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Prediction Model for Solar Power Generation Using Measured Data
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ABSTRACT

Previous research on solar power generation forecasting has generally relied on meteorological data, leading to

lower prediction accuracy. This study, in contrast, uses actual measured power generation data to train various ANN

(Artificial Neural Network) models and compares their prediction performance. Additionally, it describes the

characteristics and advantages of each ANN model. The paper defines the principles of solar power generation, the

characteristics of solar panels, and the model equations, and it also explains the I-V characteristics of solar cells. The

results include a comparison between calculated and actual measured power generation, along with an evaluation of

the accuracy of power generation predictions using artificial intelligence. The findings confirm that the LSTM (Long

Short-Term Memory) model performs better than the MLP (Multi- Layer Perceptron) model in handling time-series

data.
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3.2 MLP (Multi-Layer Perceptron)

MLP= l5A417de] 71222 Fej=, 4= dHolgof
A B S SEET ol S BRsHet] AMg
s malojeh MLP: ofg] o] Fo= Tl 9o
m, 2}7pe] F2 o o|RolA gLk Fig 61 MLP U

£9)319] 7]5Ael Fuoltk MLPE 9l2i%, £4%, %
gzox TAE] it dFe WA Fom u
Woll Qs golest 4ol o] A 2
98 e 9 dolgel 4 4L ey, A4 9
glolee] 49 2 AZk Zglolut Aol Qg frate] 3
gtk S 285 Aol A eHFL Y
dolgle] B4 #Fsin Walshs oJ3he sk uxgp
%o 28302 2YZolq 328 2L o 2
% o5 qehI0)



FF UHHF A& g 105

#ye

Fig. 6. MLP 4 E

MLPO| gjeiZo]x] &
gzono Ao Av:n
otk

3 WA el
4ol 918 Hold x(H)E &
= BPgoltk o] A 4402 3

h() = f(W-x(t) + b) Q)

2 i

A G x(0)= Al tol M A HE, W 7t
A A, b= VI HE, f= vAdd 249 s
o} o] 2HgE Akl wheh o] Wsk= AAE HolE
o 545 wrdstr, 4 HolE o] At wsks Tk
29} HJAE FHmo] 23S Ea) sha3iT)

5 AR euZely

Fazoze g ox3e

A3t dakel h(t) S &Yooz HIsl= 3otk o]
Tge 4o wHsh chel gtk

y@®)=gWV-h(®) +c) (6)

A ©)°llA y(£)= AlA tollA e &8 HE, Ve 24

A o F39 U W,

gt EEFAA ALGEE BAEE 4 Bk of 7
o4 £d%o 22 h(t )% AL dolee} Azk4 )
HE st 2eF o AdEth LuZelq s
AR ool %a%oﬂ Agee, ol HE 2ol
A Holele] Bae uredsiag) 7lolgick

3.3LSTM 3} MLP 2 A|AE o0|= H|

LSTME] 28 A7) oA Bk, st shel 214
ol ok LSTME 19‘* FAE T3 A1 HA
AuE GASA S8 4 glol, dlolee] A B
o AR BAE 74310}31311 Hdsick £3F AAE H
o[l A Z7]7te] s ol EREE QlAs|of st 4
O B3] oS 7 mdlgdt 4~ Qi

yhglo] MLPO] 48 5% %, W2 S, b A
2l dlolelol A =g v
A BAE R 5 azov |54l & 3o
Hold e A%e T LSTM} Bl T
EX e ﬁzﬂ whec) g A4
goleelq A @ 7H94 golg ZolEgtoRE F45]
NEE 4 Gl A9 TS TERE AHHOR o

o1y
e}
4= Qltk

WY oS Zit vl

4.1 AME W SFS UHET Hw

EjFA] Aol 714 A= ZE(ASOS)ol A AlsH
2ot 2k HolHE Y ol o2l WHFE A
AR

mmm Real P_GEN_MAX
80 s Calculated P_GEN_MAX

75 80 85 20 105 110

Fig. 7. Aibd =y 54 f?l A vl

3

P_GEN_MAX (W)
IS
5

~
S

Fig. 72 MATLABSimulinkZ 7|8to.2 23 e gjopa |
ol& ubdeEFal AA e SHTES = E e
olt}. Fig 7& Awuw AA| A3 Wrwky} ALt
ek At 2ol 5 Holal Qlrk o]#jgh Zjo|7}
ATt olf= AANE IHRe 2ret REE A LsH
2otA] ekglr] wjEolct o]zt
1%4_ 4= 9tk
olE ‘8H€-'8}7 B e ¢l
LSTMS} MLP-& 6}04 04]z =g JhAS
LST™M Lﬂ—E—‘r—]ﬂt AAD oo $14A)S sh53h= b
grdsto] WAgF 2] A fHE auH o R uiet
g 4= glon], MLPE H|Ag BAIS sh53to] o3-S 71s
51 Sk T3 ANNO| gh50]| Qloj A S4d dlolg7t
o o Y E A Aoz gro], ghols 24
gk glo|E & g5 HlolE = AMEs] 2 Fck

T
N

:L
:°._L.

AFAAY, 53]

:

42 ZMALE 0|88 UHE Hlm
& dellde S dolHRE S5 EHHet 7]

Journal of KSDT Vol. 23, No. 3, 2024



106 g A - A -

AARELNN ATE HolHERE, $HE A8l
LSTM#MLP =elg S5A7] 3, o3 uhde ua
sisich = A% wele] o Avle A4 33k &
Astgirt mabd atels B7ke] $lel MAEMean
Absolute Error) - A AFsFith MAEh tho-1} o] Aol

MAE = —lel i )

A OO pi 5, v AR do LEER
Adeolch. n 2] AR n el o528 B F )
ghe Fste] B T3t F noR Utro] Zrk MAE glo|
ol el A3te] 2 wolrks 2 olnlget

Fig 8& LSTMS AMgato] o 3gh e Aute 1ol
Fok o] a7 ZAH dolHERE, 4B /AE o
SJHZEE, FHS YLOR LSTMES A7 F e

o2 AnkE Vehik

= Real P_GEN_MAX
me Calculated P_GEN_MAX

60
40
20 I

IIIIIIIIII[IIIIIIIIIIIIIIII

P_GEN_MAX

o

Index &0 90 100

Fig. 8. LSTM o= Z3}.

40
20 I A

TﬂIIIIIIIIIIIIIIIIIrT”

£ GEN_MAXIN)

£

Index 80 90 100

Fig. 9. MLP ¢j|= A},

Fig. 9= MLPE A8-3}9] Fig 831 L3 =
o A¥E YT

Fig. 87} Fig. 90]|4] LSTMZ}MLP2] MAE= 7474 005313+
04618= AALE| I} webs] MAE gho] o W LSTMO|
MLPYTH B oo o Aget Aoz H7hE ik

WA AEE0)7]&3te]A] A3 ABE, 2024

& Aol A= MATLAB/Simulink S -850 A4tk ef
FRA 9 ol T A S TR vlaskal
o o, S v R 7 VA QleAEY gl
LSTM¥} MLPo|| 22} Sh5A[A o|S4tat S4aks vial
skt o] FoIA AAD dole] Azl FHE 7
LSTMo] ojZo] ¢ ZAglst Aoz Horh
AT o2, thoket $7 aQlo] BjoR e o 3o
A g 2= BAsgen, olF B 439

il
HRE BY & g PHES AN ol §
YR P UGS B A A5 S 518
Ao st of 24

Aol YA AA 9
1

7 =
o 8% F&< AT Aotk

ZAel =

This work was supported by the International Science
& Business Belt support program, through the Korea
Innovation Foundation funded by the Ministry of
Science and ICT. This research was supported in part by
the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded
by the Ministry of Education (N0.2022R111A3064285).

o
rar

=}

1. Min-Suk Kim, Yoon-Hyun Kim, Ji-Chan Kim, Yeong-
Seo Park, Jong-Hwan Lee “Prediction of Solar Power
Generation Using Meteorological Data”, Journal of The
Korean Institute of Electrical Engineers, pp. 168-169,
Nov. 2023.

2. Woo Taekyeong, So Minseop, Kang Shinyoung, Shin
Jongho “Development of a solar power generation pre-
diction model utilizing photovoltaics and climate data”
Korean Journal of Computational Design and Engin-
eering, vol. 29, no. 1, pp. 33-41, Mar. 2024.

3. Da-In Hong, Jong-Hwan Lee “I-V Modeling Based
on Artificial Neural Network in Anti-Reflection Coated
Solar Cells”, Journal of the Semiconductor & Display
Technology, vol. 21, no. 3, pp. 130-134, Sep. 2022.

4. Sung-Won Choi, Ji-Hyung Ryu and Chang-Goo Lee,
“Analytical Methods for the Extraction of PV panel
Single-Diode model parameters from I-V Characteris-
tic”, Journal of the Korea Academia-Industrial coopera-
tion Society, vol. 12, no. 2, pp. 847-851, Feb. 2011.

5. Sung-Won Choi, Ji-Hyung Ryu, Woo-yong Han and
Chang-Goo Lee, “Extraction of PV panel model para-



24 dol8g olgd

gl

i

[lNe)

o} uFA

g o E nd

Ay

107

=

meters from I-V Characteristic curve”, Institute of
Control, Robotics and Systems, pp. 181-182, Dec. 2010.
Sera Dezso, Teodorescu Remus, Pedro Rodriguez, “PV
panel model based on datasheet values”, Industrial
Electronics, ISIE 2007. IEEE International Symposium
on, pp. 2392-2396, Jun. 2007.

Kim Kyeongmin, Kim Seonggyeom, Lee Jungeun, Lee
Jonghwan, ‘“Prediction of I-V Characteristics in Si Solar
Cells using Artificial Neural Network”, Journal of The
Institute of Electronics and Information Engineers vol.
60, no.2, pp. 27-34, February 2023

Baek Jihye, Lee Jonghwan, “Atrtificial Neural Network
Modeling for Photovoltaic Module Under Arbitrary

10.

Environmental Conditions”, Journal of the Semicon-
ductor & Display Technology, vol. 21, 20. 4, pp. 135-
139, Dec. 2022.

G Van Houdt, C Mosquera, G Népoles, “A review on
the long short-term memory model”, Artificial Intelli-
gence Review, pp. 3-6, May. 2020.

H. Taud and J.F. Mas “Multilayer Perceptron (MLP)”,
Journal of Geomatic Approaches for Modeling Land
Change Scenarios, pp. 451-455, Oct. 2017.

A4

4:2024 84 20, AAFY: 2024 94 13¢,

“
AANEA L: 202449 9 14

Journal of KSDT Vol. 23, No. 3, 2024



