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Abstract

The resource scarcity and carbon emission problems faced by traditional coal
energy sources have led to a continuous increase in photovoltaic solar power generation
and grid-connected installed capacity of photovoltaic power stations. However, the
intermittent and random problems of the output of photovoltaic power stations due to
the great influence of sunlight can easily cause large fluctuations in voltage and
frequency of the grid-connection point, the use of a large number of power electronic
inverters in the process of converting DC into AC for grid connection will cause power
quality problems such as harmonic pollution, seriously affect the reliable and safe
operation of the distribution network. By mining the historical data information of the
power quality of photovoltaic power station, we can perceive the changes of power
quality in advance, discover the existing power quality problems early, reserve time for
the early management of power quality and provide accurate information, which has
become one of the key technology for the reliable operation of renewable energy grid-
connected. This paper is based on a deep neural network hybrid model to mine the
historical data of the power quality of photovoltaic power station and realize the
awareness of future changes in power quality of photovoltaic power station. Major
studies include:

(1) Propose power quality situation awareness framework of photovoltaic
power station, and complete the extraction of power quality elements and situation
understanding of photovoltaic power station. It is proposed that photovoltaic power
station power quality situation awareness consists of three stages: photovoltaic power
station power quality elements extraction, photovoltaic power station situation
understanding and photovoltaic power station power quality situation prediction.
Introducing the process of photovoltaic power station power quality elements extraction,
using autocorrelation coefficient and maximum information coefficient analysis
methods to understand the situation of power quality data, conducting value
standardization and outlier processing are performed on power quality data and external
variable data, and two different methods are used to comprehensively assess the model
effect for each of the three power quality indicators.

(2) Construction of power quality situation prediction model based on Deep
Belief Network (DBN) and Support Vector Regression (SVR) method and perform
a case study. Expounds the principle of using DBN and SVR method for time series



data prediction, constructs a single model of power quality situation prediction based
on the DBN and SVR method, and introduces the implementation process of the two
models. Taking the measured data of voltage, frequency and voltage total harmonic
distortion rate of a photovoltaic power station in a certain place for case study, analyze
the effect of two single models on power quality situation prediction of photovoltaic
power station.

(3) A power quality situation prediction model of photovoltaic power station
based on hybrid deep neural network is proposed. In response to the poor prediction
effect of a single model of DBN and SVR, a hybrid deep neural network situation
prediction model of Convolutional Neural Network (CNN) and Gated Recurrent Unit
(GRU) is proposed. First extract the high-level features of power quality input data
through CNN, and then GRU is used to learn the long-time power quality sequence
before and after relationship, which overcomes the shortcomings of the traditional
single model with limited prediction accuracy and weak generalization ability, and
solves the problems of difficulty in extracting high-level features of massive power
quality data and the easy gradient disappearance of long-time sequence information
learned by the model. Through experimental comparison with several other models, the
hybrid model has higher prediction accuracy and better timeliness.

Keywords: Photovoltaic power station; Power quality; Situational awareness;
Convolutional neural networks; Gated recurrent unit
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P =[p, Py Pyl jeN (2-4)
R =[r 61,1, jeN (2-5)
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2.3 NAREILHEBERESHIEMRE

B IRIEAR AL H 1 52 H OGRS SR T 0 A8 S 15 L F 5 Jo B K R B L
ezl (BRI B AR ARy Rhi e Bl U vl e Ar AR — eSS AL, R
IR R L RE B AU B 5 AN A R R W R R R SR SF R R Y, PR EAE XS H
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9



Uit e VAT

FEAE ALY SRR RIZEAT AL B, T R R B XA 2 3 B ) 520

BN T AR A R W R M S S UE, A B AT, B
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FE PRI J7 T B 255 VR, B R Ui B i 22 FH SR A B A FRUIIAE ff 25 K0S,
72 FH SR A B AR R TN R 0 M, IR B B8 A AR IS 2R PRI 95 o AR SOR ABE B Tl L
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I ) R AT S BRAEL, P TR 4 T AN I S AR TR, T A
3 R PN A S o A 1) B RN B /M
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0.72 #1 0.65. [Klith, AN T BRI E R, e AZ e )), REEEHE
THINZE K PH R BB R A 3R T A 2, K FLAE Dy i F 25 34 T AE 2 PR i A\
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Active power data from January to May
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Frequency data from January to May
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THDu data from January to May
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FOTHER T [E1 U= 2 20, d s o [ 2% 3] 285 5 0 B R R PR S Il SR LA, T DA SEE B B
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