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Research on Measuring Visual Perception Heightin Assessing the Impact on
Natural Scenery due to the Installation of Oftshore Wind Farm Complexes

wEE 0. Yo"

Nho, Jun-Hui - Chung, I-Hoon

Abstract

South Korea has responded to climate change and energy resource problems since 1988, and in 2005, the Act on the
Promotion of New and Renewable Energy Development, Utilization, and Supply had been enacted. Research on offshore
wind power pilot projects began in 2005, but the evaluation guidelines for understanding the impact on marine landscapes
still rely mainly on qualitative methods. Therefore, this study proposes a quantitative evaluation methodology for offshore
wind power generation, which has been increasing recently, and intends to present the analysis results.

In this study, a viewpoint was selected to measure the perceived height of the wind turbine at specific points within the
pre-built offshore wind power plant. As a result of analyzing the protruding landscape of viewpoint and wind turbine, it
was found that the wind turbine was higher than the surrounding islands as the height of the viewpoint increased from
viewpoints 2 and 3. In addition, a Z-Score analysis was conducted on the perceived height value at each viewpoint to
evaluate the visual impact of the wind turbine on the landscape when viewed from a distance. It was found that a wind
turbine installed at a distant maritime location had minimal visual impact on the surrounding environment.

This study expects a more detailed and precise evaluation to be possible by using quantitative indicators, instead of the
traditional qualitative indicators for long-distance landscape analysis of marine space and land.
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Figure 1. Method of the study
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Table 1. General method of selecting viewpoints

Category Main contents

- Consideration of places with high visitor traffic and provision of actual viewpoints through visibility analysis
Usage - Key Modules of major roads with high population density or heavy traffic
characteristics - An axiomatic place primarily used for public activities

- Areas where local community opinions are gathered

- Areas with views of landscapes of special value

- Areas where regional natural landscape features are visible

- Foregrounds at main entrances, foregrounds with major tourist resources as a backdrop

- Surrounding areas of sites where major planned facilities can be observed

- First-class areas marked in the ecological natural map and results of the national natural environment survey
related to natural landscapes

- Results of the national natural landscape survey by the Ministry of Environment

- Scenic spots and natural monuments designated by the Cultural Heritage Administration

- Top 100 Livable Local Resources’ by the Ministry of the Interior and Safety

- ‘Top 100 Beautiful Fishing Villages' by the Ministry of Oceans and Fisheries

- ‘Top 100 Beautiful Roads' by the Ministry of Land, Infrastructure and Transport

- Finalists of landscape resource contests organized by other government ministries

- Excellent landscape resources and viewpoints selected by local governments

Landscape
characteristics

Source: Guidelines for Natural Landscape Deliberationon Development Projects, etc. (Korean Law Information Center, 2023.04.10.)

Table 2. Criteria for determining damage by natural landscape type

Landscape type Determination of damage
Skyline - Visibility of more than 70% of the ridge line from major viewpoints
Foesand  Naalgeenarea el loew dkcspe resagces e i
landscape Urban green areas - Green areas within the urban area from the main points of view
River landscape - Continuous landscape consideration
Water landscape  Coastal and islands - Coastal and island views from surrounding areas
Lakes and wetlands - Consideration of changes in external landscape at the viewpoint of the interior
Rural landscape - Whether it is harmonious with the existing landscape
Historical and cultural landscape - Formation of overbearing landscapes around
Ecological landscape - Consideration of changes in external landscape at the viewpoint of the interior

Source: Guidelines for Natural Landscape Deliberationon Development Projects, etc. (Korean Law Information Center, 2023.04.10)

Table 3. Damage during the environmental survey and evaluation manual for offshore wind power generation

Category Review items Details
- Displaying the skyline of the rear island and the horizon
Pressure and - Presentation of the distance from the coastline and islands and the height of the structure
protrusion - The actual view height of the structure and the angle of view between the horizon and the
structure
- Simulation and technology of the degree of recognition, such as identification of the
Damage View landscape structure's shape
status - Blocking and obstructing coastal views from key viewpoints

Harmonization with
ambient landscape
characteristics

- Classifying the types (sand beach, tendon, gravel, rock, island landscape, etc) of landscapes
by view point and suggesting whether the detailed landscape is damaged

Ecological landscape - Presenting overlapping locations of migratory birds, migration routes, and structures

Source: Environmental Survey and Evaluation Manual for offshore wind power generation (Ministry of Environment, 2021.06.)
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Table 4. Conditions precedent e Boficilion o hetons:
Condition Conditional content Height of Height value of a structure or
. . . o structure or building where the observer is
Weather Weather (;c_)ndltiops with maximum visibility building above located based on
S _(ex_ Conditions without minimum fine dust land e altideabovaseatovel
index, sea fog, fog, etc)) >
Height of the observer +
The observer's viewpoint is more accurate Actual oG e the altitude above sea level +
Ohservals with 2-point loss, but considering the fact height of SECHENICTE e height of the structure
viewpoint that the observ_ers height value_change_s the object (building) at the land branch
due to wave height at sea, 1-point loss is set o be Height to the hub based on
as the standard observed  wind turbine sea level + radius of the blade
Radi The Earth has an ellipsoidal shape, but the height (based on maximum height
adius of : ! e lue)
the earth radius o_f 6,378 km is applied in general value
calculations Distance towing  Straight distance from the
The lower part of the Earth's atmosphere is turbine observefs pasiion (viewpoint)
Refraction of ~ denser and the upper part is denser, to the wind turbine
light by the so light is refracted toward the surface due Refraction - -
density of to differences in density, and to take this into coefficient of light C?efﬂtqlent t? confsl[diftthe
the Earth’s account, the refractive index of light (3.86) Coefficients according to o dl'm \{a fé? 9 hlg
atmosphere according to the Earth's atmosphere is for Earth's L JISHaTE
: . . in the atmospheric density of
applied calculating ~ atmospheric the Earth
; : = height density =
The view (observation) height €1g - —
Heightof the  COmPrehensively considers the elevation valies . Calculated radius considering
rdtints above sea level (the height value to the floor Earth radius that the Earth is an ellipsoid
of the ship at sea) and the height of the sphere
structure at the observation point The angle at which the human
Error values I GEErE, fers s Tio photograph of Parallax angle ?t{fe?:ﬂﬁeéve:rgllleag ?rli%:: {I);:-c o
Ginfa simulation that creates a scene the same 9 wr{en ik hI::i iy distgance
photos and asa hluman eye, and the re_sqlhn_g error ot ob'ect%re i
Simletions value is excluded because it is difficult to )
measure with the current technology Distance to the horizon when
Source: Reconstruction of landscape part during Sinan-wooi Offshore Distance to the v?:f szifn:ﬁg Igabrstte}'r;?atl;)iﬂ s
Wind Power Environmental Impact Assessment (2022.03. private horizon gn dthe Ea?r“[h's atmospheric
Fepa curvature coefficient
Eiflﬁgrce ot St(aight line distance to ‘ghe
. perception object that serves as a visual
. — reference point recognition standard
jrosiebirio B Y i i
- 1l - erton Sl Non-visible height The value of the wind power
T of awind generator's calculated height
Hi i turbine from the  when itis located beyond the
BN A --E‘éﬁ R stit viewpoint horizon from the view point
4»;%* ___"__y&%y* value P : .p =
L. _32& The height value that is visible
@)‘ B Visible height of a when located inside the
Viewpoint wind horizon among the calculated
; . ; . turbine from the  height values of the wind
Figure 4. Visual perception height measurement viewpoint power generator from the
viewpoint
Table 5. Definition of the terms tThhe hiigqthvalue percei\;ed by
. e actual human eye of a
Variable Definition of the term Helght bi the : terrain or structure &here the
Visudl perpeption height value of a wind power
Height at which the cbserver reference point g " 4 P ‘"
takes the image (photo), ?ﬁne_ra kA eicompare g
Observer's height  typically the height from £ VeI RO
Observer the ground to the observer's The height value perceived by
(wfewpomt} eyes Visual perception the actual person based on the
height . height of visible height of the wind
Altitude above He|ght value of the gurIEnt a wind turbine turbine when the wind turbine
sl location of the terrain relative is viewed from the viewpoint

1o sea level

Source: Reconstruction of landscape part during Sinan-wooi Offshore
Wind Power Environmental Impact Assessment (2022.03. private

CHS0ll A5 (Continue on next ) o)
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SHAPBRIUTEL] AXI0l T2 XIRSE B} Al A2 21X 50| 57 Wl o7

o] E2o.& Ao A= FOIRHAIZIA #olRh)20.75% A
22 e

oju, elef 7|0l B TR A2l &ol7t 60m H7HA ] A2
7t 480m, £ £017F 21.6m(37] 2YAHL] £ ol F
d)ols, =g 471A 2] Azl7} 32.61kmekal & 7L 7]Fo| &
= Ao AR EolE 7.15=UE & 5 At

3. SEYTVIE =02k Al

1) GPCHEX] 7HR

AT RG] AR ekl YA|g e EE AFdAl= &
A 28 5 WHIA| Z(Table 6) ©l°] et HAHEE= SH=3]
AEEF) oA AlEshe A= F "AEE Y ASTA 3
Hol-8F 2, Ao FHLA7] HEE AR F3rof WA
Hglste] YA & FQI8IAHTable 7). B3 T 28
9] o= AEAAFE RS ASTA| MDA AAE T
ArE Fastgon, 74 71H9 Folih AU RRE
130m(TC- 1), 157m(TC-S)= 2139 cHFigure 5).

2) F2 =YX MY
o] ATE 3709 F8 TEA YA +-FE| 2 (Figure 6),
ol BT 3fotoflA At uithE HH o2 2R 4 e HA

Table 6. Wind turbine specifications

Doosan Heavy Doosan Heavy

Cat Industries & Industries &
egory Construction Construction
(TC-11) (TC-S)
Rated output (MW) 3 3
Number of installation 7 13
stand (units)
Generator type PMG PMSG
Turbine class A l:lﬁq(?;{%?g !
Hub height (m) 80 90
Rotor diameter (m) 100 134
Rotor Rated Speed
(RPM) 154 10.664
Cut-in speed (m/s) 3 3
Cut-out speed (m/s) 25 20
Rated speed (m/s) 125 10
Weight
(including tower, ton) CLL A6z
Extreme wind speed
(m/s) 53126 53.126

Source: https://www.motie.go.kr/attach/viewer/c26df36c4f964b1523b
31beb1e734922/9d30cf805224f7516a4d7685d6aa656b/778bdbf5d
b9ced7c8fd52756c00bf0cd

Table 7. Wind turbine location

o WGS84 UTM 52N s
East (m) North (m) model
wt-001 258800.83 393024229 TC-S
wt-002 258225.36 3929686.56 TC-I
wt-003 257649.88 392913084 TC-S
wt-004 257074.41 3928575.11 TC-S
wt-005 256498.94 392801938 TC-S
wt-006 25812239 3930666.23 TC-S
wt-007 257546.92 3930110.50 TC-I
wt-008 256971.45 392955477 TC-I
wt-009 256395.97 3928999.05 TC-I
wt-010 255820.50 3928443 32 TC-S
wt-011 25744395 3931090.16 TC-S
wt-012 25686848 3930534.44 TC-I
wt-013 25629301 3929978.71 TC-I
wt-014 255717 54 3929422 98 TC-I
wt-015 255142.06 3928867.26 TC-S
wt-016 25676551 3931514.10 TC-S
wt-017 256187.60 3930956.01 TC-S
wt-018 255614.57 3930402.64 TC-S
wt-019 255039.10 3929846 92 TC-S
wt-020 25446363 392929119 TC-S

Source: http://www.kowp.co kr/data/file.asp

Figure 5. Wind turbine shape

Source: https://www.motie.go.kr/attach/viewer/c26df36c4f964b1523b
31beb1e734922/9d30cf805224f751 6a4d7685d6aab56b/778bdbf5d
b9ced7c8fd52756c00bf0cd

n

ABHEK Table 8). ol&ie A1ehe: B27)go] ujchs: Pt

WAE ATARE EPSte], FALA/S TH AR A
2 Fheol & 4 QIS 57] Aol
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Myeongsashimni
' Ocean Park Front

Research site

chang-gun e 2

& 3} Gyema Harbor,
North Breakwater # gt GEL

Figure 6. View point location map

3) ZYHE AZRIX| ZO0I2k M=

2y 2R AR EolgtS ATt 23 7|0l e A
E GEE24am)S 293 1R} vl 2k u, 43
A7ER| 9] ARlEnt Az HAISH B7HAEE o7t HA
stom 71540l He UaEe wol7t A EolgtEt Hot
Ae AR SAEN, B 4 2 A WE8-2 2
2 1 AIZAA Eols 0.532004 0.69%= A2 VEREoH
(Table 9) 47 o] FLA7]= 714 Basdt Aol
A Ft S8 TS UERAL 52 o < Tk o &
8 Uehls FEE0719 A¢ 7ISdER ROt w2 AL
2 34T+~ gloH, 58 UEilie AL 71EET 22 A
OS2 MY ¢ ok & A Bl 4 2EHAA T
A717F FARE wole1 AW oF 0.1%E Hiol2 AV W2 o=

Table 8. Viewpoint selection table

B4 E]9lom(Table 10, Table 11, Table 12) 0] 7¥to 2 &
EE= AW wdsly] $15t] darl- 41218(1995)9) A7 W
& F AA7A A9 3 8eHA ] £ S EYE 4 203
HE FF o5 Wdslgit

EF o8 WS Y8t 4 FEEAT 9 EFol=rt AR
Wolxl= Hof) digh A1ARIA w3k T =&3e, 71&
o] Bz Was-Y AlZFQIA] Folgholl 75%, 100%, 125% HHE
AR, 2zt Az AARIA Folgke] Haga
A 100%5 BolAe B SEE gdselen, gy
100%5 golMe 73S F8 55 123 Jugat Aol
100% oY 74 BlEE 2 AAdskart

2] A AJZRIA] FolE 7102 4 FEHAA|I7F FH &
HE 71802 EF 958 1O 4 o FEUdr|Y £
ojert A& o g M= e L3RS A HEEH B
+ EEEE THIAVE A 2 A TSR ML E
20| B AR Yo o= 2] YAof uhet 7HE
& g 4= 9t

E FaplH FEE Ui d2 29 w0l Y At WS
ujet FEUA7| Q] 8|7HA] Eo| Fo] £HAL] ZHA AR <3}
o] ZR=H, FUT wOIE 7RI YUY AL HAEHe
AR of| w2} TFstA o7t v e & 4 e, o=
YA 114E 2YHo2RE dupt He o|Fste] 4
Zgh=A]o] gt 3 epdctal & 4= glov, 3 $An
HlA3IE o) FFH o2 dulitge E& AEE olF=AE
21 4= 3UrHTable 13).

53] ekl 22|81 el g2H, S47F HEARERE

Num. Viewpoint name Landscape components TM coordinates (m)  Separation distance (m)  Visibility
P X 162,023
Myeongsashimni Ocean : : 11,869
vp0O01 Park Eront Sea and islands } 2262,645 (WT-001Criteria) O
: X 147,664
Gushipo Harbor North ; e 8,668
il Breakwater sesandisands ;2 %?1‘020 (WT-001Criteria) 2
K 145817
Gyema Harbor North . SR 11,275
vpooa Breakwater Sedantieangs ;2 ?180'924 (WT-00&Criteria) 2
Table 9. Setting a reference point
; : = : Non-visible : = Visual
Actual Distanceto Viewpoint Distance to : Visible height z
Sl e height reference height horizon S R from reference PEISCAa
point point name value (m) int (m) (m) (km) reference point int (m) height
i (m) Rol (degrees)
vp0O1 242 19912 6.60 18.03 159 226 0.65
Wido
vp002 Manggeumbong 2472 20118 1010 2230 242 0.69
vp003 2472 24,168 7.80 19.60 175 224 0.63
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Table 10. vp0O1 : Myeongsashimni Ocean Park front

Wir!d Dista_noe Viev!point Dista|_1ce tu“r’lI:il:e tl\::)?ge pe:',t:zl;;?ilon le;gﬁ? “ Visible
Rabres h;i“rgt"Efn) tutrgi‘g;"(dm) h‘(’:g;“ I '(‘I‘:;:f"" invisible ~_visible _height  'Sference  Of

9 height (m)  height (m) ~ (degrees) dggrees)
wt-001 167 11.869 6.60 18.03 . 167.0 0.76 (H0.11 Visible
wt-002 130 12,505 6.60 18.03 3 130.0 0.60 (-)0.05 Visible
wt-003 157 13,169 6.60 18.03 - 167.0 0.68 (+)0.03 Visible
wt-004 167 13828 6.60 18.03 = 1567.0 0.65 (+)0.00 Visible
wt-006 187 14,513 6.60 18.03 = 167.0 0.62 (-)0.03 Visible
wt-006 167 12,611 6.60 18.03 = 1567.0 072 (+)0.07 Visible
wt-007 130 13130 6.60 18.03 = 130.0 0.67 (-)0.08 Visible
wt-008 130 13,766 6.60 18.03 = 130.0 0564 (-)0.11 Visible
wt-009 130 14418 6.60 18.03 = 130.0 0562 (-)013 Visible
wt-010 167 16,084 6.60 18.03 = 167.0 0.60 (-)0.05 Visible
wt-011 187 13173 6.60 18.03 3 167.0 0.68 (+)0.03 Visible
wt-012 130 13772 6.60 18.03 - 130.0 054 ()01 Visible
wt-013 130 14,390 6.60 18.03 = 130.0 0562 (-)0.13 Visible
wt-014 130 16,025 6.60 18.03 = 130.0 0.50 (-)0.15 Visible
wt-015 167 16,677 6.60 18.03 = 1567.0 0567 (-)0.08 Visible
wt-016 167 13,850 6.60 18.03 = 167.0 0.65 (-)o.00 Visible
wt-017 167 14,434 6.60 18.03 . 167.0 0.62 (-)0.03 Visible
wt-018 187 16,032 6.60 18.03 = 167.0 0.60 (-)0.05 Visible
wt-019 167 15,661 6.60 18.03 = 167.0 0567 (-)0.08 Visible
wt-020 187 16,286 6.60 18.03 3 167.0 065 (-)0.10 Visible

Table 11. vp002 : Gushipo Harbor North Breakwater

Wir!d Dista_noe Viev!point Dista|_1ce tu“r’gll: . tl\::::: = p e\r’t:zl;:ilon le::!(:g:ce Visible

Number : tyril:tlne . trtt:; _wmd height to h:r:zon Swisilie Nichla height refer!;l:ce o] Or.l
S (S Tt () S () (km)  peight(m) height (m) (degrees) e

wt-001 167 8,668 10.10 2230 . 167.0 1.056 (+)0.36 Visible
wt-002 130 8,809 10.10 2230 = 130.0 0.85 (H)0.16 Visible
wt-003 167 9116 10.10 2230 = 167.0 099 (+)0.30 Visible
wt-004 187 9479 1010 2230 3 167.0 095 (+)0.26 Visible
wt-006 157 9,898 1010 2230 - 167.0 0.91 (+)0.22 Visible
wt-006 167 9,366 10.10 2230 = 1567.0 096 (H027 Visible
wt-007 130 9,606 1010 2230 = 130.0 078 (+)0.09 Visible
wt-008 130 9,904 10,10 2230 = 130.0 0.75 (+)0.06 Visible
wt-009 130 10,254 10.10 2230 = 130.0 0.73 (+)0.04 Visible
wt-010 167 10,654 10.10 2230 . 167.0 084 (H)0.16 Visible
wt-011 187 10,167 10.10 2230 = 167.0 0.88 (+)0.20 Visible
wt-012 130 10,401 10.10 2230 - 130.0 072 (+)0.03 Visible
wt-013 130 10,691 1010 2230 3 130.0 0.70 (+)0.01 Visible
wt-014 130 11,031 1010 2230 = 130.0 0.68 (-)0.01 Visible
wt-015 167 11,420 10.10 2230 = 1567.0 0.79 (+)0.10 Visible
wt-016 167 10,967 1010 2230 = 167.0 082 (1013 Visible
wt-017 167 11,200 10,10 2230 = 1567.0 0.80 (+)0.11 Visible
wt-018 167 11,483 10.10 2230 = 167.0 078 (+)0.09 Visible
wt-019 167 11813 10.10 2230 . 167.0 0.76 (+)0.07 Visible
wt-020 187 12187 10.10 2230 = 167.0 074 (+)0.05 Visible
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Table 12. vp0O03 : Gyema Harbor North Breakwater

Wir_ld Dista_nce Vie\nfpoint Distapce tl\:‘::)ri‘:e tl‘:\rftl:i‘:e pe:ftl:z:“t‘ilon th:mw Visible
Number 3 :Prtt:;r;jfn ) 1u:gi:1":an(dm) ht(a:‘??t to ?I?Ir‘:;on ST visible height refe;;anllce r?;t

9 height (m)  height (m)  (degrees) d'ef’grees)
wt-001 157 11,770 7.80 19.60 = 157.0 0.76 (H)023 Visible
wt-002 130 11,563 7.80 19.60 s 130.0 0.64 (H0.11 Visible
wt-003 157 11,411 7.80 19.60 - 157.0 0.79 (H)026 Visible
wt-004 157 11,314 7.80 19.60 = 157.0 0.80 (1026 Visible
wt-005 157 11,275 7.80 19.60 = 167.0 0.80 (H027 Visible
wt-006 157 12,462 7.80 19.60 = 157.0 0.72 (v)019 Visible
wt-007 130 12,283 7.80 19.60 5 130.0 0.61 (vo.0o7 Visible
wt-008 130 121563 7.80 19.60 - 1300 0.61 (+)0.08 Visible
wt-009 130 12,073 7.80 19.60 = 1300 0.62 (+)0.09 Visible
wt-010 157 12,047 7.80 19.60 = 157.0 0.75 (1022 Visible
wt-011 157 13,170 7.80 19.60 s 167.0 0.68 (1015 Visible
wt-012 130 13,010 7.80 19.60 - 1300 057 (+)0.04 Visible
wt-013 130 12,899 7.80 19.60 = 130.0 0.58 (+)0.05 Visible
wt-014 130 12,837 7.80 19.60 = 1300 0.58 (H)0.05 Visible
wt-016 157 12,827 7.80 19.60 - 157.0 0.70 (1017 Visible
wt-016 157 13,886 7.80 19.60 5 167.0 0.65 (1012 Visible
wt-017 157 13,747 7.80 19.60 = 157.0 0.65 (H012 Visible
wt-018 157 13,655 7.80 19.60 = 157.0 0.66 (H)0.13 Visible
wt-019 157 13,606 7.80 19.60 = 157.0 0.66 (H013 Visible
wt-020 157 13,606 7.80 19.60 s 167.0 0.66 (H013 Visible

HolALE 1 A A A7) o1& viRiolt, o] ¢
2= FEHEA7E YA AEEol, Ayt Hold+E F
A= Al Ao R g ReabA Bl oldt A4S Y
Hog BA57] gJete, & dAolxs 2U3E Z-Score 4
& 38IITH(Table 14) F2).

2% 1914= Z-Score7t tF 0 FRof EE3IaL 910,

F29] dlofg ZRAIESO| Hat Aol YA ks AL Al
ARzt vhE 2 2014 Z-Score?t ANFA o2 £ et
U, ol 2T FEEHY] Alole] AdiEeR 7izke- A
fEoR A, opRHo R 2 394 Z-Score7t 2
T 13 FARE BEE 2o, FEEA7 YAl A8kl
e YERdT

olEgt A= 2 13 2 304 F=HEA77E 29
20] vl YA YIAEHH, Z-Score7} AR 0off EE3}aL
Uch= AL Yuigitt, ol= Aj7t Hold4E FEEH71Y A
ZHA Fgo| ot AL ujsts FEIH71Y] Fo] o]
ol E7atal, YA skl AAE FEEHE 2%
W o] AjZE Gk vju|dt 2o EAESI ol A7
d FdAv|e = 84S B uS o, $EEEr)e] wolE
AR Z0] AlZHA JaFE A WA A] ghethe AE Al
ARt
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4) =0|Zte| AlZzf|o|M&at Hlw 24

371 BAE 7 2UARAA FEHLA79 wolE AFS]
st AA| @golA P ARRlofA HES FELH7S =
o|gk} vlwsto] BA5t, 1Eu dA &9 5 T
O APRIAYY olgh2 A 9 BAS 714 AR R e T
o] FAIE 7L glew, ol#gt & sty Z} 2R
A FEEA7I7IRY A7} 2 Al 2 Al 271
& Hlal A8}, 12]al AR} oAl EAE At gl o
HE BASKLAL AR L] Alo|=E 108 F455H mm THE B
&8st

7} 2o AHEE Eoldt oA HER AMLE BlaL
3l9E | YA HolA HAet ZAZ NN 2E FEUA
719 Folgk FARHA Ueht= Aoz EAEIY, 18y 4
H A3Hvp0012] wt-014 E vp0022] wt-014)2] 7% o]u]x]€]
e A D A% &9 FA 7] 2AEHE L njAEA] F)9
POz Qsto] AR FHEH7] Eol3kE 245 S8
4 giglon, olegt E i) FEAH7|E ALdjt Ynix]= o
Aoz AFEE 4y gt AR 4t g Yehdls Zes &
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Table 13. Determination of protrusion at each point

vp001 vp002 vp003
mﬂ 75%  100% 125% mm 75% 100% 125% x‘:‘;’;’; 75%  100% 125%
perception perception perception
wind wind 9" 040 065 o081 et o5 o690 o0ss POt 54 053 066
twbine turbine _\Jegrees) | (degrees) | (degrees) [
Nomber max =W e Vil Visudl Visual Visul Visual
" m e TR pecepion PR percpion P
s vind | [Protea S wind  [Protuam o Hnd (Dot
maimam  CUR S Cmadmam | SRS Cmaimam | SRS
gese) D0 gens) D gess) 1
(degrees) (degrees) (degrees)
wt001 157 124 076 0.60 A 1.05 083 o 076 0.60 o
wt002 130 105 0.60 048 x 085 068 A 0.64 052 A
wt003 157 124 0.68 054 A 099 078 o 079 062 o
wt004 157 124 065 051 x 095 075 o 0.80 063 o
wt005 157 124 062 0.49 x 091 071 o 0.80 063 o
wt006 157 124 0.72 057 A 096 076 o 072 057 A
wt007 130 105 057 046 x 078 063 A 061 049 A
wt008 130 105 054 044 x 075 061 A 061 050 A
wt009 130 105 052 042 x 073 059 A 062 050 A
wt010 157 124 0.60 047 x 0584 066 A 075 059 o
wt011 157 124 0.68 054 A 0588 070 A 068 054 o
wt012 130 105 054 0.44 x 072 058 A 057 046 A
wt013 130 105 052 042 x 070 056 A 058 047 A
wt014 130 105 050 0.40 x 068 055 x 058 047 A
wt015 157 124 057 045 x 079 062 A 070 055 o
wt016 157 124 065 051 x 082 065 A 065 051 A
wt017 157 124 062 0.49 x 0.80 063 A 065 051 A
wt018 157 124 0.60 047 x 078 062 A 0.66 052 A
wt019 157 124 057 045 x 076 0.60 A 066 052 A
wt020 157 124 055 043 x 074 058 A 066 052 A
Reference: Protrusion (0), Partial Protrusion (£), Non-Protrusion (x)
IV, QoFal = o AA w2 S A EAY E99 IS E o AH 7}

A2 A7, o), 28AE Tl 25t A ARk W80l

2 G UM F7I8IAL Qe dEE ERAel HiRt 9% e o2’ AAE Kot A& 5] HlsiAle =
U7 e AAEAAL ST SRV AE A @33 vlalste] 229 £4& W & 1 Hoh FRsHA Ab
o F8 WEAHNA, TA719 F1 AARH0] ofFA 22E £ AVNE AT 4 ASS FUEITE

olFEA AFALE FH5= Aol & A7 HERolt, ol Tz 7| ARt IS L] wE AR B
S, & Gelde AFET B olE | 7= ZAE T 7oA Wrie] o] AR ARE S ﬁ'rrﬁ- 313l glo1t o
ARol A EAIE AT o o] 7HA] FEEC st of mE PHEC] FA AdRelA= FASIL S AL
EH7b QA A& & = e H, FEHL o E AAY Be ¥ |, s A UEE £48 53] 3H"Je..-—.—1 383
Bl U3l HUA| BEXRL A5 ARy X" A Fol & e WUk AR £4EI.
sto] A717F WS & o 4= Uit ERE ofRiR AAIE A wHbA B S A} tsto] Al wo g YA EE
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Table 14. Z-score comparison for each point

vp001 vp002 vp003
Average 0.603 Average 0.824 Average 0.6745
Number Standard deviation 0.070195 Standard deviation 0.103232 Standard deviation 0.073876
Visual Visual Visual
perception Deviation Z-score perception Deviation Z-score perception Deviation Z-score
height height height
wt-001 076 0157 2236620 1.05 0.447 6.3679553 0.76 0157 2236620
wt-002 060 -0.003  -0.042738 0.85 0.247 35187583 0.64 0.037 0.527101
wt-003 0.68 0.077 1.096941 099 0.387 55131962 079 0187 2663999
wt-004 0.65 0.047 0.669561 095 0.347 49433568 0.80 0197 2806459
wt-005 0.62 0.017 0.242182 091 0.307 43735174 080 0197 2.806459
wt-006 072 0117 1.666780 096 0.357 5.0858166 072 0117 1.666780
wt-007 057 -0.033  -0470118 078 0177 25215393 0.61 0.007 0.099722
wt-008 054 -0.063 -0.897497 075 0.147 20941598 0.61 0.007 0.099722
wt-009 052 -0.083 -1.182417 073 0127 1.8092401 0.62 0017 0242182
wt-010 060 -0.003  -0.042738 084 0.237 33762984 075 0147 2094160
wt-011 068 0.077 1.096941 088 0.277 39461378 0.68 0.077 1.096941
wt-012 054 -0.063 -0.897497 072 0117 1.6667802 057 -0033  -0470118
wt-013 052 -0.083 -1.182417 070 0.097 1.3818605 0.58 -0023  -0.327658
wt-014 050 -0.103 -1.467336 0.68 0.077 1.0969408 0.58 -0023  -0.327658
wt-015 057 -0.033  -0470118 0.79 0.187 26639992 070 0.097 1.381861
wt-016 0.65 0.047 0.669561 082 0217 3.0913787 0.656 0.047 0.669561
wt-017 062 0.017 0.242182 0.80 0.197 28064590 066 0.047 0.669561
wt-018 0.60 -0.003  -0.042738 078 0177 25215393 0.66 0.057 0.812021
wt-019 057 -0.033  -0470118 076 0.157 22366196 0.66 0.057 0.812021
wt-020 0.55 -0.0563  -0.7556037 074 0.137 1.9516999 0.66 0.057 0.812021

Table 15. Comparison between photo and result values

Calculated

View t::-tl::: A wind turbine :?rﬂh:u‘;z::g :)nf Difference
point height value value (mm)

nember photo (mm)

(mm)

wt-001 331 320 0.11
vpOOT1

wt-014 216 260 -0.44

wt-001 458 450 0.08
vp002

wt-014 295 260 0.35

wt-005 348 320 0.28
vp003

wt-012 250 260 -0.10

A2PH e SR oA WHES TARAoH, o8
AR FRASe] A5 AT FEWAT o] BES
mefet sjekatekio) el ARz E ARG S, ARt 1
o2 B uf Feazlel Fol8 A5t 40 QX
£ $0lghe 243 ¥ o) F3lo] A2t FHrIe) B of
shof it AZ-& AAISAOH, 72] F} o] Z-Score £4]

& Sol0] fAZA FEEH Ade 2UNES A S

188 "=2EAE, M558 HI1E (2024)

7)) el oigh A12HA Gl Haslal AeE T8I

I AR HAIR 08 B B9 4F HsE TS
L Qlont & QoA ol2igt Riro]l it s18j7} o]F0ix|A]
goko, 53] AA| AT} vlaste] B} gt 2folE #A48)
£ oA AR 2470l iRk M7t aRiEA it &
3] & g7 I ANSE U7 91A | 27100 HiRt
glojel= AFdo] 1 Fofl 28 HlolE|2A] HF o= A
o] &=¥ A HlolE g FRSHR] X5t Hf AR £4
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