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Research on the calibration methods for coherent Doppler wind lidar

CHEN Chaoyong, WEI Yuanyuan', XING Shuai, TONG Zikang, WU Tengfei
(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In light of the challenges posed by the requirement of numerous parameters calibration, the involvement
of multiple metrology specialties, and the inadequacies in existing calibration methods for coherent Doppler wind lidar.
Considering the characteristics of laser wind measurement, such as non-contact, high spatiotemporal resolution and large
detection range, the method of "feature analysis and multi-method integration" is adopted to break through the difficul-
ties of quantitative evaluation of controversial parameters such as wind speed, wind direction, maximum measurement
distance and detection blind zone. The advantages, disadvantages and applicable conditions of three different wind speed
calibration methods, namely the wind speed calibrations using a calibration turntable, the radio frequency signal simula-
tion of Doppler frequency shift and using a standard anemometer, are analyzed. Moreover, the calibration turntable wind
speed calibration method was improved to enhance the data reliability of the wind speed parameter calibration. Aiming
at the difficult problem of wind direction calibration, the calibration method under different scanning modes is presented
dialectically to improve its universality. Based on specific measurement cases, the calibration results of wind speed and
wind direction are given, and the uncertainty analysis of wind speed and wind direction parameters are performed, effec-
tively illustrating the feasibility of the calibration method. The research results provide standardized technical support for

the precise detection of wind fields in such fields as meteorological observation, aviation safety, and new energy, and
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have positive significance for promoting the development of atmospheric remote sensing metrology technology.

Key words: coherent Doppler detection; wind lidar; feature analysis; multi-method fusion; calibration method; un-

certainty analysis
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Fig.1  Detection principle of coherent Doppler wind lidar
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Fig.2 Diagram of calibrating wind speed with a standard turntable
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Fig.4 Relationship between CRLB of wind speed measurement
error and SNR of coherent Doppler wind lidar
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Tab.2  Calibration result of wind speed by using the calibration turntable

n/(r/ min) v,/ (m/s) v,/(m/s) v,/ (m/s) v,/ (m/s) v,/ (m/s) v,/ (m/s)
200 3.14 291 2.94 2.94 2.94 2.94
400 6.28 6.12 6.16 6.13 5.62 5.97
600 9.42 9.59 9.39 9.17 9.03 9.20
800 12.56 12.17 12.14 12.29 12.11 12.18
1,000 15.70 15.24 14.99 14.91 15.09 15.00
1200 18.84 18.18 17.69 17.14 17.77 17.53
1400 21.98 2127 20.67 21.09 21.17 20.98
1 600 25.12 2422 23.52 24.04 24.67 24.08
1 800 28.26 27.24 27.06 27.05 26.74 26.95
2000 31.40 30.29 29.51 30.23 30.21 29.98
2200 34.54 33.28 32.90 32.45 32.79 32.71
2 400 37.68 36.29 35.63 36.26 35.94 35.94
2 600 40.82 39.28 39.11 39.05 39.09 39.08
2800 43.96 4234 42.16 42.53 42.36 4235
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Tab.3  Calibration result of wind speed with the radio
frequency signal analog Doppler shift

f/MHz v./(m/s) v/(m/s) Av/(m/s)
=50 -41.13 -41.20 0.07
-30 -24.68 -24.76 0.08
-10 -8.23 -8.30 0.07
10 8.23 8.23 0.00
30 24.68 24.75 0.07
50 41.13 41.20 0.07
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Wind direction calibration results in wind

profile scanning mode Bl ()
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