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ABSTRACT 

 

 

 

 

Power quality is become a popular issue in the power industry since the late 

1980’s. It can cause the electrical equipments to malfunctions and it also could effect on 

total power lost for days. Therefore, this project is going to introduce a new way which 

could identify the location and type of disturbance in a faster and simpler way by using 

automated recognition system using software. The approach used for development of 

this project is Wavelet Transform Analysis and Artificial Neural Network. From 

PSCAD, the circuits for disturbances were created according to their types which are 

voltage sag, voltage swell, capacitor switching, harmonic and outage. The simulation 

results will show that each of disturbances will produce different waveforms from the 

pure sinusoidal and therefore, Wavelet Transform will be used to produce the 

characteristics of the disturbance. Then, ANN will be applied to detect the type of 

disturbance and also its location in the transmission lines. Finally, a program named 

“Power Quality Disturbance and Location Detector Using ANN” was introduced which 

include involvement of Wavelet Toolbox, Neural Network Toolbox, and GUI builder 

from MATLAB. 
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ABSTRAK 

 

 

 

 

Kualiti kuasa telah menjadi isu popular di dalam industri kuasa semenjak tahun 

1980. Ia boleh menyebabkan peralatan elektrik menjadi rosak dan ia juga mampu 

menyebabkan kehilangan bekalan kuasa selama beberapa hari. Oleh itu, projek ini 

memperkenalkan cara terbaru untuk mengenal pasti lokasi dan jenis gangguan dengan 

lebih cepat dan mudah dengan menggunakan system pengesanan automatic yang 

menggunakan perisian. Pendekatan yang digunakan dalam membangunkan projek ini 

ialah Discrete Wavelet Transform Analysis dan Artificial Neural Network. Dari 

PSCAD, litar akan direka berdasarkan jenis gangguan iaitu kenaikan voltan, kejatuhan 

voltan, pengsuisan kapasitor, harmonic dan outage. Hasil simulasi akan menunjukkan 

bahawa setiap jenis gangguan akan menghasilkan gelombang yang berlainan dari 

gelombang sinus yang asal dan oleh itu, Wavelet Transform akan digunakan untuk 

menghasilkan ciri-ciri gangguan. Seterusnya, ANN akan mengesan jenis gangguan dan 

lokasi di talian penghantaran. Akhirnya, program yang dinamakan ”Power Quality 

Disturbance and Location Detector Using ANN” diperkenalkan di mana ianya 

melibatkan penggunaan Wavelet Toolbox, Neural Network Toolbox, dan GUI dari 

MATLAB. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Project Background 

 

 

 The usage of electronic equipments is important in our lives nowadays and the 

development of this technology is growing rapidly days by days. This newer-generation 

load equipment was created to be more sensitive than the electronic devices before and 

this will increase the power quality problems. As things now are interconnected in a 

power grid, therefore disturbance from load will give huge impact on the power system 

that will brings side effects to the other consumers too.  

 

 

Power quality can be defined as any power problem manifested in voltage, 

current, or frequency deviation that can results in failure or misoperation of customer 

equipment. So, it also means that power quality problems can cause the load to 

malfunction as the load was connected to the power system supplied by power utilities.  

 

 

Although several methods had been introduced to detect this disturbance, but it is 

expensive and took a long time to solve it. Time is very important because the longer 

time taken, the higher the affects on power system. Suitable problem solving should be 

taken to restore the system as soon as possible to avoid it from become worse which 

could affect on total loss of power for days.  
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 The usage of artificial neural network is popular these days and it is 

widely used in different field as its ability to provide a simpler and faster way than what 

we already used now. It is computer software that is under artificial intelligence which 

also includes fuzzy logic. This neural network is easy to use and it also has lots of 

advantages if compared to other intelligent methods. 

 

 

 

 

1.2 Problem Statement 

 

 

The intelligent technology that is created lately demands power that is free from 

interruption or disturbance. However, a recent study carried out in USA shows that 

business sectors losing a lot sum of money every year due to this power quality 

problems. For an industrial sector that used 24-hours machine to operate, this 

phenomenon will give them big impacts especially for the machines that required a long 

start-up time.  

 

 

The common causes of this problem can be divided into two groups which are 

internal and external causes which include weather conditions such as lightning, ice 

storm, and wind, heavy startup loads, faulty distribution components and major 

switching operations.  

 

 

This disturbance can cause on economic value which for power supply utilities, 

they will have to bear the loss that comes from consumers and also from their own 

power system. Besides that, when power quality problems happen such as blackout, 

some company might ask for compensation as this situation will cause their machine to 

lose synchronization and this will bring them to lots of losses. Residential consumers 

also will have less faith in them if this problem of poor services occurred frequently and 
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if there are many choices of power qualities, they will prefer to change to the best 

supplier. 

Loads are interconnected in power grid. Thus, any disturbance caused by load at 

other location will give impact on the stability of the power system. This requires the 

power supply utilities to be more concern on the location of where disturbance 

originated as less times taken to detect, less cost will be needed. In order to have high 

accuracy of detection, therefore neural network is introduce in giving more faster and 

simpler method in this new-advanced technology.  

 

 

 

 

1.3 Project Objectives 

 

 

The main objective of this project is to create a program that is able to classify the types 

of disturbance and its location using Artificial Neural Network and Wavelet Transform 

Analysis while the general objectives of this project are: 

 

 

1. To utilize ANN technique in order to detect type of disturbance that occurred 

and its location 

2. To develop a user friendly guide as an interface for user to the created 

software by using MATLAB. 

3. To create characteristics for each type of disturbance by using Wavelet 

Transform 
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1.4 Project Scope 

 

 

Based on the classification under IEEE 1159, the disturbances can be categorized under 

seven categories and for more accurate categorization, each category will have their sub-

categories which depends on amplitude, frequency, spectrum, modulation and others to 

identify them. Therefore, studies on type of disturbance and the software that are going 

to use is needed for this project. 

 

 

For this project, only certain types will implemented which are: 

a) Sag 

b) Swell 

c) Harmonic 

d) Outages 

e) Capacitor Switching 

 

 

This project also covered on circuit designation and simulation using PSCAD 

and it involved the usage of Discrete Wavelet Transform, which is a type of wavelet 

transform, to extract the characteristics of each disturbance based on the waveforms 

produced via simulation. After that, Probabilistic Neural Network will be applied to 

identify the types of disturbance and its location on the transmission lines.  
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CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Power Quality 

 

 

Power quality is defined as any power problem occur involving voltage, current, or 

frequency deviation that results in failure or misoperation of customer equipment while 

disturbance is temporary deviation from steady-state waveform. Therefore, power 

quality disturbance can be described as a phenomenon which can cause the output 

voltage to be not in purely sinusoidal.  

 

 

It is easily to react with sensitive equipments which can cause it to malfunction and as 

the power system is interconnected to each other, it can also affect on other end-load 

users. So, it is important to everyone to give concern about this problem. From a survey 

carried out by the Electric Power Research Institute, 80% of all disturbances come from 

inside the homes and business. Therefore, most of the disturbance comes from 

household equipments and appliances such as refrigerator, air conditioner, vacuum and 

so on. Weather conditions like lightning, ice storms, and high winds are also another 

factors for disturbance to occur. 
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This power quality problem could give a big impact on economic value either to power 

supply utilities, residential consumers or industry. For power supply utilities, it will 

effect on gaining the level of confidence from their consumers and this also will reflect 

on their number of customers to competing power supplier. Residential consumers now, 

for example, usually depend on internet for making their business easier either for 

paying bills, online shopping, or to communicate with their family and friends which 

lives far away from them. So, without computer, it will make their life quite difficult as 

they need to go to the office to settle down their needs. 

 

 

 

 

2.1.1 Types of Disturbance 

 

 

There are different types of disturbance that usually occurred in power system such as 

overvoltage, undervoltage, harmonic, voltage sag, voltage swell, and so on that can be 

categorized based on their length and magnitude. Each type can be differentiating by its 

waveform. 

 

 

a) Voltage Sag 

 

 

 

Figure 2.1  Sag 

 

Voltage sag is a decrease of 10-90% of AC voltage and it usually occurred between the 

duration of 0.5 cycles to 1 minute’s time at a given frequency. The common causes for 

sag are heavy startup loads and remote clearing faults performed by utility equipments.  

b) Undervoltage 
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Figure 2.2  Undervoltage 

 

 

Undervoltage is also usually known as brownouts and it is the result for the longer time 

problems of voltage sags. It is closely related with increase in currents as the motor 

starting required six times or more than its normal running current. It could give effects 

on incorrect operation of control devices, computer system crash, speed variation or 

stopping of motors and so on. For example, it can create overheating in motors and also 

could cause to the failure of nonlinear loads such as computer power supplies.  

 

 

c) Voltage Swell 

 

 

 

 

Figure 2.3 Voltage Swell 

 

 

 

Voltage swell is an increase of AC voltage for 10-90% of rms voltage for duration of 0.5 

cycles to 1 minute. Usually, the sources that could bring to voltage swells are sudden 
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load reductions with a poor damaged regulator, high-impedance neutral connections and 

a single-phase fault on a three-phase system. Swells effects is able to disturb electric 

controls and motor drives, mainly on adjustable speed-drives, which can be trip because 

of their built-in protective circuitry.  

 

 

d) Overvoltage 

 

 

 

 

Figure 2.4 Overvoltage 

 

 

Overvoltage is the consequences for the long-term problem of swells. It usually occurred 

when transformer supply tap settings are set incorrectly and loads have been reduced. It 

can cause overheating, unnecessary tripping of downstream circuit breakers and putting 

stress on equipments.  

 

 

e) Harmonic 

 

 

 

Figure 2.5  Harmonic 

 

 

Harmonics can be categorized under waveform distortion. There are five primary types 

of waveform distortion which are DC offset, harmonics, interharmonics, notching, and 
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noise. Harmonics can be defined as a distortion of waves from a pure sinusoidal at 

multiples of fundamental frequencies. The contributors to harmonics are high-power 

types of equipments using phase-angle control and uncontrolled rectification, and 

saturation of transformers core during energization with the increasing use of FACTS 

from power utility equipment. It can give effects on transformers heating and system 

halts.  

 

 

f) Momentary Interruptions 

 

 

 

Figure 2.6  Momentary Interruptions 

 

 

Momentary interruption is a state where the voltage will be zero for 30 cycles to 2 

minutes. It is almost like a temporary blackout which can be experienced when the 

power supply suddenly did not operate and the common causes for this problem are 

equipment failure, circuit breaker tripping and damaged of electricity supply grid. When 

someone use computer and suddenly this interruptions happened at that time, it will 

cause computers to lose data. There are four types of interruptions which are 

instantaneous, momentary, temporary and sustained which each of them can be 

classified according to the time taken for the situation to happen and heal.  
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2.1.2 Power Quality Solutions 

 

 

a) Uninterruptable Power Supply (UPS) 

 

 

UPS is a device that is put between power supply and a device to protect devices from 

disturbance that could directly affect the performance of the device.  

 

 

There are three types of UPS that commonly used which are Standby Power Supply 

(SPS), hybrid (or ferroresonent) UPS system, and online UPS. The UPS has internal 

battery which also acts as an emergency power supply that could be as a backup power 

supply when power failure happened. This feature is very important especially to the 

computer as the users can prepare to shutdown the computer when there is no power 

supply so that the data is not lost due to the power loss. 

 

 

b) Power Conditioner 

 

 

Power conditioner is an electrical device that improves the power quality and it is used 

to provide AC power supply that is free from disturbance to sensitive electrical 

equipments. It is also used between the device and power supply such as wall outlet and 

it is able to protect the equipments from surge, brownout, noise and other power quality 

problems. 

 

 

c) Transient Voltage Surge Suppression (TVSS) 

 

 

TVSS is used to protect sensitive electrical equipments from harmful surge energy and it 

is a voltage-sensitive switch, which monitors the AC voltage input and output 

waveforms. It is similar to the surge arrester and surge diverter. When the surge is 

detected, it provides short circuit which will send the surge flow to the earth between the 

power line and ground. 
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2.2 Wavelet Transform  

 

 

Wavelet transform is a transformation to basis function which is represented in scale and 

time. It transforms a waveform or a signal into its frequency component and this gives a 

faster and effective way to analyze non-stationary voltage and current waveforms. 

Wavelet transform can be classified into Continuous Wavelet Transform (CWT) and 

Discrete Wavelet Transform (DWT) 

 

 

2.2.1 Continuous Wavelet Transform 

 

 

Continuous Wavelet Transform transforms a signal into wavelets that has small 

oscillations and highly localized in time. It produces a time-frequency with a good time 

and frequency localization. CWT can be defined as: 

 

 

…Equation 2.1 

 

 

The equation 2.1 shows that the convolution is used directly as CWT is a convolution of 

data sequence with a scaled and translated version of the mother wavelet, the psi 

function while the equation 2.2 is alternative way by using the FFT-based fast 

convolution. 
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where 

 

 

 

 

 

and 

 

 

 

 

 

with   x = discrete data series 

   N = data series length 

   s = wavelet scale 

   n = localized time index 

   tδ = sampling interval 

   ω = angular frequency 

 

 

 

 

 

 

 

 

 

 

…Equation 2.2 

…Equation 2.3 

…Equation 2.4 
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2.2.2 Discrete Wavelet Transform 

 

 

The CWT is a costly process and most of the signal data were stored in discrete in 

computer to process.  The low pass digital filter is the scaling function of the Wavelet, 

gn(n) while high pass digital filter is wavelet function of the Wavelet, hn(n).The low 

frequency content is very significant as it can give the characteristics of the signal for 

many signals. 

 

 

 

Figure 2.7  Sub-band Filtering of DWT 

 

 

 The signal will pass through two filters which are low pass filter and high pass 

filter and it will produce two other signals which are details, and approximation. Details 

are the low scale, high frequency components while approximations are high scale, low 

frequency component. 

 

 

 The signals also will be down sampling by eliminating half of the signal when it 

passes through the filters in order to maintain the number of data we had in our signals. 

This is indicated by       in Figure 2.7. 
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Figure 2.8  Wavelet Decomposition Process 

 

For multiresolution analysis using DWT process, a signal is decaying into a discrete 

number of arithmetic frequency bands. In the first level of decomposition, the entire high 

frequency is filtered out. The Wavelet is shifted along the signal in convolution and all 

the component in the signal that matched the Wavelet’s frequency will result in high 

amplitude of the coefficients. In the second level of decomposition, half of the signal 

will be removed. As a result, the frequency band of the signal now is half of the original 

signal. The process will continue and the level needed depends on the sampling 

frequency or the highest cutoff frequency set in the analysis. The amplitude of 

coefficients increased as the level of decomposition increased until it reached certain 

level to start decreased. The drop of coefficient’s amplitude shows that the signal is 

completely decomposed. 
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2.2.3 The Advantages of Wavelet Transform 

 

 

1. The Wavelet Transform is a time-frequency analysis which its coefficients 

contains information on successive bands or frequency. Therefore, it would be an 

advantage for the users who did not sure about the frequency that produced the 

signal which it is really well-suited for disturbance signal with rapid changes. 

 

 

2. For comparison between Wavelet Transform and the popular Fourier Transform, 

Wavelet provides different windows in order to isolate signal discontinuities 

such as if we would like to have some very short basis functions and on the same 

time too, to have some very long basis functions which it will gives detailed 

frequency analysis. Unlike Fourier Transform, the resolution of the analysis is 

same for all frequencies as it needs to fit the window’s width.   

 

 

 

 

Figure 2.9  Fourier Basis Functions 

 

 

 

 

 

 

 

 

Figure 2.10  Deubechies Wavelet Basis Functions 
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2.3 Artificial Neural Network (ANN) 

 

 

Artificial neural network is a model that was created based on biological brain and it 

consists of neurons that were interconnected with each other. These processing signals 

produced output from input signals it received to solve certain problems. Therefore, the 

input signals will be processed and then from the tasks that have been trained, output 

will be produced.  

 

 

 

Figure 2.11 Neuron 

 

 

 

Figure 2.12 An Artificial Neuron 
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There are a few terms that have been used to explain how to implement this ANN. 

Figure 2.13 above showed an artificial neuron that is used in neural network. Each 

neuron are activated by activation functions and for each interconnection, there is an 

associated weight which is Wji. The signals sent then will be processed by multiplying 

the activation signals with its weight. 

 

 

 

Figure 2.13 An Artificial Neural Network 

 

 

Some ANN used bias signals, b and it acts same with weights. The only difference is 

that bias will always have activation equals to 1. This connection will be treated equally 

with weights and then will be adapted according to the learning rule of ANN. It can 

increase the signal levels which will also improve the union.  

 

 

Neural network input, S = iiwxb ∑+  

 

 

 

Figure 2.14 Threshold 
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The threshold is quite similar with the bias but it is not adapted and its value will be used 

to make decisions in ANN such as either ANN will fire or unfire. The separating line the 

will be  

 

 

θ=++ 2211 wxwxb  

 

 

 The ANN can be categorized into 3 models which are feedforward, feedback and 

cellular and each model can be either in supervised or unsupervised mode.  

 

 

 

Figure 2.15 Feedforward Propagation 

 

 

 

 

Figure 2.16 Feedback Propagation 

 

 

 

…Equation 2.5 
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2.3.1 Learning Phase 

 

 

Learning means using a set of observations that is used to solve the task such as to find  

Ff ∈*  

 

where F is a class of functions 

 

There are three major learning paradigms which are supervised learning, unsupervised 

learning and reinforcement learning. The cost function, C is used to determine how close 

the problem from the optimal solution.  

 

 

In supervised learning, the main objective is to gather the mapping that is used indirectly 

by the data. The mismatch on cost function contains information about the problem 

domain and it is happened between mapping and the data. For unsupervised learning, the 

cost function is dependent and can be minimized by any function of the data, x and the 

network's output, f. Meanwhile, in reinforcement learning, the data is regenerated by an 

agent’s interactions with the environment. 
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2.3.2 Training Phase 

In the training phase, the model needs to be trained and correct training patterns should 

be determined so that they can perform the correct task. Here, an incorrect selection, 

which is wrong training patterns, will produce wrong results. There are four 

initializations that need to be considered in this training phase which are: 

 

 

a) Choose correct number of iterations (stopping criteria) 

b) Learning parameter / momentum parameter 

c) Randomize the weight correctly 

d) Minimum error (stopping criteria) 

 

 

 

 

2.3.3 Types of Neural Network 

 

 

There are many types of neural network which are: 

a) Feedforward neural network 

b) Radial Basis Function (RBF) network 

c) Kohonen self-organizing network 

d) Recurrent neural network 

i. Simple recurrent network 

ii. Hopfield network 

iii. Echo state network 

iv. Long short term memory network 

e) Stochastic neural network 

i. Boltzmann machine 

f) Modular neural network 

i. Committee of machine 

ii. Associative neural network (ASNN) 
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2.3.4 Feedforward Neural Network 

 

 

The feedforward neural network is the first and simplest method for artificial neural 

network. In this network, the information moves to the forward where is from the input 

nodes, to the hidden layer and lastly to the output. The information that was sent did not 

creating loops in the network. 

 

 

 

 

2.3.5 Radial Basis Neural Network 

 

 

 

 

Figure 2.17 Radial Basis Function (RBF) Network 

 

 

The network consists three layers which are input layer, hidden layer and output layer. 

This network provides good technique for interpolation in dimensional space and 

compared to the Multi Layer Perceptrons (MLP), it is better where it can be trained 

using 2 fast stages of training algorithm without the need for time consuming non-linear 

optimization techniques. 
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2.3.5 The Advantages of Artificial Neural Network 

 

 

1. Non-linearity 

a) Neuron is a nonlinear device 

b) With a proper trained of neural network, it will performed highly non-

linear mapping 

2. Learning 

a) The neural network is learn from the  interaction with environment 

3. Generalization capability 

a) Generalize the training information to similar situations which never 

experienced before 

4. Complex mapping 

a) Can synthesize complex mappings which maybe difficult or impossible if 

in mathematical form 

5. Robust and fault tolerance 

a) if the input data is incomplete or noisy, the ANN still can produce 

satisfactory result 

b) due to the distribution of computational load across many processing 

units, the network gained same degree of fault tolerance with respect to 

processor failures 

6. High speed 

a) Can solve the mapping problem much faster than conventional methods 

and other intelligent methods such as expert system. 
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CHAPTER 3 

 

 

 

 

METHODOLOGY 

 

 

 

 

Generally, the methodology involved for this project can be divided into gathering 

information on modeling circuit for disturbance and then simulating it to collect the data, 

extracting characteristics for each types of disturbance, classify the types and location 

for every each and lastly, developing the graphical user friendly interface for the user 

easier to use the program. 

 

 

The software used for this project is 

1. PSCAD 

2. MATLAB 

 

 

PSCAD is used to design circuit that is able create disturbances characteristics such as 

voltage sag, voltage swell, outage, harmonics, and capacitor switching. The data that 

was generated from each signal that was produced then will be analyzed for further use 

in MATLAB. 

 

 

By using MATLAB, the signal created before then will be characterized using wavelet 

transform analysis and a few data then will be obtained which is very useful to 

determine the input layer for neural network to be able to classify the location and types 

of disturbance that occurred. Then, a user friendly approach will be created to interface 

the user with the program. 
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 Software for Project Development 

 

 

 

 

 PSCAD 

 

 

 

Figure 3.1 The PSCAD Software 

 

 

PSCAD (Power System CAD) provides features for the user to schematically construct a 

circuit, run a simulation, analyze the results, and manage the data in a completely 

integrated, graphical environment.  It is a powerful and flexible graphical user interface 

to the EMTDC solution engine. EMTDC is most suitable software that can be used for 

simulating the time domain instantaneous responses which is also known as 

electromagnetic transients of electrical systems. 
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PSCAD completely provide users with a library of pre-programmed and tested models, 

which includes from simple passive elements and control functions, to more complex 

models such as electric machines, FACTS devices, transmission lines and cables.  If a 

certain desired model does not exist, PSCAD provides the flexibility of building custom 

models, either by assembling it graphically using existing models, or by utilizing an 

intuitively designed Design Editor. 

 

 

 

 

3.1.2 MATLAB 

 

 

 
Figure 3.2 The MATLAB Software 
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MATLAB stands for matrix laboratory. It is a high-performance language for technical 

computing which combines computation, visualization, and programming in an easy-to-

use environment where problems and solutions are expressed in familiar mathematical 

notation. Typical uses include  

 

 

a) Math and computation  

b) Algorithm development  

c) Data acquisition  

d) Modeling, simulation, and prototyping  

e) Data analysis, exploration, and visualization  

f) Scientific and engineering graphics  

g) Application development, including graphical user interface building 

 

 

MATLAB is a system that does not require dimensioning as the basic data element is an 

array and this allows users to solve many technical computing problems, especially 

those with matrix and vector formulations, in a fraction of the time it would take to write 

a program in a scalar noninteractive language such as C or Fortran. 

 

 

a) Wavelet Toolbox 

 

 

The Wavelet Toolbox is a collection of functions built within the MATLAB® Technical 

Computing Environment. It offered tools for the analysis and synthesis of signals and 

images, and tools for statistical applications, using wavelets and wavelet packets within 

the framework of MATLAB. 

 

 

The Wavelets Toolbox provides two categories of tools: 

 

 

1. Command line functions  

2. Graphical interactive tools  
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The first category of tools is made up of functions that users can call straight away from 

the command line or from their own applications. Most of these functions are M-files, 

sets of statements that implement specialized wavelet analysis or synthesis algorithms. 

The second category of tools is a type of graphical interface tools that afford access to 

extensive functionality. For this project, the first category was chosen to perform the 

Wavelet analysis which consists of Wavelet decomposition, determination of the 

Wavelet coefficients and Wavelet extraction. 

 

 

b) Neural Network Toolbox 

 

 

Neural Network Toolbox is a set of established procedures that are known to work well. 

It is a useful tool for industry, education and research, which will help users find what 

works and what doesn't, and a tool that will help develop and extend the field of neural 

networks. 

 

 

The Neural Network Toolbox also provides two alternatives for users either to access it 

using command line or graphical interactive tools that are provided within MATLAB. 

Both of it can be used to create, train and testing the neural network. For neural network, 

the command line approach also was chosen for this project. 
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c) GUI Builder (GUIDE) 

 

 

 
Figure 3.3 The Layout Editor of GUI Builder 

 

 

GUIDE, the MATLAB Graphical User Interface Development Environment, provides a 

compilation of tools for creating graphical user interfaces (GUIs). These tools greatly 

help to simplify the process of designing and building GUIs. Users can use the GUIDE 

tools to:  

 

 

1. Lay out the GUI Using the GUIDE Layout Editor  

2. Program the GUI  
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By using the GUI builder, users can create layout for their program easily by clicking 

and dragging GUI components such as panels, buttons, text fields, sliders, menus, and so 

on into the layout area. To program the GUI, GUIDE automatically generates an M-file 

that is able to controls how the GUI operates. The M-file initializes the GUI and 

contains a set of outline for all the GUI callbacks, the commands that are executed when 

a user clicks a GUI component. Using the M-file editor, users can add code to the 

callbacks to perform the functions they want them to. 

 

 

All the programs created before was compiled using the GUI for users to access, 

simulate, and can simply modify their data whenever they want, So anyone without the 

knowledge of the wavelet transform and neural network can handle the program easily. 

 

 

However, before designing the GUI, the programmer should know the detail features of 

the GUIDE. For example, each button has its own callback which is a function definition 

line and by using this function, we can relate the button with the command that we 

created before in M-file. So, the button will function according to our desire by adding 

the code that we already specified as the name of our M-file. Below is the example of 

function callbacks that is used for this project. 

 

% --- Executes on button press in pushbutton3. 

function pushbutton3_Callback(hObject, eventdata, handles) 

decompose(handles); 

% --- Executes on button press in pushbutton4. 

function pushbutton4_Callback(hObject, eventdata, handles) 

extraction(handles); 
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As the users press the button with tag named pushbutton 3, then the GUIDE 

automatically will be linked with the M-Files named decompose. Therefore, the program 

created will functions as the desired scripts writing in the M-File. Handles is used to 

share data between callback and the users can access the data in the handles structure in 

any callback because hObject and handles are input arguments for all the callbacks 

generated by GUIDE.  

 

 

There are two ways to access the template, either by entering guide at the MATLAB 

prompt, or if GUIDE is already open, select New from the File menu in the Layout 

Editor. 

 

 

GUIDE provides several templates, which are simple examples that users can easily 

modify it to create their own GUIs. The templates are fully functional GUIs and their 

callbacks are already programmed. Users can view the code for these callbacks to see 

how they work, and then modify the callbacks for their own purposes. GUIDE provides 

four templates, which are:  

 

 

• Blank GUI  

• GUI with Uicontrols  

• GUI with Axes  

• Menu Modal Question Dialog 

 

 

Besides that, command function also was used for this project which is inside the M-

File and the name of the function, which defines in the first line of M-File, should be in 

the same name as the M-File. It is use for the MATLAB to search when the users try to 

use the script or function.  
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Figure 3.4 Script Writing 

 

 

 

 

3.2 Wavelet Transform Analysis. 

 

 

The Wavelet Toolbox is a set of functions built on the MATLAB which provides tools 

for the analysis and synthesis of signals and images, and tools for statistical applications, 

using wavelets and wavelet packets within the environment of MATLAB. 

 

 

The Discrete Wavelet Transform was chose for this project, using Deubechies as the 

type of wavelet and wavelet extraction is perform based on Parseval’s Theorem 

approach. By using the wavelet decomposition of wave, the extracted value and pattern 

of the disturbances can be obtained. In a signal, lower frequency is more significant than 

the higher frequency. It is because it is able to show the signal’s identity and in wavelet 

transform, two filters are used which are low pass and high pass filter.  

 

 

Therefore, the disturbance signal then will be passed through two complimentary filters 

and emerges as two signals. There are five level involved for wavelet decomposition and 

it is depends on the sampling frequency or the highest cutoff frequency set in the 

analysis. The first level of the wavelet decomposition is filtering out the high frequency 

component and the wavelet then is shifted along the signal in convolution. All the 

components in the signal that matched the Wavelet’s frequency will be resulting in high 

amplitude of the coefficient. On the second level of the decomposition, the frequency of 

the wavelet is half decreased as the band of the signal now is half of the original signal. 
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The amplitude of the coefficients increased with the increasing of the level of Wavelet 

decomposition until it reaches certain level when it started to decrease. The drop of 

coefficient’s amplitude implies that the signal is completely decomposed. 

 

 

 
Figure 3.5 Wavelet Decomposition Tree 

 

 

The approach developed for the wavelet extraction is based on the study made by Penna 

C., Detection and Classification of Power Quality Disturbances using the Wavelet 

Transform, in year 2000. By using DWT and certain features of the decomposition 

levels of a signal were observed, some important conclusions could be made. This 

information is able to detect, locate, and classify the types of disturbance. A digital 

program was created and implemented in the Wavelet toolbox of the MATLAB 

platform, through five steps as follows: 

 
Step 1: Evaluation of the wavelet coefficients of the signal in study. The disturbance signal 

is decomposed by Wavelet transform in MATLAB into several levels and the coefficient of 

each level will be concerned.  
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Step 2: Evaluation of the square of the wavelet coefficients found at step 1.  

 
Step 3: Calculation of the distorted signal energy, in each wavelet coefficient level. The 

“energy” mentioned above is based on the Parseval’s theorem: “the energy that a time 

domain function contains is equal to the sum of all energy concentrated in the different 

resolution levels of the corresponding wavelet transformed signal”. This can be 

mathematically expressed as below:  
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Figure 3.6  The Approach of Features Extraction to Obtain the Unique Pattern of 

Disturbance 

 

 
Step 4: In this stage the steps 1, 2, and 3 are repeated for the corresponding “pure sinusoidal 

version” of the signal in study.  

 
Step 5: The total distorted signal energy of the signal in study (found in step 3) is compared 

to the corresponding one of the pure signal version (evaluated in step 4). The result of this 

comparison is a deviation the will be the unique feature or pattern of the disturbance.  
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where 
 

i  : Wavelet transform decomposition level  

ed(i) (%)  : Deviation between the energy distributions of the disturbance signal in  

study and its corresponding fundamental sinusoidal wave signal, at each Wavelet transform 

level  

edis(i)  : Energy distribution concentrated in each Wavelet transform level of the  

disturbance signal in study  

eref(i)   : Energy distribution concentrated in each Wavelet transform level of the  

correspondent fundamental component of the signal in study  

eref(4)   : Energy concentrated at the level 4 (which concentrates the highest energy)  

of the corresponding fundamental of the signal in study  

 

 

The energy deviations (ed(i)(%))curve against level of decomposition is then plotted. The 

deviation curve of every particular power quality disturbance has unique features that can be 

used to identify the problem in the voltage waveform. 
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3.3 Artificial Neural Network 

 

 

There are many types of neural network and for this project, probabilistic neural network 

was chosen which is fall under type of radial basis neural network. Basically, the 

network can either be in single layer or in multiple layers. Multiple layers has its own 

advantage which it is able to give more accurate result as different function can be used 

for the hidden layer and output layer. 

 

 

Probabilistic neural network was chose because it is easier than backpropagation neural 

network and besides that, the result is more accurate. In probabilistic neural network, we 

need to classify the group for each group of data that we defined. Compared to 

backpropagation, we need to determine the learning rate and how many times we want 

to train the data and the more we train it, the result will be more nearer to our desired 

target. Below is an example of backpropagation for training phase.  

 

 

net.trainParam.show = 50; 

net.trainParam.lr = 0.05; 

net.trainParam.epochs = 300; 

net.trainParam.goal = 1e-5; 

 

 

Learning rate, lr should be chose wisely as if the value is too big or too small will affect 

the desired output. Epochs refer to how many times we train the data to reach the target 

stated while goal is used to minimize the error from the output and our target. 
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Figure 3.7 Probabilistic Neural Network 

 

 

Q = number of input pairs = number of neurons in layer 1 

K = number of classes of input data = number of neurons in layer 2 

 

 

Figure 3.6 shows the network architecture for probabilistic neural network which 

consists of input, hidden layer, and output. Each input vector is associated with one of 

target classes. From the disturbance data from PSCad, the neuron in hidden layer will be 

trained. Then, Discrete Wavelet Transform analysis was applied and the energy 

deviation between disturbance signal and reference signal, which is pure sinusoidal, will 

be calculated. The data extracted from the wavelet transform will be compared with the 

implemented data used inside the probabilistic neural network structure and then the 

output will be recognized.   
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3.4 Software Implementation and Result Analysis 

 

 

When the ‘Power Quality Disturbance and Location Detector Using ANN’ was 

successfully developed and functions as desired, it is used then by based on the data 

from circuit simulation from the PSCad. The simulation done comes from different types 

of disturbance such as voltage sag, voltage swell, harmonic, outage, and capacitor 

switching and besides that, it was done on different locations which are at 50 km, 100 

km, and 200 km. The results then will be implemented towards the extracted feature 

which will be analyzed and evaluated.  

 

 

 

 

3.5 Composition of User Manual 

 

 

A user manual is created in order for the user to use the program easily and it includes 

the installation and setup requirements and procedures, explanation of the basic function, 

the features of “Power Quality Disturbance and Location Detector” Using ANN’, and 

examples of using the whole program. Besides that, a table of troubleshooting 

concerning on the simulation program is discovered as well.  

 

 

The manual for the program are compiled using Microsoft Word 2003, and all the files 

then are saved in PDF files. Users can also access the tutorial that already provided 

inside the program itself, which can be assessed when running the program. All the 

tutorial files including the programming and source code of the program is saved into 

the compact disc (CD) as a soft copy for future references and development. 
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Figure 3.8 Flow Chart Process 
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CHAPTER 4 

 

 

 

 

RESULTS AND ANALYSIS 

 

 

 

 

4.1 Data Simulation 

 

 

The PSCAD/EMTDC is used to perform simulation which then will create various types 

disturbance that is going to be studied in this project. The types of disturbance that is 

constructed within the PSCAD are: 

 

 

a) Voltage sag 

b) Voltage swell  

c) Outage  

d) Harmonic 

 

 

The data obtained from each simulation is used for feature extraction and it was saved 

into a data file, *.dat for easier modification. The circuit model for each type of 

disturbances were created based on online dissertation, reference books, journals, power 

quality websites, and other paper researches.  
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4.1.1 Voltage Sag Simulation 

 

 

For the voltage sag, the interconnected, AC system was chosen and the diagram for the 

desired voltage sag is shown as Figure 4.1 

 

 

 
 

 

Figure 4.1 Schematic Diagram for Voltage Sag Disturbance 

 

 

The fault was applied at the transmission line 2 for a duration 0.05 seconds, and start 

after 0.2 second. The applied fault causes the voltage drop and also causes most of the 

source current flow into the line. The waveform produced by this circuit run for 0.5 

seconds with plot steps of 0.001 s is shown in Figure 4.2 
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Figure 4.2 Sample of Output Voltage for Voltage Sag 

 

 

The graph shows that the voltage drop at 0.2 second for duration of 0.05 seconds and 

then the voltage was restored back to normal. The output data from PSCad contained 

one time value and load voltage for phase A-C. This information was then placed in 

separate columns and rows for each sample. 

 

 

 
 

 

Figure 4.3 Sample Data of Voltage Sag 

 

 

Figure 4.3 shows the sample of the output data for the voltage sag. The first column 

shows the time and rest of the columns shows the value of voltage for phase A, B, and C 

at that particular time. This data file can be easily modified for use in MATLAB. 

 

 

The simulation was run at different locations, which are at 50 km, 100 km, and 200 km, 

by varying the length of transmission line 2, to obtain the voltage sag at different 

distances away from the fault. 
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4.1.2 Voltage Swell Simulation 

 

 

For the voltage swell, the effect of breaker is used to give the swell form in the voltage. 

 

 

 
Figure 4.4 Schematic Diagram for Voltage Swell Disturbance 

 

 

 

 

 

 

 

 

The voltage swell happened as the breaker was set to open at 0.2 second, and close at 

0.25 second, for a duration of 0.05 seconds. The fault was applied by opening the 
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breaker, which will make the open circuit occurred at this state. The load voltages, 

however, increased for this period of time. This caused the load voltage increased.  

 

 

 
Figure 4.5 Sample of Output Voltage for Voltage Swell 

 

 

 As the magnitude voltage increased for duration of 0.05 seconds, therefore it 

shows that voltage swell disturbance occurred and the duration depends on the set time 

for the breaker to operate.  

 

 

 
 

Figure 4.6 Sample Data for Voltage Swell 

 

 

Figure 4.6 shows the sample of the output data for the voltage swell. The first column 

shows the time and rest of the columns shows the value of voltage for phase A, B, and C 

at that particular time. This data file can be easily modified for use in MATLAB. The 

simulation was run at different locations, which are at 50 km, 100 km, and 200 km, by 

varying the transmission line 2, to obtain the voltage swell at different distances away 

from the fault. 

 

 

 

Main : Graphs
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4.1.3 Outage Simulation 

 

 

Outage occurred as there is zero voltage temporarily happened. For the outage, the 

breaker once again is placed in the diagram but now, it is placed at the fixed load and the 

voltage also was measured at load.  

 

 

 
Figure 4.7 The Schematic Diagram for Outage Disturbance 
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The breaker was set to operate at 0.2 second for 0.05 seconds, which means it close at 

0.25 second. The breaker was placed at the load to produce the effect of outage and the 

voltage output was measured at the load. The voltage supplied to the load will be 

temporarily affected which it will reduced to zero for that period. The outage simulation 

was run for 0.8 seconds which produced the voltage output as shown in Figure 4.8 

 

 

 
Figure 4.8 Sample of Output Voltage for Outage 

 

 

The sample of data is as shown in Figure 4.9. The first column indicates the time while 

the remaining column shows the voltage for phase A, B and C in kV. The data was 

saved in .dat for easier modification and use in MATLAB. The simulation was repeated 

by changing the length of transmission line 2 in order to collect data at different 

locations, which are at 50km, 100km and 200km.  

 

 

 
 

Figure 4.9 Sample Data of Outage 

 

 

 

 

Main : Graphs
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4.1.4 Harmonic Simulation 

 

 

The harmonic simulation was done by measuring the current across the load as the total 

harmonic current distortion (THDI) is more significant if compared by using total 

current voltage distortion (THDV) which needs to measure the voltage across the load. 

Thyristor SCR is used to create the harmonic disturbance by switching it rapidly and for 

this circuit, it use resistor and inductor as the loads. 

 

 

 
Figure 4.10 Schematic Diagram for Harmonic Disturbance: 
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Figure 4.11 Sample of Output Voltage for Harmonic 

 

 

Figure 4.11 shows the output current which was measured at the load for 0.8 seconds 

while Figure 4.12 shows the data generated by PSCAD which is the first column shows 

the value at particular runtime and the other two columns are the current that flows 

through the load. For this type of disturbance also, the length was varied at 50 km, 100 

km, and 200km. 

 

 

 
 

Figure 4.12 Sample of Data for Harmonic 
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4.2 Software Development 

 

 

The software development can be divided into two parts which are scripts writing and 

GUI development (interfacing). The software was developed by using MATLAB 

environment which are by using wavelet toolbox, neural network toolbox, and also GUI 

builder. 

 

 

 

 

4.2.1 Script Writing 

 

 

M-file is used for the script writing which contains commands for function that we 

would like to execute. In order to create a program, M-file is very important because the 

name that contains different command is used as the callback.  

 

 

The first script that is used in this ‘Power Quality Disturbance and Location Detector 

using ANN’ is for function of loading and manipulating data which was previously 

generated by PSCAD and saved as *.dat. Command functions, Load and Plot were used 

in performing those desired functions. 

 

 

Then, the effort is aimed in Wavelet Decomposition analysis for the selected input 

signal. As the command line was chose to execute the Discrete Wavelet Transform, each 

of the command of the Wavelet toolbox performs various tasks required for Wavelet 

Analysis in signal decomposition, and Wavelet coefficients’ plotting. Function, Wavedec 

has been used to perform the decomposition towards the input signal. Detcoef and Appcoef 

were used to determine the coefficients of each decomposition level. 
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Finally, the Neural Network command lines are created in M-File. As the Probabilistic 

Neural Network was chosen for the classification of types of disturbance and location, 

therefore command, newpnn, ind2vec and vec2ind were used to design the neural 

network. The function newpnn creates a two layer network, with the first layer contains 

radbas neurons. Command ind2vec converts indices to vectors while vec2ind is vice 

versa. It allows indices to either be represented by themselves, or as vectors containing a 

1 in the row of the index they represent. 

 

 

In order to display types of disturbance and the location of where it occurred, basic 

structural programming language of MATLAB was used. For example, if the data from 

the wavelet extraction fulfills the requirement needed and match any of the target that 

already specified in pnn, it will give to the users the results by display the type of 

disturbance and location of it.  

 

 

 

 

4.2.2 GUI Design 

 

 

After all the scripts were written in M-File, then GUI will be used to compile all of them 

for easy use to the users. For the first time in designing GUI, as we choose new GUI 

from the file menu at MATLAB, figure as …will appeared. Users can choose the 

GUIDE templates they would like to start with and for this project, the Blank GUI 

(default) was chose.  
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Figure 4.13 GUIDE Quick Start 

 

 

For the blank GUI, component palette will be rearranged in order to perform a new 

layout of the created program. The component palette will be put inside the layout area 

which can be size-adjusted. 

 

 

 
Figure 4.14 GUI Layout Editor 
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The process of implementing a GUI involves two basic tasks which are laying out the 

GUI components and programming the GUI components. 

 

 

First of all, component that were selected to be use in creating “Power Quality 

Disturbance and Location Detector using ANN” were arranged inside the layout area. 

The components used for this project are push button, static text, listbox, axes and panel. 

Figure 4.15 shows the layout of the program and Figure 4.16 shows the activated figure 

for it. 

 

 

 
Figure 4.15 Layout of the Program 
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Figure 4.16 The Activated Figure for the Program 

 

 

The M-Files were connected with the created GUI by using callback. Every component 

has its own callback and we can assign different M-File to be generated when different 

push button was selected.  

 

 

In order to make it more like efficient, file menu and help menu were added to the 

program which contains different function when different command were selected. 

Figure 4.17 shows the Menu Editor provided in GUI for users to create their menu. 

Accelerator also can be used for users who would like to use their keyboard either than 

point to desired choose menu. The tag then will be attached to their callback to function 

certain command. 
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Figure 4.17 Menu Editor 

 

 

The Property Inspector can be used to change fonts, size, label, tag, and so on in order to 

meet the best performance of the created program. This can be shown by Figure 4.18 

where the programmer can easily modify it. 

 

 

 
Figure 4.18 Property Inspector 

 

 

Finally, the main interface for the program was introduced to connect the main page to 

the program that can perform the types of disturbance and location classifying.  
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Figure 4.19 Main Page of the Program 

 

 

4.2.3 Implementation of the Program 

 

 

For the users that use the program for the very first time, they are encouraged to read the 

manual provided first. First of all, they need to copy the whole program into the 

MATLAB folder, and placed it inside work file. The location of MATLAB folder 

depends on where they locate it during installations.  

 

 

Then, they can start the MATLAB window and choose to new GUI from the file menu. 

After that, they need to click on open existing GUI and browse the file named 

“interface_1”. A GUI window appeared and to activate it, they can choose run from the 

layout editor toolbar. Figure 4.20 will come out as soon as the run button was click. 
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Figure 4.20 The Main Page of the Program 

 

 

 
Figure 4.21 The Tutorial Page of the Program 
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Figure 4.22 The Contents of the Program 

 

 

 

 
Figure 4.23 Loading Data into the Listbox 

 

 

By pressing on ‘Plot Signal’ button the data selected then was plotted on the Disturbance 

Signal and Reference Signal shows the signal without disturbance. 
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Figure 4.24 Signal Plotting for the Input Data 

 

 

 
Figure 4.25 Wavelet Decomposition and Coefficients Plotting 

 

 

Then, the deviation energy from the disturbance signal and reference signal was 

calculated to perform the wavelet extraction and the graph for the chosen type of 

disturbance can be obtained by clicking on the ‘Wavelet Extraction’ button and a new 

pop-up figure will appear. 
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Figure 4.26 Pop-up Figure for Extracted Feature 

 

 

Finally, neural network will perform classification on types of disturbance and the 

location of it when users select the ‘Neural Classifier’ button and again, a new pop-up 

figure appeared and display the result. 

 

 

 
Figure 4.27  Pop-up Figure for Neural Classifier 

 

 

Both of Extracted Feature and Neural Identification windows provides option for users 

to print out the window’s display.  
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4.3 Simulation Result (Extracted Feature) 

 

 

In this section, the extracted feature for four types of disturbance that already been 

studied will be discussed by performing the feature extraction analysis.  

 

 

 

 

4.3.1 Voltage Sag 

 

 

 
 

 

Figure 4.28 Voltage Sag Circuit 
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The circuit in Figure 4.28 was built inside the PSCAD and it is able to produce the 

voltage sag disturbance at the measured voltage. The timed fault logic was used to apply 

fault at the transmission line for duration of 0.05 seconds. The data generated by 

PSCAD will be used to perform the wavelet decomposition and then wavelet extraction. 

Figure 4.29 shows the wavelet extraction for voltage sag at 100 km while Figure 4.30 

shows the wavelet extraction from the deviation of calculated energy at each level of 

coefficients.  

 

 

 
Figure 4.29 Wavelet Decomposition for Voltage Sag at 100 km 

 

 

Two spikes happened at detailed coefficients level 1 at t=0.2 s and 0.25 s. It shows that 

sag has occurred for durations of 0.05 seconds. The other wavelet level has also 

experienced variations at this same instant. At detailed coefficients level 4, it shows that 

the highest amplitude occur which means that the signal concentrates most at this level. 

This implies that level 4 carries the frequency that nearly same with the fundamental 

frequency (50 Hz) 
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Level of Decomposition % of Energy Deviation 

0  

1 0.003827 

2 -0.10668 

3 0.52019 

4 -13.1876 

5 0.27217 

Table 4.1 Percentage of Energy Deviation for 5 Levels of Wavelet Decomposition  

for Voltage Sag at 100 km 

 

 

 
Figure 4.30 Wavelet Extraction for Voltage Sag at 100 km 

 

 

Based on the extracted feature showed in Figure 4.30, it shows that level 4 has the most 

percentage of deviation which means that both signals energy have a high concentration 

of energy at that level. However, the energy of voltage sag at level 4 is slightly lower 

that the energy of reference signal at that level. Therefore, negative peak deviation was 

produced at that level. The voltage drop during the sag duration causes low amplitude in 

detailed coefficient level 4 (cD4). 
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4.3.2 Voltage Swell 

 

 

 
 

Figure 4.31 Voltage Swell Circuit 

 

 

Figure 4.31 shows the created circuit for voltage swell within PSCAD environment. The 

breaker was applied at the transmission line to produce voltage swell, which means 

increased in voltage for 0.05 seconds. Based on data generated by PSCAD, it will be 

used to do wavelet decomposition and then based the Parseval’s energy theorem, 

wavelet extraction will be executed. Figure 4.32 shows the wavelet decomposition for 

five levels of Deubechies wavelet for voltage swell at 100 km while Figure 4.33 shows 

the wavelet extraction of it. 
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Figure 4.32 Wavelet Decomposition for Voltage Swell at 100 km. 

 

 

The level 1 of the detailed coefficients showed that spikes occurred at two different 

times which also means that swell has occurred for duration of 0.05 seconds. The 

increased voltage during the swell duration causes high amplitude in detailed 

coefficients level 4 (cD4), therefore a peak was produced in the extracted feature as the 

deviation of energy was at its highest by that level. The two signals have a high 

concentration of energy at level 4 but the energy of voltage swell is higher than 

sinusoidal because of the swell effects.  

 

 

Level of Decomposition % of Energy Deviation 

0 - 

1 0.04982 

2 0.6596 

3 20.3558 

4 -2.4116 

5 0.4931 

Table 4.2: Percentage of Energy Deviation for 5 Levels of Wavelet Decomposition for  

     Voltage Swell at 100 km 
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Figure 4.33 Wavelet Extraction for Voltage Swell at 100 km. 

 

 

The pattern for wavelet extraction for voltage swell shows that the percentage of 

deviation has its highest magnitude at level 3. The wavelet extraction pattern showed 

that it has met the desired pattern for voltage swell which has a positive peak based on 

the reference that is used to determine the types of disturbance The data from this feature 

will be implemented into the neural network to recognize type of disturbance occur and 

the location. 
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4.3.3 Outage 

 

 

 

 
 

 

Figure 4.34 Outage Disturbance Circuit 

 

 

Figure 4.34 shows the outage circuit and the voltage was measured at the load. The 

breaker was put at the load in order to produce momentarily zero voltage. The data from 

PSCAD is used to perform wavelet decomposition. The energy at each level will be 

calculated and the deviation from each level of decomposition of disturbance signal and 

reference signal then will be used to perform the wavelet extraction. Figure 4.35 shows 

the wavelet coefficients for 5 levels and Figure 4.36 shows the extracted feature of 

outage at 100 km.  
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Figure 4.35 Wavelet Decomposition for Outage at 100 km 

 

 

Based on Figure 4.35, the detailed coefficients level 1 has two spikes at two different 

time which equals to 0.05 seconds. The energy concentrated at level 4 of detailed 

coefficients as the amplitude is it highest at that level compared to other level. 

Therefore, the deviation of energy for disturbance signal and reference signal produce 

the highest percentage at that level as shown in Figure 4.36. 

 

 

Level of Decomposition % of Energy Deviation 

0 - 

1 0.040518 

2 0.0103 

3 0.89134 

4 -11.9152 

5 0.045697 

 

Table 4.3 Percentage of Energy Deviation for 5 Levels of Wavelet Decomposition 

for Voltage Outage at 100 km 
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Figure 4.36 Wavelet Extraction for Outage at 100 km 

 

 

Negative peak was occurred then at level 4 as the energy of outage is slightly lower than 

reference signal. From the extracted feature, it also shows that level 4 has the most 

percentage of deviation which means that both signals energy have a high concentration 

of energy at that level. The decomposition of outage appears almost as the same of 

voltage sag. Therefore, neural network will be implemented to classify wisely types of 

disturbance that occurred by choosing the data correctly. 
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4.3.4 Harmonic 

 

 

 
 

 

Figure 4.37 Harmonic Disturbance Circuit 

 

 

The switching on and off of SCR produced the harmonic and the current across the load 

was measured as THDI is more significant in showing the effect of harmonic compared 

to THDV. Figure 4.38 shows the wavelet decomposition for five levels of Deubechies 

wavelet for voltage swell at 100 km while Figure 4.39 shows the wavelet extraction of it. 
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Figure 4.38 Wavelet Decomposition for Harmonic at 100 km 

 

 

Based on Figure 4.38 the energy concentrated at level 4 of detailed coefficients as the 

amplitude is it highest at that level compared to other level. This implies that level 4 

carries the frequency that nearly same with the fundamental frequency (50 Hz). 

 

 

Level of Decomposition % of Energy Deviation 

0 - 

1 2.1491 

2 13.1125 

3 39.273 

4 -58.4899 

5 -0.18371 

Table 4.3 Percentage of Energy Deviation for 5 Levels of Wavelet Decomposition 

for Harmonic at 100 km 
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Figure 4.39 Wavelet Extraction for Harmonic at 100 km 

 

 

From the extracted feature, two peaks occurred which is at level 2 and level 4 of 

decomposition. This implies that percentage of deviation is significant at this level. 

However, at level 2, positive peak was produced which means that the disturbance signal 

holds higher energy than reference signal while at level 4, negative peak occurred which 

means that the energy of disturbance signal is lower than the reference signal at this 

level. 

 

 

The simulation on PSCAD was done for three distance of transmission line which is at 

50km, 100km, and 200km by varying the length of transmission line A. The wavelet 

feature produced on four types of disturbance which are voltage sag, voltage swell, 

outage, and harmonic on three different locations which are at 50 km, 100 km, and 200 

km were shown in appendices ant its clearly showed that the energy deviation produced 

were different for all three locations but however, the form are still the same. These 

three locations can represent short transmission line, middle transmission line, and long 

transmission line. The data from each wavelet extraction feature then will be 

implemented for further use in to determine neural network structure. 
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In this project, probabilistic neural network was chose to classify the types of 

disturbance and location. It is simpler and easier to use compared to backpropagation 

neural network. Figure 4.40 shows the input for the input layer of PNN while Tc refers to 

the target that will produce by the input matrices. Then, a network was created and 

simulated by using the input P to make sure that it does produce the correct 

classifications  

 

 

 
Figure 4.40 M-File for Probabilistic Neural Network 

 

 

Then, another M-File is created which contains testing command for the designated 

probabilistic neural network and it is used to test either the output produced follows the 

desired or not. In order to determine either it is favorable or not, the target for each input 

must be achieved so that the type of disturbance and location that will be display is able 

to show the ability of neural network to classify the given input wisely.  

 

 

Figure 4.41 shows the network architecture for probabilistic neural network that 

designed before. It clearly shows that two layer was used which are iput weights layer 

and second layer weights that are set to the matrix of target vectors. It was generated by 

MATLAB during running the file in command window.  
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Figure 4.41 The Probabilistic Neural Network Architecture 

 

 

 Probabilistic neural network was chose as it is simpler compared to feedforward 

neural network. Besides that, it can produce accurate output which the output produced 

will definitely be the same as target, while for feedforward neural network, the output 

will be only nearly to the target because it depends on the number of epochs and 

learning rate. 
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CHAPTER 5 

 

 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

 

 

5.1 Conclusions 

 

 

Power quality problems required a new and fresh idea in order to recognize the types of 

disturbance and location in a faster and simpler way so that the system can be restore 

back as soon as possible to avoid more severe damage and reduce the cost of it. 

 

 

Therefore, the goal of this project is to introduce a new way that involved the 

implementation of neural network to simplify the automated recognition system for the 

types of disturbance that occurred and it location. The methods used in order to reach the 

goals are wavelet transform and neural network. Wavelet transform is used to create 

characteristics for each types of disturbance while neural network then will be applied to 

classify the types of disturbance and also the location of where it occurred. 

 

 

Finally, the “Power Quality Disturbance and Location Detector” was successfully 

developed at the end of this project. It contains the wavelet transform and neural 

classifier which was created before in MATLAB toolbox by using command line. The 

GUI builder was used to compiled all the scripts written before and also could help users 

to easily used this program. Beside that, the manual for the created program was also 

composed to simply help the users so that they can refer it in order to use the 
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program correctly. However, it still has its weakness as the scope for this project 

actually focused on five types of disturbances, which are voltage sag, voltage swell, 

outage, harmonic, and capacitor switching. Nevertheless, due to problems faced during 

the circuit design within PSCad environment, the output did not match as desired. 

 

 

This project also involves the usage of PSCAD to create model circuits which are able to 

produce disturbances at different location. All the simulations imply the same result in 

the wavelet process, showing that the program can actually be adapted to the real 

situation case.  

 

 

 

 

5.2 Recommendations 

 

 

The project still has its weakness and therefore, improvement is very important so that it 

can meet its best performance. For future works, some recommendations have been listed 

based on the problems in order to improve it. 

 

 
a) Develop an algorithm that can show difference on extracted feature for different 

location at the same time 

b) Build up a neural network classification based on the original disturbance 

data from the electricity service provider 

c) Display the energy graph for each wavelet decomposition on the GUI 

d) Use other types of neural network such as fuzzy neural network, 

backpropogation and etc. 

e) Add many types of power quality disturbances such as capacitor switching, 

flicker, surge, notching, and so on. 
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APPENDIX D 
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APPENDIX E 

 

 

 

 

Schematic diagram for voltage sag 
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APPENDIX F 

 

 

 

 

Schematic diagram for voltage swell 
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APPENDIX G 

 

 

 

 

Schematic diagram for outage 
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APPENDIX H 

 

 

 

 

Schematic diagram for harmonic 
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INTRODUCTION 
 

 

Welcome to Power Quality Disturbance and Location Detector using ANN, the 

user friendly Neural Network based on Wavelet Analysis program for classification of 

types of disturbance and location. Using MATLAB operation system and the script files, 

along with the GUI builder, Quality Disturbance and Location Detector using ANN 

allows wide analysis of the voltage disturbance data. This program requires correct 

installation of MATLAB version and all the needed script files for program to function. 

 

 

 This simulation program is developed to perform the classification of selected 

power quality types. It will also perform the detection for location of disturbance 

occurred. It is Wavelet Analysis based Neural Network simulation program. Wavelet 

Transform (Discrete Wavelet Transform) is being used to decompose and extract the 

signal based on the frequency band that consists in the signal. Neural Network then is 

applied in order to categorize types of disturbance and location based on the Wavelet 

Extraction result. 

 

 

 The approach that used to obtain the extracted feature with Wavelet Analysis is 

based on the Parseval’s energy theorem while Deubechies was chosen as type of 

wavelet. The extracted feature is the deviation of disturbance signal and pure sinusoidal 

signal which is as reference signal. This data is then fed into Probabilistic Neural 

Network to identify the disturbance occurred and its location.  

 

 

 The simulation program provides an environment to visualize the extracted 

feature for power quality disturbance using Wavelet Analysis and also the recognition 

which shows the detected types of disturbance and the location.  
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Installation and Setup Information 

 

 

Recommended Hardware and Software Requirements 

 

The minimum requirement for the program to be able to perform is as same as the 

Matlab installation minimum requirements. To run the program sufficiently, it is 

recommended to use the specifications as below:  

 

Category Required Specifications 

Processor Pentium 4, 1.63 GHz processor (higher 

speed recommended) 

Operating system Windows 2000, XP 

Memory (RAM) 512 MB or higher 

Hard disc space 3.0 GB. More space may be required to 

store data 

Software MATLAB 7.0.0.19920 (R14) 

Other Peripheral A CD-ROM or DVD-ROM drive, a 

mouse, and keyboard 

 

Software Development Hardware and Software Specifications 

 

The following is the environment used to develop and testing the software: 

 

Category Specifications used 

Processor Intel Core Duo, 1.83 GHz Processor 

Operating system Windows XP sp2 

Memory (RAM) 512 MB (DDR@) 

Hard disc space  80 GB 

Software  MATLAB 7.0.0.19920 (R14) 

Other peripheral A DVD-RAM drive, a mouse, and keyboard 
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Installation of Program 

 

1. Run MATLAB by clicking on the shortcut. Make sure the MATLAB 

installed correctly. 

 

 

2. After MATLAB is ready, click on the file and select “GUI” under the “New” 

tab 
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3. Click on “Open Existing GUI” and browse the file with name “interface_1”. 

Before that, make sure the needed file already placed inside the MATLAV 

work folder 

 

 

 

4. After select the file “interface_1”, click on open and wait till GUI finished 

initialized 
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5. After a GUI window appears, click on “Run” button. You can either select 

the “Run” command by “Tools> Run” or by pressing Ctrl+T 

 

 

6. Then, the main page will appear. 
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Program Feature’s and Operating Principle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The control panel for loading data, 

plot data, wavelet decompose, 

extract and neural identification 

Wavelet 

Decomposition 

Data plot graph 
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Graph of Wavelet 

Extraction 
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wavelet extraction 
Data value 
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disturbance 

Location 
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Detail Function List of the Program 

 

 

 

 

 

 

The above window appeared as soon as the user select “Start from “File” drop down 

menu on the main page. From this window, users have to select and click on the 

appropriate button to go through the wavelet analysis progress and neural network 

identifier. 

 

List of functions of program main window 

 

1. “File” drop down menu 

Contains command such as “Start”, “Close”, “Reset” 

2. “Help” drop down menu 

 Contains command such as tutorial using program and info about the creator of 

the program 

 

1 2 

3 

 

4 

 

5 

 

6 

9   10 

11 
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3. Load Disturbance Data 

 Allow the program to load the list of disturbance data file 

4. File list 

 The list of data that appear when “Load Disturbance Data” was clicked 

5. Plot Signal 

 Program will plot the signal and pure sinusoidal 

6. Wavelet Decompose 

 Program will tart the wavelet decomposition 

7. Wavelet Extraction 

 It will allow user to view the extracted feature of the wavelet decomposition 

8. Neural Classifier 

 It will perform neural network to identify types of disturbance and location 

9. Disturbance Signal 

The waveform of disturbance signal 

10. Normal Signal 

 The waveform of pure sinusoidal 

11. Wavelet Decomposition Graph 

 The graph of wavelet decomposition 
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Note for Advanced User 

 

The Power Quality Disturbance and Location Detector Using ANN permit users 

to load their own data (signals) and perform the simulation and analysis. Users are 

encouraged to compile and store the data in a specific folder. Also, user needs to save 

their data with extension *.dat file. Before running the program, they need to set the data 

folder as MATLAB current directory, or place it into the MATLAB current directory. 

While running the program, once the button “Load Disturbance Data” inside the 

program is clicked, the user data will automatically be loaded into the list-box. Then, 

user can perform the simulation and analysis based on his/her own data file. 

 

 

There are some requirements and limitation on the data format. 

1. The number of data must be at least 800 as the program is set to perform the 

analysis of 800 data only. Otherwise, error will occur. 

2. The sampling frequency of the data has to be set as 1 kHz or at the step of 

0.001s 

3. The data should be in per unit (p.u.) form  

4. The data must compile in notepad with extension *.dat 
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Troubleshooting 

 
 

The list of troubleshooting for the program is as follows: 

 

 

a. If error message appeared “Undefined function or variables” or the program 

cannot be run, please check if all the required files for the program are 

already installed inside the default MATLAB folder. 

b. If the program still cannot run even all the required file is installed, then 

check the MATLAB version either it is match the MATLAB program 

version or not. The program is build under MATLAB 7.0.0.19920 (R14). 

c. Before analyze on any new data samples, make sure the data is in correct 

form, which is no text descriptions on the start of data samples files. The data 

should be in values or error will occur during running. 

d. For incorrect number of data, the error message ‘Data Dimension Not Match’ 

will be displayed. 

e. The extracted feature might slightly different if compared to the reference if 

the sampling frequency (step unit) of the data is different with the required, 

or the data is not in per unit (p.u) form. 

f. An error dialog ‘This action will close all windows and figures! Do you want 

to quit?’ appeared when the Close All option from the File pull-down menu 

of the main windows is choose. If the users wish to continue with another 

analysis, click ‘No’ and it will return to main windows. Otherwise, click 

‘Yes’ to exit from the program. 

 

 

 

 


