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Abstract: Lack of power quality imposes many costs on large and small consumers every year. Therefore, considering the importance 

of power quality in today's industries, this article examines the issue of detection and location of various power quality issues. DWT 

discrete wavelet transform is investigated in this paper. The signals under the perturbations are written to the field and the start and end 

times of the perturbation are obtained and compared with the real time, and the accuracy of the measurements is confirmed by 

repetitions. 
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1. INTRODUCTION 
The issue of power quality has been discussed since the 

beginning of the knowledge of electricity, but what was 

considered as electricity quality in the past, due to lack of 

sensitivity of consumers, their connection or disconnection. 

Today, the quality of electricity has become very important. 

This importance can be attributed to reasons such as the 

greater sensitivity of industrial loads, increased linear loads, 

increased use of small power plants and, most importantly, 

increased costs due to its absence [1-4]. Lack of power quality 

imposes a lot of costs on consumers, large and small, every 

year due to their load to voltage sensitivity. For example, 

many home appliances are damaged by these annual 

disturbances. As a result, identifying, monitoring, and 

controlling these disturbances with phasor measurement units 

(PMUs) can prevent significant damages [5]. Although the 

voltage stability, in the industry has been discussed for several 

years, there are still no standardized definitions in some areas.  

According to the IEEE1159 standard, power quality 

disturbances are classified into seven groups: transients [6], 

long-term voltage changes, short-term voltage changes [5], 

waveform distortions, voltage imbalances, flicker, and 

frequency changes, each of which in turn follows Branches 

are divided [7]. 

Voltage sags and voltage surges are classified in the group of 

short-term voltage and harmonic changes in the group of 

waveform distortions [8]. These perturbations have been 

studied in this work. Various tools have been used to analyze 

power quality perturbations. One of the tools that is becoming 

more and more popular is the Wavelet Converter [9]. Wavelet 

converter is a mathematical tool that scans data, functions, or 

operators into different frequency components and then 

studies each component with resolution according to its scale. 

For example, in signal analysis, wavelet transform allows us 

to view the time history in terms of the frequency components 

of the signal [10]. This article provides an overview of 

wavelet transform and applications of wavelet transform in 

power systems. 

2. WAVELET TRANSFORM AS A 

DETECTION AND LOCATION TOOL 
Most current methods for detecting power quality 

perturbations have their limitations and are implemented 

directly in the time field. In this paper, a proposal for 

detection and localization of perturbations based on 

orthogonal wavelet transform is presented in which time-scale 

field detection is performed [11]. As will be shown in the next 

section, this proposition is useful in detecting a wide range of 

power quality perturbations such as rapid voltage fluctuations, 

short-term voltage changes, and harmonic perturbations [12]. 

The detection method is almost straightforward. The given 

waveform is transmitted to the time-scale field using Multiple 

Signal Detection (MSD) analysis. Normally, single or double 

scale signal analysis is appropriate to distinguish perturbations 

from their backgrounds, because the decomposed signals at 

lower scales (higher frequencies) have high temporal location. 

In other words, high-scale signal analysis is not necessary 

because it gives poor temporal positioning. Suppose we have 

a special type of mother wavelet with L filter coefficient, h(n) 

and g(n), which form a family of wavelet functions ϕ(t) and 

scale functions ψ(t), respectively [13]. 

( ) 2 ( ) (2 )                    

( ) 2 ( ) (2 )                    

(1)

(2)

t h n t n

n

t g n t n

n

 =  −

 =  −

As a result, the process of detection and localization is a set of 

processes of convolution and dissimilation at the 

corresponding scale. In scale one, the electrical power signal 

c0 (n) with N sampling point is decomposed into two other 

signals. c1 (n) and d1 (n) are defined as follows: 

1 0
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The signal c1 (n) is the smoothed model of the original signal 

c0 (n) while the model d1 (n) is the detail of the main signal 

which is in the form of wavelet transform coefficients 

(WTCs) on a scale of one. These coefficients provide 

detection information. In cases of power quality perturbations, 

whenever perturbations occur in a given sine waveform, 

WTCs are exclusively larger than their adjacent coefficients 

[14]. Transform of wavelets to signals with sensitive 

disturbances. But its behavior is "blind" to fixed behavior 

signals (i.e., a 60 Hz sine waveform) [15]. By considering this 

process, one can assume that the physical understanding of 

detection and location described in (3) and (4) is as follows: 

1 1,

1 1,

1
( ) ( ) ( ) ( ) ( )    (5)

22

1
( ) ( ) ( ) ( ) ( )    (6)

22

n

n

t
c n f t t dt f t n dt

t
d n f t t dt f t n dt

 

 

= = −

= = −

 

 
 

where: 

 

0 0 0,( ) ( ) ( ) ( ) ( )                     (7)n

n n

f t c n t n c n t = − =   

 

In (7) it can be considered as a "dummy signal" generated by 

a linear combination with a scale function   at zero scale. So, 

any disturbance in   will be well manifested. By placing (1) 

and (2) in (5) and (6) we will have: 

1

1

( ) ( ) ( ) ( 2 )                  (8)

( ) ( ) ( ) ( 2 )                  (9)

k

k

c n f t h k t n k dt
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It can be inferred from Equation (8) that c1(n) is the smoothed 

model of the main signal c0(n), because h(n) has a low-

frequency response. Whereas from (9) it is obvious that   

contains only frequency components higher than the signal 

f(t) because g(n) has a high-pass filter response. This explains 

why the analysis of wavelet transform is sensitive to signals 

with large perturbations but is "blind" to perturbations of 

constant behavior. In practice, it is not necessary to construct 

f(t), but it is useful in understanding the physical process of 

detection and location as expressed in (5) and (6). In fact, the 

signals are obtained directly from Equations (3) and (4). This 

greatly simplifies the detection and location process [16]. The 

detection process for the second scale c1(n) starts from the 

signal in which this signal can be considered as a new c0(n). 

The above process is repeated. Because wavelet and scale 

functions become wider as the scale increases, temporal 

location is lost. It is suggested that higher scale decomposition 

is not necessary. As long as the detection of disturbances in 

power systems is desired, two-scale signal analysis of the 

original signal is sufficient to detect and locate the 

disturbances [17]. 

3. SIMULATION AND RESULTS 

3.1 Data Production 
Table   1 can be used to generate power quality phenomena and 

its parameters can be controlled. This work focuses on the 

phenomena of voltage dip, voltage swell, harmonic, harmonic 

and flicker. The length and amplitude of perturbations are 

defined by IEEE1159.  

The voltage flicker can be seen as a carrier wave that changes 

the amplitude modulation at a frequency of 30Hz~1kHz. The 

flicker signal u(t) is expressed as follows: 

0( ) [1 cos( )]cos( )                          (10)mu t V m t t= +   

where, Vm is voltage amplitude at power frequency, ω0 is the 

angular frequency of the carrier wave, m is the amplitude of 

the carrier wave voltage (modulation parameter), m cos(Ωt) is 

the flicker voltage and Ω is the angular frequency of the 

amplitude modulation voltage. A flicker signal is generated to 

simulate with following parameters: 

0( ) [1 ( )]cos( )                                           (11)mu t V m a t t= +  

That 

0 100 ,  0.1m

rad
V V

s
 = =  

1 1
( ) cos( ) cos(3 ) cos(5 )              (12)

3 5
a t t t t=  +  +   

When there is Flicker, m=1 and otherwise m=0. The desired 

signals are generated and simulated in Matlab environment 

and then analyzed in Wavelet field. All times presented in the 

rest of the article are generated randomly. All times are in 

seconds. 

3.2 Voltage Sag and Protrusion 
The main wavelet function db4 was used for analysis. It can 

be seen that the details of the first level are sufficient to detect 

the phenomena. For example, look at the voltage drop 

phenomenon in Figure 1.  Figure 1(a) shows the perturbation 

signal and Figure 1(b) shows the details of the first level. 

As we can see, the start and end times of the disturbance 

became very clear. For this particular example, the occurrence 

and termination times are 0.0248 and 0.0349, respectively, 

and the program detects the times 0.0250 and 0.0352, which is 

a good approximation. The actual error length is 0.0101 and 

the calculated length is 0.0102, which indicates an error of 1% 

in calculating the error length. 

Figure 2 shows a voltage swell. As we can see from Table 2, 

the actual and obtained times for the onset, end, and length of 

the perturbation are significantly closer. 

So far, we have uncovered these two phenomena. If the 

standard deviation curve of the details is drawn at different 

levels, a distinction can be made between these two 

perturbations. Figure 3 shows the standard deviation curve of 

the high voltage sag and protrusion and a pure sine wave. We 

see that the maximum standard deviation of the coefficients in 

the voltage rise is greater than this value in the pure sine 

wave, while the maximum standard deviation of the 

coefficients in the voltage sag is less than its corresponding 

value in the pure sine wave. The parameters of this 

perturbation and the actual and obtained times are given in 

Table 2. 

The accuracy of the results expressed in the program 

repetitions is also repeated. 
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Table  1 . Model of power quality perturbation 

Parameters Model 
Power quality 

perturbation 
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(b) 

Figure 1. (a) An example of a voltage sag, (b) Details of the first level 
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(b) 

Figure 2. (a) A voltage swell, (b) The first level details 

Table 2. The parameters of the voltage swell 

Calculated 

Start Time 

Calculated 

End Time 

Calculated 

Length 

Error 

% 

0.0240 0.0382 0.0142 0.5351 

Real Time 

Start 

Real Time 

End 

Voltage Sag 

Range 

Actual 

Length 

0.0238 0.0380 1.3934 0.0141 

1 2 3 4 5 6 7 8
0

0.5

1

1.5

2

2.5

3

3.5

4

 

 

sag

pure

swell

 
Figure 3. Standard deviation curve at different levels 

3.3 Voltage Sag with Harmonic, Voltage 

Rise with Harmonic 
Again, the db4 function is used in this section. Figure 4 shows 

a voltage sag in the presence of a harmonic perturbation. 

Figure 5 shows a harmonic voltage rise. Actual and calculated 

start and end times as well as actual and calculated error 

lengths are given in Table 3. A small error of 0.8547% also 

confirms the correctness of the proposed algorithm. The 

accuracy shown demonstrates the advantage of wavelet 

transform in investigating this perturbation. 
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(b) 

Figure 4. (a) A recess with a harmonic, (b) The first level details 

Table 3. The parameters of the harmonica sag 

phenomenon 

Calculated 

Start Time 

Calculated 

End Time 

Calculated 

Length 

Error 

% 

0.0244 0.0360 0.0116 0.8547 

Real Time 

Start 

Real Time 

End 

Voltage Sag 

Range 

Actual 

Length 

0.0243 0.0359 0.5398 0.0117 

h3= 0.1417 h5= 0.0786 h7= 0.1257 
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(b) 

Figure 5. (a) Voltage swell with Harmonic (b) The first level details 

The harmonic addition does not change what was said about 

the standard deviation of the detail coefficients in the previous 

section, and it still works to distinguish between indentations 

and ridges. That is, the maximum standard deviation of the 

details at different levels in the voltage sag is less than the 

pure sine wave, while this value will be greater in the voltage 

swell than the sine wave. 

3.4 Flicker 
Suppose there is a voltage flicker sample similar to following 

equation. 

0( ) [1 ( )]cos( )                                            (13)mu t V m a t t= +

 

That 

0 100 ,  0.1m

rad
V V

s
 = =

 

1 1
( ) cos( ) cos(3 ) cos(5 )                   (14)

3 5
a t t t t=  +  + 

The signal is simulated and written to the wavelet. By 

comparing different wavelets in Matlab, db24 was selected as 

a suitable wavelet. By observing the details and 

approximations at different levels, it can be seen that the 

details of the first level have the ability to detect the start and 

end times of this phenomenon (Figure 6). The various 

parameters of this perturbation are given in Table 4. A 

negligible error of 0.29% indicates the efficiency of this 

algorithm in voltage flicker detection. 

Table 4. Parameters of the phenomenon of voltage swell 

with harmonic 

Calculated 

Start Time 

Calculated 

End Time 

Calculated 

Length 

Error 

% 

0.0384 0.0240 0.0144 0.7100 

Real Time 

Start 

Real Time 

End 

Voltage Sag 

Range 

Actual 

Length 

390.02 0.0382 1.4869 0.0143 

h3= 0.0584 h5= 0.0900 h7= 0.0760 
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(b) 

Figure 6. (a) An example of a voltage flicker, (b) Details in the first 

level 

4. CONCLUSION 
This article presents a suggestion for detecting and locating 

power quality phenomena. The perturbations of voltage dip, 

voltage swell, harmonic dip, harmonic swell and flicker are 

simulated and plotted in the Wavelet field. The ability of this 

transform to decompose waveforms into different levels of 

detail and approximation made it possible to detect these 

phenomena. The start and end times and the length of the 

error are obtained with good accuracy. Also, with the help of 

standard deviation of detail coefficients at different levels, a 

distinction is made between the two phenomena of sag and 

voltage swell. 
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