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Fig 1.1 Development of onshore wind farms in 
Jeju coastal zone flow chart. 
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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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Fig 1.4 The process of creating the Surface 
Roughness Map.



- 12 -

Fig 1.5 The process of creating Contour Map. 
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Fig 1.6 Short-term Wind Resource Analysis 
Process.
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Fig 1.7 Long-term wind resource analysis process.
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Fig 2.1 The study area. 
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Fig 2.2 Met-mast & 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' 21.401" N 126° 51' 06.714" E 25.3m

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

Name Anemometer Height Anemoscope 
Height

Measurement 
duration

Handong Met-mast 60m, 50m,
40m, 30m, 10m 60m, 40m, 10m 2010. 12. 20

2012. 12. 31∼ 

Pyeongdae 
Met-mast

60m, 50m,
40m, 30m 60m, 40m 2010. 02. 06

2011. 07. 03∼ 

Udo Met-mast 60m, 50m,
40m, 30m 60m, 40m 2010. 04. 30

2011. 07. 03∼ 

Udo AWS 10m 10m 2010. 01. 01
2012. 12. 31∼ 

Kujwa AWS 10m 10m 2010. 01. 01
2012. 12. 31∼ 

Table 2.2 Met-mast and AWS Descriptionin in the northeast Jeju Island
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Fig 2.3 Specification of Met-mast.

 

Fig 2.4. Anemometric Met-Mast Location 
(Handong, Pyeongdae, Udo).
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Fig 2.5 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' 14.4" E 126° 57' 34.8" E
Haengwon-ri 33° 33' 36" N 126° 48' 54.36"  E
Jongdal-ri 33° 30' 21" N 126° 52' 40.48"  E
Sinnyang-ri 33° 25' 43.48" N 126° 55' 40.48"  E

Sinsan 33° 23' 9" N 126° 53' 15.36"  E
Seongeup 33° 25' 1.48" N 126° 49' 4.48" E
Sumang 33° 20' 36.18" N 126° 41' 52.48"  E

Gangjong 33° 14' 33.2" N 126° 29' 34.7" E
Daechenon 33° 15' 5.3" N 126° 28' 45.3" E

DAEYOOLAND Shorting 33° 16' 42" N 126° 23' 51.36"  E
Uboreum 33° 16' 28.48" N 126° 24' 6.36" E

Deajeong aerodrome 33° 12' 18" N 126° 15' 49.12"  E
Ilgwa-ri 33° 14' 12" N 126° 13' 48" E

Daejeong industrial complex of  rural areas 33° 15' 34.12" N 126° 13' 46.48"  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' 58.48"  E

Geomdeung 33° 21' 46.12" N 126° 11' 15.36"  E
Nameup 33° 23' 13.48" N 126° 22' 34.48"  E

Wolpyeong 33° 22' 50.24" N 126° 13' 2.24" E
Hanseok-ri 33° 25' 46" N 126° 15' 58" E

Table 2.3 Met-mast Location around Jeju Island
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Name Anemometer Height

Ane
mosc
ope 
Heig
ht

Measurement 
duration

Handong-ri 60m, 50m,
40m, 30m

60m, 
40m

2010. 12. 20
2012. 11. 30∼ 

Pyeongdae-ri 60m, 50m,
40m, 30m

60m, 
40m

2010. 02. 06
2011. 07. 03∼ 

Udo 60m, 50m,
40m, 30m

60m, 
40m

2010. 04. 30
2011. 07. 03∼ 

Haengwon-ri 60m, 50m,
40m, 30m

60m, 
40m

2002. 01. 10
2009. 07. 23∼ 

Jongdal-ri 45m, 30m, 15m 45m 2002. 03. 19
2004. 03. 12∼ 

Sinnyang-ri 45m, 30m, 15m 45m 정보 없음

Sinsan 30m, 15m 30m 1999. 03. 11
1999. 12. 30∼ 

Seongeup 45m, 30m, 15m 45m 2001. 06. 01.
2003. 05. 31∼ 

Sumang 60m, 50m,
40m, 30m 45m 2005. 06. 17

2009. 06. 28∼ 

Gangjong 45m, 30m, 15m 45m 2010. 05. 01
2011. 04. 30∼ 

Daechenon 45m, 30m, 15m 45m 2010. 05. 02
2011. 05. 01∼ 

DAEYOOLAND Shorting 30m, 15m 30m 1998. 01. 02
1998. 06. 25∼ 

Uboreum 45m, 30m, 15m 45m 1999. 08. 31
1999. 12. 30∼ 

Deajeong aerodrome 30m, 15m 30m 1999. 07. 15
1999. 12. 30∼ 

Ilgwa-ri 45m, 30m, 15m 45m 1998. 05. 31
1999. 12. 30∼ 

Daejeong industrial 
complex of  rural areas 45m, 30m, 15m 45m 2010. 05. 01

2011. 04. 30∼ 

Murung 30m, 15m 30m 1999. 08. 01
2000. 07. 31∼ 

Gwangpyeong 30m, 15m 30m 1999. 07. 15
1999. 12. 30∼ 

Kohsan 30m, 15m 30m 2001. 11. 13
2002. 02. 27∼ 

Yongdang 45m, 30m, 15m 45m 2002. 03. 20
2004. 05. 16∼ 

Geomdeung 45m, 30m, 15m 45m 2001. 08. 15
2002. 08. 15∼ 

Nameup 30m, 15m 30m 1999. 07. 15
1999. 12. 31∼ 

Wolpyeong 30m, 15m 30m 2002. 05. 01
2003. 04. 30∼ 

Hanseok-ri 60m, 50m,
40m, 30m 45m 2005. 03. 01 

2009. 07. 23∼ 

Table 2.4 Met-mast Description around Jeju Island
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Name Location

Woljeong-ri ocean 
Met-Mast 33° 34' 49" N 126° 47' 05" E

Table 2.5 Woljeong-ri Offshore Met-mast Location

Name Anemometer Height Anemoscope 
Height

Measurement 
duration

Woljeong-ri ocean 
Met-Mast

70m, 68m, 58m, 
48m, 38m, 31m 68m, 58m, 48m 2012. 09. 05

2013. 01. 08∼ 

Table 2.6 Woljeong-ri Offshore Met-mast Description
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Fig 2.6 Spot-5 Image around Jeju Island.

Fig 2.7 Digital map data around Jeju Island.
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Geographic(WGS-84)

위도 경도

33° 34 32.1′ ″ 126° 47 23.6′ ″

Table 2.7  Wave, Tidal, Continuous current 
Observation Position

Fig 2.8 Wave, Tidal, Continuous current observation position.
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Fig 2.9 Wave logger installation view.
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Fig 3.1 Digital map’s metadata.
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Fig 3.2 Rotational ellipsoids (Source: IMU KOREA).
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Fig 3.3 Geodetic longitude and latitude & Geocentirc reference 
ellipsoid (Source: NGII).
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Fig 3.4 TM project characteristics. 



- 31 -

Fig 3.5 Geodetic longitude and latitude, UTM & TM coordinate system(Source 
: Unknown).

Fig 3.6 Transverse mercator projection.
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기준계 Tokyo  Datum
베셀타원체( )

ITRF
한국경위도  원점( )

타원체 베셀타원체 1841 GRS 80

국가평면직각좌표계 원점

서부(38°,125°)
중부(38°,127°)
동부(38°,129°)
동해(38°,131°)
제주(38°,127°)

동일

원점 좌표계
가원점( )

지도(500,000m, 
200,000m)

단 제주도 , (550,000m, 
200,000m)

지도(600,000m, 
200,000m)

중앙경선  축척계수
(Scale facter) 1 1

Table 3.1. Domestic projected coordinate

Fig 3.7 Map projection types of Jeju island.
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Fig 3.8 Coordinate transformation 
(Source: NGII).
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Fig 3.9 Concept of coordinate transformation parameters.

Fig 3.10 Movement of point along an axis.
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Fig 3.11 Rotation of point along an axis.

Fig 3.12 Edge match of two maps.
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Fig 3.13 Discontinuities of the contour interval and solidarity.

Fig 3.14 Electronic navigational chart.
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Fig 3.15 Problems and solutions using digital maps.
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Fig 3.16 DEM around Jeju Island_1.
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Fig 3.17 TIN around Jeju Island.

Fig 3.18 DEM around Jeju Island_2.
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Fig 3.19 Problem of contour map around Jeju Island.

Fig 3.20 DEM for working with Micro-siting.
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Fig 3.21 TIN for working with Micro-siting.

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.

Fig 3.25 Analysis of social exclusion area around Jeju Island_1.



- 45 -

Fig 3.26 Analysis of social exclusion area around Jeju Island_2.

Fig 3.27 Analysis of social exclusion area around Jeju Island_3.
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Fig 3.28 Analysis of social exclusion area around Jeju Island_4.

Fig 3.29 Analysis of social exclusion area around Jeju Island_5.
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Fig 3.30 Depth 30m -60m  ∼ around Jeju Island 
(approximate lowest low water standards).
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Fig 3.31 Available area in the development around Jeju Island.
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Fig 3.32 Available area in offshore wind farm development in the 
northeast Jeju Island.

Fig 3.33 DEM in the northeast Jeju coastal region.
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Fig 3.34 Analyze of slope and slope  direction in the northeast 
Jeju coastal region.



- 51 -

Fig 3.35 DEM & DSM (Source : IMU KOREA).
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Fig 3.36 Digital elevation model(Source : IMU KOREA).

Fig 3.37 Digital surface model(Source : IMU KOREA).
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Fig 3.38 Analysis of military communication problems_1.

Fig 3.39 Analysis of military communication problems_2.
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Fig 3.40 Analysis of the shadow area_1.

Fig 3.41 Analysis of the shadow area_2.
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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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Fig 3.46 RGB band image. 
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Fig 3.47  Image applied ocean area.

Fig 3.48 Filtered image about village and vinyl houses.
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Fig 3.49 Shadow effect of Spot-5 image.

Fig 3.50 Filtered image about shadow.
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Cluster 1 2 3 4 5 6 7 8 9

1 0 144.98 284.06 127.17 311.17 167.13 123.56 138.28 148.67

2 144.98 0 229.97 46.79 364.34 192.91 90.55 72.09 37.34

3 284.06 229.97 0 216.05 345.37 231.09 206.18 235.69 243.14

4 127.17 46.79 216.05 0 317.57 146.19 44.04 35.57 38.99

5 311.17 364.34 345.37 317.57 0 171.54 273.99 301.39 344.43

6 167.13 192.91 231.09 146.19 171.54 0 102.47 133.23 175.11

7 123.56 90.55 206.18 44.04 273.99 102.47 0 44.67 77.58

8 138.28 72.09 235.69 35.57 301.39 133.23 44.67 0 43.39

9 148.67 37.34 243.14 38.99 344.43 175.11 77.58 43.39 0

Table 3.2 Cluster distance. 

Cluster Band 1 Band 2 Band 3

1 33 28.01 175

2 30.94 41.71 30.68

3 255 0 0

4 58.35 68.78 57.24

5 245.9 244.19 244.08

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 35.31

Table 3.3 Cluster mean.
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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 0.48 1962

4 77.3 51.73 37.69 17450

5 299.4 389.94 405.07 1242

6 633.9 540.44 619.38 2278

7 180.28 152.59 144.11 10211

8 108.73 30.77 64.57 2296

9 7.64 114.32 21.76 2651

Table 3.4 Cluster variance.

Color Name Land Cover

RGB(0,0,255) Cluster 1 Ocean

RGB(0,64,0) Cluster 2 Forest

RGB(128,128,128) Cluster 3 Load

RGB(0,255,0) Cluster 4 Agriculture & Grassland

RGB(254,0,0) Cluster 5 Farming villige

RGB(0,255,0) Cluster 6 Agriculture & Grassland

RGB(0,255,0) Cluster 7 Agriculture & Grassland

RGB(0,255,0) Cluster 8 Agriculture & Grassland

RGB(0,64,0) Cluster 9 Forest

Table 3.5 Land cover and RGB value. 
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Fig 3.51 Image classification map.
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Fig 3.52 Process of majority filter.

Fig 3.53 Filtered image of the Jeju Island. 
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Fig 3.54 Roughness contours’ from the WASP.
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 Fig 3.55 Surface roughness map error check.

Fig 3.56 Surface roughness vector map of the Jeju Island.
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Fig 4.1 Annual maximum wind Speeds.
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Fig 4.2 Return Period of     . 
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Fig 4.3 Annual maximum wind speed of the relative frequency and 
cumulative relative frequency.
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Fig 4.4 Linearized Cumulative Distribution.

Fig 4.5 Sophisticated Gumbel fit algorithms(Source : 
windograper manual). 
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Fig 4.6 EWTS II Method(Source : windograper manual). 
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 (4-10)

    

Fig 4.7 The Scatterplot of the Turbulence Intensity 
(Source : windograper manual). 



- 75 -

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

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

Table 4.2 Turbulence Categories defined in IEC 61400-1 3rd Edition
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Fig 4.8 IEC standard 61400-1 2nd Edition Turbulence 
Intensity categories(Source : windograper manual). 

Fig 4.9 IEC standard 61400-1 3rd Edition Turbulence
Intensity categories(Source : windograper manual). 
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Fig 4.10 Atmospheric boundary layer.
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Fig 4.11 A linear least squares algorithm for Log Law.
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Fig 4.12 A linear least squares algorithm for Power Law.
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Fig 4.13 Hourly Wind Shear_1.
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Fig 4.14 Hourly Wind Shear_2.

Fig 4.15 Frequency by direction.
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Fig 4.16 Wind Speed and Total Energy Available for Direction. 
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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' 21.401" N 126° 51' 06.714" E 25.3m

Table 4.3  Met-mast and AWS Location in the northeast Jeju Island

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

Name Anemometer Height Anemoscope 
Height

Measurement 
duration

Handong Met-mast 60m, 50m, 40m, 
30m, 10m 60m, 40m, 10m 2010. 12. 20

2012. 12. 31∼ 

Pyeongdae Met-mast 60m, 50m,
40m, 30m 60m, 40m 2010. 02. 06

2011. 07. 03∼ 

Udo Met-mast 60m, 50m,
40m, 30m 60m, 40m 2010. 04. 30

2011. 07. 03∼ 

Udo AWS 10m 10m 2010. 01. 01
2012. 12. 31∼ 

Kujwa AWS 10m 10m 2010. 01. 01
2012. 12. 31∼ 

Table 4.4 Met-mast and AWS Description
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Kujwa AWS Pyeongdae (40m) Pyeongdae (60m)

Handong (10m) Handong (40m) Handong (60m)

Udo AWS Udo (40m) Udo (60m)

Table 4.5 Wind Frequency Rose in the northeast Jeju Island
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Kujwa AWS Pyeongdae (40m) Pyeongdae (60m)

Handong (10m) Handong (40m) Handong (60m)

Udo AWS Udo (40m) Udo (60m)

Table 4.6 Total Wind Energy in the northeast Jeju Island
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Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 1.94 8.584 7.612 532.4 0.99107

Least squares 1.855 8.659 7.69 576.1 0.98933

WAsP 2.017 8.651 7.666 522.5 0.9897

Actual data 7.632 522.5 　

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
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

WAsP 2.056 9.185 8.136 613.2 0.99016

Actual data 8.101 613.1 　

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

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 2.008 9.348 8.284 662.4 0.99076

Least squares 1.921 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 4.10 Wind Speed Distribution Analysis of Pyeongdae in 60m height

Pyeongdae(30m) Pyeongdae(40m)

Pyeongdae(50m) Pyeongdae(60m)

Table 4.11 Wind Speed Frequency Distribution of Pyeongdae
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Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
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 5.817 253.4 0.95704
Actual data 5.712 253.4

Table 4.12 Wind Speed Distribution Analysis of Handong in 10m height 

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 1.837 7.515 6.677 381.1 0.98782
Least squares 1.762 7.599 6.765 416 0.98428

WAsP 1.937 7.645 6.78 376.8 0.98915
Actual data 6.698 376.8

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 1.858 7.779 6.908 416.8 0.98442
Least squares 1.765 7.881 7.016 463 0.97842

WAsP 1.925 7.862 6.974 412.6 0.98754
Actual data 6.933 412.6

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 1.856 8.052 7.151 462.7 0.9742
Least squares 1.75 8.173 7.279 522.4 0.96618

WAsP 1.96 8.191 7.263 457.5 0.97948
Actual data 7.179 457.4

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

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
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

WAsP 1.999 8.44 7.48 489.7 0.97868
Actual data 7.379 489.7

Table 4.16 Wind Speed Distribution Analysis of Handong in 60m height

Handon(10m) Handong(30m)

Handon(50m) Handon(60m)

Table 4.17 Wind Speed Frequency Distribution of Handong
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Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 1.94 8.584 7.612 532.4 0.99107
Least squares 1.855 8.659 7.69 576.1 0.98933

WAsP 2.017 8.651 7.666 522.5 0.9897
Actual data 7.632 522.5 　

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
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

WAsP 2.056 9.185 8.136 613.2 0.99016
Actual data 8.101 613.1 　

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

Algorithm Weibull
k

Weibull
c (m/s)

Mean
(m/s)　

Power
Density 
(W/  )

R
Squared

Maximum  likelihood 2.008 9.348 8.284 662.4 0.99076
Least squares 1.921 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 4.21 Wind Speed Distribution Analysis of Udo in 60m height
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Udo(30m) Udo(40m)

Udo(50m) Udo(60m)

Table 4.22 Wind Speed Frequency Distribution of Udo 

        
 

   (2-33)
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Pyeongdae Handong. Udo

Table 4.23 The variation in the shape parameter with height above ground

Pyeongdae Handong. Udo

Table 4.24 The variation in the scale parameter with height above ground 
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Table 4.25 IEC 61400-1 2nd WTGS class

WTGS  class Ⅰ Ⅱ Ⅲ Ⅳ S

      (m/s) 50 42.5 37.5 30

Values to be 
specified by 
the designer

      (m/s) 10 8.5 7.5 6
 A      (-)    
       a(-)

0.18 0.18 0.18 0.18
2 2 2 2

 B      (-)    
       a(-)

0.16 0.16 0.16 0.16
3 3 3 3

Table 4.26 IEC 61400-1 3rd WTGS class
WTGS  class Ⅰ Ⅱ Ⅲ S

        (m/s) 50 42.5 37.5

Values to be specified 
by the designer

   A         (-) 0.16

   B        (-) 0.14
   C    I    (-) 0.12
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Fig 4.18 Hub height and Met-mast height difference. 

    

Method
평대 60m 한동 60m 월정기상탑 90m

Vref(50yr)  (m/s)

Periodic  Maxima 40.536 50.531 48.860

Method of  
Independent Storms 41.345 47.798 47.419

EWTS II  (Exact) 31.386 31.191 34.578

EWTS II  (Gumbel) 31.808 31.611 35.045

EWTS II  (Davenport) 34.504 34.293 38.071

Table 4.27 Short-term      Analysis in the northeast Jeju Island
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Method
평대 60m 한동 60m 월정기상탑 70m

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

Table 4.28 Long-term      Analysis in the northeast Jeju Island
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Table 4.29 Turbulence Intensity versus wind speed of Pyeongdae

Table 4.30 Turbulence Intensity versus wind speed of Handong
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Table 4.31 Turbulence Intensity versus wind speed of Udo

Pyeongdae Handong. Udo

Table 4.32 Turbulence Intensity versus wind direction
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Fig 4.19 The turbulence intensity at 80m height at the 
Pyeondae Met-Mast.
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Fig 4.20 Changes in the height of the turbulence intensity.

Fig 4.21 Changes in the height of the turbulence intensity for IEC 
61400-4 2nd & 3rd. 
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Fig 4.22 Diagram of User-specified Radius and Sector Definitions Overlaid on 
Land Cover Grid Cells(US Environmental Protection Agency). 
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Fig 4.23 Surface Roughness Domain and Sectors  & 
Spot-5 Image at Geumdeung. 

Fig 4.24 Surface Roughness Domain and Sectors  & 
Spot-5 Image at Wollyeong.

Fig 4.25 Surface Roughness Domain and Sectors  & 
Spot-5 Image at Handong.
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Fig 4.26 Exclusion criteria.

방향별 조도계수 계산 시 일부 구간은 과 같이 풍속이 직선에 가까운 형태이거  Fig 4.26
나 혹은 형태를 보였다 이는 대기층의 일변화로 이해를 했으며 회Negative Wind Shear . 
수율이 낮은 방향과 관측 값이 시간에 골고루 분포 되어 있지 않을 경우 산정에서 제외 24
하였다 또한 부록 풍황데이터 부분에 언급 된 것처럼 기계 오. 10.1 Data Quality Check
작동으로 인한 부분을 계산에서 제외 하여 산출 하였다 산출은 을 이용하였다. Matlab .

Land cover type Roughness  length
Water area 0.0002

Mixed water and land area or very smooth 
land 0.0024

Villages, small town, Forest 0.4

Table 4.33 WaSP Manual’s Roughness length
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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 4.34 Calculated Roughness length

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 4.35 Introduction to wind energy’s 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 4.36 Calculated Power law exponent
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˚ ˚ ˚ ˚

˚ ˚

Fig 5.1 Met-mast & AWS location (Handong, Pyongdae, 
Kujwa).
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Fig 5.2 Wind speed data gap.
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Fig 5.3 Wind direction data gap.
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Fig 5.4 Time delay.
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Fig 5.5 Hallim AWS long term wind speed data.
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Fig 5.6 Overlap time wind speed.
 

Fig 5.7 Wind speed scatter plot.
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Fig 5.8 Positive correlation.

Fig 5.9 Negative correlation.
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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 

Table 5.1 Time delay of correlation analysis
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Model description Model eq., f(x)
Constant      

Linear 1st order polynomial     

Linear regression, Though(0,0)       

2nd order polynomial           

2nd order polynom. Though(0,0)         

Table 5.2  Linear Least Square Algorithm(Source : Regression Models in 
WindPRO)
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MBE   N
 
 i   

N
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Valid
Data

Hub
 Height
Wind

 Speed

Time At
Zero

 Output

Time At
Rated 
Output

Mean Net
Power 

Output

Mean Net
Energy 

Output

Net 
Capacity
Factor

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 41.4
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 5.3 Short-term AEP & CF

　
　

Valid
Data

Hub
 Height
Wind

 Speed

Time At
Zero

 Output

Time At
Rated 
Output

Mean Net
Power 

Output

Mean Net
Energy 

Output

Net 
Capacity
Factor

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

Table 5.4 Long-term AEP & CF



- 123 -

    

                      

 

 

     

                                    

                   

           



- 124 -

         
 ∞

∞

    cos    

         
 ∞

∞

    sin     

                                  

                       tan  
 
       

       



- 125 -

Fig 5.10. BSF concept.

Fig 5.11 Diurnal wind speed profile.
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Autumn Autumn

Fig 5.12 Wind speed seasonal profile_1.

Winter Spring
Fig 5.13 Wind speed seasonal profile_2. 



- 127 -

Summer

 Fig 5.14 Wind speed seasonal profile_3.

 Fig 5.15 Wind speed power spectrum analysis.
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Autumn Winter

Spring Summer
Fig 5.16 Seasonal wind power spectrum analysis. 
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Fig 5.17 60m, 30m & 10m wind speed power spectrum analysis.

    

Table 5.5 MCP result using linear least square algorithm_1
10m & 60m wind speed 10m & 30m wind speed 

Model SSE   Model SSE   

                        ×     

0.836

                        ×     

0.930                               

                                ×                                     ×     



- 130 -

Fig 5.18 Linear least square algorithm result with height above ground.

Table 5.6 MCP result using BSF
10m & 60m wind speed 10m & 30m wind speed 

Model SSE   Model SSE   

                       ×     

0.909

                        ×     

0.950                                

                               ×                                      ×     
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Fig 5.19 Linear least square algorithm result result(10m wind speed 
using BSF).

Autumn Autumn 

Spring Spring
Fig 5.20  Linear least square algorithm result(Autumn and spring 10m wind 

speed using BSF).
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  60m wind speed 40m wind speed 10m wind speed

Gujwa AWS wind speed 0.7900 0.8156 0.8407 

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

  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 

Table 5.8  Correlation of filtering Gujawa AWS wind speed data and  different 
height(60m, 40m 10m) wind speed data at Handong
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Fig 6.1 Wind Speed and Wind Density Map Generative Processes.
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Fig 6.2 Approximates the Air Pressure of the 
International Standard Atmosphere up to an 

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

Elevation (Source : Windographer).

  

˚        
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Fig 6.4 Approximates the Air Density of the 
International Standard Atmosphere up to an 

Elevation (Source : Windographer). 

Fig 6.5 Atmosphere at the Handong and Pyeondae Met-Mast.
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Fig 6.6 Claculating Atmosphere at the same height. 
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Fig 6.7 Calculating the Mean Wind Power 
Density at 50m. 

    

    

    



- 141 -

　

To calculate 
measured air 
pressure and  

temperature data

To calculate 
International 

Standard 
Atmosphere 

To calculate only 
measured air  

temperature data

To calculate only 
measured air 
pressure data

Height 
(m)  Wind Power Density (W/  )

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

Table 6.1 Calculating the mean wind power density

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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Measured 
values of   

wind speed

Predicted values of wind speed  
WindPRO‘s Online  Using remote 

sensing technique
 60m height wind 

speed at 
Pyeongdae

8.73m/s 8.51m/s 8.69m/s

Table 6.2 Comparing predicted and measured values of wind speed  
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Fig 6.11 The result of designing energy map  using Handong 
and Gujwa Data.

Fig 6.12 The result of designing energy map  using Handong 
and filtered Gujwa Data.



- 146 -



- 147 -



- 148 -



- 149 -

Fig 7.1 Shallow Water Wave & Deep Water Wave concept (Source : unknown).
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Table 7.1 Gravitational Wave Characteristics of Ocean_1
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Table 7.2  Gravitational Wave Characteristics of Ocean_2
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Fig 7.2 Quasi-static response (DUWIND, TUDelft).

Fig 7.3 Beating phenomena.
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Fig 7.4 Resonance (Source : DUWIND, TUDelft).

Fig 7.5 Inertia dominated or Over excited (Source : DUWIND, TUDelft).
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Fig 7.6 The concept of a wind turbine system 1p, 2p & 3P 
해상풍력발전시스템 설치를 위한 파랑 해석과 해양구조물 설치를 위한 (

기초연구 두산중공업보고서 - 2012).



- 154 -

Fig 7.7 Campbell diagram (DUWIND, TUDelft)
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Fig 7.8  The concept of ocean wave. 

의 기본 개념을 에 Zero-up crossing method Fig 7.9

도식하였다.
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Fig 7.9 Zero-up crossing method.
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spectrum width parameter wave height distribution

= 0 narrow spectrumε 
= 1 wide spectrumε 

Rayleigh distribution
Normal distribution

Table 7.3 Proposal of Longuet-Higgins
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Fig 7.10 Concepts of the theory of Fourier.



- 164 -

Fig 7.11 The cause of tides.
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Fig 7.12  For the cause of spring tide and neap 
tide.
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Fig 7.13 Tidal changes according to age.

분조 및 이름 각속도 도( /hr) 주기

M 2
주태음반일주조

28.9841042 12.4206012

S 2
주태양반일주조

30.0000000 12.0000000

O 1
주태음일주조

13.9430346 25.8193417

K 1
일월합성일주조

15.0410686 23.9344697

Table 7.4  Tidal component

  

   ′
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Fig 7.14 Definition of water levels
항만 및 어항공사 표준시방서( )
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범 위 성향

0 0.25∼ 반일주조

0.25 1.5∼ 혼합조 반일주 우세

1.5 3∼ 혼합조 일주조 우세 

> 3 일주조

Table 7.5  Form Factor
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Fig 7.15 The concept of tidal current.
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Fig 7.16 Sampling rate(Nyquist frequency).

Δ

Δ

Fig 7.17 Aliasing problem.
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Fig 7.18 Narrow band frequency.
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Fig. 7.19 Sliding window CTFT.

τ τ
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Fig 7.20  The tiling diagram.

Fig 7.21 Problems of power spectrum.
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Fig 7.22 STFT analysis_1 

Fig 7.23 STFT analysis_2  
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Fig 7.24 Factors affecting wind wave development.
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Fig 7.25 Wind wave, swell and wave Spectrum.
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Fig 7.26 Changes according to the distance spectrum of fetch. 
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Fig 7.27 Fetch spectral changes over time.  

Fig 7.28 Spectral changes due to wind.
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Geographic(WGS-84)

위도 경도

33° 34 32.1′ ″ 126° 47 23.6′ ″

Table 7.6 Site survey position.
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Fig 7.29 Observation point position.

연구해역 전경 1 연구해역 전경 2

관측 장비 투하 관측 장비 투하

파고계 설치 모습 장비 설치 확인 다이빙

Table 7.7 Site survey photos.
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Fig 7.30 Significant wave height and period(Period 1).

Fig 7.31 Maximum wave height and period(Period 1).
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Fig 7.32 Mean wave height and period(Period 1).

주기(s)

파고(m)
3≤ 3 4∼ 4 5∼ 5 6∼ 6 7∼ 7 8∼ 8 9∼ 9 10∼ 10 1∼

1
11 1∼

2 12< 계

유

의 

파

1≤ 2.20 33.74 36.17 11.83 2.59 1.02 0.53 0.46 0.07 88.61 
1.0 2.0∼ 0.42 4.12 3.59 0.21 8.34 
2.0 3.0∼ 0.02 0.39 1.00 0.09 1.50 
3.0 4.0∼ 0.12 0.67 0.12 0.91 
4.0 5.0∼ 0.14 0.35 0.49 
5.0< 0.02 0.08 0.05 0.15 
계 0.00 2.20 34.18 40.80 17.25 3.45 1.07 0.53 0.46 0.07 0.00 100

최

대

파

1≤ 0.21 16.45 36.61 12.64 7.54 2.38 0.35 0.05 0.14 0.05 76.42 
1.0 2.0∼ 0.02 1.64 6.62 4.77 2.62 0.19 0.02 15.88 
2.0 3.0∼ 0.28 0.86 1.18 1.67 0.35 0.02 4.36 
3.0 4.0∼ 0.09 0.21 0.16 0.51 0.23 0.05 1.25 
4.0 5.0∼ 0.14 0.23 0.12 0.21 0.12 0.02 0.84 
5.0 6.0∼ 0.14 0.00 0.21 0.05 0.02 0.42 
6.0 7.0∼ 0.07 0.14 0.05 0.07 0.12 0.02 0.02 0.49 
7.0 8.0∼ 0.02 0.00 0.07 0.09 0.05 0.23 
8.0 9.0∼ 0.02 0.07 0.09 
9.0 10.0∼ 0.00
10.0< 0.02 0.02

계 0.23 18.69 44.83 18.92 12.90 3.62 0.55 0.02 0.05 0.14 0.05 100

평

균

파

1≤ 0.16 8.61 38.76 31.31 10.25 2.38 1.71 1.04 0.16 0.00 94.38 
1.0 2.0∼ 0.12 2.48 1.53 0.02 4.15 
2.0 3.0∼ 0.02 0.09 0.83 0.23 1.17 
3.0 4.0∼ 0.02 0.09 0.19 0.30 

계 0.00 0.16 8.61 38.90 33.90 12.70 2.82 1.71 1.04 0.16 0.00 100

Table 7.8 Significant, Maximum & Mean wave height and period 
Incidence(Period 1) (Unit : %)
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Fig 7.33 Significant wave height and period(Period 2). 

Fig 7.34 Significant wave height and period(Period 2). 
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Fig 7.35 Mean wave height and period(Period 2).

주기(s)

파고(m)
3≤ 3 4∼ 4 5∼ 5 6∼ 6 7∼ 7 8∼ 8 9∼ 9 10∼ 10 1∼

1
11 1∼

2 12< 계

유
의 
파

1≤ 5.14 31.50 24.95 18.07 6.80 5.53 1.85 0.07 93.91 
1.0 2.0∼ 3.96 2.13 6.09 

계 5.14 35.46 27.08 18.07 6.80 5.53 1.85 0.07 100

최
대
파

1≤ 0.12 7.50 24.07 19.38 15.14 8.06 4.65 1.94 0.51 0.09 81.46 
1.0 2.0∼ 0.74 12.01 4.33 0.30 17.38 
2.0 3.0∼ 0.79 0.37 1.16 

평
균
파

계 0.12 8.24 36.87 24.08 15.44 8.06 4.65 1.94 0.51 0.09 100
1≤ 8.98 45.01 26.82 10.42 5.32 3.15 0.30 100.0

계 8.98 45.01 26.82 10.42 5.32 3.15 0.30 100.0

Table 7.9 Significant, Maximum & Mean wave height and period 
Incidence(Period 2) (Unit : %)



- 189 -

Fig 7.36  Changes in sea level pressure(Period 1).



- 190 -

Fig 7.37 The first survey (tidal).

Fig 7.38 The main four kinds Tidal component(Period 1).



- 191 -

Fig 7.39 Secondary research (tidal).

Fig 7.40 The main four kinds Tidal component(Period 2).
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Fig 7.41 Ocean Water levels.
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관측지점 차조사T-1(1 ) 차조사T-1(2 )

관측기간 2012.09.05 ∼ 
2012.10.05

2013.01.11 ∼ 
2013.02.12

관측위치
(WGS-84)

126°47 23.60 E′ ″
33°34 32.10 N′ ″

조
화
상
수

항  목      
분  조 진폭(cm) 지각 (°) 진폭(cm) 지각 (°)

주태음반일주조M2 60.8 300.7 67.1 299.6

주태양반일주조S2 25.5 319.3 35.8 328.1
일월합성일주조K1 21.1 226.9 22.9 212.6

O1 
주태음일주조 16.5 190.3 14.9 186.1

비
조
화
상
수

평균고조간격
(M.H.W.I) 시간 분10 22 시간 분10 20

평균저조간격
(M.L.W.I) 시간 분16 34 시간 분16 32

약최고고조위
(Approx.H.H.W.) 247.8cm 281.4cm

대조평균고조위
(H.W.O.S.T.) 210.2cm 243.6cm

평균고조위
(H.W.O.M.T.) 184.7cm 207.8cm

소조평균고조위
(H.W.O.N.T.) 159.2cm 172.0cm

평균해수면
(M.S.L.) 123.9cm 140.7cm

소조평균저조위
(L.W.O.N.T.) 88.6cm 109.4cm

평균저조위
(L.W.O.M.T.) 63.1cm 73.6cm

대조평균저조위
(L.W.O.S.T.) 37.6cm 37.8cm

대조차
(Spring Range) 172.6cm 205.8cm

소조차
(Neap Range) 70.6cm 62.6cm

평균조차
(Mean Range) 121.6cm 134.2cm

형태수
(Tide Factor) 0.44 0.37

Table 7.10 Tidal constant and ocean Water levels
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유속 
(CM/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW 합계

0 10∼
10 20∼
20 30∼
30 40∼
40 50∼
50 60∼
60 70∼
70 80∼
80 90∼
90 100∼
100 110∼
110 120∼
120 130∼
130 140∼
140 150∼
150 160∼
160 170∼
170 180∼
180 190∼
190 200∼

합계

0.19
0.37
0.14
0.05

0.75

0.09
0.42
0.23
0.09
0.05

0.88

0.09
0.51
0.37
0.09
0.05

1.11

0.19
1.07
0.79
1.07
0.93
0.74
0.56
0.23
0.14

5.72

0.05
0.46
1.11
1.58
1.62
2.78
3.01
3.66
3.43
4.04
3.53
2.92
2.18
1.72
1.30
0.81
0.49
0.17
0.04
0.04
34.94

0.19
0.23
0.32
0.42
1.25
1.16
0.93
1.16
0.93
0.70
0.19
0.19
0.23
0.05

0.05

8.00

0.05
0.28
0.19
0.09

0.61

0.09
0.09

0.18

0.23
0.05

0.28

0.14

0.05

0.19

0.19

0.19

0.05
0.09
0.05

0.19

0.42
1.25
0.65
0.79
1.21
1.76
1.95
1.95
2.04
1.86
1.99
1.30
0.88
0.51

18.56

0.51
1.35
2.64
2.97
3.01
2.64
2.64
2.13
1.72
1.44
1.16
0.88
0.19

23.28

0.42
1.21
1.07
0.70
0.19
0.09
0.09

3.77

0.28
0.83
0.14
0.05
0.00
0.05

1.35

3.18
8.21
7.75
7.90
8.31
9.22
9.18
9.13
8.26
8.04
6.87
5.29
3.48
2.28
1.30
0.86
0.49
0.17
0.04
0.04
100

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

유속 (CM/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW 합계

0 10∼
10 20∼
20 30∼
30 40∼
40 50∼
50 60∼
60 70∼
70 80∼
80 90∼
90 100∼
100 110∼
110 120∼
120 130∼
130 140∼
140 150∼
150 160∼
160 170∼
170 180∼
180 190∼
190 200∼

합계

0.37
0.29
0.04

0.70

0.11
0.29
0.04

0.44

0.33
0.33
0.29
0.07

1.02

0.22
0.88
0.74
0.81
0.66
0.29
0.07
0.04

3.71

0.33
0.92
1.77
1.95
1.99
3.24
3.98
3.28
3.31
3.94
3.76
2.54
2.84
3.02
1.55
0.81
0.41
0.11

39.75

0.37
0.37
0.63
0.26
0.55
0.88
0.85
0.63
0.44
0.37

5.35

0.18
0.11

0.29

0.11
0.04

0.19

0.15

0.15

0.18
0.07
0.07
0.04

0.36

0.18
0.07

0.25

0.29
0.15
0.07

0.51

0.44 
1.22 
1.14 
1.91 
1.91 
1.95 
3.17 
2.76 
3.61 
3.72 
3.24 
1.77 
1.25 
0.48 
0.06 

 
28.63

0.29 
0.85 
2.21 
2.21 
2.50 
1.84 
2.21 
1.58 
1.10 
0.55 
0.26 
0.15 
0.04 

 
15.79

0.48
0.41
0.37
0.33
0.11
0.04
0.04

1.78

0.41
0.48
0.15
0.04

1.08

4.44 
6.48 
7.52 
7.66 
7.72 
8.24 
10.3
2

8.29 
8.46 
8.58 
7.26 
4.46 
4.13 
3.50 
1.61 
0.81 
0.41 
0.11 

 
100

Table 7.12 Tidal current speed and direction (Period 2)(%)
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조사기간 구분
유속(cm/s)

최강유속 상위5% 상위10% 상위50% 평균

차1 Surface

전체 198.0 147.0 135.0 98.6 67.7 

창조시 139.3 124.3 117.7 87.6 59.4 

낙조시 198.0 156.6 145.7 107.3 75.4 

차2 Surface

전체 174.2 145.3 136.4 100.5 69.2 

창조시 141.9 125.8 118.1 90.5 62.4 

낙조시 174.2 152.7 144.7 109.6 75.7 

Table 7.13 Tidal current speed analysis 
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Fig 7.42 Tidal current speed and direction scatter plot.

Fig 7.43  Tidal current speed and direction time-series plot 
(Period 1).

Fig 7.44 Tidal current speed and direction time-series plot 
(Period 2).
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Fig 7.45 Current ellipse (Period 1).

Fig 7.46  Current ellipse (Period 2).
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Fig 7.47 Offshore met-mast 70m high wind speed (Typhoon sanba period).

Fig 7.48 Typhoon sanba period wave logger data_1 (2012. 9. 15 AM).

Fig 7.49 Typhoon sanba period wave logger data_2 (2012. 9. 15 PM). 

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).

Fig 7.52 Wave logger power spectrum analysis_2
(September 15, 2012 0:30 to 01:00).∼
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Fig 7.53 Wave logger power spectrum analysis_3
(September 15, 2012 01:00 to 01:30).

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_5
(September 17, 2012 01:00 to 02:00).

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).

Fig 7.58  Wave logger power spectrum analysis_8
(September 17, 2012 08:00 to 09:00).
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Fig 7.59 Wave logger power spectrum analysis_9
(September 17, 2012 9:00 to 10:00).

Fig 7.60 Wave logger power spectrum analysis_10
(September 17, 2012 10:00 to 11:00).
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Fig 7.61 Power spectrum & PM spectrum comparison. 
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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).

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).

Fig 7.65 Around the Jeju new harbor STFT analysis_4
(August 8, 2010 06 pm and 20 minutes 0.5 seconds).
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Fig 1. Wind Speed
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Fig 2. Wind Drection

Fig 3. The gap of atmospheric pressure and temperature
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Fig 4. The Section of correction

Fig 5. Tower Layout
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Fig 6. Install Report 
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Matlab code (weibull_M.m)

W_M=mean(X);     평균  % 
W_s=std(X);      표준편차% 
W_max=max(X);    최대값% 
 
S_W_S=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,i)=XR_hist(1,i)*X_R;
    else i>1;
        
cdf(1,i)=XR_hist(1,i)*X_R+cdf(1,i
-1);
    end
end
 
LN_X=log(W_D);
LN_Y=log(-log(1-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; 간격은 작게 유지% bin
 
x_SN=[size(V)]; 
x_N=x_SN(1,2); 
W_max=max(V);    최대값% 
W_min=min(V);    최소값% 
S_W_S=0; % start wind speed
E_W_S=ceil(W_max); 최대풍속값 올림% 
W_D=[0:bin:E_W_S+bin];
SN=[size(W_D)]; 
N=SN(1,2);   
A_1=zeros(1,N);
for i=1:x_N; 
    for j=1:1:N;
    if V(1,i)>=bin*(j-1) & 
V(1,i)<bin*(j) ;
        A_1(1,j)=A_1(1,j)+1;
    end
end
end 
A_2=A_1./sum(A_1);
 
for j=1:1:N;
    if j==1;
        CDF(1,j)=A_2(1,1);
    else 
        

CDF(1,j)=CDF(1,j-1)+A_2(1,j);
    end
end
 
NN=find( Me-bin / 2 < W_D & Me+bin 
/  2 > W_D);
CDF(1,NN);
X=1-CDF(1,NN);
X1=-log(X);
 
k=1:0.001:3;
kN=length(k);
for i=1:kN;
KK(i)=(Me/((S/(gamma(1+3/k(i))))^
(1/3)))^k(i)-X1;
end
KK2=abs(KK);
indicies=find(min(KK2)==KK2);
wasp_k=k(1,indicies);
wasp_c=(S/(gamma(3/wasp_k+1)))^(1
/3);
 
S_W_S=0; % start wind speed
E_W_S=30; 최대풍속값의 올림% 
W_D=[S_W_S:0.5:E_W_S];
 
wasp_weibull=wblpdf(W_D,wasp_c,wa
sp_k); 
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Matlab code (Fourier.m)

clear all
load X  
 
N=300;
X=X(1,1:N);
L=length(X);
ST=0.5;      샘플링 간격% chang  ( )
T=1:ST:ST*L+ST;
 
a0=(1/(ST*L))*sum(X)*ST;

 
w0=(2*pi/(ST*L));
for i=1:5;
a(1,i)=(2/(ST*L))*ST*sum(X.*cos(i
*w0*T));
b(1,i)=(2/(ST*L))*ST*sum(X.*sin(i
*w0*T));
end
 
Cn=(a.^2+b.^2).^0.5;

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

각 주파수 로 바꾼다% [Hz] rad/s .
T1=500;  f1=2*pi/T1;  
T2=200; f2=2*pi/T2; T3=100; 
f3=2*pi/T3;

위상각의 이동% 
e1=2; e2=1.2; e3=2.4;
% example signal
x1=3*sin(f1*t+e1);    
x2=3*sin(f2*t+e2); 
x3=2*sin(f3*t+e3);   
R=random('Normal',0,0.4,1,length(
t));
 
X=x1+x2+x3+R;
% figure(1)

% plot(t,X);
% grid on
% 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]', 
'fontsize',16)
% 
ylabel('Magnitude[h]','fontsize',

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

Matlab code (Characteristic Wave.m)

mean_H=mean(H)
mean_T=mean(T)
max_H=max(H);
indices = find(H==max_H); 파고에서 %
최대파고의 위치를 찾는다.
max_T=T(1,indices);
N=length(H);
significant_N=round(N/3);
[y,i]=sort(H,'descend');

significant_H=mean(y(1,1:signific
ant_N))
significant_T=mean(T(1,i(1,1:sign
ificant_N)))
one_tenth_N=round(N/10);
one_tenth_H=mean(y(1,1:one_tenth_
N))
one_tenth_T=mean(T(1,i(1,1:one_te
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
% t : time of the wave record
% s_r : wave record's sampling rate [Change]

 

W_L=length(s);
 
s_r=1;  %[Change]
M_S=mean(s);
s=s-M_S;
 
for i=1:s_r:W_L;
if s(i)>0 
I_T(i)=1;

else
I_T(i)=-1;
end
end
 
I_T1=[I_T(2:W_L),0];      % a 
shift of eta by 1 step
I_P=I_T+I_T1;
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for j=1:s_r:W_L;
if I_P(j)==0 & I_P(j+1)>0
IWP(j)=0.5;
else
IWP(j)=0;
end
end
 
indices = find(IWP);
I_W_P=indices;
I_W_P_L=length(I_W_P);
 
A=zeros(1,I_W_P_L);
 
 
figure(2)
plot(t,s,I_W_P,A,'r*')
grid on
 
I_W_P_L;    % number of waves
 

B=zeros(1,I_W_P_L-1);
 
H=B;      % initialization,
 
T=H;
 
 
for n=1:I_W_P_L-1;
start=I_W_P(n);   % starting index 
for the n-th wave
endd=I_W_P(n+1);    % ending index 
for the n-th wave
peak=max(s(start:endd));
valley=min(s(start:endd));
H(n)=peak-valley;
T(n)=I_W_P(n+1)-I_W_P(n);
end
 
T*s_r
 
H

  

Matlab code ( .M)

 
clear all
q=imread( 무감독분류' _30m.tif');   % 
이미지 읽기
 
figure(1), imshow(q)
[X,map] = rgb2ind(q,128);
figure(2)
imshow(X,map)
[x y z]=size(q)
A=X;

경계부분 처리% 
% for i=1:1:x;
%     for j=1:1:y;
%         if X(i,j,:)==0;
%             A(i,j,:)=3;          % 

or X(i,j,:)=4
%         else A(i,j,:)=X(i,j,:);
%         end
%     end
% end
% figure(3)
% imshow(A,map)
 
% save 10_NE_classification_1 A 
map
% 
% close all
% clear all
% 
% load 10_NE_classification_1
% figure(1)
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% imshow(A,map)
 
Q=A(:)';
Ama=max(Q);
Ami=min(Q);
x=[Ami:Ama];
mask_height=5; 마스크 크기% 
mask_width=5;  마스크 크기% 
Q2=A;
 
[R, C]=size(A);
 
for i=1:R-4;
for j=1:C-4;
Q1=A(i:i+4,j:j+4); Q1=Q1(:)'; 
N=length(Q1);
n=zeros(1,6);
for k=1:N;
if Q1(k)==x(1,1);
n(1,1)=n(1,1)+1;
elseif  Q1(k)==x(1,2);
n(1,2)=n(1,2)+1;
elseif  Q1(k)==x(1,3);
n(1,3)=n(1,3)+1;
elseif  Q1(k)==x(1,4);
n(1,4)=n(1,4)+1;

elseif  Q1(k)==x(1,5);
n(1,5)=n(1,5)+1;
else n(1,6)=n(1,6)+1;
end
end
g=max(n);
if g>=13; 
Q2(i+2,j+2)=x(1,(find(n == g)));
else
Q2(i+2,j+2)=Q2(i+2,j+2);
end
end
end
 
figure(2)
subplot(1,2,1)
imshow(A,map)
subplot(1,2,2)
imshow(Q2,map)
 
 
imwrite(Q2,map,'10_NE_5x5_1.bmp')
;
% figure(3)
% imshow('udo_filter_5x5.tif');

Matlab code (Cov_Cor.m)

정의 해야함% X Y 
x=mean(X);
y=mean(Y);
xy=mean(X.*Y);
sx=mean(X.^2);
 
var_x=X-x;

var_y=Y-y;
 
cov=mean(var_x.*var_y);
cor=cov/((mean(var_x.^2)*mean(var
_y.^2))^.5)

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;
Y=V(i,:);
X=V(4,:);
 
 
x1=mean(X);
y1=mean(Y);
 
 
var_x=X-x1;
var_y=Y-y1;
 
cov=mean(var_x.*var_y);
cor=cov/((mean(var_x.^2)*mean(var
_y.^2))^.5)
Cor(1,i)=cor^2;
N=length(X);
XY=sum(X.*Y);
 
 

차 선형식% 1
a1=((sum(X)*sum(Y))/N-XY)/(sum(X)
*sum(X)/N-sum(X.^2));      
b1=(sum(Y)-a1*sum(X))/N;   
 

차 선형식 절편 %1 0
a2=XY/sum(X.^2);
 
 

차식% 2
XM=mean(X);     XS=X.^2;         
XSM=mean(XS);
YM=mean(Y);     XSY=(X.^2).*Y;   
XSYM=mean(XSY);
XSS=X.^4;       XSSM=mean(XSS);  
XSs=X.^3;

XSsM=mean(XSs); 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);
 

차식 절편 %2 0
% XY=sum(X.*Y);
% 
a4=(sum(X.^2.*Y)*sum(X.^2)-XY*sum
(X.^3))/(sum(X.^4)*sum(X.^2)-(sum
(X.^3))^2)
% b4=(XY-a4*sum(X.^3))/sum(X.^2);
 
x=[ceil(min(X))-1:0.5:ceil(max(X)
)];
y1=a1*x+b1;
y2=a2*x;
y3=a3*x.^2+b3*x+c3;
% y4=a4*x.^2+b4;
 
N=length(V(1,:));
SSEY1=(sum(Y-a1*X-b1)/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,2)=SSEY2; 
SSE(i,3)=SSEY3;
 
figure(2)
plot(X,Y,'b.')
hold on
plot(x,y1,'r-.','LineWidth',3)
hold off
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hold on
plot(x,y2,'k-','LineWidth',3)
hold off
hold on
plot(x,y3,'c*-','LineWidth',3)
hold off
% hold on
% plot(x,y4,'bd-')
% hold off
grid on

legend('data','y=ax+b','y=ax','y=
ax^2+bx+c', 4)
ylim([0 30])
xlim([0 20])
xlabel('m/s','fontsize',14)
ylabel('m/s','fontsize',14)

회귀분석식% title(' ','fontsize',17)
 
pause
end

Matlab code (DIV.m)

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%

코드 링크 순서도%   === ===                                                
%       (1) Wind_D_mat.m                                                  
%       (2) DV8.m                                                         
%       (3) RVanalysis.m                                                  

데이터 형식%   ===== ======                                                
파일 시트 지역 순서 %       xls ; = ; : 60 58 50 40 30 60D

지역 지역명%       V = xlsread('data',' '); =(Udo , Handong , Fungdea)
변수명%   ===== ===========

높이별 풍속 방향 정보의 열 길이  %       SN = TN   = +60m [ ] 
숫자  의 약자 숫자 방향번호%       WSD_ = Wind Speed Direction [ : ]

저장     %       UD8.mat   = Wind Speed Direction 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%
%                              DiV8                                      %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%

clear all
close all
 
load data
 
SN=length(ana(1,:));
 
W S D _ 1 = z e r o s ( 5 , S N ) ; 

W S D _ 2 = z e r o s ( 5 , S N ) ; 
WSD_3=zeros(5,SN);
W S D _ 4 = z e r o s ( 5 , S N ) ; 
W S D _ 5 = z e r o s ( 5 , S N ) ; 
WSD_6=zeros(5,SN);
W S D _ 7 = z e r o s ( 5 , S N ) ; 
WSD_8=zeros(5,SN); 
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for i=1:SN; 
  if ana(6,i)>=0 & ana(6,i)<45 ;
       WSD_1(1:5,i)=ana(1:5,i);
   elseif ana(6,i)>=45 &  
ana(6,i)<90;
       WSD_2(1:5,i)=ana(1:5,i);
   elseif ana(6,i)>=90 &  
ana(6,i)<135;
       WSD_3(1:5,i)=ana(1:5,i);
   elseif ana(6,i)>=135 &  
ana(6,i)<180;
       WSD_4(1:5,i)=ana(1:5,i);
   elseif ana(6,i)>=180 &  
ana(6,i)<225;
       WSD_5(1:5,i)=ana(1:5,i);
   elseif ana(6,i)>=225 &  
ana(6,i)<270;

       WSD_6(1:5,i)=ana(1:5,i);
   elseif ana(6,i)>=270 &  
ana(6,i)<315;
       WSD_7(1:5,i)=ana(1:5,i);
  else ana(6,i)>=315 &  
ana(6,i)<360;
       WSD_8(1:5,i)=ana(1:5,i);
      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+b;
 
Z0=exp(b);
 
h=exp(YY(1,1));
Vh=XX(1,1);
z1=[0:1:100];
Vz=Vh*(log(z1./Z0)/log(h/Z0));
 
figure (1)                             
       
p l o t ( X , Y , ' b o ' , X X , Y Y , ' r - ' ) ;          
             
title( 최소자승법' ','FontSize',18)   
        

legend( 관측치' ','Y=a*X+b',2);
xlabel('Vz   (m/s)','FontSize',18)  
                             
y l a b e l ( ' l n ( z )   
( m ) ' , ' F o n t S i z e ' , 1 8 )                  
              
grid on
 
figure(2)
plot(Vz,z1,'r-',X,Z,'bo');
title('wind shear-log 
law','FontSize',18);
legend('Vz=Vh*(log(z/Z0)/log(h/Z0
))', 관측치' ',2);
x l a b e l ( ' V 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]; 
P X = ( e x p ( P _ X ( 1 , 1 0 ) ) ) * ( 
(PY/exp(P_Y(1,10))) .^n);
 
figure(3)
plot(X,Y,'bo',P_X,P_Y,'r')%);
title( 최소자승법' ','FontSize',20);
legend('ln(U),ln(Z)','XX=(YY-b)/a
',0);

xlabel('Vz   (m/s)','FontSize',18)
y l a b e l ( ' l 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)', 관측치' ,');
 x l a b e l ( ' V z   
(m/s)','FontSize',18)
 ylabel('z   (m)','FontSize',18)
 grid on
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