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Abstract

Aiming at the problems of insufficient fault localization accuracy of

multi-branch overhead lines and the limited real-time performance

of existing centralized architectures, this study proposes a hierarchi-

cal fault localization method based on cloud-edge collaboration. By

integrating the high-frequency signal acquisition capabilities at the

edge with the in-depth data analysis advantages of the cloud, this

method achieves efficient processing of fault signals and fusion of

multi-source data. A fault distance matrix is established based on the

principle of dual-terminal traveling wave ranging, and a fault deter-

mination matrix is generated in combination with a defined structural

distance matrix. The algorithm’s anti-interference capability is en-

hanced through differential operations and correction margins. Sim-

ulation experiments demonstrate that the proposed method achieves

localization errors of less than 20 meters across various fault scenar-

ios. Quantitative comparison with conventional methods confirms

a significant enhancement in localization performance, with error

reduction ranging from approximately 74.4% to 91.4%. Compared

with traditional single-ended methods and artificial intelligence algo-

rithms, it demonstrates significant improvements in adaptability to

complex network topologies, dynamic response efficiency, and fault

tolerance, providing a new approach for intelligent fault localization

in distribution networks.
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1. Introduction

Distribution networks are becoming more complex. Dis-
tributed generation and diverse loads increase operational
uncertainty. In multi-branch overhead lines, dispersed
topologies and tight node coupling make traditional fault
localization vulnerable to signal attenuation, measurement
errors, and synchronization offsets, reducing accuracy and
real-time performance. Centralized diagnosis that relies on
central servers cannot meet the timeliness required as edge
computing capabilities grow. Long, branch-disturbed sig-
nal paths in complex distribution networks further impede
accurate and rapid fault localization [1]-[2].

The complex structure and numerous branches of distri-
bution networks extend fault signal paths and cause dis-
turbances, hindering accurate fault identification and rapid
localization [3]-[5]. Currently, fault localization techniques
mainly include fault analysis, artificial intelligence algo-
rithms, and traveling wave methods. Fault analysis is di-
vided into single-ended and double-ended methods based
on data collection location. Single-ended methods use node
impedance matrices with equivalent models. They are low-
cost but sensitive to noise and topology, often producing
false fault points. Conte et al. [6] used a single-ended
impedance method with PMU data, but extra screening
for false points raises computational cost and limits adapt-
ability to dynamic distributed energy. Dual-ended meth-
ods are further classified based on whether synchronized
data are needed. Chandran et al. [7] proposed a phase-
comparison scheme using pre- and post-fault phase differ-
ences, but it requires synchronized devices, hindering en-
gineering applications. Arsoniadis and Nikolaidis [8] pro-
posed a non-synchronized dual-ended method modifying
the impedance matrix, but dependence on measurement
points and complex operations restricts feeder automation
use. Zhao et al. [9] located fault sections using zero-
sequence current centroid frequency differences, but accu-
racy drops when the grounding phase angle is small. To
address the sensitivity of fault analysis to parameter dis-
turbances, AI methods attract attention for strong fault
tolerance and low model dependence. Approaches based on
genetic algorithms [10], expert systems [11], and ant colony
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algorithms [12] demonstrate robust fault tolerance in com-
plex systems. However, they depend on accurate topology
and full coverage of fault scenarios. With growing network
complexity and fault diversity, algorithmic load has signif-
icantly increased, limiting response speed, flexibility, and
engineering adaptability [13]-[14].

The traveling wave method is widely applied in trans-
mission grids as it is insensitive to fault types and transi-
tion resistances [15]-[17]. However, short lines and complex
structures in distribution networks hinder their direct ap-
plication. Zhao et al. [18] proposed locating single-phase
ground faults using traveling wave time–frequency char-
acteristics, but its dependence on wavefront identification
and high-sampling-rate equipment limits adoption. The
single-ended method [19] is simple, yet branch lines cause
multiple reflections and refractions, leading to signal super-
position and interference that complicate wavefront identi-
fication. Zhang et al. [20] introduced a single-ended time-
domain method that reduces branch effects without remote
data, but it is highly sensitive to zero-sequence wave veloc-
ity and lacks robustness. The dual-ended method [21]-[22]
captures initial signals at both line ends, avoiding com-
plex reflection analysis and providing a fast response with
high accuracy. Cheng et al. [23] developed a time-matrix
approach using multi-ended synchronized data, but its ap-
plication remains constrained in complex distribution net-
works.

To address the aforementioned issues, this paper pro-
poses a fault localization method for multi-branch over-
head lines based on cloud–edge collaboration. By inte-
grating high-frequency signal acquisition at the edge with
deep cloud-based analysis, the method enables efficient
fault signal processing and multi-source data fusion. Fault
distance matrices [24] are constructed based on the dual
terminal traveling wave ranging principle and combined
with structural distance matrices to generate fault de-
termination matrices, improving anti-interference capabil-
ity and localization accuracy. Simulation results show
that the proposed method achieves localization errors be-
low 20 m under various fault scenarios, reducing errors
by 74.4%–91.4% compared with traditional approaches,
demonstrating strong engineering applicability and adapt-
ability to complex topologies.

The structure of this paper is arranged as follows:
Section 2 analyzes traveling wave propagation in Y-type
topologies, derives distance matrix expressions for different
fault locations, and reveals the correlation between matrix
elements and fault positions. Section 3 builds the cloud-
edge framework, generates the fault determination matrix
by differencing structural and fault distance matrices, and
localizes the fault based on matrix characteristics. Section
4 presents simulations showing that under various fault
scenarios, localization errors remain within 20 meters. Fi-
nally, the paper concludes with a summary and discussion
of future research directions.

2. Fault Traveling Wave Transmission Path

Fig. 1 shows the Y-type topology of overhead distribution
lines with node T as the junction of three branches. Trav-
eling wave acquisition devices are placed at each branch
terminal. Before any fault, a traveling wave is injected at
M1 and propagates toward M2 and M3, with propagation
distances as follows:®

dM2M1 = dM2T + dM1T

dM3M1 = dM3T + dM1T

(1)

Where dM1T , dM2T and dM3T denote the distances from
terminals M1, M2, and M3 to the junction node T , respec-
tively.

Figure 1. Y-shaped Topology of Overhead Distribution
Lines

By rearranging (1), the following expression is obtained:
∆dM1M2 = −dM1T − dM2T

∆dM1M3 = −dM1T − dM3T

∆dM2M3 = dM2T − dM3T

(2)

When a fault occurs at point F on the M1T section of the
line, the distances from the fault point to each terminal of
the network are as follows:

dM1F = dM1T − dFT

dM2F = dM2T + dFT

dM3F = dM3T + dFT

(3)

where dFT denotes the distance between the junction node
T and the fault point F .

By pairwise subtraction of (3), the following expression
is obtained:

∆dM1M2F = dM1T − dM2T − 2dFT

∆dM1M3F = dM1T − dM3T − 2dFT

∆dM2M3F = dM2T − dM3T

(4)

Taking the terminal nodes of each feeder as reference
points, the distance matrix d is constructed. The mathe-
matical expression is as follows:
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d =

 0 ∆dM2M1F −∆dM2M1 ∆dM3M1F −∆dM3M1

∆dM1M2F −∆dM1M2 0 ∆dM3M2F −∆dM3M2

∆dM1M3F −∆dM1M3 ∆dM2M3F −∆dM2M3 0

 (5)

By substituting (2) and (4) into (5), the relative posi-
tion between the injection point and fault location F is
analyzed through three typical cases.

(1) The injection point M1 and the fault location F are on
the same feeder section and coincide.

d =

0 0 0
0 0 0
0 0 0

 (6)

(2) The injection point M1 and the fault location F are
on the same feeder branch and coincide at the same
point.

d =

 0 2dFT − 2dM1T 2dFT − 2dM1T

2dM1T − 2dFT 0 0
2dM1T − 2dFT 0 0


(7)

(3) The injection point M1 and the fault location F are
situated on different branches.

d =

 0 −2(dM1T + dFT ) −2dM1T

2(dM1T + dFT ) 0 2dFT

2dM1T −2dFT 0

 (8)

Equations (6)-(8) show that each element of matrix d de-
pends on the relative positions of fault localization F and
injection point M1; ideally, when F coincides with M1, all
elements approach zero.

3. Fault Localization Method Based on Cloud-
Edge Collaboration

3.1 Cloud-Edge Collaborative Scheme

This paper proposes a cloud-edge collaborative architec-
ture for enhancing the real-time performance and robust-
ness of fault localization in multi-branch overhead distri-
bution lines, as shown in Fig. 2. It combines rapid edge re-
sponse with deep cloud analysis to enable fault localization
in multi-branch overhead lines [25] [26]. Traveling wave-
based devices are installed at key nodes (e.g., M1–M6) to
capture high-frequency signals and extract fault features in
real time. Collected data is sent from the edge to the con-
trol center via a high-speed, reliable network. The control
center immediately performs preliminary processing upon
reception. A structural distance matrix D is then con-
structed to reflect the network’s topological distances. Si-
multaneously, a fault distance matrix d is calculated using
the double-ended traveling wave principle. The difference
between matrices D and d is then computed to derive the

fault judgment matrix δ, which is further corrected to en-
hance localization accuracy. The master station then local-
izes the fault section, first checking the reference node, and
if not, determining whether the fault is within a branch or
along the line between nodes. After identifying the fault
section, a dedicated algorithm performs precise fault lo-
calization. Leveraging precise edge data and deep cloud
analysis, the cloud-edge system enables accurate fault di-
agnosis and localization in the distribution network.

Figure 2. Cloud-Edge Collaborative System Framework

3.2 Construction of the Fault Diagnosis Matrix

In overhead transmission lines, each main feeder typically
comprises multiple branch nodes, and the branch lines
themselves may further extend into sub-branch nodes. As
illustrated in Fig. 3, lines M1–M6 represent the end lines
of each branch. Nodes T1, T2, and T3 connect the branches
to the main feeder, while T4 is a sub-branch node link-
ing M5 at T2 to M6 at T4. The main feeder from M1 to
M4 forms a special feeder structure composed of segments
M1T1, T1T2, T2T3, and M4T3.
In the absence of faults, line terminals are set as ref-

erence ends, and their branch nodes as reference nodes.
For example, if M1 or M2 are reference terminals, the as-
sociated reference node is T1; if M5 or M6 are reference
terminals, the corresponding reference nodes are T2 and
T4. The difference between the reference branch Mi and
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Figure 3. Multi-branch Overhead Line Topology

the branch Mj at the opposite terminal is given by:

DMiMj = DMiTk −DMjTk (9)

In the formula, Tk denotes the reference node correspond-
ing to the reference terminal Mi. DMiTk represents the
distance from node Mi to the reference node Tk. DMjTk

represents the distance from nodeMj to the reference node
Tk. When the topology of the overhead line is determined,
a structural distance matrix of size m × n can be estab-
lished, where m is the total number of nodes, and n is the
number of feeder branches equipped with traveling wave
acquisition devices. The structural distance matrix is de-
fined as:

D =


0 DM2M1 DM3M1 · · · DMnM1

DM1M2 0 DM3M2 · · · DMnM2

DM1M3 DM2M3 0 · · · DMnM3

...
...

...
. . .

...
DM1Mn DM2Mn DM3Mn · · · 0

 (10)

After a fault occurs, according to the principle of double-
ended traveling wave fault localization, the difference in
distance from the end of each feeder branch to the fault
point can be determined.

dMiMj = dMiF − dMjF (11)

In the formula, dMiF and dMjF denote the distances from
nodes Mi and Mj to the fault localization, respectively.
Therefore, based on the topology of the overhead line with
m nodes and n branches, the fault distance matrix can be
constructed as follows:

d =


0 dM2M1 dM3M1 · · · dMnM1

dM1M2 0 dM3M2 · · · dMnM2

dM1M3 dM2M3 0 · · · dMnM3

...
...

...
. . .

...
dM1Mn dM2Mn dM3Mn · · · 0

 (12)

The Fault detection matrix δ can be derived by simulta-
neously solving (10) and (12):

δ = d−D (13)

3.3 Fault Detection Principle

This paper analyzes faults at key nodes and branches in
multi-branch overhead lines, using fault traveling wave
propagation and the determination matrix, to establish
criteria for fault branch localization.

(1) Fault Identification at Reference Nodes
In a multi-branch overhead line, a fault at a reference
node falls into two cases: first, the node is a shared con-
nection point for multiple branches; second, the node
serves as the reference node for only a single branch.
For example, in Fig. 3, a fault at node T1, common to
branches M1T1 and M2T1, the fault detection matrix
constructed based on the matrix difference method in-
dicates that all elements in the corresponding column
will be zero, i.e., ®

δ(, 1) = [0]Tn

δ(, 2) = [0]Tn
(14)

In the formula, δ(, 1) and δ(, 2) denote the elements of
the first and second columns of matrix δ, respectively.
By analogy, when the fault is located at a node con-
nected by only one branch (e.g., node T2 on feeder
M5T2), the corresponding column likewise exhibits the
characteristic distribution of zero elements.

δ(, 5) = [0]
T
n (15)

Based on this, it can be concluded that if all elements
in a certain column of the decision matrix are zero, the
fault occurs at the branch reference node correspond-
ing to that column, namely:

δ(, i) = [0]
T
n , i = 1, 2, · · · , n (16)

(2) Branch Internal Fault Identification Criterion
If a fault occurs on a specific feeder branch (e.g.,
branch MiTk), it is reflected in the fault matrix such
that all elements in the i-th column are less than or
equal to zero, while all elements in the i-th row are
greater than or equal to zero. Formally, this can be
expressed as:ß

max(δ(, i)) ≤ 0
min(δ(i, )) ≥ 0

, i = 1, 2, · · · , n (17)

Such a characteristic suggests that the fault lies on the
path between branch Mi and its corresponding refer-
ence node Tk, which can be utilized as a diagnostic
criterion for locating the faulted branch.

(3) Multi-node Line Fault Identification
In the case where a fault occurs on the line segment
between two adjacent T -nodes, the simultaneous solu-
tion of (10) to (13) reveals that the fault identification
matrix possesses the following properties.

δ(, i) · δ(, j) = 0i, j = 1, 2, · · · , n (18)

In this expression, δ(, i) and δ(, k) represent the entries
of the i-th and j-th columns of matrix c, respectively.
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If the dot product of column Mi and column Mj in the
coefficient matrix δ is zero, it indicates that the fault
point is located between the reference nodes associated
with Mi and Mj .
Considering possible measurement errors, noise, or
synchronization deviations that may slightly shift el-
ements expected to be zero in the judgment matrix,
a correction margin is introduced to enhance algo-
rithm adaptability and fault tolerance. Specifically,
any matrix element whose value falls within the in-
terval [−ε,+ε] is treated as zero. In this study, the
correction margin is set to ±50m, i.e.,

δij =

ß
0 if |δij | ≤ ε
δij , otherwise

(19)

3.4 Fault Localization Methodology

After determining the faulty branch, the fault judgment
matrix can be used to accurately locate the fault point
with the terminal node Mi corresponding to that branch
in the fault decision matrix. To enhance the accuracy of
fault localization, the arithmetic mean DN of the elements
in the column associated with Mi is first calculated. Sub-
sequently, the distance from terminal node Mi to its asso-
ciated reference node Tk, denoted as DMiTk, is added to
half of the mean value DN

2 . This sum yields the estimated
distance from node Mi to the actual fault point.

dMi = DMiTk +
DN

2
(20)

The specific workflow of the fault localization method is
presented in Fig. 4.

Figure 4. Fault Localization Process Flowchart

4. Simulation-Based Validation

Build a multi-branch overhead line model in the AT-
P/EMTP software. The model diagram is shown in Fig.
5. The terminal nodes of each branch are designated as
M1,M2,M3,M4,M5,M6 and M7, respectively. The length
of all line segments is expressed in kilometers. Traveling
wave signal acquisition devices are configured at the end of
all lines. For the unity of simulation conditions, all over-
head lines are set to have the same physical parameters.

Figure 5. Multi-branch Overhead Line Model Diagram

The fault signal sampling frequency was set at 10 MHz.
The collected traveling wave signals are processed using
a cubic B-spline wavelet transform to extract the time
characteristics of the first arrival of the zero-mode travel-
ing wave components at each monitoring point. Through
simulation calculations, the average propagation speed of
fault traveling waves in overhead lines is approximately
2.975× 105km/s, with negligible variations in wave speed
across different branches. Prior to the occurrence of a fault,
based on the known topology and branch parameters, the
structural distance matrix can be obtained as follows:

D =



0 −1.2 −4.4 −3.9 −3.1 −0.9 −1.4
−1.8 0 −6 −5.7 −4.9 −2.7 −3.2
−3.6 −5 0 0.5 −2.3 −4.5 −0.6
−4.1 −5.5 −0.5 0 −2.8 −5 −1.1
−6.1 −7.5 −6.1 −5.6 0 −7 −3.1
−0.7 −2.1 −5.1 −4.6 −3.8 0 −2.1
−3 −4.4 −3 −2.5 −1.7 −3.9 0


4.1 Fault at the Reference Node T

Various typical fault scenarios are set at different T-
junction nodes along the feeder. For the case of a phase-A
ground fault occurring at node T3. the fault traveling wave
signals at both ends of the line are collected. The acquired
signals are analyzed and processed using wavelet transform
methods to extract the time information of the initial fault
traveling wave arriving at each end. The detection results
are shown in Table 1.

By integrating the dual-end traveling wave fault local-
izatCombined with the double-terminal traveling wave dis-
tance measurement algorithm and Formula (12), the fault
distance matrix d can be further calculated. The fault
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Table 1
Fault Traveling Wave Arrival Time at the Detection Terminal

Detection Terminal line-mode time / µ s Detection Terminal line-mode time / µ s
M1 4.1 M4 17.2
M2 7.4 M5 22.2
M3 16.1 M6 24.5

Table 2
Fault Localization Outcomes under Node Fault Conditions

Fault
Location

Types of
Faults

transition
resistance /Ω

reference
terminal

Fault Distance
/km

Fault
localization
distance /km

fault
localization
error /m

T1 DLG 100 M1 1.2 1.187 13
T2 LL 400 M2 1.4 1.390 10

T3
SLG 600 M3 0.8 0.792 8
SLG 200 M4 1.3 1.296 4

T4 3LG 1000 M7 2 1.991 9
T5 OCF 300 M5 2.7 2.692 8
T6 LL 800 M6 1.1 1.088 12

distance matrix d and the structural distance matrix D
are subjected to difference calculation to obtain the fault
determination matrix δ, and correction processing is per-
formed on it according to the correction principle to obtain
the corrected fault determination matrix δ′.

δ′ =



0 1.364 0 0 3.126 4.164 4.135
6.123 0 0 0 5.156 7.941 5.278
5.364 3.178 0 0 4.356 0 4.365
4.258 0 0 0 5.315 4.268 4.687
4.729 2.137 0 0 0 8.374 6.148
6.594 3.489 0 0 4.278 0 7.195
3.478 4.513 0 0 6.231 4.381 0


From the corrected judgment matrix, it can be seen that
the elements in the 3rd column and the 4th column are all
zero, satisfying δ(, 3) = [0]Tn , δ(, 4) = [0]Tn . Moreover, since
the M3 terminal and the M4 terminal share the reference
node T3. It can be determined that the fault occurs in the
common branch section T3 of M3 and M4.
According to (20), the distances from the fault localiza-

tion to the M3 and M4 terminals are derived as:®
dM3 = 0.8− 0.008 = 0.792 km

dM4 = 1.3− 0.004 = 1.296 km

From this, the estimated distances from the fault location
to the ends of line M3 and M4 are calculated as 0.792km
and 1.296km, respectively. Compared with the actual fault
position, the absolute errors are 8m and 4m, respectively.
Similarly, the fault localization results for other nodes un-
der different fault conditions are summarized in Table 2.

4.2 Faults on Branch Lines

Simulation of different fault types at various branches in a
multi-branch overhead line network. When a three-phase
ground fault occurs at 0.7km from the M2 terminal on

branch M2T2, the fault detection correction matrix is ob-
tained as follows:

δ′ =



0 −1.435 3.158 5.368 7.266 3.144 4.364
9.257 0 1.427 4.364 4.341 3.148 6.258
4.587 −1.487 0 5.149 6.214 6.254 6.145
5.678 −1.462 6.254 0 7.268 4.365 6.249
6.473 −1.458 7.256 3.458 0 5.124 7.154
4.368 −1.467 3.465 6.472 6.159 0 4.356
6.254 −1.493 2.841 5.368 2.146 5.368 0


It can be seen from the fault judgment matrix that al-

though not all elements in any one column are zero, all
elements in the 2nd column of the matrix are not greater
than 0, and all elements in the 2nd row are not less than
0. Therefore, it can be determined that the fault occurs
on the branch M2T2 where M2 is located. The distance
from the fault point to the M2 terminal can be calculated
by formula (20).

dM2 = 1.4− 0.688 = 0.712km

Compared with the actual fault location at 0.7km from the
M3 terminal, the absolute error of the fault localization
result is 12m. The localization accuracy results for faults
occurring on other feeders are summarized in Table 3.

4.3 Line Faults Between Nodes

Simulate different types of faults at the line positions be-
tween different nodes in the multi-branch overhead line
network. When an AB two-phase ground fault occurs at
a position 3.5 km away from the M5 terminal on the line
between node T2 and node T3 the fault judgment matrix
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Table 3
Fault Localization Results for Branch Lines

Fault
Location

Types of
Faults

transition
resistance

/Ω

reference
terminal

Fault
Distance
/km

Fault
localization
distance
/km

fault
localization
error /m

M1T1 SLG 100 M1 0.6 0.592 8
M2T2 3LG 600 M2 0.7 0.712 12
M3T3 DLG 400 M3 0.5 0.491 9
M5T5 OCF 1000 M5 1.8 1.789 11
M6T6 LL 500 M6 0.9 0.884 16
M7T4 SLG 800 M7 1.2 1.190 10

Table 4
Location Results When a Fault Occurs on the Line between Two Nodes

Fault
Location

Types of
Faults

transition
resistance

/Ω

reference
terminal

Fault
Distance
/km

Fault
localization
distance
/km

fault
localization
error /m

T1T2 SLG 200 M1 1.4 1.380 20
T1T4 OCF 1200 M1 2.5 2.485 15
T1T6 3LG 800 M6 1.3 1.291 9
T3T4 LL 600 M3 1.6 1.582 18
T4T5 DLG 1000 M5 3.5 3.514 14

obtained at this time is:

δ′ =



0 4.125 9.674 3.146 0 6.458 1.462
4.365 0 8.364 6.157 0 7.481 1.452
3.265 4.671 0 6.523 0 4.365 1.435
5.461 6.824 7.482 0 0 5.146 1.489
4.275 5.314 9.418 7.125 0 5.314 1.476
6.641 7.465 6.438 3.467 1.838 0 0
5.841 4.895 8.145 4.862 1.846 6.421 0


From the fault identification correction matrix, it can be
observed that there is no column with all zero elements,
indicating that the fault does not meet the conditions for
a T -node fault. Meanwhile, there is also no column with
all elements non-positive, implying that the branch MiTk

fault condition is not satisfied either. However, the dot
product of the elements in the 5th column and the 7th col-
umn equals zero, which allows the fault to be located on
the line segment between the reference node T4 at terminal
M7 and the reference node T5 at terminal M5. According
to (20), the fault distance from terminal M5 can be calcu-
lated as:

dM5 = 2.7 + 0.814 = 3.514km

It can be observed that, compared to the actual fault lo-
cation, which is 3.5km away from the M5 terminal, the
absolute error of the fault localization result is 14 meters.
The localization accuracy results for faults occurring at
other nodes are summarized in Table 4.

To verify the localization effect of the method proposed
in this paper, different types of faults are set at different lo-
cations on the line and compared with the distribution net-
work fault localization method proposed in Reference [22].

Table 5 presents the localization results of the method pro-
posed in this paper, while Table 6 shows the localization
results of the method in Reference [22]. The simulation re-
sults indicate that the localization accuracy of the method
proposed in this paper is significantly improved compared
with the method proposed in Reference [22], which en-
hances the fault localization performance by about 74.4%
to 91.4% under different fault scenarios. When the fault
occurs on the line between nodes,the localization error of
the method proposed in this paper is lower than that of the
method proposed in Reference [22], and it can accurately
locate the fault point.

5. Conclusions

This paper proposes a fault localization method for multi-
branch overhead distribution lines based on a cloud-edge
collaborative architecture. By integrating the double-
ended traveling wave ranging principle with a structural
matrix construction approach, the method establishes a
closed-loop collaborative framework for fault feature ex-
traction, identification, and localization. A differential
fault identification matrix combined with a correction mar-
gin mechanism is introduced to enhance the system’s ro-
bustness against measurement deviations. Furthermore,
a matrix feature matching strategy is employed to enable
fast recognition and high-accuracy localization of various
typical fault scenarios, including faults occurring at refer-
ence nodes, within branches, and between nodes. Simula-
tion results demonstrate that the proposed method main-
tains a localization error within 20 meters across different
fault types and locations. Compared with conventional
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Table 5
The Fault Localization Results of the Method Proposed in this Paper

Fault
Location

Types of
Faults

transition
resistance

/Ω

reference
terminal

Fault
Distance
/km

Fault
localization
distance
/km

fault
localization
error /m

T1T4 SLG 200 M1 3.5 3.516 16
M4T3 DLG 50 M4 0.6 0.588 12
T3T4 3LG 400 M3 1.8 1.845 15
M7T4 OCF 100 M7 1.4 1.389 11
M1T4 LL 500 M1 2.8 2.820 20

Table 6
The Fault Localization Results of the Method Proposed in Reference [22]

Fault
Location

Types of
Faults

transition
resistance

/Ω

reference
terminal

Fault
Distance
/km

Fault
localization
distance
/km

fault
localization
error /m

T1T4 SLG 200 M1 3.5 3.686 186
M4T3 DLG 50 M4 0.6 0.558 86
T3T4 3LG 400 M3 1.8 1.926 126
M7T4 OCF 100 M7 1.4 1.306 94
M1T4 LL 500 M1 2.8 2.878 78

methods, the proposed approach achieves a substantial
performance improvement, reducing the localization error
by approximately 74.4% to 91.4% under various test sce-
narios. This indicates its strong engineering applicabil-
ity, superior accuracy, and robust topological adaptabil-
ity for complex distribution networks. To further improve
the practical value of the approach, future work may in-
corporate optimization theory to develop an optimal de-
ployment strategy for traveling wave acquisition devices,
thereby minimizing resource allocation and maximizing ef-
ficiency while ensuring localization accuracy. This provides
a feasible solution for fault diagnosis in large-scale distri-
bution networks.
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