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Abstract A velocity azimuth display ( VAD) wind retrieval method based on conjugate gradient algorithm is
proposed, in which the conjugate gradient algorithm is used to replace the solution of Fourier series expansion in
original VAD method by using optimization theory. In order to solve the problem that the algorithm does not
converge to the optimal solution in wind retrieval, the Hessian matrix is used to modify the algorithm. At the same
time, a synchronous comparison experiment had been carried out with Doppler lidar and standard wind cup
anemometer in accord with IEC 61400-12-1 international standards for 43 days. The results show that, when the
azimuth scanning range and radial number of lidar are 60° and 7 respectively, the correlation coefficients of wind
speed and wind direction are 0. 991 and 0. 998, the standard deviations of wind speed and wind direction are
0.52 m/s and 5.1°, the deviations of wind speed and wind direction are — 0. 02 m/s and 3. 6°. The results of
comparison experiment prove that the VAD wind retrieval method based on conjugate gradient algorithm can
guarantee the measurement accuracy to meet international standard in case of low azimuth scanning range with
strong applicability. Meanwhile, the measurement performance of lidar system is confirmed, which provides a
better choice for the monitoring of dynamic complex wind field.
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Table 1 System parameters of WindPrint
S4000 coherent Doppler lidar

Qualification Specification
Wavelength /nm 1550
Repetition rate /kHz 10
Pulse energy /] 150
Pulse width /ns 100-400
Speed measurement range /ms ' +50
Speed measurement uncertainty /ms ! <0.1
Scanner pointing accuracy /(°) 0.1
Scan speed /[(°) ¢ s '] 1-55
Spatial resolution /m 30
80-4000

Measurement range /m )
(6000 m maximum)

Range resolution /m 15-60

Measurement time of one light
of sight (LOS) velocity profile /s 025
Power dissipation /W <300
Weight /kg ~75
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Table 2 Comparison of running efficiency of the

seven conjugate gradient algorithms

for wind retrieval method of VAD

Total number Average number Performance

Algorithm

of iteration of iteration period /s

HS 92152749 1490 5084.1

PRP 1239360 20 78.6

FR 6862718 111 358.5

CD 40291304 652 2044.9

LS 91340670 1477 4885.9

DY 42460017 687 2346.8
MHS 1429348 23 91.25
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