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Fig. 2 The simulated red oxygen emission line (630.0 nm) interferogram with different distortion
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Table 1 DASH simulation parameters

Parameters Value
Wavelengths 630.0 nm (red) 557.8 nm (green)
Littrow wavelengths 630.318 1 nm 630.318 1 nm
OPD offset 2.5 cm 2.5 cm
Grating level 7 8
Grating inclination 8.2° 8.2°
Grating density 64.285 Ip/mm 64.285 Ip/mm
Prism top angle 6.28" 6.28"
Detector resolution 800800 800X 800

x2 THERLEHESY

Table 2 Interferogram distortion parameters

Type Coefficient and value Max offset/pixel
Optical distortion ky 0~6.25X107° 0~8
) ke 0~—3.58X10""
Local bending 0~8
ke 0~0.108
Slanted fringes 0 0~1.15° 0~8
Frequency changed k, 0~0.02 0~8
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Fig. 3 The Influence of different interferogram distortion on the phase retrieval of the red oxygen emission line (630.0 nm)
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Fig. 4 The Influence of different interferogram distortion on the phase retrieval of the green oxygen emission line (557.7 nm)
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Analysis of Influence of Doppler Asymmetric Spatial Heterodyne
Interferogram Distortion on Phase Inversion Accuracy

ZHOU Guan'’, LI Libo', FU Di', ZHANG Yafei"’, FENG Yutao', LIU Changhai’
(1 Key Laboratory of Spectral Imaging Technology of CAS, Xi'an Institute of Optics and Precision Mechanics,
CAS, Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Unit 63768 of PLA, Xi'an 710200, China)

Abstract: The wind information of the middle and upper atmosphere is very important to study the coupling
of the upper and lower atmosphere and energy, to ensure the smooth development of spacecraft space
activities, and to carry out medium and long—term meteorological predictions. The doppler asymmetric
spatial heterodyne wind measurement technology is a technique based on the Fourier transform of the
interferogram to realize the detection of the doppler frequency shift of the wind. Doppler asymmetric spatial
heterodyne is a new passive wind detection technology. For the interferometer, the processing and
assembly errors of optical components and structural components, and the aberration of the optical system
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will distort the interference image. Introducing inversion error in the process of wind speed measurement.
The current research on DASH interferogram distortion has not analyzed the influence of interferogram
distortion on the accuracy of Doppler phase inversion and lacks the quantitative theoretical basis for the
design, processing, and adjustment of Doppler asymmetric spatial heterodyne. In this paper, we analyzed
the sources of different distortion in Doppler asymmetric spatial heterodyne. Then by adding different types
and sizes of interferogram distortions to the interferograms of the red and green oxygen emission line, the
simulation compares the difference between the distorted interferogram’ s and the ideal interferogram’ s
Doppler phase. By adding optical distortion, local bending, slanted fringes and frequency changed these
four different forms of interferogram distortion, we got the influence of distortion on the accuracy of
Doppler phase inversion. The results show that the Doppler phase error will increase with the increase of
the target wind field and interferogram distortion. The Doppler phase error of optical distortion is also will
increase with the increase of the target wind field but will fluctuate increase with the increase of
interferogram distortion. Among these four different forms of interferogram distortion, the local bending of
fringes has the greatest influence on Doppler phase inversion. The phase error increases by 0.113%, for each
additional pixel of the local bending. But the maximum phase error is only 0.03%, under the condition of 2%
distortion. To further explore the influence of local bending sizes and location, we simulate various
interferograms with local bending of different sizes and locations. The result shows that the Doppler phase
error fluctuation decreases and gradually converges when the size increases. And the phase error fluctuates
with the change of position. The fluctuation amount in the first half is small, and the fluctuation in the
second half increases gradually. The phase error generated by the same bending at the sampling center is
larger than that at the sampling edge. Therefore, attention should be paid to the small distortion in the
sampling center area, and if necessary, interferogram correction should be performed to reduce the phase
error. The simulation of errors caused by local bending on systems with different fringe frequencies shows
that the same amount of bending will have a greater impact on systems with high fringe frequencies. In
addition, interferogram with a low signal-to—noise ratio usually uses multiple rows of pixels of the
interferogram to reduce uncertainty of phase. Local modulation is reduced when multiple rows of pixels of
the distorted interferogram are merged. In order to find out the actual impact of the distorted interferogram
in multiple rows of pixels of interferogram, we simulate different interferograms with local bending of
different local bending max offset, in different signal-to—noise ratio and modulation. The result shows that
even local modulation is reduced when multiple rows of pixels of the distorted interferogram are merged,
but the phase uncertainty of the interferogram will not increase. Therefore, even if the interferogram has
defects, multiple rows of pixels can be merged to increase the signal-to—noise ratio and reduce the phase
uncertainty. This article may provide a quantitative theoretical reference for the design, processing, and
adjustment of the Doppler asymmetric spatial heterodyne.

Key words: Atmosphere wind field observation; Doppler asymmetric spatial heterodyne; Interferogram
distortion; Doppler phase error; Multi-line pixel merging

OCIS Codes: 010.1290; 300.6170; 300.6190; 300.6310; 350.5030

Foundation item: National Natural Science Foundation of China (No. 41005019) , West Light Foundation of the Chinese Academy of
Sciences (No. XAB 2016A07) , Natural Science Basic Research Program of Shaanxi Province (No. 2019JQ-931) , West Light Cross-
Disciplinary Innovation Team of Chinese Academy of Sciences (No. E1294301)

0601001-10



	3.1　干涉图畸变种类对相位反演的影响
	3.2　干涉图局部弯曲对相位反演的影响
	3.3　含畸变干涉图多行像元合并对相位反演的影响

