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Abstract

In this study, data availability and measurement accuracy for offshore wind assessment using a
single Doppler scanning Lidar are investigated. Firstly, the effect of measurement distance as well as
rainfall and snowfall on data availability of the Doppler scanning Lidar are examined. The accuracy of
measurement for offshore wind speed and direction using a single Doppler scanning Lidar is evaluated, by
comparing with those from a met mast. In addition, one year offshore wind measurements are conducted
using two single Doppler scanning Lidars to investigate wind climate in a coastal region in Northerly
Japan. It is found that the accuracy of 15-second mean wind speed by PPI scan depends on the sector size,
and the 10-minute mean wind speed and wind direction are accurate enough when the sector size in each
scan sequence is larger than 30 degrees and the number of data acquisition is more than 10%. The vertical
and horizontal distributions of offshore wind speed in each wind direction are also analyzed and the
effects of onshore topography on offshore wind climate are clarified.
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(a) Locations of two scanning Lidars

r _E"-\

(b) Lidar mount
Fig. 1 Locations of Lidars and Lidar mount

Table 1 Description of scanning Lidar

20080 | 2005@

Scan type (Scan sector) | PPI (45" )

Range resolution 100 m

Accumulation time ls

Azimuth angle 294.2° | 299.7°

Scan speed 37 /s

Aqgle between each ¥ /LOS(15LOS)

azimuth angle

Horizontal distance 1750 m 1309 m

Installed elevation 4.7m 27m
Scan A : 60 m | Scan A : 62 m
(1.8 ) (257 )

Height of observation | Scan B : 110 m | Scan B : 110 m

target (Elevation angle) | (34" ) (46" )
Scan C : 160 m | Scan C : 158 m
(507 ) 6.7 )

Observation period | yvear

H AR ) x4 0v F—24 4 ik



Fig. 2 Laser adjustment with hard targets
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Fig. 3 Example of CNR filtering
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Table 2 Scan settings for evaluating data availability

. Scan Elevation Approx.
Period Days type angle |deg.| range [m|
1 20 FIXED 2 200~14000
2 2 FIXED 2 200~14000
3 128 PPI 1.75 200~8000
100%
0%
z
2 6%
r]
g 40%
a8
20%

500 2000 3500 5000 6500 8000 9500 11000 12500 14000
Range [m]

(a) Data availability for all data

00 1500 2500 3500 4500 5500 6500 500 8800

Range [m]

(b) Data availability for different amount of rainfall

==gcm 5 Snowdail
100% —{tm s Snowdall < 2em
Ocm < Snowfall < lem
80%
=
§ 60%
®
=
§ 40%
20%
0%

500 1500 2500 3500 6500 7500 8500

4500 5500
Range [m]

(c) Data availability for different amount of snowfall
Fig. 4 Variation of data availability with measurement distance

and precipitation
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Table 3 Scan settings for validation at the met mast

Scan type (Sector size) PPI (45 )

Elevation angle 2.5

Starting/Final azimuth angle 143" (A)/59.3° (B)
Accumulation time ls

Horizontal distance 1340 m

Scanning speed 3% Jsec

Azimuth separation 3% per LOS (15 LOS)

Bstop pn 8 .
% (L, * sin @) * X7 (cos 6 = sin 8))
L3 start

(Zoer (@, » cos 0) = £ (sin?0) ) — (3

M

Fig. 5 Schematic of measured area in one scan
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Fig. 6 PPl scan area of Lidar and location of met mast
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Fig. 7 Time series of 15-second-averaged wind speed and wind

direction converted from 15 LOS data
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Table 4 Frequency of sector size
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Sector size (deg.)
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Table 5 R? and RMSE for 10 min mean wind speed at 17,5 ~
Ngo tothatat nygo

R? RMSE
Nso 1.000 0.054
Neo 0.999 0.110
a0 0.995 0219
20 0.995 0.236
1o 0.989 0339
s 0.979 0.464
N2s 0.959 0.663
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Table 6 Summary of SA and PDA of single Lidar No .1

STt PDA [%]
%] 60m 110m 160 m
Month 1 100.0 97.2 97.4 97.0
Month 2 99.9 97.6 97.5 97.5
Month 3 100.0 89.2 89.2 88.8
Month 4 100.0 98.1 98.3 98.2
Month 5 100.0 99.5 99.4 99.0
Month 6 100.0 99.5 98.5 973
Month 7 96.4 95.4 94.8 94.3
Month 8 100.0 97.4 97.5 97.1
Month 9 100.0 99.6 99.5 99.4
Month 10 89.4 88.0 88.0 88.0
Month 11 99.1 98.3 98.3 98.4
Month 12 100.0 99.7 99.8 99.8
Overall 98.8 96.7 96.6 96.3
Table 7 Summary of SA and PDA of single Lidar No. 2
o PDA [%]
SA Tl 62m 110m 158 m
Month 1 100.0 97.3 97.5 97.3
Month 2 98.0 95.8 95.6 95.7
Month 3 100.0 90.0 90.1 89.9
Month 4 99.0 96.7 96.9 96.9
Month 5 100.0 99.5 99.5 99.5
Month 6 100.0 99.6 98.6 97.7
Month 7 96.8 96.7 96.4 96.0
Month 8 100.0 99.7 99.6 99.6
Month 9 100.0 100.0 100.0 99.9
Month 10 100.0 99.8 99.7 99.2
Month 11 99.1 98.8 98.8 98.9
Month 12 100.0 99.7 99.7 99.7
Overall 994 97.8 97.7 97.6
HAR ) = AV F — 24 Gl
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Fig. 16 Wind rose and normalized mean wind speed at three observation heights measured by 20081
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Fig. 17 Wind rose and normalized mean wind speed at three observation heights measured by 200S2)
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Fig. 19 Wind rose and normalized mean wind speed at 110 m height with different horizontal distance from Lidar 200S(1)
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Fig. 20 Wind rose and normalized mean wind speed at 110 m height with different horizontal distance from Lidar 200S@)

T NT A F XD BB AT O Bz L —
PF— il EOBEEE T A FRFCEH T X 5720, BT
HHEE 200m FREED & L——FERREEE Co L O
B —BEICBBT S N TES, 0D, 36
FED RN A FEh S5 Z 12XV, Fig 14 12”7 X
INZACES [ O RS O R 2 BT & 5, ABFgE
TIIH AT v A X HBAE S EE 110m (234725
B A fh L B ACERREED 10 43 FrEEGHE o 55
H U & SEOT bR A 54T L, Fig. 19 & Fig. 20 |2
AT, BRI 110m ) S O RGHE A V=,
7 A Z—200SD 7 & B H A E TOAREERET,
1179m, 1750m,3399m T ¥ ,200S@ D512 15 898m,
1309m, 2408m TH 5,

2008 & 200S@iz 331 D F B BB EE [ {L] 7= {6
Al L, B & A LBl L, BRI SRR
LR L7, FHAHOEEEEEE 200SD L 2008

Vol.47. No.2

53

@TIERAR DI &R L, 200SDTHE, FER (90~157.5
FE) AT 30N T IR DB A5 0 SRR 3 (R 48 ] 1 oD
WL D BIET Liz—F, 2008 Tid EDFHHLIIBNT
B PR O 0D SR A3 P OB s oD JEEE 0 1) 0
{IgoTND,

0.95
0.9
0.85

0.8

Normarized wind speed [-]

Distance from shore [m]

Fig. 21 Normalized wind speeds in the wind direction of 135 deg.
measured by 2008 and 200S8@) at 110 m height

HAR) = 4V F -5 s



Fig. 21 12{% 2008 & 2008@ T = hi=iE LED
135 JEJRIAIZ 351 2 MER ST RGO K o4 2,
200SMHtAL> 135 FEJaLA) TIE Rl O @S (3399m)
O JEEA PR OB A (1179m) DJEGE X D 9%{EKL,
Z AU, 200SOOFERNZ I EE 100~200m FRE DL
HHT, PERAPE EZD 2o TRASEiE 3 5 B
RS REL 2D Z Ll L il e I F Lz &
EZ NS, —H. 2008 135 FEE A TIE A
OB (2408m) O JEHE A FEMI OB (898m) D
JRGE L D 15%0m\ 0, Z AL 200S@ O BERI LR 2 it
HIBIER TR Y, WrimfEOZ b3 72 <, BEEAE L
12 T2 THE ERIOHEE OB T, BUED
KLi=¢Ezbh35,

5. &

AT, Ax v =27 T4 F—DsHlliEHEE 5
— X BAFROBRE L UKD E R~ S &3,
P ERLA SR B S FEARE L, RSBl
20— B S U7 B & R A & it S Z iz &
D, FOBHKEERGELT, 2680 LT
A Z—% T H A2 B M st o7 E R % S L
b O AE ERRIC S 2 D EBEHA LML
72o AN OLHEONFRIZLLTO LB THD,
(1) BAKBRAX Y= 754 F—DF —FBIFRIC

KEREBYHZ BREMRIIAX Y= T T F—

X DFHAREETHS Z L EALNC LT,

(2) 18] PPl A3 ¥ BT B2 & —H A XH3 30 J
LU BT — 2 BUEED 10%LL EDOSE. 10 43
P JaGE & mmz B WD TRWBII A T 5 2 L
ZHOMMI LI,

() AL TIRE L=V NI A F—DBMFEL
RWC, HERM o BRIz £ L, > AT A
iR L OMT2h 7 — & 3813 Stage 3 D272
THIELERLE,

(4) B350 iR R A OB R4
ST Uize B LICEOHITEA S B 0 T, B
EEICRITIWE ZAIFEREES O E AR L,
fie EOHIEANE LB OFHE & AT MmO 534
WA B2 D LERAEMNZ L,

Journal of JWEA

54

ABFFEOBRHCHT= 0 | BRI SRR
WA ETAW, Fio, AR X 0% B
SR LUBREOBRIC S ZHAZTRW:, Z I
LCLnb#BEERT,

SE

[1] A. Yamaguchi. T. Ishihara: A new motion compensation
algorithm of floating lidar system for the assessment of
turbulence intensity. Journal of Physics, Conference Series
753(7). pp.1-8, 2016

PILRFE, KR, BRAEmE], “CoNIEY A Mok
F57a—7 4 774 X —OREREOIE" | 5 4
B = R F—FR R A, 2022

BT, KIBHIR, IR, “7 R —F (/TS
—HERERFM O/ o DI LEMERER (£02) », & 4 [
AR F—FH Y R A 2022

LR, BB, A, “Fy 77— 4 F—%FfIA
U 7 i e BE O ELHE FHI & 104 B AR & 2 RS BERRGIE™,
o5 44 [BlE ) = F X —FIH > R w4, 2022

BB R, MR, RN, ARE TaTAAFY
=2 V74 =2 A LRGN BT D RFE” |
B o F 200 30K | Vol. 45, No.2, pp.40-48, 2021

AL bV=A FIHA, UNK BEE AF¥r=r
TRy 77— 4 F—ORERGE L B A~DIER”
A A ) = 3L ¥ — 205 304, Vol42, No.l, pp.7-16,
2018.

|7] E. Simon, M. Courtney. (2016). A Comparison of sector-scan

2]

B3]

(4]

151

(6]

and dual Doppler wind measurements at Hovsore Test Station
— one lidar or two? DTU Wind Energy. DTU Wind Energy E.
Vol.. 0112

|8] The Carbon Trust. “OWA Roadmap for the Commercial
Acceptance of Floating LiDAR Technology, Version 2.07,
2018

(91 Al (hng RE =, RE—E. “JERUREN TR
E7 /L MASCOT DBi%E & EDIEM” | =¥ —,
Vol.26. No.4. pp.2-6. 2002.

2023 4F



