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Abstract 

This paper analyzes the main protection principles of HVDC transmission line protection 
at present, and summarizes the research contents of protection based on transient 
quantity and catastrophe quantity respectively. Among them, the protection of HVDC 
transmission lines based on transient quantity mainly introduces four methods of 
extracting transient information of each frequency band, current direction protection, 
impedance protection and traveling wave protection. The protection of HVDC 
transmission lines based on catastrophe quantity mainly introduces catastrophe 
quantity direction protection, catastrophe quantity polarity protection and impedance 
protection. On this basis, the characteristics of HVDC transmission line protection at this 
stage and the existing problems in actual operation are analyzed, the future research 
ideas are discussed, and the development direction is prospected. 
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1. Introduction 

High voltage direct current transmission has the advantages of large transmission capacity, high 

transmission efficiency, strong line self-protection capability and automatic power flow control. And 

other advantages, has become an important way of large energy base power transmission, 

asynchronous power grid interconnection. At present, the main protection of HVDC transmission 

lines is equipped with traveling wave protection as the main protection, and under-voltage protection 

and line differential protection as the backup protection. Line traveling wave protection and under-

voltage protection based on voltage change rate are difficult to detect line high resistance grounding 

fault because the voltage change rate cannot reach a fixed value or the width of the rising edge of the 

voltage change rate is insufficient. Line differential protection needs to delay the operation for a long 

time due to misoperation caused by charging and discharging current of line-to-ground distributed 

capacitance caused by line voltage change caused by fault outside the blocking avoidance area, thus 

it is difficult to play a backup role. At the same time, the DC control system also has a great influence 

on the operation characteristics of the line protection, which will cause the line current fluctuation 

and cause the differential protection to refuse to operate at a low load level. Therefore, it is necessary 
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to further study new stable, reliable, fast response and absolutely selective transient protection for 

HVDC lines. [1] 

At present, the research on HVDC transmission protection can be divided into two types according 

to the protection principle: line protection based on transient quantity and line protection based on 

abrupt quantity. 

2. Line Protection Based on Transient Quantity 

Transient protection is mainly divided into four methods: boundary protection, current protection, 

impedance protection and traveling wave protection. Extract transient information protection of each 

frequency band, utilizing that attenuation effect of boundary element and lines formed by smoothing 

reactor and direct current filter on high-frequency signals to construct protection; Current protection 

is based on the current direction, current amplitude and current waveform measured during faults 

inside and outside the area. Impedance protection is constructed according to different measured fault 

voltage-current ratios. Traveling wave protection is based on the rate of change of voltage and current 

traveling waves. 

2.1 Border protection 

The boundary at both ends of the DC transmission line formed by the smoothing reactor and the DC 

filter has blocking effect on high-frequency signals, so that the high-frequency signals when faults 

occur inside and outside the region are different to identify faults inside and outside the region.  

Document [2] uses the information entropy measure of fault voltage polar waves to identify faults 

inside and outside the region. Due to the existence of boundary elements, the measured high-

frequency components are quite different, and the information entropy of polar waves is different 

when faults occur inside and outside the region. At the same time, the short window polar wave 

sampling values are directly averaged to prevent lightning interference. The method has poor 

resistance to transition resistance. Literature [3-4] extracts transient energy of different frequency 

bands in fault voltage signals through wavelet transform. Transient energy of high frequency signals 

of faults in the region is higher than that of faults outside the region to identify faults in the region. 

Document [2] uses the low-frequency energy of fault lightning stroke to be higher than that of non-

fault lightning stroke, and uses the difference of low-frequency signals to identify non-fault lightning 

stroke. Document [4] uses the correlation coefficient between transient voltage and original voltage 

to suppress lightning interference. However, the above methods only analyze the attenuation effect 

of HVDC line boundary on high frequency signals, ignoring that DC lines also have attenuation effect. 

Literature [5] further studies the attenuation effect of HVDC transmission lines on transient signals 

in all frequency bands on the above methods. Therefore, the ratio of the low-frequency component 

and the high-frequency component of the transient current is used to distinguish internal and external 

faults, fault lightning stroke and non-fault lightning stroke, and the energy of the low-frequency 

component of the transient current is used to identify the line end faults. 

Document [6] installs measuring elements on both sides of each boundary element at both ends of the 

line, calculates the transient energy of a specific frequency measured by each measuring element at 

both ends respectively, and identifies faults in the area by using the power transient energy ratio of a 

specific frequency band. When there is a fault in the area, the power transient energy in a specific 

frequency band at both ends of the protection installation is greater than the value on the other side 

of the boundary element. When there is an out-of-area fault, the calculated transient energy value at 

the fault end protection installation is smaller than the value on the other side of the end boundary 

element. 

Literature [7] uses principal component analysis method to extract the time domain characteristic 

information of pole line voltage, and constructs PCA space to identify faults inside and outside the 

region. The boundary element makes the faults inside and outside the area appear as two different 
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clusters with significant differences. This method requires low sampling frequency, but cannot 

identify high impedance faults. 

Document [8] decouples the measured fault current signal and then performs wavelet decomposition 

and reconstruction, calculates the ratio of wavelet energy to total energy under different 

decomposition scales, and then uses the relative entropy of wavelet energy to partition internal and 

external faults. The method has strong resistance to transition resistance and certain noise resistance, 

and can quickly identify faults inside and outside the area. However, the sampling requirement is 

high. 

2.2 Current protection 

 Document [9] identifies the rectifier side outlet fault based on the measured directional current at 

the rectifier side installation protection place. When the rectifier side measuring element measures 

the fault outside the rectifier side area, the current direction is negative, and the direction of the fault 

outside the inverter side area and the fault inside the area is positive. Then the ratio of transient energy 

measured by the inverter side to normal energy is used to identify the inverter side outlet fault, and 

the fault pole is identified by the ratio of two-stage directional current. The identification method has 

low requirements on DC line communication channels and sampling frequency. 

Document [10] installs measuring elements on both sides of each boundary element composed of 

smoothing reactor and DC filter at both ends of the line, and identifies the fault outside the boundary 

element area by using the opposite current direction measured by the measuring elements on both 

sides when the fault outside the boundary element area occurs, because the boundary element 

suppresses the high frequency component, and the fault inside the area is identified by the magnitude 

of current amplitude measured on both sides. The method has fast identification time, low sampling 

frequency and strong anti-transition resistance. 

Document [11] installs measuring elements on both sides of the boundary element on the rectifier 

side of the line, and uses the difference of the frequency band currents above the highest tuning 

frequency of the DC filter to identify internal and external faults. The current on both sides of the 

rectifier side boundary of the inverter side out-of-region fault and the in-region fault is larger than 

that of the rectifier side out-of-region fault, and the component of the in-region fault current in the 

frequency band above the highest tuning frequency of the DC filter is always larger than that of the 

out-of-region fault current. 

Document [12] uses the fluctuation coefficient of characteristic harmonic current to realize fault 

identification. For the current with a specific frequency, the impedance characteristics of the DC 

system are different when there are faults inside and outside the region, which makes the waveform 

of the current with a specific frequency different. 

Document [13] uses time spectrum similarity to identify faults in the region. Multi-scale wavelet 

decomposition and reconstruction are carried out on current traveling waves measured at both ends, 

similarity calculation is carried out on obtained reconstruction coefficients of different frequency 

bands, and faults in regions are identified according to different similarity. The traveling wave of 

fault current outside the line has strong similarity. The internal fault of the line is transmitted from 

the fault point to the protection installation and refracted and reflected, and the measured similarity 

is weak. 

Document [14] uses the correlation coefficient of current to identify faults in the region. When there 

is a fault in the area, the current fault components at specific frequency points at both ends of the DC 

line show strong positive correlation. In case of out-of-area faults, the current fault components at 

specific frequency points at both ends of the line show strong negative correlation. At the same time, 

in order to prevent lightning interference, considering the general duration of lightning interference 

is 3ms, the data window is selected as 5ms to prevent lightning interference. 
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2.3 Impedance protection 

Document [15] calculates the impedance value by using the ratio of the transient voltage and the 

transient current at both ends of the line at a specific frequency, and identifies the fault by using the 

different impedance values calculated from the internal and external faults at the specific frequency. 

When there is a fault in the area, the impedance values at both ends of the line have little difference. 

In case of out-of-area faults, the impedance values at both ends of a line are quite different. Document 

[16] uses the filter and the average period method to extract the DC component of the fault voltage 

and current, calculates the calculated resistance of the DC line by the ratio of the sum of the DC 

components of the fault voltage and current at both ends of the line to the sum of the DC components 

of the fault current, and identifies the fault in the area by using the out-of-area fault that the calculated 

resistance value is much larger than the fault in the area. This method requires low sampling rate and 

is easy to implement in hardware. Document [17] uses S transform to extract initial traveling waves 

of voltage and current at a single frequency, then calculates the measured wave impedances at both 

ends of the line respectively, and uses the difference of measured wave impedances at both ends of 

the line to identify faults in the area. When there is an internal fault in the line, the difference of wave 

impedance measured at both ends of the line is small. When there is an external fault on the line, the 

measured wave impedances at both ends of the line are quite different. This method requires high 

sampling frequency. When the DC filter exits due to a fault, the amplitude characteristics of the 

measured wave impedance will change, which may lead to erroneous protection judgment. 

Literature [18] based on the research of literature [17], further analyzes the phase characteristics of 

wave impedance measured at both ends of the DC line to identify the fault in the area when the fault 

is inside or outside the area. In a certain frequency range, when the fault is inside the DC line, the 

phase of wave impedance measured at both ends of the line is about–90; In case of external fault of 

DC line, the phase of wave impedance measured at both ends of the line is close to–90 and 0 

respectively. In the case of lightning strike interference, the proposed protection will malfunction, 

requiring high sampling frequency. 

Document [19] uses full-wave Fourier algorithm to extract the double-terminal voltage current signal 

of peak frequency line, calculates the impedance angle, and identifies the fault in the area by using 

the difference of the impedance angle. The difference between the peak frequency impedance angles 

of the rectifier side and the inverter side is theoretically zero in case of an in-area fault, and the 

difference between the peak frequency impedance angles of the rectifier side and the inverter side is 

180 in case of an out-of-area fault. This method is less affected by data synchronization. 

2.4 Traveling wave protection 

Document [20] analyzes the change of fault traveling wave during lightning strike fault, lightning 

strike interference and common fault, and proposes to use the correlation between measured voltage 

traveling wave signal and original DC component and the initial traveling wave to carry out the 

maximum change of wavelet transform modulus to prevent the malfunction of lightning interference. 

Document [21] calculates the correlation coefficients of the voltage forward traveling wave at 

different ends of the line and the voltage reverse traveling wave at the other end respectively, and 

identifies faults in the region according to the different correlation coefficients. When there is an out-

of-area fault, the forward traveling wave on the fault side and the reverse traveling wave on the non-

fault side are the same traveling wave, and the waveforms show strong similarity. In case of faults in 

the area, the forward traveling wave on one side and the reverse traveling wave on the other side are 

different traveling waves, and the waveform similarity is very small. Document [22] identifies faults 

in the area by using the ratio of the amplitude integrals of the reverse lines at both ends of the line. 

When there is a fault in the area, the amplitude integrals of the reverse lines at both ends of the line 

are similar. When there is an out-of-area fault, there is a big difference in the integration of the 

amplitude of the reverse line at both ends of the line. However, the integration time must be less than 

twice the time taken for traveling waves to travel from one end of the line to the other. Document [23] 

uses high-band voltage reverse traveling waves to identify faults in the region. When the fault occurs 
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in the area, the high-frequency voltage reverse traveling wave measured by the rectifier side 

protection element has a large high frequency band. When an out-of-area fault occurs, the high-

frequency voltage reverse traveling wave measured by the protection element during the research 

period is small or even approximately 0. The second scale of dB4 wavelet is used to identify faults in 

the region. Document [24] adopts traveling wave protection with small step sampling. The speed and 

sensitivity are improved, but the requirement for sampling frequency is high. Document [25] proposes 

a multi-sampling method to solve the problem that discrete sampling of traveling wave protection 

will lead to numerical stability of fault index values. 

3. Catastrophe protection 

The abrupt change is obtained by subtracting the original voltage and current value from the measured 

transient value. Protection based on mutation quantity can be divided into mutation quantity direction 

protection, mutation quantity polarity protection and impedance protection. Sudden change direction 

protection is a protection constructed according to the direction change of current sudden change; 

Sudden change polarity protection is protection constructed according to different sudden change 

voltage and current polarities when faults occur inside and outside the area. Impedance protection is 

a line protection constructed according to the ratio of current and voltage abrupt changes. 

3.1 Current catastrophe protection 

Document [26] uses the direction of current mutation measured at the rectifier side protection 

installation and Hilbert-Huang transform to extract the highest instantaneous frequency of current to 

jointly identify faults in the region. When there is a fault outside the rectifier side area, the direction 

of the fault current measured at the protection installation is negative; In case of faults in the area and 

faults outside the inverter side area, the current direction measured at the protection installation is 

positive. At the same time, due to the attenuation of high-frequency current signals by boundary 

elements, the highest instantaneous frequency of faults in the region is higher than that of faults 

outside the region. 

Document [27] proposes to calculate the cosine value of the included angle by using the current 

catastrophe at both ends of the line on the basis of current catastrophe directional protection to identify 

faults inside and outside the area. When there is a fault in the area, the direction of current mutation 

at both ends of the line is opposite, and the cosine value of the included angle is negative. In case of 

out-of-area faults, the direction of current sudden changes at both ends of the line is the same, and the 

cosine value of the included angle is positive. Moreover, the method stores the data of the current of 

3ms from the terminal separately at both ends, and then transmits the data at the opposite end, so the 

requirement for data synchronization is low. However, none of the above methods take lightning 

interference into account. 

3.2 Sudden change polarity protection 

Document [28] identifies faults inside and outside the area by using the polarity of sudden changes 

in power at both ends of the line. In this paper, it is defined that the flow direction from the rectifier 

side to the inverter side is the positive direction of current, and Kaiser window is used to extract the 

DC components of the abrupt change voltage and abrupt change current. When there is an internal 

fault in the line, the polarity of the sudden change power at both ends of the line is opposite; When 

there is an external fault, the polarity of sudden changes of power at both ends of the line is the same. 

The method can effectively avoid noise interference and does not require strict synchronization of 

data at both ends. 

Document [29] uses the method of S-transform phase angle difference to extract the polarity of 

voltage and current measured at both ends of the line to identify faults inside and outside the area. 

When there is a fault in the area, the polarities of current and voltage abrupt changes measured at both 

ends of the line are opposite. When there is a fault outside the area, the polarity of the current and 

voltage abrupt change measured at the protection installation near the fault end is the same, and the 
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polarity of the current and voltage abrupt change measured at the protection installation far from the 

fault end is opposite. At the same time, a data window of 5ms is used to prevent the identification of 

lightning interference when the signal is S-transformed. The method does not need data 

synchronization at both ends and has low requirements on communication channels. 

3.3 Impedance protection 

Document [30] filters out high-frequency components by using an integral filtering algorithm, and 

then identifies faults in the region by using the ratio of the difference of voltage abrupt changes to the 

line resistance and the sum of current abrupt changes. When there is a fault in the area, the ratio of 

the difference between the voltage sudden changes and the line resistance is less than the sum of the 

current sudden changes; In the event of an out-of-area fault, the ratio of the difference between the 

voltage sudden changes and the line resistance is greater than the sum of the current sudden changes. 

4. Research Difficulties and Development Prospects 

Judging from the simulation results, the above methods can better realize the fault identification in 

the area. However, the identification of high resistance grounding fault at the end of the line cannot 

meet the needs of actual engineering, and it is impossible to identify high resistance grounding fault 

at the end of the line with several thousand ohms, while the transition resistance is often several 

thousand ohms in actual engineering. At the same time, lightning interference and noise interference 

will increase the difficulty of fault identification. For traveling wave protection and extraction of low-

frequency and high-frequency energy of fault voltage by wavelet transform, it is necessary to 

accurately identify the initial traveling wave of the fault. In order to solve the difficulty of identifying 

the initial traveling wave, a small step sampling method is proposed, but the sampling frequency is 

greatly increased. Protection method for measuring wave impedance When DC filter exits due to fault, 

amplitude characteristics of measured wave impedance will change, which may lead to misjudgment 

of protection. The phase characteristic protection method using measured wave impedance may cause 

misoperation under lightning strike interference. The sudden change of current is used to realize 

protection, but high resistance fault and lightning interference affect the setting of threshold value. 

With the development of artificial intelligence in recent years, the emergence of deep learning 

algorithms increases the depth of the model structure, which can abstract the underlying features to 

high dimensions to find accurate classification of nonlinear features. At the same time, the 

development of artificial intelligence enables feature self-learning and then automatic training model, 

which is suitable for big data and uncertainty problems. The development of artificial self-energy 

makes traditional setting difficult and requires off-line calculation and debugging. Artificial 

intelligence makes on-line quick setting check. Aiming at the problem that lightning interference and 

lightning fault cannot be accurately identified due to the similarity of short-time waveforms, the fault 

feature extraction can be realized objectively and reliably by using unsupervised learning and the 

nonlinear classification can be used to accurately identify the nonlinear feature. In the future, the 

development of fault detection for HVDC transmission lines is bound to be highly intelligent. How 

to connect the mature protection theory for HVDC transmission lines with artificial intelligence is a 

new problem we are facing. 
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