Power quality prediction based on least squares method
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Abstract. In the current high degree of popularity of power products, power abnormalities on the
production of more and more. Therefore, the prediction of power quality is of great significance.
The method of prediction is generally to find the fitting function, the least squares fitting is the
commonly used method to find the fitting function. In this paper, the least square method is used
to fit the data of power grid. The factors influencing power quality were analyzed from four
aspects, and the conclusions were obtained by fitting with real data points. In order to further
improve the power quality prediction.
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1. Introduction

Rapid developments in the energy industry have brought the studies on the quality of the power
consumed to the fore. Power quality (PQ) has gained significance for energy providers and
consumers recently. Undesirable situations that arise as a result of PQ problems affect much
electrical hardware negatively. Also, poor power quality largely causes financial losses [1].
According to the European Power Quality survey report, PQ problems cause a financial loss of
more than 150 billion Euros per year in the EU-25 countries [2]. Power quality (PQ) is generally
defined as the combination of voltage quality and current quality which are used to identify the
deviations from ideal waveforms of current and/or voltage. The ideal waveform of current and/or
voltage is defined as the sinusoidal waveform with constant frequency and constant amplitude that
are equal to their nominal values [3, 4]. With the advances in power electronics, signal processing,
artificial intelligence and optimization in recent years, many researchers have contributed to the
literature with remarkable studies on PQ in order to determine, identify and remove the deviations
in ideal waveforms of current and/or voltage [5]. In this paper, least squares fitting method is used
to predict the trend of power variation, so as to further improve the power quality forecasting
method.

Identifying, storing and analysis of voltage disturbance data are very important in order best
to understand the behaviors of power systems and improve PQ [6-8]. For this purpose, such signal
processing approaches as Fourier transformation [9, 10], wavelet transformation (WT) [11, 12],
Kalman filtering [13, 14] and S-transformation [15, 16] are commonly used. The least squares
fitting is one of the commonly used methods to find the fitting function, and it is widely used in
practical engineering [17]. In this paper, we use the least squares fitting method to find the function
relation in a large number of data. In principle, the least squares method is a traditional parameter
estimation method, its basic requirement is to ensure that the value of the obtained function and
the true value of the deviation between the square sum of the smallest. In practice, the use of least
squares can be produced in the production of a large number of seemingly irregular data, and dig
out a certain law, to fit into a curve to reflect the general trend of the data points, it is scientific
research workers Provides a very convenient and effective method of data processing [18]. In the
rapid development of computer science at the moment, the least squares method has been applied
to various fields, power quality prediction in the field it will also play an important role.

2. Data description and experimental process

Power quality prediction is an important application of power quality analysis. Based on the
existing data mining power quality changes in the potential law, to improve the quality of power

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. JUN 2017, VOL. 12. ISSN 2345-0533 1 53


https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2017.18636&domain=pdf&date_stamp=2017-06-30

POWER QUALITY PREDICTION BASED ON LEAST SQUARES METHOD.
MINGXUAN LU

distribution has a great effect. The data used in this study are the monitoring data of voltage
qualification rate of urban power grid (52406) and the monitoring data of voltage qualification
rate of rural power grid (379954). The data are recorded from October 1, 2015 to June 2016 30
days. Including the daily maximum value of the voltage, minimum, average, ultra-upper and lower
limit of time, and the pass rate (pass rate is not a daily limit of the total run-time percentage of
time) and so on.

To study the change model of power quality, we first select the indicators to evaluate the power
status. According to the record data of power grid monitoring point, the qualified rate is selected
as the index of power quality assessment. The qualified rate in the data represents the percentage
of the total voltage in the rated voltage (including the voltage upper limit and voltage lower limit)
in a day. If the overtime limit is 510 points and the lower limit time is 210 minutes, the voltage
with a pass rate of 50 % (1440 points a day).

After determining the evaluation index, according to the principle of least squares to assume
that the relationship between the two variables, for this study is to find the power quality
(voltage qualified) and other voltage properties. The variables that are assumed to exist in the
experiment are as follows:

1. The relationship between the current qualification and the qualification at the previous point
in time.

2. The relationship between the pass rate and the average voltage of the day.

3. Pass rate versus time.

4. Relations with the passing rate of voltage levels.

According to the relationship between the variables in accordance with the least squares
method to build the model, and verify the real data and 1 to build the model of the degree of fitting,
if the high degree of fit is assumed to hold, and vice versa, does not hold. For 3, 4 because the data
dissatisfaction with a year, the voltage level is only divided into five categories, it does not use
the least squares fitting analysis, only based on data analysis of trend-assisted forecasting.

3. Result analysis
3.1. Power quality and time

First, from the power quality (bias pass rate) and the relationship between time to start. This
assumes that the annual electricity consumption is cyclical (such as the annual peak is the annual
electricity consumption), due to power quality affected by the electricity situation, it is also a
cyclical change. The following is an analysis of the results of the study.

First, from the power quality (bias pass rate) and the relationship between time to start. This
assumes that the annual electricity consumption is cyclical (such as the annual peak is the annual
electricity consumption), due to power quality affected by the electricity situation, it is also a
cyclical change.
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Fig. 1. The trend of voltage qualification rate with time and voltage grade and voltage qualified rate

1 54 © JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. JUN 2017, VOL. 12. ISSN 2345-0533



POWER QUALITY PREDICTION BASED ON LEAST SQUARES METHOD.
MINGXUAN LU

Build the line graph of the voltage passing rate of power grid with time, as shown in
Fig. 1(a). Through the analysis, the change trend of qualified rate can be divided into two stages,
that is, from October 2015 to February 2016 and February to June 2016, the overall trend of
voltage qualification rate in the previous stage fluctuates from 0.4 to December out is a sudden
surge in the peak to 0.8 and then back to 0.4. The latter stage of the overall upward trend, the
voltage qualified rate climbed from 0.5 to 0.8. If the assumption is that the law can be used as a
reference condition, the time for the analysis of electricity influence factors of quality.

3.2. Voltage qualification and voltage rating

Analysis of the relationship between voltage qualification and voltage level is to confirm the
different voltage level of the voltage qualified rate of the existence of significant differences with
the analysis of the same time if the voltage rating if the different voltage there are significant
differences in the qualified power quality prediction can be assisted. As shown in Fig. 1(b) it can
be observed that the pass rate does not change monotonically with the rise of the voltage level,
but the difference of the average of the pass rates of different voltage levels has obvious influence
on the prediction. 10 kV voltage level of which the highest average of the pass rate in the vicinity
0f0.9, 380 V minimum average of 0.4, 220 V and 66 kV of the pass rate average of 0.5, 0.7 around.

3.3. Voltage qualification and voltage average

The average voltage is the most basic data of the grid, if you can predict the voltage quality
will greatly improve the efficiency of the forecast.

First of all, the data according to the least squares method to do binomial fitting, as shown in
Fig. 2(a) (abscissa for the voltage average, the vertical axis voltage for the pass rate, the black
point for the real data points, the blue line for binomial fitting). It can be seen from the image that
although the fitting curve has a certain trend, it is not fitted with the real data points, and the
distribution of the data points does not accord with any function class. This is due to the fact that
the magnitude of the data is not uniform. Therefore, the data are classified according to the
magnitude of magnitude, and normalized data, the average value of the size of the —1 to 1 interval,
fitted as shown in Fig. 2(b). It can be found that although the data points are more concentrated at
this time, the distribution is still not suitable for fitting.

16

— Prediction curve

14
| ® » real data

12

10

08

06

04

0.2

0.0
=1.0 =05 00 10

a) Overall b) Normalized
Fig. 2. Voltage qualification rate varies with voltage average

Since the results of the previous two-step analysis does not satisfy the requirements, the data
are further divided into each monitoring point to obtain a large number of fitting images and fitting
functions. It is found that some of the results are shown in Fig. 3. The qualification is concentrated
around a constant value 1 in Fig. 3. Some results are shown in Fig. 4(a). Pass rate with the average
voltage increases gradually decreased, the curve for the pentagonal fitting results. Part of the
results shown in Fig. 4(b) the pass rate with the average voltage curve into a parabolic type,

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. JUN 2017, VOL. 12. ISSN 2345-0533 1 5 5



POWER QUALITY PREDICTION BASED ON LEAST SQUARES METHOD.
MINGXUAN LU

through the seven-type and the fitting curves of the obtained curve and the data distribution are
high.

The results show that there is a relationship between voltage level and voltage average, but the
relational model is not unique. Summary The relationship between qualification and average
voltage can be categorized as the above-mentioned three types of line distribution: parallel line
distribution (binomial fitting — Fig. 3), curve descent distribution (pentad fitting — Fig. 4(a)).
Parabola-like distribution (seven-term fit — Fig. 4(b)). The latter two kinds of distribution are the
majority, and the parabola distribution is more easily explained according to the meaning of the
pass rate. When the bias voltage qualification rate is high, the voltage is distributed in the rated
voltage (Fig. 4(b) parabola top). When the bias voltage qualification rate is low, the voltage is
distributed outside the rated voltage (Fig. 4(b) parabola on both sides). According to the analysis,
the voltage level can be used as an auxiliary indicator to predict the power quality. This contributes
to the power quality analysis work.
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Fig. 4. The voltage qualification rate varies with the average voltage

3.4. Voltage qualification and voltage rating

[34]

Finally, the relationship between the "’ the bias voltage qualification rate and the bias voltage
qualification rate ¢"> — the input point (x, y), y for the day a pass rate, x is y the day before the
pass rate (For the convenience of description is called the bias voltage qualification of transfer).
The overall data is analyzed by this rule, and the results are shown in Fig. 5(a). It can be seen that
the pass rate of the whole data is positive correlation, and the binomial fitting coefficient is
[0.88184171 0.04795697]. The following step-by-step analysis.

In the process of average voltage analysis, the pass rate of the monitoring points is analyzed.
It should be noted here and not one by one analysis of monitoring points, but to five monitoring
points as a unit, the first fitting into a unit, then every increase in a unit of observed changes in
fitting. Fig. 5, Fig. 6 (from I top to bottom as a unit, 2 units, 10 units), when the input of a unit
when the curve of the larger fluctuations in fitting. When lost the fitting curves of two units are
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relatively flat, and the diagonal data sets are more obvious. When entering ten the unit has no
significant fluctuations in the polyline.

To sum up the analysis shows that the bias voltage qualification is a positive correlation, which
is also consistent with common sense. When a regional power appear, problems will continue to
have an impact on follow-up work. This indicates that the power quality can be predicted based
on the bias voltage qualification rate, and use it to build the model
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Fig. 6. The relationship between the voltage bias and the voltage bias

4. Conclusions

By using the least squares method to simulate the monitoring data of power grid, it is found
that the bias voltage qualification rate of the day before the voltage passing rate can be regarded
as one of the predictions of the voltage qualification rate. Secondly, the mean value of voltage has
a certain relationship with the bias voltage qualification rate, but the relationship model is not
unique, there are three distribution models, such as parallel line distribution, curve descending
distribution and parabolic distribution. Finally, there are obvious differences in the bias voltage
qualification rate of different voltage levels, which can be regarded as one of the factors that affect
the bias voltage qualification rate. If the annual power consumption is periodically changed, the
time can also be used as one of the conditions of power quality prediction. Although these
indicators are divided into primary and secondary, these indicators will be useful for future work
on power quality analysis.
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