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Wind velocity estimation algorithm based on Gaussian fitting

in coherent lidar
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Abstract: The power spectral density(PSD) of the wind velocity disturbance was calculated by processing
the measured echo signals by using Gaussian fitting estimation algorithm and maximum likelihood (ML)
discrete spectral peak(DSP) estimation algorithm respectively. According to Kolmogorov turbulence theory,
PSD has the relationship of —5/3 slope of frequency. It could be compared by different PSD under
different distance gates. Wind velocity error in the high frequency region was used as the parameter of
wind velocity estimation for comparing performance, and the error under different distances was analyzed
and compared. The correlation of the relationship between wind velocity and time series was analyzed by
using the autocorrelation coefficient. The results show that the wind velocity error of Gaussian fitting

estimation algorithm is less than that of the corresponding ML DSP estimation algorithm in the low

%% B #9.2018-07-05; f&1T H #§.2018-08-15

EETWE . FR A RBF S (41574180, 41374156, 41204108)

EER N TVPE0993-), B A, 32 2RO T 5 KO BB 7 0 98 5F . Email:blusumer @mail .ustc.edu.cn
SIRE N IR (1962-), T BBz, AR R, EEASOEARIRI M6 kiR S T B9 WFSE . Email:sds@ustc.edu.cn

1230006-1



ik I

%12 3

www.irla.cn

%47 %

detection area, and the difference between the two wind speed errors does not exceed 0.05 m/s. In the

area with higher distance, the difference of wind velocity error between the two algorithms increases from

0.06 m/s at 820 m to 0.16 m/s at 1 200 m. In the time-dependent analysis of the wind velocity, the

autocorrelation coefficient of Gaussian fitting estimation algorithm between wind velocity and time is

significantly larger than that of the corresponding ML DSP estimation algorithm, which shows that the wind

velocity data processed by Gaussian fitting estimation algorithm is more stable.
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Fig.1 Relationship between velocity PSD and frequency using ML

DSP estimation algorithm and Gaussian fitting estimation

algorithm in 10th gate

1230006-3



ok TR

%12 3

www.irla.cn

%47 %

FIEE 20 B ES 1] Ak X PSD Fifi 451 5 114 2 A 475 1
X0 BE S K 523 m 1 1128 m, 783155 K% PSD Hr,
XPRR AT IH— AR, I HR RSO E Ak bR, B 1
AL, TCie R R R AL T+ 5 1, KU PSD FEAR MG
Rl S5 %45 -5/3 L& . Jf H PSD £ 0.85 Hz [ff it
AARLE, AE = Bl Gauss Al 11580 19 AR G g
AT, RIATEXIE 1T Gauss 8751
KGEAS TR 2L F ML DSP Al 1580k

10° - - 10 R
(a) Velocity error: (b) Velocity error:
0.299 5m/s 0.24m/s
102 -
""?’ 100 -
E
a
wn
A 107
10 10
10° : 10° '
10 107 10° 10 107 10°

Frequency/Hz

2 FIFl ML DSP A 115732 #1 Gauss 115753515 2155 20 4~
BT XUE PSD Bl AT = 19 AR fL

Fig.2 Relationship between velocity PSD and frequency using ML

Frequency/Hz

DSP estimation algorithm and Gaussian fitting estimation

algorithm in 20th gate

M 2 AT LLE H, KGE PSD 7E45 K R 0.33 Hz
IR T K2 B HEsh, Hd Gauss Ahi11H530E#Y
PR 2275/ TF % B ) ML DSP 33, X U 7R 4
BT Gauss Al 158 R 09 KU BEATS UG T ML
DSP it 5k, 555 10 AR IR LG, & 458 43 1)
PSD A< M A5 iy o LG AE 3E 0 156 1 B o B 1 1
T WA A AR g R R 2 R [ R BEAE B R

3 A PR b Ak T F B8 A B A5 3 g IR 5% 2 B
PRI PR 25 19 OC &, HE B I {45 34 0.85 Hz, R H]
) X A T A 8508 1800 4>, AT LA W 4k L Bl
RS 3N, 3k AL TR A RS BE R T e
N, FUR IS/ IR BEAS — o TR B BN X T
500 m) , PR AT AL T 53 1 A XU a5 2 DX A /DN | XLk a3
250 e R 2E(E A 270 m AR 1) 0.05 m/s , 1T 78 B 2 4
A DX, B T AR A SR R KU R 25 1 2 R AR R
M 820 m AbFY 0.06 m/s BEHIZE 1200m ) 0.16 m/s, iX
UEWA T AH H % ML DSP A 158 1% | Gauss fiti i+ 5 1%
A T XGE AL T B R S T R g A v DXk

PG T 4 AU 22 B

0.6

-+ MLDSP |

0.5F -e-Gauss
0.4r

0.3

Veloeity error/m:s '

200 H00 1 000 1 400
Distance/m

[§l 3 ML DSP fili 71553 F1 Gauss i 115575 75 31 KU 152 22 Bifi 5 29
Rl
Fig.3 Relationship between velocity error and range using ML DSP

estimation algorithm and Gaussian fitting estimation algorithm

3.2 XUk B i) #E SR M I E

ML 4 g XGE B R AR fE AT, 7RSS 20 MR
B TAb , Gauss Al T2 S A 2 A9 XU £ 8 A LML
DSP flii+5 3%, KU AERT [H] - AP sh 28 fh B/ | XUk
BARE IS LI uE A R AR T KGR 5
A HERE | AT R FH XG50 1 R G pR R 53 B XU
[P B A AE M, G 81 9 A G REGER R ), 3
71~ RUTHESCAE 10 B[] A OGP g | XU AR b BT A2

(a)

— MLDSP

Velocity/m-s ™'

Velocity/m-s ™

s 10 15 20 25 30
Time/min
[l 4 FH ML DSP 115575 il Gauss A 315535 S5 20 A FE
T X e ) A2 A
Fig.4 Relationship between velocity and time using ML DSP

estimation algorithm and Gaussian fitting estimation

algorithm in 20th gate

5 55 20 AN BE ST Ab By XU I ] 5 47 B4 AH
KAy M, AT LAE Y, Gauss Al 11521 A A2
ZBEHT 20 min f£F57E 32.8, 1if ML DSP {5 %
Y E A ¢ R ECAETT 20 min {437 7E 32.8, 1] ML DSP

1230006—4



ik I

%12 3

www.irla.cn

%47 %

£ 301

Autocorrelatio
ISR SRS A )
W N 1 00 O

[\
&
T

[
%)

s 10 15 20 25 30
Time/min
5 FIFH ML DSP ffi 15535 1 Gauss i 115735 KO 56 20 4~
BIITHY H A OC bR BB AE IR I [H] /9 722 4k
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