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Inversion of Wind and Backscatter Coefficients from a Fizeau
Interferometer Based Doppler Lidar
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Abstract: A nonlinear least-squares inversion method is then described that permits the recovery of wind velocity and
aerosol-molecular ratio without requiring system parameters such as the telescope field of view and laser beam overlap
function. The signals simulated by Monte-Carlo technique are used to retrieve the wind velocity and aerosol-molecular
ratio. The results show that the relative measure error is below 0. 2% at altitude of 3 kilometers. Simultaneity , inver-
sion accuracy is given under various signal-noise levels. For a peak signal level of more than about 500 counts, the
measure error in the fitted parameters is reasonable.
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Table. 1 parameters for direct detection lidar AR 3) R EH TR R .
parameter value N(j’Z’A’M’jo) =N0(j,Z,A0 ’MO ’jO) +
N .. N N
Vertical resolution Ar 30m a_ Jo,0 (]0 ~Jo,o ) + a_A (A _Ao ) + 5M (M - MO ) (4 )
System Integration time A¢ 5s Jo 4 My
Zenith angle & 4s° BRI 2 EEBCR 16, B} j =1:16, AT LAIE B L
Warclngth 1064 B AR T
. Linewidth 80MH:z
Transmitter PRT & 50Hz r ]\[1 — ]\[0,1
Energy E, 170m]/pulse . _
Optical efficiency 7, 5% N 6 — N, 6
Recei Detector efficiency 5 80% - o
ecerver Number of channels 16 r oN. 1 oN, oN, 7
Range imagi detector A v, 1FSR T Y YY2 . .
ge imaging on detector A v @ o 9A 4o M " Jo _]0’0
FSR 500MHz : : : A-A, (5)
. Reflective finesse 9.94
. Fizean Etalon defect Ad) 6nm A N6 N1 M-M
interferometer 0
Fizeau diameter Ay 60mm a | oA oM
Wedge angle « 8. 87 prad - 2.0 Ao Mo
BRE— IR R AY = KAX, RiZE N EER
Laser: Data Input: %‘?Z:*ﬁ;é ’ %Uﬁﬁﬁﬂﬂﬁ'%/]\:ﬂ??ﬁ*ﬁ@ﬁﬁ?% :

Calculation of -Atmospheric parameter

emitted photons -Instrumental parameters

photon counts
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Atmosphere:

Calculation of number and wavelength
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of backscatter photons
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Fizeau interferometer:

Transmission filter function;

Calculation of transmitted and reflected photons

Number of electrons on pixel 1~16

B SR AEE

Fig. 1 the structure of the simulation software
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Fig.2 photon counts on channel 1 ~16
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Tab.2 recovered input values and percent error
obtained with Monte Carlo technique
Parameter Input Value Recovered Value | Emor/%
U 15 15. 007 0.05
A 2.09335x10 7 | 2.09353 x10 7 0.01
M 4,76311 x10 % | 4.759006 x10~® |  0.08
[(A+M)/M] 5.3949 5.4014 0.12
k3 EREFHFERELRAERE
Tab.3 recovered standard deviation
obtained with Monte Carlo technique
Standard Deviation
Parameter
Calculated Average
o, 0.1696 0.1728
o4 1.314 x10°° 1.298 x10 ~°
T 1.024 x10~° 9.820 x 1010
O Ratio 0. 109 0.104
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Fig.3(a) wind velocity error vs peak signal level
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Fig.3(b) aerosdl-molecular ratio emor vs peak signal level
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