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Abstract 

Based on the current development status of HVDC transmission lines, the current DC line 
protection is divided into single-ended protection and double-ended protection. Among 
them, single-ended protection uses single-ended electrical quantities for fault 
identification, mainly analyzing single-ended protection using boundary characteristics 
and traveling wave single-ended protection; double-ended protection uses electrical 
quantities at both ends of the line for fault identification, mainly analyzing differential 
Protection, traveling wave directional protection, double-ended protection based on 
mutation and double-ended protection based on correlation analysis. It also analyzes the 
existing problems in the protection of HVDC transmission lines, and looks forward to the 
future research directions. 
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1. Introduction 

China has a vast territory, but its energy consumption is unevenly distributed. The developed 
eastern regions consume large amounts of energy and are in short supply. The western regions 
are relatively backward in energy consumption. Therefore, projects such as power 
transmission from west to east are of strategic significance to the development of the country, 
and high-voltage direct current transmission is also appropriate. Due to the long transmission 
distance and wide coverage, the safe operation of DC transmission lines is related to the 
development of the national economy. The protection currently applied to HVDC transmission 
lines still has disadvantages such as low tolerance to transition resistance, poor reliability, and 
susceptibility to lightning interference. Therefore, improving the reliability of DC transmission 
line protection is of great significance to the stable operation of the power system. 

2. Current status of HVDC transmission line protection 

Currently, traveling wave protection, differential undervoltage protection, and boundary 
protection are more commonly used. Travelling wave protection and differential undervoltage 
protection are usually used as the main protection. The principle is to use the voltage change 
rate as the starting criterion to quickly identify the near-end metal ground fault, but for the 
remote high-resistance fault, it will refuse to operate. Therefore, it is usually necessary to 
cooperate with some backup protection to ensure that the protection can operate correctly 
when the remote high-impedance fault occurs [1]. Taking the pole wave change rate as the 
starting criterion, high resistance faults can be correctly identified, but due to the influence of 
ground mode waves, line loss and dispersion phenomena, the protection will refuse to operate 
after reaching the fixed value. Boundary protection is a protection principle based on the 
attenuation effect of boundary elements on high-frequency components. The principle is simple 
and can accurately distinguish between internal and external faults. However, as the 
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transmission line becomes longer and longer, the attenuation on the line will be greater than 
that of the boundary element. Line attenuation effect makes the boundary protection ineffective. 

3. Single-ended protection 

3.1. Traveling wave single-ended protection 

At present, the single-ended mass traveling wave protection of ABB and SIEMENS is mostly 
used in actual projects. ABB's solution is based on traveling wave protection, which will refuse 
to operate under high resistance faults. Literature [2,3] uses the SIEMENS company’s scheme 
to take the pole wave change rate as the starting criterion. The pole wave head is not affected 
by the boundary elements, and the wave head amplitude is larger and steeper. Compared with 
the voltage change rate, the pole wave change rate can still operate correctly in the event of a 
high resistance fault. However, the literature [4,5] proposed that the polar wave component 
ground mode wave is seriously affected by dispersion. Therefore, the protection based on the 
pole wave change rate will still refuse to operate after reaching the fixed value. In [6], the linear 
mode wave will have a steep drop during the fault and is limited by the influence of the 
dispersion. The protection criterion is constructed by the ratio of the ground mode polar wave 
to the linear mode polar wave. This scheme has high sensitivity and can also be respond quickly 
for high resistance faults. According to the literature of the dispersion effect of the first traveling 
wave on the line, literature [7], it is proposed to construct the fault identification criterion by 
using the significant difference of the bending degree of the first traveling wave in the internal 
and external. Regarding the shortcomings of the existing single-ended traveling wave 
protection, based on local information causes the reliability of the protection is not high. 
Literature [8] comprehensively uses the panoramic waveform of the traveling wave in the time-
frequency domain to identify the fault, which improves the reliability of the single-ended 
protection. 

3.2. Single-ended protection based on boundary characteristics 

The boundary of the DC transmission system composed of smoothing reactors and DC filters. 
Because the boundary element has an attenuation effect on the high-frequency components of 
the transient quantity, there is a clear distinction between the faults inside and outside. 
Literature [9] uses the significant difference in wavelet energy obtained by wavelet 
transformation of the transient voltage obtained at the protection installation to construct the 
internal and external fault identification criteria. However, wavelet transform has problems 
such as complex algorithms and inconsistent fundamental wave selection modes. Literature [10] 
proposed a fault location method that simplifies the energy ratio, that is, the full current is used 
to replace the low-frequency component, which simplifies the complex calculation process of 
wavelet transform to extract the low-frequency fault information, and the protection logic is 
simple and can act quickly. Literature [11,12] uses the LMD algorithm to decompose the fault 
signal, and the instantaneous energy on the first-level PF component represents the high-
frequency component of the transient signal. This method can accurately identify faults and has 
strong resistance to transition resistance. For the literature [13], Hilbert energy is used to 
characterize the attenuation of high-frequency components, thereby constructing the internal 
and external fault identification criteria. HHT is suitable for processing nonlinear and non-
stationary signals and has strong adaptability, but there are problems such as modal aliasing in 
the actual wave head information extraction process, which will cause errors. Regarding the 
problem that single-ended protection is difficult to achieve full-line protection, literature [14] 
uses the boundary element to buffer the voltage and current mutation waveforms, and uses the 
mutation energy standard deviation coefficient to describe the voltage and current mutation 
energy fluctuations in the fault state. This method can reliably identify internal and external 
faults and can achieve full-line fault protection. 
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4. Double terminal protection 

4.1. Differential protection 

Literature [15] uses the distributed parameter model to derive the hyperbolic function 
transmission equation of the transmission line, and proposes the traveling wave differential 
protection of the HVDC transmission line based on the forward and reverse traveling wave 
current of the DC component. This method solves the problem of differential current imbalance 
caused by distributed parameters. Literature [16] proposes to use the ratio of the line mode 
current amplitude between the rectifier side and the inverter side as a fault criterion. The line 
mode current has the characteristics of being less affected by the distributed capacitance, and 
has a strong protection setting principle, which improves the speed of action and can avoid the 
system from being locked by mistake. 

4.2.  Traveling wave direction protection 

The traveling wave will be attenuated by the line and the boundary elements during the 
propagation process to reduce the amplitude of the traveling wave. The reflection of the 
boundary elements on the traveling wave will also cause interference to the traveling wave, but 
the direction protection only considers the direction of the traveling wave. Not affected by 
factors such as amplitude and reflected waves. 

Literature [17] proposed longitudinal traveling wave directional protection by using the 
amplitude characteristics of forward and reverse traveling waves. In the case of an internal fault, 
the amplitude of the forward traveling wave detected by the protection installations on both 
sides is less than the amplitude of the reverse traveling wave. When the fault is outside the area, 
the amplitude of the forward traveling wave detected on one side is less than the amplitude of 
the reverse traveling wave, and the opposite is opposing on the other side. Therefore, the fault 
characteristics are obvious, and the direction of the traveling wave is not affected by line 
attenuation factors and boundary elements. It has the advantages of convenient setting and 
clear protection range, but this method is susceptible to lightning interference. Literature [18] 
is similar to the principle used in literature [17], using the magnitude of the anti-traveling wave 
detected at the protection installation to construct a fault criterion. The method proposed in 
literature [18] can quickly and accurately identify internal and external faults. It can also 
correctly identify high resistance faults, with high protection reliability and sensitivity, and can 
be used as a fast backup protection. Literature [19] proposed to use the propagation 
characteristics of high-frequency voltage anti-traveling waves inside and outside the area to 
establish single-ended protection of DC transmission lines. This solution is not affected by 
distributed capacitance and can reliably protect the full length of the line. 

4.3. Double-ended protection based on mutation amount 

When the line fails, the voltage and current will change suddenly. Literature [20] uses the 
difference in the direction of the current sudden change to determine the source of the fault 
current, and combines the attenuation characteristics of the DC line and the boundary, and uses 
the Hilbert-Huang transform (HHT) to distinguish between the inside and outside fault of the 
opposite side. Literature [21] uses the polarity of the fault current mutation to identify the fault. 
The wavelet transform is used to extract the maximum value of the current sudden change as a 
failure criterion, which improves the anti-interference ability and can reliably identify high-
impedance faults and lightning interference faults. Literature [22] uses s transformation to 
extract the phase angle of the voltage and current mutations, and uses the phase angle 
difference to identify the polarity of the voltage and current mutations, so as to achieve the 
identification of internal and external faults. The method has high sensitivity and strong 
reliability. Literature [23] uses the angle cosine to describe the degree of difference in current 
mutations. This method uses the full current component at the time of failure, overcomes the 
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unreliability of using a certain frequency band component to detect, and is not affected by 
distributed capacitance, and has a strong ability to withstand transition resistance. However, it 
is necessary to collect data from the opposite end to reduce the quick action of the protection. 
How to improve the quick action as a backup protection should be further studied. 

4.4. Protection based on correlation analysis 

Literature [24] uses the correlation between the measured voltage and the calculated voltage 
to construct the internal and external fault criteria. Compared with the fault voltage, the fault 
current contains more fault information. According to the characteristics of the current 
waveform of a specific frequency, the literature [25-26] proposes an analysis of the correlation 
of the current waveform at a specific frequency. Literature [27] uses the Hausdorff distance 
algorithm to describe the similarity of the anti-traveling waves detected at both ends according 
to the propagation characteristics of the anti-traveling wave, which can eliminate the impact of 
traveling wave transmission delay and improve the rapidity of the protection. Literature [28] 
uses the improved DTW (Dynamic Time Warp Distance) algorithm to describe the similarity of 
the anti-traveling waves on both sides of the line, enhances the ability of the protection 
algorithm to withstand abnormal points, and effectively eliminates the out-of-area fault 
identification caused by asynchrony. influences. 

5. Development prospects of HVDC transmission line protection 

Judging from the current research results, the protection of DC transmission lines is relatively 
mature in theoretical research, but there are still some problems and deficiencies when applied 
in the field of practical engineering. 

Firstly, most of the existing traveling wave protections still use the transient characteristics 
after the fault, and there is a problem of insufficient sampling data for a short time. If the 
transient information of the whole fault process can be used, it may be more comprehensive. 
Using mathematical methods to extract transient quantities, although the protection principle 
improves the reliability and sensitivity of the protection, it also has the problem of high 
frequency of use and difficulty in engineering realization. 

Secondly, boundary protection is based on the attenuation characteristics of the high-frequency 
components of the boundary elements. It is a simple and reliable protection principle for 
distinguishing faults inside and outside the area. However, as the transmission distance in the 
actual project is getting longer and longer, the attenuation effect on the line cannot be ignored, 
and it may even be much larger than the attenuation effect of the boundary elements on the 
high frequency, which makes it difficult to identify the internal and external faults, and the 
protection refuses to operate. 

With the development of our country's electric power industry, the promotion and construction 
of smart grids and energy Internet is an inevitable trend in the development of today's electric 
power system. The traditional LCC-HVDC (line-commutated converter-based HVDC) relies on 
grid commutation, and there is a commutation incident on the inverter side. It is difficult to 
operate when the receiving end is connected to a weak AC system and cannot supply power to 
the passive system[28]. The current popular VSC-HVDC (voltage source converter-based HVDC) 
does not have the problem of commutation failure, but it is expensive and has large operating 
losses. Therefore, the combination of traditional DC transmission and flexible DC transmission 
has become a hot spot in the protection of DC transmission lines. Therefore, the protection 
principle of DC transmission lines needs to be considered in coordination with future hybrid 
DC transmission systems. 
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