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Abstract 

 

Transmission lines forms the backbone of the transmission and distribution networks which powers the nation. No modern 

society can imagine its existence without power supplies which runs everything ranging from consumer electronics to bullet 

trains. Electrical power systems suffer from unexpected failures due to various random causes. Unpredicted faults that occur in 

power systems are required to prevent from propagation to other area in the protective system. The functions of the protective 

systems are to detect, then classify and finally determine the location of the faulty line of voltage and/or current line magnitudes. 

Then at last, for isolation of the faulty line the protective relay have to send a signal to the circuit breaker. The ability to learn, 

generalize and parallel processing, pattern classifiers is powerful applications of machine learning used as an intelligent means 

for detection. This research paper focuses on detecting, classifying and locating faults on electric power transmission lines. Fault 

detection and fault classification have been achieved by using support vector machines. The SVM based classifier is trained on 

the fault database to classify transient single phase to ground faults. Simulation results have been provided to demonstrate that 

Support Vector Machine based methods are efficient in locating faults on transmission lines and achieve satisfactory 

performances. Simulation of three phase transmission line is done in MATLAB and results are compared in context of the fault 

classification and fault location.   
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In the past several decades, there has been a rapid growth in the power grid all over the world which eventually led to the 

installation of a huge number of new transmission and distribution lines [1]. Moreover, the introduction of new marketing 

concepts such as deregulation has increased the need for reliable and uninterrupted supply of electric power to the end users who 

are very sensitive to power outages. One of the most important factors that hinder the continuous supply of electricity and power 

is a fault in the power system. Any abnormal flow of current in a power system’s components is called a fault in the power 

system [2]. These faults cannot be completely avoided since a portion of these faults also occur due to natural reasons which are 

way beyond the control of mankind. Hence, it is very important to have a well-coordinated protection system that detects any 

kind of abnormal flow of current in the power system, identifies the type of fault and then accurately locates the position of the 

fault in the power system. The faults are usually taken care of by devices that detect the occurrence of a fault [3] and eventually 

isolate the faulted section from the rest of the power system. Hence some of the important challenges for the uninterrupted 

supply of power are detection, classification and location of faults. Faults can be of various types namely transient, persistent, 

symmetric or asymmetric faults and the fault detection process for each of these faults is distinctly unique in the sense, there is 

no one universal fault location technique for all these kinds of faults. The High Voltage Transmission Lines (that transmit the 

power generated at the generating plant to the high voltage substations) are more prone to the occurrence of a fault than the local 

distribution lines (that transmit the power from the substation to the commercial and residential customers) because there is no 

insulation around the transmission line cables unlike the distribution lines. The reason for the occurrence of a fault on a 

transmission line can be due to several reasons such as a momentary tree contact, a bird or an animal contact or due to other 

natural reasons such as thunderstorms or lightning [4]. Most of the research done in the field of protective relaying of power 

systems concentrates on transmission line fault protection due to the fact that transmission lines are relatively very long and can 

run through various geographical terrain and hence it can take anything from a few minutes to several hours to physically check 

the line for faults. The automatic location of faults can greatly enhance the systems' reliability because the faster the system is 

restored, the more money and valuable time is saved.  

The most common type of fault on a three phase system are: 

1) Single Line-to-Ground (SLG) 

2) Line-to-Line Faults (LL) 

3) Double Line-to-Ground (DLG) Fault 
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4) Balanced Three Phase Faults 

Many utilities are implementing fault locating devices in their power quality monitoring systems that are equipped with Global 

Information Systems for easy location of these faults. Fault location techniques can be broadly classified into the following 

categories: 

1) Impedance measurement based methods 

2) Travelling-wave phenomenon based methods 

3) High-frequency components of currents and voltages generated by faults based methods 

4) Intelligence based method 

From quite a few years, intelligent based methods are being used in the process of fault detection and location. Four major 

artificial intelligence based techniques that have been widely used in the power and automation industry are: 

1) Support Vector Machines [5] 

2) Expert System Techniques 

3) Artificial Neural Networks 

4) Fuzzy Logic Systems 

Among these available techniques, Support Vector Machine is one of the most important classifier in machine learning 

domain. SVM based classifier is widely used and provides more accurate classification as compared to neural network based 

classifier. SVM classifier is used in this research paper for fault location on electric power transmission lines. 

 Generation and Transmission: A.

Electrical Technology was discovered as a outstanding discovery by Faraday that a changing magnetic flux can create an electric 

field. This finding grew the major and most intricate engineering accomplishment of man, the electric power system. Certainly, 

life without electricity is now unthinkable. Electric power systems form the fundamental infrastructure of a world. Electrical 

energy is being produced at rates in surplus of thousands of giga-watts (1 GW = 1,000,000,000 W). 

Massive rotors spinning at speeds up to 5000 rotations per minute may carry the energy stored in the latent energy of water 

and in fossil fuels. Yet electricity is only noticed when the lights get turned off. Even as the essential features of the electrical 

power system have remained almost unchanged in the earlier days, there are a number of important milestones in the 

development of electrical power systems. It starts with the development of original entire DC power system developed by Edison 

in 1882 [6]. After a decade, the development of transformers resulted in up-gradation of DC systems by AC systems. The 

development of poly-phase induction motors by Nikola Tesla led to development of AC 3 phase systems. With the beginning of 

larger system and requirement for resource sharing, interconnection of systems resulted in standardization of frequency. It was 

followed by use of greater voltage levels of up to 1000 kV line-line RMS AC, and subsequent standardization of voltage levels. 

DC transmission is suitable for larger distances, bulk transmission and underwater cable links. First marketable DC link was 

established in the year 1954. A number of new developments had lead to the development of modern power systems. These 

consists of static excitation systems, Gas turbines, fast acting circuit breakers, use of communication technologies, 

microprocessor based relaying, etc. One of the vital issues related with power systems is the need for better utilization and 

processing of AC transmission systems by using high power electronic converters. Several such converters are now in operation, 

and several optimal designs are being worked on. 

Present day power systems are characterized by: 

1) AC generation  

2) AC transmission  

3) 3 phase AC utilization  

The communication network contains an additional high voltage (220 kV and above) lines interrelating large generators to 

main load centers. These lines are able to transmit huge amounts of power over big distances of range up to 1000 kms. For 

instance, numerous 400 kV lines may be necessary to transmit, suppose 2000 MW from a huge thermal power plant to a far-

away load center. High voltage dc lines are appropriate if distances are enormous. Generators, characteristically have terminal 

voltages of approximately 15 kV and are connected to these EHV lines by means of transformers. Interconnected transformers 

connect EHV lines at different voltage levels. A sub-transmission network, having transmission lines at 66 kV and 132 kV are 

employed to send power received from EHV network to a variety of distribution sub-stations. Finally, a distribution network 

having lines at a lesser amount of 66 kV is being used to transport power to every consumer. A big power system might also be 

associated to adjacent power systems by means of ac transmission lines or dc associations. The exchange of power between such 

neighbors is usually regulated. 

Power Systems are usually interconnected for the sake of reliability and economy. Reliability implies that with a large 

interconnected grid, the loss of a system component like a major transmission line or generator will have minor impact on 

system. When one device fails, another one makes up for the loss. In a practical grid, there exists more than one path connecting 

a load to each generator. Thus the loss of one transmission line or tripping of one generator does not usually interrupt power to a 

load.  

Economy implies that electricity can be obtained from where it is cheap. It is more economical to operate large generators 24 

hours a day at full capacity (base load stations), catering not to a particular load, but pooling power into the grid and to be used 

by many connected loads. A few generators which can be started almost instantaneously can then act as reserves to cater to 
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sudden increases in load (peak load stations). Generally steam stations are run as base load stations while reservoir based hydro-

stations and gas stations act as peak load stations. The possibility of sharing reserves in interconnected systems also results in 

smaller reserve requirements. Different regions in a grid may face peak demand at different times of the day. Therefore the total 

system peak demand is smaller than the sum of the individual peaks of various regions.  

However, extensive interconnections also mean that a disturbance in one part of the system may quickly spread to the entire 

system, leading to tripping of loads/generators [7], and may even make interconnected system operation unviable. For example, 

some large disturbances may make it impossible for generators to run in synchronism. In case interconnected system operation 

becomes unviable, the system must split into smaller systems. However, if the control and protection systems are inadequate to 

face this eventuality, a complete blackout may also occur, leading to loss of service to millions of consumers. 

However, grid failures are rare and the system generally works well under well implemented control strategies. For well 

designed power systems, power is available on demand and can be obtained by simply "paralleling" the load on the grid. 

Similarly, a synchronous machine driven by a prime-mover can be synchronized with a grid and may supply power to it. A great 

deal of prior planning and control during operation is required to make an inter-connected network capable of catering to a 

certain level of power flow and prevent blackouts. 

 Power Transmission: B.

The electric energy produced at generating stations is transported over high-voltage transmission lines to utilization points. The 

trend toward higher voltages is motivated by the increased line capacity while reducing line losses per unit of power transmitted. 

The reduction in losses is significant and is an important aspect of energy conservation. The transmission and distribution of 

three-phase electrical power on overhead lines requires the use of at least three-phase conductors. Most low voltage lines use 

three-phase conductors forming a single three-phase circuit. Many higher voltage lines consist of a single three-phase circuit or 

two three-phase circuits strung or suspended from the same tower structure and usually called a double-circuit line. The two 

circuits may be strung in a variety of configurations such as vertical, horizontal or triangular configurations. Figure 1.1 illustrates 

typical single-circuit lines and double-circuit lines in horizontal, triangular and vertical phase conductor arrangements. A line 

may also consist of two circuits running physically in parallel but on different towers. In addition, a few lines have been built 

with three, four or even six three-phase circuits [8] strung on the same tower structure in various horizontal and/or triangular 

formations. 

 
Fig 1.1: Horizontal Single Three Phase Circuit 

 
Fig. 1.2: Triangular Single Three Phase Circuit 
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Fig. 1.3: Triangular Double Circuit 

 
Fig. 1.4: Counterpoise Double Circuit 

In addition to the phase conductors, earth wire conductors may be strung to the tower top and normally bonded to the top of 

the earthed tower. Earth wires perform two important functions; shielding the phase conductors from direct lightning strikes and 

providing a low impedance path for the short-circuit fault current in the event of a back flashover from the phase conductors to 

the tower structure. The ground itself over which the line runs is an important additional lossy conductor having a complex and 

distributed electrical characteristics. In the case of high resistivity or lossy earths, it is usual to use a counterpoise, i .e. a wire 

buried underground beneath the tower base and connected to the footings of the towers. This serves to reduce the effective tower 

footing resistance. Where a metallic pipeline runs in close proximity to an overhead line, a counterpoise may also be used in 

parallel with the pipeline in order to reduce the induced voltage on the pipeline from the power line.  

Therefore, a practical overhead transmission line is a complex arrangement of conductors all of which are mutually coupled 

not only to each other but also to earth. The mutual coupling is both electromagnetic (i.e. inductive) and electrostatic (i.e. 

capacitive). The asymmetrical positions of the phase conductors with respect to each other, the earth wire(s) and/or the surface of 

the earth cause some unbalance in the phase impedances, and hence currents and voltages. This is undesirable and in order to 

minimize the effect of line unbalance, it is possible to interchange the conductor positions at regular intervals along the line 

route, a practice known as transposition. The aim of this is to achieve some averaging of line parameters and hence balance for 

each phase. However, in practice, and in order to avoid the inconvenience, costs and delays, most lines are not transposed along 

their routes but transposition is carried out where it is physically convenient at the line terminals, i.e. at substations. 

Bundled phase conductors [9] are usually used on transmission lines at 220 kV and above. These are constructed with more than 

one conductor per phase separated at regular intervals along the span length between two towers by metal spacers. Conductor 

bundles of two, three, four, six and eight are in use in various countries.  

The purpose of bundled conductors is to reduce the voltage gradients at the surface of the conductors because the bundle 

appears as an equivalent conductor of much larger diameter than that of the component conductors. This minimizes active losses 

due to corona, reduces noise generation, e.g. radio interference, reduces the inductive reactance and increases the capacitive 

susceptance or capacitance of the line. The latter two effects improve the steady state power transfer capability of the line. Figure 

1.1 shows a typical 400 kV double-circuit line of vertical phase conductor arrangement having four bundled conductors per 
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phase, one earth wire and one counterpoise wire. The total number of conductors in such a multi-conductor system is 

(4×3)×2+1+1=26 conductors, all of which are mutually coupled to each other and to earth. 

 Conductors: C.

Line conductors may vary in size according to the rated voltage. The number of conductors strung on a pole depends on the type 

of circuits that are used. Because they strike a happy combination of conductivity and economy, copper, aluminum, and steel are 

the most commonly used conductor materials. Silver is a better conductor than copper; but its mechanical weakness and high 

cost eliminate it as a practical conductor.  

On the other hand, there are cheaper metals than copper and aluminum; but they would be hopelessly poor conductors. Copper is 

the touchstone of conductors. Other conducting materials are compared to Line Model and Performance copper to determine 

their economic value as electrical conductors.  

Aluminum-steel or copper-steel combinations and aluminum have become popular for conductors in particular circumstances. 

Aluminum alloys are also used as conductors. 

 Copper Conductors: 1)

For many years, copper has been the most satisfactory conductor for electrical purposes. Its electrical and mechanical properties, 

coupled with comparative cost benefits, made it almost exclusively used universally. Its conductivity is high, surpassed only by 

that of silver and some other rare metals; indeed, its conductivity is used as a reference for that of other materials.  Copper is 

used in three forms: hard drawn, medium-hard drawn, and soft drawn (annealed). Hard-drawn copper wire has the greatest 

strength of the three and is, therefore, mainly used for transmission circuits of long spans (200 ft or more). However, its 

springiness and inflexibility make it hard to work with. Soft-drawn wire is the weakest of the three. Its use is limited to short 

spans and for tying conductors to pin-type insulators. Since it bends easily and is easy to work with, soft-drawn wire is used 

widely for services to buildings and some distribution circuits. Practice, however, has been toward longer distribution circuit 

spans and use of medium-hard-drawn copper wire. 

 Aluminum Conductors: 2)

Aluminum is used because of its light weight, which is less than one third that of copper. It is only 60 to 80 percent as good a 

conductor as copper and only half as strong as copper. For these reasons it is hardly ever used alone, except for short distribution 

spans. Usually the aluminum wires are stranded on a core of steel wire [10]. Such steel reinforced aluminum wire has great 

strength for the weight of the conductor and is especially suitable for long spans. 

 
Fig. 1.4: Aluminum Conductor Steel Reinforced 

 
Fig. 1.5: Good for long transmission spans 

 Steel Conductors: 3)

Steel wire is rarely used alone. However, where very cheap construction is needed, steel offers an economic advantage. Because 

steel wire is three to five times as strong as copper, it permits longer spans and requires fewer supports. However, steel is only 

about one tenth as good a conductor as copper and it rusts rapidly. This rusting tendency can be counteracted (so that steel wire 

will last longer) by galvanizing, that is, by the application of a coat of zinc to the surface. 

 Copperweld or Alumweld Conductors: 4)

The main disadvantages of steel are a lack of durability and conductivity. On the other hand, steel is cheap, strong, and available. 

These advantages made the development of copper-clad or aluminum-clad steel wire most attractive to the utility companies. To 

give steel wire the conductivity and durability it needs, a coating of copper is securely applied to its outside. The conductivity of 

this clad steel wire can be increased by increasing the coating of copper or aluminum. This type of wire, known as Copperweld 

or Alumoweld [11] is used for guying purposes and as a conductor on rural lines, where lines are long and currents are small. 
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 Conductor Stranding: 5)

As conductors become larger, they become too rigid for easy handling. Bending can damage a large solid conductor. For these 

practical reasons, the stranded conductor [12] was developed. A stranded conductor consists of a group of wires twisted into a 

single conductor. The more wires in the conductor’s cross section, the greater will be its flexibility. Usually, all the strands are of 

the same size and same material (copper, aluminum, or steel). However, manufacturers do offer stranded conductors combining 

these metals in different quantities. 

Sometimes 3 strands of wire are twisted together. But usually, they are grouped concentrically around 1 central strand in 

groups of 6. For example, a 7-strand conductor consists of 6 strands twisted around 1 central wire. Then 12 strands are laid over 

those 6 and twisted to make a 19-strand conductor.  

To make a 37-strand conductor, 18 more are placed in the gaps between these 18. And so the number of strands increases to 61, 

91, 127, and so on.  

Other combinations are possible. For example, 9 strands can be twisted around a 3-strand twist to make a 12-strand wire. Two 

large strands can be twisted slightly and then surrounded by 12 twisted strands making a 14-strand conductor. 

 
Fig. 1.6: Illustration of a Stranded Conductor 

II. PROBLEM STATEMENT, MOTIVATION AND RESEARCH APPROACH 

Fault currents cause equipment damage due to both thermal and mechanical processes. Goal of fault analysis is to determine the 

magnitudes of the currents present during the fault. There is a need to determine the maximum current to ensure devices can 

survive the fault. Moreover, there is need to determine the maximum current the circuit breakers (CBs) [13] need to interrupt to 

correctly size the CBs. 

In this research paper, a three phase 200 km line is modeled using Matlab Simulink simulation model. The fault data is 

obtained using the three phase fault block. Fault dataset is obtained using the simulation model. The dataset, comprising of 

voltage and transient current values is used to train the SVM [14] model. The most common types of faults in the transmission 

lines are transient phase to ground faults. The SVM model is trained on the dataset to classify the phase to ground faults in case 

of any fault in the transmission line. Results are analyzed and compared with those classified using Neural Networks [15]. The 

classification of single phase to ground faults using SVM provides ~15 percent more accuracy as compared to those of the 

traditional neural network based classifiers. 

The prime motive behind this research paper is that a significant impact a very accurate fault Classifier could make if 

employed in a power transmission and distribution system, in terms of the amount of money and time that can be saved. The 

main goal of Fault Classifier is to classify Phase-Ground and other Faults with the highest practically achievable accuracy. When 

the physical dimensions and the size of the transmission lines are considered, the accuracy with which the designed fault 

classifier classifies faults in the power system becomes very important. One of the important aspects that this research paper 

concentrates on is the analysis of the transmission line’s phase voltages and currents during various fault conditions and how 

they can be effectively utilized in the design of an efficient fault classifier. The main objective of this research is to study and 

successfully design a fault locator that can detect, classify and locate faults in power transmission lines. This research paper drew 

its initial motivation from a method that could be used for classification of faults in transmission lines using neural fuzzy logic. 

However, when extensively studied, it can be noted that a fault classifier with satisfactorily high accuracy can be easily achieved 

with the help of Support Vector Machines [14] by the use of a large amount of data set for training and the learning process. This 

eliminates the need for proficiency in power systems which is a necessity when working with expert fuzzy systems. 

 Research Approach: A.

A three phase transmission line model is implemented using Simulink library components using three phase power generators, 

three phase load and fault blocks. Using scope block, data is obtained for normal current waveform and transient phase to ground 

error waveform. Two sets of data points are created called positive and negative examples corresponding to the transient phase to 

ground fault and other categories of faults. A support vector machine implemented in R statistical package [16] is then trained on 

the data values for fault classification. 

Section 1 presents an overview of the subject matter and gives the problem statement and the approach for the research. 

Section 2 provides the detailed overview of of problem Definition. Section 3 presents the proposed techniques and proposed 

model. Section 4 presents the results and interpretations for fault detection using Support Vector Machines. Section 5 concludes 

the Paper. 
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III. PROPOSED WORK 

 Three Phase Electric Power Generation: A.

Although single-phase power is more prevalent today, three phase is still chosen as the power of choice for many different types 

of applications. Generators at power stations supply three-phase electricity. This is a way of supplying three times as much 

electricity along three wires as can be supplied through two, without having to increase the thickness of the wires. It is usually 

used in industry to drive motors and other devices. Three phase electricity is by its very nature a much smoother form of 

electricity than single-phase or two-phase power. It is this more consistent electrical power that allows machines to run more 

efficiently and last many years longer than their relative machines running on the other phases. Some applications are able to 

work with three-phase power in ways that would not work on single phase at all. Three phase is a common method of electric 

power transmission. It is a type of polyphase system used to power motors and many other devices. 

Three phase systems may or may not have a neutral wire. A neutral wire allows the three phase system to use a higher voltage 

while still supporting lower voltage single phase appliances. In high voltage distribution situations it is common not to have a 

neutral wire as the loads can simply be connected between phases (phase-phase connection). Three phase has properties that 

make it very desirable in electric power systems. Firstly the phase currents tend to cancel one another (summing to zero in the 

case of a linear balanced load). This makes it possible to eliminate the neutral conductor on some lines. Secondly power transfer 

into a linear balanced load is constant, which helps to reduce generator and motor vibrations. Finally, three-phase systems can 

produce a magnetic field that rotates in a specified direction, which simplifies the design of electric motors. Three is the lowest 

phase order to exhibit all of these properties. 

Large commercial power stations generate 3 alternating currents simultaneously from the same machine each differing in 

timing from each other by 1/3 of the period. The three currents have a phase difference of 120
0
 from each other. This is because 

the sets of wiring are 120
0
 around the generator. If the first phase has a voltage given by V=V0 sinωt, then the second is V=V0 

sin(ωt +120
0
) and the third V=V0 sin(ωt + 240

0
). The magnet is usually an electromagnet requiring brushes to provide the current 

to the rotating magnet's wiring.  The potential differences generated is often fairly low but high currents are created. These are 

usually sent to a transformer in a switchyard which changes the AC currents to very high voltage and low current for long 

distance transmission. This is because of the reason that power is expressed as the product of V and I. If one has to transmit say 

100MW to a place several hundred kilometers away, high currents in the cable could cause ohmic heating of the cables. Thus 

low currents, meaning high potential difference is used in the transmission.  High voltage transmission towers only carry groups 

of three cables - the 3 phases. The return cable is the Earth itself.  

At the other end, the PDs are transformed to low values and eventually the individual phase cables go to consumers. Big 

energy consumers like factories may require all three phases into their places. Households usually need only one phase. It can be 

proved mathematically that V0 sinωt + V0 sin(ωt +120
0
) + V0 sin(ωt + 240

0
) = 0. Thus, the three voltages adds to zero. At the 

generator and every transformer one cable of every phase is joined and stuck in the ground. 

 Three Phase Electric Transmission: B.

Transmission lines are sets of wires, called conductors, that carry electric power from generating plants to the substations that 

deliver power to customers. At a generating plant, electric power is “stepped up” to several thousand volts by a transformer and 

delivered to the transmission line. At numerous substations on the transmission system, transformers step down the power to a 

lower voltage and deliver it to distribution lines. Distribution lines carry power to farms, homes and businesses. The type of 

transmission structures used for any project is determined by the characteristics of the transmission line's route, including terrain 

and existing infrastructure. 

 Modeling the Power Transmission Line System: C.

A 500 kV transmission line system has been used to develop and implement the proposed strategy using SVM. The system 

consists of two generators of 500 kV each located on either ends of the transmission line along with a three phase fault simulator 

used to simulate faults at various positions on the transmission line. The line has been modeled using distributed parameters so 

that it more accurately describes a very long transmission line. 

 
Fig. 3.1: Model of Transmission System 
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The simulation model of the three phase transmission line is shown in figure 3.2. 

 
Fig. 3.2: Three Phase transmission line along with fault simulations (Simulink Model) 

 
Fig. 3.3: Generic Model of fault detection through SVM 

 Input Data Set Generation: D.

Data values of voltages are sampled across the lines through SCADA system and the sampling rate is twice as great as the 

frequency of the waveform. The typical frequency of the AC supply above 33000 volts is 49-50Hz, therefore, the sampling rate 

is 100 Hz to recover the exact signal as per the Nyquist criteria. The fault data is first classified into Phase-Ground Faults and 

other faults to create positive and negative examples, so as to train the SVM, thereby providing supervised learning. SVM is a 

binary classifier which works on numeric data. The training data of positive and negative sets, so obtained is used to train the 

SVM classifier to classify the test data. The proposed model provides a discriminative model in which the training data is 

provided to SVM periodically to set parameter values while at the same time, subjecting it to testing data to check its efficiency. 

 SVM Based Classification: E.

The samples of Phase Ground data and other types of data is labeled as positive and negative examples and used to train the 

SVM. A similar set of data is then input to SVM for classification to check the checking error. Training is again performed on 

diversified data set to check for training of SVM on all the possible voltage values involved in the fault, short circuit and other 

types of line faults. As shown in figure 3.3, input values are obtained for the supervisory control and data acquisition system and 

used initially as test data to train the SVM. SVM is recommended for classification as it can provide a higher dimensional input 

space for parameters and provides a Binary Classification. The classification is actually the set of data points on either side of the 

hyper-plane which is represented by the Support Vector Machine. The Input to the SVM in phase-ground and other types of 

faults are: 

1) Phase A to Ground Voltage 

 

Training Data 

Create Positive Examples 

(Phase-Ground Faults) 

Create Negative Examples (Other 
Faults) 

Train SVM 

Receive Voltage Values 

 

Testing Data 
 

Binary Classified Data 
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2) Phase B to Ground  Voltage 

3) Phase C to Ground Voltage 

4) Phase A to Phase B Voltage 

5) Phase B to Phase C Voltage 

6) Phase C to Phase A Voltage 

For the set of these 6 input parameters, the proposed SVM based classifier maps to an optimal hyper-plane to classify the 

Phase to Ground Faults and other types of faults. Thus the following mapping is represented by the SVM classifier. 

 
Fig. 3.4: Proposed SVM Classifier 

Section 4 tabulates the fault data obtained by MatLAB Simulink model shown in Figure 3.2 using the fault block feature. The 

input data is then classified using the proposed SVM and results are tabulated. 

IV. ANALYSIS OF PROPOSED WORK 

 Three Phase Transmission Line Fault Data: A.

Ideal three phase voltage values for 330 kVA voltage line are depicted in figure 4.1. The three sinusoids have a constant phase 

difference of 120 degrees. between each other. 

 
Fig 4.1 Ideal Three Phase voltage plot (330 kVA). Vertical Axes shows voltage values and Horizontal axes shows time. 

Figure 4.2 depicts the situation in which phase B and C have uniform sine wave voltage values but the phase A takes over with 

varying voltage values leading to fault in the three phase transmission. Figure 4.3 and 4.4 illustrates the fault conditions of phase 

B and C respectively. Figure 4.5 illustrates the situation in which some or all the phase have faulty voltage values instead of 

sinusoids. 

 

Phase A to Ground Voltage 

Phase B to Ground Voltage 

Phase C to Ground Voltage 

Phase A to Phase B Voltage 

Phase B to Phase C Voltage 

Phase C to Phase A Voltage 

INPUT DATA 

 
SVM BASED CLASSIFIER 
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Fig. 4.2: Phase A Fault. Vertical Axes shows voltage values and Horizontal axes shows time 

 
Fig. 4.3: Phase B Fault. Vertical Axes shows voltage values and Horizontal axes shows time 

 
Fig 4.4: Phase C Fault. Vertical Axes shows voltage values and Horizontal axes shows time 

 
Fig. 4.5: Phase diagram of some/all phase faults. Vertical Axes shows voltage values and Horizontal axes shows time 
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 Support Vector Machine Based Fault Classification: B.

The data values corresponding to the three phase transmission line is fed to the SVM based classifier for detection of phase-

ground fault or any other fault. 

 
Fig. 3.9: Data points corresponding to Normal and Fault Data 

 
Fig. 3.10: Testing and Training Data Points for Normal and Fault Data 

 
Fig. 3.11: Prediction data for Normal and Fault Data 

For the training and testing examples formed from the set of data points corresponding to the voltage levels at the three phases, 

the following classification data is obtained through the proposed classifier: 
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Fig. 3.12: Parameter Values for SVM Classifier 

######################################################## 

Support Vector Machine object of class "ksvm"  

SV type: C-svc  (classification)  

parameter : cost C = 100  

Linear (vanilla) kernel function.  

Number of Support Vectors : 31  

Objective Function Value : -3460807874  

Training error : 0.358333 

####################################################### 

Chapter 5 discusses the conclusion with the scope of future work. 

V. CONCLUSION AND FUTURE SCOPE 

This research paper has studied the usage of Support Vector Machines as an alternative method for the detection and 

classification of faults on transmission lines. The methods employed make use of the phase voltages which are scaled with 

respect to their pre-fault values as inputs to the SVM based classifier. A Matlab-simulink model is developed for three phase 330 

kVa, 50 Hz transmission line of 100 Kms and is subjected to three phase fault module of the simulink library. The fault data 

obtained is tabulated and fed to the SVM classifier. As SVM is a binary classifier, the classification algorithm is designed to 

classify for single-phase to ground faults versus other phase-phase-ground or symmetrical faults. Two set of data values are 

created for faults corresponding to the two classes considered, which are named as positive and negative examples. 

Results show that SVM based classifier classifies the faults with 70 percent success rate (30 percent testing error) in 

classification. This is a 5 percent improvement as compared to neural network based classifier for a data set consisting of 150 

points data. Results are tabulated and classifier is trained and tested for the data set obtained from simulink model. 

Future scope of this work is to design SVM to classify other types of faults with more precision as compared to classical 

neural network based approach. 
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