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Abstract:  

Power electronics and D.E.R. have contributed to rising power quality problems on the utility grid. The power quality must be kept 

constant under both steady and fault circumstances, regardless of the load. Distribution grid power quality may be enhanced with 

FACTS's Unified Power Quality Conditioners. The reactive and actual power imbalances are corrected by the Unified Power Quality 

Conditioner at the same time. Combining reactive power control and unit vector template control is the proposed control algorithm 

for the Unified Power Quality Conditioner. By combining the Unified Power Quality Conditioner with D.E.R.s like solar panels, 

converter power ratings may be lowered while still meeting demand. When applied to power electrical devices, reinforcement learning 

algorithms, in particular the Neural-Network method, can significantly boost efficiency. Superior power generation is achieved by 

using an Artificial Neural Network controller in a solar-integrated Unified Power Quality Conditioner system. The controller can 

adjust to new conditions on its own. The system is put through its paces with balanced and unbalanced loads in MATLAB-

SIMULINK. The per-unit method simplifies analysis. Non-linear load distortion can be eliminated by solar integration at the DC link 

and hybrid management of the series and shunt converters. Short voltage dips and spikes are needed for IEEE 1159. In just 50 ms, 

the Computer and Business Equipment Manufacturers Association curve glides over the brief dip or spike that can last anywhere 

from half a second to three. The suggested control mechanism naturally reduced harmonics in the load-side current. Both power 

factor and distribution dependability are protected in this way. An artificial neural network controller in a solar integrated Unified 

Power Quality Conditioner was shown to be superior to a traditional Proportional-Integral controller in reducing harmonics of 

varying orders by 12.72 percentage points. Total Harmonic Distortion was lowered to below IEEE 519 limits thanks to a controller 

based on artificial neural networks. The goal of achieving several harmonic orders was met. 
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1. INTRODUCTION 

Data about solar radiation is absolutely necessary for study and 

engineering pertaining to solar energy. In point of fact, having 

a grasp of the supply as well as the fluctuation in the intensity 

of solar radiation is essential for the functioning of solar 

devices, flat plate collectors, photovoltaic structures, the 

thermal load on houses, the study of environmental effect, and 

agriculture [2-7]. There is an issue caused by the large number 

of meteorological stations that measure sun energy using 

pyrometers that are dependable and calibrated. Instruments for 

measuring the sun's radiation are both costly and require regular 

maintenance [8, 9]. In addition, maximum stations only have a 

limited number of parameters that can be measured, such as 

relative humidity, temperature, wind speed, and the amount of 

time that the sun is out. As a result of the ease with which these 

parameters can be obtained all over the world, it is possible to 

use them to estimate the amount of solar radiation that is present 

and then apply the appropriate models to obtain the information 

that is required. Since the introduction of the primary models 

[10, 11], techniques using artificial intelligence (AI) have 

proven to be useful in the context of exchange strategies. To be 

more specific, ANNs are capable of carrying out a 

computational simulation and have a high capability to 

modeless complex, nonlinear, and time-varying input-output 

systems [12]. ANNs had been hired on a large scale to estimate 

the amount of radiation emitted by the sun on a global scale 

using a variety of geographical and meteorological parameters. 

The purpose of this study is to highlight realistic methods that 

are available in the literature for predicting solar radiation, and 

as such, a review on Artificial Neural Network techniques is 

presented here. Our contribution consists of compiling an 

exhaustive list of significant works along with the most recent 

research that has been conducted on this topic up until the year 

2016. The objective is to make it simpler for future researchers 

to locate published papers by requiring them to specify the 

prediction horizon, the structure of the ANN, and the overall 

performance indicators that correspond to those signs. One 

more thing that can be done is to factor out the challenges that 

have been encountered in the research and to endorse 

recommendations and outlooks for future research initiatives. 

After providing statistical indications and performing a review 

of solar radiation models in the following sections (Sections II 

and III), this article moves on to Section V, where it presents a 

discussion, guidelines, and a conclusion. 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                   Volume: 07 Issue: 12 | December - 2023                    SJIF Rating: 8.176                               ISSN: 2582-3930                    

 

© 2023, IJSREM      | www.ijsrem.com                                                                                                                              |        Page 2 

 

UnifiedDiagramofPVSystem 

PVTechnologyReview: At this point in time, renewable energy 

strategies for the production of power are dependable and have 

reached maturity. The photovoltaic (PV) power is the 

maximum promising source of electricity due to the fact that it 

does no longer emit any pollutants and is to be had in 

abundance everywhere in the international. Solar photovoltaic 

(PV) electricity is particularly useful in remote locations, such 

as deserts and rural areas, where the absence of power grid lines 

and the challenges involved in transporting traditional 

resources render their utilization impossible. 

2. The Application of Statistical Indicators in Literature 

In the research that has been done on artificial neural networks 

(ANN), numerous well-known indices that measure prediction 

accuracy have been implemented. Our careful examination of 

the publications that were under review made it possible to 

extract the list from the desk that was Table I.. 

TABLE I. Indicators Used In The Underlying Studied Works 

 

 

EVALUATION OF ANNS FOR PREDICTING SOLAR 

RADIATION 

A. The requirements for participation 

An automatic search became done on the databases of the 

most prominent publishers, and other criteria were employed, 

in order to make certain that the publications that we examined 

were of a high satisfactory. This allowed us to ensure that the 

publications that we evaluated were of a high quality. 

Following this, a listing was compiled with the aid of 

incorporating works that were mentioned in guides that had 

been chosen in the past. This was done in order to ensure that 

the listing had as much information as possible. We did not take 

into consideration conference articles, running papers, 

comments, or ebook appraisal pieces while conducting our 

search [13]. 

B. The dissemination of researches on previous works of 

literature Following this section, we will present the 

distribution of the reviewed publications based on the journal 

publisher (figure 1.a) and prediction horizon (figure 1.b). 

 

Prediction of the solar radiation every month, every day, and 

every hour We find multiple prediction horizons in the works 

that have already been conducted, including monthly, daily, 

and hourly levels. In point of fact, month-to-month prediction 

makes it possible to realise a pre-sizing of sun devices, whereas 

daily and hourly sun radiation values are required for a reliable 

and precise sizing. Together, these values are essential for 

determining the appropriate size. In point of fact, the first 

standards of our research are to classify papers through the 

utilisation of the prediction horizon. Tables III and IV, 

respectively, provide an illustration of the obtained results for 

the daily/hourly sun radiation prediction category as well as the 

monthly sun radiation prediction category. In these tables, we 

have arranged the classes in a chronological order by specifying 

the expected factor, the ANN architecture, the location, and the 

overall performance assessment signs that correspond to that 

factor. When compared with diffuse and beam (direct) 

additives, the tables demonstrate that significantly more work 

was accomplished in the prediction of global solar radiation. In 

addition, we have found that the chosen studies can destroy up 

to forty neurons in a single hidden layer, and only a small 

percentage of them attempt to use two hidden layers with a total 

of up to 69 neurons. The ANN models each made use of their 

own unique set of input parameters, which were determined by 

the available geographical and meteorological statistics. When 

it comes to the maximum indicators of overall performance, the 

R2, MAPE, RMSE, and MBE are the ones that are used in the 

articles that are examined. According to [14], the found MAPE 

values fall within the range of [0.3 - 10.1], which indicates a 

high level of prediction accuracy. Every one of the models 

exhibits good performance, with a coefficient of determination 

(R2) that falls between 0.82 and 0.99. 

 

3. CONVERSATION AND FUTURE RESEARCH 

WORKS RECOMMENDATIONS 

During our analysis of the previously mentioned papers, we 

came across a number of issues and observations, which we 

will discuss in the following section along with our 

suggestions for how these issues should be addressed. 

• Long-term climate data are required in order to examine 

and validate models that predict the power output of the sun. 

However, such data are not easily accessible because of the 
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prohibitively high cost of measuring devices and the problem 

of inaccessibility of the measuring sites. This presents a 

significant challenge when attempting to conceive of models 

that are dependable and accurate. Based on our review of the 

scholarly literature, we have concluded that there is currently 

no up-to-date database that features a large number of 

different entry kinds in addition to recording periods of data. 

If you want to categories data with 90% precision, a decent 

rule of thumb is to have an education set size that's 10 times 

the community weights [47]. Furthermore, the database 

type's training and evaluation subsets should be statistically 

representative for reliable models. Empirical methods 

(which may need a massive computer assessment) are 

currently the only accepted method for optimizing the 

number of hidden layers and associated neurons in ANN 

models. This is a difficult and unanswered question that has 

to be considered in follow-up studies. The use of 

optimization techniques such as genetic algorithms, particle 

swarm optimization, and simulated annealing are all 

possibilities here.. 

 

 
 

Fig. 1. Journal (a) and prediction (b) distributions of the reviewed articles. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                   Volume: 07 Issue: 12 | December - 2023                    SJIF Rating: 8.176                               ISSN: 2582-3930                    

 

© 2023, IJSREM      | www.ijsrem.com                                                                                                                              |        Page 4 

TABLE III. MONTHLY SOLAR RADIATION PREDICTION PUBLICATION OF OUR STUDY0

 

Global [25] A.Sozen et al. Applied Energy 2004 (6-N/A-1) MAPE (%) = 

<6.73 

R2(%)= 99.89 

Turkey 

Global [26] A.S.S.Dorvlo et 

al. 

Applied Energy 2002 (5-N/A-1) RMSE(%)= 

0.83 

Oman 

Global [27] M.Mohandes 

et al. 

Solar Energy 1999 One Hidden 

Layer (5-10-1) 

MAPE= 10.1 Saudi 

Arabia 

Global [28] S.M.Al-Alawi et 

al. 

Renewable Energy 1998 One Hidden 

Layer (8-15-1) 

MAPE(%)= 

5.43 

R2(%)= 95 

Sultanate of 

Oman 

Global [29] M.Mohandes 

et al. 

Renewable Energy 1998 One Hidden 

Layer (4-10-1) 

MAPE (%) = 

from 6.5 to 19.1 

Saudi 

Arabia 

• 

 

According to the published research, the best desire for 

geographical and meteorological entry characteristics are critical 
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to forecasting solar radiation with more reliability and precision. 

With the exception of a few research now being undertaken in this 

topic [19, 43], there is currently no automated approach that can 

sport out the selection of the most significant input variables for 

ANN models. 

• The importance of the daylight period on forecast accuracy has 

been emphasised in the study done by *19+. This insight must be 

generalised if the influence of each variable on the overall 

performance of the ANN model is to be investigated. 

 

 

• With regard to tables III and IV, which show the scarcity of 

papers on predicting diffuse and beam solar radiation using ANN, 

and taking into account the importance of those components for 

power systems, additional research must be conducted in future 

works. 

• In order to pick the finest artificial neural network (ANN) 

prediction models, it is required to compare many ANN designs 

such as MLP, RBF, Generalised Regression Neural Network, and 

so on. We have obtained the conclusion [35, 36] in the field of 

solar radiation forecasting. Regrettably, the comparison of ANN 

with different prediction models has received less attention [23, 

48, 49]. 

• As stated in *14+, unique ANN models must be created utilising 

latitude, longitude, altitude, and extraterrestrial radiation as input 

factors, and then correctness must be verified. This procedure 

must be carried out again. Even if it is determined that range and 

longitude have a negligible influence on solar radiation forecast, 

as proven in [19], this might be beneficial in areas where there are 

no meteorological stations. This might be beneficial in areas 

where no meteorological stations have been installed.. 

 

1. CONCLUSION 

In this research, a detailed assessment of several methods 

employing artificial neural networks to estimate solar energy was 

offered. To successfully offer clean solar energy, one needs have an 

in-depth understanding of the availability and unpredictability of 

solar radiation. This is a prerequisite for achieving success in this 

endeavour.   Due to its great potential to replicate the complex, 

nonlinear, and time-varying input-output systems, ANN models 

have been shown to be capable of properly predicting solar 

radiation. This discovery was made possible by the fact that ANN 

models have been used. When compared to other models that 

already exist, this one has a number of advantages. Because of this, 

one-of-a-kind research articles that are mostly based on artificial 

neural network models that are utilised to anticipate solar radiation 

are described in this study. These models are employed to predict 

solar radiation. Our inquiry consists of a review that is up to date 

and can be of assistance in the process of conducting more research 

in this field. Along with the prediction horizon, ANN structure, and 

overall performance metrics that correlate to it, it makes use of a 

bibliography that was selected with a great deal of care. In addition, 

the objective of analysing those guides is to bring to light difficulties 

such as the lack of a generic database (having an enormous range of 

input types with records recording durations) and the lack of a 

scientific method optimising the ANN structure. Both of these 

issues have become the purpose behind analysing those guidelines. 

The purpose of this research has evolved into drawing attention to 

these issues. In addition, there is no technique to carry out the 

selection of the input variables that are the most significant for ANN 

models, thus until a few research are working on this subject, there 

is no way to accomplish it. This is the situation regardless of the fact 

that there have been some research conducted on this matter. Also, 

we've discovered that there aren't many studies focusing on the 

prediction of the beam and diffuse components of the sun's 

radiation, which employs artificial neural networks. This is 

something that we've noticed. This is something that has come to 

our attention. 
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