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A study of offshore wind assessment using dual-Doppler scanning lidars
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Abstract

In this study, wind climate assessment for offshore wind is conducted using dual-Doppler scanning
lidars and validated by a met mast mounted on a break water. The data filtering for dual-Doppler
scanning lidars are proposed and overestimation of the standard deviation is improved by removing
abnormal data with 3o filter. It is also found that the measurement accuracy is not affected if 60 or more
1-second data are used to calculate 10 minutes statistical values. A method is then proposed to measure
wind speeds and directions at multiple altitudes by switching the target height at 20-second intervals. It
is indicated that the measured wind speed, wind direction and turbulent intensity in this way show good
agreement with those calculated using 600 seconds data. Finally, the dual-Doppler scanning lidar
measurements are validated by a cup anemometer and a wind vane mounted on the met mast. The
coefficients of determination for wind speed and direction are larger than 0.98 and the slopes for wind
speed and wind direction is 1. The 90 percentile values of turbulence intensity for each wind speed bin
show favorable agreement with those obtained from the cup anemometer and the relative error in
standard deviation is 3.3%. It is obvious that dual-Doppler scanning lidars can accurately measure wind

speed, wind direction and turbulence intensity at multiple altitudes for offshore wind.
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Fig.1 Locations of met mast and two scanning Doppler
lidars
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Fig.2 Overview of two scanning Doppler lidars
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Table 1 Description of met mast

Cup anemometer ( Theis)

Instrument
Wind vane (NRG)

Measurement height above | Cup anemometer : 50m

mean sea level Wind vane : 48.5m

Sampling rate 1Hz

Table 2 Description of dual-Doppler scanning lidars

Scan type FIXED
Range resolution 50m
Accumulation time 1000ms
Sampling rate 1Hz

2008 : @, =215.82°
200S@ : 6, =25141°

Azimuth angle

2008@ : @,=0.77°
20082 : ¢, =0.84°

Elevation angle

Angle  between azimuth

35.59°
angle of200SM and @

200D :2810m
200S@ :2894m

Horizontal distance
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Fig.3 Schematic of scanning Doppler lidar measurement
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Fig4 Schematic of multiple altitude measurement using
scanning Doppler lidar
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Fig.5 Example of abnormal values removed by 3¢ filter

Table 3 Comparison of post-processed data availabilities
between Dual SL and met mast

Post-processed
System LT Number of
Instrument availability(%) data a\’dl]:l.b]llty 10min data
19 (%0)
Met mast 100 98 | 3459/3546
Dual SL 97 86 | 3065/3546
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Table 4 Post-processed data availabilities with and without
3o filter

Filterin Post-processed data Number of

& availability 7;0(%) 10min data
w/o 3o filter 86 3065/3546
with 3 filter 86 3063/3546

Table 5 Reduction of error in standard deviation by 3o filter

Wind speeds in the range of 3 to 25 m/s
Instrument Standard Deviation Relative error
(m/s) (%)
Cup anemometer 0.90 -
Dual SL w/o 3o filter 0.96 7.6
Dual SL with 3o filter 0.93 33
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Table 6 System availability of three height measurements

Switching System availability (%)
interval Minimum Maximum
Isec 51.7 58.8
3sec 76.3 81.1
Ssec 843 87.7
10sec 91.5 93.5
20sec 95.5 96.6
S0sec 98.2 98.6
200sec 99.5 99.7
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Table 7 Slope, offset and R* of wind speed and wind
direction for each number of 1-sec data

Number of Wind Speed Wind Direction
I-secdata | gjope R’ Slope Offset R’
30 1.00 | 100 0.99 3.07 | 098
42 1.00 1.00 1.00 0.66 1.00
60 1.00 1.00 0.99 1.75 0.99
120 1.00 1.00 1.00 0.56 1.00
180 1.00 1.00 1.00 0.58 1.00

Table 8 Slope, offset and R* of standard deviation and
turbulence intensity for each number of 1-sec data

Number of |  Standard De\,riaui(:m1 Turbulence Inlensily1

l1-sec data | Slope | Offset | R° Slope| Offset | R°
30 095 | 005 | 094 | 095 | 0.01 0.93
42 096 | 004 | 096 | 096 | 0.01 0.96
60 0.97 0.03 097 | 0.98 0.00 0.97
120 0.99 0.01 0.99 | 0.99 0.00 0.99
180 0.99 0.01 0.99 | 1.00 0.00 0.99
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Fig.9 Comparison of time series of wind speeds and wind
directions measured by Dual SL, cup anemometer and wind
vane
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Table 9 Mean wind speed, standard deviation and their
relative errors measured by Dual SL and cup anemometer

Wind speeds in the range of 3 to 25 m/s
Instrument Wind | Relative | Standard | Relative
speed error deviation error
(m/s) (%0) (m/s) (%)
Cup anemometer 9.0 — 0.90 —
Dual SL 9.0 0.1 0.93 33
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Fig.10 Comparison of 10-minute average wind speeds and
directions measured by Dual SL, cup anemometer and wind
vane
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Fig.11 Comparison of 90 percentile values of turbulence

intensity measured by Dual SL and cup anemometer
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Table 10 KPI of wind speeds and directions from three
datasets measured by Dual SL

. Wind Speed Wind Direction
DR Slope | R® | Slope | Offset | R
DatasetA | 100 | 099 | 100 | -044 | 099

Dataset B 0.99 0.99 | 1.00 0.36 0.98
Dataset C 0.99 0.99 | 1.00 0.25 0.98
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Fig.12 Comparison of 90 percentile values of turbulence
intensity from three datasets measured by Dual SL and that
by cup anemometer
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