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Summary

The wind energy industry is associated with many major research fields not only
basic studies but also engineering application research. In engineering research field,
wind farm developers roles are very important based on the accumulation of basic
studies and observed data in real area. In this study, we developed a developmental
flowchart from the developer’s position, which included a basic and the actual
research. We checked the error of input data and gave a way to improve its
accuracy by conducting a study of WindPro and WASsP softwares, which are widely
used in wind energy research fields. We also offered Micro-siting roughness
coefficient map and contour map in Jeju Island which is very important role to
estimate wind resources and wind energy estimations.

When conducting the MCP, we improved the AWS data accuracy using numerical
techniques such as digital filtering and other statistics tools. It was found that the
wind data estimation process for converting the short period data to the long term
one was very successful. Finally, for the first time in our country, we implemented
coastal wind farm design process based on the observed data of tide and tidal
current, and wind wave under an extreme ocean conditions like Typhoon and severe
wind conditions. After analyzing wave frequency estimation, we found that PM
spectrum pattern is very similar to the observed wind wave frequency one in Jeju
coastal area. It means that the correlation between the two wave spectrum were
fairly strong. From the study, we found that PM spectrum can be given
overestimated values for the design of offshore wind turbine substructure in a coastal
area. Also, in the analysis of wave data, wave spectrum showed the double peaks in
a observed period. It can be also an important thing to design coastal structure of
wind farm.

In this study, we proposed the design processes of wind farm of the land as well as
the coastal areas of Jeju island. Also, we gave some useful numerical skills to
improved the accuracy of the observed wind and wave data. The processes and the
skill can be widely used for wind farm design and its related researches, particularly,

for the development of an offshore wind power complex in coastal area.
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Fig 1.2 Development of offshore wind farms in
Jeju coastal zone flow chart.
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Fig 1.3 Wind Speed Map for Republic of Korea (Source :
KIER).
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2.1 A7 XY

B ATl AE Fig 213 o] AFE WA A9 ArddAdon 4459

R

own E 126° 05" 10" N¥¥ E 126° 58 "37”N, E 33° 06 31 "E¥¥H E 33° 35

55" E Atelel g1Aska ek AFES] BHge] Fe FAYG FFol
B wEue 2407k 21 Belel A Fejolu] FFo] Awel thste] %%

ek A FAso 2 oF 15° 7heF 7] EojRl RFoR A Ao do|rb o
74km, 34km 1,850km? 3l Q+A
o] Aol oF 264kmoltt. FE3E eAbS HHOo R St FAALHE 4vH(3~5°)

Fig 2.1 The study area.
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L, B, 35 A AAHJAAY 9 Tl FIE doly et et x4
o] AWS Hlo]EHZ o] &t 1 ¥ 1% Table 210 & st

7173 FFA FEA L] AA Eol= Table 2.2 YERH AT

B, 55 Met-mast
Holl Met-mast *® !

T3} AWS A%

&

D5 AWS

Fig 2.2 Met-mast & AWS location in the northeast Jeju Island.

Table 2.1 Met-mast and AWS Location in the northeast Jeju Island

Name Location Elevation
Handong Met-mast 33° 32" 26.0459" N 126° 50" 9.8711" E 5m
Pyeongdae Met-mast 33° 31' 55.7335" N 126° 50" 52.1728" E 19m

Udo Met-mast 33° 31' 14" N 126° 57' 24" E 20m
Udo AWS 33° 30" 23.438" N 126° 57' 12.101" E | 39.43m
Kujwa AWS 33° 31' 21401" N 126° 51' 06.714" E 25.3m

Table 2.2 Met-mast and AWS Descriptionin in the northeast Jeju Island

Name Anemometer Height An%rz%srggpe Me;j?arﬁronnent
Handong Met-mast 40§10r§b,?]0%m 60m, 40m, 10m N %8%8 ﬁ 5(1)
Vet mast aom, 30m 6om, dom | 3017 07 03
Udo Met-mast 3%% %%% 60m, 40m - %8%? 8;' (3)(3)
Udo AWS 10m 10m - 5012 1251
v AWS 10m 10m - 5012 1231
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Fig 2.3 Specification of Met-mast.

Fig 2.3 IEC61400-12 60m
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wo Fggre] A wrol)

Fig 2.4. Anemometric Met-Mast Location

(Handong, Pyeongdae, Udo).
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Hanséok-ri
Wolpyeong Nameup
Gefimdenng =+ 2
Yongdang

Gwangpyeong

Kohsan

Dacjeong industrial complex,of niral arcas

g Uboteum

Mumlg“»,;

: Deajeong a

Daecheon

Garigiong«

Haengwon-ri
Handong-ri

Y Jongdali < 140

: Sinnyang-ri
Seongeup

Sinsan

Table 2.3 Met-mast Location around Jeju Island

Name Location
Handong-ri 33° 32' 26.0459" N 126° 50' 9.8711" E
Pyeongdae-ri 33° 31' 55.7335" N | 126° 50' 52.1728" E
Udo 33° 30" 144" E 126° 57' 348" E
Haengwon-ri 33° 33" 36" N 126° 48' 54.36" E
Jongdal-ri 33° 30" 21" N 126° 52' 4048" E
Sinnyang-ri 33° 25' 4348" N 126° 55' 4048" E
Sinsan 33 23' 9" N 126° 53' 1536" E
Seongeup 33° 25' 148" N 126° 49' 448" E
Sumang 33° 20" 36.18" N 126° 41' 5248" E
Gangjong 33° 14' 332" N 126° 29' 347" E
Daechenon 33° 15' 53" N 126° 28' 453" E
DAEYOOLAND Shorting 33° 16' 42" N 126° 23' 51.36" E
Uboreum 33° 16' 2848" N 126° 24' 6.36" E
Deajeong aerodrome 33° 12" 18" N 126° 15' 49.12" E
Iigwa-ri 33° 14" 12" N 126° 13' 48" E
Daejeong industrial complex of rural areas 33° 15' 3412" N 126° 13' 4648" E
Murung 33° 15' 45.36" N 126° 10' 53.24" E
Gwangpyeong 33° 19' 38.24" N 126° 21' 7.48" E
Kohsan 33° 18" 3" N 126° 11' 8.24" E
Yongdang 33° 20" 15" N 126° 09' 5848" E
Geomdeung 33° 21' 46.12" N 126° 11' 1536" E
Nameup 33° 23' 1348" N 126° 22' 3448" E
Wolpyeong 33° 22' 50.24" N 126° 13' 2.24" E
Hanseok-ri 33° 25' 46" N 126° 15' 58" E
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Table 2.4 Met-mast Description around Jeju Island

Ane
mosc
. Measurement
Name Anemometer Height I—O|gi?; duration
ht

: 60m, 50m, 60m, 2010. 12. 20
Handong-ri 40m, 30m 40m ~ 2012. 11. 30
. 60m, 50m, 60m, 2010. 02. 06
Pyeongdae-ri 40m, 30m 40m ~ 2011. 07. 03
Udo 60m, 50m, 60m, 2010. 04. 30
40m, 30m 40m ~ 2011. 07. 03
. 60m, 50m, 60m, 2002. 01. 10
Haengwon-ri 40m, 30m 40m ~ 2009. 07. 23
Jongdal-ri 45m, 30m, 15m 45m ~ %88421' 83' %3
Sinnyang-ri 45m, 30m, 15m 45m qE s
Sinsan 30m, 15m 30m - 1909 93 30
Seongeup 45m, 30m, 15m 45m ~ 22%%13 %65' 0311
60m, 50m, 2005. 06. 17
Sumang 40m, 30m 45m ~ 2009. 06. 28
Gangjong 45m, 30m, 15m 45m ~ %8%(1) 82' (3)%)
Daechenon 45m, 30m, 15m 45m ~ %8%(1) 82 8%
DAEYOOLAND Shorting 30m, 15m 30m ~ %832’ 8%' (2)52;
Uboreum 45m, 30m, 15m 45m N %ggg gg g(l)
Deajeong aerodrome 30m, 15m 30m ~ %ggg % %8
ligwa-ri 45m, 30m, 15m 45m - %ggg (1)3 g(l)
Daejeong industrial 2010. 05. 01
complex of rural areas 45m, 30m, 15m 45m ~ 2011. 04. 30
Murung 30m, 15m 30m ~ %888' 8? (3)%
Gwangpyeong 30m, 15m 30m ~ %ggg' (1); %8
Kohsan 30m, 15m 30m - 5002, 02. 77
Yongdang 45m, 30m, 15m 45m ~ %88421' 83" %g
Geomdeung 45m, 30m, 15m 45m ~ %88% 82 %?
Nameup 30m, 15m 30m - 1999 1 31
Wolpyeong 30m, 15m 30m ~ %88% 8?1' (3)(1)
) 60m. 50m, 2005. 03. 01
Hanseok-ri 40m, 30m 45m ~ 2009. 07. 23
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2.4 U] spectrum EA10] O[2E =5 A&

%0 9% Wave spectrum w24l A% I3 dHolH= €4 ey A
SR A= g 71 2012 9€ 5YFE 2013 1¢¥€ 8Y T3 dolH
= F7) st A4S AASA Y. #7179 #E9)A] = Table 25 Table 2.6
5 2,

Table 2.5 Woljeong-ri Offshore Met-mast Location
Name Location
Woljeong-ri ocean o 24" 40" o 247 ACn
Met-Mast 33° 34' 49" N 126° 47" 05" E
Table 2.6 Woljeong-ri Offshore Met-mast Description
. Anemoscope Measurement
Name Anemometer Height Height duration
Woljeong-ri ocean 70m, 68m, 58m, 2012. 09. 05
Met-Mast 48m, 38m, 31m | ©8m. 58, 48m | 5413 01 08
2.5 GHEFO AISE S A

_2’|_



Okm  Skm  10km 15km  20km  25km

Fig 2.6 Spot-5 Image around Jeju Island.

2.6 Agiz M0 AISE FRAYE=

1:25,000 ( - 336082,
336083, 336084, 336071, 336072, 336073, 336074, 336081, 336082, 336083, 336034,
336101, 336102, 336103, 336104, 336111, 336112, 336113, 336114, 336121, 336122
) . Fig 2.7 1:25,000

————————+—

25k 7Skm 1 175km 225k

Fig 2.7 Digital map data around Jeju Island.
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& ZF T Y Table 273 Fig 289 =2Fo A& fAAA #+= 3o
AT LA AT ST E T ASEAe] FAEEFde] WinDS 3000 A A]
A FHolty, #FHA S FREY G 93 Heoly AE Fol7] 9§ 1
2, 228 #EA] E5F WinDS 3000 A ~glo 2 B HA 100mold "ozl 3
of 7z} FAulE HAste deolHE 34 sttt
Table 2.7 Wave, Tidal, Continuous current
Observation Position
Geographic(WGS-84)
A= AE
33° 34" 32.17 126° 47" 23.6"
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9% 59 ~ 20129 109 59), 22 FAF (2013 19 119 ~ 20139 29 12
AE stz 2919 AS 12 2AH 20124 99 59 ~ 20129 10€ 5%), 23
ZAF (2013 1€ 119 ~ 20139 29 129) #3359

2.7.2. A& =7 245 A=
AL 279 A5 12 AR 20129 99 59 ~ 20129 9€¥ 209), 22k A

(2003 1 11 ~ 2013 1 30 ) 15

2.7.3. SHQFute| Spectrum £41 XI&E

FT&ol 913 Wave spectrum w40 AH8® gt dolE = 2012¢ 9€ 14 ~
201241 109 299, 201241 119 042 ~ 20129 129 139744 #=390c) <
2 g3 Z29AE AR AN F #A5S HAAGAT duAE ZEds
o]-g3sto] A FHAA V| FEAT. Fig 29 A <k2E FbA 1t

AAE AR FAE FF FILT ARt

Fig 2.9 Wave logger installation view.
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Table 3.1. Domestic projected coordinate
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Fig 3.7 Map projection types of Jeju island.
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Rotations (3 Parameters)

Movement of points around an Axis
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Fig 3.13 Discontinuities of the contour interval and solidarity.
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T ATHEHAH, 1998).

Fig 3.17 TIN around Jeju Island.
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st o] A= ClipZlss ol&3stol 424s 28 DEM< 843 § 54l

2 27 AAsel £AE A4 s

Fig 3.18 DEM around Jeju Island_2.
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Fig 3.19 Problem of contour map around Jeju Island.
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Fig 3.20 DEM for working with Micro-siting.
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Fig 3.21 TIN for working with Micro-siting.
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Fig 3.22 Contour map error check.
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Fig 3.23 Contour map for Micro-Siting.
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Fig 3.24 Regional development limited around Jeju Island.
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Fig 3.25 Analysis of social exclusion area around Jeju Island_1.
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Fig 3.27 Analysis of social exclusion area around Jeju Island_3.
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Fig 3.29 Analysis of social exclusion area around Jeju Island_5.
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Fig 3.32 Available area in offshore wind farm development in the

northeast Jeju Island.
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Fig 3.34 Analyze of slope and slope direction in the northeast

Jeju coastal region.
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Fig 3.35 DEM & DSM (Source : IMU KOREA).
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Fig 3.36 Digital elevation model(Source : IMU KOREA).
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Fig 3.42 Analysis of the shadow area_3.

Fig 3.43 Analysis of the shadow area_4.
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Fig 3.44 View analysis (Source : IMU KOREA).

Fig 3.45 3D analysis visible area.
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Image applied ocean area.

Fig 3.47
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Fig 3.48 Filtered image about village and vinyl houses.

Fig 3.49
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B 24 ASE ol 239 Ao wAL 20, FAD HaArE 1002 A48
tho olE Mo BAAs BEi 4y LS FFste] ofd 1R 2E A
W 2Ed AP EANEES d5sgt 9F BRE A6 44YAE 22
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Table 3.2 Cluster distance.

Cluster 1 2 3 4 5 6 7 8 9
1 0 14498 | 284.06 | 127.17 | 311.17 | 167.13 | 123.56 | 138.28 | 148.67
2 144.98 0 22997 | 4679 | 364.34 | 19291 | 9055 | 7209 | 37.34
3 284.06 | 229.97 0 216.05 | 34537 | 231.09 | 206.18 | 235.69 | 243.14
4 12717 | 46.79 | 216.05 0 31757 | 146.19 | 44.04 | 3557 | 3899
5 311.17 | 364.34 | 34537 | 317.57 0 171.54 | 273.99 | 301.39 | 34443
6 167.13 | 19291 | 231.09 | 146.19 | 171.54 0 10247 | 133.23 | 17511
7 123.56 | 90.55 | 206.18 | 44.04 | 273.99 | 102.47 0 4467 | 77.58
8 138.28 | 72.09 | 235.69 | 3557 | 30139 | 133.23 | 4467 0 43.39
9 148.67 | 37.34 | 243.14 | 3899 | 34443 | 17511 | 7758 | 43.39 0

Table 3.3 Cluster mean.

Cluster Band 1 Band 2 Band 3
1 33 28.01 175
2 30.94 4171 30.68
3 255 0 0
4 58.35 68.78 57.24
5 2459 244,19 244.08
6 147.65 145.56 143.85
7 88.26 88.74 82.67
8 52.24 103.63 60.84
9 27.65 78.61 3531

_6’]_



Table 3.4 Cluster variance.

Cluster Band 1 Band 2 Band 3 # of Pixels
1 0.29 0.38 0.35 63875
2 105.6 149.66 97.97 33744
3 0.23 0.31 048 1962
4 77.3 51.73 37.69 17450
5 2994 389.94 405.07 1242
6 633.9 540.44 619.38 2278
7 180.28 152.59 14411 10211
8 108.73 30.77 64.57 2296
9 7.64 114.32 21.76 2651
9 “Utilizing principal

component analysis in unsupervised classification based on remote sensing
data” ( . 2003) “Landslide
Susceptibility Analysis Using Landsat Image & GIS Technics in Jeju”’(Quan
He Chun, 2009)¢] AFAY 94 27 248 wgow 5§ s 4y A

Aqe] H& Yol ZAstA vEtve Ay AxE FEo] ZAdA dHEivde FiEs

&% sl ol SPOT-59 @74 F7] side Aoz Qg o= des

th E=d FAe R 29 Zo] AW 2R Ag 2A 9 wA hel=

2 Zol7k vk agER B Ao 2A 9 FAAR Eid A29E 5T
V4

Table 3.5 Land cover and RGB value.

Color Name Land Cover

Cluster 1 Ocean

Cluster 2 Forest

Cluster 3 Load

Cluster 4 Agriculture & Grassland
Cluster 5 Farming villige
Cluster 6 Agriculture & Grassland
Cluster 7 Agriculture & Grassland
Cluster 8 Agriculture & Grassland
Cluster 9 Forest
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Fig 3.51 Image classification map.
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Fig 3.52 Process of majority filter.
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Map Description Ditails | Map Projection Description

|Tﬁ_"_"—.é.‘ B2 - Generated by Global Mapper (www globalmapper, com)
Projection Type Zone
m— [z =
Lines H.Contours || R.Lines Ifa. Lines E.Lines File Type |07 Prosction a2 J
| 3231 ||| @ | 231 ||| @ | o lasc S Cent, Merid {E)
- e \ame [was 1984 Frizopooon 7
Points Modes ‘Webs Dead-ends | CrossPoinks || LFR-Errors Spher. s 1954
| tze78 ||| 208t || 114 ([ o | o | o
Hmin i Zmin Roughnesses {m) Z-values (m)
€] zai4an om n| Zssacens om || ? 0 0.0000 e
0,0030
AMax fmax Zmax 10,0130
E| 253590 m Wl aroatens m [ ? m 0,4350
10,4530
Rimin Rmax ggggg
| 0.0000 m | 08530 m :
Skatus
WASF Map Edtar is & WisP tool vy wiaspdk
Fig 3.55 Surface roughness map error check.
| ! f } ) } )
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Fig 3.56 Surface roughness vector map of the Jeju Island.
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Fig 4.1 Annual maximum wind Speeds.

Gumbel Distribution®] 3}e}r|EE 2FEsh= 342 Weibull Distribution®] 4k

Z9A4 Y FAIY. gEo RUE H(HE)Y H4 Aol EWTS I %HH

u

Sol 9l

_67_



4.1.2 Gumbel HEFXZC| ufetolE &E Y

Gumbel Distribution (4-1) . Gumbel Distribution

parameteri= Scale parameter= (3¢} Mode parameteri= p”7} 1t

f(m)zexp{—exp{ﬂ}}x eXp{%}X L (4-1)

Gumbel Distribution (4-2)
F(z)= exp{— exp{ﬂ}} (4-2)

A

7]

o
22

8g Aoz wASE dAdo] oW AW % W& BE

[-tl
N

o
off

AArsl= 2335 (Probability  of exceedence)?t #A = o} v}l Gumbel

Distribution @3 3548 3ttt Gumbel Distribution®] 72 &3

o e F2 100%lA 1 FES Wtk d F 1 gES Hs gEo HY

o FEe 94t AdFr)7r "k 508 AdF7]E 50=1/0.0201W 509 AE
T

F7)9 3% FHe A 4o

1
1 E)} (4-3)

A F71e gk =3 F59] A WS Fig 429 2.
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&0 Extreme Wind Speed vs. Return Period
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Fig 4.3 Annual maximum wind speed of the relative frequency and

cumulative relative frequency.
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Linearized Cumulative Distribution Function

Annualized peaks

/ = Best-fit Gumbel
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Fig 4.4 Linearized Cumulative Distribution.
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Fig 4.5 Sophisticated Gumbel fit algorithms(Source :

windograper manual).
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4.1.2.3 EWTS II2| HIt{

=% T&5 FAWHA = EWTS 119 Wiio] v o= ECNellA 99del i
H T3 F& FAH 2oz The European Wind Turbine Standards I,
(Dekker and Pierik, 1998) . EWTS 1I Exact, Gumbel,
Davenporte] Ut} o] Al WHE B o]l Webull kaetH|HE o] &3t

Holth, Exacte] 4 (4-5)9 2t

=

I/ﬁef _ 1
Vave kI(1+1/k)

(4-5)

In(1+1/17) )Hl/’f

n

—ln{— exp

Gumbel (4-6)

1

Vier _ (lnn)z
Vave kIN(1+1/k

) [klnn—In{—In(1-1/7})}] &6

Davenport 4-7) ~ (4-9)

1

I/ref: (Inn)*
Vave clkF(1+1/k)

[cicoklnn—In{—1In(1—1/T,)}] @7

k—1
=1+ klnn (4-8)
ko1
~ Inlkr(1+1/k)(Inn) * ]
CQ—1+ kh’]n—(k—l) (4*9)

ol 71X, 1, & AdF71oln 508 A F714 A5 1,8 500]th.
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Fig 4.6 EWTS II Method(Source

: windograper manual).
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U (4-10)
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Fig 4.7 The Scatterplot of the Turbulence Intensity

(Source : windograper manual).

4.1.3.2 IEC 61400-12| HRZ=

61400-1°1 4 =82 (DLC : Design Load Case) #4184 & &=
e YeEhde T8 devHe 3R 2 FE S I
(International Electro—technical Commission) =4 A 7] 7|49 43]l= A 7] 7]<9)

w3 ZE=S A4 LY =4S HHoE AYd Vo EA THEd iyt



LHERH AT

Table 4.1 Turbulence Categories defined in IEC 61400-1 2nd Edition

Category Characteristic TI at 15 m/s
S > 0.18
A 0.16-0.18
B 0-0.16

Table 4.2 Turbulence Categories defined in IEC 61400-1 3rd Edition

Category Mean TI at 15 m/s
S > 0.16
A 0.14-0.16
B 0.12-0.14
C 0-0.12

THTANAM O dFAEE 156m/se #E o] &d] i
A5 o] gate] AAslA ®rl 53] IEC 6140014 GHEEE FFEE
HE o ti 7hgste] et w329 12Fst AYE ol &5ty AEsHA "t
21 (4-1D)9 2t}

i

o YRAEEY BEAAE ZE BT FEWNSE 9t [EC 61400-1 2™
ol 4 84% W94 4 wE Edition IEC 61400-1 3 Editionol A& 90%
E4d wo dFAEE 23tk IEC 61400-1 2™ Editiono] A& ox Z thAl
of 001132 Watd =i IEC 61400-1 3 ol A Zi= 1.280]t}, Utz oz F40]
7kt Faste 9IS Bt d#Ad vk Fig 487 Fig 499 IEC
61400-1 2™ Edition  IEC 61400-1 3 Edition®] ¥%¥ JdHFAEe 534
HelE HolFa 9t
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Fig 4.8 IEC standard 61400-1 2nd Edition Turbulence

Intensity categories(Source : windograper manual).
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Fig 4.9 IEC standard 61400-1 3rd Edition Turbulence

Intensity categories(Source : windograper manual).

IEC 61400-1 2" Edition®] 74 s Hizololre] mFEHAe 4$ 4 (4-12)0
oste] 3 4 itk
l5m/s+aﬁ
o= 115a_|_—1’b (4-12)

4.1.4. 59| ERET
F 40 FE R E = Weibull Distribution & Rayleigh Distribution w&t}al
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b
-
N
[\

x4 dt} Rayleigh Distributioni= Weibull Distribution®] &4+ A

]

>
o~
2
AN
ol
o
£

QU Aoty e FEET) AL Frho] BE AT FL ANL

A TS o F3t7] o))

o -

4.1.4.1 Rayleigh EEEXE

M dolg e A &2 22 RWEE V, . (the root-mean-squared)?t 2F&
st Rayleigh &Ew#32E A4t & o™ Weibull &3 573 45
k=2) . Vin,E ol&ste]l #Hdy #ExE " Ao std A(4-13) ~ A

(4-14)7} 2t}

2v el — v\ >0
fy=1v2 P\, YT (4-13)
0 v <0
I/rms - izvf (4-14)
ni=1

ANEAo R E&o FFHRIEE= Weibull Distributions wEtii ez 91

| 853 9t} Weibull Distributione] A& 4

T8 B AFAA THE wo
(4-15)
0 V<0
“”"{’“(V)“ S5
s exp . V=0 (4-15)
k>0,c>1
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, koo (shape parameter : unitless), ¢ : (scale

parameter : m/s)°]th. %2 Weibull A9 24 WHE HAE(RWNEY)S o

g3 Wy, ARAFTS o 8% WY, WASP ALHEL 087 Wy 5o 3

o,

4.1.4.3 Weibull EEE x| ulefo|y ArE iy
4.1.4.3.1 ZHEHE 0|28t Weibull B F735}7|

SEoA e EWME(HE): a3 2ol Fort Hol Ay gEEs X nAt

E[X"]Ifoo 2"f, (x)dx (4-16)

nz A& st 123 A& 1 FEHT Y Hiyt(mean)olgtal sta 23 &
E2 mean square valuethil St} 919l A& A2 X9 na 94 A E(moment
about origin) (Central

Moment)g} sttt 22 FAAES FAbolghal st 3aF FAAEL FxVF o=

sEoz 293 HAEE YelUlE d=(skewness) 42k TAAES wxo B
o] W3 J=E YellEs HE(kurtosis)Btal Tl RWEES o] &3 Wy

Weibull Distribution®] & 7vlgteE ol &sto] AL & vk Artapd 2

2 (4-16)¢} 2o o] o] g3t Weibull Al52 A4 2(4-18)% 7t}
o oo k—1 k
VZ/ VE(Z) exp(—(z) )dV
o cl\c c
oo k—1 k
=f e el o
0o C C C
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o l/k
~ (%/) ~ CF(1+L),1+%> 0 (4-17)
0

k= (o/ 1) c=1v/r(1+1/k) (4-18)

o] S LN-leastfoletale ok o] W2 #5549 dolHz FH dd =
TE 7ok A FEVES WS U 1 §ES WnlLa(-AW)E ekl F
2=
2

of ekl AAZTE (La()AFA thee 4 A 5 Uk FolRe

= A2AFE 4 NIEA} A9 o8 A4 = a bE TEE EAY

y=ax+b
Yy, =ax; +b
Yy, —ax; —b= &;
= Y (y; —2ax;y, + 2abz; — by, + b* +a’x;)

828? )
a X (—2z,y, +2bx;, +2ax;) =0
828?
Py Y (2ax; —2y,+2b) =0
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—2Xxy; +2bXx; +2aXr; =0
20z, —2Xy, +2N0 =0
—Yzy, bz, + aﬂxf =0

; 2y, —aXx;
a N
2y, —aXx;
— Xy, + ( N ) X, + aEaz? =0
5 Y Yy, aXz Mz, 5.2
xy; + N N +aXz; =0
(Za:iﬂa;i 222) - Y Xy;
al—7x— ;)= xiyﬁriN
Xlx, My,
T_Z%%
“ Y Xz, )
T—Exi
C=exp(—a/b) _
b (4-21)

4.1.4.3.3 WAsP 2 112|=E 0|28} Weibull HE 73517
Hyt THAYUA D5 o] &3t ALt ol FrEErE dA s

7k 89S wl, Weibull Distribution® W& tpd 2L o] g3 3t

3
A W% (mean power density (WPD))= thg 2(2-22)3F o] Ao g 4 3t

WPD= %pcgf(%—i— 1) (2-22)
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= g dolg=RE WPDE TaHd 4(2-23) 7} 2},

1 5.,
= ; 2-23
WPD=; Np;: 1:U"’ (2-23)
42103 A@1DE olgdte] H2-24)% FET = vk
(2-24)

HBES ol g3tol BT FES oW o] J225)e AL F Uvk

(2-25)

2(2-12)¢F A(2-13)°] HA7F H= et kE e "k

4.1.4.3.4 Maximum Likelihood AlgorithmE O| &%t Weibull B F5}7|

Stevens and

Smulders (1979) (4-26), (4-27)

N N
Y ufim(o) YU
p=| =t — =l (4-96)
N
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c= N (4-27)

4.1.5 Wind Shear =41
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boundary layer) (Ekman boundarey layer) . Fig
410
A7t 7]
i
1000m

of 3 ot 4 7 = BEREEEE S5

........................................... s 100(53);11

| EEEE | o~

Fig 4.10 Atmospheric boundary layer.

(PBL:planetary  boundary layer) (ABL
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Fig 4.11 A linear least squares algorithm for Log Law.
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Fig 4119 A9 A% Z% Zo](Roughness length)E &2 o2 veElhA
(4-29)
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z, =exp(b) (4-29)
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4.1.5.2. (Power Law)
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Fig 4.12 A linear least squares algorithm for Power Law.
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Winds decoupled

Fig 4.13 Hourly Wind Shear_1.
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Fig 4.14 Hourly Wind Shear_2.

4. 1.6 Wind Rose

TFol AAZZtez wE W NEZE 7Y =2 oukge] WwEke £33
(prevailing wind)°e]2kal gt} vlgAv](wind rose) = AlA 2o & wWhgko] W
v upghol]l tis) zZbzhe] whEkel] thd MR &S UEIWOoEA, FEIFS Rddte

3k 7FA wWoltt Wind Rose= Frequency by Direction(*#3d Z3 W %),
ik

sHAUA HE)E T2 A o] FIFe FHTAA L 74 wjdol

AR Aoz 42 5 A TR WA wy A

Fig 4.15 Frequency by direction.
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Table 4.3 Met-mast

and AWS Location in the northeast Jeju Island

Name Location Elevation
Handong Met-mast 33° 32' 26.0459" N 126° 50" 9.8711" E 5m
Pyeongdae Met-mast 33° 31' 55.7335" N 126° 50' 52.1728" E 19m

Udo Met-mast 33° 31' 14" N 126° 57' 24" E 20m
Udo AWS 33° 30" 23438" N 126° 57' 12101" E | 39.43m
Kujwa AWS 33° 31' 21.401" N 126° 51' 06.714" E | 253m

T3} AWS

S AWS ',

A

L

Fig 4.17 Met-mast & AWS location in the northeast Jeju Island.

Table 4.4 Met-mast and AWS Description

Name Anemometer Height AneHrE?;ﬁfpe Me(:?jlrJargcr)nnent
Handong Met-mast GOrQb%?rribqum, 60m, 40m, 10m - %8%8 %g 5(1)
Pyeongdae Met-mast 3%% z%m 60m, 40m - %8%8 8% 82

Udo Met-mast i%?% 53%?; 60m, 40m - %8%(1) 8;1 Sg
Udo AWS 10m 10m - 3012 12 31
Kujwa AWS 10m 10m ~ %8%(2) ?L)% (3)%
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Table 4.6 Total Wind Energy in the northeast Jeju Island
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Table 4.7914 Table 4.107FA = HA o] 1% 30moll A 60m7FA 9] F4 9]
likelihood
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ET¥ 545 Hol Fi Qv HolEelA Ho] X]5o] Maximum

dHEE B

rlo

Algorithm, #HA&A)#s o83 WH, WAsP Algorithm =% =

o] F31 9t}

Table 4.7 Wind Speed Distribution Analysis of Pyeongdae in 30m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k c (m/s) (m/s) 8:77;% Squared
Maximum likelihood 1.94 8.584 7.612 5324 0.99107
Least squares 1.855 8.659 7.69 576.1 0.98933
WAsP 2.017 8.651 7.666 5225 0.9897
Actual data 7.632 522.5

Table 4.8 Wind Speed Distribution Analysis of Pyeongdae in 40m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k c (m/s) (m/s) (Dﬁ/n;;tg}; Squared
Maximum likelihood 1.978 8.933 7.919 587.3 0.99288
Least squares 1.9 8.999 7.985 628.1 0.9915
WAsP 2.053 9.004 7.977 578.7 0.99142
Actual data 7.935 578.7

Table 4.9 Wind Speed Distribution Analysis of Pyeongdae in 50m height

. . Power
. Weibull Weibull Mean Densit R
Algorithm k c (m/s) (m/s) (V\e;}w;% Squared
Maximum likelihood 1.987 9.123 8.086 622.3 0.99141
Least squares 1.903 9.189 8.153 667.4 0.99008
WASsP 2.056 9.185 8.136 613.2 0.99016
Actual data 8.101 613.1
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Table 4.10 Wind Speed Distribution Analysis of Pyeongdae in 60m height

. . Power
. Weibull Weibull Mean ; R
Algorithm Density
k c (m/s) (m/s) W/m?) Squared
Maximum likelihood 2.008 9.348 8.284 662.4 0.99076
Least squares 1921 9.416 8.353 710.5 0.98963
WAsP 2.141 9.502 8.415 653.3 0.98621
Actual data 8.299 653.3
Table 4112 Bt A o] A7 thd A Fo Ao A58 F59 A
=9 Maximum likelihood Algorithm, & AAFS o] &3k W WAsP <
22 ol g3 WHOE TH Weibull HELEES nolFn gt

Table 4.11 Wind Speed Frequency Distribution of Pyeongdae

Wind Speed Freqs
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Least squares

— P
Fetual data
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T
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Wind Speed (mis)

Wind Speed Frequency Distiil

";-ni

10 15
Wind Speed (mis)

Pyeongdae(50m)

Pyeongdae(60m)

Table 4.120 4 Table 4.167}#] =
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Table 4.12 Wind Speed Distribution Analysis of Handong in 10m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k c (m/s) (m/s) 5&?;% Squared
Maximum likelihood 1.667 6.362 5.685 264.3 0.96527
Least squares 1.599 6.44 5.774 292.9 0.96621
WAsP 1.829 6.546 5.817 2534 0.95704
Actual data 5.712 2534

Table 4.13 Wind Speed Distribution Analysis of Handong in 30m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k ¢ (m/s) (m/s) 857;% Squared
Maximum likelihood 1.837 7.515 6.677 381.1 0.98782
Least squares 1.762 7.599 6.765 416 0.98428
WASsP 1.937 7.645 6.78 376.8 0.98915
Actual data 6.698 376.8

Table 4.14 Wind Speed Distribution Analysis of Handong in 40m height

Power

. Weibull Weibull Mean : R
Algorithm k c (m/s) (m/s) 857;?; Squared
Maximum likelihood 1.858 7.779 6.908 416.8 0.98442
Least squares 1.765 7.881 7.016 463 0.97842
WASsP 1.925 7.862 6.974 412.6 0.98754
Actual data 6.933 412.6

Table 4.15 Wind Speed Distribution Analysis of Handong in 50m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k c (m/s) (m/s) (D\A?/n;;t% Squared
Maximum likelihood 1.856 8.052 7.151 462.7 0.9742
Least squares 1.75 8.173 7.279 5224 0.96618
WAsP 1.96 8.191 7.263 4575 0.97948
Actual data 7.179 4574
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Table 4.16 Wind Speed Distribution Analysis of Handong in 60m height

. . Power
. Weibull Weibull Mean : R
Algorithm k c (m/s) (m/s) (I\D/\o/e/r\;;g); Squared
Maximum likelihood 1.877 8.275 7.346 495.6 0.9716
Least squares 1.752 8.42 7.499 570.5 0.9607
WASsP 1.999 8.44 7.48 489.7 0.97868
Actual data 7.379 489.7
Table 4.17 Maximum likelihood
Algorithm, #AA| ¥ o]8-3 Wy, WASP Algorithme o] 83k WHows
3t Weibull $ERYXES HolF3

Table 4.17 Wind Speed Frequency Distribution of Handong

Wind Speed Frequency Distributis
— Wi ikelinood T T C
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sctual data IR
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an
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an

z0
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Table 4.18 Wind Speed Distribution Analysis of Udo in 30m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k c (m/s) (m/s) 8&37;% Squared
Maximum likelihood 1.94 8.584 7.612 5324 0.99107
Least squares 1.855 8.659 7.69 576.1 0.98933
WASsP 2.017 8.651 7.666 522.5 0.9897
Actual data 7.632 522.5

Table 4.19 Wind Speed Distribution Analysis of Udo in 40m height

. . Power
. Weibull Weibull Mean ; R
Algorithm k ¢ (m/s) (m/s) (I\D/\c/e/n;% Squared
Maximum likelihood 1.978 8.933 7.919 587.3 0.99288
Least squares 1.9 8.999 7.985 628.1 0.9915
WASsP 2.053 9.004 7.977 578.7 0.99142
Actual data 7.935 578.7

Table 4.20 Wind Speed Distribution Analysis of Udo in 50m height

. . Power
. Weibull Weibull Mean : R
Algorithm k c (m/s) (m/s) 857;?; Squared
Maximum likelihood 1.987 9.123 8.086 622.3 0.99141
Least squares 1.903 9.189 8.153 667.4 0.99008
WASsP 2.056 9.185 8.136 613.2 0.99016
Actual data 8.101 613.1

Table 4.21 Wind Speed Distribution Analysis of Udo in 60m height

. . Power
. Weibull Weibull Mean : R
Algorith Densit
gorithm k ¢ (m/s) (m/s) (W/mg}; Squared
Maximum likelihood 2.008 9.348 8.284 662.4 0.99076
Least squares 1921 9.416 8.353 710.5 0.98963
WASsP 2.141 9.502 8.415 653.3 0.98621
Actual data 8.299 653.3
Table 4.22%= %% A 99 A7 A A Hdl A #59d 5 Ao
9} AMaximum likelihood Algorithm, A ¥ o83 W WAsP
NP FE o83 YHoR 3 Weibull SEFELES HoJFa Q)
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Table 4.22 Wind Speed Frequency Distribution of Udo

Wind Speed Frequency Distribution
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Table 4.23 The variation in the shape parameter with height above ground
Table 4.24 The variation in the scale parameter with height above ground
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thsto] AE &3

61400-1 3

ltl. Table 4.25%=

o Fua

= =

10
|2=gle] A 7]

#2 [EC 61400-1<
2Mz} 3ol E§ Ho] ALEHI
IEC 61400-1 2"¢] WTGS classE
61400-1 3™¢] WTGS class?] 71%< ®o] Fi1

Viep) 3 5770 5=

&t} IEC

Table 4.26+

gtk V., 508 A@RE7] 10

B E50 39 EHE L,E BmsdlAe] dRAES ou g,
Table 4.25 IEC 61400-1 2nd WTGS class
WTGS class I o il vV S
V.. (m/s) 50 42.5 37.5 30
Viwe (m/) 10 8.5 7.5 6
AL, (-) 0.18 0.18 0.18 0.18 Value? té) ge
specified by
a(-) 2 2 2 2 the designer
B 7, (-) 0.16 0.16 0.16 0.16
a(-) 3 3 3 3
Table 4.26 IEC 61400-1 3rd WTGS class
WTGS class I I m S
V,.; (m/s) 50 425 375
A L, () 0.16 Values to be specified
B I.(-) 014 by the designer
C  1Z,(-) 0.12
HEo e TEEd Alage] §H E:ol9l Met-mast?] HANY TEHTE

1

AA e wol= ApolE HolA H=d o=
B ol WM3le] Fojof

Met-maste] %534 49
HE oulgtt, =olo

Pl
AN
o)
)

2kel 7l & Fig 4.189
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Fig 4.18 Hub height and Met-mast height difference.

=3k T4 o= W] tisk ZA3t= Table 4.279] YElUQIth Mg I Hyt
glolg e wE} Periodic Maxima®™ ¥ Method of Independent Storms -2 o=
el & Wes Hola Tk

Table 4.27 Short-term V, , Analysis in the northeast Jeju Island

EHCj 60m StE 60m 2™ T|AEF 90m
Method
Vref(50yr)  (m/s)
Periodic Maxima 40.536 50.531 48.860
Method of
Independent Storms 41.345 47.798 47419
EWTS II (Exact) 31.386 31.191 34,578
EWTS I (Gumbel) 31.808 31.611 35.045
EWTS II (Davenport) 34,504 34.293 38.071

o]E
Wie] wel B2 v, dSo B2 AolE HAS o F k. #FH dHolH

T2 AWSHCIH & o] &3ste] 11 dHolH= Wste] v, & dSFskaiv. 24 W
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Hell gk 2 3+= Table 4.28° e

Table 4.28 Long-term Vch Analysis in the northeast Jeju Island

L 60m Sls 60m ™ T7|MEF 70m
Method
Vref(50yr)  (m/s)
Periodic Maxima 55.081 55.343 64.627
Method of
Independent Storms 57.936 54.537 66.889
EWTS II (Exact) 32.145 30.535 37.044
EWTS II (Gumbel) 32.578 30.948 35.544
EWTS II (Davenport) 35.342 33.613 40.742

429 Table 4309 Table. 431 YeElHAT. Eol¥ dFAE 545 vus) &

29
A3t 1% molel wel WRAES} Aa¢e # ¢ 5 qlglen AwHem
2

FH GRAE7E dAdE & ¢ dNem AARATETT E1F skl ke
5 R ZAEA Fa A gE HolAy FUlske BE¥E KHelil ASE
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Table 4.29 Turbulence Intensity versus wind speed of Pyeongdae

. Turbulence Intensity at 60 m o Turbulence Intensity at 50 m
~Representative TI ~Representative TI
ZIEC Catogory A ZIEC Category A
IEC Gategory B IEC Gategory B
~IEC Category C ~IEC Category C
0s og
£05) £08)
G G
] g
£ £
o4 804
g g
2 2
3 3
£ £
o3 2o3
02 02
o 5 10 15 20 25 El o 5 10 15 20 2
Wind Speed (m/s) Wind Speed (m/s)
TI at 15m/s : 0.142 TI at 15m/s : 0.146
. Turbulence Intensity at 40 m . Turbulence Intensity at 30 m
~Representative TI ~Representative TI
ZIEC Catogory A ZIEC Category A
“IEC Gategory B ~IEC Gategory B
~IEC Category C ~IEC Category C
0g 0
£05) £08)
G ]
] g
£ £
o4 804
g g
2 2
3 3
2 £
o3 £o3
02 02
° 5 10 15 2 e 5 10 15 2
Wind Speed (m/s) Wind Speed (m/s)
TI at 15m/s: 0.150 TI at 15m/s @ 0.156

Table 4.30 Turbulence Intensity versus wind speed of Handong

Turbulence Intensity at 60 m

~Representative I

~IEC Category A

~IEC Category B
IEC Category C

Turtgllence Intensity

Turbulence Intensity at 50 m

~Representative T

IEC Catagory C

09 10 20 A o4 1 20 Kl
Wind Speed (m/s) Wind Speed (m/s)
TI at 15m/s : 0.151 TI at 15m/s : 0.154

a3 Turbulence Intensity at 30 m o Turbulence Intensity at 10 m
~Representative TI ~Representativ TI
~IEC Category A ~|EC Category A
~IEC Category B |EC Category B

IEC Category C |EC Category C
06| 06|

H

Turhulencce Intensity

5 10 15 20 E3
Wind Speed (m/s)

g

Tu rhlllenc.f Intensity

5

% 3

10 15 20
Wind Speed (m/s)

TI at 15m/s: 0.156

TI at 15m/s : 0.160
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Table 4.31 Turbulence Intensity versus wind speed of Udo

i

il

TI at 15m/s: 0122

TI at 15;;/5 :0.134

Table 4.32 Turbulence Intensity versus wind direction

Pyeongdae

Udo

Table 43201 ¥%3 WRZE ¢ nel F3 ek AAA o Fugel
FAEE dasts 4 welAw el Ahers AMA dFRYE
o 37h8 nol 73 ok

242 Wind ShearZ
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Fig 4.20 Changes in the height of the turbulence intensity.
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)=+ 37 XS = (US Environmental Protection Agency)?] EA| ¥ ELEE o] &
g AW FE ARl digk B34 (2008)¢F “Variation Of Urban Momentum
Roughness Length With Land Use In The Upwind Source Area, As Observed
in Two U.K. Cities” (Rooney, G. G., 2005) 100m~ 1Km
Hele] 9y H9E AAR Fevh L EX gRd 2 A5E geto] FA
T R Sl 7MY B2 EA v & AHE deids daol wel AW 2=
BAE Astel AW 2E=E AL Fd oldd B A= AA HeE 500mE

AFAGe] #=5 FolAY B wo] = Met-mast AR =

Fig 4.22 Diagram of User-specified Radius and Sector Definitions Overlaid on

Land Cover Grid Cells(US Environmental Protection Agency).

Fig 422 Met-mast9] X & FA 02 3% 38249 AWHEEAEE o]83d

AW 25 W9 AL T4 g Ade d9s 9
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Fig 4.23 Surface Roughness Domain and Sectors &

Spot-5 Image at Geumdeunsg.

Fig 4.24 Surface Roughness Domain and Sectors &

Spot-5 Image at Wollyeonsg.

Fig 4.25 Surface Roughness Domain and Sectors &

Spot-5 Image at Handong.
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Fig 4.23, Fig 424, Fig 4.25v= & A7olA AW x%= W9 ALk 969

=z=
3k 219 =  Geumdeung, Wollyeong, Handong, # < ¢ Met-mast 93 & =

X
oo

o>,

O =2 1km? SPOT-5

log law & power law
Jed ! ; ; ! ; ; J
90 0 — N1 . TUUE T = <uuiaa N T -
BD . AU P . 1. /BBy AP . o Y U ET -+ P W RPN (L T NP - I R A, 100 QPO WO d
1) I - A - o ' =7 : : 1
o BO e 1 L Wz=\h*(log(21./Z0)log(h/Z0)) ||
= { : ; : W=V (zh)™)
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Fig 4.26 Exclusion criteria.

FFE ZE=AS A Al 48 2 Fig 4.269 o] F50] Ao 77tz FEjolA

U 52 Negative Wind Shear PE|IE H T} o]&= 47|59 AWtz o|sE oy 3
5 3% AdolA A<

£0] Y2 Wekut w5 gro] 24A1t0] F18 Fx2 o] QX &

Aot gk £5 10.1 3LHolE Data Quality Check®Zo] Ag = AAXE 714 2
=

o

af
AEoz Qg RS AN A9 stol AE ST AEL Matlabg o 85k,

Table 4.33 WaSP Manual's Roughness length

Land cover type Roughness length
Water area 0.0002
Mixed water and land area or very smooth
land 0.0024
Villages, small town, Forest 04
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Table 4.34 Calculated Roughness length

Land cover type Range Mean Value
Ocean 0.00115~0.0208 0.012717
Agriculture & grassland 0.2781~0.5434 0.43495
Forest 0.4146~1.2309 0.853067
Farming villige & vinyl house 0.4706~0.8677 0.66915
Table 4.33 WaSP Manual Table 4.34

= AFA D Met-mast AFEE o] 83t AAE &= Zo] o]t} AFA Y9
Met-mast A&} vl & uf s v AHe] AFF A ghol ZA ystow

A B9 W5 Ansh g

Table 4.35 Introduction to wind energy's Power law exponent

Land cover type Power law exponent
Water area 0.1
Mixed water and land area or very smooth land 0.14
Villages, small town, Forest 0.25

Table 4.36 Calculated Power law exponent

Land cover type Range Mean Value
Ocean 0.1046~0.1308 0.1206
Agriculture & grassland 0.2312~0.2737 0.25535
Forest 0.2488~0.353 0.307033
Farming villige & vinyl house 0.2633~0.3141 0.2887

Table 4.35%= 938 YTl Agsh= HAFolL Table 436 = & A7

o uli @ u Y, nhe, AEel A AL gol A ugtow] FAAe] A
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5.1 &7 S8 239 dey

FTERAGA o AL B FEEAA LR Ao F7] FtY FEHEE 4
Z3to] AlabE A7FAE AAFEH(AEP ; Anual energy predict)S 7] R 2 3t} o]
£ 98 FEHEAGAY oA A FF volHE HRT F U AHd 7
BHE AAste] 8 dolHE #53n shARE FE A gl AefF7]]
2070 B AAHOR E7bssitt. ol drtHor 1delA 3d ok

MCP(Measure Correlate Predict)

T dHeolHe #5 AFES AFe HeF A9 Aues e A F
g5 Awet 3o AWSH Rzt 1 93 WGSEHHAE 7|Fo 2 7479
AE HAIEAE $Hs(N33731'55", E126'50'52"),  t(N33°31'55", E126°50'52"),
T2#H(N33°31'21", E126°51'06") 1™, &3 iAol o] 7el= °F1.54km =, 7
T3 3 209%km AE Holel 73 1.2km A EBox YAt o HEH
Boel A7 oF 64704, e Hdl= oF 2ol Hojek #e 1d 5

Agel 54 dolHE ol ekt Fig 5.1 #3248 4590

Fig 5.1 Met-mast & AWS location (Handong, Pyongdae,

Kujwa).
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5.2 Quality Check
5.2.1 532t 23

MCP #4& falAes &9 & M d A A (Target site)2] $3 dlo]E 9}

% (Reference site)®] &% dlolE|7} #1529 FHE = 7|3to] 28

sty 3 F F dHolE BTl A&A3ke] glojop dh A&zl B

of F HAAY #Zo] Ho = dHolE dAgE dAF AAe] 3 B =
drle] dgtold ¢ olfE 1 Hely e Al

ofg] dolHE Ao ZH B FHE ovdth V)dH e Fl T %

= AHQl AWSH #<1 #5F Au|Ql 714 te] T3 dHolHE o

52 ~ Fig 53% o] Add ALFIe] EAstRRE wt=A] 4

-AWSES

4
m_o 6 AAf\ M 3 il

| “WWWWW _

Jan5 Jan 6

Fig 5.2 Wind speed data gap.
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5.2.2 A|ZHX A EF

8 A T dAA(Target site)®] T dolHe FW Fx Ao
(Reference site)®] &% wlolg o A-¢ + #AFAF 3+ A7t o] Avk o]
T Qlate] FEo ik AgEA A A s 7 Ut Bu AR 2AS 9
3l AIZFAIA(Time offset)ol] thate]l AE Atk AlZE Ao A= F AAL

-

HolBlE Aztol5S A7IEA A9 B9 ANsm 4

=

AlZEel zpel & AlLbstAl ®lth o'l WHE Cross—correlatione] 2kl &t 2

(G- 2o

R,(t)= | X, (t—71)X(t)dr (5-1)

B omRdA AE A3 &%, o Ade 2089 A7 Ao BE
AWSA 9] - 1089 At Ade] dojum Yo & F U
AWSAFolo &= A7HA o +

4o,

2
dlo
ftlo

o

=
=1

o
o

2
b
1

Coefficient of Determination (R*2)

12! & 0 & 12 18 4
Offset of Original Reference Data (hours)

Fig 5.4 Time delay.

5.3 MCP
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Fig 5.7 Wind speed scatter plot.
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coefficient) (5-3)

Cov(X,Y)
Vvar(X) Vvar(Y)

Corr(X,Y) = (5-3)

= =

1914 ~1zke] MEe TR 41 H& -18 7Hd o F Wee 4 G
AE 7HAW 0% Bfol= F AAG dveolEzte gate] Qe Fadolgt
o dubder T 2 A A A (Target site)e] &2 tlolEle 59
Fx A9 (Reference site)®] 7el7b 7755 7 T8 oy o] FdAol
v defA dvk 2 =EdAE At AY ke g3 F o] 60m
oMol FT&7 T AL 0909, 0.96301R e AL Art W e T
ol Ae FTH5 TF A 0847, 0862010t F=3 AI7E A AE A 43}

]

Ve A F5 TFo At FaHES BE AFdA Festa dden 1

Table 5.1 Time delay of correlation analysis

R2 Handong & Pyeongdae Handong & Kujwa
speed direction speed direction
Correlation analysis 0.909 0.963 0.894 0.954
Correlation analysis
(Apply time delay) 0.947 0.981 0.932 0.976

5.3.2 MCPE2E MA 7|

M

MCPo A @A el =oha stde 3 doleE o] &3te] T oA A <]
THS BNTEe=

1

e

rE

3}3t= A2 Linear Least Square Algorithm, Total
Least Square Algorithm, Variance Ratio Algorithm, Vertical Slice Algorithm,

Weibull Fit Algorithm, Matrix time Series Algorithm & ©] <At} dwkz o
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2 AFgAo] ol F& AEHE WHE Linear Least Square Algorithm}
Matrix time Series Algorithm©|t}. Linear Least Square Algorithm< + %%
dolg kel Aol =2 AF F=  AREo] #HW Matrix time Series
Algorithm+= & &3 o]y Afeole] Z#Ado]l i Hojx = 5o F2 ALE
o] ®t}. & =iol A+ Linear Least Square AlgorithmE 7|22 MCPZHY &
T3t T}, Linear Least Square Algorithm®] Z$-ol% =LA th x°] 4714
ool x A "An wliee] FEe A Ao & AR ‘MCP7+=
I BSFE o]l &% FHAARIN, “AF= HeF FeA9e MCP 37 EE4
= A8&3 AEPAIAe] Wik A7 9 A ATelME AP 1A B e A

Se7b Al = dEdal 9lof o] WS o] &5kl A sk

=
L
lo

Table 5.2 Linear Least Square Algorithm(Source : Regression Models in

WindPRO)
Model description Model eq., f(x)
Constant Y=X+0b
Linear 1st order polynomial Y=aX
Linear regression, Though(0,0) Y=aX+0b
2nd order polynomial YV=aX*+bX+c
2nd order polynom. Though(0,0) Y=aX*+bX
ANSTFRAL v TS A5st= Bo] oty #A9 = dSete

7] 2 HolHz T Td A A TF HolHE d=3y. #5w A

Ras ZAAsHA fr olw expe] &1 At o® FAA de AMEH

2+  Absolute Relative Error(ARE), Sum of Square Error(SSE), Mean
Square Error(MSE), Root Mean Square Error(RMSE), Mean Absolute
Error(MAE), Mean bais error(MBE) Weilbull
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Error(RMSE)+= 2.2ke] #ake)] R4 o5 Adshes 7|so] Ao F a2
Ao 2E 0o A5 % B d3Yo] 9582 ofm
1 N
MBE = Wi;(Yi — (X)) (5-4)
1 N
RMSE = ﬁE(Yi—f(x))2 (5-5)
i=1
5.4 &7 EY 84 7|2 A7
5.4.1 FEHY| S&2| AEP I CF H|
=7F S AE o dHolH & astd f-eluehs it 313 BFe] d&FE L
Qut. sAT 20129 A 5309 BlFe] JFow glakel Fde] wlste] T

ot

o] Egtt}l. % Fahehel 2011 9€ 229%E 20129 9€ 20¥ 7HA 1d F

dole & o]&3ste] @7l AEPE o|&stth. 1 A3= Table 530 e AT
TFHA G AWS FEHEARE o83t gy AHY FHE 4799 FUTFo

# B3 T AEPE d=3t¢th. 2 23 Table 540 YERHAQITH
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Table 5.3 Short-term AEP & CF

H
) l.lb Time At Time At Mean Net Mean Net Net
Valid Height .
. Zero Rated Power Energy Capacity
Data Wind
Output Output Output Output Factor
Speed
Month | Points | (m/s) (%) (%) (kW) (kWh/yr) (%)
Jan 4,464 9 2.2 3.23 1,097.80 816,796 36.6
Feb 4,176 9.56 3.57 6.18 1,243.40 835,556 414
Mar 4,464 9.06 6 3.49 1,162.90 865,225 38.8
Apr 4,320 8.46 9.61 7.66 963.1 693,448 32.1
May 4,464 6.39 15.28 0 585.7 435,792 19.5
Jun 4,320 6.84 14.28 2.92 671.1 483,224 22.4
Jul 4,464 5.2 30.49 1.5 409.5 304,655 13.6
Aug 4,464 8.02 11.18 3.65 740.7 551,073 24.7
Sep 4,201 7.1 10.43 1.93 636.6 458,374 21.2
Oct 4,464 6.95 11.38 0.13 682.4 507,687 22.7
Nov 4,320 7.5 12.45 2.73 815.5 587,181 27.2
Dec 4,464 9.32 5.22 2.22 1,240.10 922,609 41.3
Overall | 52,585 7.78 11.04 2.95 853.3 7,475,281 28.4
Table 5.4 Long-term AEP & CF
Hub . .
) ] Time At Time At Mean Net Mean Net Net
Valid Height )
] Zero Rated Power Energy Capacity
Data Wind
Output Output Output Output Factor
Speed
Month | Points (m/s) (%) (%) (kW) (kWh/yr) (%)
Jan 22,320 9.38 2.75 5 1,190.60 885,829 39.7
Feb 20,448 9.34 3.53 5.06 1,190.40 799,918 39.7
Mar 22,320 8.84 6.34 3.8 1,100.80 818,977 36.7
Apr 21,600 7.89 10 4.79 864.6 622,490 28.8
May 22,320 6.47 15.47 1.62 592 440,446 19.7
Jun 21,600 5.99 18.18 1.45 498 358,536 16.6
Jul 22,320 5.74 26.99 2.24 501.2 372,926 16.7
Aug 22,320 6.46 16.33 2.09 506.1 376,522 16.9
Sep 20,106 7.42 9.84 2.24 649.3 467,517 21.6
Oct 17,856 7.31 8.83 0.39 746.5 555,406 24.9
Nov 17,280 8.05 9.38 2.34 932 671,035 31.1
Dec 17,856 9.13 5.3 3.03 1,184.50 881,270 39.5
Overall | 248,346 7.64 11.31 2.87 822.5 7,204,938 27.4
@71 FFol 93 AEPE 9353 A A FTABEMWE o o 371%
g RAS Folo oF3 Ay AZF oF 720AMWE oS8t QI oF 3.6%9]
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5.5.1.1 Power spectrum

AALD dolE z(t)dl thate] 54 FuleA o B8 98 ®o] AlSHE
W o] Power SpectrumW o|th. Al AL
goz  o]lFoFTE Mol = stm 1 Fog AR sty

o(t)=Aexplj(wt+0)]Z %E 7t53ithd AAD dolgE Fa4 fzkddl ulg

7)
& (phase spectrum)©]2} 3tt}. o] 52 A& AH ER S (continuous spectrums)©]
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Fig 5.10. BSF concept.
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Fig 5.11 Diurnal wind speed profile.
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Fig 5.13 Wind speed seasonal profile_2.
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Fig 5.15 Wind speed power spectrum analysis.
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5.5.4 Z% 0o|EHe AZEY Power spectrum &£41
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Fig 5.16 Seasonal wind power spectrum analysis.
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Fig 5.17 60m, 30m & 10m wind speed power spectrum analysis.
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Table 5.5 MCP result using linear least square algorithm_1

10m & 60m wind speed 10m & 30m wind speed
Model SSE R2 Model SSE R2
Y'=0.8319X—0.3274 —1.1250x 1013 Y'=0.9149.X—0.3708 —2.0359x 10"
Y=0.7973X —0.0631 0.836 Y=0.8723X —0.074 0.930
Y'=0.0062X2+0.7285X+0.0183| 1.1485x 10~ " Y'=0.0085X2+0.7824X+0.0338| 2.8034>x 10"
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Table 5.6 MCP result using BSF

10m & 60m wind speed 10m & 30m wind speed
Model SSE R? Model SSE R?
Y'=0.8255X—0.2788 5.4302x 10~ Y'=0.9022X—-0.2834 —3.8317x 107
Y=0.7960X —0.0538 0.909 Y'=10.8698.X —0.0566 0.950
Y= 0.0050X2+0.7412X+0.0029| 5.209 <10~ "* Y= 0.0062X°+ 0.8063.X+0.0097| —3.0539x 10~ '*
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Table 5.8

Table 5.7

Table 5.7 Correlation of Gujawa AWS wind speed data and different
height(60m, 40m 10m) wind speed data at Handong

R2

60m wind speed

40m wind speed

10m wind speed

Gujwa AWS wind speed

0.7900

0.8156

0.8407

Table 5.8 Correlation of filtering Gujawa AWS wind speed data and different
height(60m, 40m 10m) wind speed data at Handong

RQ

60m wind speed

40m wind speed

10m wind speed

Gujwa AWS Wind speed to
using BSF for spring and
autumn season

0.7959

0.8188

0.8390
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Fig 6.3 Approximates the Air Temperature of the
International Standard Atmosphere up to an
Elevation (Source : Windographer).

6.2.3 (Air Temperature)
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Fig 6.4 Approximates the Air Density of the
International Standard Atmosphere up to an
Elevation (Source : Windographer).
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Table 6.1 Calculating the mean wind power density

To calculate To calculate
measured air International Tomcgaggﬂlraetde aoiply Tomc:;;:ﬂlrztje ;)i:ﬂy
pressure and Standard temperature data pressure data
temperature data Atmosphere
H?r'%ht Wind Power Density (W/yn2)

60 488 484 488 485

58 483 479 483 479

50 457 452 456 452

40 412 408 411 408

30 376 372 376 372

10 248 245 247 245
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Wind Speed Map.

Fig 6.8 Wind Speed Map in the Jeju Island.
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Fig 6.9 Wind speed map of the Northeastern Jeju
Island using online data.

Fig 6.10 Wind speed map of the Northeastern Jeju

Island using remote sensing technique.
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Table 6.2 Comparing predicted and measured values of wind speed

Measured Predicted values of wind speed
values of .
- . , . Using remote
wind speed WindPRO's Online sensing technique
60m height wind
speed at 8.73m/s 8.51m/s 8.69m/s
Pyeongdae

WindPROOI A A &l AHREALEE 38398 4% A Met-
Ao A 85lm/sE oS oL 2 AT =
S A5 869m/se] FE5S A vk Hoel Met-maste] FH7Ie] &S

oF 252060] AZLAE HYAW, B AT AN AW 2E ALE F§3
2 AS o 046%9) AZoAE R FHUAL FHe| 350 ustm

>

2 F9oux AEARE A4 9L A 1 2] HxEE o adu @
T At
6.5 F7|SEXAHX T HEY g
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94 fET FHAWS HolHE olgdte] T odux WE AwE AR
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o] BSFE A A7 olgad oix AwE A4 23 BSFE A#@
A7y oy A A7t f  =A yEFL QAT Fig 6.11S €ubAl W&
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Fig 6.11 The result of designing energy map using Handong
and Gujwa Data.
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Fig 6.12 The result of designing energy map using Handong
and filtered Gujwa Data.
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Fig 7.1 Shallow Water Wave & Deep Water Wave concept (Source : unknown).

Table 7.1 Gravitational Wave Characteristics of Ocean_1

. H 1 1 H 1 H 1
Relat _—< — —_ < < = =—> =
clative L= 25 25 = L= 25 L= 2
Depth (Shallow Water Wave) (Transitional Wate Wave) (Deep Water Wave)
tanh (kH) kH - 1
Speed T VY T o I 0T T Ton
2 2
. g7 27TH 9T
Wave L=+gHT L=5, —tan nh(=——) L=
2 2
length L= 91" tanh(4i— Enkant(1952)
2m T g
Group
_L_ = AnH _ 19T
Wave Cg T gH C =nC= [ Lsmh(47rH/L) e q’ T2 o= 47
Speed
_ |y (22)
Water w=a+l = cosh _ g7 T cosh2n(z+ H) /L] _ 7r_h 7
. H v=aTy cosh [2nH/ L] cosd | u T° cosf
Particle _
w -~ g_ T sinh2x(z+H)/L] . 0 h 2nz
Speed h_;(1+%)31n9 w= L cosh [QWH/L] s w= 76 L sing
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Table 7.2 Gravitational Wave Characteristics of Ocean_2

Relative Eg i LS ﬁg L EZ l
L 25 25 L 25 L 2
Depth (Shallow Water Wave) |(Transitional Wate Wave) (Deep Water Wave)
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E= =
Wave o P99
Energy (L TP, adlE, w x-wake4, v yRAe 4, g FATMAE, b o,
H R4 = 9019 4, T £71, C: AL, Cg 2hE
Water a, :i; %sme _ gwh cosh2n(z+H)/L] . 0 —on (T (i;)sine
Particle % L cosherm/L] | % €
Accelerat a, = _ . I grh sinh[2x(z+ H) /L) cos0 B 7 )2 (QLLZ) 0
_ Ty =~ z ’ a,=—2h(—)"e coS
ion 2H( T) (1+ H)cos@ L cosh 2w H/ L] T
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A AA A =
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x = sin (latitude) (7-3)
g =9.780318(1+ 5.2788¢ — 3% + 2.36¢ — 52*)
+ 1.092e — 6pressure

1
depth = — E c;preesure (7-4)
i=1

where, c; = 9.72659 co =—2.2512e—5
cg =2.279¢—10 ¢, =—1.82e—15

7.2.2 (Time domain analysis)
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218 2(7-17)7} Table 7.3% #2v}.

(7-17)

Table 7.3 Proposal of Longuet-Higgins

spectrum width parameter wave height distribution
€ = 0 narrow spectrum Rayleigh distribution
e = 1 wide spectrum Normal distribution

7.2.3. (Frequency domain analysis)
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(Tidal harmonic analysis)
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(Tidal Current harmonic analysis)
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7.2.3.6 (Short-Time fourier Transform; STFT)
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Xorpr($2,7) = / z(t)w(t—71)e “dt (7-33)

1 () (ee) .
rlt) = 5 [ X2 nuwi—r)ea

ANA wt)e [ (o)) =101t

o] w)ell o]t AEFWZ  (Continue-Time Fourier Transform;
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- Omega(t—tau)

= ftomega(t—tau)

Fig. 7.19 Sliding window CTFT.

bQﬂ_(t) = w(t—T)emt (7-34)
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7.2.4 (wind wave generation processes)
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Factors Affecting Wind Wave Development

The following factors control the size of wind waves:
1. Wind strength

2. Wind duration

3. Fetch - the uninterrupted distance over which wind
blows without changing direction.

4. Air-sea temperature difference

5. Ocean depth
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Tt 0 (m) 1] 2
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o | 3.0~40 012067 ] 012 0.91
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A 0.23 [18.69]44.83]18.92[12.90] 3.62 | 0.55 | 0.02 | 0.05 | 0.14 | 0.05 | 100
= <1 0.16 | 8.61 [38.76/31.31]/10.25| 2.38 | 1.71 | 1.04 | 0.16 | 0.00 |94.38
S 11.0~20 0.12 | 248 153|002 415
2| 20~30 0.02 009083023 117
- 3.0~4.0 0.02 ] 0.09 | 0.19 0.30
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Table 7.9 Significant, Maximum & Mean wave height and period
Incidence(Period 2) (Unit : %)

T1(s) 10~1[11~1
S~ <3 |3~4 | 4~5 | 5-6 | 6~7 | 7~8 | 8~9 |9~10[10 11T 150 |
17
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a0 <1 8.98 |45.01|26.82/10.42| 532 | 3.15 | 0.30 100.0
o[ 8.98 |45.01/26.82/10.42] 5.32 | 3.15 | 0.30 100.0
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Table 7.10 Tidal constant and ocean Water levels
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2% A5 1393cm/s, B4 594em/sE RAME AL, G2F HAA
& 1980cm/s, BiFF5E 7Hhem/sE ZAER O, §8 38L& A E
WNWHHEFo| A 242} 34.9%, 23.3% % A8 ZAE Ao, 4 A8 7
$ 50~80cm/soll Al 9% = Wele] ¥ E HTY o= Table 7113 7.120] 1}

et
Table 7.11 Tidal current speed and direction (Period 1)(%)

(fWS) N [NNE| NE |ENE| E | ESE| SE | SSE| S |SSW| SW [WSwW| W |WNW | NW |NNW| 87
0~10 [0.19/0.09(0.09]0.19| 0.05|0.19(/0.05({0.09]0.23|/0.14({0.19]/0.05| 042 | 051 [042|0.28|3.18
10~20 | 0.37|042|0.51|1.07| 046 [ 0.23|0.28|0.09 | 0.05 0.09]1.25|135(121/083|8.21
20~30 |10.14/023|037(0.79| 1.11 |0.32|0.19 0.05 0.05] 0.65 | 264 [1.07|0.14|7.75
30~40 |0.05/0.09(0.09(1.07| 158 |042|0.09 0.79 | 297 |0.70]0.05|7.90
40~50 0.05]0.05|0.93| 1.62 |1.25 1.21 | 3.01 {0.19/0.00 | 8.31
50~60 0.74| 278 | 1.16 1.76 | 264 [0.09|0.05|9.22
60~70 0.56| 3.01 [ 0.93 1.95 | 264 |0.09 9.18
70~80 0.23 | 3.66 |1.16 195 | 213 9.13
80~90 0.14 | 343 | 0.93 204 | 1.72 8.26
90~100 4,04 10.70 1.86 | 144 8.04
100~110 3.53 (0.19 199 | 116 6.87
110~120 292 (019 1.30 | 0.88 5.29
120~130 218 10.23 0.88 | 0.19 348
130~140 1.72 | 0.05 0.51 2.28
140~150 1.30 1.30
150~160 0.81 | 0.05 0.86
160~170 049 049
170~180 0.17 0.17
180~190 0.04 0.04
190~200 0.04 0.04
StAH |0.75]/0.88|1.11(5.72|34.94|8.00|0.61]0.18|0.280.19|0.19|0.19|18.56|23.28|3.77 | 1.35 | 100

Table 7.12 Tidal current speed and direction (Period 2)(%)

24 (CM/S)| N |NNE| NE |ENE| E | ESE| SE | SSE| S |SSW| SW |WSW| W |WNW | NW [NNW/| &7
0~10 [037/0.11]0.33[0.22]0.33[0.37]0.18[0.11]0.15]/0.18|0.18[0.29] 0.44 | 0.29 |0.48 | 0.41 | 4.44
10~20 |0.29|0.290.33{0.88 | 0.92 |0.37|0.11 |0.04 0.07]0.07 |0.15| 1.22 | 0.85 |0.41|0.48 | 6.48
20~30 |0.04|0.04|0.29|0.74 | 1.77 | 0.63 0.07 0.07| 114 | 2.21 |0.37|0.15|7.52
30~40 0.07|081| 195 |0.26 0.04 191 | 221 |0.33|0.04 |7.66
40~50 0.66 | 1.99 | 0.55 1.91 | 250 |0.11 7.72
50~60 029 3.24 |0.88 1.95 | 1.84 |0.04 8.24
60~70 0.07| 3.98 |0.85 317 | 221 |0.04 1%-3
70~80 0.04| 3.28 |0.63 276 | 1.58 859
80~90 331 (044 361 | 1.10 YT
90~100 3.94 |0.37 3.72 | 0.55 gca
100~110 376 324 | 0.26 %36
110~120 2.54 177 | 0.15 248
120~130 2.84 1.25 | 0.04 413
130~140 3.02 0.48 350
140~150 1.55 0.06 161
150~160 0.81 0.81
160~170 041 041
170~180 0.11 0.11
180~190
190~200
st 070|044 |1.02|3.71(39.75|5.35| 0.290.19 | 0.15| 0.36 | 0.25 | 0.51 | 28.63|15.79| 1.78 | 1.08 | 100
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Table 7.13 Tidal current speed analysis

75 (cm/s)
EAYNYIFd, TE

HU7E | 295% | 2H10% | 289150% | E&
A 198.0 147.0 135.0 98.6 67.7
1xt | Surface PFAYN 139.3 124.3 117.7 87.6 59.4
EPAYN 198.0 156.6 145.7 107.3 75.4
A 174.2 145.3 136.4 100.5 69.2
27t | Surface P EAUN| 141.9 125.8 118.1 90.5 62.4
EEAYN 174.2 152.7 144.7 109.6 75.7

(Scatter plot)
& Fig 7429 E=Asta, #5E 73 - 52 AALdEY HHEZ YEdY 1

Ao BFARA old Foe] waw ASFI TLAUT ol% ddd 25
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Fig 7.42 Tidal current speed and direction scatter plot.
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(Period 1).

E-W & N-S Comp. Timeseries(CL-1, Surface)

"""I"!“l""“"l'l'i i I,l b "'W

Fig 7.44 Tidal current speed and direction time-series plot

(Period 2).
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M,&S, Tidal Current Ellipse of CL-1 K,&0, Tidal Current Ellipse of PC-1
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Fig 7.45 Current ellipse (Period 1).
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Fig 7.46 Current ellipse (Period 2).
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Fig 7.47 Offshore met-mast 70m high wind speed (Typhoon sanba period).
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Fig 7.48 Typhoon sanba period wave logger data_1 (2012. 9. 15 AM).
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Fig 7.49 Typhoon sanba period wave logger data_2 (2012. 9. 15 PM).
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Fig 7.50 Typhoon sanba period wave logger data_3 (2012. 9. 16 AM).
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Fig 7.51 Wave logger power spectrum analysis_1
(September 15, 2012 0:00 to 0:30).
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Fig 7.52 Wave logger power spectrum analysis_2
(September 15, 2012 0:30 to ~01:00).
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Fig 7.54 Wave logger power spectrum analysis_4
(September 15, 2012 04:00 to 04:30).
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Fig 7.55 Wave logger power spectrum analysis_b5
(September 17, 2012 01:00 to 02:00).
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Fig 7.56 Wave logger power spectrum analysis_6
(September 17, 2012 02:00 to 03:00).
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Fig 7.57 Wave logger power spectrum analysis_7
(September 17, 2012 06:00 to 07:00).
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Fig 7.58 Wave logger power spectrum analysis_8
(September 17, 2012 08:00 to 09:00).
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Fig 7.60 Wave logger power spectrum analysis_10
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Fig 7.62 Around the Jeju new harbor STFT analysis_1
(August 8, 2010 00 pm and 20 minutes 0.5 seconds).
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Fig 7.63 Around the Jeju new harbor STFT analysis_2
(August 8, 2010 02 pm and 20 minutes 0.5 seconds)..
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Fig 7.64 Around the Jeju new harbor STFT analysis_3
(August 8, 2010 04 pm and 20 minutes 0.5 seconds).
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Matlab code

Matlab code (weibull_M.m)

W_M=mean (X) ; s G
W_s=std(X); s REZTHA}
W _max=max (X) ; s F gk

S W 5=0; % start wind speed
E W S=ceil (max(X)); %

W D=[S W S:X R:E W S];

M k=(W _s/W M)~ (-1.086);

M c=W M/gamma (1+1/M k);

M weibull=wblpdf (W D,M c,M k);

figure (4)

bar (W D,XR hist, 'g'")

hold on

plot (W D,M weibull, 'r', 'MarkerSiz
e',12, 'LineWidth', 1);

hold off

grid

Matlab code (LN-least.m)

cdf=zeros (1,NN) ;
for i=1:NN;
if i==1;
cdf (1,1)=XR hist(1l,1)*X R;

else i>1;

cdf (1,1)=XR hist(1l,1i)*X R+cdf (1,1

LN X=log (W _D);
LN Y=log(-log(l-cdf));

X=LN_X(2:NN-2) ;

Y=LN Y (2:NN-2);

Rsm

LN X 1=[LN X (2:NN-2)];

LN Y 1=[LN_Y(2:NN-2)];

LN CK=polyfit(LN X 1,LN Y 1,1);
LN k=LN CK(1,1); % or LN k=a

LN CK=LN CK(1,2); % or LN k=b
LN c=exp (-LN_CK/LN_ k)

LN weibull=wblpdf (W D,LN c¢,LN k);

figure
bar (W D,XR hist, 'g'")
hold on
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plot (W _D,LN weibull, 'k', 'MarkerSi

ze',12, 'LineWidth', 1);

hold off grid

Matlab code (WAsP Algorithm.m)

Me=mean (V) ;
VN=length (V) ;
S=sum (V."3) /VN;

bin=0.05; % bin{tAL =7 4

X SN=[size(V)];
x N=x SN(1,2);

W _max=max (V) ; s FH ok
W min=min (V) ; s H A3k

S W S=0; % start wind speed

E W S=ceil (W max); % HUZF5a &9
W D=[0:bin:E W S+bin];
SN=[size (W D)];

N=SN(1,2);

A l=zeros(1l,N);

for i=1l:x N;

for j=1:1:N;

if V(l,1i)>=bin*(j-1) &

V(l,1)<bin* (j) ;
A 1(1,3)=A1(1,3)+1;
end
end
end

A 2=A 1./sum(A 1);

for j=1:1:N;
if J==1;
CDF(1,3)=A 2(1,1);

else

CDF(1,3J)=CDF(1,j-1)+A 2(1,3);
end

end

NN=find( Me-bin / 2 < W D & Metbin
/ 2 >W.D);

CDF (1, NN) ;

X=1-CDF (1,NN) ;

X1=-1log(X);

k=1:0.001:3;

kN=length (k) ;

for i=1:kN;

KK (1)=(Me/ ((S/ (gamma (1+3/k(i))))"
(1/3))) "k (i)-X1;

end

KK2=abs (KK) ;
indicies=find (min (KK2)==KK2) ;
wasp_ k=k(1l,indicies);

wasp c=(S/ (gamma (3/wasp_k+1)))" (1
/3);

S W S=0; % start wind speed
E W S=30; % FHulFHae] &+

W D=[S W S:0.5:E W _S];

wasp_weibull=wblpdf (W D,wasp c,wa
sp_k);

- 225 -



Matlab code (Fourier.m)

clear all

load X

N=300;

X=X (1,1:N);

L=length (X) ;

ST=0.5; % chang (M=% 1H4)
T=1:ST:ST*L+ST;

a0=(1/(ST*L)) *sum(X) *ST;

wO=(2*pi/ (ST*L));

for i=1:5;
a(l,i1)=(2/(ST*L))*ST*sum(X.*cos (1
*wO*T)) ;
b(l,1)=(2/(ST*L))*ST*sum(X.*sin (1
*w0*T) ) ;

end

Cn=(a.”24+b."2) .70.5;

Matlab code (example signal.m)

clear all

dt=.5;

T=1000;

t=[0:dt:T-1]; % Time: sampe rate
0.01

% example signal T & F

$ [Hz] Z 3 rad/s=Z WHEL,
T1=500; fl=2*pi/T1;
T2=200; f2=2*pi/T2;
£f3=2*pi/T3;

s Sl olF

T3=100;

el=2; e2=1.2; e3=2.4;

% example signal

x1=3*sin (fl*t+el);

x2=3*sin (f2*t+e2) ;

x3=2*sin (£3*t+e3);

R=random ('Normal',0,0.4,1, length

t)):

X=x1+x2+x3+R;

% figure (1)

oe

plot (t,X) ;

o

grid on

o°

title('Signal', 'fontsize',16)

% xlabel ('Time[t] "',
'fontsize',16)

ylabel ('"Magnitude[h]', 'fontsize',
16)

% set(gca, 'fontsize', 16);

figure (2)
subplot(4,1,1)
plot(t,x1);
grid on
title('Signal', 'fontsize',16)
subplot (4,1,2)
plot(t,x2);
grid on
subplot (4,1, 3)
plot (t,x3);
grid on
subplot (4,1,4)
plot (t,X);

grid on
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% xlabel ('Time[t] "', 106)

'fontsize',16) % set(gca, 'fontsize', 16);

o
°

ylabel ('Magnitude[h]"', 'fontsize',

Matlab code (Characteristic Wave.m)

mean_ H=mean (H) significant H=mean(y(l,1l:signific
mean_T=mean (T) ant N))

max H=max (H) ; significant T=mean(T(1l,i(1,1l:sign
indices = find(H==max H); %3}ilo|A] ificant N)))

HQ g AAE =1}, one_tenth N=round(N/10);

max T=T (1,indices); one tenth H=mean(y(l,l:one tenth
N=length (H) ; N))

significant N=round(N/3); one tenth T=mean(T(1l,i(l,l:one te
[y,1]=sort (H, "descend') ; nth N)))

Matlab code (zero-up-crossing function.m)

% zero-up-crossing method to identify individual wave
% and then find individual wave height and wave period
% find zero up crossing point from wave record

% fist, find zero up crossing individual wave period

% s : wave record's height

5t time of the wave record

% s_r : wave record's sampling rate [Change]
W _L=length(s); else

I T(i)=-1;
s_r=1; %[Change] end
M S=mean (s); end
s=s-M_S;

I T1=[I T(2:W L),0]; % a
for i=l:s r:W L; shift of eta by 1 step
if s(i)>0 I P=I T+I T1;

I T(i)=1;
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for j=l:s_r:W L; B=zeros(1,I W P L-1);
if I P(3)==0 & I_P(j+1)>0

IWP(j)=0.5; H=B; % initialization,
else

IWP (J)=0; T=H;

end

end

for n=1:I W P L-1;

indices = find (IWP) ; start=I W P(n); % starting index
I W P=indices; for the n-th wave
I W P L=length(I W P); endd=I W P(n+1); % ending index

for the n-th wave
A=zeros(l,I W P L); peak=max (s (start:endd));
valley=min (s (start:endd));

H(n)=peak-valley;

figure (2) T(n)=I W P(n+l)-I W P(n);
plot(t,s, I W P,A, "c*") end
grid on
T*s r
I WPL; % number of waves
H

Matlab code ( .M)

or X(i,j,:)=4
clear all % else A(1i,]3,:)=X(1,73,:);
g=imread (' A 30m.tif') ; % % end
olnul#] ¢17] % end

% end

oe

figure(l), imshow (q)
[X,map] = rgb2ind(qg,128);

figure (3)

o°

imshow (A, map)

figure (2)

imshow (X, map) % save 10 NE classification 1 A
[x v z]=size (q) map

A=X; %

s AAFE Ag % close all

% for i=1:1:x; % clear all

o©
o

for j=1:1:vy;

% if X(i,3,:)==0; % load 10 NE classification 1
% A(i,3,:)=3; % % figure (1)
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[

% imshow (A, map) elseif Ql(k)==x(1,5);
n(l,5)=n(1,5)+1;

Q=A(:)"; else n(l,6)=n(l,6)+1;

Ama=max (Q) ; end

Ami=min (Q) ; end

x=[Ami:Ama]; g=max (n) ;

mask height=5; % "=l =17 if g>=13;

mask _width=5; % wl~= =17] Q2 (i+2,3+2)=x(1, (find(n == qg)));
Q2=A; else

Q2 (142, 3+2)=02 (i+2,]+2);

[R, Cl=size (A); end

end
for i=1:R-4; end
for j=1:C-4;
Ql=A(i:1+4,73:3+4); Q1=Q1(:)"'; figure (2)
N=length (Q1l) ; subplot(1,2,1)
n=zeros(1l,6); imshow (A, map)
for k=1:N; subplot (1,2,2)
if Ql(k)==x(1,1); imshow (Q2, map)

n(l,1)=n(1l,1)+1;
elseif Ql(k)==x(1,2);

n(l,2)=n(l,2)+1; imwrite (Q2,map, '10 NE 5x5 1.bmp')
elseif Q1 (k)==x(1,3); ;

n(l,3)=n(1,3)+1; % figure (3)

elseif Ql(k)==x(1,4); % imshow ('udo filter 5x5.tif'");

n(l,4)=n(1,4)+1;

Matlab code (Cov_Cor.m)

s x vy Aol &jofst var y=Y-y;

x=mean (X) ;

y=mean (Y) ; cov=mean (var_ x.*var_y);
xy=mean (X.*Y) ; cor=cov/ ((mean(var_ x.”2)*mean (var
sx=mean (X."2) ; y."2))".5)

var x=X-x;

Matlab code (MCP_regression.m)
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clear all

load V
SSE=zeros (2,3);

Cor=zeros (1, 3);

for i=1:3;
sz(il I
X=V(4,:);

x1=mean (X) ;

yl=mean(Y) ;

var x=X-x1;

var y=Y-yl;

cov=mean (var_ x.*var_y);

cor=cov/ ((mean(var_ x.”"2)*mean (var
_y-"2))".5)

Cor(l,1i)=cor"2;

N=length (X) ;

XY=sum (X.*Y) ;

o

12F A
al=((sum(X) *sum(Y)) /N-XY) / (sum(X)
*sum (X) /N-sum (X."2)) ;
bl=(sum(Y)-al*sum (X)) /N;

512k A8 dH o

a2=XY/sum(X."2);

s 22}
XM=mean (X) ;
XSM=mean (XS) ;

XS=X."2;
YM=mean (Y) ; XSY=(X."2) .*Y;
XSYM=mean (XSY) ;
XSS=X."4;
XSs=X."3;

XSSM=mean (XSS) ;

XSsM=mean (X3s) ; XY=X.*Y;

XYM=mean (XY) ;

a3 1=XSYM*XSM-XSYM* (XM"2) +XM*YM*X
SsM-XYM*XSsM-XSM*YM+XYM*XM;

a3 2=XSSM*XSM-XSSM* (XM"2) +XM*XSM*
XSsM- (XSsM"2) - (XSM"2) +XSsM*XM;

a3=a3 1/a3 2;

b3=(a3* ( (XM*XSM) —-XSsM) - (XM*YM) +XY
M) / (XSM- (XM"~2)) ;

c3=YM- (a3*XSM) - (b3*XM) ;

ik

s22k4 dd o

$ XY¥=sum(X.*Y);

ad=(sum(X.”2.*Y) *sum(X."2) -XY*sum
X."3))/ (sum(X.”4) *sum(X.”2) - (sum
X."3))"2)

% bd=(XY-ad*sum(X."3))/sum(X."2);

(
(

x=[ceil (min(X))-1:0.5:ceil (max (X)
)17

yl=al*x+bl;

y2=a2*x;

y3=a3*x."2+b3*x+c3;

s yd=ad*x."2+b4;

N=length (V(1l,:));
SSEY1=(sum(Y-al*X-bl) /N)"2;
SSEY2=(sum(Y-a2*X) /N)"2;
SSEY3=(sum(Y-a3*X."2-b3*X-c3) /N) "
2;

SSE (i,1)=SSEY1;
SSE (i,3)=SSEY3;

SSE(i,2)=SSEY2;

figure (2)

plot(X,Y, 'b.")

hold on
plot(x,yl, 'r—.", 'LineWidth', 3)
hold off
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hold on legend('data', 'y=ax+b', 'y=ax', 'y=

plot(x,y2, 'k=", "'LinewWidth', 3) ax"2+bx+c', 4)

hold off ylim ([0 3017)

hold on x1im ([0 20])

plot(x,y3, 'c*-", 'LineWidth', 3) xlabel ('m/s', 'fontsize',14)

hold off ylabel ('m/s', "fontsize', 14)

% hold on $ title ('3|#EA 2, "fontsize',17)

% plot (x,vy4, 'bd-")

% hold off pause

grid on end

Matlab code (DIV.m)

s ===3E Y FME===
% (1) Wind D mat.m
% (2) DV8.m

% (3) RVanalysis.m
OEEEEE: P1= I —

oe

x1s3Y ;A E=AY; &4 : 60 58 50 40 30 60D
V = xlsread('data', 'Ag"); A9™H=(vdo , Handong , Fungdea)

o\°

$  =====WFH===========

J SN = TN = ®o|¥ F&+eomWd HHe () o

% WSD XAt = Wind Speed Direction 9| %A [£A} . WIFW I
% UD8.mat = Wind Speed Direction A%

clear all WSD 2=zeros (5, SN) ;
close all WSD 3=zeros (5, 8N) ;
WsD 4=zeros (5, SN) ;

load data WsD 5=zeros (5, SN) ;
WSD 6=zeros (5,SN);
SN=length (ana(l,:)); WsD 7=zeros (5, SN) ;

WSD_8=zeros (5, SN) ;
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for i=1:S3N;
if ana(6,1)>=0 & ana(6,1)<45 ;
WSD 1(l:5,i)=ana(l:5,1);
elseif
ana (6,1)<90;
WSD 2(1:5,i)=ana(l:5,1);
elseif
ana (6,1)<135;
WSD 3(1l:5,i)=ana(l:5,1);
elseif
ana(6,1)<180;
WSD 4(1:5,i)=ana(l:5,1);
elseif
ana(6,1)<225;
WSD 5(1:5,i)=ana(l:5,1);
elseif

ana(6,1)<270;

ana (6,1)>=45 &

ana (6,1)>=90 &

ana(6,1i)>=135 &

ana(6,1)>=180 &

ana(6,1)>=225 &

WSD 6(1:5,i)=ana(l:5,1);
elseif ana (6,1)>=270 &
ana(6,1)<315;

WSD 7(1:5,i)=ana(l:5,1);
else ana(6,1)>=315 &
ana(6,1)<360;
WSD 8(1:5,i)=ana(l:5,1);
end

end
TN=SN;
UD8= [WSD 1; WSD 2; WSD 3; WSD 4;

WSD_5; WSD_6; WSD 7; WSD_8];

save data8 UD8 TN

Matlab code (Loglaw.m)

LMS

XX=[min(X)-0.5:0.5:max (X)+0.5];
YY=a*XX+Db;

Z0=exp (b) ;
h=exp (YY(1,1));
Vh=XX(1,1);
z1=[0:1:100];

Vz=Vh* (log(z1./70)/log(h/z0));

figure (1)

plot (X,Y, 'bo',XX,YY, 'r-");

title('HA2ASH", '"FontSize', 18)

legend (' #SH| 1, 'Y=a*X+b',2) ;
xlabel ('Vz (m/s) ', 'FontSize',18)
y 1 a be 1l (" 1 n ( z )
(m) ", "FontSize!', 18)

grid on

figure (2)

plot(Vz,zl, 'r-',X,Z,'bo");
title('wind shear-log
law', '"FontSize',18);

legend ('Vz=Vh* (log(z/720)/log(h/Z0
) BSA, 2);

X 1 a b e 1 ( ! \ z
(m/s) ', 'FontSize',18);

ylabel ('z (m) ', 'FontSize',18);

grid on
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Matlab code (Powerlaw.m)

LMS

n=1/a;

P Y=[min(Y)-0.5:0.1:max(Y)+0.5];
P X=(P_Y-b)/a;

PY=[0:1:100];
PX=(exp (P_X(1,10))) *(

(PY/exp (P_Y(1,10))) ."n);

figure (3)
plot(X,Y, 'bo',P X,P Y, 'r")%);
title ('HA2ASWH T, '"FontSize',20) ;
legend('1ln(U),1n(Z) "', 'XX=(YY-b) /a
',0);

xlabel ('Vz (m/s) ', 'FontSize',18)
y 1 a b e 1l (" 1 n ( z )
(m) ', "FontSize',18)

grid on

figure (4)

plot (exp (X) ,exp(Y), 'bo',PX,PY, "r-
")
title('wind shear-Power
law', '"FontSize', 20);

legend ('Vh* ((z/h)*n) "', ' #5A], ") ;
x 1 a b e 1 ( ! Vo oz
(m/s) ', '"FontSize',18)

ylabel ('z (m) ', '"FontSize',18)

grid on
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