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Korea 

Abstract 

Today, it is difficult to apply classification and clustering to the Photovoltaic monitoring system because of the l
ow frequency of the error data. To solve this problem, we use the multivariate linear regression of normal dat
a. It measures the average and standard error for normal data and predicts response variable(y) for a new dat
a. In this paper, we analyze the error data using the difference between an actual and predicated response vari
able for a new data. To clarify this difference, we use prediction interval of predicated response variable. It def
ines a range of normal data excluding outliner. If new data is contained in this area, it is most likely normal dat
a. On the other hand, if a new data is not contained in this area, it is most likely an error data. For the evaluatio
n of this approach, we confirm that actual error data are contained in this prediction interval. The result is that 
error data are not contained in this area. Therefore, we will detect an anomaly of this system, rapidly. In the fu
ture, we will predict the error by adding information that can be collected from this system. 

Keywords: Photovoltaic monitoring system, Multivariate linear regression, Error data analysis, Prediction inter

val 

1. Introduction 

Recently, various data have been generated by the development of ICT (Information and Communication 
Technologies). Therefore, there is increasing the influence of big data [1]. Companies can gain three main effects 
by using big dataas follows: 1) detecting an anomaly quickly through the analysis of the data pattern, 2) 
predicting the future, and 3) identifing exactly the problem on the present situation and then suggest a solution 
[2]. It allows effective management of the system. Especially monitoring system based on big data is being 
introduced to increase the generating efficiency of Renewable Energy. Among various energy sources, the 
number of photovoltaic power generation plants have increased sharply. Therefore, a stable operation and 
reliability of this plant is important [3,4]. In this paper, we propose a strategy to detect an anomaly of the system  
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by analizing the real-time data of the photovoltaic monitoring system developed during the project. This 
strategy aims to increase generating efficiency by optimizing this system. However, a problem is the imbalance  

between normal data and error data in this system. To solve this problem, we describe the strategy using 
multivariate linear regression and developed them using Tensorflow [5-6]. 

Section 2 describes some problem of imbalanced data in related studies, and section 3 defines the multivariate 
regression strategy for error data analysis. Section 4 evaluates out strategy. Finally, provides the concluesions 
and direction of future work. 

2 Related Work 

The imbalanced data causes an overfitting of high frequency data. The result of the learning has more than 9
0% accuracy, but  not properly trained(because of overfitting). There are ways to solve this problem :  

• Try Collect More Data 

• Try Changing Your Performance Metrics 

• Try Resampling Your Dataset 

• Try Different Algorithm 

• Try Penalized Models 

The simplest way is collecting more data. However, there is no difference in proportion of data. Besides, there 
are many other ways. In this paper, we perform different algorithm called the regression analysis, not classfica
tion/clustering.   

3. Multivariate Linear Regression Analysis Strategy 

 
Figure 1 The Structure of Error Data Analysis 

Fig. 1 shows the structure of the error data analysis using the multivariate linear regression. First, we preproce
ss the data according to the algorithm. The following is data preprocessing steps : 

• Step 1(Select Data) : We specify the dependent variable as the power, and specify the independent varia
ble as the month, times, horizontal solar radiation, slop solar radiation which have a effect on the power. 

• Step 2(Preprocess Data) : We remove data with zero power in Cleaning work. 

• Step 3(Transform Data) : We normalize data in scaling work and decompose data of Date type into mont
h and time. 

After, we create training/test data set, and define a regression line and prediction interval using the multivaria
te linear regression. We define the normal data and error data zone based on the prediction interval. It is hard 
to graph regression line based on many independent variable. We graph a regression line that is the relationsh
ip between power and horizontal solar radiation which has the most effect on power at Chater 4. The predictio
n interval is the normal data zone, and the other interval is the error data zone. We will analyze the error data 
by confirming whether a new data is including in error data zone or not. 
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4 Evaluation 

We evaluate the strategy using the test data sets. Fig. 2 shows the evaluation result. We can confirm the distri
bution of normal data(o) and error data(x) and measure the accuracy. There is a possibility to exist 5 percent o
f error data in prediction interval, because it is the range that 95 percent interval based on overall data. 

 
Figure 2 Evaluation Result 

5 Conclusion 

In this paper, we analyze the error data in big data of photovoltaic monitoring system, and detect an anomaly r
apidly. Therefore, we will increase the generating efficiency. However, it is difficult to apply classification and c
lustering because of the imbalance between normal and error data in this system. To solve this problem, we us
e multivariate linear regression on normal data and the prediction interval for analyzing error data. In future w
ork, we will detailed analyze big data using the inverter output current, inverter output voltage, inverter input 
current, inverter input voltage, etc. that can be collected from this system. Based on this, we will expand not o
nly post-processing but also preprocessing for the failure of this system by predicting errors. Error prediction w
ill be study to support not only post-processing but also preprocessing for the failure of this system. 

Acknowledgements:   

This work was supported by the Human Resource Training Program for Regional Innovation and Creativity thro
ugh the Ministry of Education and National Research Foundation of Korea 2015-2018 (NRF-2015H1C1A103554
8). 

References 

1. Lee Sang Un, Lee Jung Gyu, ″A System of Smart Integrated Monitoring and Analysis Based on Big Data″, The
 Korean Institute of Broadcast and Media Engineers, pp. 106-109, July, 2015 

2. Cheon Hong Mal, ″The Development Success Factors for Integrated Big Data Monitoring System″, Journal o
f Culture Industry, Vol. 15, No. 2, pp. 133-142, June, 2015. 

3. Korea Energy Agency, ″2016 Renewable Distribution Statistics″, 2016. 
4. Korea Energy Agency, ″2016 New&Renesable Energy White paper″, 2016 
5.  M Abadi, P. Barham, J. Chen, Z. Chen, A. Davis, “Tensorflow: A system for large-scale machine learning”, U

SENIX Association, 2016. 
6. M. Abadi, A. Agarwal, P. Barham, E. Breydo, “TensorFlow: Large-Scale Machine Learning on Heterogeneous

 Distributed Systems”, 2016. 
 

Notes 


	Conference Proceedings.pdf



