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Design of ground-based dual-band asymmetric spatial
heterodyne wind interferometer
CUI Yong', GAO Liang"*’, JIANG Lun'*’, WANG Jinjiang', PEI Huiyi', FANG Yuanxiang'
(1. School of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022,
China; 2. Peng Cheng Laboratory, Shenzhen 518000, China; 3. Key Laboratory of Fundamental Science for National

Defense of Aero and Ground Laser Communication Technology, Changchun University of
Science and Technology, Changchun 130022, China)

Abstract: An asymmetric spatial aberration wind measurement interferometer was designed to simultaneously
detect 557.7 nm oxygen-atom green-line airglow and 630.0 nm oxygen-atom red-line airglow in the detection
range of 90 km~300 km according to the needs of wind field detection in the middle and upper atmosphere,
and the optical range difference compatible with the two bands was selected according to the relationship
between the interferometric fringe modulation regime and the optimal optical range difference for the detection
of the two bands. The field of view of the interferometer was improved by designing and selecting the top

angle and material of the expanded field of view prism. In order to reduce the influence of thermal deviation on
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the accuracy of wind measurement, the relationship equations between thermal deviation and shim material,
shim thickness, and interferometer bias were derived, and the corresponding parameters were calculated by this
equation. In addition, a middle-step grating was adopted as the reflection grating to realize the simultaneous
detection of dual-band. According to the needs of the foundation detection, the required front lens group and
rear lens group were designed. Finally, the overall system was simulated and the simulated streak map was
obtained to verify whether it met the needs of dual-band detection. The simulation results show that the thermal
deviation of the optical range difference of the final interferometer in the 557.7 nm airglow band is 3.22x10°°
mm/°C, and the phase thermal drift is 0.03 rad/°C. The thermal deviation of the optical range difference in the
630 nm airglow band is 9.45x10” mm/°C, and the phase thermal drift is 0.009 42 rad/°C. The design results
show that the system is suitable for dual-band detection. The design results show that the system meets the
need for 90 km~300 km wind measurement and reduces the influence of thermal deviation on the measurement
accuracy compared with the earlier design.

Key words: upper middle atmosphere; wind speed measurement; asymmetric spatial heterody; interferometer;
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Table 1 Overall system parameters of interferometer

SR BHUE
F# 32
P /mm 557.7 & 630.0
M) 6.618(@557.7 nm)
7.166(@630.0 nm)
A B A/ mm 40
CCDRR~/mm 13.3x13.3
157 /um 13.3x13.3
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T BRI KA A 0, AR ER
TR R YR B SO B, 4544 4n
Kl 4 iR o T I B HR AN S 25 JE X SR B R 1Y)
e A%, [A) B A 2 2 R R0 B A 85 I R ) 5
I, TR LT FIR BRI T

G,

P,
i

d,

G,

BS

BS: beam splitters; 7,: asymmetric; d,: wedged spacers 1;
d,: wedged spacers 2; P: expand-field prism 1;
P,: expand-field prism 2; G,: grating 1; G,: grating 2
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Fig.4 DASH structure diagram of DASH interference mo-

dule
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Table 2 Interference module parameters

TC AR SRR SHE
e L H-K9LAGT
{ B f/mm 18.714
Vipinea 1:1
B kL H-ZF52
JEJE /mm 10
FABE/() 6.28
PR H-FK613 R 4, /mm 5217
SR B R dy/mm 17.5
|2k % ¥ line/mm 64.285
St kL T A 5
IR/ (0) 8.2
TR /By 8(@557.7 nm)
7(@630.0 nm)
THAL T B/ (rad/C) 0.03(@557.7 nm)
0.00942(@630.0 nm)
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Table 3 Front lens group parameters

ik X (18) AT AR Hh A R T Y T AHE
557.7 nm W T OGFE2E I HVIR 25 3.22%10 ° mm/°C,
A P AL 4 0.03 rad/°C; 7 630.0 nm SN T G HE
21 Ml 25 8 9.45%107 mm/°C, HH 7 B EL RS
0.00942 rad/C, 7Ei% 2 P PAMERST, IR B X 45
B B KU ) 2t T 7= A 1) e KR 25 35/ F 2 s, [
ik 5 At 22 48 GRS R 4.29 rad/°C AH ELPY, AR SCi
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TG 2 U BE I (1 5 B0 AR YR B T A By

B 1T AR
2sin€L=m7/l (19)

SRR ZHE
A A/ mm 40
W/(°) 7.5
F 5.05
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\
= l e
Sos ‘} T—
\
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1 L L 1 L L L 1 L J
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Fig. 7 MTF curves of front lens group
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Table 4 Parameters of rear group lens
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