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Fig. 1. Schematic of a DASH interferometer. The interfero-

gram is located at the lower right (The top area is notch

pattern).
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Fig. 2. (a) The comb function; (b) the square wave func-
tion after the comb function convolved with the rectangle
function; (c¢) the notch signal after the square wave func-

tion convolved with Gaussian kernel.
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Fig. 3. Measured notch signal and simulated notch signal.
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Fig. 4. Measured imaging shift and measurement error.

VPR SR L (SNR) XA B ) 52 0,
KSR RP IR AT IR 5 e SOR:
SNR = S/N, Hrh SONFES5RIE, N R bR
2. SE AR R 6 ZARTE] SNR I ZI (5 5
(SNR = 3, 6, 11, 20, 35, 60), BRI 7 11 fHEA
AT UG RS B B 2R AR 2. O RRARBE R 4
fSZ I, 7E5E 24 SNR AR & 44 N 33E47 500

084201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 8 (2025) 084201

YA E, TP X AR R AT R . R, TR A
SRS S AR 2 B A 22, IFLL 500 YAk
IRZE ISR EZEVE N UG AN E B A A F 48 .

&l 5 iR R A [l 5 e L 5 U IEAS G
AN E BERTSE R . G5 SRR, UG A B R 5
M LY P B R R T /N I TR RIS MR L 2%
fFF (40 SNR = 6), #6 A B BE R A
(A3 TG 8 8, e KTk 4.12/1000 pixel, i N7
() AS TE AL 1% 250 26.78 nm; 117 45 e LR & &
SNR =11 B, UG AHE B 0K, IR )
GRS T N AR UE IR HFFE 1/1000 pixel PAPY, XF
N B R EERS A 6.5 nm LAY X R BZ T A =
R L A5 A T HLA R AT M R R v A DK

B 5 AEAEME L A F SRR N iR SR G A
52
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Fig. 6. Influence of fitting error of standard deviation o of

Gaussian function on measurement accuracy when SNR = 100.
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Fig. 10. (a) The imaging shift of the notch image measured
in the experiment (blue dashed line), and the correspond-
ing detection result of the notch image measured in the ex-
periment after artificially superimposing the imaging shift
amount (green solid line); (b) the fixed imaging shift is su-
perimposed on each frame of notch image measured in the

experiment.
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A method of monitoring image shift based on global fitting
Doppler heterodyne interferometer”
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1) (Key Laboratory of Spectral Imaging Technology, Xi’an Institute of Optics and Precision Mechanics,
Chinese Academy of Sciences, Xi’an 710119, China)
2) (University of Chinese Academy of Sciences, Beijing 100049, China)
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Abstract

Accurate atmospheric wind field measurements are critical for understanding global climate dynamics and
facilitating space exploration. Doppler asymmetric spatial heterodyne interferometer (DASH) is used to measure
atmospheric wind speed through detecting the phase changes in interferograms induced by Doppler shifts of
airglow emission lines. However, environmental temperature fluctuations and mechanical vibrations often cause
imaging plane to shift, thereby introducing phase deviations, and degrading the measurement accuracy. In this
study, a novel method of monitoring global fitting-based imaging shift is proposed. By etching periodic notches
on the diffraction grating surface, the method models and fits the notch patterns formed on the detector plane
to achieve precise imaging shift detection and correction. The optimization of notch signal modeling
significantly reduces the number of fitting parameters, thus improving computational efficiency and detection
precision. Through extensive simulations, the influences of signal-to-noise ratio (SNR) and model parameter
variation on detection accuracy are analyzed. The results indicate that when the SNR exceeds 11, the detection
uncertainty is still below 6.5 nm. Sensitivity analysis reveals that the detection error stays within acceptable
limits when the variations of notch number and notch width are controlled within 40% and 0.7%, respectively,
while the influence of edge smoothness parameter of notch pattern is negligible. To validate the performance of
the method, the thermal stability is tested by using a near-infrared DASH prototype. The experimental results
demonstrate a strong correlation between interferogram phase shifts, imaging plane shifts, and environmental
temperature variations. After applying the proposed correction method, local phase fluctuations in the
interferogram are significantly reduced, thus the phase stability is improved. Further, artificially applied
imaging shifts are accurately detected with errors consistently below 9.96 nm, thereby confirming the reliability
and precision of this method. All in all, the proposed method effectively detects and corrects the imaging plane
shifts caused by temperature variations, enhancing interferogram phase stability and ensuring high-precision
wind speed measurements. This method provides a robust and computationally efficient solution for reducing
imaging shifts in DASH systems, and has great potential applications in atmospheric wind field measurement
and space-based observation.

Keywords: atmospheric wind field measurement, Doppler asymmetric spatial heterodyne interferometer,
image plane shift, global fitting
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