) experimental system.

vertical direction. A refracting prism, a triangular reﬂecting
prism, a compensating prism, a shell, and some supporting
brackets were installed. One end of the compensating
prism was connected to the shell and the other end was
connected to a screw, which made it convenient to adjust
the included angle γ in the outer side of the shell. The light
intensity of the interference fringes was detected by the
photoelectric detector, and the output value of the voltage
was used to reﬂect the movement of the fringe. After the
analog-to-digital sampling, the microprocessor was used
to process the data and send it to the upper computer to
analyze the data.
The experimental device was designed based on the relation between the thickness of the chamber and the measurement range [15]. The detection limit is only related to the
length of the gas chamber. The relation between the length

of the gas chamber and the measuring range can be expressed
as follows:
L=

sλ
c′ − c % nCH4 − nAIR

,

13

where λ is the wavelength of the incident light, L is length of
the gas chamber, and s is maximum detectable displacement
of interference fringe. c′ − c is maximum concentration variation; nCH4 and nAIR is refractive index of methane and air. In
our experimental setup, we chose the chamber length of
10 mm, so that the measurement range was 0% to 10%.
In order to eliminate the inﬂuence of dust, water vapor,
carbon dioxide, sulfur dioxide, and other gases, the inlet of
the sample chamber was resigned as shown in Figure 10(a).
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Figure 11: Variation in interference fringe spacing: (a) wide spacing, (b) medium spacing, and (c) narrow spacing.

In the inlet of the sample chamber, waterproof and breathable membrane and chemical reagents such as calcium oxide
were used to isolate the external environment. The inlet section of the sample chamber is shown in Figure 10(b).
A temperature control box is used to change ambient
temperature, and a vacuum pump is used to generate pressure
diﬀerence between the reference chamber and the sample
chamber to simulate the change of methane concentration.
The experimental system is shown in Figure 9(b).

6. Experimental Result
Experiments were performed to test the following aspects.
First, the included angle γ of the compensating prism was
changed and the interference fringe spacing was observed.
Second, the validity of the temperature drift compensation
method was veriﬁed.
6.1. Interference Fringe Spacing. The light interference methane sensor was placed in the darkroom, and a white paper
was placed in front of the photoelectric detector. The interference fringes fell on the paper because of which the fringe
changes could be observed conveniently.
According to the analysis in Section 3.3, the interference
fringe spacing can be adjusted by changing the included
angle γ of the compensating prism. As shown in Figure 11,
the variation of the interference fringe spacing is observed
under diﬀerent included angles of the compensating prism.
Therefore, the adjustment method proposed in Section 3.3
is feasible and eﬀective.

Table 1: Mapping table of methane concentration and output
voltage of the photoelectric detector.
Output voltage
(V)
1.650
1.713
1.796
1.895
2.007
2.131
2.263
2.397
2.533
2.667
2.793
2.910
3.015
3.103
3.171
3.220

Simulated concentration
value (%)

Pressure diﬀerence
(kPa)

−10.0
−8.0
−6.0
−4.0
−2.0
0.0
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.0
18.0
20.0

5.18
4.144
3.108
2.072
1.036
0.0
−1.036
−2.072
−3.108
−4.144
−5.18
−6.216
−7.252
−8.288
−9.324
−10.36

6.2. Temperature Drift Compensation. According to the temperature drift compensation method described in Section 4.2,
the calculation results may be negative due to the light interference detection principle. Therefore, the methane concentration is simulated by the pressure method, and the
mapping table is presented in Table 1.
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Figure 14: Variation in methane concentration with temperature
before and after temperature compensation.
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Figure 13: Variations in sensor internal temperature, ambient
temperature, and temperature diﬀerence.
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Figure 12: Relation between voltage and pressure simulation in
mapping table.
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As shown in Figure 12, when the zero drift is greater than
5%, the measuring segment bc will locate the nonlinear segments. In that case, there is a signiﬁcant error in the segment
for high and low methane concentration when the calibration
of the mapping table is not used.
The methane concentration is compensated by using the
method described in Section 4. As shown in Figure 13, the
ambient temperature drops from 20°C to −10°C and then
rises to 20°C; therefore, the temperature varies 10°C each
time in 5000 seconds. The sensor internal temperature is
not completely synchronized with the ambient temperature.
Therefore, the temperature diﬀerence is not constantly zero.
As shown in Figure 14, the blue dashed line is a curve of the
methane concentration before the compensation. The temperature varies by 10°C, and the zero drift of the steadystate process is approximately 0.5%. The mapping table
and the steady-state compensator are used to compensate
for the steady-state process, and the brown dotted line in

Figure 15: Variation in methane concentration after steady-state
compensation with temperature diﬀerence.

Figure 14 is obtained. The zero point at the steady-state
temperature is almost equal to zero after using the steadystate compensator. However, in the dynamic process of temperature change, the measurement deviation is large, because
of which the dynamic compensator should also be used.
As shown in Figure 15, the relationship between the temperature diﬀerence and the methane concentration after
steady-state compensation is approximately linear in this
paper, and the primary function is used to ﬁt it. The solid line
in Figure 14 is obtained using the ﬁtting function for the
compensation of the methane concentration by the steadystate compensator. It meets the precision requirement speciﬁed by the standard for 10% measurement range optical
interference methane sensor.
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7. Conclusion
A three-dimensional optical path model of the light interference methane sensor based on a point source was proposed
in this paper, and the temperature drift was compensated.
The main work is summarized as follows:
(1) A three-dimensional optical model of interference
methane sensor based on a point source was proposed. This model was closer to actual sensors,
and the defects of the planar optical path model
are overcome. It could be used to analyze the
inﬂuencing factors of the interference fringe light
intensity distribution and makes the light interference methane sensor more convenient in assembly
and adjustment process.
(2) The propagation processes of a single light and multiple lights were analyzed based on the proposed
three-dimensional optical path model.
(3) A method for adjusting the interference fringe
spacing was proposed. The fringe spacing could
be adjusted by changing the included angle of
the compensating prism.
(4) A temperature drift compensation method was
proposed to improve the measurement accuracy.
The method included a mapping table, a steadystate compensator, and a dynamic compensator
and it can eﬀectively eliminate the inﬂuence of temperature on measurement accuracy.
(5) The experimental setup was designed, and the experimental results could demonstrate the eﬀectiveness
of the three-dimensional optical model and the
adjustment and compensation methods.
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