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Fig. 1. Schematic of the Doppler asymmetric spatial hetero-

dyne interferometer.

6 W T2 43 SR A AT, 2 3 A BUR IR R
L2 L3, ZESRIIEE 10 A0 T0 4 50 T A 20

I(z) = ;/OOO B(o) (1 + cos {2n
x [4(oc —op)tané ]z + 2Ado})do (1)
X, o WAGIEIEL, ook Littrow 4L, 00K

Littrow ffi, z ARMEF LA B AR, 2 RIS
La =0, Ad N TEIEXFRE.

2.2 HEfREER

L 5 22 0 T v ASGE 1 RN T 85 1R ) A AL AR
A 2 T SN 2k 1) 2238 )33 RS AR AT e v A Y 4
K 2 Fi, $B8S253Ck [6], K (1) ek

Ip(z) = Z S;[1+4 E;(z) cos(2nk;z + ¢; + 8p;)]
ZZJ_: Sj (1 + %Ej(x){ expli(2nk; -+ ¢; +0¢p;)]

+ exp[—i(2nk;z + ¢; + d¢;)] }), (2)
Arp, IR IO AR TS, S ik Lk
SR REL, Ej(x) W5 IR R AL, k=
4(oj — o) tan 0, K 75 43 B R ¢; =4n(o; — o) Ad
R BEEIARAL I, Sep; Ay 22385 Bl AR AL 5 | S 1) AH B L.
XF (2) A L AR g AT A5 25 AR R AE + &y 1 —koy A7
FEIEVERY SOOI S, % RS2 S i — A4
TRV (+k; B0 —k; ), HARMPTA TR 0, (5
3 AR 4 f AT A

1 .
I} () = isoEo(SU) expli(2mkoz + do + d¢po)

1
= isoEo(a:)[cos(anzox + ¢o + o)+

+ isin(2nkox + ¢o + dpo)]. (3)
LGN AT TSR — SRR AR L AR 07 £

S(1p)

R(Ip)

Fourier
Interferogram Preprocess N
transform

Inverse
Phase +<—— Fourier [« Isolate
transform

P2 AL S o A 2 7 ]

Fig. 2. Flow chart of phase retrieval method.

2nkoxo + wo + dpp = arctan [ } (4)
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Fig. 3. Simulation results of retrieved phase uncertainty and
residual with different SNR: (a) Phase uncertainty of two
models; (b) the differences between two results.
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Fig. 6. Experimental results of retrieved phase uncertainty and residual with same attenuation coefficient and different integration

time: (a) Phase uncertainty of two models; (b) the differences between two results.
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Abstract

Passive atmospheric wind detection technique retrieves atmospheric wind profile by measuring the Doppler
shift of airglow emissions. Doppler asymmetric spatial heterodyne spectrometer (DASH), which is a Fourier
transform spectrometer(FTS), retrieves the Doppler shift information of airglow emissions by detecting the
phase shift of interferograms, and the measured phase accuracy directly affects the retrieved wind speed
precision. The signal-to-noise (SNR) ratio is one of the significant indexes for evaluating the performance of
wind-measuring interferometers in engineering applications. Studying the quantitative relationship between
retrieved phase uncertainty and original interferogram SNR that is based on observations is quite essential for
the DASH design, performance evaluation and wind profile applications. In this paper, the study is based on the
noise propagation theory in FTS and DASH phase retrieval model. According to the Fourier transform
relationship between time and frequency domain, we start from original interferogram expression, then we
conduct the Fourier transforming, single frequency extracting, inverse Fourier transforming, phase calculating
and first-order Taylor expanding, and finally we establish a theoretical relationship model between original
interferogram SNR and retrieved phase uncertainty. In order to verify the theoretical relationship model, firstly,
we generate 20 groups of interferograms (each group with 1000 frames) randomly with varying the 30-250 times
SNR value. After removing the low frequency baseline, we calculate the phase of each interferogram by DASH
phase retrieval model, and obtain the phase uncertainty by calculating standard deviation of the 512th sampling
of each group interferogram. Another phase retrieval uncertainty is obtained by wusing the theoretical
relationship model between SNR, and retrieved phase uncertainty derived from this paper. Secondly, a total of
23 groups of experimental interferograms (each group with 100 frames) with different intensities are collected
through the self-developed DASH with a center wavelength of 632.8 nm, basic optical path difference of 50 mm,
spectral resolution of 0.78 cm™. Combining physical characteristics of shot noise and DASH parameters,
interferogram SNR of each frame is calculated. We calculate phase uncertainty of experimental data through
the two methods mentioned above. The results from the two different calculation methods are compared with
each other to determine whether the conclusion is correct. In order to improve the accuracy of phase
calculation, three lines are averaged as input to reduce the random error. The average residual between the two
methods is only 0.03 mrad, the high consistency of the results indicates that the theoretical relationship model
between SNR and retrieved phase uncertainty for DASH is correct. The phase uncertainty can be evaluated by
interferogram SNR directly in engineering, which provides a theoretical basis for optimizing the interferometer
design.

Keywords: phase retrieval, Doppler asymmetric spatial heterodyne spectrometer, atmospheric wind

measurement, photon noise
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