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ABSTRACT

This paper proposes a magnetic sensor-based approach to overhead transmission line fault detection and location. The proposed approach utilizes magnetic 
flux density measurements obtained using an array of magnetic sensors installed at the ends of a transmission line to measure currenttraveling waves. These 
measurements are analyzed to detect and locate faults. The scheme was implemented and tested using a transmission line modeled in Electrical Transient 
Analyzer Program and MATLAB/Simulink. The experimental evaluation validates the high efficiency of the scheme in measuring current traveling waves and 
accurately detecting and locating faults. Comparative analysis with a generalized traveling wave-based approach highlighted the validity and efficiency of the 
proposed approach. Across all test scenarios, the method delivered exceptional results, achieving an average percentage error of only 0.02445% in fault loca-
tions for various fault types.

Index Terms—Current traveling wave fault location, differentiator smoother, magnetic sensors, overhead transmission lines

I. INTRODUCTION
Overhead transmission lines are the most essential part of the mod-
ern power grid; however, these lines travel through several kilome-
ters of rough forest terrain, making their operational management 
complicated. These important infrastructural assets are prone to a 
wide range of faults, such as conductor breaks, insulator failures, and 
tree and lightning strikes [1, 2].

The reliable operation of power transmission systems is critical for 
the efficient and effective transmission of electrical power across 
geographical areas, ensuring uninterrupted service to industrial, 
commercial, and residential users. An overhead transmission line is a 
major backbone for power transmission, but these lines are exposed 
to harsh environmental conditions, making them prone to various 
types of faults. Some of the faults, such as the various types of short 
circuit faults, grounding faults, and line breakages, can lead to dis-
ruptions in power supply, equipment damage, and financial losses.

Restoring service through accurate and reliable fault location 
approaches helps reduce outage duration, which brings about 

economic and societal consequences. Therefore, the development 
of efficient transmission line fault detection and location schemes 
is essential to maintaining the reliability and stability of the power 
supply.

These lines frequently break down because of the environment in 
which they are deployed [3], the lines mostly encounter frequent 
breakdowns. Nevertheless, these transmission lines are crucial for 
power supply, and the slightest disturbances may lead to power 
interruptions [4].

Detecting and locating faults is frequently one of the biggest obsta-
cles to overhead power line monitoring. Since overhead transmis-
sion lines span a wide geographical area, it is challenging to pinpoint 
the fault spot for a prompt response. For this reason, a reliable plan 
that can record the occurrence in real-time is required.

Current transformers (CTs) and coupling capacitor voltage trans-
formers are conventional tools for monitoring overhead power lines. 
These devices may, however, have certain operational limitations 
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when power lines encounter faults. Bindi et al. and Honcharov et al. 
[5, 6] proposed a scheme where CTs are placed on overhead power 
lines as part of a plan for current monitoring. It is important to note 
that because of their size, weight, and cost, CTs cannot be mounted 
outside substations for line monitoring.

Magnetic field sensors provide a fantastic possibility to achieve real-
time power line monitoring, which offers a unique way to monitor 
overhead power lines. The importance of sensor-based monitor-
ing of overhead power line parameters has been demonstrated by 
researchers throughout these years [7, 8].

Fault detection and location are essential for maintaining system 
dependability in transmission networks. To find a fault point in a 
long power line [9], proposed a scheme that uses magnetic sensors. 
However, the number of sensors utilized was not disclosed in the 
study, which could have impacted the scheme’s accuracy.

Electric current parameters play a crucial role in power line monitor-
ing. A strong continuous monitoring system that records system events 
in real time is required to guarantee reliable power delivery [10].

A sufficient measurement of the current traveling waves is necessary 
to establish useful findings when using current traveling waves to 
locate a power line fault. In this context, Abd et al. [11] proposed a 
lightning current measurement method for power lines that involves 
installing sensors on the lines. Despite being creative and innovative, 
the proposed scheme only addresses lightning issues.

For the utility and the customer, prompt and precise fault detection 
and location are critical during a power line failure [12, 13]. Line 
maintenance engineers need a precise fault distance as a reference 
to locate the fault point in the shortest amount of time. This will 
guarantee a faster system recovery and less income loss.

Researchers have proposed many fault detection and location 
schemes in the last 10 years. These schemes fall into two primary 
categories: the traveling wave-based scheme and the impedance-
based scheme [14, 15].

Many power facilities use the impedance-based scheme because it 
is thought to be simpler, less costly, and less computational [16–18]. 

However, fault resistance, load flow, remote terminal data, and non-
homogeneous systems all have an impact on the measurement accu-
racy of this scheme [19].

The traveling wave-based fault location technique was presented 
to address the drawbacks of the impedance-based fault location 
scheme [20–23]. When a fault occurs in a power line, traveling waves 
of high voltage and current are produced and travel in both direc-
tions along the line [24]. These traveling waves contain useful infor-
mation that can be analyzed for the detection and location of faults. 
The traveling wave-based method relies on time synchronization and 
data-collecting systems [25].

Nevertheless, the method’s reliability is diminished by the difficulty 
in identifying traveling waves that propagate from the fault point and 
those that are reflected from the fault point under various bus con-
figurations [26–28]. Although these conventional fault detection and 
location schemes are proven schemes used by many entities across 
the globe, these schemes require major infrastructural investments, 
complex computational models, and are limited in terms of precision 
in remote or inaccessible areas. Furthermore, this approach requires 
rigorous time synchronization, which may lead to significant real-
time fault distance estimation inaccuracies.

Due to the above-mentioned challenges highlighted in the literature 
reviewed in this study, the main contribution of this paper is to pro-
pose an efficient and cost-effective non-contact fault detection and 
location scheme for overhead transmission lines using magnetic sen-
sors. The use of magnetic sensors for measuring current traveling 
waves in overhead transmission lines in this study is inspired by the 
research done in [8].

The proposed scheme presented in this study offers numerous 
advantages over the impedance-based scheme and the traveling 
wave-based scheme. Magnetic sensors are compact, cost-effective, 
require minimal maintenance, and can withstand harsh weather 
conditions. In this proposed scheme, the sensor arrays are installed 
at both towers of the transmission line. This will reduce the depen-
dency on centralized infrastructure. Furthermore, the non-contact 
nature of magnetic sensors eliminates the need for direct electrical 
connections, enhancing safety, stability, and reliability.

This proposed approach to fault detection and location in overhead 
transmission lines provides a viable and transformative solution for 
overhead transmission line monitoring. The proposed technique 
takes advantage of magnetic sensors’ ability to correctly moni-
tor fault-induced fluctuations in line currents, allowing for precise 
fault identification and localization. In real-world applications, 
the approach can be realized by strategically installing small, cost-
effective sensors along vantage points of the transmission line. The 
system is set to work independently by sending real-time data to 
control centers for immediate analysis and decision-making.

II. METHODOLOGY
A. General Principles of the Traveling Wave
When there is a fault on a power line, traveling waves are created 
and move in both directions of the line. These waves are the features 

Main Points

• Overhead line fault detection and location using magnetic 
field sensors.

• The magnetic sensor array was used to measure the current 
traveling wave generated for fault detection.

• A mathematical scheme was formulated based on the sensor 
and conductor configuration.

• The study underscores the importance of magnetic sensors 
in achieving non-contact measurements.

• The study concluded with a comparative analysis of a pro-
posed scheme published in the literature and the non-con-
tact scheme proposed in this paper.
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that a power line experiences when a fault causes a significant fluc-
tuation in voltage and current. These traveling waves move at the 
speed of light towards the line’s endpoints. The traveling waves 
contain vital information for fault detection and location. Using cur-
rent and voltage traveling waves and the parameters of the line, and 
assuming a lossless line with minimal resistance and conductance, a 
mathematical relationship is established as shown in (1).

 
�
� � �
�

�
� � �
�

�
� � �
�

�
� � �
�

�

�
��

�
�
�

v x t
x

L
i x t

t
i x t

x
C

v x t
t

, ,

, ,
 (1)

As illustrated in Fig. 1, in a fault situation, current traveling waves 
are created and move toward the ends of the line. These waves are 
made up of both incident and reflected current traveling waves. 
The mathematical representation of the current traveling waves is 
expressed in (2):

 I t I t I ti r� � � � � � � �  (2)

where I is the traveling wave, Ii and Ir are the incident and reflected 
traveling waves, respectively.

Fig. 2 gives an illustration of a non-contact schematic for measuring 
current traveling waves during a fault in an overhead transmission 
line. The schematic is equipped with a sensor array installed at each 
end of the transmission line. The sensor array installed at the end 
of the line, named as tower TA and TB, records the current traveling 
waves as in (3):

 I t I t I t I t I t I tA ia ra B ib rb� � � � � � � � � � � � � � � �and  (3)

The data recorded consist of the incident and reflected current trav-
eling waves as expressed in (4):

 I t I t I t tp A B� � � � � � � �� � � � �� �sin � �  (4)

where ω is the frequency, ϕ is the phase angle, and Ip (t) is the peak 
at time t. If (t) = 0 is the fault current under typical operating condi-
tions. However, (4) becomes Ip (t) < If (t) in the case of a line fault. The 
data recorded by the sensor array are further analyzed for transmis-
sion line fault detection and location as explained in the proceeding 
section of this study.

B. Magnetic Sensor Based Measurement of Current Traveling 
Waves
A non-contact traveling waves fault location system is shown in 
Fig. 2. Sensor arrays are ideally positioned at both line towers in 
areas where maximum signals can be detected.

C. Mathematical Model of the Proposed Scheme
Overhead transmission lines are exposed to very bad weather con-
ditions, so systems that are meant to monitor these lines must be 
robust and able to withstand harsh environmental conditions. The 
sensors used in this study can withstand temperatures ranging from 
−40°C to about 200°C and can function for up to 30 min at 250°C 
[8]. These magnetic sensors can operate successfully in adverse 
weather conditions. This allows them to be used for transmission 
line monitoring.

In this study, a monoaxial magnetic sensor was used to form the 
array. The array is installed at each end of the transmission line for 
the measurement of the magnetic flux density generated by the cur-
rent traveling waves.

Fig. 3 illustrates a detailed cross-section of Fig. 2; it is a sensor array 
with three-phase conductors. The sensor array is made up of three 
magnetic sensors installed on the towers and three conductors 
configured in a triangular form. The currents passing through each 
conductor originate from a common supply and are measured at 
a distance greater than the diameter of the conductor. The place-
ment of the sensors for the flux density computation is displayed 
in Fig. 4.

Fig. 1. Determining the arrival time of traveling wave faults for 
transmission lines.

Fig. 2. Traveling wave fault location scheme.
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Based on the Biot–Savart law, the resultant flux density can be esti-
mated. Ignoring conductors sagging and assuming that power lines 
are long when compared to the distance between the conductors 
and the point of measurement. A conductor in an x, y, and z plane 
produces the magnetic field shown in [9] as (5):

 d B
I d l r
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When compared to a working power line that has no fault, the mag-
netic fields created by the fault current traveling waves are high in 
magnitude. Using (5) and ignoring conductor sagging, the magnetic 

flux BS1, BS2, and BS3 produced by the current traveling waves as 
established in (4) from the individual conductors I1, I2, I3 as If1, If2, and 
If3 is expressed as (7):

 B x t
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I t I t t I tA B f� � � � �� � � � �� � � � �sin � � .

The magnetic flux created by the various conductors and measured 
by the sensor array located at optimal positions on the tower is 
determined using (8):

 B x t
I t
L

y y x xj
fj

j
i i,� � � � �
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�
0

0 0  (8)

Current traveling waves of varying magnitude flow through these 
three conductors I1, I2, and I3 during a transmission line fault. The x 
and y components of the magnetic flux sensed by the array are given 
in (9).
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The magnetic flux BS1 (x, t) detected by sensor S1 is calculated 
using (10).

 B t B B BS S S S1 11
2

12
2

13
2� � � � � � � � � � �  (10)

Again, the magnetic flux produced by the conductors and detected 
by the sensor S2 is computed as (11).
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The magnetic flux BS2 (x, t) detected by sensor S2 is computed 
using (12).

 B t B B BS S S S2 21
2

22
2

23
2� � � � � � � � � � �  (12)

Finally, using (13), the magnetic flux emitted by the conductors and 
detected by the sensor S3 is computed.

Fig. 3. Geometrical arrangement of conductor’s configuration.

Fig. 4. Illustration of magnetic field at each sensor head location with 
current flowing along the z-axis.
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The signals detected by sensor S3 can be estimated based on (14).

 B t B B BS S S S3 31
2
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2
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2� � � � � � � � � � �  (14)

From (12), (14), and (16), L11, L12, L13, L21, L23, L31, L32, and L33 are 
defined using (15).
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where d and h refer to the length and breadth of the array.

Fig. 5. Experimental set-up arrangement.

TABLE I. 
OVERHEAD POWER LINE PARAMETERS

Voltage (kV) 161 Line length (km) 200

Short-Circuit Level at Tower A (MVA) 45 Short-Circuit Level at Tower B (MVA) 35

Positive Rpos (Ω/km) 0.12 Zero Rzero (Ω/km) 0.15

Sequence Lpos (mH/km) 0.25 Sequence Lzero (mH/km) 0.26

Parameters Rpos (μ/km) 0.01 Parameters Czero (μ/km) 0.50
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III. RESULTS
A. Laboratory Experiment
A laboratory test conducted to validate the proposed strategy is 
presented in this section of the paper, as shown in Fig. 5. Two 
simulation software programs were deployed in this study. The 
transmission line was modeled using MATLAB/Simulink, and 
the data were extracted and used in the Electrical Transient 
Analyzer Program (ETAP) for the entire analysis for the creation 
of transmission.

The transmission line under study is a 200 km line that has been 
modeled in MATLAB/Simulink using the parameters of transmission 

line parameters presented in Table I. The data obtained from the 
model were fed into a computer housing the ETAP software and 
interfaced with the traveling wave generator. From the ETAP model, 
a fault current traveling wave is created and fed into the traveling 
wave generator for analysis.

As seen in Fig. 5, an AC probe is then used to measure the current 
traveling waves. To estimate the flux based on (10), (12), and (14), 
the current traveling waves that were detected by the AC probe 
are fed into (9), (11), and (13). The sensors measure the flux densi-
ties produced by the traveling waves using (10), (12), and (14). The 
magnetic flux obtained is calculated based on (15). Fig. 6(a) and 6(b) 

Fig. 6. (a) Flux density detected at tower TA. (b) Flux density detected at tower TB.

Fig. 7. Flux density measured by individual sensors at towers TA and TB.
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show the magnetic flux recorded at towers TA and TB respectively 
during an LLLG fault 75 km from both endpoints. Fig. 7 shows the 
performance of each individual sensor. The GPS tracker was used to 
timestamp the flux densities that were measured.

B. Wavelet Transforms Analysis of Signals for Fault Detection
A wavelet analysis of the magnetic flux produced by the traveling waves 
is performed to validate the proposed scheme. The wavelet transform 
coefficients are compared to the flux density or sensor array output. 
Due to its exceptional ability to extract signal information, experiments 
with various wavelets showed that Daubechies (DB8) was the best for 

this study. For the sensor output shown in Fig. 7, the DB8 restructuring 
of the coefficients at Daubechies (D5–D8) is shown in Fig. 8(b)–8(e). 
According to this waveform, the wave head is captured by the exact 
wavelet coefficients of levels 5 and 7. Above level 7, the detailed coef-
ficients only display the output’s low-frequency fluctuations.

C. Determining the Arrival Time of Traveling Waves
When employing the double-ended approach, as illustrated in 
(16), to locate faults in overhead power lines, the line length, the 
speed of the traveling waves, and the wave signal arrival time are 
considered.

Fig. 8. Detailed coefficients of DB8 mother wavelet. (a) Flux density measured by the array. (b)–(e) Detailed wavelet coefficients of levels 5–8.
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In this study, the transmission velocity of the traveling wave was 
based on the line length and the wave’s traveling time. The traveling 
time was computed using the traveling wave data that the sensor 
array captured while the line was powered.

 D
L

v
t t

m
A B� �
��

�
�

�
�
�2 2

· ·  (16)

where Dm is the measured fault distance, δtA and δtB are the differ-
ence in signal time of arrival (TOA) at towers TA and TB respectively.

Noise may alter the wave’s TOA, leading to location mistakes when 
utilizing the non-contact current traveling wave technique to locate 
a transmission line fault point.

Three stages of signal processing were used to handle the flux den-
sity to lower the TOA estimation inaccuracy. The recorded signals are 
processed for noise removal and distortion reduction, and to pre-
serve the high-frequency components of the original signal produced 
by the fault while discarding the system frequency components.

As seen in [11], the smoothed signals’ output is routed into a differenti-
ator. The wavefront’s arrival time is less influenced by signal distortion 
since distinct signals provide a cleaner wavefront and peaks. Fig. 9 dis-
plays the derivative of the input of the three-stage signal processing.

D. Approximated Fault Distance and Error Analysis
Based on the experiment’s findings, (16) is used to locate the fault 
point, and the differentiator smoother is used to predict when the 
current traveling wave signals would arrive. Based on (17), the rela-
tive error is calculated for every scenario.

 �% *�
�D D
L

m t 100  (17)

where Dm is the measured distance, Dt is the true distance, and L is 
the line length.

To validate the scheme proposed in this study, three different fault 
categories were considered: Line-to-ground (LG) fault, line-to-line-
to-ground (LLG) fault, and line-to-line-to-line-to-ground (LLLG) fault, 
based on four different fault distances: 1 km, 34 km, 100 km, and 
199 km.

Fig. 9. Derivative of the input to the differentiator.

TABLE II. 
COMPARISON OF THE PROPOSED SCHEME FOR FAULT DISTANCE APPROXIMATION AND A GENERAL TRAVELING WAVE-BASED SCHEME

Fault Category
Actual 

Distance (km)

A General Traveling Wave-Based Scheme [11] Proposed Scheme

Approximated Fault 
Distance (km)

Approximated  
Error (%)

Approximated Fault 
Distance (km)

Approximated  
Error (%)

Line-to-ground (LG) 1 0.93 0.035 0.97 0.015

34 33.86 0.070 34.02 0.010

100 100.0 0 100.10 0.050

199 198.82 0.090 198.94 0.015

Line-to-line-to-ground (LLG) 1 0.93 0.035 0.97 0.015

34 33.86 0.070 34.02 0.010

100 100.0 0 100.10 0.050

199 198.82 0.090 198.94 0.015

Line-to-line-to-line-to-
ground (LLLG)

1 0.93 0.035 0.97 0.015

34 33.86 0.070 34.02 0.010

100 100.0 0 100.10 0.050

199 198.82 0.090 198.94 0.015
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The test cases considered include: 1 km, 34 km, 100 km, and 199 
km all measured from tower TA. The findings in Table II show that, in 
many situations, the proposed approach outperformed the general 
traveling wave-based method proposed in [11].

For each test case in this comparison, the differentiator smoother 
technique was employed to calculate the traveling wave arrival time. 
The proposed scheme had an average percentage error of 0.02445% 
for all fault categories in all test cases, whereas the generalized trav-
eling wave-based method described in [11] had an average percent-
age error of 0.04842% for all fault kinds. Fig. 10 shows the relative 
mistakes between the two systems.

IV. CONCLUSION
This paper presents an innovative magnetic sensor-based travel-
ing wave fault location scheme for overhead lines. To compute the 
fault point, the magnetic flux detected by the array is evaluated 
to determine the TOA and fault location. This work used the con-
ventional wavelet transform combined with the smoother-based 
differentiator to compute the traveling wave arrival time. The out-
come of the experiment validates the effectiveness of the proposed 
method for detecting and locating faults. The validity of the scheme 
is established by comparing it with a general traveling wave-based 
approach proposed in [11]. This proposal has the potential to sig-
nificantly change the operation of modern power systems. Utility 
companies can drastically reduce outage durations, equipment dam-
age, and service interruptions by adopting these fast fault detec-
tion and localization systems. The non-invasive nature of magnetic 
sensing improves safety and dependability while making installation 
and maintenance easier. Furthermore, the scalability of this strategy 
is consistent with the growth of the transmission network and the 
advancement of smart grid technology.

This proposed approach helps achieve sustainability, robustness, and 
an intelligent power system, which leads to a reduction in downtime, 
increased monitoring capabilities, and improved fault response. The 
adoption of this approach adoption is a promising step toward more 
robust and efficient energy transmission systems that address both 
current and future demands.
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