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ABSTRACT: Currently, renewable energy has been broadly implemented across diverse sectors, particularly evidenced
by its substantially higher integration levels in power systems. The large-scale integration of renewable energy resources
introduces distinct fault characteristics into power grids, potentially rendering traditional line protection schemes
inadequate for transmission lines interfacing with these sources. Therefore, it is imperative to study line protection
methods unaffected by the integration of renewable energy resources. After analyzing the propagation process of the
fault traveling wave along the transmission line, a non-unit protection based on traveling wave distance measurement is
proposed. The core principle of the proposed method relies on measuring the temporal interval ΔT between detections
of the first and second fault backward traveling waves at the measurement point. The Teager energy operator (TEO),
which demonstrates advantages in highlighting step mutation characteristics, was employed to extract ΔT by processing
the fault backward traveling wave signal detected at the measurement point. To evaluate the efficacy of the proposed
protection method, various fault scenarios were simulated in the established PSCAD/EMTDC simulation system.
Validation results confirm that the proposed non-unit protection can provide full-line protection coverage, enabling
fast and reliable discrimination of internal and external faults with inherent immunity to renewable energy penetration.
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1 Introduction
The accelerated depletion of carbon-intensive resources, coupled with the escalating climate crisis, has

catalyzed exponential expansion in harvesting renewable energy resources, particularly within modern-
ized power systems [1–4]. However, the grid-scale proliferation of renewable generation—predominantly
inverter-interfaced wind and solar resources—introduces novel fault signatures, undermining the efficacy
of conventional line protection schemes designed for synchronous machine-dominated systems [5–9].
For example, due to the weak feed characteristic of the current, the sensitivity of the current differential
protection is reduced, and the ability of the power frequency quantity distance protection to resist transient
resistance is decreased. Affected by the control strategies of the renewable energy sources, their equivalent
impedance changes, leading to a decrease in the reliability of the directional elements based on the impedance
of the backside system, and even misjudgments may occur. Therefore, it is necessary to study protection
methods that can be applied to the transmission lines of renewable energy.

Currently, scholars have carried out studies on transmission line protection methods for power grids
that accommodate the integration of renewable energy sources. These studies can be divided into two
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categories: one involves improved methods for traditional protections, and the other explores new principles
for protections.

In terms of improving traditional protection methods, authors in [10] proposed a fault current classi-
fication method to enhance the calculation accuracy of measured impedance. But this method is still based
on frequency-domain information. Its operation speed is constrained by frequency deviations and harmonic
distortions in wind plant-connected transmission line fault currents, attributed to the transient response
characteristics of power electronics. In [11], a new distance protection based on positive sequence voltage was
introduced. However, this protection method is only applicable to phase-to-phase faults. In [12], a distance
protection with an adaptive time delay based on frequency estimation was proposed. The method in [13]
adapted the operating zone of distance protection based on the dynamic response of renewable energy
sources, effectively mitigating both overreach and under-reach issues. Although these two methods advance
conventional distance protection adaptability to renewable energy sources, they still exhibit drawbacks,
including inadequate transient response characteristics and slow operation speed in complex fault situations.
An adaptive distance protection is proposed in [14]. However, zone II of the proposed protection may fail
to achieve coordination with zone I on the adjacent line. Authors in [15] proposed an improved current
differential protection based on wideband quantities. Though the enhanced method performs well under
different fault situations, it imposes special requirements on CT, which limits its practical application. In [16],
an artificial neural network is applied to adaptively adjust the setting values of distance protection criteria
based on different fault scenarios. However, considering that the artificial neural network requires a large
amount of correct and reliable data for training, the practical usability of the method proposed in [16] needs
further discussion. Authors in [17] propose a new solution method for differential equations of the R-L model
to optimize the performance of time-domain distance protection. However, the method in [17] ignores the
effects of the distributed capacitance of the line, resulting in limited performance of the proposed method in
long transmission lines. Then, authors in [18] analyzed the error of the time-domain fault location method
based on the R-L model and presented an improved scheme unaffected by distributed capacitance.

In terms of studies on new protection principles, authors in [19] introduced a localized protection
scheme that utilizes current and voltage signals for precise fault detection. Nevertheless, voltage-dependent
protection methods exhibit inherent drawbacks, including slow operating speed and reduced sensitivity
to high-resistance faults. References [20,21] developed impedance-based differential protection schemes.
These schemes, however, impose stringent synchronization requirements for data acquisition from both line
terminals. Reference [22] utilized transient high-frequency impedance characteristics for fault detection,
providing valuable insights for new energy transmission line protection. Authors in [23,24] employed current
cosine similarity and bilateral waveform correlation analysis to develop pilot protection schemes. While
demonstrating strong tolerance to fault resistance, these schemes necessitate stringent synchronization of
dual-terminal measured data. Reference [25] introduced a pilot protection scheme utilizing the similarity
and squared error of multi-band (10–200 Hz) components of currents from both ends of the line. However,
the performance of the protection is potentially limited by inverter control interactions within this frequency
range. In [26], a pilot protection based on the sequence current ratio was introduced. The proposed method
only utilizes the amplitude feature, thereby requiring lower time synchronization. References [27,28] intro-
duced an innovative inter-harmonic-based differential protection method, where inverters are controlled
to inject specific inter-harmonic components into the power system. Fault discrimination is achieved by
analyzing the differential characteristics of harmonic distributions across transmission line terminals.

Based on the preceding analysis, a summary is presented in Table 1. As shown in Table 1, despite
significant research efforts devoted to various protection schemes that demonstrate effectiveness, they still
exhibit limitations.
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Table 1 : A summary of research on protections for line connected to renewable energy resources

Research category Protection types Novelty Drawback

Improved traditional
protection

Distance protection

Enhance the calculation
accuracy of measured

impedance [10].

Slow operation speed.

Adaptive adjustment of
protection operation zone
or time delay [12–14,16].

Slow operation speed
([12,13]).

Restricted in practical
applications ([16]).

New solution for
differential equations of

the R-L model for
time-domain distance

protection [17,18].

Limited performance in
long transmission lines.

([17]).

Current differential
protection

Based on wideband
current [15].

Special requirements on
CT.

New protection
Differential protection Impedance-based

differential
protection [20–22].

Stringent synchronization
requirements. ([20,21]).

Inter-harmonic-based
differential

protection [27,28].
Waveform Similarity

Protection
Based on similarity and

squared error of
multi-band (10–200 Hz)

components of
currents [23,24].

Stringent synchronization
requirements. ([23,24]).

Based on current cosine
similarity and bilateral
waveform correlation

analysis [25].

In this paper, a transmission line protection unaffected by renewable energy sources is proposed, and
simulation tests based on PSCAD have been done to validate the performance of the proposed protection.

The remainder of the paper is organized as follows: the fault traveling wave propagation characteristics
are introduced in Section 2. Section 3 introduces the proposed protection, including its fundamental prin-
ciple, criteria, and the flow chart. Section 4 shows different simulation tests. Section 5 is the conclusion part.

2 Traveling Wave Propagation Characteristics
Based on the two-terminal system shown in Fig. 1, the positive direction is designated as the orientation

from the bus toward the line. For point M, the blue arrow denotes the forward traveling wave, propagating in
the positive direction; the red arrow indicates the backward-propagating wave, whose propagation direction
is opposite to the positive direction.

Upon the inception of an internal fault, the fault traveling wave emanates from the fault point and
propagates bidirectionally toward terminals M and N. When the fault traveling wave arrives at point M,
the fault backward traveling wave is detected at point M for the first time, while the surge impedance
discontinuity at this junction simultaneously induces wave refraction and reflection phenomena. Then, the
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reflected wave continues to propagate backward to the fault point. Upon reaching the fault point, refraction
and reflection occur again due to the surge impedance disparity at this discontinuity interface. And the
refracted traveling wave continues to propagate to point N, and the reflected traveling wave propagates
backward to point M. For point N, there is a similar propagation process.

M NPositive direction

Forward traveling wave Backward traveling wave

Figure 1: The two-terminal system

As mentioned above, the initial detection of the fault backward traveling wave at point M occurs at the
first arrival of the fault traveling wave generated at the fault point. However, the second detection bifurcates
into two distinct scenarios.

In the first scenario, as shown in Fig. 2, the fault location is on segment ON, and point O is the midpoint
of transmission line MN. From Fig. 2, the fault backward wave detected for the second time at point M is the
arrival of ub2 in Fig. 2, which is the refraction wave of the traveling wave propagating from point N.

M NF

b1u

b2u

b3u

f1u

O

Figure 2: The propagation process of the fault traveling wave in the first internal fault scenario

In the second scenario, as shown in Fig. 3, the fault location is on segment MO, and point O is the
midpoint of transmission line MN. From Fig. 3, the second detection of the fault backward traveling wave at
point M is the arrival ub2 in Fig. 3, which is the refraction wave of the traveling wave uf1 in Fig. 3.

M NF

b1u

b2u

b3u

f1u

O

Figure 3: The propagation process of the fault traveling wave in the second internal fault scenario

For the external faults, the fault situations can be divided into two situations.
Fig. 4 shows one of the external fault situations. When the fault occurs at the position shown in Fig. 4,

the fault traveling wave generated at the fault point is refracted at point N, and the refracted traveling wave
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propagates from point N to point M. When the refracted traveling wave reaches point M, the fault backward
traveling wave ub1 is detected for the first time at point M. At the same time, the refracted traveling wave is
reflected at point M. Then, the reflected traveling wave uf1 propagates backward to point N. When uf1 reaches
point N, it is reflected again at point N and propagates to point M again. Point M detects the fault traveling
wave for the second time once the reflected traveling wave ub2 reaches point M again.

M N F

b1u

b2u

f1u

Figure 4: The propagation of the fault traveling wave under an external fault

Fig. 5 shows another external fault situation. The fault position is on the dorsal side of point M. When
the fault occurs, the fault traveling wave is refracted at point M, and the refracted traveling wave uf1 continues
to propagate to point N. When uf1 reaches point N, it is reflected at point N, and the reflected traveling
wave ub1 propagates backward to point M. When ub1 reaches point M, the reflection occurs again, and the
fault backward traveling wave is detected for the first time at point M. Then the reflected traveling wave uf2
propagates backward to point N. After reaching point N, uf2 is reflected again, and the reflected wave ub2
propagates from point N to point M. When it reaches point M, the fault backward traveling wave is detected
for the second time at point M.

M NF

b1u

b2u

f1u

f2u

Figure 5: The propagation of the fault traveling wave under an external fault

From the analysis above, the temporal interval between the initial and secondary arrivals of the
fault backward traveling wave can be used to determine whether the fault occurred on the protected
transmission line.
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Suppose the propagation speed of the fault traveling wave is vc, the temporal interval between the initial
and secondary arrivals of the fault backward traveling wave is ΔT , the total length of the transmission line is
l, and the distance from the fault point to point M is lF.

For the first case of internal fault, based on Fig. 2, the relationship of vc, ΔT , l and lF can be expressed
as:

lF = l − 1
2

vcΔT . (1)

Based on Fig. 2, the relationship of vc, ΔT , l and lF under the second case of internal fault can be
expressed as:

lF =
1
2

vcΔT < l . (2)

Based on Figs. 3 and 4, the relationship of vc, ΔT , l and lF under external fault can be expressed as:

lF =
1
2

vcΔT . (3)

From (1) and (2), for the internal faults, the calculation result of vcΔT/2 is less than l. For the external
faults, the calculation result of vcΔT/2 is equal to l. Therefore, using the calculation result of vcΔT/2 can
distinguish between internal faults and external faults.

3 The Transmission Line Protection Method

3.1 Obtainment of Fault Backward Traveling Wave
The three-phase lines are coupled with each other. To avoid such effects, the three-phase voltage and

current need to be decoupled. The phase-mode transformation is employed to deal with the three-phase
current and voltage. Taking voltage as an example, the transformation of voltage is:

⎡⎢⎢⎢⎢⎢⎣

u0
uα
uβ

⎤⎥⎥⎥⎥⎥⎦

=
1
3

⎡⎢⎢⎢⎢⎢⎣

1 1 1
1 −1 0
1 0 −1

⎤⎥⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎢⎣

uA
uB
uC

⎤⎥⎥⎥⎥⎥⎦

. (4)

In (4), the subscripts A, B, and C denote the three-phase quantities, the subscripts 0, α, and β denote
the zero-mode component, α-mode component, and β-mode component, respectively.

Based on (4), the α-mode components used to obtain the fault backward traveling wave are calculated
by:

⎧⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎩

Δiα =
1
3
(ΔiA − ΔiB)

Δuα =
1
3
(ΔuA − ΔuB)

, (5)

where, ΔiA and ΔiB are the current fault components of phase A and phase B, respectively, ΔuA and ΔuB are
the voltage fault components of phase A and phase B, respectively.

After obtaining Δiα and Δuα , the fault backward traveling wave is calculated by:

Δubα = Δuα − ZCΔiα , (6)
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where, ZC represents the surge impedance of the transmission line.
Based on the transmission line whose structure is shown in Fig. 6, the fault backward traveling wave

during an internal fault is calculated here. The α-mode surge impedance of the transmission line required
for the calculation process varies with frequency, as shown in Fig. 7. As Fig. 7 illustrates, the α-mode surge
impedance does not vary much at different frequencies. Therefore, the surge impedance used in (7) can be
set to 350 Ω.

The calculation result is shown in Fig. 8. Before the fault occurs, there is no fault component, and
consequently no fault backward traveling wave, corresponding to the waveform near zero in the first half
of Fig. 8. After the fault occurs, a fault backward traveling wave is generated, corresponding to the waveform
in the latter half of Fig. 8. From Fig. 8, the fault backward traveling wave exhibits multiple step mutations (as
marked by the red dashed rectangles in the figure) after the fault occurs. And these mutations are caused by
the fault backward traveling waves reaching the measurement point.

35 m

24.2 m
22.4 m

22 m0.4 m
C1 C2 C3

Resistivity:100

G1 G2

Figure 6: The structure of the transmission line
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Figure 7: The surge impedance of the transmission line under different frequencies

Since each step mutation in the waveform represents the arrival of the fault backward traveling wave
at the measurement point, quantitative identification of these step mutations enables determination of
ΔT , which is defined as the temporal interval between the initial and secondary arrivals of the fault
backward traveling wave in Section 2. Then, the calculation result of vcΔT/2 can be used to form the
protection criterion.
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3.2 Identification of Step Mutations
As demonstrated in Section 3.1, finding a method to accurately quantify and identify step mutations of

the fault backward traveling wave is essential for reliably distinguishing between internal faults and external
faults. The Teager Energy Operator (TEO) is employed to deal with the fault backward traveling wave to find
step mutations.

Figure 8: The calculated fault backward traveling wave

TEO is a nonlinear signal processing operator that quantifies the instantaneous energy. Its expression
can be written as:

ψ [x (t)] = ẋ2 (t) − x (t) ẍ (x) , (7)

where, x (t) represents the pending signal, ẋ (t) and ẍ (t) represent the first-order differential and second-
order differential of x (t), respectively.

Take a cosine signal as an example to characterize the properties of TEO. Define x (t) as
A cos (ωt + φ), (7) can be rewritten as:

ψ [x (t)] = A2ω2. (8)

It can be seen from (8) that TEO considers both the amplitude and frequency of a signal when
tracking the energy changes of the signal. Compared to conventional instantaneous energy signal processing
methods that solely consider amplitude information, TEO possesses an inherent advantage in describing the
characteristics of step mutations in a signal more clearly, as step mutations exhibit not only drastic amplitude
variations but also contain abundant high-frequency components.

Using TEO, the fault backward traveling wave shown in Fig. 8 is processed here. And the processing
result is presented in Fig. 9. In Fig. 9, the blue solid line represents the processed result of the fault backward
traveling wave in Fig. 8, while the green dashed line is the waveform shown in Fig. 8. As evidenced in Fig. 9,
the TEO processing has significantly enhanced the characterization of the step mutations in the fault
backward traveling wave shown in Fig. 8. This improvement is manifested through more distinct waveform
spikes in Fig. 9 (as highlighted by the red dashed rectangles).
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Figure 9: The results of processing the fault backward traveling wave

3.3 The Criterion and Flow Chart
Based on the introduction of Section 3.1, define iα (kΔt) and uα (kΔt) as:

⎧⎪⎪
⎨
⎪⎪⎩

Δiα (kΔt) = 1
3 [ΔiA (kΔt) − ΔiB (kΔt)]

Δuα (kΔt) = 1
3 [ΔuA (kΔt) − ΔuB (kΔt)]

, (9)

where, Δt is the sampling interval, k = 1, 2, ⋅ ⋅ ⋅ , N and N is the number of sample points in a sampling
window. And the sampling time window spans a total of 4 ms, with 2 ms allocated before and 2 ms after the
start of the protection. The start criterion is:

Uφ < 0.8UN , (10)

where Uφ is the amplitude of phase voltage and φ = A, B, C, UN is the rate value of phase voltage.
Substituting (9) into (6) gives:

Δubα (kΔt) = Δuα (kΔt) − ZCΔiα (kΔt) . (11)

As the sampling signal is discrete, the discrete TEO is needed. For a discrete signal x [n], the TEO is
formulated as a nonlinear functional mapping:

ψ [x [n]] = x2 (n) − x [n − 1] x [n + 1] . (12)

Based on (11) and (12), calculate S (kΔt) as:

S (kΔt) = u2
bα (kΔt) − ubα [(k − 1)Δt]ubα [(k + 1)Δt] . (13)
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After obtaining S (kΔt), compare S (kΔt) with a set threshold value Sset. Start counting when S (kΔt)
is larger than Sset for the first time, stop counting when S (kΔt) is larger than Sset for the second time, and
get the count result N1.

1
2

vcN1Δt < lset , (14)

where, lset is the threshold. Considering the reliability, lset can be set to 0.9l, l is the total length of the
transmission line. When (14) is satisfied, the fault occurs on the transmission line, and vice versa.

The flow chart of the protection is shown in Fig. 10. As illustrated in Fig. 10, when the start criterion
is satisfied, S (kΔt) is calculated within a sampling window. After obtaining S (kΔt), each element in
S (kΔt) is compared with Sset in turn. When the first element greater than Sset appears, starts counting
until the second element greater than Sset stops counting, and the counting result N1 is obtained. Then,
compare the calculation result of vcN1Δt/2 with lset. If vcN1Δt/2 is less than lset, there is a fault occurring
on the transmission line, and the protection operates. Besides, if only one element in S (kΔt) is greater
than Sset or all the elements in S (kΔt) are less than Sset, it is concluded that no fault has occurred on the
transmission line.

4 Simulation Tests
The performance evaluation of the proposed protection was conducted using a simulation system built

in PSCAD/EMTDC, as shown in Fig. 11. In the figure, the conventional AC grid is connected to the left
terminal of the transmission line, while the wind power plants are connected to the right terminal.

The speed of the α-mode traveling wave at different frequencies is shown in Fig. 12. As seen in Fig. 12,
the speed of the α-mode traveling wave remains relatively constant across various frequencies. And the speed
vc can be set to 2.92 × 105 km/s.

4.1 Performance Evaluation under Different Fault Types
The performance of the proposed protection is validated through multi-type fault emulations within the

simulation system. Table 2 shows the test results. Table entries “AG”, “BC”, “CAG”, and “ABC” denote single-
phase grounding fault on phase A, phase-to-phase short-circuit fault on phase B and C, phase-to-phase
short-circuit grounding fault on phase C and A, and three-phase short-circuit fault, respectively. “Distance”
denotes the distance from the fault point to the bus of the wind power plant side, and the “Backward”
and “Forward” represent two cases of external faults. “I.F.” and “E.F.” denote the determination results of
the proposed protection, with “I.F.” indicating an internal fault and “E.F.” representing an external fault.
As evidenced in Table 2, the proposed protection achieves reliable discrimination of diverse internal and
external fault scenarios
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Figure 10: The flow chart

Transmission lineGrid
Wind power plants

Figure 11: The structure of the simulation system
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Figure 12: The speed of the α-mode traveling wave under different frequencies

Table 2: The test results under different fault types

Fault types Distance (km) N1
1
2

vc N 1Δt Result

AG

20 12 17.5 I.F.
70 46 67.2 I.F.
125 83 121.2 I.F.
170 53 77.4 I.F.
220 19 27.7 I.F.

Backward 169 246.7 E.F.
Forward / / E.F.

BC

20 12 17.5 I.F.
70 46 67.2 I.F.
125 83 121.2 I.F.
170 54 78.8 I.F.
220 19 27.7 I.F.

Backward 167 243.8 E.F.
Forward 168 245.3 E.F.

CAG

20 13 19.0 I.F.
70 46 67.2 I.F.
125 83 121.2 I.F.
170 53 77.4 I.F.
220 18 26.3 I.F.

Backward 168 245.3 E.F.
Forward 170 248.2 E.F.

(Continued)
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Table 2 (continued)

Fault types Distance (km) N1
1
2

vc N 1Δt Result

20 12 17.5 I.F.
70 46 67.2 I.F.
125 83 121.2 I.F.

ABC 170 53 77.4 I.F.
220 19 27.7 I.F.

Backward 167 243.8 E.F.
Forward 168 245.3 E.F.

4.2 Discussion about the Influence of Fault Time
The transient response of AC transmission line faults exhibits significant dependence on fault time.

Multiple AG fault scenarios with varying fault times are emulated to validate the performance of the proposed
protection. Table 3 shows the test results. Table 3 confirms the immunity to fault timing variations of the
proposed protection, enabling consistent internal and external fault identification.

4.3 Discussion about the Influence of Measuring Noise
To investigate the impact of measurement noise on the performance of the proposed protection, Gaus-

sian white noise was added to the current and voltage sampling signals in simulated phase A grounding fault
scenarios with varying fault distances, thereby validating the performance of the proposed method. Table 4
shows the test results. In the table, “SNR” denotes the signal-to-noise ratio, and a smaller SNR value
indicates higher measurement noise. From Table 4, the proposed protection scheme is susceptible to noise
interference. As the SNR decreases, while the protection can still correctly identify internal faults occurring
at the line midpoint, its performance gradually deteriorates. More critically, maloperation cases even happen
due to external faults. Therefore, to further enhance the reliability of the proposed protection, incorporating
filtering devices to operate in conjunction with the protection could be considered.

Table 3: The test results of ag fault with varying fault times

Distance (km) Fault time (ms) N1
1
2

vc N 1Δt Result

20

2.5 12 17.52 I.F.
5.0 12 17.52 I.F.
7.5 12 17.52 I.F.

12.5 12 17.52 I.F.
15 12 17.52 I.F.

17.5 12 17.52 I.F.

220

2.5 19 27.74 I.F.
5.0 19 27.74 I.F.
7.5 19 27.74 I.F.

12.5 19 27.74 I.F.
15 19 27.74 I.F.

(Continued)
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Table 3 (continued)

Distance (km) Fault time (ms) N1
1
2

vc N 1Δt Result

17.5 19 27.74 I.F.
2.5 168 245.28 E.F.
5.0 168 245.28 E.F.
7.5 171 249.66 E.F.

Forward 12.5 168 245.28 E.F.
15 168 245.28 E.F.

17.5 171 249.66 E.F.

Backward

2.5 / / E.F.
5.0 / / E.F.
7.5 169 246.74 E.F.

12.5 / / E.F.
15 / / E.F.

17.5 169 246.74 E.F.

Table 4: The test results considering measuring noise

Fault distance (km) SNR (dB) N1
1
2

vc N 1Δt Result

125
50 83 121.18 I.F.
40 71 103.66 I.F.
30 21 30.66 I.F.

Forward
50 168 245.28 E.F.
40 95 138.70 I.F.
30 / / E.F.

Backward
50 / / E.F.
40 / / E.F.
30 / / E.F.

5 Conclusions
A non-unit protection method based on the propagation process of the fault traveling wave is proposed

here. After a fault occurs, a fault traveling wave emanates from the fault point and propagates bidirectionally
toward terminals. Analysis shows that the temporal interval between the initial and secondary arrivals of
the fault backward traveling wave at the measurement point can reflect the fault location. Based on the
analysis, the temporal interval between the initial and secondary arrivals of the α-mode component fault
backward traveling wave is used to form the protection criterion, and the Teager energy operator is applied
to obtain the time difference. Different fault scenarios are simulated in PSCAD to test the performance of
the proposed method.

Theoretical analysis and simulation verification demonstrate that the proposed method can effectively
identify internal and external faults under different fault scenarios, while offering the following advantages:
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(a) The proposed protection method requires only a sampling time window of 2 ms before and after
protection initiation, ensuring a fast operation speed.

(b) Within the required 4 ms sampling time window, the control strategies of renewable energy sources
will not be activated. The changes in fault current and voltage depend solely on the inherent system
topology, rendering the proposed protection immune to the influence of integrating renewable
energy sources.

(c) The proposed protection algorithm involves only simple counting and basic arithmetic operations,
making it easy to implement.

The proposed protection is suitable for us as the main protection for transmission lines. Indeed, the
proposed protection still has certain limitations, such as susceptibility to measurement noise. To enhance
the reliability of the proposed protection, consideration could be given to incorporating a filter to cooperate
with it.
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