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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.

Key words :inversion method ; Fizeau interferometer; wind velocity ; aerosol-molecular ratio ; lidar

T

R A 2 R E—— 3 HAR 2 02 5E3E 4

R EARE M X A T B AE R BT
RATIR I FR 55 W0 0 By o B AR s/ AR R
WAL IR R LG IR AL BTN
P57 AR A 8 VT B, BRI 2
HHEERGERRTERZD HE TR XK X
BN ERFBZ —. EHERMARNZE %

BHEHARY . FEHARRTEER BB ESH
G RS X2, FESEBR L A U HAE R 7

EETIH : LT RZENE 24 (2-2006-84) ; R #Z—i)k
T H (0612004 ) ,

EEE T B F Y (1980 - ) , &, By, B+, FEAFR I 0 R H
BRBOEOLE B M5 54 . E-mail ; yangchunhu_cn@ 163. com

s H #3 :2007-06-06



1256 ot 5 45

H3TE

JE AR R BE R I X B A — B L%, Fizeau
RBURLARB, AR T 2R LSRRI 8% B HAR M 5%
Skaht . SE KR U R BOR PR IR AR 4
REZESH . H R S BHU R 0T LR
U HEA LA S T, T LR IBEA B X 23R
PPEMAREFUEAREER L, B, X TR
G , BRAS B R EEE LLAh , S Bk B R 2t
REAEBIEB R, MR EIE R ERL
5 R RS R DR B BOE TR I8 . ASSCE SeiESL
T T Fizeau T ¥ 10 X6 55 35 W5 1) 5L
R SRR, ARG R R Lt fe /D — 3R U5 U v R g
P AR B RGH 23S 1w B B
2 IEipHER

FIH Fizeau T#UE g $4518% . £e51 CCD 1E4
HMAS I RFOL T X RGE S, BE THEAS
oA Y BRAG , R BE W B 5 s 5
RATBOGH R B A BUEARIE L. A AR RIS
R 3N E T SRS S R
T,(j))=(1-A-R)* -

N X 2w(P, - P
{ z 2 RnerCOSI: Tr( n m)AVZ
Nz AV psp

n=0 m=

G =) ]’

4n’ (P, -P,)’Adp)
Ao )
Tr(Pn_Pm)AVl 2

ool [P

Avpgg

exp (

P -P Av

nnz m.AVF;R)} (1)
A, P, = [sing - sin( 6 - 2na) |/ (2tane) , o0 HE
1,0 HASHOUCIER — 8P AR RRS A 54 Ot aGE
BT HALROEEFE s R S TIOR8 S 5 3% 5
N TR F-HR 22 8] B S SR IR B ey, SR R 5 1)
TEH; Avpge = /2L, g B HIEER, L, T840
A, HXT B OL & SRR v 5 Ad), A BFE E 5
Av, =8v//An2 (8v N R SHET) ; Av, HHEEW
RIS RRTE o =g (ng +1) - Avy/2n,
- (v —v,) +2vw,/c]/Av, JiBdRITIER L,
v, AT IR, 2v,0/c HEZLEHBPBE,v,
AT R

BRI 28 B BOL R BB BB S

B TFHAFRR N

E, A
N,(Z) =€Ath—V ?nOnBG(Z)AZcosd) .

sinc (

exp|[ —2sec¢I;a(Z)dZ] (2)

R, E, RS BOCHK R R ; & HBOLIKhER
WAL 5 Ar AR I TE] 5 A, 2 USRI B A A AR I
AR s RIS B T30y WL FERER(CAE
1% Fizeau TYLELR) ;¢ N EHFHOCINA;Z K
FHEHREAZ NEREDPR;B.(Z) N Z BESE
JBJE VBN REG a( Z) R HRTHE RS KX
(2)KI B(Z)# R B, (Z) S RBOLTE BN Z 5
BERL ST I T B E S T Ny (2) o

DR 5 138 T8 B B SV SR 43 B
KT BT HFRAR A -
N,(Z)

Ny(Z)
n

NA(Z’]) =

- T,()

Ny(Z,)) = - T,.(J)

b, (1) 8 Av, B (A + Avy) ' BI AR
T, (), Hor Avy, JyEa AR 58 SERRERI x4
T E BRI L T O P 2R (SRR 45 R
FAEX RN, RFB ) -

N(Z,j) =C(Z) - (1-A-R)* -

Ny n+m (Pn_Pm).AVZ . .
{n;)mgoR 008[217 By (j -Jo)]
( 4w2(Pn-Pm)2Adf:>)
exp| - ; :
Ao
Tr(Pn_Pm)AVl g .
CXP( _[ Avpge ] )
sinc(P" ~Pn -ﬂ) : [A(Z) +M(Z) -
Ny Avpgg
w(P,-P,)Avy1’
expl - [T = )]} (3)
Hrp
_sAikoA,
C(Z) = n, hVZZ'r]OnAZcosd)

A(Z) =B, (Z) - exp[ —2secd| ga( Z)dZ]

M(Z) =B,(Z) - exp[ —2S€C¢J:)C\’,(Z)dz:|
3 KRRERESEY

R 1 NEURGESE, SCPRAE 1 iR R
RN SCRR L7 ] BRSBTSk 5
BEAL , HRI0 4% 45118 TE B B 1 [T 550 s 14K,
i 2 fiR o



ot 54 s

No.12 2007 &P #AH WiEESE ETERTYNSLBHROCEERNELG W B REURE 1257

F1 EEERHALFLARGLSHK
Table. 1 parameters for direct detection lidar
parameter value
Vertical resolution Ar 30m
System Integration time At Ss
Zenith angle @ 45°
Wavelength 1064nm
T . Linewidth 80MHz
ransmitter PRF ¢ 50Hz
Energy E, 170m]/pulse
Optical efficiency 7, 5%
. Detector efficiency n 80%
Receiver Number of channels 16
Range imaging on detector A v, 1FSR
FSR 500MHz
Fi Reflective finesse 9.94
| et Etalon defect Ad, 6nm
interferometer X R
Fizeau diameter Ay 60mm
Wedge angle a 8. 87 prad
Laser: Data Input:
Calculation of -Atmospheric parameter
emitted photons -Instrumental parameters
Atmosphere:
Calculation of number and wavelength

of backscatter photons

v

Fizeau interferometer:

Calculation of transmitted and reflected photons

Transmission filter function,
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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 | Error/%
U 15 15.007 0.05
A 2.09335x10°7 | 2.09353 x10~7 0.01
M 4.76311 x 103 | 4.759006 x 10 =8 0.08
[(A+M)/M] 5.3949 5.4014 0.12
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Tab.3

obtained with Monte Carlo technique

recovered standard deviation

Standard Deviation
Parameter
Calculated Average
o, 0.1696 0.1728
o4 1.314 x10"° 1.298 x10~°
Onm 1.024 x10~° 9.820x10°1°
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 error vs peak signal level
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