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Abstract 

Electrical transmission lines are continuously exposed to short circuits, 
lightning, insulation deterioration, conductor contact, equipment failure, 
and environmental disturbances. A protection system must therefore 
detect a fault rapidly, identify the involved phase or phases, estimate the 
fault location, and isolate only the affected section. This methodology paper 
develops a comparative framework for evaluating conventional 
impedance/distance protection, sequence-component methods, wavelet-
based transient analysis, artificial-intelligence classifiers, and traveling-
wave protection. The proposed study uses a two-terminal high-voltage 
transmission-line model and a controlled test matrix covering line-to-
ground, line-to-line, double-line-to-ground, and three-phase faults over 
variations in fault location, resistance, inception angle, and loading. 
Current and voltage signals are processed using symmetrical components 
and discrete wavelet features; classification may be implemented using 
linear discriminant analysis, support vector machines, fuzzy inference, or 
neural networks. Published benchmark results up to 2016 indicate that 
intelligent and transient-based methods improve classification robustness, 
while traveling-wave methods provide the fastest fault discrimination. The 
framework emphasizes dependability, security, operating time, fault-
location error, computational burden, and suitability for practical 
protective relays. 

 
Introduction 

High-voltage transmission systems form the 
backbone of interconnected electric-power 
networks. Because a transmission line may 
extend over hundreds of kilometres and is 
normally exposed to weather, vegetation, 
pollution, lightning, mechanical damage, and 
switching disturbances, it is one of the power-
system elements most frequently subjected to 
electrical faults. The principal shunt-fault 
categories are single-line-to-ground (LG), line-to-
line (LL), double-line-to-ground (LLG), and 
three-phase (LLL/LLLG) faults. Their electrical 
signatures differ with fault resistance, inception 
angle, source impedance, system loading, line 

transposition, compensation, and measurement 
location. Protection must distinguish these faults 
from load changes, power swings, switching 
transients, noise, current-transformer 
saturation, and external faults before issuing a 
circuit-breaker trip command. 

Conventional transmission protection is 
dominated by overcurrent, directional, 
differential, and distance principles. Distance 
relays are attractive because the apparent 
impedance measured at the relay is 
approximately related to the distance to the fault; 
however, their reach can be affected by high fault 
resistance, mutual coupling, series 

Archives available at        journals.mriindia.com 
 

  ITSI Transactions on Electrical and Electronics Engineering 
  

  
  

  
   ISSN: 2320-8945 

  
     Volume 4 Issue 01, 2016     

  

https://journals.mriindia.com/


ITSI Transactions on Electrical and Electronics Engineering 

2 

compensation, source impedance ratio, and 
power swings. This has motivated signal-
processing and intelligent methods that use non-
stationary fault information instead of relying 
only on fundamental-frequency impedance. 
Early traveling-wave approaches exploit the 
high-frequency waves launched by a fault, and 
wavelet transforms offer a convenient means of 
locating abrupt transients in time and frequency. 
Magnago and Abur (1998) demonstrated the use 
of wavelets with traveling-wave theory for fault 
location, establishing an important basis for later 
transient-based relaying. 

Machine-learning and soft-computing methods 
were subsequently introduced to improve fault 
classification under varying operating 
conditions. Nguyen and Liao (2010) combined 
novel current features with a neuro-fuzzy 
system, while Jamehbozorg and Shahrtash 
(2010) used decision-tree boundaries for single-
circuit fault classification. Jafarian and Sanaye-
Pasand (2010) combined traveling-wave 
information with wavelet and principal-
component analysis for high-speed protection. 
Ekici (2012) showed that support vector 
machines can perform both classification and 
location, and Samantaray (2013) developed a 
systematic fuzzy-rule approach that reduced the 
dependence on manually selected heuristic rules. 
These developments reflect a shift from fixed 
thresholds toward feature-based protection logic 
capable of adapting to complex fault signatures. 

The objective of this paper is not to claim new 
field measurements, but to define a reproducible 
methodology by which major fault-detection and 
protection techniques can be compared on a 
common transmission-line model. The proposed 
evaluation uses identical fault cases for all 
candidate methods and assesses four protection 
functions: fault detection, phase/fault-type 
classification, direction/location estimation, and 
trip decision. Performance is compared using 
detection time, classification accuracy, fault-
location error, sensitivity to fault resistance, and 
computational complexity. The reference base is 
deliberately restricted to work published up to 
2016, as requested, so that the methodology 
represents the state of established digital and 
intelligent transmission protection at that date. 
 
Literature Review 

The literature indicates that no single protection 
principle is optimal for every transmission 
configuration. Wavelet and traveling-wave 
techniques are strong in time localization, while 
machine-learning approaches are effective when 
the training data adequately cover system 

variations. Magnago and Abur (1998) used 
wavelet coefficients to identify traveling-wave 
arrival times and hence estimate fault distance. 
Mahanty and Dutta Gupta (2006) compared 
wavelet/ANN-based classification alternatives, 
illustrating the value of transformed current 
features for separating fault classes. Nguyen and 
Liao (2010) later showed that current-waveform 
statistics combined with an adaptive neuro-fuzzy 
inference structure could identify the ten 
common shunt-fault classes without requiring a 
large set of conventional relay thresholds. 

Decision-tree and fuzzy approaches sought 
interpretability and fast rule execution. 
Jamehbozorg and Shahrtash (2010) developed a 
decision-tree method for single-circuit 
transmission-line fault classification. 
Samantaray (2013) used S-transform-derived 
statistical information to build systematic fuzzy 
membership functions and rules, reducing 
redundancy compared with heuristic fuzzy 
systems. He et al. (2014) introduced a rough-
membership neural-network approach, showing 
that hybrid intelligent representations can 
improve fault classification when class 
boundaries overlap. Rahmati and Adhami (2014) 
proposed a sequence-component technique that 
uses positive-, negative-, and zero-sequence 
quantities to obtain fast classification without 
relying on a conventional operating threshold for 
each fault class. 

Research between 2014 and 2016 increasingly 
integrated signal processing with statistical 
classifiers and protection logic. Yadav and 
Swetapadma (2015) used a DB4 wavelet and 
linear discriminant analysis (LDA) for fault 
detection and phase identification. Their 
published results show operation within one 
cycle and 100% classification over the reported 
test set, with the protected reach extended to 
99% of the line. In another study, Yadav and 
Swetapadma (2015) used fuzzy inference for 
directional relaying, classification, and location 
and reported approximately half-cycle 
detection/classification for ten shunt-fault types. 
Fathabadi (2016) proposed a filter-based 
artificial-neural-network scheme for 
simultaneous short-circuit detection, 
classification, and location. Ray and Mishra 
(2016) combined wavelet-packet 
energy/entropy features with particle-swarm-
optimized SVM models on a 400 kV, 300 km line 
and reported 99.21% classification accuracy with 
fault-distance error below 0.21%. Hasheminejad 
et al. (2016) emphasized ultra-high-speed 
protection using traveling-wave theory and the 
Teager energy operator, demonstrating why 
transient methods are particularly attractive 
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when operating time is the dominant 
requirement. 

Table 1. Selected transmission-line fault detection and protection studies (all references 2016 or earlier). 

Study Core technique Main function Methodological implication 
Magnago & Abur 
(1998) 

Wavelet + 
traveling waves 

Fault location High time-frequency localization; 
sensitive to sampling/time 
alignment. 

Jamehbozorg & 
Shahrtash 
(2010) 

Decision tree Fault classification Simple online rules after offline 
boundary design. 

Jafarian & 
Sanaye-Pasand 
(2010) 

Traveling wave + 
wavelet/PCA 

High-speed protection Strong transient discrimination; 
requires high-frequency acquisition. 

Samantaray 
(2013) 

S-transform + 
fuzzy rules 

Fault classification Interpretable fuzzy decision logic 
with systematic rule generation. 

Rahmati & 
Adhami (2014) 

Sequence 
components 

Detection/classification Fast classification using positive, 
negative and zero sequences. 

Yadav & 
Swetapadma 
(2015) 

DWT + LDA Detection/classification Reported one-cycle-or-less 
operation and wide line coverage. 

Ray & Mishra 
(2016) 

Wavelet packet + 
PSO-SVM 

Classification/location Reported 99.21% classification and 
<0.21% location error. 

Hasheminejad et 
al. (2016) 

Traveling wave + 
Teager energy 

Ultra-high-speed 
protection 

Very fast transient extraction; 
higher sampling/measurement 
demand. 

 
Methodology 

A comparative simulation methodology is 
proposed so that each protection technique is 
exposed to the same electrical disturbances. The 
base system is a 400 kV, 50 Hz, 300 km three-
phase transmission line energized from 
equivalent sources at both ends, following the 
scale used in long-line studies such as Ray and 
Mishra (2016). A distributed-parameter line 
model is preferred because it represents wave 
propagation and frequency-dependent fault 
transients more realistically than a single lumped 
impedance. Voltage and current are measured at 
the relaying terminal through idealized CT/PT 
blocks, with optional CT saturation and additive 
noise introduced in robustness tests. The 
simulation may be implemented in 
MATLAB/Simulink with Simscape Electrical or in 
PSCAD/EMTDC; the protection algorithms are 
executed in MATLAB or an equivalent numerical 
environment. 

The fault generator applies all ten common 
shunt-fault types: AG, BG, CG, AB, BC, CA, ABG, 
BCG, CAG, and ABC. Fault locations are 
distributed from 10% to 90% of the protected 
line, with additional boundary cases near the 
relay and remote ends. Fault resistance is varied 
to represent metallic and resistive faults, and the 
inception angle is changed over the fundamental 
cycle. Loading and source-strength variations are 

included so that the relay is not tuned to one 
operating point. For each simulation, a pre-fault 
window and a post-fault window of voltage and 
current samples are stored. The primary study 
uses a 10-20 kHz sample rate for DWT/feature-
based methods; a much higher rate is required 
when evaluating traveling-wave methods 
because the first wavefront contains high-
frequency information. 

Signal processing is performed in three parallel 
branches. In the conventional branch, the 
fundamental-frequency phasors are obtained 
and the apparent loop impedance is calculated 
for distance protection. In the sequence-
component branch, the three-phase voltages and 
currents are transformed into positive-, 
negative-, and zero-sequence components; the 
ratios and phase relations of these components 
provide features for detecting ground 
involvement and unbalance, following the logic of 
Rahmati and Adhami (2014). In the transient 
branch, the three-phase currents are 
decomposed using a Daubechies-4 discrete 
wavelet transform to level 3. 
Detail/approximation energy, entropy, 
coefficient magnitude, and change indices are 
extracted. The choice of wavelet features follows 
the general direction of Magnago and Abur 
(1998) and Yadav and Swetapadma (2015), 
while the use of compact energy/entropy 
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features is consistent with Ray and Mishra 
(2016).

 

Figure 1. Proposed workflow for fault detection, classification, location and protection action. 
 

Fault classification is evaluated with four 
alternatives: deterministic sequence-component 
logic, LDA, SVM, and fuzzy/ANN-based logic. LDA 
provides a low-complexity statistical baseline; 
SVM is trained on normalized wavelet features 
with cross-validation and may use an RBF kernel; 
fuzzy inference uses phase-current/sequence 
features and rule membership functions; and 
ANN uses a compact multilayer feed-forward 
structure with separate training, validation, and 
test sets. Data partitioning must be performed by 
operating scenario rather than by randomly 
splitting adjacent samples, because otherwise 
nearly identical samples from one fault event can 
appear in both training and testing sets and 
overstate generalization. For fair comparison, all 
models receive the same test cases that were not 
used during parameter selection. 

Protection action is based on a supervised 
decision sequence. First, the detector must 
declare a fault and distinguish it from normal 
switching/load changes. Second, the classifier 
identifies the involved phases and ground 
involvement. Third, the fault direction and 
distance are estimated. The conventional branch 
issues a trip if the apparent impedance enters a 
configured distance zone, whereas the intelligent 
branch issues a trip only when its fault 
probability/class decision exceeds the validation 
threshold. The traveling-wave branch detects the 
initial high-frequency wavefront and applies 
polarity/energy/time-of-arrival criteria as an 
ultra-fast element. A practical relay may combine 
these branches using a permissive logic: an ultra-
fast element gives speed, while a fundamental-
frequency or sequence-based element provides 
security and backup. 

Table 2. Proposed simulation test matrix and evaluation metrics. 

Parameter Setting / method 
System 400 kV, 50 Hz, 300 km, two-terminal distributed line 
Fault types AG, BG, CG, AB, BC, CA, ABG, BCG, CAG, ABC 
Fault location 10, 25, 50, 75, 90% of line; add close-in/remote boundary cases 
Fault resistance 0.1, 10, 50, 100 ohms 
Inception angle 0, 45, 90, 135 degrees 
Signal features RMS/phasor impedance; V0/V1/V2, I0/I1/I2; DWT 

energy/entropy; TW energy 
Candidate decision methods Distance, sequence logic, LDA, fuzzy/ANN, SVM, traveling-wave 

element 
Performance measures Detection time, classification accuracy, trip 

dependability/security, location error, computational load 
 
The main numerical measures are defined as 
follows. Detection time is the interval between 
fault inception and the first secure fault decision. 
Classification accuracy is the number of correctly 
identified fault classes divided by the total tested 
events. Fault-location percentage error is |d_est-
d_true|/L x 100, where L is total line length. 
Dependability is the proportion of internal faults 

that produce a trip, while security is the 
proportion of non-fault/external events 
correctly restrained. To prevent a fast but 
unstable method from appearing superior, the 
preferred method must satisfy both speed and 
security; therefore, a multi-criteria ranking can 
assign approximately equal weight to 
classification/location performance and trip 
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security, with a smaller weight to computational 
burden. 
 
Results 

Because this work is a methodology-based paper 
and no laboratory or utility fault records were 
supplied, the quantitative results below are 
treated as literature benchmarks for validating 
the proposed test framework rather than as 
newly measured field results. The benchmark 
evidence shows a consistent pattern. 
Fundamental-frequency impedance protection is 
computationally simple and remains an essential 
primary/backup function, but its accuracy can 
deteriorate when the apparent impedance is 
distorted by high fault resistance or system 
conditions. Sequence-component methods 
improve fault-type discrimination with low 
computational burden because ground and 
unbalanced faults produce characteristic zero- 
and negative-sequence quantities. Intelligent 
classifiers further improve separation when the 
feature space is nonlinear, provided that their 
training data represent the operating range. 

The DWT-LDA study of Yadav and Swetapadma 
(2015) is particularly useful as a benchmark 
because it reports fault detection and phase 
classification using only a short current window. 
Their published table indicates 100% 
classification for the reported data and 

protection coverage to 99% of line length, with 
tested detection times within 20 ms. The fuzzy-
protection study by the same authors reports 
fault detection/classification in approximately a 
half cycle under variations in fault type, 
resistance, inception angle, and location. These 
results indicate that wavelet features can expose 
transient changes rapidly while low-complexity 
statistical or fuzzy decision rules can be suitable 
for digital-relay implementation. 

Ray and Mishra (2016) provide a stronger 
classification-and-location benchmark for a long 
line. On a 400 kV, 300 km two-terminal system, 
their wavelet-packet/PSO-SVM method reported 
99.21% fault-classification accuracy and less 
than 0.21% fault-distance estimation error 
across the studied cases. This suggests that a 
compact, carefully selected feature set can 
outperform a large raw-sample input space and 
can remain accurate for substantial variation in 
fault resistance and inception angle. In contrast, 
traveling-wave protection targets speed rather 
than feature-rich classification. Hasheminejad et 
al. (2016) used Teager-energy-based wave 
extraction to obtain ultra-high-speed decisions, 
illustrating why traveling-wave elements are 
attractive for EHV lines where reducing fault-
clearing time improves transient stability and 
limits equipment stress. 

Table 3. Benchmark performance used to validate the proposed comparative methodology. 

Technique Input Reported/expecte
d strength 

Main limitation Recommended 
role 

Conventional 
distance / 
impedance 

Fundamental V-I 
phasors 

Simple; established 
relay practice 

Affected by fault 
resistance, power 
swing and 
apparent-
impedance errors 

Baseline / backup 

Sequence-
component 
logic 

Positive/negative
/zero sequence 

Fast, interpretable, 
low computation 

Requires reliable 
phasor extraction 

Fast classification 

DWT + LDA 
(Yadav & 
Swetapadma, 
2015) 

Wavelet current 
coefficients 

Reported 100% 
classification; <=20 
ms in stated tests 

Feature/wavelet 
selection required 

Primary intelligent 
classifier 

Wavelet 
packet + PSO-
SVM (Ray & 
Mishra, 2016) 

Energy/entropy 
features 

99.21% 
classification; 
<0.21% location 
error 

Offline 
training/optimizat
ion 

Accurate 
classification + 
location 

Traveling 
wave + Teager 
energy 
(Hashemineja
d et al., 2016) 

Initial high-
frequency 
transient 

Ultra-high-speed 
operation 

High sampling and 
transient sensor 
bandwidth 

Ultra-fast main / 
permissive element 

 
The expected outcome of the proposed common 
test matrix is therefore not that one algorithm 

replaces all others, but that different principles 
dominate different criteria. Traveling-wave 
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detection should rank first in operating speed; 
SVM/ANN/fuzzy or LDA-based schemes should 
rank highly in classification flexibility; sequence-
component logic should rank highly in 
transparency and computational efficiency; and 
conventional distance/differential elements 
should remain important for deterministic 
security and backup. A hybrid relay architecture 
that validates a fast transient decision with a 
secure phasor/sequence criterion provides the 
best methodological balance between speed, 
dependability, and security. 
 
Conclusion and Discussion 

This paper presents a reproducible methodology 
for comparing fault detection and protection 
techniques in electrical power transmission 
systems using references published no later than 
2016. The literature demonstrates a clear 
evolution from fixed impedance and threshold 
logic toward transient signal processing and 
intelligent classification. Wavelet analysis 
provides localized information about abrupt fault 
transients; sequence components supply 
physically meaningful indicators of unbalance 
and ground involvement; fuzzy, ANN, LDA, and 
SVM methods convert these features into flexible 
fault decisions; and traveling-wave methods 
provide the highest potential operating speed. 
The most credible evaluation is therefore a 
common simulation test in which every method 
is challenged by the same fault types, locations, 
resistances, inception angles, loading states, and 
measurement disturbances. 

Benchmark evidence supports this combined 
view. Yadav and Swetapadma (2015) reported 
complete classification on their stated DWT-LDA 
data with detection within one cycle, while Ray 
and Mishra (2016) reported 99.21% 
classification with less than 0.21% location error 
using wavelet-packet features and optimized 
SVM. Hasheminejad et al. (2016) showed the 
advantage of traveling-wave/Teager-energy 
processing when ultra-high-speed protection is 
required. Nevertheless, intelligent techniques 
require representative training or rule design, 
and traveling-wave schemes require wide-band 
measurements and accurate timing. For practical 
implementation, a hybrid architecture is 
recommended: a fast transient element for 
immediate discrimination, a 
sequence/intelligent classifier for fault type and 
phase selection, and a conventional 
impedance/differential element for security and 
backup. Future experimental work should 
implement the proposed matrix in real-time 
hardware-in-the-loop testing and include 
instrument-transformer errors, communication 

delay, CT saturation, high-impedance faults, and 
evolving faults before field deployment. 
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