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ABSTRACT In recent years, various fields have established an urgent need for real-time online measurement
of infrared spectra. To this end, reducing the weight and size of infrared spectrometers is particularly impor-
tant. This paper reports a micro-optical element static Fourier transform spectrometer (MOESFTS) with a
working wavelength from 3.7 µm to 4.8 µm. This spectrometer is entirely composed of micro-optical ele-
ments, and its interference system comprises stepped micromirrors and a lightweight beam splitter to realize
a lightweight, miniaturized instrument capable of static real-time spectrummeasurements. Themicro-optical
element microlens array leads to the acquisition of interferogram in the form of two-dimensional point-array
in the MOESFTS. Therefore we establish a field-of-view integral model of the interference-image point
intensity to analyze the influence of the field of view on the reconstructed spectrum. We complete the optical
design of the micro-optical collimator (MOC) lens and the micro-optical relay (MOR) lens. And an effective
processing algorithm for spectral reconstruction from two-dimensional point-array is presented. A prototype
was designed and constructed, and spectral calibration was completed. The spectra of acetonitrile (CH3CN)
and carbon dioxide (CO2) were measured, the experimental results show that the spectral peak drift errors
were found to be less than 0.18%.

INDEX TERMS Fourier transform spectrometer, lightweight, medium-wave infrared, miniaturization,
micro-optical element, spectral measurement.

I. INTRODUCTION
Fourier transform spectrometers (FTSs) have the advan-
tages of being multichannel (the Fellgett advantage) and
having a high throughput (the Jacquinot advantage). They
are widely used in the biopharmaceutical, food safety,
and environmental-monitoring fields [1]–[8]. The continu-
ous advancement of science and technology has gradually
improved the performance of FTSs; However, various fields
have put forward an urgent requirement for real-time online
measurement of spectra in emergency situations and severe
environments. Spatially modulation FTSs contain no mov-
ing parts, making their structure more stable and giving
them a stronger ability to achieve transient-target spectral
detection. Therefore, while traditional temporallymodulation
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FTSs continue to be developed, attention has also been paid
to the original method of static spatially modulation FTS
measurements. Developments have focused on decreasing
the size and weight of the instruments to further adapt
them to the application requirements of real-time online
monitoring [9]–[12].

In the 1990s, Linkemann et al. found that multiple equally
spaced optical path difference (OPD) sampling points will be
distributed in space when two coherent beams are reflected
and superimposed by two symmetrically inclined reflection
planes. Based on this, an FTS without moving parts was
proposed [13]. Subsequently, Moeller proposed a design con-
cept replacing the inclined reflection planes with stepped
mirrors, which solved the energy losses that result from the
use of inclined reflection planes. This stepped mirror struc-
ture provided a new method to realize spatially modulation
FTSs [14], [15].
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Based on the design concept proposed by Moeller,
in 2011, Feng et al. proposed the structure of a static
Fourier transform spectrometer (SFTS) instrument based on
a stepped mirror. They studied the diffraction effects of
stepped mirrors and theoretically demonstrated the feasibil-
ity of their miniaturization [16], [17]. In 2012 Zheng et al.
researched manufacturing technology for producing minia-
turized lower-stepped micromirrors and applied micro-
electromechanical systems(MEMS) technology to their
production, reducing their volume and weight [18]. Chen and
Zhang conducted theoretical and manufacturing research on
the higher-stepped micromirror and beam splitter, and they
built an SFTS system on an optical platform to obtain a
two-dimensional interferogram [19], [20].

In response to the urgent need for miniaturization of SFTS
devices for online monitoring and transient-target spectrum
measurements, in this paper, we propose a medium-wave
infrared SFTS based on micro-optical elements. This is a
lightweight and miniaturized spectrometer with high per-
formance and excellent environmental adaptability. We dis-
cuss the influence of the field of view on the reconstructed
spectrum of this micro-optical element SFTS (MOESFTS)
and present the design and optimization of its micro-optical
element system. In this work, interferogram-processing and
spectrum-reconstruction methods for the MOESFTS were
established, and we completed the construction of a proto-
type instrument. We also performed spectrum-measurement
experiments, and the results demonstrate that the measured
spectra of CH3NH and CO2 almost completely coincide with
the reference spectra from a commercial FTS system.

II. STRUCTURE AND PRINCIPLE OF MOESFTS
Fig. 1 shows an optical schematic diagram of the MOES-
FTS instrument. This comprises a medium-wave infrared
light source covering a wavelength band from 3.7 µm to
4.8 µm, a micro-optical collimator (MOC) lens, a minia-
ture interference system, a micro-optical relay (MOR) lens,
and a medium-wave infrared array detector. The miniature
interference system comprises stepped micromirrors and a
lightweight beam splitter. The MOR comprises a microlens
array (MLA) and a relay lens (RL).

The working principle of the system as follows. Light from
the infrared source is incident on the miniature interference
system after being collimated by the MOC. It is then split
by the lightweight beam splitter into two beams with equal
intensity, and these are transmitted to the lower-stepped and
higher-stepped micromirrors to achieve phase modulation.
The two reflected beams with spatially phase-modulation
information then return to the beam splitter to interfere. The
interference beams propagate and are coupled by the MOR to
the array detector to form an interferogram in the form of a
two-dimensional point array.

In the miniature interference system, the higher-stepped
and lower-stepped micromirrors are located symmetrically
with respect to the lightweight beam splitter, and the
steps are arranged orthogonal to one another. Therefore,

FIGURE 1. Optical schematic diagram of the MOESFTS instrument.

N×N phase-modulation units are formed by these micromir-
rors, where N is the maximum number of substeps of the
micromirrors.

The phase-modulation unit (m, n) formed by the mth sub-
step of the higher-stepped micromirror and the nth substep
of the lower-stepped micromirror, which is placed orthog-
onally, leads to an optical path difference (OPD) that can
be expressed as δ(m, n) between the two beams reflected
by the mth and nth substeps such that δ(m, n) = 2(Nm −
n)d , where d is the height of lower substeps and Nd is
the height of the higher substeps. The two beams interfere
with each other, and the resulting interference intensity is
expressed as Iδ(m,n). The design heights of the two kinds of
substeps satisfy the Nyquist–Shannon sampling theorem, and
a two-dimensional N × N point-array interferogram will be
obtained by the detector while measuring a spectrum using
the MOESFTS. Image preprocessing is performed on the
point-array interferogram to obtain the interference-image
point-intensity sequence Iδ . The Fourier transform of Iδ is
taken to reconstruct the spectrum as

B(σ ) = F {Iδ − I0} =

+∞∫
−∞

(Iδ − I0) e−i2πσδdδ (1)

where B(σ ) is the reconstructed spectrum and I0 is the DC
offset of the measured interferogram.

III. MOESFTS SYSTEM DESIGN
A. STEPPED MICROMIRROR DESIGN
The wavelength band of MOESFTS is from 3.7 to 4.8 µm,
and the theoretical spectral resolution can be expressed as
1σ0 = 7.8 cm−1. According to the Nyquist–Shannon prin-
ciple, the OPD sampling interval for the interference-image
point-intensity sequence must meet the criterion 2d <

1.5 µm. If the maximum OPD is δmax, this will give a
relationship with spectral resolution of 1σ0 = 1/δmax, and
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the maximum OPD generated by the N th higher substep and
the N th lower substep can be expressed as δmax = 2N 2d .
According to this relation, considering the manufacture of
the stepped micromirrors and the requirements of spectral
resolution, the design parameters of the stepped micromirrors
can be calculated, and these are shown in Table 1.

TABLE 1. Design parameters of the stepped micromirrors.

B. FIELD-OF-VIEW ANALYSIS AND MOC DESIGN
To increase the luminous flux of the MOESFTS system, it is
necessary to increase its field of view. However, increasing
the field of view will broaden the spectrum and reduce the
spectral resolution [21]. Because MOESFTS introduces a
micro-optical element MLA and uses its spatially modulation
characteristics, there is a one-to-one correspondence between
the closely spaced phase-modulation units and the closely
spaced microlens units of the MLA. As such, increasing the
field-of-view angle will lead to crosstalk between the inter-
ference intensity information of adjacent units, reducing the
spectral resolution and also distorting the spectrum. There-
fore, it is necessary to consider not only spectral broadening
but also spectral distortion caused by this crosstalk.

Fig. 2(a) shows a schematic diagram of the transmis-
sion process of a single spectral-channel beam. If the light
emanates from an ideal point source, the MOC only emits
the collimated beam in the center field of view along the
optical axis, that is, the blue beam in Fig. 2(a). We designed
the shape and size of each microlens unit of the MLA to
be the same as that of its corresponding phase-modulation
unit to ensure that each interference-image point will only
contain the interference-intensity information from a single
phase-modulation unit.

In reality, however, the light source will be an extended
rather than a point source. In addition to the collimated beam
from the center field of view along the spectral axis of the
MOC, there are therefore also collimated beams emitted
from every off-axis field of view. That is, the red beam
in Fig. 2(a), which is emitted from the sagittal edge field
of view, and the yellow beam, which is emitted from the
tangential edge field of view. The collimated beams emitted
from the sagittal and tangential edge fields of view are both
reflected back to the lightweight beam splitter by two adjacent
substep surfaces when they are transmitted to the stepped
micromirror. The intensity of the interference-image point
formed by the beams of the two fields of view is obtained

FIGURE 2. (a) Schematic diagram of single spectral channel
beam-transmission process. (b) Subfield of view distribution on the
phase-modulation equivalent plane.

on the focal plane of the MLA. Each image point will con-
tain the interference-intensity information from two adjacent
phase-modulation units. The larger the angle of view, the
more serious this crosstalk of interference-intensity informa-
tion and the larger the spectral broadening.

To determine the design parameter index of the field of
view ω of the MOESFTS system, it is necessary to first deter-
mine the relationship between the spectral-broadening range,
the degree of spectral distortion, and the field of view. The
spectral-broadening range is the wave number for spectral
broadening, expressed as 1σ , and we introduce the normal-
ized spectral error constant NSEC to evaluate the degree of
spectral distortion, which is expressed as:

NSEC =
σmax∑
σmin

|B (σ )− B0 (σ )|
|B0 (σ )|

, (2)

where B0(σ ) is the reference spectrum. The larger the NSEC
of a spectrum, the more severe the spectral distortion.

This paper proposes a field-of-view integral model of the
interference-image point intensity to obtain the value of 1σ
and the NSEC of spectra obtained with different ω values.
The model for this is as shown in Fig. 2(b). We locate
all the phase-modulation units on a single plane, termed
the phase-modulation equivalent plane. Establishing a polar
coordinate system on this plane, the origin of coordinate
system O is the central point of phase-modulation unit (m, n).
In response to the unique structure of the MLA, the field of
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view of each microlens unit [the green rectangular field of
view in Fig. 2(b)] is divided into multiple subfields of view
[the red rectangular field of view in Fig. 2(b)], which are
expressed as (ρx , ωy). The intensity of the interference-image
point formed on the focal plane of a microlens unit is obtained
by integration of the intensity of the image point of the
collimated beam of each subfield of view, as:

Iδ(m,n) =
∫ a

0

∫ 2π

0
I
(
ρx , ωy

)
dρxdωy, (3)

where a is the displacement between the central point of
the off-axis edge subfield of view and the central point
of the on-axis central subfield of view. The relationship
between a and l, which is the distance from the MLA to the
phase-modulation equivalent plane such that a = l tan(ω).
The function I (ρx , ωy) represents the intensity of the image
point of the outgoing collimated beam of the subfield of view
(ρx , ωy), and Iδ(m,n) is the intensity of the image point of
phase-modulation unit (m, n).

Although in this case we do not know I (ρx , ωy), we can
derive it. Taking the subfield of view (ρ0, ω0) in Fig. 2(b) as
an example, (ρ0, ω0) represents the red rectangular subfield
of view whose center point polar coordinate is (ρ0, ω0).
The collimated beam of (ρ0, ω0) is modulated by four
phase-modulation units, specifically (m, n), (m, n−1), (m+1,
n− 1), and (m, n+ 1). The intensity of the image point of the
collimated beam of (ρ0, ω0) is then:

I (ρ0, ω0)

=B (σ ) cos (2πσδ (m+ 1, n−1)) ρ20 cosω0 sinω0

+B (σ ) cos (2πσδ (m, n− 1)) ρ20 (1−cosω0) sinω0

+B (σ ) cos (2πσδ (m+ 1, n)) ρ20 cosω0 (1−sinω0)

+B (σ ) cos (2πσδ (m, n)) ρ20 (1−cosω0) (1− sinω0) ,

(4)

According to (3) and (4), we can obtain the intensity dis-
tribution of the interference-image point array. Performing
image preprocessing on this and taking the Fourier transform
to obtain the spectrum B(σ ), we can then also obtain the
values of 1σ and NSEC. By changing ω, the values of
1σ and NSEC at different ω values are calculated from the
field-of-view integral model of the interference-image point
intensity. In this way, the fitted curves shown in Fig. 3(a) were
obtained.

While satisfying the conditions 1σ ≤ 8 cm−1 and NSEC
≤ 0.1, we try to increase the angle of field of view to ensure
sufficient luminous flux for the spectrometer. The field of
view of the MOESFTS system was determined to be ω =
0.5◦, and this also determines the field of view of the MOC,
expressed as ωMOC. The main parameters of the MOC are
shown in Table 2.

A diffractive–refractive lens was adopted for the optimized
MOC design. Simulation results showed that the extended
angle of the collimated beam from each field of view of
the MOC is less than 0.037 mrad. We tested the produced
diffractive–refractive lens MOC by using it to collimate

FIGURE 3. (a) Fitted curves showing the relationship between the 1σ and
NSEC values of the reconstructed spectrum and the field of view of the
MOC, ω. (b) Intensity distribution of the collimated beam emitted from
the MOC on the area array detector.

TABLE 2. Main design parameters of the MOC.

beams emitted from the infrared light source. The intensity
distribution of the collimated beam on the array detector is
shown in Fig. 3(b), and the standard deviation of the test
intensity was 202.73 digital number (DN) value. The uni-
formity of the illumination was 97.7%, which indicates that
the beams emitted from the MOC lens have good collimation
performance and illumination uniformity.

C. MOR DESIGN
The design of the MOR system can be divided into two
sections: the design of the MLA and the design of the RL.
As described in Section III-A, the MLA modulates the inter-
ference beam emitted from the miniature interference system
into an interference-image point array and then couples this to
the array detector through the RL for secondary imaging. The
number, shape, and size of the microlens units in the MLA
are the same as those of the corresponding phase-modulation
units. The RL is an object-space telecentric system, and this
adopts micro-optical elements which is a binary diffraction
lens to realize. The MOR and infrared array detector must
meet the cold stop matching requirement to suppress the
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TABLE 3. Main parameters of the infrared array detector.

TABLE 4. Main parameters of the MLA.

TABLE 5. Main parameters of the RL.

negative effects of stray light. Table 3 shows the main param-
eters of the infrared array detector.

To match the MLA and the RL, it necessary that the
image-space numerical aperture of the MLA, expressed as
NAi, is equal to the object numerical aperture of the RL,
expressed as NAo. The value of NAo can be calculated from
the magnification of the MOR (β) and the value of F# shown
in Table 3. According to Tables 1 and 2, we can obtain β =
256 × 30/1000 × 32 = 0.24. Then, NAo = β/2F#

=

0.03 and NAo = NAi = 0.03. Therefore, the focal length of
the MLA, f1, can be obtained from the aperture diameter of
the MLA microlens unit. The main parameters of the MLA
are as shown in Table 4. We can see that the field of view of
the MOR is equal to that of the MOC due to the combination
of the MOR with the miniaturized interference system.

The RL is a micro-optical element, the back surface of
which is the binary diffraction surface. It is made from
a kind of chalcogenide glass that can realize an athermal
design and simpler processing of the binary diffraction sur-
face. Table 5 lists the main parameters of the RL. The root-
mean-square (RMS) radius of the image points must be less

FIGURE 4. (a) Ray-tracing diagram of the MOR and representative
microlens units selected on the MLA. (b) MTF curve of the RL. (c) MTF
curve of the MOR. (d) Full-field RMS radius of the interference-image
point corresponding to each microlens unit selected at temperatures of
−20◦C, 20◦C, and 60◦C.

than the width of four detector pixels to ensure that the
interference-image points from adjacent spectral channels are
not aliased. The exit pupil position of theMORmust coincide
with the cold stop position of the detector.

We optimized the design of the MOR according to the
parameters and requirements above. A ray-tracing diagram
of the MOR was obtained by simulation, and this is shown
in Fig. 4(a). Several representative micro-lens units of the
MLA were selected to evaluate the design of the MOR, and
the full-field RMS radius of the interference-image point
formed by the incident beam was used as the basis of this
evaluation.

As illustrated in Fig. 4(a), nine microlens units were
selected, among which ¬, ®, ², and ´ are diagonal units,
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 and ³ are tangential edge units, and ¯ and ± are sagittal
edge units. Fig. 4(b) and 4(c) show the modulation transfer
functions (MTFs) of the RL and the MOR, which are both
greater than 0.6. Fig. 4(d) shows the full-field RMS radius of
the interference-image point corresponding to eachmicrolens
unit selected at temperatures of −20◦C, 20◦C, and 60◦C,
which are all less than 120 µm. This indicates that the MOR
has achieved an achromatic and athermalized design, and the
result meets the various requirements of the parameters.

IV. SPECTRUM-RECONSTRUCTION PROCESSING
Based on the results of the designs of the stepped micromir-
rors, the MOC, and the MOR, we simulated the structure and
light-field propagation of the MOESFTS system. An image
point-array interferogram of a monochromatic light source
was obtained, and this is shown in Fig. 5.

FIGURE 5. Image point-array interferogram obtained by simulation.

The two-dimensional interferogram should be reprocessed
to obtain a one-dimensional interferogram for reconstruction
of the spectrum, and this is called dimension reduction [22].
Choosing an interference-image point corresponding to a
certain phase-modulation unit (m, n), we set the central
pixel coordinate as (jm, kn). We take the mean value of
the g ×g neighbor pixel intensities of the (jm, kn) as the
interference-image point intensity Iδ(m,n), where g is the num-
ber of pixels occupied by the phase-modulation unit at which
an interference-image point is located.

We suppose the coordinate difference between the center
pixels of any adjacent interference-image point is u; that
is, the central pixel of the interference-image point corre-
sponding to the phase-modulation unit (m + p, n + q) is
expressed as (jm + up, kn + uq). In this way, we com-
plete the central-pixel addressing of each interference-image
point, and the intensity of all interference-image points
can be obtained. The dimension-reduction reprocessing can
then obtain the one-dimensional interference-image point-
intensity sequence from the two-dimensional image point-
array interferogram.

It is also necessary to remove the DC offset of
the one-dimensional interference-image point-intensity
sequence. The ideal intensity of the DC offset of each
interference-image point will be equal; However, in actual

FIGURE 6. (a) Structure diagram of the MOESFTS system for gas
measurements. (b) Photograph of the prototype MOESFTS system used
for gas measurements. (c) Structure diagram of the MOESFTS system used
for liquid measurements. (d) Photograph of the prototype of the
MOESFTS system used for liquid measurements.

conditions, factors such as instability of the light source
or system errors will cause changes in the intensity of the
DC offset of each interference-image point. By fitting the
interference-image point-intensity sequence, the DC offset of
each interference-image point can be obtained and it can be
removed from the intensity sequence to correct the spectral
error.

We take the coordinates of the maximum interference-
image point intensity Iδ(m,n) max as the origin, and the OPD δ
of each phase-modulation unit has a one-to-one corre-
spondence with interference-image point intensity Iδ(m,n).
Selecting the appropriate window function to apodize the
interference-image point-intensity sequence, we can sup-
press spectral side-lobe oscillation. The interference-image
point-intensity sequence Iδ that matches the OPD sequence
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FIGURE 7. Measured narrowband light-source spectra after calibration.

is then obtained, and substituting Iδ into (1), we can get the
reconstructed spectrum.

V. EXPERIMENTAL RESULTS
A. MOESFTS PROTOTYPE
We completed the manufacture of the micro-optical elements
such as the MOC, the miniaturized interference system, and
the MOR. The overall layout of the MOESFTS prototype
was designed, and the assembly and adjustment of the pro-
totype was completed. To further reduce the volume of the
prototype, we used an infrared mirror to fold the optical path
of the MOR system. In addition, a slide rail was introduced
into the mechanical structure of the sample cell to make the
MOESFTS system compatible with gas and liquid sample
cells. Fig. 6(a) and 6(b) show a structure diagram and a pho-
tograph of the prototype system used for gas measurements,
respectively, and Fig. 6(c) and 6(d) show a structure diagram
and a photograph of the system used for liquidmeasurements.

B. SPECTRAL CALIBRATION
We used a black-body light source to perform spectral cal-
ibration on the MOESFTS, inserting different narrowband
filters in the optical path to form a narrowband light source.
The parameters of the four filters used were central wave
number 2124 cm−1 with bandwidth 45.1 cm−1, central
wave number 2208 cm−1 with bandwidth 46 cm−1, central
wave number 2343 cm−1 with bandwidth 29.9 cm−1, and
central wave number 2424 cm−1 with bandwidth 44.4 cm−1.
We performed spectrum measurements using these four nar-
rowband light sources and carried out least-squares fitting
between themeasured and theoretical peak positions to obtain
the offset and gain coefficients. We then calibrated the mea-
sured peak positions with these coefficients and measured
the narrowband light-source spectra again. The results of this
calibration are shown as the solid lines in Fig. 7, in which the
dashed lines indicate the theoretical spectrum curves.

The numerical results of the spectral peak position cali-
bration are shown in Table 6. The maximum peak position
error was 14 cm−1, and the maximum peak position shift
was 0.63%.

C. SAMPLE SPECTRUM MEASUREMENT
We performed spectrummeasurements of anhydrous CH3NH
with a mass fraction greater than 99.7%, and the resulting

FIGURE 8. (a) Point image array interferogram of the measured CH3NH
(b) Normalized interference-image point-intensity sequence. (c) Spectrum
curve of CH3NH measured by MOESFTS.

TABLE 6. Results of the spectral peak position calibration.

interferogram is shown in Fig. 8(a). This was then pre-
processed to obtain the interference-image point-intensity
sequence by removing the DC offset and addressing and
apodizing with a Blackman function. The resulting normal-
ized interference-image point-intensity sequence is shown
in Fig. 8(b). We then took the Fourier transform of this inten-
sity sequence to obtain a spectrum curve for the anhydrous
CH3NH, and this is shown in Fig. 8(c).

We also performed a spectrum measurement of CO2
gas with a concentration of 99%, and the resulting inter-
ferogram is shown in Fig. 9(a). Again, the normalized
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FIGURE 9. (a) Point image array interferogram of the measured CO2.
(b) Normalized interference-image point-intensity sequence. (c) Spectrum
curve of CO2 measured by MOESFTS.

interference-image point-intensity sequence is shown in
Fig. 9(b), and the final spectrum curve obtained by Fourier
transform is shown in Fig. 9(c). In Fig. 8(c) and 9(c), the solid
lines indicate the sample spectra measured by the MOESFTS
prototype, while the dashed lines show the standard reference
spectra of each sample. The standard spectrum data were
all derived from the measurement results obtained using a
Bruker VERTEX 70v temporally modulation FTS with the
measured spectral resolution set to 8 cm−1. The sampling
time was 1 min.

The numerical results of the MOESFTS sample measure-
ment data are shown in Table 7. The spectral peak positions
of the CH3NHwere 2261 cm−1 and 2296 cm−1, and the drift
errors compared with the standard spectral peak positions
were 0.18% and 0.09%. The spectral peak positions of the
CO2 were 2302 cm−1 and 2333 cm−1, for which the drift
errors were both 0.17%.

Generally speaking, if the shift in the spectral peak position
is less than half of the spectral resolution, it is considered
that the spectral accuracy requirement is met. The spectral

TABLE 7. Results of the spectra measured By MOESFTS.

resolution of MOESFTS is 8 cm−1, so the spectral peak posi-
tion error is required to be less than 4 cm−1. The experimental
results show that the spectral peak position errors of all the
measured spectra are less than 4 cm−1. This indicates that the
MOESFTS system meets the spectral accuracy requirements.

VI. CONCLUSION
This paper reports the design and construction of a
lightweight, miniature medium-wave infrared SFTS based on
micro-optical elements. Theminiaturized interference system
is composed of stepped micromirrors and a lightweight beam
splitter, which realizes static phase modulation to ensure
high stability. We proposed a field-of-view integral model
of the interference-image point intensity, and the influence
of the field of view on the spectrum was analyzed. The
system design parameters were obtained, and a prototype
was designed and constructed. A spectrum-reconstruction
algorithm suitable for the image point-array interferogram
was established.

Spectral calibration of the MOESFTS prototype was con-
ducted, and spectrum measurements of CH3NH and CO2
were performed. The measured spectra were found to coin-
cide with the standard reference spectra measured by a com-
mercial temporally modulation FTS system. The peak shifts
for CH3NH were 0.18% and 0.09%, and the peak shifts for
CO2 were both 0.17, meeting the spectral accuracy require-
ments.

In future work, we will perform intensity calibration of
the MOESFTS system to realize quantitative detection of
substances. Regarding the algorithms, further research into
spectral denoising and enhancement of the spectral resolution
will be carried out to achieve high-sensitivity detection of
substances.
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