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ABSTRACT 
This paper presents a new technique for detecting and characterizing voltage sag in power systems based on wavelet 

transforms. Using the first detail wavelet coefficients, voltage sag characteristics are extracted. This paper presents a 

MATLAB simulink model implementing the wavelet transform and the values of characteristics are displayed. For 

this purpose the wavelet technique is used for detecting starting and ending points of voltage sags by energy 

coefficient.  The method is developed by using the discrete wavelet transform analysis. 
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     INTRODUCTION
The wide spread of electronic equipment like computers, adjustable speed drive, PLC, CFL will create the power 

quality problems in the power system network. Voltage sag, swell, flicker, harmonics, impulse transient and 

interruptions are of most power quality problems. If we see the other side of this, the equipments which create the 

power quality problems are major victims of power quality problems.         

 

This paper presents the technique of wavelet transform for extracting the characteristics of voltage sag by 

implementing the discrete wavelet transform. The wavelet multi resolution analysis (MRA) is a new and powerful 

method of signal analysis. In multi resolution analysis technique that can be decompose the original signal into several 

other signals with different level of resolution. When original signal is decomposed approximation coefficients and 

detailed co-efficients are obtained. Details and approximations of original signals are obtained by passing it through 

a filter bank, which consists of low and high –pass filter. A low pass filter removes the high frequency components 

while the high pass filter pick out the high frequency contents in the signal being analyzed. From these decomposed 

signals the original time-domain signal can be recovered without loosing any information 

 

Voltage sag is a short-duration reduction in RMS voltage usually caused by faults in the electric supply system. It is 

defined as one of the most important aspects of power quality, and is necessary to establish the common way to 

characterizing this phenomenon. Voltage sags are considered of rectangular shape, characterized by magnitude and 

duration. Commonly, the magnitude of voltage sag is defined as a reducing of voltage under a threshold. According 

to IEEE 1159/95 standard this threshold is 90% of rated voltage, and if voltage falls below 10% the perturbation is 

considered as interruption. The duration of voltage sag, is the time measured from the moment when RMS voltage 

drops below the threshold to when it rises above the threshold. It is from few periods (tens of milliseconds) to some 

minutes. In three-phase systems, it is normally assumed that the sags are balanced. In reality, most voltage sags are 

due to unbalanced   faults, which introduce different values of voltage for each phase and phase angle shift. This paper 

presents set of simulink models used to simulate voltage sag. 

 

CHARACTERIZATION OF VOLTAGE SAG  
The IEEE Standards 1159-1995 [13] and IEC 61000-4-30 [3] are the two main standards that define voltage sag (dip), 

swell, and interruption. In this paper, based on these standards, voltage sags are characterized by their magnitude (rms 

value) and duration as follows. 
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 The voltage sag starts when at least one of the rms voltages drops below the threshold of 90% of the reference 

voltage and ends when all three rms voltages have been recovered above this threshold for durations from 

half-cycle to 1 min. 

 Voltage sags are mainly due to faults [1]. Only voltage sags will be properly dealt with in this paper. However, 

the analysis accomplished here can be extended for voltage swell and interruption characterization. 

 Voltage sag duration is defined by the fault clearing time. 

 Point on wave of sag initiation is nothing but the point at which fault occurs. 

 Point on wave of sag recovery is nothing but point at which fault recovers. 

 Phase angle jump is the shift in the zero crossing of instantaneous voltage. Phase - angle jumps as during 

three phase faults are due to a difference in the X/R ratio between the source and the feeder 

 

RMS-Based Analysis 

The IEC PQ measurement standard 61000-4-30 [3] prescribes a precise rms-based method for obtaining the voltage 

magnitude as a function of time. In fact, most commonly used PQ monitors calculate not the fundamental component 

but the rms value over a one-cycle or half-cycle window of the power system frequency [2]. The calculation of the 

one-cycle rms voltage can be repeated every half-cycle [3]. However, in this paper, the rms voltage is obtained over a 

one-cycle window sliding sample by sample in time (voltage sliding window), as follows:   
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Where k indicate the number of samples. 

 

SEVEN TYPES OF VOLTAGE SAG 
This paper implements a MATLAB Simulink model to detect and extract the seven different types of voltage sags. 

The different type of voltage sag is created at different fault condition and also on load and transformer windings 

connections. Following table shows the seven different types of voltage sags and also the different conditions at which 

they occur. 

 

TABLE 1  Types of voltage sag 

Voltage 

Sag Type 

Fault Type 

Type A Three-phase  

Type B Single-phase to ground  

Type C Phase-to-phase  

Type D 

Phase-to-phase fault (experienced by a 

delta connected load), single-phase to 

ground (zero sequence component 

removed)  

Type E 
Two-phase-to-phasefault (experienced 

by a Wye connected load)  

Type F 
Two-phase-to-phase fault (experienced 

by a delta connected load)  

Type G 

Two-phase to phase fault (experienced 

by a load connected via a non-grounded 

transformer removing the zero sequence 

component)  
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Fig 1 Phasor representation of Type A, Type B, Type C, Type D voltage sag 

 

 
Fig 2 Phasor representation of Type E, Type F, Type G voltage sag 

 

MATLAB SIMULATION 
Main Simulink model 

Figure below depicts the simulation model used to create the voltage sag of the required type and extract its different 

characteristics. 

 

 
Fig 3 Main simulink model 
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The very first block implements the fault block in which the desired fault could be created to create required type of 

voltage sag to be analyzed. Following figure shows the fault model used to simulate sag. The first block in the above 

model consists of the following sub modules.  

 

 
Fig 4 Simulink fault model 

 

DWT block for the extraction of Magnitude and Duration 

Dyadic Analysis Filter bank: 

This block decomposes frame-based signals with frame size a multiple of 2n into either n+1 or 2n sub bands. To 

decompose sample-based signals or frame-based signals of different sizes, use the Two-Channel Analysis Sub band 

Filter block. 

 
Fig 5 DWT block 

You can specify the filter bank's high pass and low pass filters by providing vectors of filter coefficients. If you install 

the Wavelet Toolbox product, you can also specify wavelet-based filters by selecting a wavelet from the Filter 

parameter. You must set the filter bank structure to asymmetric or symmetric, and specify the number of levels in the 

filter bank. 

 
Fig 6 Output waveform decomposed by DWT 
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As shown in the above diagram the DWT(Discrete wavelet transform ) block decomposes the time domain signal into 

discrete values and the energy co-efficient are obtained at the time of fault occurrence and fault recovery that is starting 

and end points of voltage sag are extracted. 

 

ZCD for the extraction of Phase angle jump 

Phase angle jump is nothing but the shift in zero crossing of the instantaneous voltage. The concept of zero crossing 

detection is implemented to calculate the phase angle jump. 

 

The following figure depicts the simulink model implementing the ZCD. 

 

 
Fig 7 Sub modules implementing the ZCD 

 

 
Fig 8 Decomposed waveforms fed to ZCD block for the calculation of Phase angle jump 

 

As discussed above the various characteristics of voltage sag are extracted by the application of Discrete Wavelet 

transform. The figure below shows the display of these characteristics as the final output of the main simulink model.  

 

OUTPUT OF THE SIMULATION 
The output waveforms of the different types of voltage sag look as shown in the following waveforms. 

 

Table 2 Values of magnitude, duration and phase angle jump of Sag type A, B, C, D 

 Magnitude 

(pu) 

Duration  

(sec) 

Phase 

angle jump 

(Rad/sec) 

Sag A 0.0045 0.1202 479 

Sag B 0.5228 0.1748 1395 

Sag C 0.4472 0.1170 208 
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Sag D 0.4452 0.117 850 

 

Sag Type A: 

  

 
Fig 10 Output waveform for sag type A 

 

 
Fig 11 RMS output waveform for sag type A 

 

Sag type B 

 

 
Fig 12 Output waveform for sag type B 

 

 
Fig 13 RMS output waveform for sag type B 
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Sag Type C 

 

 
Fig 14 Output waveform for sag type C 

 

 
Fig 15 RMS output waveform for sag type C 

 

Sag Type D 

 

 
Fig 16 Output waveform for sag type D 

 

 
Fig 17 RMS output waveform for sag type D 
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CONCLUSION 
This paper presents MATLAB simulink model that is capable of simulating Voltage sag  event at distribution level. 

Also the  important characteristics of voltage sag namely ‘Magnitude ’ and ‘Duration’ and ‘Phase Angle Jump’ have 

been extracted by the implementation of Discrete Wavelet Transform and Zero Crossing Detection Technique. These 

simulink models serve as a fundamental basis model for building more complex power quality event simulation. These 

models are also useful to simulate various power quality waveforms for power quality analysis. 
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