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Abstract 
As electricity is the most important renewable energy in contemporary times, it provides 
great convenience for human production and life. With the widespread use of 
sophisticated instruments and other nonlinear devices in national life, it has caused a 
certain degree of power quality problems. Therefore, it is imperative to improve power 
quality and improve the quality of power quality. This paper expounds from the concept 
of power quality, the classification of power quality problems, the disturbance detection 
method of power quality, summary and prospect. 
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1. The Concept of Power Quality 

Due to the development of smart grid and the use of a large number of nonlinear and unbalanced 
loads, various power quality problems have appeared in the power system in recent years, and the 
power quality of users has been greatly affected.Broadly speaking, power quality refers to the high-
quality power quality in the power supply system. The power sector defines power quality as the pass 
rate on current and frequency.Theoretically, the standard voltage and current work at a constant 
frequency, and the phase voltage and phase current amplitudes meet the theoretical values.Institute 
of Electrical and Electronics Engineers(IEEE)has formally adopted the term Power Quality[1]. 

The research of power quality is based on the needs of users. The quality of power quality directly 
affects the operation efficiency of all walks of life, and the power problems that cause the poor 
electrical equipment of users are all power quality problems.In actual production and life, various 
departments have different demands on power quality, so there are some differences in the definition 
of power quality.The power sector pays more attention to the smooth operation of the entire power 
grid system; the industrial field has relatively high requirements for power quality, and different 
industrial equipment has different requirements for power quality. 

2. Classification of Power Quality Disturbances 

Power quality problems are complex, and power quality disturbances are diverse and random. In the 
process of power quality research, no unified standard has been formed to define various power 
quality problems.According to the power quality problems that often occur in the power network and 
the corresponding power quality standards, we can classify power quality problems by dividing the 
power quality problems according to the actual situation and duration. The more generalized power 
quality problems are roughly There are two kinds: one is the continuous stable power quality problem; 
the other is the transient transient power quality problem.Domestic and foreign scholars have studied 
the steady-state power quality disturbance for a long time, and the governance methods are relatively 
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mature, while the transient power quality disturbance is random and complex, and the governance 
methods need to be improved. 

2.1 Steady State Power Quality Disturbance 

2.1.1 Voltage Deviation 

The difference between the actual working voltage and the rated voltage at a point in the power system 
and the percentage of the rated voltage is usually defined as the voltage deviation. 
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In the formula, U  is the valid value of the voltage actually provided in the power system, and U  
is the valid value of the rated voltage in the power system. 

Due to the unbalance of reactive power in the power system, the occurrence of voltage deviation is 
mainly caused by the unbalance of reactive power in the power system. 

2.1.2 Frequency Deviation 

Frequency deviation refers to the deviation between the calibrated frequency and the actual frequency 
in the power system.The main factor for the formation of frequency deviation is different from voltage 
deviation, because the formation of frequency deviation is usually related to the change of the 
maximum active power of the system. When the active power in the system is equal to the maximum 
active power it consumes, the frequency deviation will disappear.The general allowable frequency 
deviation of the power system is ±0.2-0.5Hz of the rated frequency. 

2.1.3 Harmonic 

Harmonic is the most common form of steady-state disturbance in the power grid. The basic concept 
of harmonic is that the cycle obtained by Fourier series decomposition is not a sinusoidal alternating 
quantity, and the frequency of harmonic is generally an integer of the fundamental frequency.Non-
linear devices and non-linear loads in the power supply system are often the main factors that cause 
harmonic generation. 

2.1.4 Interharmonics 

Interharmonics and harmonics are different.Interharmonic frequencies are not integer multiples of the 
fundamental frequency, but include fractional harmonics below the fundamental frequency. 

2.1.5 Voltage Fluctuation 

Voltage fluctuation refers to a situation in which the voltage in a power system changes rapidly in a 
short period of time. 
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In the formula, U  represents the maximum value of the voltage fluctuation, and U  represents 
the minimum value of the voltage fluctuation. 

2.1.6 Three-phase Unbalance 

The three-phase unbalance of the power system is caused by the magnitude of the voltage or current 
in the three-phase system, or the phase difference is not 120°.The main factors of the three-phase 
imbalance in the power system are the following three: First, there is a large-capacity asymmetric 
load in the power system; second, the harmonics in the power system cause the unbalance of the 
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three-phase system; third, the three-phase unbalance is caused by the single-phase overload or single-
phase fault in the power system . 

2.2 Transient Power Quality Disturbance 

2.2.1 Voltage Sag 

Voltage sag refers to the electromagnetic interference phenomenon in which the effective value of 
the actual working voltage or current in the power system is reduced to 10% or 90% of the rated 
working voltage or current, and lasts for 0.01s~1min.If there is a short-circuit fault in the power 
supply system, the transformer is put into operation of the power system, the induction motor is started 
and the heavy load is connected to the grid, it will cause a voltage sag. 

2.2.2 Voltage Swell 

Voltage swell refers to the electromagnetic interference phenomenon in which the actual value of the 
actual voltage or current in the power supply system is 10%-90% higher than the actual value of the 
normal or current rated voltage and lasts for 0.01s~1min.When a single-phase-to-ground fault occurs 
in the energy system, heavy load shedding, and bulk capacitor bank loading, the voltage will 
temporarily rise. 

2.2.3 Voltage Interruption 

Voltage interruption means that the rms value of the actually measured voltage within a certain period 
of time is 10% smaller than the rms value of the standard or current voltage. The interruption of 
voltage interruption disturbance time of 0.01S~3S is called instantaneous interruption, while the 
voltage interruption with time of 3s~1min is called short interruption, and the voltage interruption 
with time longer than 1min is called continuous interruption.Regarding the transient power quality 
problem, it usually refers to the voltage loss in the time not more than 1min. Power system failures 
and voltage loss are the causes of voltage interruptions. 

2.2.4 Oscillation Transient 

Oscillating transients are usually defined as sudden bipolar shifts in frequencies outside the power 
system network while voltage, current, or both remain stationary.Oscillation transients are usually 
characterized by duration, oscillation frequency, and voltage (current) amplitude. Oscillating 
transients are usually caused by transient changes in the effective load switching or ground faults. 

2.2.5 Impulse Transient 

Impulse transients are those in which the frequency has a unique polarity shift over a short period of 
time under a steady continuous state of voltage or current. Often, rise or fall time is used as a 
descriptive feature, and lightning is the main cause of impulse transients. 

3. Power Quality Disturbance Detection Method 

Power quality disturbance detection is of great significance to the improvement of power quality. 
Timely detection of disturbances and entry of disturbance data will bring convenience to future 
disturbance feature extraction and power quality disturbance identification and analysis.The detection 
of power quality is mainly to realize the detection of the start and end time, duration, amplitude and 
spectrum changes of the interference signal. The basis for taking appropriate precautions.There are 
many methods to realize power quality detection, mainly frequency domain analysis method and 
time-frequency domain analysis method.With the development of artificial intelligence, the detection 
of power quality using artificial intelligence methods has gradually been widely used.The commonly 
used methods are analyzed below. 

3.1 Short-time Fourier Transform 

Short-time Fourier transform (STFT) is a localized frequency-time analysis method created by Gabor 
in 1946.The short-time Fourier transform subtly solves the defect that the traditional Fourier 
transform cannot analyze the unstable information.However, the value of the short-time Fourier 
transform window function is constant, and the resolution frequency is also constant.STFT has 
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inherent defects for transient power quality disturbance analysis[2]-[3].There are few literatures on 
transient power quality disturbance detection based on STFT. 

3.2 Wavelet Transform 

Wavelet transform(WT) is a new time-frequency analysis method, which is different from traditional 
short-time Fourier transform.The advantage of wavelet transform lies in the introduction of scaling 
factors and translation factors, so that the window function can make adaptive changes with the scale, 
and can better reflect the local characteristics and overall information of the signal.Wavelet transform 
has good generalization ability for sudden change information and unstable information, and is widely 
used in transient power quality detection.However, the wavelet transform is sensitive to noise. The 
complex noise environment increases the detection pressure of WT and improves the false detection 
rate. Reference [3] established a spatial noise reduction method for WT and achieved good 
results.Many researchers use improved WT and WT-derived methods to detect power quality 
disturbances.Empirical wavelet transform (EWT)[4]-[5] overcomes the defect of WT's fixed 
frequency band, but the detection accuracy of complex power quality disturbance signals is 
poor;Complex wavelet transform(CWT)[6] provides amplitude-frequency and phase-frequency 
information for power quality detection, and provides a new idea for power quality management. 

3.3 Hilbert-Huang Transform 

Hilbert-Huang transform[7] is a new time-frequency analysis method, which is composed of 
empirical mode decomposition (EMD) and Hilbert transform.The Hilbert-Huang transform is 
particularly suitable for parsing non-smooth and nonlinear information. It can analyze the interference 
signal more intuitively and has been applied in many fields.However, HHT also has disadvantages 
such as end-point effect and susceptibility to noise. 

In order to overcome the endpoint effect, the literature [8] proposed a method combining Ensemble 
Empirical Mode Decomposition (EEMD) with HHT.Reference [9] makes up for the defect of 
traditional HHT that it is difficult to decompose signals with similar frequencies by iterating the 
traditional HHT. 

3.4 S Transform 

S-Transform (ST) is a relatively new time-frequency analysis method, founded in 1996 by the team 
of Stockwell, an internationally renowned geophysicist.ST is further developed from short-time 
Fourier transform and wavelet transform. It inherits and develops the advantages of wavelet transform 
and Fourier transform better.However, the computational results of ST are complex, the ability to 
detect high-frequency interference signals is poor, and it is difficult to perform detection in real 
time.Because the frequency resolution is not too high, it will bring certain wrong results. ST is not 
suitable for harmonic analysis, especially high-order harmonics. ST is not suitable for detecting 
transient disturbance signals such as oscillation transients and pulse transients.In recent years, many 
researchers have improved the inherent defects of ST, and proposed more abundant improved ST 
methods. 

The generalized S-transform [10](GST) and the modified S-transform(MST) can flexibly adjust the 
time-frequency resolution, so that the analysis of power quality disturbance signals has achieved good 
results.The emergence of fast S transform effectively reduces the inherent defect of low 
computational efficiency of ST. Literature [11] continued to improve on the basis of FST, and 
obtained a multi-resolution fast S-transform(MFST) method, which achieved good results in the 
detection of power quality. 

3.5 Variational Mode Decomposition 

Variational mode decomposition[12](VMD) was proposed in 2014 by DRAGOMIRETSKIYK et al. 
VMD is different from EMD and local mean decomposition(LMD), it eliminates VMD and LMD 
end effect and mode aliasing problems,and there is less research in the field of power quality 
disturbance detection.Reference [13] uses VMD to detect power quality, showing the excellent 
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performance and good anti-noise performance of VMD.However, the performance of VMD is 
restricted by the number of decomposition layers K and the penalty factor α, and poorly matched 
parameters will affect the decomposition accuracy of VMD. 

4. Summary and Prospect 

Judging from the current research trend of power quality in power grids, the research on steady-state 
power quality detection algorithms is relatively mature. However, there is still room for improvement 
in the accuracy of detection, and the governance of transient power quality disturbances needs to be 
further improved. There are still many problems to be solved in the detection of power quality in the 
actual engineering environment, and there are still some problems in theoretical and practical 
applications. 

The power grid is a complex dynamic system, and the types of power quality disturbances often have 
the characteristics of randomness and short duration. The experimental data is very different from the 
real disturbance data of the actual power grid, and the conclusions obtained from the experiments 
cannot fully represent the actual detection ability.For the research of transient power quality, more 
effective methods need to be proposed; good real-time performance, accuracy, and noise immunity 
need to be taken into account. 
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