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Fig. 1. Optical path diagram of DASH.

K2 Rl Es A A

Fig. 2. Blazing grating structure diagram.
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18F CCD #UiH, BUA 3R T 480023 A3
fz =4(c —op) tan 6. (2)
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i 3)
Hrb, JeFfe2E A = dtanflz + AL/(2tan )] (BA47 K
cm), x4 COD M 2% BAR 2 507 B AL FR, AL
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g5 2575 1 26 B, o, — dm{o;— oy )AL I
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& SEAIOS
PEPEA IS BT | Littrow AR AL J5
(9) A EL AR 4 A — AN S, 7R 2 ] 4%
oy Pl WEIE AT IR 5080 EL R 478 H ik
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$5 (11) KR5S Rk B AL 2mgr +
0, TEIRBIHIES S0, B (4) 2ok %3 2k 7090
L5 ] - A, L I 3 PR 0 EEL s
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WINDII FH % Hi P e Bk 5 MY “shs SEEUR
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—AN X YRR, SRR CCD i - ST s
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Fig. 3. Optical path diagram of GBAII-DASH.
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Fig. 4. Angle of emergent wave surface.

T BSOS )T FA ML I BT I L Y i
Ry
I(A) = Ih[1 + exp(—QT A?) cos(2mop A)],  (12)

Hrp o 2% WG 8, T R, Q =
(n?w?) /4T In2, w=[(7.16x10"7)203T /M]"/? R
LAV R T8, M 2L oy NI R ST
YT fE. A AR BOMTIE V =exp(—QT A%) | I
I = Ih[1 + Vcos(2no0AQ)]. (13)
e Z RN o = oy(1 + v/c), ¥4 (13) =
1) og Il o, eFEZE AGr & BE 2 Ao &
KOLFEZE A, PR AV ZH A = Ag+ A+
A (H Ag > A, A", W (3) XATTF Ay = 2AL,
A, = Ag(v/c), A =datand , 3 FOGCERZERT A
I @0, @ o' B (13) RAEH
I=1Io[1 + Veos(po + ¢ + pu)]. (14)
Mo =0,1/2, 1, 3n/2 (WA =0, A/4, 2X/4,
3N/4, FFBURMTR/N, EHIE 105, 7 T Bk it
KNI, 22 Ph (/2 + 2kn) (k2280 J5 =X
i), FRA (14) 48 4 1 5REE(AE:
I = Iy [1 + Veos(po + ¢u)] s

Iy = Io [1 = Vsin(po + ¢0)], 15)
Iy = Iy [1 — Veos(o + @),
I = Io [1 + Vsin(go + ¢,)]
FH 75 3
L= (h+1)/2=(L+1)/2  (16)
V —exp(—QT A%) = (0 4 - 14)27 (17)

21,

tan(po + ¢y) = (Iy — I3) /(I — I3). (18)

B (18) XAHF ¢y + o, ST, WEFE K br

FIHE 1) oo (ERRESE cos2no, Ay = 1 55 Ao,

INRY g = 2k (kWAL ), B4R 5 XU 1Y A

B o, FRARE (4) R AT R AL 7 1) 1 i XU,

XAF R IRA T 1 A9 GBAII-DASH H “PUsa v il
K.

3 ZAMN % ey IEE R

AL B IE# GBAII-DASH T-#AY K
e UG R, T B R AL R RN A AR 7
21, X B N KGR S A SR
17 Ebgett ot

ARG LA T O(*S) 557.7 nm VE N HArig
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e, JUUR AT Ay 19
&(h) = Vo exp[l — be — sec x. exp(—be)]
+ Vrexp[l — br — sec xrexp(—br)], (19)

Kb v, VUK HER 25 EJZ (100—300 km)
A FJZ (300—500 km) ) I {8 14 & 5 R (B4
photons-cm 3-s 1), y B KFARTA (FBH7 (%)), b, =
(h H)/W,, b= (b H)/ Wi, hIEGHREE, B,
1 H 4y 5102 E R F 2 0AE S, W, M W
4 E M F RESAERRTR .

GBAII-DASH #R Z Gl F A5 U 3 i
PEPREC S A X AR 0 1OCER Ry 1Y)

Jmax i
R
[ (20 (G2
Horp AN BB R 5E, Ao 2D, n 2t
BRAT ST,

(14) Y o P H 2 G E B T A o, P4
Y E R 2AL, 4 @y = 2kn (K HEE),
AN Y BUAE 4% 5% R BT, DR O T v 5 B ok 2K
(14) 5

I = Iy + IyV cos p, cos(pg + ¢)
— IyV sin p, sin(po + ¢'). (21)
2 Jy = Iy, Jo = Iy Veosp, fil Jy = I, Vsing,, ] CCD
M2 AT 5 MR ER RIS R ZE SRl
Niij = Rfiier(N, 015)[J1 + J2 cos(A4nALy; /A + ')
— J3cos(4nALi; /A + ¢")] + Nioises (22)

Horpr R JZAUER I R B, 2A Ly S22 YRR 2, Nooise
st G AR RS

ISR IETE T B RA e CCD & 1024 x 1024
T PRI, BR R RE 24 pm x 24 pm, [ EL
22 2AL = 7.495 cm; Yl Littrow # K 550 nm,
Littrow ffi 14.3°, ZIZk % B 900 L/mm. F45p4 %
S WA K 98 km A O('S) 557.7 nm M.
s —AKRARGEE, HREEFETWEE,
S PR B 200 | A R A R PO iR T A
RRCAGLRE TR

fier (A, 0) = (20)

3.1 EHEMRBEMNXPIEELSR

T Ak BUtt AT — Gl B M OB A 4G
W 5 Fs, 18 6 J2 K 5 BRRHORIE, A 6 TH
SR, TR A RG-S 2 3 AR AL AR
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Fig. 5. Fourier series forward results of interferograms.
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1
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1
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P 6 &5 IR S R R AR

Fig. 6. Local amplification of forward results in Fig. 5.

B LA 10 m/s S K [E] & B 0—100 m/s K
SRR AR, WXEN 0 m/s T4
HEAT R A S 1y RN
Fo(z) = 0.5+0.3264 cos(2.424x) —0.3787 sin(2.424x).

(23)

[Fi) JHL AT A5 1 JH At AU 1 o6 FRL I RO T
R (7) 200 (8) AT SR A W] KU AL o, B
0 KU AN o, #iJE GBAII-DASH £ 4t [f i e 22
2AL R AL, DA [F] XU 5 B A O A% 1,
= ¢ — o, RIAK v = cp,/4nA Loy K HRGE 4N
15 250 FR, P XAXHR 22 2.98%.

3.2 (HEMTHENXRIEESZ R

X PR AT R R S A (11) X
3R AN [ RGE ) 0 B AR R AR, AN
K7 R, SRR 387 MEE AR T, B
x = 387 i, NFEINEHAIFNL & = 2nkz + @) + S,
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1 RN Y RS
Table 1. Forward wind speed results by three methods.
Method category
W?Sé?iﬁt:g) Fourier series Fourier transformation Four-point algorithm
p/rad v/(m-st) & /rad v/ (m-st) o /rad v/(m-st)
0 -0.7114 1.2615 0.7338
10 -0.6833 9.69 1.2917 10.43 0.7619 9.69
20 -0.6551 19.41 1.3220 20.86 0.7901 19.41
30 -0.6271 29.07 1.3523 31.32 0.8181 29.07
40 —0.5988 38.83 1.3827 41.79 0.8464 38.83
50 -0.5706 48.55 1.4131 52.29 0.8745 48.52
60 -0.5426 58.21 1.4436 62.81 0.9025 58.19
70 —-0.5144 67.93 1.4742 73.36 0.9307 67.92
80 —0.4864 77.59 1.5049 83.94 0.9588 77.58
90 -0.4581 87.34 1.5357 94.56 0.9870 87.33
100 -0.4299 97.07 1.5666 105.21 1.0152 97.05

1170 KGR AR Bl A R GE I DGR 22 2AL 31
FBL By = 2nkx + g, WA [A] KU S B HH AL A
B dp,= @ — b, Hl v= cdp,/4nA Loy 3K H Kk

e 15 3 FUBR, PRI IR 220 4.67%.
1.6 Speed:
-=-0m/s
--10 m/s
1.4Ff 20 m/s
-=-30m/s
—— 40 m/s p
—— 50 m/s ~ 2221
T 1.2} — 60m/s -
B —— 70 m/s -
9 —— 80 m/s -
] 90 A
A 10f — IOOmrr/ljs 2
0.8
0.6 1 1 1
200 250 300 350

Position on the detector

P 7 L AR A R 2 23 A P

Fig. 7. Phase distribution diagram of Fourier transformation.

“Im 38 R I XURY IE TR 45 3R

FH puns ek B e WG, 1 SE T i Al 4
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Fig. 8. Four steps of phase determination.
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Fig. 9. Wind measurement error of two methods.
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2 IMABERSRY 3 Rl X B IE R 22

Table 2.

Speed Error after adding noise by three methods.

Calculated
wind/(m-s )

Method category

Fourier series

Fourier transformation

Four-point algorithm

v/(m-s!) Relative error/% v/(m-st) Relative error/% v/(m-st) Relative error/%
10 9.45 5.52 7.85 21.47 9.47 5.28
20 20.28 1.38 13.25 33.76 20.30 1.49
30 29.55 1.49 28.70 4.34 29.57 1.42
40 40.03 0.09 35.13 12.19 40.04 0.10
50 49.10 1.79 55.03 10.07 49.04 1.74
60 58.76 2.07 69.15 15.25 58.77 2.05
70 67.93 2.96 65.15 6.34 67.93 2.96
80 77.83 2.72 81.17 1.46 77.85 2.69
90 87.96 2.26 92.80 3.11 87.97 2.25
100 97.31 2.69 108.67 8.67 97.33 2.67
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Fig. 10. GBAII-DASH system in the laboratory.
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Fig. 11. Imaging interferogram of O(!S) 557.7 nm gas glow
obtained by GBAII-DASH: (a) Interferogram taken at 0°

zenith angle; (b) interferogram taken at 45° zenith angle.

3 SRR RSN XGS
Table 3. Inversion wind speed outdoor experiment
by three methods.

ad PO+ %Pv o /rad v
g/ra Jrad @,/1a J(ms )

-0.7129 -0.8063 0.0934 32.21
Fourier transformation —0.0152 0.1111 0.1263  43.55

Method category

Fourier series

Four-point algorithm 0.1362 0.2295 0.0933  32.17

W B KA AN 3 81 43 53] A i 2
T R EEL I g R U i BB A > W P 4 |
75 98 km 1) —4EXH 2 32.21 m/s, 43.55 m/s
32.17 m/s.
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FEH /N EL I RS I LR 2

4) F| H GBAII-DASH #14% V4§ % I %5 98 km
1) O('S) 557.7 nm W, 13 RTIA A 0°F1 45°)
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Abstract

The DASH (Doppler asymmetric spatial heterodyne) is used to detect the upper atmospheric wind speed
by its imaging Fizeau interference fringes. There are two wind measurement methods: Fourier series method
(FSM) and popular Fourier transform method (FTM). However, the wind speed measurement accuracy of FTM
is greatly influenced by window function, and the calculation is relatively complicated. The Four-point
algorithm (FPA) for DASH’s wind speed measurement is proposed in this paper. The contents of wind speed
measurement principle, forward modeling, noise and inversion by the FSM, FTM and FPA are wholly compared
and studied. The three wind speed measurement methods are all derived from the phase difference
transformation of DASH Fizeau interference fringes. The Fizeau interference fringes with wind speed of 0-100 m/s
at the interval of 10 m/s are simulated, and the forward wind speeds are obtained by FSM, FTM and FPA, and
the corresponding wind measurement errors are 2.93%, 4.67% and 3.00%, respectively. After artificially adding
Gaussian noise with a mean value of 0 and a standard deviation of 0.1, FSM, FTM and FPA are used to
forward the Fizeau interference fringes after flat field, and the corresponding relative errors are 2.30%, 11.66%
and 2.27%, respectively. After artificially adding Gaussian noise, the Fizeau interference fringes of wind speeds
of 31-39 m/s with 1 m/s interval and 30.1-30.9 m/s with 0.1 m/s interval are simulated, and the forward wind
speeds are obtained by FSM and FPA. In both cases, the wind speed measurement errors of FSM are 3.55% and
4.15% higher than those of FPA. The O(!S) 557.7 nm airglow at peak altitude of 98 km in Xi’an was
photographed by using our GBAII (ground based airglow imaging interferometer)-DASH, and the imaging
interferograms with zenith angles of 0° and 45° were obtained. Then by the methods of Fourier series, Fourier
transform and FPA are used to obtain the inversion wind speed of 32.21 m/s, 43.55 m/s and 32.17 m/s,
respectively. From the forward and inversion results of DASH, we can see that the FPA has a better result for

detecting the upper atmospheric wind due to its simple calculation and smaller wind measurement error.

Keywords: asymmetric spatial heterodyne spectrometer, four-point algorithm, Fourier transform, wind

measurement
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