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1. Introduction
The use of global solar radiation information is significant

in many fields of meteorology, hydrology, and renewable
energy. In recent studies in the field of solar radiation
forecasting, researchers have turned to artificial
intelligence models due to their high prediction accuracy
and simplicity of use. For example, some used Multilayer
(ML) algorithm such as Feed Forward Neural Network
(MLFFNN), Radial Basis Function Neural Network
(RBFNN), Regression Vector Machine (SVR) and
Adaptive Neural-Fuzzy Inference System (ANFIS) to
predict hourly solar radiation. In this research, new hybrid
methods based on Greg and Harmony algorithms are
proposed for daily estimation of solar radiation in different
cities of Iran. Among advantages of these methods are high
capabilities of hybrid methods to deal with nonlinear
multidimensional functions, their capacity to identify
patterns and trends, continuous improvement using new
training data, and their wide range of application.
Moreover, comparative studies have been conducted using
daily test sets, which allow understanding the behavior of
these combined algorithms in relation to different weather
conditions in the cities of Bandar Abbas, Kerman,
Sanandaj, Semnan, and Zahedan. The daily compared
results show that the performance of the proposed hybrid
models significantly depends on the cloudiness of the sky.
The daily classification technique provides the possibility
of forming more homogeneous subsets, which has been
used to train the best hybrid models of regression vector
machine, wolf algorithms, and selected harmony. In the
following, the study area is introduced, and governing
equations, methods, and results are discussed.

2. Governing equations and solution methods

In this research, Abdullah's equation was used to predict
solar radiation and their results were compared with hybrid
models. Machine learning models are Regression Vector
Machine (SVR), Support Vector Machine Model Based on
Grey Wolf Optimization (SVR-GWO), and Hybrid
Support Vector Regression with Harmony Search (SVR-
HS). The data processing for estimation is done in four
steps:

1) Collection and analysis of primary data;

2) Data segmentation in training and testing datasets;

3) Making SVR hybrid models;

4) Validation of models.

Figure 1 shows the flow diagram of the methods used in
this study.

3. Results

An SVR model and two hybrid models GWO-SVR and
HS-SVR were developed in this research to predict daily
solar radiation. Predictions about the models were
evaluated using Abdullah's empirical equations and the
second regression equation (based on evaporation). Table
7 and Figure 5 show the results of the statistical analysis
of the comparison between the artificial intelligence
methods and the data measured in different stations. In this
research, in terms of statistical comparison between the
models in different stations, the hybrid models SVR-GWO
and SVR-HS have the best performance and among these
two models, the SVR-HS model is better.
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Figure 1. The structure of the proposed SVR based on optimization algorithms to solar prediction

Table 7. Statistical analysis results of comparison
between artificial intelligence methods and data

measured in different stations

Station Model NRMSE R?
SVR 0.13 | 0.74

Bandar Abbas | SVR-GWO 0.12 | 0.77
SVR-HS 0.12 | 0.78

SVR 0.16 | 0.77

Kerman SVR-GWO 0.15| 0.78
SVR-HS 0.15 | 0.80

SVR 0.18 | 0.83

Sanandaj SVR-GWO 0.17 | 0.85
SVR-HS 0.17 | 0.86

SVR 0.21 | 0.71

Semnan SVR-GWO 0.20 | 0.72
SVR-HS 0.20 | 0.73

SVR 0.17 | 0.69

Zahedan SVR-GWO 0.17 | 0.70
SVR-HS 0.17 | 0.71

4. Discussion

SVR-HS model shows an absolute superiority over other
models, especially the experimental models, so that the
performance of SVR-HS model is about two times higher
than the experimental model. Another finding of this
research is that considering the smoothness index (n.N) as
the only input for experimental models is not enough.
Therefore, the correctness of most of the predictions is
proved by considering the parameters in the more relevant
data. Moreover, the results of this research show that SVR-
HS is an efficient method for estimating solar radiation.
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Estimation of Solar Radiation in Different Climates of Iran Using Hybrid Machine
Learning Methods

Nabi Jahantigh Jamshid Piri

Abstract Solar radiation, the basic parameter required for solar energy programs, is not measured in all parts of the
world due to technical and financial limitations, and it is necessary to determine with the accurate estimation methods.
In this research, a model was developed to estimate the daily horizontal scattered solar radiation with the hybrid methods
of Support Vector Regression, Gray Wolf Optimization and Harmony Search Algorithm. To determine the validity of the
model, daily measured solar radiation data of different cities in the sunny part of Iran (Bandar Abbas, Kerman, Sanandaj,
Semnan and Zahedan) were used. The input parameters of the models are the mean temperature, relative humidity,
sunshine hour, evaporation and wind velocity. The comparison of the solar radiation of the hybrid model with the
measured values shows the desired results based on statistical analysis, and the hybrid model is an efficient and accurate
method compared to other models, especially experimental models. The average absolute bias error obtained, root mean
square error and correlation coefficient for Zahedan station are respectively equal to 14.77 MJm"2, 26.85 MJy/m"2, and
0.68 for the experimental equation and the obtained values of the regression vector machine - Harmony respectively It
was similar to 13.85MJm"2, 9.58 MJIm”™2 and 0.71. The research results showed that the regression-harmony vector
machine model is an efficient method that is much more accurate than other models.

Key Words Solar Radiation, Climate change, Support Vector Regression, Wolf Optimization Algorithm, Harmony

Search Algorithm, Experimental Models.
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