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Abstract: This study introduces a method for voltage sag source location based on Hilbert Huang transformed 
monitored current signal. Unlike the traditional method, the proposed method first transforms the recorded current 
during the sag event to obtain frequency-time plot (Hilbert spectra) and IMF plot before the location of voltage sag 
source is determined. Then based on the change in frequency and IMF the relative location of voltage sag source is 
obtained. The effectiveness of the proposed method has been verified through simulation on 20 bus system and by 
comparing with an existing S-Transform based method. The results show that the presented method can determine 
the location of voltage sag source correctly. 
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INTRODUCTION 

 
Electrical Power Quality (PQ) is defined as the 

degree to which both utilization and delivering of 
electrical power affect the performance of user 
equipment (Mohammadi and Akbari Nasab, 2011). 
Most of the PQ problems are caused by power quality 
disturbances such as harmonics, voltage swell, voltage 
sag, transients, interruption, notching and etc. Among 
these disturbances, voltage sag is considered as the most 
frequent and detrimental PQ event. Heavy losses are 
imposed on voltage sag victim due to the damage or 
disoperation of the loads and equipment. This brings out 
the importance issue for to locate the voltage sag source 
because the party that generates the sag should take full 
responsibility on the losses due to the sag. The location 
of the voltage sag source also enables the service 
restoration to be performed quickly. 

Various researches had been done to determine the 
voltage sag source location. One of the first works 
applied the concept of disturbance power and energy 
(Parsons et al., 2000). This method states that the key 
indicator to know the location of the disturbance source 
is the direction of energy flow through the network. 
Another method proposed the use of the slope of system 
trajectory (Li et al., 2003) where it is based on the 
relationships between the product of voltage magnitude 
and power factor and also the current magnitude where 
these relationships will give different measurement for 
different fault locations. Slightly different from two 
methods above, Pradhan and Routray (2005) suggested 
a distance relay method which locates the voltage sag 

source by computing the seen impedance from the 
estimated voltage and current phasors at the monitored 
location. Besides that, Tayjasanant et al. (2005) had 
proposed another method by estimating the equivalent 
impedance of the non-disturbance side by using the 
changes of voltage and current caused by the fault. 
Meanwhile, Ahn et al. (2005) proposed to detect the sag 
source by investigating the cause for the sag in order to 
decide the relative location of the sag by using the 
relation between them. Another approach in detecting 
the sag source location is based upon the magnitude of 
voltages obtained at both sides of the transformer that 
interconnects two grids and comparing the voltage sag 
magnitudes in per unit with the pre-fault voltages at both 
sides of the transformer (Leborgne and Karlsson, 2008). 
Meanwhile, Faisal et al. (2010) presented a method to 
detect the voltage sag sources by using a signal 
processing technique known as S-Transform (ST). 

As mentioned in Leborgne et al. (2006), all phasor 
based methods mentioned above might have limited 
validity for sag disturbance location caused by 
asymmetrical faults generated in meshed grids. 
Furthermore, since the voltage sags are short duration 
disturbance events, all phasor-based methods might 
produce questionable results due to the inherent 
averaging in the harmonic analysis of the input signals 
(Polajžer et al., 2009).  

Voltage sag event always contains high frequency 
component. In order to avoid problems faced by phasor-
based methods, the instantaneous frequency variations 
can be used in voltage sag source detection by using 
some techniques. This study introduces Hilbert Huang 
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Transform (HHT) (Huang, 2005) based method for 
accurate detection of voltage sags. The current signals 
are transformed into a new view of frequency-time plot 
(Hilbert spectra) and Intrinsic Mode Function (IMF) plot 
and the location of the fault in the system is determined 
by the analysis of the waveform shown in the plots. 

The study is structured as follows. The basic 
principle of the HHT is presented next, followed by a 
brief explanation of HHT based method in sag source 
location. Then, results from HHT using simulation data 
are provided and discussed. Lastly, the conclusions are 
drawn.   
 

THE HILBERT HUANG TRANSFORM (HHT) 
 

This section introduces the basic concept of HHT. 
Frequency analysis is the second most important 
method in signal processing after the time analysis 
method. For the frequency analysis, the Fourier analysis 
has played an important role in stationary signal 
analysis since year 1807 (Cohen, 1995). However, there 
are some limitations on Fourier analysis since it can be 
only applied on linear system with stationary data. 
Therefore, HHT is introduced in this study since it 
provides physically meaningful representations of data 
for non-stationary and non linear processes, especially 
for time-frequency-energy representations (Huang, 
2005). It is a data analysis method which is empirically-
based and it is mainly make up of two parts, Empirical 
Mode Decomposition (EMD) and Hilbert Spectra 
Analysis (HSA).  Let’s examine a simple non linear 
system as given by the non-dissipative Duffing 
equation as: 
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where, ε is a parameter not necessarily small and γ is the 
amplitude of a periodic forcing function with a 
frequency ω. The quantity within the parenthesis can be 
treated as a variable spring constant and the system 
given in (1) should change in frequency from location to 
location and time to time, even within one cycle of 
oscillation. 

The easiest way to calculate the instantaneous 
frequency is by using the HHT where the complex 
conjugate y (t) of any real valued function x (t) of Lp 
class can be determined by: 
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where, the PV indicates the principle value of the single 
integral. In HHT, the analytic signal is defined as: 
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while, a (t) is the instantaneous amplitude and  θ (t) is 
the phase function and the instantaneous frequency, ω is 
just simply: 
 

dt

d 
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The instantaneous frequency can also be used in the 

determination of voltage sag source location. The 
location of the fault in the system was determined by the 
analysis of the waveform shown in the plots and 
determining a suitable index. The examples of 
frequency-time plot and IMF plot for the phase current 
that caused the voltage sag are shown in Fig. 1.  
 
HHT based method for voltage sag source detection: 
The sag source location is identified based on single 
monitor concept as illustrated in Fig. 2 where it 
determined the location as upstream or downstream sag. 
Upstream is usually make up of power source which 
supply the power and downstream is usually the 
receiving end of the power. In the case of upstream and 
downstream concept, when a fault occurs at upstream, 
current flows to the downstream will decrease while on 
the other hand, when a fault occurs at downstream, most 
of the current will flow to the downstream.  

In this research, phase current for faulty phase 
recorded by the monitor was used as a monitoring 
parameter. The HHT disturbance current is defined as: 
 








downstream   0

upstream       0
(t)I(t)I(t)ΔI presaghhtsaghhthht

 (7) 

 
where, Ihht (t)sag and Ihht (t)presag are the instantaneous 
HHT  time-frequency representing current during sag 
and steady state respectively in frequency-time plot. 
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Fig. 1: Waveforms for (a) actual current signal, (b) frequency-time plot of current signal, (c) IMF plot of current signal 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Concept to determine upstream and downstream sags 
 

Similarly, the waveform presented by IMF plot was 
analyzed by observing the magnitude, MIMF of the 
waveform. As shown in (8), MIMF decreases during the 
fault for upstream case and increases during the fault for 
downstream case:  
 








downstream    0

upstream        0
IMFpresagIMFsagIMF MMM

     

(8) 

where, MIMFsag and MIMFpresag are the magnitude of the 
IMF waveform during sag and steady state respectively.  

 
RESULTS AND DISCUSSION 

 
In this section simulation results of the proposed 

methods for voltage sag source location are presented. A 
20 bus system as shown in Fig. 3 with 33 kV, 15 MVA 
source at 50 Hz frequency was modelled. The system 
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Fig. 3: Simulated test system for voltage sag source detection 
 
has four main feeders where each feeder is connected to 
different numbers of step down transformers according 
to the load sizes.  

In this study, three Power Quality Monitors (PQM) 
which are M1, M2 and M3, respectively were placed in 
the 20 bus system. Three fault points, F1, F2 and F3 
were located in the system as well. The system was then 
simulated for different types of short circuits tests and 
load flow analysis. The faults created in short circuit 
tests include both balanced fault and unbalanced faults. 
The instantaneous waveforms from the monitors were 
obtained after the simulation.  
 
Results of simulated system: The simulation results are 
generally divided into two sections according to the 
types of faults, which are unbalanced fault and balanced 
fault. Single Line to Ground fault (SLG) and Double 
Line to Ground fault (DLG) are grouped as unbalanced 
fault while three phase fault is the balanced fault. The 
locations of the each fault relatively to the monitors for 
both types of faults are shown in the Table 1. Results 
obtained through an existing method which used S 
Transform (ST) (Faisal et al., 2010) are also presented 
for comparison purpose. When there is upstream sag, the 
S Transform Disturbance Power (STDP) will decrease 
to a value lower than the presag value and vice versa for 
downstream sag. 
 
Balanced voltage sags: Balanced voltage sag which is 
created    by    three    phase    fault    (LLL fault) is first  

    Table 1: Relative location of the faults for each PQM 

Fault location 

Relative location of faults to the monitors 
----------------------------------------------------
Upstream Downstream 

F1 M1, M2, M3 - 
F2 M1, M2 M3 
F3 M1, M3 M2 

 
simulated. The results are presented and analyzed. 
Figure 4 shows the locus of various parameters plotted 
against time for a fault at F1. Measurement was made at 
M1 with the recorded instantaneous three phase voltages 
and currents. From Fig. 4c-e, it can be seen that the 
magnitude for both STDP and IMF (Intrinsic Mode 
Function) settle out to a value lower than the presag 
value from the beginning of the sag, while for the HHT 
ΔIhht method, it starts with a peak at the beginning of the 
sag and then decrease to a value which is lower than the 
presage value before it rise back again. The 
characteristics shown by all three waveforms indicate 
that the voltage sag source is located upstream to the 
monitor M1.  

Similarly, Fig. 5 and 6 illustrate the plots for fault at 
F1 measured by M2 and M3, respectively. From both 
figures, it can be obviously concluded that the voltage 
sag at F1 are located upstream to M2 and M3. 

Figure 7-9 show the plots of each parameter for 3 
phase fault at F2 with measurement taken at M1, M2 
and M3, respectively. In Fig. 7 and 8, it can be seen that 
both the magnitude for STDP and IMF settle out to a 
value lower than the presag value during the sag while 
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Fig. 4: Variations of STDP, frequency and IMF at M1 for LLL fault at F1: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 5: Variations of STDP, frequency and IMF at M2 for LLL fault at F1: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 6: Variations of STDP, frequency and IMF at M3 for LLL fault at F1: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
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Fig. 7: Variations of STDP, frequency and IMF at M1 for LLL fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 8: Variations of STDP, frequency and IMF at M2 for LLL fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 9: Variations of STDP, frequency and IMF at M3 for LLL fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
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Fig. 10: Variations of STDP, frequency and IMF at M1 for LLL fault at F3: (a) voltage, b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 11: Variations of STDP, frequency and IMF at M2 for LLL fault at F3: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 12: Variations of STDP, frequency and IMF at M3 for LLL fault at F3: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
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for the HHT ΔIhht frequency, the magnitude decreases 
after the peak which indicates the beginning of the sag. 
Again, these characteristics indicate that the fault F2 
locates upstream to the monitors M1 and M2. On the 
other hand, in Fig. 9, the waveforms for Fig. 9c and 9e 
settle out to a value higher than the presag value during 
the sag and similarly for Fig. 9d, it shows an increase in 
frequency at the beginning of the sag, which indicates 
downstream voltage sag for the measurement taken at 
monitor M3. From the current waveforms for each 
figure from Fig. 7-9, one can see that the magnitude of 
the current increases during the downstream sag period 
while it decreases during the upstream sag period. This 
causes the values of the STDP, frequency and IMF to 
increase or decrease during the downstream and 
upstream sag event respectively. 

Similarly, Fig. 10-12 show the plots for a fault at F3 
where the measurements were made at monitors M1, 
M2 and M3, respectively. From the figures shown, it is 
clearly seen that the fault at F3 is upstream to the 
monitors M1 and M3 while downstream to monitor M2.  
 
Unbalanced voltage sags: Other than the balanced 
fault, unbalanced voltage sag source is located using the 
proposed method as well. For the illustration purpose, 
two types of fault are created at F2 and the results are 
presented and analyzed. Table 2 shows the types of fault 
created at F2 and the corresponding sag location that 
must be recorded by monitors M1, M2 and M3.  

Figure 13 shows the voltage and current waveforms 
at M1 and the variations of STDP, HHT ΔIhht frequency 
and IMF due to SLG fault. From Fig. 13c-e, it can be 
seen that STDP and IMF all settle out to a value lower 
than the presag value during the sag while the HHT ΔIhht 
frequency decreases after the peak which indicates the 
beginning of the sag to a value lower than presage value. 
Similar with the balanced fault analysis, this indicates 
the upstream sag to the monitor M1. In Fig. 14, the 
waveforms show similar pattern as in Fig. 13 which also 
indicates that the location of the sag is upstream to the 
monitor M2. 
On the other hand, Fig. 15 depicts a downstream event 
for the monitor M3. Figure 15c-e show that both STDP 
and IMF settle out to a value higher than the presag 
value during the sag while the HHT ΔIhht frequency 
increases at the beginning of the sag to a value higher 
than the presage value. Again, the magnitude of the 
current which increases and decreases during 
downstream and upstream event respectively can be 
observed from each figure. 

Table 2: Relative sag source location to each monitor for unbalanced 
faults created at F2 

Types of fault 

Relative location of faults to the 
monitors 
------------------------------------------------ 
Upstream Downstream 

Single Line to Ground 
(SLG) 

M1, M2 M3 

Double Line to Ground 
(DLG) 

M1, M2 M3 

 
A double line to ground fault for phase A and phase 

B is simulated at F2. The voltage and current waveforms 
at M1 and the variations of STDP, frequency and IMF 
due to DLG fault are illustrated in Fig. 16. From Fig. 
16c-e, it can be seen that both STDP and IMF settle out 
to a value lower than the presag value from the 
beginning of the sag while the HHT ΔIhht frequency 
decreases to a value lower than the presage value after 
the peak that indicates the start of the sag. With the same 
concept, the sag source is known to be located upstream 
from the monitor M1.  

Similarly, the STDP, frequency and IMF monitored 
by monitors M2 and M3 are shown in Fig. 17 and 18, 
respectively. From Fig. 17c-e, it can be seen that again, 
all three STDP, HHT ΔIhht frequency and IMF settle 
out to a value lower than the presag value from the 
beginning of the sag. On the contrary, Fig. 18c-e shows 
that all three STDP, frequency and IMF settle out to a 
value higher than the presag value from the beginning of 
the sag which indicates downstream sag from the 
monitor M3.  

Comparing the results obtained from ST (STDP 
plot) and HHT (frequency plot and IMF plot) for both 
balanced and unbalanced faults, it is proven that the 
results are in agreement where all three plots correctly 
locate the voltage sag source. However, there is a 
disadvantage of S transform based method where it 
changes the sign far before the beginning of the sag even 
though there is no other type of disturbance in the raw 
signals. This causes the difficulty of identifying the 
starting and ending points of sag event. For the case of 
HHT based method, frequency-time plot indicates more 
clearly for the sag duration with its signature peaks at 
the beginning and end of the sag. While for the IMF 
plot, it changes the magnitude during sag at the same 
time with frequency-time plot. Simulation results show 
that the presented method can indicate the location of 
the voltage sag sources correctly. 

  
CONCLUSION 

 
This study has presented a new method for voltage-

sag source detection which based on well known HHT 
signal    processing    technique.    This     method     was 
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Fig. 13: Variations of STDP, frequency and IMF at M1 for SLG fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 14: Variations of STDP, frequency and IMF at M2 for SLG fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 

Fig. 15: Variations of STDP, frequency and IMF at M3 for SLG fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 
IMF 
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Fig. 16: Variations of STDP, frequency and IMF at M1 for DLG fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 17: Variations of STDP, frequency and IMF at M2 for DLG fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
 

 
 
Fig. 18: Variations of STDP, frequency and IMF at M3 for DLG fault at F2: (a) voltage, (b) current, (c) STDP, (d) frequency, (e) 

IMF 
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extensively tested with numerical simulations on a 20 
bus test system. Based on the performed analysis, it can 
be concluded that the proposed HHT based method has 
higher effectiveness and accuracy in detecting voltage 
sag source location compared to that of traditional 
disturbance power method.  
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