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Abstract

Incoherent laser wind lidar can probe wind quickly. Echo signals are very weak
at far distance, containing random noise and rayleigh scattering signals, which is
thus non-stationary and nonlinear. Whether the signal processing system could
increase signal SNR, improve smoothness of signal, and accurately calculate
Doppler frequency shift, affects the quality of signal and accuracy of wind velocity
seriously. Different signal processing algorithms are used when echo is detected
until wind retrieval, which could increase the accuracy of the whole lidar system.

SPCM and data acquisition card are used to make up the hardware of detection
and acquisition module while LabVIEW as control software. The SPCM is also
standarded by experiment. Pulse discriminator, based on LabVIEW, is used to count
the electrical pulse of SPCM related to the number incident photo.

Median filter, moving average, EMD techniques are used to process the lidar
echo signal. Results of experiments prove that all three methods can eliminate noise,
increase SNR and increase smoothness of original signals.

Wind velocity detecting experiments are put forward, and all three signal
processing methods are used on wind velocity. The results show that all three
algorithms can improve the accuracy of wind detecting. Based on radial direction
wind speed of wind detecting experiments, wind field is retrieved by VAP method.
Keywords: DWL, photon couting, signal processing, EMD, wind retrieval
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I
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Fig 2-3 Schematic of doppler wind lidar system
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Fig 2-4 Flow chart of Doppler laser wind lidar
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Fig 2-6 Test optical path of SPCM
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Table 2-2  Test result of correction factor of SPCM

K, 115 123 150 19 270 350 450 500 598 7.02 7.96

IR
# %X 251 5.03 10.04 15.12 20.01 2254 2521 2583 26.79 27.60 28.62
(M/S)

Wit FRSEE, K15 T AQRH-SPCM v Hiud 2 Rk 1IF I (1 s 4 Fo s, &
ARG G uE 2.7 o, MEREIMREEA, A TFENZ, 1
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IR SR A o [ I ) U HY il £ R g A 2 3
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Fig 2-7 Curve of the correction factor and count rate
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Fig 2-8 control interface of data acquisition card
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Fig 2-9 schematics of photon pulse detection technology
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Table 2-3 Output pulse amplitude of SPCM

W A Min Max BT
TTL HIGH 1.5 5.25 \Y
TTL LOW 0.1 0.8 \Y;

MR AT LU Y, SPCM it AR HL J ot 0 s A HE P AR A AE o2 B3l IRHe
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P4, L LabVIEW BAFgmfe e — M, wE AW HEFV =12V, M R4E
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B0 H AT HOGI K & BN R 2, 2 — R e MR B0 I
15k, R B IE SR FEAS AT AR F R 0 s . 1 3 PR AR A
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BOECE S x() (=1,2,3...n) , N@m+1) S BB S S R E B w(j)
(j=-m,...-1,0,1...m), WA 21 HEAA 250 (),

y(i) :% Z w(i) e x(i + j) (3-1)
w:iMD (3-2)

33 I w(i)=1, W22 (3-1) 4 y(i) =% > X(i+ j) - i=m+1,m+2,...,n-m

=
WEFEh, N 2P, WAMNET E MBI G, M TROCHERE S
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Fig 3-4 schematics moving average algorithm
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Table 3-1 standard deviation of processed signals with different N

N R 3 5 7 9 11 13
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Fig 3-5 result of moving average a) result of N=5 b) result of N=13
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Fig 3-6 spectrum of original signal and processed signal with N=5
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i AT OHZ-3.8 X 10°Hz ¥ 5 i Lo AT LU, 5 A {5 5 10 ma S 4R
HTARK R r i, XS B mE R s el g sl Uk e,
W e A K B B, T AR 7 OF BT 2 KBk, B s~ 5 ik A

ARIE PE PR, X AU 7 B AT E AR R B A
{5 5 i i B P SR AL P IR B R 2 R A T ROE MRS B, A8 5
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Fig 3-7 echo counting after moving average algorithm(G=3,N=9)
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B G MUN [EE, e A DRI R 38 AN () ROBE R PR e K o 24 2 B0 R R
PR RS DU, A LR BCBOR Y G A, 28 [ HORE /Tl B 1 K 401 5 5
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JEA, AT SEERVE IR Jik o P55 o AT R RF B, 78 52 B B rhoaT DLSREL
H RS NI BV B AR 2 (07 3, S AR A B I SR DB B SR A v 1) ke 4
T, RIFAATH BRI B, RS HEAT FRT A8, FEAUR L BEAT U8B THER
FRE MR B RIS, AR A R A

3.2.3 RWESHEH A (EMD)

22 1645 20 7 i (Empirical Mode Decomposition) J5v2: /& Norden Huang 7 1998
ERR M. SEPR FR AN O REMICR, FENHAAEARL SR, 24K
BN ZE AR s S A B0 EMD AT LUK SRR S S R — R B AL B
% (Intrinsic Mode Function, LLF&IFRA IMF). bR #7742 1) IMF ASIE bR 22
HATAN A P WEAR 23 A, A B R IR B e ARG T Ui 15 5 IR ia s S
1 - EMD J7 35 0] LOWHE 5 (1 AT 70 i 0000, 38 mT LR B m AR S 70 1
IS FH B VS8R AN g 22 1A i b T4

EMD H 44 [y 40 ik fit a1 1040,

(V)R L IHAE 5 x(t) 78 R — DT OR AR LA S /IME R 3 BT A A%
RBUE K REATHRAE, R =R, RFEF ARG — A g ith 4.
ST R /IR S AR AR AR B0 OAT, e A o K Y i A AR 2 . A L5 i
2 MR R B A my s BRIRAE 5 AR A x(O) AN (E my 1K) 22 B0E 56— DR P
5 hyo

h, (t) = x(t) —m,(t) (3-3)

(2) ki, h@) AN ERPRENEG S, & ERE FiR B s
KEEZ PO O BT, XWX EE kR, HIE RGOS
PR TR AT %, BUE A BT A R AR v . LI, C(t) A2 40 iR R AR 1)
H—A IME i, AURIGGAE 5 0 iR f e A B

hygeyy (€) =My ) =y () =C, (1) (3-4)

(3) fEJIRME S AL B, ik C (), BB DHIE S FAIR M), AE

I IR Ny Oy B . RIEA T

x(®) -C,(t) =Ry () (3-5)

-31-



W SR T K22 50
F 5 B (1) b ) AL 7 SR AR X R (t) HEAT AL BE T AR, S &A3 35 IR
IMF %43 C,(t), F—5%3%|

R, (1)-C, () =R, (1) (3-6)

(DAREEXF R, (t) BEAT LR (045 50 il T4, — BB 88 PPt , sl
Pl A5 5 B 1) B BOa A i s B, I O LTk R D IMF Gy
JE UG TS 5 7 9 B 250 fA D 4 AR AT B 501 R — A B3R R 5 (G 34 T30 1 A )
B, WL RWR

XM:iCﬁhﬂm) (3-7)

B4 T o0 e R e S B R e B A, ] DAk B0 AN vE DR 2 1)
B, —MEUE A 0.2-0.3, 1E R Mas i nAE, R
= | |(heny ® —h )
SD =

zo h? s ()

H S IA I B vk Bl e F RS 5 B ORI sh R wobE, e R i B
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K 3-8 i

(3-8)
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Fig 3-8 IMF component function of echo signal processed by EMD
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Fig 3-9 spectrum of first three IMF components
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Fig 3-10 result of original signal minus IMF1
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Fig 3-11 spectrum of original signal and processed signal without IMF1

MBI RTBLE H, EMD 20fif e, S E M0 N IMF 38, 6HE 5 1 F
M ROCR Wk, T BRI R B IMF i, BB R IE 1005 5 R OUBCT i, Bl s 8y
HOPE /s o AEFEIE 0.4AMHZ I IS 73, v B A O W A 4l 1 58— BLE,
Bt hy Thailh, RO J5 R AR, i A ae fiass 1 R D0 73 2 — BT
DR i 5 P L A2 4y Jir R 18 DY A

3.3 Z LB

53R P BRARAT I PO T HOFIAT AT 5 A B S, W AT AR S e a5
LA XNOLG M R B, THERE 2 AR, RMREER . K
RHU R, AEREOE IR BRI RIBAE T, AN T EE R R T IR
WU RARAT R e 5 1) 0 1 g sh I 3 M SO AR 5o 2T IR A 0t
HIE LIRS A, BEATENE AT AR W], 3 A SO ) T IEAN RE B o AR A
RAWOCH BT REATERIL, 25

-34 -



W R VK EA A 22 A7 1T

P (rv) = SRS D 6 (2,13, (1) B+ Py (1) (0B 6-9)

T2(r) RAFRFEL R, HAEERELH
Tz(f)=eXP{—2j[0A(W)+wTM(WHdr} (3-10)

P—ROL RS iE R (n]) 5
O, () — 7 HUZ K
A —— R B I AR (em”)
Ah——73 FEE T (m)
Py (7, r)—— Mie HU A1 BSCR 15 1] O AR A o8 4L
Py (7, 1) ——70 1 B Ji 18] S50 A AL e84
f—— Mie HURMAHUR R %0
P00 TR U R
B,——Mie HU N 5 3l ;
B,, —— 4> T B I

AT IHEMNFEESH, BRI BUAZE AR, KSR 050G R HEH 1
SIS EE T R T A I ARG R TR AR 55, ) LS B M 5T (RS 0 s G 2R B A
FACES RIS 500 JEEAE — AN B b, W) 2R T AH N 0 02 D7 VR AT 5
T T3k B M) T S5 T P ) S o AL 8 X PR P B A s R, AL T
DA BB s I e R BN A R O (r) =1, HARSHEE T Ik st ot ik
ARG, WK

R 3-2 B AE LAY P L B 2 H

Table % 3-2 The value of the parameter in the numerical simulation

SR AR T e E A
WO ae s P=800mJ/pulse KA % n=1.0002932
ok 3o v A1=10ns AR O+()=1

KA G c=3x10"m/s Iy Ah=1.5m
IR SE Na=1x10° /cm? BH E 4 T X Ar=1256cm”
KAFFIRE N, 1=2.55x10%° 4-/em® BN r=1.5x10"m
KRBT s ® - m=1.33-0.01%i KRB E1E a=0.01~10pm
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R, A IO IS A 23 1 B A1) 1] BSOS 072 Edged RO AR L v, + A,
W% 1 EAFHIE S A

I, =c[l 7, (v, + AV) + R (v, + AV)] (3-11)

e RUEEWEEL 1, WK, o HRE RIS S5 7E Edgel &L
#, W F-P g i 2 RO GIE s BB, R (v, + Av) J2 i FUEUH G . BOG
WA F-P i R BB &SR MBETANE BT, AR
JRAT o AN g RO A5 5 6 L A5 5 ok, DL 8 A i s e L, [
3-12 fiin

3-12 XA GABAK U A0 Fi F) RIS 328 1od o B L
Fig 3-12 comparison of Mie scattering and Rayleigh scattering in double F-P
MR RT VR B, ARG IR AR A AF T, WAt T R BRI
I3 1 it A ORI T804 5 A0 OK R ) RS A5 5 A M R 2 b, I
BEAETH 512 S B RS A5 I A RE W B A1) S M A K s iy, o 200 I B T
SO BB AE T A e e, VSRR N 4% BRI R, RO, 4% 2 BN
(EREp)

I, =C,[1,7,(-v, + AV) + I (v, —AV)f,R; ] (3-12)

FEAN E U B A I IR D01 RIS 5 1K 22 3 B B2 A2 AN 1 4 B 51k
328 3 0l 5 ) 22 73 AR A

-36-



W R VK EA A 22 A7 1T

o f,R
Al = Il -~V =7, (V +AV)-1V, +% Iz (v, +Av) (3-13)
11 A A

f,R,

: I
Al, = |2 —7,(=V,) = 7,(-v, + AV)-7,(-V,) +
2l A

I (v, —Av) (3-14)

H 1 A3 2

Al = AL+ Al = 7, (v, + AV)-7, 4,7, (v, + AV)-7, (-V, )+ F:—T[fll o (v, + AV)H, | (v,-AV)] (3-15)
A

b Ar =1,(vi + AV) —7,(v,), A7, =7,(=V, +AV) =7, (-V,) ,

¢ = il (v, +AV) + f, 1. (v, — AV)
R S M U S (R 06 55 5 Dk (s A RS HE 5 2K)
lew =C3(1, +Ry) (3-16)
bow g,
C C

Al = 42 (3-17)

IA IA

A 3 (3-15) F1(3-17) #4531,

lem _
A
' * C3
Al; =Ar,+At,+C (

) (3-18)

IA
H 24 3(3-9) A1 (3-10) fiff 75 ¥ Jie 1) 3 1o e i 11 182 LA Ay

Lo o la
— Cl C2 C3
rl(vl)+z'2(—v2)—c* +A7, +At,

(3-19)

i A HURHAR 5 (83U
R, “Lew _ N (3-20)

AN (3-11) FH(3-12) 25 H T A0 o 3 sk ' i A0 i R ECSH 0 el o2 2, T DLaE
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(1) B[ LB/, Ar, =-Ar,, H2(3-11)F1(3-12) A] LLA» il 15

I s =5 PSR O 0 i IR BRI £ 5500 1, 1, OB I, 4551

I1c - % B RT fll R (Vl + AV) = IAz-l(Vl + AV) (3-21)

l,, = 1o _ R, 1. (v, —AV) = 1,7, (-v, + Av) (3-22)

2

H BA_E AT AR

'S 8 7,(v, + Av) (3-23)
l,, 7,(-v, +Av)

XTI F-P S8 A, A 30(3-15) &M & AV I O R, 1 R, A
WAS I SEIEAE, 1 7 (V)R 7, (V)P DS F-P & 2 md, bl
Al CLKR Y Av .

(2) A TRRKMZ 8 R, 4 AWkl 7 K i

a) IR (L) ) 5 VESRAF BN 2 5 B AR & A, 1 R 0E A BT LR AVE
b) LA AV RN A K (3-11) F(3-12),

) K b) 4 L, ME4E A 2 (3-13) AI(3-14) AT Bt ) 15 S e A AR IE o, AR

2 (3-15) 1 Rk 15 ik AR5 R AV
d) EELLE=ANPER, BRI IEA S R 18] 22 5 /N T80 10 4 W b

\Av<”l>—Av<‘>\<a, i AR UERIR AL, o O AR IUE A SR e Utk

I IA A AV FRATT R 1 1) K 22 3 AR o 1) H(E A

ML FaR B oM, BIFST R T i U A 5 MK U A 5 (0 [ 8 i S
b, B G S8 S AN 20 SR AR mUE A H e A B v, B T
B8 J TV o B AR PSS T 5 M 75 ) B0 Ak SRR SR il 22 8 ) RS ) I A
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BAE T AR 2 B, A B AR ) R EAT 108, B8R T =i e S 4k
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4.2 ZEXEN S KL
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V, —— 7 [ K () ;

Ay ——Z WG ) his (Hz);
A——BEOCP K (m);

HEAT WG RFR 18 #E ARG B 5, 75 2012 42 3 H 2] 4 1 1A 2 I S5 5
P REAT A2 ) RGN 2 S I AT 9T . 2012 4F 3 H 26 H, RAMNE, Ai-6 JE~-14
5, PG 4~5 G, £E LA 9 I S 1 9 I REAT 22 2 BhIOG IR 1K A% i X
S HARSEI PR
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Fig 4-1 echo counting of double passage of F-P and energy monitoring passage

MR 5 — 5 2 SR 1 o A, AEBCEIDE TR S, AN URKEUN
WA 5, 3 A 40 B A SON 015 SE =, R AR BOEIRIME =, P DLAESK AR
2R T, ABZIUSG T ik T R P o AR A B e AR Ik AV T ok i )
RO GRS A E F-P (R Rl 2, I 0 iRt s e 0 ek 250 1)
B, SER TR F-P BARZHn

X 4-1F-P bt R4k
Table 4-1 Parameter selection of the F-P etalon for defect modification
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BHURE N o XIS P P SO, B M B 2 2> T RSB ET, S1E K
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Fig 4-2 echo counting of Mie scattering after rayleigh correction
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