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In distribution systems, voltage sag/swell is known as the most hazardous disturbances which distort voltage stability in sensitive 
loads. In order to compensate these voltage disturbances via custom power devices, fast and accuracy detection of voltage 
sag/swell is the most significant issue for effective compensation.  Therefore, this paper aims to examine and compare detection 
capabilities of the most common sag/swell detection methods. In this study, EPLL, SOGI-PLL, FFT and ISRF are assessed 
among the detection methods. The common point of these methods is that they are applicable for both three-phase system and 
single-phase system as well. The performances of proposed methods are analyzed and compared for both single phase sag/swell 
condition and three-phase asymmetrical sag/swell conditions. The methods are compared through constructing sag/swell 
generation system in PSCAD/EMTDC. 
 

1. INTRODUCTION 

Recently, the importance of electrical power quality has 
been increasing in the industrial world due to increase in 
demand for electric energy and consisting of sensitive 
electric loads. Voltage sag and voltage swell are the well-
known disturbances among power quality problems in 
distribution systems [1]. Voltage sag and swell conditions 
are demonstrated in Fig. 1. Voltage sag is defined as 
reduction in rms value of voltage magnitude more than 0.1 pu 
(per unit). Besides, voltage swell is short duration rise in 
magnitude more than 0.1 pu [2, 3]. The duration of voltage 
sag/swell varies from half-period to 1 minute which is 
defined  in IEEE 1159–2009 standards [4, 5]. In order to 
compensate these problems, custom power devices based 
on power electronic systems are developed [6–10]. Custom 
power devices (CPDs) are power-electronics based devices 
used in distribution systems to provide stable voltage level 
for consumers [11, 12]. In the system, the grid voltage is 
firstly measured, and the magnitude of the voltage is 
determined via a detection method to obtain reference signal. 
This reference signal is used to produce the desired voltage 
level by switching the inverter switching components. Thus, 
voltage sag/swell is compensated, and the voltage level at 
the load side is maintained in level of standards. 

 
Fig. 1 – Voltage sag/swell conditions in electrical grids. 

Fast and accurate detection of sag/swell is significant 
subject for effective compensation [4, 13, 14]. There are 
several sag/swell detection methods to obtain magnitude 
information of voltage signals. Therefore, this paper aims to 
examine and compare capabilities of several sag/swell 
detection methods. In this study,  

• Enhanced phase locked loop (EPLL) [15, 16],  
• Second order generalized integrator phase locked loop 

(SOGI-PLL) [17],  
• Fast Fourier transform (FFT) [18, 19] and  
• Improved synchronous reference frame (ISRF) [7] 

methods are assessed among the detection methods.  
The common point of these methods is that they are 

applicable for three-phase system and single-phase system as 
well. The performances of the four methods are compared 
for three-phase asymmetrical sag and three-phase asymmetrical 
swell conditions. The methods are compared through 
constructing sag/swell generation system in PSCAD/EMTDC. 

2. SYSTEM CONFIGURATION 
AND DETECTION METHODS 

Figure 2 illustrates system configuration to compensate 
sag/swell problems. In system, CPDs are located between 
sensitive load and grid to compensate voltage sag/swell by 
injecting controlled voltage. In compensation process, 
voltage signals are initially measured and converted to per 
unit (pu) values. Then, these values are used as inputs 
( aV , bV and cV ) in detection method to acquire the amplitude 
of voltage signals in pu. During sag/swell situation, the 
voltage magnitude is subtracted from nominal value (1 pu) 
to generate the depth of voltage sag/swell. Then, obtained 
value is processed in controller to produce reference value 
of injected voltage via CPDs.  

Sag/swell detection method plays an important role for 
effective compensation. In order to realize effective 
compensation, voltage sag/swell must be detected fast and 
properly. In literature, there are several sag/swell detection 
methods which have different detection performance capabilities. 
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Fig. 2 – The system configuration. 

In this study, four detection methods are taken into 
account, which can be applied for both three-phase system and 
single-phase system. The investigated methods are EPLL, 
SOGI-PLL, FFT and ISRF which generate magnitude 
information of grid voltages (Mag SS).The voltage signals are 
tested in per unit system, and voltage sag/swell is detected 
according to (1), (2):  

 Mag SS ≤ 0.9 pu for sag condition (1) 

 Mag SS  ≥ 1.1 pu for swell condition. (2) 

2.1. ENHANCED PHASE LOCKED LOOP 

EPLL is a non-linear adaptive filter in terms of its 
structure, which can generate from the input signal its 
magnitude, phase and frequency. The block diagram of 
EPLL is shown in Fig. 3. EPLL is able to get the 
fundamental component of its input that contains power 
quality problems [16, 20]. Besides, it is not affected from 
other disturbances [15]. EPLL consists of phase detection 
(PD), low pass filter (LPF) and voltage controlled oscillator 
(VCO).  

 
Fig. 3 – EPLL structure based sag/swell detection scheme. 

The sag/swell is detected via getting magnitude of the 
input signal which is given in (3).  

 SSMag ( ) sin ( ) dAe t t K t= θ∫ . (3) 

And the error and phase angle equations are obtained 
from its block diagram as 

  ( )  ( ) sin ( ) ( )sin ( ) da Ae t V t t e t t K t= − θ θ∫ , (4) 

 0 ( ) / 2 [  ( )cos ( ) ] dtPt e t t K tθ = −π + θ +Δω +ω∫ , (5) 

  ( )sin( / 2)( ) d .t e t t Ki tΔω = θ+ π∫  (6) 

The error signal is the total distortion in input signal 
defined in time-domain as (4), where AK , IK and PK  are 
gains and integral constants which affect determination of 
magnitude and phase of the input signal. Thus, the speed 
and performance of EPLL are determined by these 
parameters [21]. 

2.2. SECOND ORDER 
GENERALIZED INTEGRATOR PLL 

SOGI-PLL is a phase locked-loop which can be applied 
in both single phase and three phase systems. In addition to 
obtain phase information of a signal, it achieves the 
generation of amplitude of measured signal. It can also 
extract the amplitudes of asymmetrical voltage signals due 
to implementation for each phase, separately. 

Electrical signals are usually distorted by harmonics. 
Adaptive filters are better way in order to be avoided 
from the harmonics since they are not affected too much 
from the harmonic characteristics and automatically adapt 
their parameters according to harmonic characteristics [17]. 
They are also applicable under three-phase asymmetrical 
conditions [22]. 

 
Fig. 4 – SOGI-PLL based sag/swell detection method.  

According to scheme presented in Fig. 4, the 
characteristic functions can be derived as: 
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Considering the output signals of SOGI-PLL, it produces 
two orthogonal signals which has 90o difference between 
two signals. By using these signals, the amplitude is 
calculated as the square root of sum of square of orthogonal 
signals. The magnitude signal is expressed as: 

 
2 2

SSMag .d qV V= +
 (13) 

2.3. IMPROVED SRF 

Conventional SRF theory cannot achieve detection of 
single phase or asymmetrical voltage signals [23–25]. In 
order to eliminate the drawback of this method, Improved 
SRF is introduced in this study to extract the amplitude 
signal of single phase and three phase signals. Improved 
SRF is an advanced method of SRF that is constructed by 
only single-phase signal instead of three-phase signals. 
Thus, the method becomes suitable for both single-phase 
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systems and three-phase asymmetrical systems. The block 
diagram of ISRF is shown in Fig. 5. 

 
Fig. 5 – Improved SRF based sag/swell detection method. 

In this method, each phase signal is separately evaluated 
as three-phase. According to d–q transform, there-phase 
symmetrical voltage signals are derived [26]. Because of 
symmetrical system, input_2 and input_3 can be rewritten 
in phasor form as (14) and (15). input_2 is delayed π/3 and 
multiplied with –1 which becomes same as 240o phase 
difference. In three-phase symmetrical systems, the sum of 
the voltages is zero. Therefore, input_3 becomes as (15).   
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In d–q transform process of controller method as shown, 
input_1, input_2 and input_3 are firstly converted to α and 
β components for single phase: 
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Then, α–β to d–q transform is realized in (7). 
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where ω is angular frequency and t is time in seconds. Vd 
and Vq are orthogonal signals. Therefore, the magnitude of 
the voltage is obtained by using d–q components as: 

 2 2
SSMag d qV V= + . (18) 

2.4. FAST FOURIER TRANSFORM 

Fast Fourier transform (FFT) is a factorized process of 
DFT which results in using less complex computation [18]. 
Cooley-Tukey algorithm is the most common applied 
algorithm, which divides DFT into smaller DFT pieces as 
shown in Fig. 6 [19, 27]. FFT can generate dc component, 
fundamental frequency component and multiples of 
fundamental frequency component. In this study, only the 
magnitude of fundamental component is generated so as to 
get sag/swell of voltage. The Cooley-Tukey algorithm is 
explained in [28] in detail  
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where k  is harmonic frequency index, N is number of 

samples and Nk
k eW /j2π−= . MagSS is calculated for k =1 
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Fig. 6 – FFT based sag/swell detection method. 

3. RESULTS AND DISCUSSION 

The performances of the four sag/swell detection 
methods are compared for single phase sag/swell and three-
phase asymmetrical sag/swell situations. In order to compare 
the performances, a single phase/three-phase system is 
constructed in PSCAD, as demonstrated in Fig. 2. The 
system consists of three-phase grid, three-phase RL load 
and a sag/swell generator. The sag/swell generator is used 
to fulfill sag and swell cases. It is placed between the grid 
and the load. The system parameters of modeling are given 
in Table 1. 

Firstly, voltage detection methods are performed for a 
single phase system. Sag situation starts at 0.6 seconds, and 
voltage decreases to 0.4 pu from 1 pu during 0.1 seconds. 
Then, voltage signal returns to its steady-state value. At 0.8 
seconds, the magnitude of voltage increases to 1.3 pu from 
1 pu for 6 periods. The performance study is realized using 
four different methods to detect voltage disturbances. 
Performance results of voltage detection for Case I are 
presented in Fig. 7.  

Table 1 

System parameters 

 Parameters Value 

Voltage 0.38 kV (1 pu) Grid 
Frequency 50 Hz 
Duration of run 2000 ms 
Solution time 0.02 ms 

PSCAD 

Channel plot step 0.02 ms 
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Fig. 7 – Performance results for Case I. 

In the second case, performance results of asymmetrical 
voltage sag and asymmetrical voltage swell are tested for a 
three phase system. In this condition, voltage sag occurs 
between 0.9 and 0.96 seconds for 3-cycles. The values of 
three-phase asymmetrical voltage sag for aV , bV and cV are 
35 %, 25 % and 50 %, respectively. Also, three-phase 
asymmetrical voltage swell condition occurs between 1.04 
and 1.1 seconds. The asymmetrical voltage swells for three 
phase ( aV , bV and cV ) occur 25 %, 50 % and 40 %, 
respectively. The simulation results of Case II are presented 
in Fig. 8.  

It can be seen from Fig. 7 and Fig. 8 that the performance 
of ISRF method is superior to the other three methods in 
detection of sag and swell cases. ISRF detects asymmetrical 
three-phase sag and asymmetrical three-phase swell with 
lower time delay compared with the other methods. The 
detection times of ISRF for 35 %, 25 % and 50 % sags are 
1.9 ms, 0.6 ms and 1.1 ms, respectively. Besides, the 
detection times for 25 %, 50 % and 40 % swells are 1.7 ms, 
0.6 ms and 0.4 ms, respectively. 

FFT method is the worst method among the four 
methods to detect sag and swell. It is too slow compared 
with the other methods. Table 2 presents the features of 
voltage detection methods according to detection time 
advantages and disadvantages. 

Table 2  

Features of voltage detection methods 

Method Detection Advantages Disadvantages 

EPLL ≈2 ms 
(0.1 period) 

*Extra no phase 
information 

*more oscillation 
*Mathematical 

complexity 
SOGI-
PLL 

≈3 ms 
(0.15 period) 

*Extra no phase 
information 

*more oscillation 
*Mathematical 

complexity 
ISRF ≈1 ms 

(0.05 period) 
*Fast detection 

*Simple 
*Less oscillation 

*Needs a phase 
information 

FFT ≈6 ms 
(0.3 period) 

*Less oscillation *Needs a phase 
information 
*More slow 

 
Fig. 8 – Performance results for Case II. 
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4. CONCLUSIONS 

In the present paper, the performance comparison of 
four sag/swell detection methods has carried out. The 
common trait for the four methods is that they can be 
applied for both single-phase and three-phase systems. 
The performances of the methods are compared for 
three-phase asymmetrical sag and three-phase asymmetrical 
swell cases. Among the four methods, ISRF shows better 
robustness and faster detection time for sag and swell 
cases. In contrasts, FFT method is the slower one among 
the methods. 
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