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Abstract: As an advanced device for observing atmospheric winds, the spaceborne Doppler Asymmetric
Spatial Heterodyne (DASH) interferometer also encounters challenges associated with phase distortion, par-
ticularly in limb sounding scenarios. This paper discusses interferogram modeling and phase distortion cor-
rection techniques for spaceborne DASH interferometers. The modeling of phase distortion interferograms
with and without Doppler shift for limb observation was conducted, and the effectiveness of the analytical
expression was verified through numerical simulation. The simulation results indicate that errors propagate
layer by layer while using the onion-peeling inversion algorithm to handle phase-distorted interferograms. In
contrast, the phase distortion correction algorithm can achieve effective correction. This phase correction
method can be successfully applied to correct phase distortions in the interferograms of the spaceborne

DASH interferometer, providing a feasible solution to enhance its measurement accuracy.
Key words: Doppler asymmetric spatial heterodyne spectroscopy; phase distortion; phase inversion; atmo-
spheric wind measurement
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1 Introduction

The ionosphere constitutes a segment of Earth's
atmosphere where gas molecules undergo ioniza-
tion into plasma under the influence of solar radi-
ation. Temperature changes produced by solar radi-
ation lead to air pressure gradients that produce ther-
mospheric winds!'?. Investigating thermospheric
winds as an integral part of atmospheric models
contributes to a more comprehensive understanding
of dynamic atmospheric processes, including the in-
fluence of solar radiation on temperature, density,
and pressure distribution. Such insights are crucial
for researching climate and weather changes and
predicting atmospheric behavior’!,

Passive optical techniques have been widely
employed for detecting thermospheric wind and
temperature over the past few decades™. The Fabry-
Perot Interferometer (FPI) and Michelson Interfero-
meter (MI) are representative passive optical tech-
nologies extensively used for detecting thermo-
spheric winds and temperatures in satellite and

ground applications®. FPI, while effective, imposes

doi: 10.37188/CO.EN-2024-0007

CSTR:32171.14.CO.EN-2024-0007

high manufacturing tolerances and has a limited
field of view, often requiring large-sized systems to
achieve high optical throughput’. On the other
hand, traditional MI incorporates moving parts and
is unsuitable for satellite-based observations. To ad-
dress these challenges, the Doppler Asymmetric
Spatial Heterodyne (DASH) concept was proposed
in 2006". The DASH interferometer can simultan-
eously detect multiple spectral lines without need-
ing moving parts. Benefiting its structural advant-
ages, the DASH interferometer maintains a relat-
ively small device volume while implementing
field-of-view expansion techniques™. Additionally,
DASH interferometers can minimize instrument
thermal drift by selecting suitable materials and geo-
metric shapes, as well as additional instrument
thermal drift tracking, making it suitable for satel-
lite based observations®.

The prerequisite for achieving high wind speed
detection accuracy is a high-precision phase inver-
sion algorithm. Spaceborne DASH interferometers
commonly employ a two-dimensional detector ar-
ray as the receiving device, projecting the atmo-

sphere at different tangent heights onto various rows
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of the two-dimensional detector array to achieve
altitude profiling. While the phase of the fringes
along each column of the two-dimensional detector
array is theoretically identical, practical considera-
tions such as the tilt or rotation of the grating, un-
evenness of the interferometer surface, non-uni-
formity of the interferometer glass index, or image
distortion in the exit optics can introduce phase de-
viations, potentially impacting the accuracy of wind
speed inversion™?!,

Several studies have substantiated the feasibil-
ity of rectifying phase domain distortions in inter-
ferograms. Englert et al. introduced a method to as-
certain frequency-dependent phase distortions, util-
izing a tunable monochromatic light source to de-
termine phase distortions as a function of wavenum-
ber and optical path difference. The correction of
phase distortions is accomplished by convolving the
correction function in the spectral domain!'!l. This
approach was subsequently extended to DASH in-
terferometers. A least squares algorithm was em-
ployed to fit linear functions to the phase curves of
neon and oxygen lines, with the resulting residuals
representing the instrument's phase distortion at
these wavelengths!'?. The Michelson Interferometer
for Global High-resolution Thermospheric Imaging
(MIGHTI) instrument employs a method to correct
fringe pattern phase distortions by measuring the
phase of fringes during the TVAC (Thermal Vacu-
um Chamber) period under uniform diffuse emis-
sion line source illumination. The measured phase is
then subtracted from a perfectly linear phase to ob-
tain a phase distortion corrected image!. More re-
cently, Wei et al. reported a method for correcting
phase distortions in the phase domain by establish-
ing a correction matrix. The results demonstrated
that interferogram correction does not impact the re-
trieval of Doppler winds!*.,

However, Limb sounding data from space-
borne DASH interferometers are typically pro-
cessed using the onion-peeling inversion method,
which has the disadvantage of propagating errors

layer by layer. Phase distortions can result in errors

that are more severe than those of ground-based
DASH interferometers. This paper starts from theor-
etical derivation and extends the phase distortion
correction method proposed by Wei et all' for
ground-based DASH interferometers to the correc-
tion of phase distortion in spaceborne DASH inter-
ferometers, through theoretical analysis and numer-
ical simulations, we thoroughly analyze the process
of distortion correction for spaceborne DASH inter-

ferometers.

2 Theoretical analysis

The DASH interferometer improves upon the
MI by substituting the mirrors at the ends of its two
arms with diffraction gratings. In one of the arms,
an additional optical path difference is introduced to
augment the sensitivity of phase measurements. The
principle diagram of the DASH interferometer is il-

lustrated in Fig. 1.

DASH

Incident — )
wavefront Ad Prism

Front optics

Camera
optics

e Detector

Fig. 1 Schematic diagram of DASH interferometer

The incoming radiation undergoes division in-
to two coherent wavefronts by a beam splitter. Sub-
sequently, after reflection from diffraction gratings,
these wavefronts reunite on the detector, creating a
Fizeau fringe pattern. Unlike the Spatial Hetero-
dyne Interferometer, where the zero optical path dif-
ference point is at the center of the detector, DASH

shifts to a specific position on one side®™. For a
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ground-based DASH interferometer, the interfer-
ence pattern recorded at position x canbe ex-

pressed as

I(x) = j: B(@) {1 +cos[2n(fx+20Ad)]}do |
(D
where x represents the position along the horizontal
axis of the detector, B(o) is the observed spectral
density, o is the central wavenumber of the emis-
sion line, Ad denotes the offset in one arm of the in-
terferometer, and f signifies the spatial frequency.

The spatial frequency can be calculated by

f:4tan9L(0'_0'L) , @)

where 6 represents the Littrow angle, and o is the
Littrow wavenumber. The impact of neutral wind
manifests as a Doppler shift in the spectrum, B(o),
which transforms into a phase shift in the interfero-
gram I(x) after modulation through the interfero-
meter. Determining the Doppler velocity requires
establishing the phase of the interferogram. This in-
volves performing a Fourier transform on the inter-
ferogram, isolating the target spectrum through a
window function, applying an inverse Fourier trans-
form to the isolated spectrum to obtain a complex
interferogram, and subsequently executing opera-
tions such as taking the ratio of the imaginary part to
the real part, inverse tangent, and phase unwrapping
to obtain the phase of the interferogram. To calcu-
late the phase shift, it is essential to determine the
phase difference between two interferograms—one
with Doppler shift and one without Doppler shift.
The relationship between the phase difference and

the Doppler velocity is

B 2nD

A(]ﬁ—TV s (3

where A¢ is the phase shift, D is the optical path
difference, v is the wind speed, A is the rest
wavelength of the emission line, and ¢ is the speed
of light.
2.1 Line-of-sight wind retrieval

Eq. (1) delineates the interferogram expression

derived from the ground-based DASH interferomet-

er. However, within the Earth's atmosphere, each
layer exhibits distinct wind, temperatures, and
volume emission rates (VER). The spaceborne
DASH interferometer operates in orbit at an altitude
of approximately 500 km, employing limb sound-
ing mode to observe the target atmospheric layer.
Each pixel along a detector row is treated as a line
of sight (LOS), encompassing contributions from
various atmospheric layers. The limb-sounding con-
figuration of the spaceborne DASH interferometer is

depicted in Fig. 2.

Line of sight, m=0

a,
a,

ay

Fig. 2 Schematic diagram of limb sounding for space-
borne DASH interferometer. The angle between the
tangent of the intersection of the mth LOS and the

nth layer is @,

In Fig. 2, n signifies the number of atmospher-
ic layers, and m represents the LOS index. While
the LOSs are tangent to their corresponding atmo-
spheric layers, when m exceeds 0, the LOS inter-
sects other layers before reaching the tangential
point. These additional layers introduce extra Dop-
pler shifts, rendering Eq. (1) unsuitable for describ-
ing the interferogram obtained by the spaceborne
DASH interferometer. This equation is applicable
only when the phase shift remains uniform for each
row. Therefore, it becomes imperative to formulate
a LOS integration model. Under the assumption of
uniform wind, where airglow VER and wind speed
are latitude and longitude independent but constant
across small altitude layers, the signal received by
the charge-coupled device (CCD) in the mth row of

the field of view is represented as H,,(x)!"!
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N-1
Hm (X) = Z (J;) Bn (O— - Ao-mn) :
n=0
(1 +cos{2n[fx+20,Ad]})do)w,,, (4)

where N is the number of altitude layers, B,(o)
describes the unknown spectrum without Doppler
shift at altitude n, Ao, represents the Doppler shift
caused by LOS m: at altitude n, and w,,, denotes the
path length of the mth LOS through the nth layer.

The expression is as follows

w,,m=2(\/r,2171—r§—\/r,%—r,2n) . (5)

Fig. 2 describes the physical meaning of

Eq. (5), where the path length matrix w is defined
by the spacecraft's orbit, the vertical sampling resol-
ution, and the LOS direction®. Here, r, represents
the altitude of the nth atmospheric layer plus the
Earth's radius, and r,, is the altitude of the intersec-
tion point of the mth LOS plus the Earth's radius.
After calibration steps, the corrected interferogram
is presented as a complex interferogram. The Dop-
pler shift Ao, in Eq. (4) is converted to phase shift
A¢,, and due to the angle between the LOS and the
tangent to the layer, A¢, cosa,, is used to represent
the phase shift caused by wind within the nth layer
in the LOS direction. cosa,,, is expressed by the
following formula

r—m,mZn . (6)

n

cosa,,, =

The complex interferogram after calibration is

represented as

Hy ()= ) L™ w,, Ymel0,M~1],
n=0
P

where /,(x) is the complex intensity of the interfero-
gram of the nth layer, A¢,cosa,, represents the
phase shift caused by wind within the nth layer in
the LOS direction.

As the top measurement has no contributions
from other altitudes, the attribute of the top altitude
can be directly obtained from the measurement at
the top. In the second measurement, contributions

from the second and top layers are present. There-

fore, the contribution of the top attribute can be
removed from the second measurement, resulting
in the attribute of the second layer. This process
continues iteratively for subsequent measureme-
nts!"”, The inversion process can be expressed as

follows

, 1
Iy (x) e = —Hy (x)
Woo

mm

. 1 m—1 ) ‘
Im (-x) equ}m = — (Hm (.X)_ Z In (x) e'/A(ﬁ” €08 wmn]
w n=0
Ymel[l,M-1] . (8)

After performing the computation outlined in
Eq. (8), the data following the onion peeling pro-
cess is obtained. Each data row encompasses the
phase shift induced by the wind within each layer
along the LOS direction. Subsequently, utilizing the
aforementioned wind retrieval method, correspond-
ing phase values can be acquired and employed to
calculate wind speed.
2.2 Phase distortion modeling

Eq. (4) describes the fringe pattern obtained by
the spaceborne DASH interferometer in an ideal
state. As mentioned earlier, the fringe pattern ob-
tained by the interferometer is not ideal: it is accom-
panied by the tilting and bending of the fringes. The
tilt of the fringes is primarily caused by the tilted in-
stallation of the grating, resulting in a wavefront tilt-
ing in y direction and introducing an additional spa-
tial modulation in y direction. According to the re-

14,17

ports by Harlander et al. and Wei et al.'"*'7, the spa-
tial frequency generated in y direction can be ob-

tained by

fi=2B810+Bmd" (9

where B, denotes a small angle of rotation of the
grating about an axis perpendicular to the direction
of the groove, and 3, denotes a small angle of rota-
tion of the grating about a line normal to the plane
of the grating, m, is the diffraction order, and d is
the grating's groove spacing. The tilt of the grating
leads to an additional spatial frequency, which can

be divided into two parts: 23,0 is related to the in-
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cident wavenumber, and B,m,d~" is associated with

the diffraction order of the grating. Taking into ac-

count the tilt of the fringes and other phase distor-

tion terms ®, Eq. (7) is rewritten as

Hm ()C, y) = Z In (.X) : ejA(ﬁ“ cosar,,,,,+(2ﬁ|o’+ﬁgm“,d")y+®(o’,x,y)wmn Vm € [0, M - 1] . ( 10)

n=0

Merging several adjacent pixels on a sensor in-
to a single pixel, known as pixel binning, represents
a crucial technique for enhancing the signal-to-noise
ratio of interference patterns, albeit at the cost of a
reduction in resolution. Directly applying pixel bin-
ning to interference patterns with phase distortions
results in a loss of contrast. The thermal effects
within interferometers manifest as a universally en-
countered phenomenon, with specific instrument
parameters, such as optical path difference and the
refractive index of the field-widening prism, under-
going gradual changes over time. To correct the
thermal drift of interferometers over time, the com-
monly employed method for quantifying interfero-
meter thermal drift involves the utilization of an on-
board calibration lamp as a reference source!'®l. This
method entails measuring the phase shift closely
matching the wavelength of the airglow lines. By
subtracting the phase of the calibration lines from
that of the atmospheric fringes, the purpose of cor-
recting the interferometer thermal drift is achieved.
The wavelength of the calibration lamp differs from
that of the airglow by approximately 0.1%!"®. Theor-
etically, phase distortions, as a systematic error, can
also be approximately eliminated during this sub-
traction process. However, phase distortions are
highly sensitive to minor variations in refractive in-
dex or optical component dimensions, resulting in a
time-dependent and long-term variation in the phase
response. Moreover, thermal changes exhibit peri-
odicity related to the satellite's orbital altitude. Not-
ably, not every instrument exposure allows for the
simultaneous acquisition of interference patterns
from the airglow and the calibration lamp. Inconsist-

ent acquisition times, leads to additional errors dur-

ing the correction process of phase distortions.
Therefore, it is essential to develop a method for
correcting phase distortions that can be applied dur-
ing each exposure.
2.3 Phase distortion correction

As articulated in Eq. (10), distortion terms
2B10 +Bam,d™" and O(o,x,y) manifest in the phase
domain. A viable approach to mitigate these distor-
tions involves conducting corrections in the phase
domain, thus eliminating these distortion terms. The
methodology for acquiring Doppler shifts in space-
borne DASH interferometers is akin to ground-
based DASH interferometers. It necessitates two in-
terferograms: one representing the Doppler shift in-
duced by LOS wind and the other serving as a refer-
ence interferogram without any Doppler shift, com-
monly called the zero-wind interferogram. During
the device's on-orbit operation, acquiring the inter-
ferogram of zero wind is impossible. Therefore, a
"zero-wind maneuver" method is employed to ob-
tain the interferogram of zero wind generated by air-
glow. The spacecraft performs yaw maneuvers, ob-
serving the same region of the atmosphere from op-
posite directions within a short time frame. Assum-
ing the wind field remains relatively unchanged dur-
ing this period, the obtained interferograms are in-
verted separately. Two wind profiles are derived
from these inverted interferograms, and their sum-
mation should approximate zero, allowing the de-
termination of the zero-wind phase!". Hence, it is
imperative to correct two interferograms simultan-
eously. The expressions for interferograms, encom-
passing phase distortions, are provided for both non-

Doppler-shifted and Doppler-shifted cases

H,‘,);V (x,y) = Z B,(0,,) (1 +cos {2n[f0,l,” (00, x+207,Ad + (2[310'%,” +[32mgd_l )y +0 (0, x,y)]}) Won

n=0

Vmel[0,M—-1]

Variations in incident wavenumber have in-

an

duced changes in the terms related to wavenumber
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in the interferogram phase. Interferograms with dis-
tinct incident wavenumbers will manifest varying
spatial frequencies. Here, 20,Ad signifies the
phase extension arising from the bias of one arm of
the DASH interferometer, intending to increase the
numerical value of the phase and, consequently, en-
hance the precision of wind speed measurements.
O(0,x,y) denotes the phase distortion, exhibiting
variations with changes in the incident wavenumber
o and CCD positions (x and y). Post-Fourier trans-
formation of the interferogram, non-zero values are
present around the two exponential functions corres-
ponding to +f and —f. By applying a suitable win-
dow function to segregate +f, the modulated com-
ponent of the interferogram is obtained following
the inverse Fourier transformation. Ultimately, oper-
ations involving the imaginary part to real part ratio,
inverse tangent, and unwrapping are conducted on
the complex interferograms to extract the interfero-
gram's phase. The LOS of the spaceborne DASH
interferometer may encompass contributions from
numerous layers, including multiple layers of contri-
butions in the phase. For simplicity in the analysis
process, the phase of the non-Doppler shift fringes
and the phase of the mth row fringes with Doppler

FT, Window Function, IFT

Distor interferogram Complex

shift are represented as ¢, before performing the

“onion-peeling”
Gom =270 [ fonXx + 2070 Ad+
(28100, +Bomed™ )y + @y, | (12)

The spatial frequency of an interferogram
without Doppler shift is identified as f;. For a giv-
en incident wavenumber, the spatial frequency of
the generated interferogram can be determined
using Eq. (2). The distortions in the phase of an in-
terferogram without Doppler shift can be described

as

P — 2 fox =
om-[200d + (21070 + Bamed ™)y + @] . (13)

The modulated component of the interfero-
gram takes the form of an exponential function, in-
corporating distortion terms. Consequently, a cor-

rection matrix C is defined here
C= e—jZn[2lr0Ad+(2ﬁ|o-mﬁzmx,d")y+®0] ) (14

Finally, the modulated component of the dis-
torted interferogram is multiplied by the correc-
tion matrix C to obtain the corrected interferogram.
The flowchart of phase distortion correction is

shown in the Fig. 3.

Onion peeling

(without doppler shift) interferogram 1

" Subtract 27, .
Complex Calculate phase Phase ubtract 2fyx Phase distortion

interferogram 3 matrix 1 matrix

Calculate phase

Phase

Correction
interferogram 4

Calculate phase

matrix 2
Phase difference
Line of sight wind | —
Wind retrieval It . .
Phase Correction

matrix 3 interferogram 5

Exponential
opreation

Onion peeling Times

Correction

interferogram 1 —
l Correction matrix
Correction

-~

Onion peeling

interferogram 2

4

Times

I FT, Window Function, IFT
Distor interferogram

(without doppler shift)

Complex
interferogram 2

Fig. 3 The flowchart of phase distortion correction

It is essential to note that both interferograms,
with and without Doppler shift, require the utiliza-
tion of the correction matrix generated from the
zero-wind interferogram's phase. Following the cor-
rection for phase distortion, the phase of the inter-

ferogram with Doppler shift is expressed as

G =21 [frux+2(0, —09) Ad+
2B/ (0n—00)y+0,—0,] . (15
Notably, the correction algorithm eliminates
distortion terms from the phase for the zero-wind in-
terferogram. However, the phase distortion terms

are not entirely removed for interferograms with
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Doppler shift, and distortion terms 28,(c,, —0y)y
and ©,,—®, persist. The grating and the interfero-
meter connect through bonding, employing an ad-
hesive with an extended curing time and low stress.
Simultaneously, real-time monitoring of the inter-
ferogram is conducted during the adhesive curing
process. The grating's tilt angle 8, is meticulously
adjusted to keep the interference fringes as vertical
as possible, effectively suppressing undesired tilt.
Hence, the tilt angle B, of the grating can be well-
managed. The dependency of phase distortion term
® on the wavenumber o can be considered negli-
gible. Simultaneously, the phase difference between
the corrected interferogram with Doppler shift and
the zero-wind interferogram is computed. This
phase difference retains the phase extension intro-
duced by the bias term Ad. Additionally, the correc-
ted interferogram continues to encompass contribu-
tions from multiple atmospheric layers along a CCD
row, this characteristic allows for the regular applic-
ation of onion peeling for the inversion of the inter-

ferogram.

3 Simulated phase distortion correc-
tion and wind retrieval

In the preceding section, we introduced an al-
gorithm for correcting phase distortion in limb ob-
servation interferograms obtained from a space-
borne DASH interferometer. In this section, we
present an illustrative example of forward simula-
tion interferograms using incident light with a
wavelength of 557.7 nm. The emphasis is on valid-
ating the effectiveness of phase distortion correction.

The interferometer parameters are outlined in

Before correction

3380
=279 & 2535
2 1 1690 &
2 45 3
= 188 o F
g 845 %
5139 ~1690 &

¢ ~2535

37 3.9 4.1 43 45 3380

Optical path difference/cm

Tab. 1, and the simulated interferogram is depicted
in Fig. 4. An assumption of spherical symmetry is
applied to simplify the analysis, which presumes
that atmospheric parameters at each altitude layer
are independent of latitude and longitude!'®. Simul-
taneously, to validate the impact of the phase distor-
tion correction algorithm on wind speed retrieval,
a simulated wind speed profile was input, and two
interferograms with and without Doppler frequen-
cy shift were generated. No additional noise is
introduced in the simulation. Initially, the inversion
is performed directly on the uncorrected image,
Fig. 5(a) presents the retrieved LOS wind profiles.
The data in the figure indicates that the error gradu-
ally increases as the altitude decreases. This result
validates the influence of phase distortion on the in-
version process. Additionally, employing the onion-
peeling method for interferogram inversion results
in a cumulative layer-by-layer error accumulation
during peeling. This accumulation is more pro-
nounced than ground-based DASH interferometers,
where the phase of each fringe in the interferogram

remains consistent across every row.

Tab.1 Parameters for simulation

Parameters Values
Wavelengths/nm 557.7
Littrow wavelengths/nm 557.137
OPD offset/mm 20.363
Detector resolution 82x1024
Grating groove density/(grooves-mm™) 600
Diffraction order 1
Pixel pitch/pm 13
After correction 2360
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Interferograms generated (a) without and (c) with Doppler frequency shift. (b) and (d) are correction results of (a) and

(c). The simulated images have been vertically stretched, with the actual image proportions being 82 x 1024
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Fig. 5 Comparison between input wind profile and retrieved wind profile. The red line represents the input wind profile, while

the blue line represents the retrieved wind profile. (a) The data before phase distortion correction; (b) the data after

phase distortion correction

Fig. 4(b) and (d) show the interferograms after
phase distortion correction. The interference fringes
exhibit no tilted features after correction. Fig. 5(b)
showcases the retrieved LOS wind profiles using the
corrected interferogram. The inverted profiles
closely mirror the input wind profile, and the error
in LOS wind diminishes with increasing altitude.
This underscores the effectiveness of the phase dis-
tortion correction algorithm for rectifying interfero-
grams produced by a spaceborne DASH interfero-
meter in limb observation mode.

From previous theoretical derivations, it is
known that even after phase distortion correction, a
phase distortion term 283;(o, — )y remains in the
interferogram, which may impact the accuracy of

the inversion results. To analyze the impact of the

residual phase distortion term, we simulated the

phase changes caused by the residual phase distor-
tion term in different rows of the detector based on
the model parameters designed in Tab. 1. The de-
tector employed 4x1 pixel binning in the y-direc-
tion, with an input wind speed of 100 m/s. The angle
[ varied from —1 rad to 1 rad. The phase changes
caused by the residual phase distortion term are
shown in Fig. 6. When the angle 8, rotates by 1 rad,
the phase change in the 41 row of the detector is ap-
proximately 2.5x107 rad, equivalent to a wind
speed error of 1.67 m/s. In practice, the angle 8; can
be controlled within a range of 100 prad. Within this
deflection range, the maximum phase change is
2.5%107® rad, corresponding to a wind speed error
of 1.67x107° m/s. Considering the cumulative error
characteristic of the onion peeling method in simu-

lations, when the angle 8, deflects by 100 prad, the
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maximum wind speed retrieval error after phase dis-
tortion correction is 1.6 m/s, with an average relat-

ive error of 1.72%.

3.0x10° f—rowl —row5 —row9 —row 13
row 17 —row 21 —row 25 row 29
2.0x1073 p—TowW 33 ——row 37 —row 41
E
$ 1.0x1073
an
g
S 0
2
£ -1.0x107
(=9
-2.0x1073
—3.0x1073 L 1 ]
-1.0 -0.5 0 0.5 1.0
f/rad

Fig. 6 After phase distortion correction, the phase changes
caused by different angles g; in the residual phase

distortion terms across different detector rows

4  Conclusion

This paper delves into the intricacies of phase

distortion correction in DASH interferometer, spe-

wind field observations. One of the causes of phase
distortion in the DASH interferometer is the deflec-
tion of the grating, which generates an additional
modulation component in the y-direction. Phase dis-
tortion in the spaceborne DASH interferometer
leads to cumulative errors layer by layer, resulting
in a more severe impact compared to the ground-
based DASH interferometer. Building on the exist-
ing phase distortion modeling of ground-based
DASH interferometers, we extended this method to
spaceborne DASH interferometers. We conducted
simulations involving the modeling and correction
of phase-distorted limb observation interferograms.
In theoretical analysis, although residual phase
distortion remains after correction, its impact on
the inversion results is minimal. In simulations, a
100 prad deviation in angle B; resulted in a resi-
dual phase distortion causing a wind speed error
of 1.67x107° m/s. Simulation results demonstrate
that the phase distortion correction method can be

effectively applied to the spaceborne DASH inter-

cifically in limb sounding scenarios for atmospheric ferometer.
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