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else, Aspect = 90.0° — Aspect
Slope = atan (}/.f2 + /7)< 57.29578 °
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- 3, AT 2o BAdUAE AY9E 7§ 236 we 23 F loeng 34 nd
< BA7] AeAs dRAAM H5EE 7% detvErE 283

- 2Eu AN dskstE 71 Wt 3 AsE ASstA FARD YTl
SHAIZE lemz B AF e o2l 2 (10), 1D} o] Gueymard (2009)°] Atk
o2 EE M B BAIUA 4 2ds 289

L y=1I™) (10)
L, =1 ™) (11)

- A7IA g2 B B A 99 BT BAUAIE, [, FREEAA AREAL
AFAE Yetd. 8 = 4, R, FE AHEEE Ao, @AY 193t ¥
T 5o ® 2-13% 25 FA T e MY 21 €2 AdEEE g8 2
Fe ARG T D Alolo A HIYS T ALY 5 e

% 2-1 9% Jaxy . . A4k 37.57° N [ 126.97° E)

Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
n  0.409 0.483 0.571 0.631 0.712 0.789 0.682 0.560 0.503 0.479 0.441 0.387
. 1.844 1669 1529 1476 1.397 1.343 1.526 1.771 1.845 1.808 1.861 1.982

-4 10), ADNA me 571 AFvloln, g2 4 (12)9F 2o F42 & U+ 71A

a € B 1=Ze U,
m = ! , (12)
sina+0.50572(6.07995 -+ )~ 65
- b Bl de ool A 3 14)e T8 F4] 7
b=1.219—0.0437, — 0.1517, — 0.2047,7; (13)
d = 0.202+0.8527, —0.0077, — 0.3577,7; (14)

-9 AdE g, B, E AR OB EERAIUAG)E e 4 (19E Tl 82

T A5
L, = (I, ysina+1;,) (15)

- 29 2-102 FAbzdol] thE g Ze] 7skete et glom, FA EHe] B FEAL
AUAE Theel 4 (167 o] WAL (1), BH4% (1), LT A> ()EA oUA e F
o2 T3,



Sun

Tited pNOTth

(16)

] surface}ﬁ
" | Horizontalh:':n

Ay, plane -~
Solar altitude angle  a g
Solar azimuth angle ag South ™.

Surface tilt angle

Surface azimuth angle a »
Incident angle i S

79 2-10. A EREeIAL B FH 15 w1

“ East

) ﬁ

I .= plsin®*(5/2)

- BaEAUAE teo 4 (182 Fi 2A8 @ - 9L,
I,.=1I;,cos*(5/2)

CnpAste g, AgRAdUAE theel 4 9% 2ol A4 H 5 U,

b = b, neosi

- BTl gHEE FFEAY
A

AR} SEARE, FA B FE AL =2 BRI FAHEUY S

-3 An 234 Adel ged HoEEAUA FRAE 2,000.0 ~ 2,01
G3so] glom, AhejFRAUAE o 2,260.9 kWhim2= 574 Qi’ifr.

- B APATE HFBAAUAL o] RS WPOR FAASZRE
BAoR S Be g 712 oA HIBAAUA FHo] 5T B

A WA AL Tee] 4 DT ol 2AH B 5 L. 474 p
R FHW Abole] ZEoln, p= A4 WALE AWA O 0.27F AEH.

3%4(36° 117 ~ 36° 44) HutH oz HZE AHS
al



2000

1500

11000

500

Annual solar iradiation (kWh/m2)

24 AnE AR AFe7) A8 18R BPPEALY AA A FHe] A
B BAG HA ARG AT A9 o §15T HFFRAAIAN NgEAY I
o] ReE o B HolHE S NFHARAL WAT A AHASI} 0.979
2 AGE YHUSEE ol &7 HFAUA FHo] Wrke] A WAFS 7& A5}
AOR BrhEH, B AANE A 2 AdFe] 97t 10% olHE FHEES Bof
.

o 2-12@)= BlZ2E A2 FFA AGS ddeE F

o, FAAEZHE &4 T A0013111& A}-&3lo] 7/ 5
a9 2-120)= HH dHe 1EEE HENAE o3l YR WSty RERA AR
A Ak(dilation)& o] €3t n&EE2 YEYZ FH 30m A td AA Ay

A3Z DEM 2 &FAZ 3

=




3, AER HAT HF dde wbag Blo® s e I9FE
2, AERTE B e AR Aqew dgstuA

: v Grid cell in query
Cut S[ope | Road 1 Fill Slope 1., Road-surface grid cells
2) I Surface (1) | (2) r  Radius of detection window

8 2-13. IEEE AER == AA oju|x

© o0 N o,y O s W

11

12
13
14
15
16

Input: A highway-slope image, #,, and DEM
Output: A highway fill-slope image, H,

Define the disk-shaped detection window with radius, r
Count the number of rows (p)and columns (gof the DEM
For each occupied grid cell, v=#[illj], where i=1:p and j=1:q,
If v is on the road surface(.e., v=1)

HIl71=0

Elseif v is on the slope(.e., v=2)

Find the elevation, £=DEM[:][j]

Find the road-surface grid cells, #,.,, within r

Find the elevation, £¢ , of »,,, from the DEM

3B
Compute the mean elevation, £ =*=

If Ee=
HS[:2151=0
End

Hp=H,

Return #,
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4=3)3F (Haralick et al. 1992).
- ZF - gk B oA e FHFHE A SN UAAEE T3l F4keka, B Ay A
ZAEo] M g #E HF FERAZ A

<318 &3. Clustering of solar grid cells

EEE T, ] .
- Cut Slope g = ' ¥ ¥
5 v ¢ ! | ¥ g
& g @ - i W
W W * o -
¥
‘ Rloald Surfgcé
-~ Fill Slope
2 W
| % v
| ¥ "
g 2-15. 1552 AER £33 dugE A4 oA

1 Input: a highway-fill-slope image, HF,an annual-solar map, A
Output: clusters of grid cells with high solar energy potential, C

Define the threshold,

Count the number of rows (p)and columns (g)of the annual-solar map
Create the pXx gmatrix of zeros, C

For each grid cell, Clulj], where i=1:p and j=1:q,

If Alidlj]=06 and HF[:l5l=1

Clilljl<1

End

© 0 N oY O s W DN

Perform the labeling process on C to group clusters

10 Return C

2 Badel AMFY wet 7
AL vebd. obed A9 B



e FE2S 0° 2 AR v RS dFeE Exsta e AoE yEhd (-90 ° 9
A 90 ° AFol])

Avtd oz A9 107] #33re B AXEflUA] FAHAA= Aoz mug Ao
2 JER2,181.1 ~ 2,224.9 kWh/m2).

HFE FTHRA= F ATHGANUA FAHX(49,623.7 MWhE ZAF N oM, X = FFA
SR 9% 36 ° 29 '3.253%, A% 127 ° 13'57.800° = Ebd

OE 29 2-16€ AT FRAS A 22 DEMA @Al SRkl e 3l
& we AUA FHFH B A FRA Yol R B AT FREC] A glo
o2 g g AXo AP Agoz AtgH.

F 2-2. Ao W2 B/FF BFEAAAA gk

No. G Tl New. o e gt | @i

(MWh) (kWh/m?) (deg) (deg)

1 22700 49,6237 2,186.1 24.6 27.5 36/29/3.253  127/13/57.800
2 6,200 13,619.5 2,196.7 21.0 32.9  36/29/37.776  127/6/51.610
3 4925 10,958.1 2,225.0 25.9 -50.1 36/29/2.275  127/3/21.305
4 4550 9,923.5 2,181.0 19.2 425 36/29/47.265  127/6/25.859
5 4275 9,488.7 2,219.6 24.0 61.5  36/29/14.470  127/13/4.700
6 4,125 9,034.9 2,190.3 18.1 -97.4  36/29/55.619 127/10/19.773
7 3875 8,485.4 2,189.8 21.7 ~86.2 36/29/3.124  127/5/34.293
8 3575 7,924.8 2,216.7 21.9 61.5 36/29/6.353  127/5/43.456
9 3550 7,882.3 2,220.4 22.3 13.8 36/29/4.839  127/6/10.617
10 357 7,860.6 2,198.8 25.3 1032 36/29/3.253  127/13/57.800

Expressway
fill slopes

39 216, FFA AY

atr
(@DEM T3 4 %

Top 10% Suitable
solar grids solar site
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-71e] ASe A F A gE d2gH A =27E 7k

F 2-3. A =GXx5me; A AEE0x30m)e] Ak Bl

77| = A7 =
i (a2 = (A=
Image Size (Rows/Columns) 2,867 ~ 3,727 17,185 = 22,349
Pixel Size 30 X 30 m 5 X5m
File Size 41.9 MB 1,502 MB
Estimated Solar Area 7,578.8 km2 7,573.2 km2
Estimation Period 1 year (2018) 1 year (2018)
Search Region Roadsurface Fill Slope
Maximum Solar Energy 2,242.7 kWh/m2 2,242.8 kKWh/m2
Minimum Solar Energy 237.5 kWh/m2 189.0 kWh/m2
Processing Time 0.9 hour 60.3 hour
-7l As A DT olgd EAAE siAsHY] S AAE 125000 =AY FAAE
25E AT A dE o]rABOX30mE ol &8l WA A¥star, o] F 1:5,000 =AY
TAAEZRE A3 g = o AGX5mE o] &3 A3 e FEAA AR FH 3}

SAA A S ML 2 A5 (29 2-19).

" Mask 1 Mask 2 Suitable Sites
DEM Aspect Slope Solar Irradiation (Highway Layer) (Slope Layer) Cluster o Highway Slaps

\  Gandidate Area; - Y

Ilera!we Search on Candidate Sites selected in 1% Stage

1¢' Stage
(Low Resolution)

277 Stage
(High Resolution)

frAd & SSIM 71H & &8st ZAFEHZhou et al. 2004).

: qe Agete, HOAA L. . 24 Bag
o, ay-‘E HAzre] £FAHAL o, & -'v:— oju|Z] 2+ AAT|A Y.
SSIM () = [1(z,y)]” « [c(s,y))" « [s(z,y)]” (21)

712 A3 (Zhou et al. 2004, Dosselmann 2008)E wlgro = (C1=0.01%, C2=0.03%, C3=C2/2

E A OH, iwy), clay), sy 2 22), 23), 24 o] &3t ALk =3 7|& AF

(Zhou et al. 2004, Channappayya et al. 2008)5 TAZE 3} a=p=1=1 & AT}



(22)
Mi"‘ﬂi‘*’ﬁ
20 0, tc
clay) =L (23)
o, to,Tc
awy—i-c3
s(x,y N UxO'y+C3 (24)
- SSIMe] FHH == 0-1 HAAZE A4EY 0.8-1.02 ¢ 2, 0.6-0.79+= =, 0.59-0.40
S 9F%, 0.20-0.39 vy 783 0-0.19v w$ &8 A== st
- daE P4 27] Aolo] BE OF AEE FA) Aste] A AW FUAT.
O FAAEY GAZA A4 718 48 A3
- AR AYs AR 20A A4t 7S A LSt "B Hx $ERAE @A
31, T2 SAERRE 428 Age vad
- EEE ouA A FA HIEEAANUA e FHBAE YEHE o, & 09892 =
L AAAAE VIR Ao E AEFHPoH, A= AG A2 SSIM L 042 A= =}
olo & Aol FEA s
HEAYE 39 2-199F Zo] 1dA4 AEAAFAA 30 X 30 m = AHAPORE 4
9 10% ANHA e F7] YelAE 240 m B E FHAEHE A= Ao 2dA A
o] QRE AxIATE o2 2.
- 120 me} 240 m HAWSZE 5 X 5 m FE WA oA A9 33 (Clustering)
& A, AE vlgo] 47 85 %9t 90 %= ZAE.
8- g

80
80
L

60
60
i

40

Cumulative Percentage (%)
40
f

Cumulative Percentage (%)

20
20
L

d<60

60=d<120 120<d<180 180<d<240 240<d<300 d>300
Distance (m)

(a)
3 2-19. A& A Atolo wE

d=0

d<60 60<d<120 120<d<180 180<d<240 d>240

Distance (m)
(b)

28 2H Hl & (@) AlH 71+ A, (b) ZAA 71+ A

S
=

HF A= 19 2-203 2ol 19-A HA AHEB0 x 30 m oA ARE)
ﬂﬂ%ﬁ 711%‘*h 11070

= L
&

1

olt], 2itA A HAEG x 5m JUAY AL)E 53
Aol 49 10% oA Agog MEg,

E

o

5 1}
| A

% r
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| e |2ugzim | e w3 A+ | e A% 1391E | guew | adsa | vizgaz | sase |
[H=NE | 1208000 1 0 il 0 0 0
| A=NE 1000000 L1 60.096075| 75.26526%| 101.72813 117.777353 134.518635
HIME 11525000 2 =t 1 0 ] u i
FENES 8.237000 = 1 0 0 0 ] 0
| = 0055060 1 3.968268| 4.726834) 6.173942 5.003251  5.841501
AR BEEEn) 0 meEl 1 4.04238)  5.78992  5.30934 6.2169 6.92658
eI 0, 048000 . g 1] 0 0 U
AZhE 0.038000 ! 1 o 0 0 0 0
A=A 4.588000 | L1 a 0| 0 4] 0
A A 3 713000 1 0 0| 0 0 0
ATHE: 1 20000 1 : a a 0 Q 0
HEAE | nrn 2 Mg 1 £9.02811| 95.856576 104.761607 95.307357 120.009558
HEAE 3 40000 1 | ] i : ] 7 a 0l 0 4] 0
ASAE 5 007000 | L i 0 0 0 i
| ATAE 5 TROOCO s [ | 1 Q 0 0 a 0
HEAE | 20000 I =g L1 i} 0 0 0 0
| BTAE 1 500550 i 0 i 0 0 i
IEETE 03100 [ 0 0 0 0 0
BN 0887000 [ 0 0 0 0 i
EENE 0974000 [ i i il 0 i
EE 1 635240 1 0 0 0 0 i
[ 2= 2 10000 s = 230 _ 1 5 5 5 5 8
| a=ig 0 381530 1o A : L1 0 i 0 0 0
| A 0434450 : St L1 a ] 0 a i]
A3 B 0.077220 L1 0 i 0 0 i
| HEAE 0424580 L1 a 0 ] 4] 0
LEIS 0400 1 il i 0 0 0
a9 2-22. AYAE o I B SFd dEANE WY

FAFE7E FERE R Ay g A9 4RI Blasty HHAR FHEHE
B <

ol H = gE ool L&)

40
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EEE e

‘ |22 =2t.[ |9 olol&l =2t ||=2 olol&l 21,
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Tt ez IxE 2R 326H A

[ =2 J[ #x | ﬁ :
YR T A g T i-' i Cad

29 2-23. QAT HEE 9% A% 9l
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P W R AR o TR PR R T RS A o S =
- ”-’-‘J’L':V“ P it

a i3
@gafa_mgggﬁﬁ

= Identify from: [ <Al layers>
<

example.csv Events
o

OH_SHAD -GS,
4813,869629
=INR

<~ | Location: [446,120,347 4,114,293 226 Meters |*
>

;| Fleld Value ko
LAl R mEuT P
EH 2 MW]

PN

cococococoocoooc

300, 7584 3
1432, 7856 v

= enn‘led 3 features

Y 2-24. AA WAL

ofe]l FHIEE T & 2-49F o] HFEAUA S} A dEH A2
]

B5 2% 2% ARAL AUGE, ATAY So| BPUALe] Bl 3T
2 MHE Fo 890 AHon, UMY HEBRAL AP AT 7)PA59)
B9 dolEE £

Title of
Division explanatory Characteristics
variable
Dependent Generation [PV outputs / Capacity (h) Comparison of amount of facilities to
variables efficiency  |monthly PV outputs

Precipitation |Monthly cumulative precipitation (mm)
Fine dust  [Monthly average of daily fine dust concentration ( g
Humidity Monthly average of daily relative humidity (%)
independent Temperature [Monthly average of daily temperature (O
variables Amount of |Average monthly for cloud area across the sky of an observation
cloud site (1~10)
Sunshine time [Monthly average of cumulative shine time (hr)

Wind speed |Monthly average of 24 hours of wind speed (m/s)

Solar radiation [Mwh/m?

71’874 ARE ZEste] dRA AT Ao 4 U HolHE A¥E. 1Y 2-259 7
o] Z|HXH EjFFIALL] YA E VIWo R Zzte] MHAAEE AWy )4 HolHE
TR, FHd ARs HEEAAUA FATH AFEH IAZHe] AR
284



Existing PV plants in South Korea Input data base
N site 1t
(o] lmwﬁg i ‘, 3 ’ Teoted Fesiod 201320203
ioyang Ll el Eisa Scurse
Incheo@ ieoul
Bache i DEontian Worink o instalistdon Slze (YY) 2.338
a & Suwen 18y o = oy F?::\j\;i:;{:snge 110 257 (201802 A1
@sonin o i”&b‘ REA Lantude 7234
b Longuce 12E.423
o o D aege ﬁi%
9
. 6| 1]
Iksan o J=onju gg e 1“0 @9 " | . L] , i it { a.. 1 m::.-m i : 1
g o° % fg 4 o i &
B og i e oo e ..
® o ¥ Tpaltus 2 s e p
01 ® g i T e
00‘ 0@ e ‘ﬁé -1 g4 1 i 60 i
o PV plants T .
0 65 130 260Kilometers 2w om @ w e
T O o | & ‘ ; %

09 2-25 ATENE AW AANF AR A5 A A=

- HETHoR AFE doHe dHsd, 9E2 AYHAoM(TY 2-26), 1HAAM] 72
o] djo] sr}e] M Z(data point)o] ol JHFWMIol EFHFMEole] BAV EAHOR B

L

ZE
uy LL ‘?ﬁﬂ“‘ | emaemm | sus aessnux | wEagcc) | 4nsc oo | 2224 ove| B2 ez om0 | 222 mm | 2z on
1301 60.096075| 1.000000 102560 0.1 43 2ot 3.4 68.4 212.4
1301 3.088260]_0.055000 100375 52 89 13 45 % 158
1301 4.04238| 0.048000 105508 ~b5.8 61 1.5 3.4 8.1 171.6
1301 69.02811| 1.000000 100205 =3.4 n 1.4 4.1 23.1 160.7
1301 170.81892| 1.533000 103870 2.5 4?2 3.1 2.9 2.5 226.6
1301 201.38679384| 2.000000 101609 -0.6 56 1.4 2.9 10.6 200.1
1301 100.87392]_1.000000 108078 0.6 5 1.4 2.9 0.5 20,1
1301 27.965448| 0,300000 78430.3 -0.8 66.3 1.6 5 45.64 216
1301 §3.073744| 1.000000 9a184.1 =1 62 1 3 21.4 216
1301 86.264128| 0.933000 102620 =11 62 1 3 21.4 216
1301 159.35712]1.49600 132884 0.6 5 1.4 31 10,6 200.1
1301 104.990256| 0.938000 102622 =0.6 56 1.4 31 10.6 200,1
1301 54.227112| 0.793000 135662 -0.6 56 1.4 31 10.6 200.1
1301 140.10744] 1200000 102496 1.3 8 2 3 18.7 2066
1301 267.6144| 2.957000 102405 1.3 48 2 3 13.9 216.6
1301 182.394_2.249000 7145 1.3 4 2 3 137 2166
1301 103.700664| 1.000000 119866 =1.1 B2 1 o 21.4 216
1301 5.50564| 0.048000 129318 <1 62 1 3 21.4 216
1301 25.096788]_0.970000 101629 1.1 & | 3 214 216
1301 102.439968| 1.000000 113208 =11 62 1 3 21.4 216
1301 4.030312]_ 0,000 102429 211 & i 3 214 216
1301 5.271184| 0.033000 108292 -1.1 62 1 3 21.4 216
1301 6.004445]_0,055000 102505 5] ) i 3 21.4 216
1301 130.33026] 1500000 120201 3.1 & 14 31 183, 215
1301 174.14514| 1.500000 111531 1.3 83 11 31 14.2 186.3
1301 112.872192] 1000000 132259 1.9 & 11 31 14,2 186.3
1301 26.414496| 0.838000 82131.8 -1.7 63 1.1 31 14.2 186.3
1301 49.722934]_0,437000 102685 17 & 1l %1 142 166.3
1301 50, 0638]_0.785000 102639 2.2 & 1.8 31 %.4 183,65
1301 341.31672| 2.887000 99778.9 -4.8 =] 1.2 35 12.6 1719.2

19 2-26. 20139 1€ 71l H HEE <A

O A% 39 #4< 53 dFolvdA ol 22 71T 9 7 A5
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Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 Layer 7 Layer 8 Layer 9
. v : Dense 1
onv 1. . i
gt s (3x3x32 filters) ; f Dense 2

Conv 2 i
‘Conv 3 ¥ Dense 3
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Dense 5
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S dEAA =27 2 Aol webd BGEANUATE e 9357 HEol(lai et al.
2010, Chen et al. 2013) ¥ AFdA & I 2-367 Zo] T Jd=H dolg e =7
9 AL P e Adsie] EY HolHE mdwdt
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(@) (b)
Solar irradiation Mean of image
DEM Input dataset map Gifer aiea
Entire region
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2
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Top partial region
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Middle partial region
60 x 60 pixels (4 pixels)
2 =z
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Top inverted
30 x 30 pixels triangular region
(225 pixels)
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MSE = %Z(aotual— predicted)? (28)
1
-olE B UL HA AL wlx AVE 10, oEL 20, -&Eulo] A (optimizer)E
Adagrads AH&3 S wiolH, ol#d & AREStY e REe FH AAHLES I
2-383 o] YER.
- 0.2 FZoAA ARE 4 &4 g2 T™o]l JIPHWEA FHF MSEFEe] 0.025¢] ZHE
A

1 === Training Loss
—— Test Loss

0.175 1

0.150 1

0.125 4

MSE Loss

0.100 4

0.075 1

0.050 1

0.023 1
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3 2-39. 5-fold cross validation 24 =

O d89 d=8<s 24 2 ALY 7Ive] du A4 2 7de) d+ 2%

- mee) ¢ A g 2-9, ¥ 2-10, 282 39 2-408 o] 30 x 30 I =
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AHe] Aol he Ze FAL + AL
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R*=1—

£ 29 127) %o 4EL50) Be TAAAA

n

E (actual — predicted)2

1

n

E (actual — average o f actual values )*

1

Output filter

Input image size

SiEiee Betmator 30 x 30 pixels 60 x 60 pixels 90 x 90 pixels
Entire region MSE 0.015 0.043 0.061
RMSE (kWh/m?) 12.299 17.244 13.913
R? 0.985 0.957 0.939
MAPE (%) 0.461 0.534 0.651
Partial top region MSE 0.298 0.359 0.672
RMSE (kKWh/m?) 113.826 121.705 172.897
R 0.702 0.641 0.327
MAPE (%) 4.282 4.628 5.452
Partial mid region MSE 0.559 0.183 0.322
RMSE (kWh/m?) 154.434 85.596 114.227
R? 0.499 0.818 0.675
MAPE (%) 5.830 3.215 4.338
Top inverted MSE 0.016 0.082 0.048
triangular region
RMSE (kWh/m?) 16.155 25.907 32.413
R 0.983 0.918 0.952
MAPE (%) 0.621 1.404 1.088
3 2-10. HZ o] A=Y dHeoly o me 43 H2E Asdr7t 29
Input image size
Output filter shape Estimator (30 X 30" pixels)
Training Testing
MSE 0.015 0.014
RMSE (kWh/m?) 12.299 10.753
Entire region
R? 0.985 0.986
MAPE (%) 0.461 0.470
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LSTM #lo]of, 27)¢] w2 #o]oj(fully connected layer)$} 2]
A3 #o]oj(linear activation)® o] Fo1& YL 7|4 AE
o] S(elolE EQJIE)olal, AZr7HA(time step)2 ool ALEE
Ne)E ovlstH, featurew 4¥ dlolE Z} A& d= Hlco
HEo] 5 omgh
Held o A HA9 mdS st Ao] ml FostEE FAARALS el o]
stoly wetulE FYS AAFE B AFoME o E(epoch), HiA] Abo] Z(batch size), &
& E(learning rate), Z7] 7}FX|(weight initialization), Z12]x #2Z 3<4=(optimization
function) 21 Wslo] W& HA o 34 wds A

r° :\i r
HE il

rr
o
=
>,
~
lo

(o]
Orp
2

lumn)®] &, & ASEH&=

L = _
N 1 9 &
A o
o {: 10 aan &
1 3 1 £
5 % 12} Output shape 2 @ ()utpul shape
3
2| |4 = ] g 5 | g
< s ] 2 = \ L) \ 2
P R E | e R g O e O ¢ — B
B 6 time step 4 % = 2 ‘ ‘ ‘ g
2 7 3 " ‘ 1‘ st ? ¥
2 8 11; W
g NN N
=] |9 \‘\ ™,
10
1 1 3 4 6 1 2 3 4 5 6
I 2 4|15 7 m 23 (|4 5[]6] |7 m v
(S 3 516 8 0 1 slilalls]6l]7](8]]9 U 1
4 sl 7 9 1 |12 Inputshape L1 [4] (5] [6] |7 |8][9][l0 12 Input shape ||
Example of Input data Layer 1: LSTM Layer 2: LSTM

1 unit

64 units

= )
&= = e
B = b o
= 5 = . 5 5
g 5 g g 2 z
= z o s nredicte
= 5 ¢ ——r 2 & —_— 2 3 The predicted
é ﬁ = & £ v Monthly
= £ = g £ 8 PV power
=3 = 5 = =} =
<2 g = z
C g
Output shape & —
Output shape
Layer 3: Dense Layer 4: Dense Layer 5: Linear activation Example of output data

a9 2-46. 71" LSTM-RNN B2 9] A %: AZHHA(time step)o] 471€<] 745



- AAE Holg ool WA = AIREA "ol X
ZFA(time step)S HIZE3dtRoH, o9 9
HE stuo] HolElew /\}QOPO# l%éﬂ

N
o
N
AN
o
L
r
@
o]
o
My £ fo
N

N
)
Hir
rlo
o
Jot
b

o o]
A=

2 o] 47H‘?%?=l o 2} 107]]%%_‘ o 7} =
g BHoFE A 14 10L& A8 35t

LJ
o
[O
..l;
\]
0
>
N
r:]_‘
ih)
o
= 3
nﬂa
E
==
m-lo
3
8
SR )
T m.lN, I-O
"
o 2
_>:, (o3
L
2k
2o
N
e
dlo i ﬁ
L "
flo >
N
it
)

2 rlo
ko
i)
lo
=
(1=
yd, o
Y
o|N
flo
™
09(:1“
ol
ok
s d

RMSE [h]

Time step

I8 2-47. N7 740 w2 RMSEZE ®3)

9} HIAIIAE B AFHE uzt A= WMo g A 7&S iy, &
E dlojee ¢ oF 7%4 nRMSE$} ¢F 11%2] MAPE %< EMOtﬂ o]
gto] doji}px] &= AL Ho]E %3 nRMSEo] MAPES] Hls) AFthZ

o2 Hol MHAEE Fho] Av|e} FHASA Shgol & MAH ZoE HHE
H, nRMSEE T} %2 MAPEE wu|Fo] Hol 22 BMHFEAA Adoz & a7t I

Zo] o= Ay= A3 A3E YelY = reference line &A4Z 2o
A ASE Hol Sl HAEE el 7ol gk HEo] 22 4= Aoz dAdd.

F2-11 HF ARd F4 2de] 457t (time step = 10)

. . Training dataset: K-fold cross-validation (K = 5) .
Time Evaluation Testing

step metric dataset
Run 1 Run 2 Run 3 Run 4 Run 5 Mean

RMSE (h) 17.825 11.960 14.578 14.048 14.325 14.547 14.003

nRMSE (%) 9.441 6.334 7.721 7.440 7.587 7.705 7.416
10

MAPE (%) 13.832 9.119 11.396 11.428 11.898 11.535 10.805

R? 0.611 0.725 0.763 0.757 0.758 0.723 0.724




y=0.7258x+ D.
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predicted

reference
- regression

27 2-48 WA FAA S AAZ MAEA: () TAAH, (b) HEEL

(a) (b)

- AEA H"o] "G DHF FH vAE dFS AR Y3 € LAE ALEE)
A AA delHAlS 83l 1de] tigt 4 Aes BN 23, €82 ag3 A
HAEZ Aol £7<P%k°l HEEGE 2-12). d‘ﬂﬁz 4 A= 09 7S
(1% 2-49), 3¥€ol] %2 nRMSE7} #ZH AL =3 JF o g Fe oyt HAY s}
Rom 7hSo] AHow zZe Qxprp WS

-olE F4 mdo] 4 AMFH JFS Bt Ye=
tlolg Jgel €9, AdA dgo] EXdtE AS HHCE HoAAFE Aolgt AT,

3 2-12. €9 gl A-o] ©E nRMSE ghe] W3 vlw

Measure Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec.

Max
residual 0.158 0.110 0.208 0.237 0209 0209 0.140 0.163 0.185 0.132 0.138 0.137
Min . N ~ ~ . . ~ ~ ~ . ~ .
residual 0.244 -0.233 -0.541 -0270 -0.302 -0.196 -0.319 -0.311 -0.214 -0.141 -0.176 -0.208
Median -0.002 -0.010 0.017 -0.006 0.000 0.005 -0.005 0.001 0019 0025 0.009 0.003
residual . . . . . . . . . . . .
nRMSE 7789 7674 9020 7698 8830 7124 7466 7412 58066 6496 5903 7.030
Standard
deviation 0078 0076 0.091 0077 0089 0071 0.074 0.074 0.057 0.063 0.059 0.071
Spring Summer Fall Winter
Measure (Mar, Apr, May) (Jun, Jul, Aug.) (Sep, Oct, Nov.) (Dec, Jan, Feb.)
NRMSE 8.516 7.334 6.089 7.498
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18 2-56. ArcGIS Prog &85l A2te 1452 FHE gofd T A5
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21 AR 94 AT BAEE NE A9 107 Aol 24 BAF 9 9

Rank FV: Power Site
Output(MW)
1 141.92 Jungbu Naeryuk expressway: Gaam 1% bridge ~ Gaam 2" bridge
2 141.53 Daegu-Pohang expressway: Daljeon tunnel ~ Naedan 2" bridge
3 141.46 Daegu-Pohang expressway: Imgo 1% tunnel ~ Imgo 2" tunnel
4 141.27 Gyeongbu expressway: SeokJeong 2™ bridge ~ Namyul bridge
5 140.97 Tongyeong-Daejeon expressway: Gadang 1% bridge ~ Gadang 2™ bridge
6 140.89 Donghae expressway: South Pohang IC ~ South Pohang TG
7 139.72 Gyeongbu expressway: Yulam 2" bridge ~ Daerim overpass
8 139.38 Gaegu-Pohang expressway: Daljeon tunnel ~ Pohang TG
9 139.09 Yeongdong expressway: Daegwallyeong 7% tunnel ~ Seongsan 2™ bridge
10 138.01 Busan-Ulsan expressway: Gijang 1% tunnel ~ Gijang 2" tunnel

2 A= 43

2}
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B 7&S 53t o= Hdd TAFY FadFFAA A Fste Arang A=
E miAs EHA A 2 F A Ags FYste U €83 £ JoH, ol e
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UG AL G E H 19T A A,

B dATE I5EE T FFIHAE e E FAHE o dAF JE e wd
Ao HAAE AAFH, 1EEF T AER HIFIS AT F EX WY H
&5 st a7 S Ao E V|E

EH, REER T AEFE OO BUR AL WY A9 BHL APOE 2
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