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1

ANN

ANN ANN

Context layer

51 61 181 361

M
AP

E

9.51% 9.87% 7.66% 9.58%

R
M

SE 0.060 0.060 0.042 0.052

51 61 181 361

M
AP

E

16.2% 21.7% 27.9% 23.5%

R
M

SE 0.024 0.032 0.041 0.032

Fonseca et al, B2011
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ANN

Table 1. ANN input parameters.

Neurons on
Input Layer 

Neurons on 
Hidden Layer 

Neurons on 
Output Layer

9 neurons (with bias) 5 neurons 1 neuron

0.3

0.2

2000 epochs

Table 1. ANN input parameters.

1 10 11 12 13 14 15
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ANNA

6
A ANN

7

RSME (kWh/m2) MAE (kWh/m2) MAE (kWh/m2) MAPE
0.0936 0.0575 0.5318 22.29%

0.0963 0.0577 0.6142 23.91%

8 9

4

6

3 2.9 0.35 15% 7.3%
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ANN GPV 2011
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3

( SVR)

y = f(x) = (w.x) + b    

*
*

C n
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D

D

Source: http://rvlasveld.github.io/images/oc-svm/visualization.gif
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SVMANN

Insolation Forecast for 25 Locations in Japan 

25

1 (2008 )
* 5 19

60 

*

 = 1 =1( , , )2 
 = 1 =1 , ,  

I fcs, i : (kWh/m2) ;
Imsd, i : (kWh/m2) ; 
N:  
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Results
25 RMSE

Fonseca et al, SWC 2011

Results

Fonseca et al, SWC 2011
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PV Power Forecast (Hibikinada PV 
Power Plant)2

33o 55’ N

130o 44’ E

1 MW(nominal)

5600*

20o

1 (2009 ) 
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2 PV Power Forecast

Fonseca et al, PiP 2012
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2

MAE MW RMSE MW
ANN 0.080 0.1206
SVM 0.069 0.1109

ANN -13 -8

Results

Fonseca et al, IEEE PVSC 2011

Main Points
Table 1. ANN input parameters.

SVM ANN

RMSE RMSE

SVM ANN

SVM ANN

SVM
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Forecast Accuracy
Table 1. ANN input parameters.

RMSE kWh/m2 0.105 0.135
0.03

kWh/m2

MAE  kWh/m2 0.060 0.085

RMSE MWh 0.116
1 MWh

MAE  MWh 0.069

Improving the Forecast Method
Table 1. ANN input parameters.

SVM

SVM SVM
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FT-Data)

FT

586 2010

8 18 151 132 111 27 46 89 4

1.35% 3.1% 25.75% 22.5% 19% 4.6% 7.85% 15.18% 0.67%

756 20

14 19 194 172 123 33 77 120 4

1.85% 2.5% 25.66% 22.76% 16.27% 4.35% 10.20% 15.88% 0.53%
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= 0.509 
kWh/kWh_avg

= 0.505 
kWh/kWh_avg

RMSE per Average PV Power Generation 2009 (756 PV

RMSE per Average PV Power Generation 2010 (586 PV

2009

7208 10.00 11.3 S 0.18 0
7340 10.02 43 SSE 0.19 0
7842 21.34 90|90 S 0.13 0 HIT
7876 10.45 15 W 0.20 4
7457 10.02 40 SSE 0.18 1
8602 67.20 90 S 0.13 9
8510 10.02 10 SSE 0.17 0
7396 10.00 60 SSW 0.19 0
8788 10.08 50 W 0.20 3
8066 33.18 2 E 0.09 3
8376 10.04 90 S 0.16 1
8273 10.40 20 S 0.17 0
7453 10.00 50 SSW 0.20 0
7959 20.88 90 S 0.15 0
8542 10.02 50 S 0.22 0
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FT

2009

7340 10.02 43 SSE 0.19 0
7842 21.34 90|90 S 0.13 0 HIT
7876 10.45 15 W 0.20 4
7457 10.02 40 SSE 0.18 1
8602 67.20 90 S 0.13 9
8510 10.02 10 SSE 0.17 0
7396 10.00 60 SSW 0.19 0
8788 10.08 50 W 0.20 3
8066 33.18 2 E 0.09 3
8376 10.04 90 S 0.16 1
8273 10.40 20 S 0.17 0
7453 10.00 50 SSW 0.20 0
7959 20.88 90 S 0.15 0
8542 10.02 50 S 0.22 0

40

FT
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80
0.55kWh/kWh_avg
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0.6kWh/kWh_avg
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60

ln(2s) , ln(2s) 

prob = 1 2s 
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kW)

Mellit&Pavan, 2010

P = A  npv nbos G

P – kWh)
npv- nbos-
A- (m2)      G –

71.5176 13.98
nbos- 0.7

100%
P 1.67kWh 10.5kWh
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With Method 1 the expected confidence
level was not achieved.

To cover all errors with the reference
method more than 3 times the total PV
power generated is required.

559  287 

Fonseca et al, ISAP2013)
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SVM

2009

-3.25% -8.0%

JS
ES



ANN GPV
ANN GPV

ANN SVR

SVR
2

3

3

JS
ES




