Research Article
Journal of Advanced Development in Engineering and Science

Vol.15 ® No.44 - September - December 2025

ASNEINTUANUTUSIFNndlaeTdlATeUI8LUU
NUIYAUINTTETFURUUYI LS A lne

Forecasting Solar Radiation Using Long Short-Term

Memory Neuron Network in Thailand

1

a Aa

a 1 a & o a o 2 a a A 2
WAU AIANI IR AdULINU ANINIUYYY YUUID FAILUD

4 a 3 6 a 2%
NAIAYY ITUAU LA FHINRY UIILYIN
P

q

Pasin Kirati ongwutl, Somjet Pattarapanitchaiz,

: : 2 N
Chaninat Srimueang , Kulwarun Warunsin

*

and Sumaman Buntoung2

Received: 9 July 2025
Revised: 11 December 2025
Accepted: 15 December 2025

UNANED

wasuuaeindidundanunadennilaiddglulagiugesdiglunisandiunm ns
UanUaeefitwasveulneanledluussernials Samdsnunaserindiannsatiludssendldlng
waslidundsnulvihviendssnuanudou wu ssuundnlniianuussaduaeiing ssuuih

th¥oundsnunasoniing uazsruvsuniandsuuae find dmuszuuildlunisudamsny
wasonfindidundsnusinanidsidudemsumnnududdorindfinnnsenuiteldlunisussiiiu
v?i’ﬂ&JmWLLasmimuqumiﬁ’mumaﬁzuﬂﬁﬁﬁﬂ&mez_jqﬁqmslumﬂim Faluniiseizewing
fianuuiiaeinsfeudveseiowuutlasdemisaussserdusuusufiensinsoidia
Wihsdenfindaaamin 1 §9lus 2 93l 3 $2lus 4 Gl e 24 ol Inelditeyaemundnisdendingan

"mAdniEnd aoiyinenaans univendoufina numne Ussnalneg 10400

1Departmen‘[ of Physics, Faculty of Science, Mahidol University, Bangkok, Thailand 10400

*medvnitind ansivenmans aniinerdedaling unsUgu Uszindlng 73000

2Departmen‘[ of Physics, Faculty of Science, Silpakorn University, Nakhon Pathom, Thailand 73000
“advimnssuneniwes Augdmnssumans smninerferudium 3w Uszinelng 10240

3Departmen‘[ of Computer Engineering, Faculty of Engineering, Ramkhamhaeng University, Bangkok, Thailand 10240

*;;Jﬁwuﬁ’ﬂismwu (Corresponding author) e-mail: Buntoung_s@silpakorn.edu

123



Research Article
Journal of Advanced Development in Engineering and Science
Vol.15 ® No.44 - September - December 2025

mstanaiiuiu wasdoyamulsmeussenniaii q Mngiudoya ERAS ifminuasugy (13.82 °N,
100.04 °F) fausi® A.A. 2019 — 2023 NANSNAFOUALSIAULUYBILUUS 1IN IUUUS B0 TR AU T
annsangnsainnuduiderfindaram 1 Hludlddian Inedainnuaaimadoulugivesan
wosdaladuessniiaewesn el svesruuanasening weeamafu 20.93% wazauasialad vos
AadsresnuLanmariy 0.129% Weawieuiumildannsingss

o

ANFIARY: NUINSA] YUILANUITEELEURUUEN S9809NG UsSenna

]

ABSTRACT

Solar energy is an important alternative energynowadays, as it helps reduce carbon
emissions. Solar energy can be converted into electricity or thermal energy using specialized
systems. Common types of solar energy systems include photovoltaic systems, solar thermal
systems, and solar drying systems. To evaluate and optimize the performance of these systems,
it is essential to know the amount of incident solar energy received by the devices. For this
reason, this study aimsto forecast solar radiation at 1 hour 2 hours 3 hours 4 hours and 24
hours ahead using a Long Short-Term Memory (LSTM) machine learning model. Ground-
based solar radiation dataand several atmospheric parameters from ERA5 at Nakhon Pathom
site (13.82°N, 100.04°E), Thailand, were used for the period from 2019 to 2023.The results
show that the developed LSTM model performs best for 1-hour ahead forecasting, achieving
a normalized root mean square error (NRMSE) of 20.93% and a normalized mean bias error
(NMBE) of 0.12%, compared to the measured data.

Keywords: Forecast; LSTM; Solar radiation; Atmosphere
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LUUSADILUURIRY LPu Msvhueanmenmedeiauay (Numerical Weather Prediction,
NWP) usfaggnldlunisnensalanuduiiderindodaunsvate wadiivedniniuainuwtug
arasdeadeiud uarszesnaidlumsem 6] meanuimivesvatalayanuseivg (A)
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Imager) LiieTzinsUnaquiaznniadouivesus Suuiefeddnyiidmanedsdeniing [11]
dmsunuudaes LSTM Gegnitaunduiiedanistudesitaves RNN duduiifinaifoudiivigly
(vanishing gradient) %ﬂﬁﬂﬁuwaﬁaaqlﬁmmmGauiﬂmuﬁuﬁuéizazmalﬁasmﬁﬂizaw%mw
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Figure 1 The pyranometer installed at Silpakorn University, Nakhon Pathom
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Figure 2 Variation of solar radiation at 12:30 local time measured at Nakhon Pathom station
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Figure 4 Arcritecture of LSTM model developed in this study
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Table 1 Arcritecture of LSTM model

Parameters Value/Function

Layer 1 2 3 4
Node 30 40 20 30
Dropout rate 0 0 0.2 0.1
Epoch 360 460 450 500
Activation Tanh Tanh Tanh Tanh
Optimize Adam Adam Adam Adam

Wathuudnass LSTM Amundulagldlaseasransmnenuilluneinsalanudusadonsing
291t 1 97209 wanUSeuiieuiuanudusidendindalaainnisneinsainunisinniaiumy
TaUDIAIN9EDRAINNTIIN 2

Table 2 Comparison between the 1-hour ahead solar radiation forecast from the LSTM

model and the measurements

Number of Layer

Statistic parameters

1 2 3 4
PCC 0.82 0.82 0.82 0.82
nMBE (%) 0.12 0.55 -0.38 -0.59
NRMSE (%) 20.92 20.97 20.91 20.93

9159971 2 aifiuiinsldsiua Layer fiuansnafulinanisiuieuiiioulndidesiu
olsfinuazitildinsuau Layer winfu 1 T nMBE toeiian fefuisedniuuusassingn
Tl lunswensalnududsdonfindarmcn 2 s 3 99l 4 $alus waz 264 $9lue Felinanis
Wisudlsumiildarnnisnensaluazendilaannnisinaswanssanisnsd 3
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Table 3 Comparison between solar radiation from the LSTM model and measurement

] Statistic parameters
Time-ahead to forecast (hour)

PCC nMBE (%) NRMSE (%)

1 0.82 0.12 20.92
2 0.72 -0.04 25.55
3 0.69 0.87 21.97
4 0.66 0.16 30.12
24 0.62 2.04 31.10

37 3 wansnsUsefiudseanirmeusswuusiass LSTM lunsnennsalanudusdoniing
dwsutaaataiant 1 42l 2 Falus 3 Falu 4 Halus wa 24 $alus Tnefarsanainan PCC
AMBE 1&g nRMSE wuidmsuniswennsaiasswii 1 93luq A1 PCC fA1aata 0.82 Fauandloiiu
5qmmé’uﬁuéﬁuﬁuﬁﬁLLasmmaafﬂﬂé’aqﬁuimﬂaﬂﬁi’mﬁqaﬁhqu’m p819l5AnLAY PCC Sl
anasegsaiioaiiorianainswernsalarmiudindy Tudiuves nMBE wuindlan 0.129% dwmsu
msnensalaimth 1 3l Femneddassiuudimiinensalldunnimanmsinasafivadndes
wiAn nMBE SuwnTtiuiududnifenidu 2.04% wenensalarmi 24 dalus Ysdaansiinaany
udsafisndntosluszesen d1wsu nRMSE ABududt 20.92% dwsunisnennsal 1 Halus
dravth waziuduethaimaudu 31.10% dwmduniswennsaiarmin 24 Falus msifiuduves
NRMSE Hlazsfoulvifivinarueainndeuadsvesnmanennsaigstwiionanisaluszesiaiilna
sl Fududnuariinanisalldainuuusiass LSTM vae013d

dmsunamsiFouifisuranuidusdefindfildanmaneinsaiuazainnsinadduguuuy
nIMaynNIuaT (Time series) Wazhuuns wnszae (Scatter) LLaméfﬂgUﬁ 4 uag 5 AuaIRY E‘Uﬁ 4
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dmsunisnennsalansmin 1 $alus Ameansaluansmulndlissazdenadasiuarinassetned
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mswensalnsiasuudasiisngmderuiunusefuldod g wintisanfidunindmiu
nsminszefauandlusuil 5 uanansiSeudisuan GHI fineinsalsnenuudiaes LSTM fudiiiia
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Figure 4 Time series of solar radiation forecasting at 1 hour 2 hours 3 hours 4 hours and 24 hours
ahead obtained from the LSTM model and solar radiation from the measurement
at Nakhon Pathom site
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Figure 5 Scatter plots between solar radiation forecasted from the LSTM model and measured

from the ground-based instrument
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