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Objectives

MAIN OBJECTIVE:
» Forecasting solar power generation.

SPECIFIC OBJECTIVES:

» Applying regression approaches;

= Developing a model to forecast solar power generation,;

= |[dentifying suitable machine learning techniques;

» Improving the forecasting accuracy of solar power generation.
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Material

- Photovoltaic plant of 26.35 MWp; |0 engety e LS @ wioes o
* Location: Artigas, Uruguay;
* No. of samples: 432;
- Period: 04/14/2018, 00:00h to 04/16/2018,
23h50;

Collection: every 10 minutes;

SPONSORS:

I EEE THE INTERNATIONAL
@ I E E E IEEE NEeurAL NETWORK
WCCI 2020 -
Advancing Technology Intelligence (INNS) = Pro J

IEEEW rld Congress on Computational Intelligen for Humanity Society Soc W



Material

 The dataset was split into < The system inputs and output

training (70%) and test (30%) (3 variables) are described in
sets: the following table:
o ‘J'/_ INPUTS AND OUTPUT OF THE SYSTEM
9500000 1 — PEZIELF;Q f
_ f.r’ Type Description  Unit Measure
S 1000001 Input  Temperature (B
g Input Radiation W/m*
0 / - QOutput Power EW
Q300000 5 /
|:| 1LI-"'§,'I ELI-"L" ljl.I:{J -1-|.I|"'.3'
Samples (10 minutes)
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Methods

« Stacking-Ensemble Learnig (STACK);

Models used in the STACK method:

« CUBIST;

Multivariate Adaptive Regression Splines (MARS);
Linear Model (LM);

Bayesian Regularized Neural Network (BRNN);

Support Vector Regression with Linear, and Radial Basis Function
kernel (SVRL and SVRR).
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Methods

Pre-processing techniques:
» Principal Component Analysis (PCA);
(DU; ZHU, 2019)

« Correlation Matrix (CORR)
(KUHN; JOHNSON, 2013)
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Methods

Performance Measures: Statistical test:

i Diebold-Mariano test
Relative Root Mean Square Error (RRMSE) lebold-Mariano tes

> ldi]
\/ Tt (vi—90)? -
= RRMSE = DM =
> =N var(af—)
—

Determination Coefficient (R?)

n S V12
s R2 = 1 — 2=iO=Yi®)]
i lyi®-yi(6)]2

Symmetric Mean Absolute Percentage Error (SMAPE)

" SMAPE =~ 37, |22
n lyil+1yil/2
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Methodology

Steps for developing the proposed model:

i Dataset
v
[ |
‘z PCA CORR
: 4 | | : | [ | : | |-
' sveL | TJA.QI o | [ [_SIFI J [_MAR?I [own | [ oo ]
\ I . \ - - I - -y - y © I 2
i I I I I
- PCA CORR PCA CORR
: — — —— 1
‘CUBIST ?VRR ’ l CUBIST [svm} [cuslsq SVRR :;BIST l
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Results

= CORR models presented better results than PCA models due to the fact that CORR removed
the high correlated features;

= The combination CORR-LM obtained best results of the single models;

= The CORR-CORR-CUBIST-STACK obtained best results of the STACK models;

= Comparing best single and STACK models, the CORR-LM presented better performance.

PERFORMANCE MEASURES RESULTS OF THE MODELS

METRIC METHODS \ Layer-0

METRIC METHODS STACK \Layer-1

sMAPE RRMSE R sMAPE RRMSE R?
PCA-SVRL 0.449549¢-04  9.779133¢-04  0.9997 PCA-PCA-SVRR-STACK 0.0108 0.0145  0.7025
PCA-MARS  9.473985¢-04  1.018069¢-03  (.9984 PCA-PCA-CUBIST-STACK 0.0056 0.0083  0.3338
PCA-BRNN 1.742184¢-03  2.488815¢-03  0.9946 PCA-CORR-SVRR-STACK 0.0103 0.0131 0.5773
PCA-LM 1.851099¢-04  2.111932¢-04  0.9998 PCA-CORR-CUBIST-STACK 0.0057 0.0084  0.4026
CORR-SVRL  1.074919¢-03  1.171680e-03  0.9999 CORR-PCA-SVRR-STACK 0.0117 0.0147  0.6002
CORR-MARS  2.798447¢-05  6.844400e-05  0.9999 CORR-PCA-CUBIST-STACK 0.0039 0.0059  0.9489
CORR-BRNN  1.969842¢-03  3.000576e-03  0.9959 CORR-CORR-SVRR-STACK 0.0101 0.0132 04232
CORR-LM 1.100414e-05  2.372946e-05  0.9999 CORR-CORR-CUBIST-STACK  0.0014 0.0024 09874
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Results

DIEBOLD-MARIANO TEST RESULTS

Model (A) (B) () (D) (E) (F) (G) (H) (n i1 (K) (L) (M) (N) () (P)
(A) PCA-PCA-SVRR-STACK 8.8290%  E.O003%* 8.7990% 1.2679 B.6065%  RE302F  H6453F  R.6e432F 8.6432% £.6451% 8.6432% 8.6432% 8.6432% £.6467F .6432%
(B) PCA-PCA-CUBIST-STACK B.TT0R* L.757726  -B9679%  T.2E34¥ BRI86*  T2HO5¥  T2R63F 728607 T.2895% T.2866% T.2861% T.2R66% T2R70F 72866
(C) PCA-CORR-SVRR-STACK BTIET* 0.2565%  B.56TR¥ 09921%  B4039%  B4900¥ 8.4008% 8.4937+ 8.4909% 4909+ 8.4909% 8.4958% 84009+
(D) PCA-CORR-CUBIST-5TACK 8.9366%  T.B333¥ 8.7683%  T.6795%  T.6726% T1.6724% T.6TROF T1.6729% T1.6725% T1.6729% 16813 T1.6729%
(E) CORR-PCA-SVRR-5TACK B.El66*  92023*%  ET7595%  RI572IF 8.7572% 8.7503# 8.7572% 8.7572% 8.7572% 8.7611% 8.7572%
(F) CORR-PCA-CUBIST-STACK g6131%  72270%  72159% 7.2150% T.2258% T.2168¥ 712150 T.2168¥ T2181% T2168%
(G) CORR-CORR-SVRR-S5TACK B.5384%  B.5353F 8.5353% 8.5382% 8.5354% 8.5353% 8.5354% 8.5403% 853547
(H) CORR-CORR-CUBIST-STACK 680607 68658 4 8139+ 6.9226% 68642 6.9228* TAT2F | 6.9229%
(I) PCA-SVEL 2.1311#* 6.8965%  10.2051% 8.3503*%  10.2451% TAR30* | 102507+
(1) PCA-MARS 6.8604% 66480 4.4925%  A.662TF T.1694% | 6.6631F
(K) PCA-BRNN 6.9237% 6.8613% 69240/ T4023% | 6.9240F
(L) PCA-LM 0.5986%  4.4538F T.1964% | B.5665%
(M) CORR-SVEL 0.6156% T.1692% | 96163%
(N) CORR-MARS T.1965% 1.3622
() CORR-BENN 71.1965%
(P) CORR-LM
Note: 1% signilicance level; #¥5% significance level.
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Conclusion

* In this case all single models presented better results when compared to STACK
models, obtaining satisfactory values in all performance measures.

« And the single model CORR-LM obtained the best results of them all, in the
three performance measures.

« As proposed for future research:
(i) Using different algorithms in both STACK layers;
(i) Increasing the number of steps ahead for forecasting;

(iii) Using other renewable energy sources - such as wind and biomass - for
comparative studies.
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