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Abstract

In this study, a daily three-layer artificial neural network (ANN) which converts from global horizontal

irradiation (GHI) to photovoltaic (PV) power is developed. Here, each ANN estimates PV power of a specific day after

the ANN learns the data from days around the specific day. Though the three-layer ANN has small numbers of the

weight in the ANN, daily ANNSs are expected to include the seasonal dependence which appears in the conversion from

GHI to PV power. In addition to GHI, temperature, humidity, and solar azimuth are given as input variables. As a result

of applying the developed daily ANN to a sunny day, a cloudy day, and a rainy day, it was confirmed that the PV power

generation in these object days could be accurately estimated. The estimation errors were also evaluated for one year

and effectiveness of daily three-layer ANNs with proposed input parameters was shown.
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Fig. 2 (a) Normalized GHI and PV power at 2021/12/23.
(b) Relationship between normalized GHI and PV power at
2021/12/23. (c) Normalized GHI and PV power at 2022/7/1.
(d) Relationship between normalized GHI and PV Power at
2022/7/1. In (a), the sudden change of the gradient of PV
power in the morning is due to the disappearance of the
shadow on the PV panels.
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Fig. 3 GHI, the extra-terrestrial solar irradiance, the
clearness index, the temperature, the humidity of “Long
duration sunny day” ((a) and (b)) and the day which is not
“Long duration sunny day” ((c) and (d)). When the extra-
terrestrial solar irradiance was <50 W/m?2 the clearness

index was set to zero.
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Fig. 4 Number of “long duration sunny day” for each month

from 2022/06 to 2023/05.
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Table 1 Comparison of RMSE on the sunny day, the cloudy
day, and the rainy day.

RMSE with RMSE with
“Only GHI” “Four params.”
Sunny day 0.20 kW 0.14 kW
(2023/05/01)
Cloudy day 0.30 kW 031 kW
(2022/06/06)
Rainy day 0.29 kW 0.35 kW
(2022/07/03)

(3) “#H L7z ANN % Fi\WC, 2022/12/15 @ GHI fthod> 7 —
206 PV REE N EHEEST 2. ZOHEE Lz PV R
HE S L IO PV REE S L A L, RMSE %7
4.

ARFNEDIETIL, RIFEE DT —H BN WA KB

Mkt B 23072 <, + 7 R OFE T — 2 R b0

ERHY DD, FOXIBRGEIX, 20 HEZRRT 2

7pE, BN HMIMARES L2 L2 HERT 5.

Fig. 51Z(a) FEALOH, ()ZEYV OH, RO BIZEITS
PV REE ) OHEERER LY. kD72, GHI OFHA
JIEIZHWZ35E (Only GHD & 4 2580 A ) @I Wz
56 (Four params.) OfERZ/RT. BENLOH, &V DH,
D H T, GHI DHRATIBIZHWIZGE, 4 28% ANJT1E
WCHWEGAOM 77— AT, PVREENEZHETE TV
LT EDDND.

A CIIENO R, 2Y0OH, WOBDOH 5 —H ZH
DL, AJIEIZEZ2EHIZE % RMSE OiEWERL
2. ZIZTE, K0fHAIE T X Eonten, 14ER
Z@LUTHBIET VENENT RMSE Z3Hii L, = D#E
FE 534 & el 9™ 5. Fig. 6 TIZAFIEIC GHI OBV i=5
G0 ANN & AT 4 B8 & RWT-5E60 ANN 220
T, 2022/06/01 75 2023/05/31 & 1 FERIZ%3 5 RMSE %
R REB, oY, T— &ﬁ(i@aﬁm ZH Z1H,
3AC2H, SAWIC3AH, 6 IC2H, 8AICS 11 A
W1 Bd5. 22T, é%:kmpv%ﬁﬁﬁ@WM#
RMSE OEFNZEEND Z & &2P<ToD, 4 FHilTHITT
T 5. BEUKTFEIASN D OO, BF X% RMSE
202 kW FHTICHRAEENH 5. Table. 1| OZEY DHD
RMSE 7% 0.3kW ThHHZ & x2F x5 &, Figs5 D PV ¥EE
BHOEEZBEFRETHIREICIIHETE TS Z
LoD, Fi, GHI OBZANWIZIGE & 4 BHE AV

BEEERTD L, aBHEOLE CREMA X VK RMSE
MZdH D Z &b, WIZ, FEITHO T KRR Rk
e H & %4 & LT RMSE % 3l L 72356 OfE R % Fig.7 12
RT. ZHDHTH, 488EAVSA CREMN LI
RMSE i 5 Z &R bnd. Znb Ly, EfEz@LT
A9 A Z & C, GHI KLY, GHI, &R, B, K
Tt % AJIBIZ W= 54 C RMSE OB & 0K

Journal of Japan Solar Energy Society

_66_

Sunny day 2023/05/01

5 ]
=41 (@
g 3_ x
g-‘ 2_ I —— Measured
> 11 g only GHI
o 4 Four params.
0 ] 'vll‘ T T T T T T T T T T T Mﬂf
06:00 09:00 12:00 15:00 18:00
Time (hh:mm)
5 Cloudy day 2022/06/06
~VENC
< ]
53]
2 2-
&
= 17
o ] ]
O . N LI‘ — T T T T T
06:00 09:00 12:00 15 00 18 00
Time (hh:mm)
5 Rainy day 2022/07/03
247 ©
= ]
(=] 2_: J1
ST 'u ¥
> 1 f\. “".
06:00 09:00 12:00 15:00 18:00
Time (hh:mm)

Fig. 5 Results of regression by ANNs for a sunny day
(2023/05/01), a cloudy day (2022/06/06), a rainy day
(2022/07/03). Here, “Measured” means the measured PV
power, “Only GHI” means the result of an ANN only with
GHI as the input parameter, and “Four params.” means the
result of an ANN with GHI, temperature, humidity, solar

azimuth as the input parameters.
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Fig. 6 Distribution of RMSE on all days in four seasons; (a)

2022/06/01 ~ 2022/08/31, (b) 2022/09/01 ~ 2022/11/30, (c)

2022/12/01 ~ 2023/02/28, (d) 2023/03/01 ~ 2023/05/31.

Definition of “Only GHI” and “Four params.” are explained

in the caption of Fig. 5.
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Fig. 7 Distribution of RMSE on “Long duration sunny
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2022/09/01 ~2022/11/30, (c) 2022/12/01 ~ 2023/02/28, (d)
2023/03/01 ~2023/05/31. Definition of “Only GHI” and

“Four params.” are explained in the caption of Fig. 5.
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Fig. 8 (a) Monthly data of RMSE on all days for 2022/06/01
~2023/05/31. (b) Monthly data of RMSE on “Long duration
sunny day”s for 2022/06/01 ~ 2023/05/31. Definition of
“Only GHI” and “Four params.” are explained in the caption
of Fig. 5.
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Fig. 9 Results of regression by the ANN learning for
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