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ABSTRACT
This paper proposes a new algorithm for High Impedance Fault (HIF) detection using Phasor Measurement Unit (PMU).
This type of faults is difficult to detect by over current protection relays because of low fault current. In this paper, an
index based on phasors change is proposed for HIF detection. The phasors are measured by PMU to obtain the square
summation of errors. Two types of data are used for error calculation. The first one is sampled data and the second one
is estimated data. But this index is not enough to declare presence of a HIF. Therefore another index introduces in order
to distinguish the load switching from HIF. Second index utilizes 3rd harmonic current angle because this number of
harmonic has a special behaviour during HIF. The verification of the proposed method is done by different simulation
cases in EMTP/MATLAB.
Keywords: Fault Detection; High Impedance Fault; Phasor Measurement Units

1. Introduction
High-impedance faults on distribution feeders are abnormal electrical conditions that cannot be detected by
conventional protection schemes because of the low fault
current due to the high impedance fault at fault point.
These faults often occur when an overhead conductor
breaks or touches a high impedance surface such as asphalt road, sand, cement or tree and pose a threat on human lives when neighbouring objects become in contact
with the line’s bare and energized conductors.
HIF can occur in two cases. In one case, a conductor
breaks and fall to ground and fallen phase current decreases and protection relays cannot detect fault because
current is not more than setting current of relays. In other
state conductor isn’t break but it touches a high impedance thing such as tree limbs. In this state feeder current
increase but it is not enough to detect by conventional
protection relay. Therefore this type of fault is very difficult to detect also it is very dangerous for human life
and necessary to detect.
So far, many models have been proposed to show high
impedance faults features such as nonlinearity, asymmetry and the low frequency of HIF current. In 1990, a
Copyright © 2013 SciRes.

model for HIF is proposed which is based on arc nature
when a Conductor breaks or touches a high impedance
thing. This model is obtained from laboratory measurements and theoretical components [1]. A model Using
Two Series Time-Varying Resistances was proposed in
2001 [2]. In 2004, a model was proposed in which two
inverse diodes, dc source and resistance were used for
modeling. The resistance and dc source changed every
half cycle to show asymmetrical current of HIF [3]. A
model based on dynamic model of arc was presented in
2008 [4]. Based on Emanuel model, a model was proposed in 2010 [5] to show more features of HIF. This
model shows that when a broken conductor falls on earth,
some arcs occur. These arcs have been shown by several
parallel of Emanuel model. Therefore, it is necessary to
have a perfect model of HIF to accurately detect it.
In the past two decades many techniques have been
proposed to improve the detection of HIFs in power distribution systems. They can be roughly divided into two
groups: time domain algorithms and frequency-domain
algorithms.
In the time domain, a ratio ground relay, a proportional
relay algorithm [6,7] and a smart relay based on timedomain feature extraction [8] have been proposed.
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In the frequency domain, using Fourier transforms,
several articles have been published based on harmonic
components [3-9], inter harmonic component [10] and
high-frequency spectral [11].
Because wavelet methods analyse the transient behaviour of a signal in time and frequency domains, the wavelet transform has been proposed recently to achieve a better solution in HIF detection [12].
Previous researches show that low frequency very affected when a HIF occurred on distribution feeder, HIF
detection is done by notice to change of 3rd harmonic
[13,14] by increase of application of phasor measurement
units in reliability and protection of power system a
method for HIF detection published in our previous research [15].
This paper proposes an algorithm for detection HIFs
based on changing of current phosors during the transient
states. Two indexes for detection of fault are utilized.first
index detects increase or decrease in amplitude of faulted
phase current during HIF. But it is not enough and another index introduces to recognize normal condition
such as load switching from HIF.
The remainder of this paper is organized as follows:
Section 2: Transient response of PMUs. Section 3 derived HIFs detection index in detail .simulation of a distribution network in EMTP and Evaluation of HIF detection method are presented in Section 4. Conclusion is
drawn in Section 5.

2. Transient Response of PMUs
In this paper data that is obtained from PMU is used to
detect HIFs. Therefore it is necessary to study Transient
response of PMUs.
There are transient phenomena occurring on power
systems due to a variety of causes which produce transient components in current and voltage waveforms.
PMU calculates phasors from sampled data continuously,
and it is certain that some of these phasor estimates will
involve sampled data containing transient components.
In this paper the nature of PMU response to power
system transients is investigated. To consider the transient
response of a PMU, we must consider the chain of components in the signal path from the power system up to
the phasor output delivered by the PMU. Principal elements of this chain are shown in Figure 1. Power system
transients result from faults, switching operations, and relative movement of large generator rotors. These sources
of transients are represented symbolically in Figure 1.
The voltages and currents of the power system are
converted to lower-level signals by current and voltage
transformers (instrument transformers). The signals are
then processed by analog and digital filters serving the
purpose of surge suppression, anti-aliasing filtering, and
Copyright © 2013 SciRes.

Figure 1. Generation and passage of transient phenomena
from power system to the output of the PMU.

decimation filtering as appropriate. The filtered signals
are then sampled before phasor computation is performed
in the PMU processor. Each of the components identified
in Figure 1 affects the transient waveforms and therefore
the final phasor output produced by the PMU.
It is worthy to note that high-frequency transients will
be removed from PMU inputs by the filtering stage.
What remains important for our consideration is the effect of step changes in voltages and currents brought
about by faults and switching operations. Using the recursive phasor estimation process [16] with one cycle
data window, the phasor estimate of the pre-fault waveform would be obtained in data windows which contain
only the pre-fault data. This is illustrated by data windows 1, 2, and 3 in Figure 2. The corresponding phasor
is X1 in Figure 2. When the data window is fully occupied by post-fault data as with windows N and N + 1 in
Figure 3 the phasor estimate becomes X2 for all succeeding windows. However, while the windows contain
both the pre- and post-fault data as with windows 4, 5,
6, … , the phasor estimate travels along a trajectory from
X1 to X2 as shown in Figure 2. These phasor values are
not representing the state of the power system, and must
be discarded in application of the phasor data.
Therefore an algorithm presents to detect transient
states such as switching and faults particularly HIF because this type of fault cannot be detected by overcurrent
protection relays.
Finally it should be noted that performance of PMUs
should be evaluated by testing procedure. Test procedure
helps us to have better results and close to reality measurements of PMU. Using this procedure test signals can
be compared with the results from the PMU. For development of a great variety of applications based on PMU
the user should be able to generate all possible signals
which the PMU could receive. By the comparison of the
signal and the phasors provided by the PMU it is possible
to evaluate the measurement of the PMU.
The general procedure of PMU testing is depicted in
Figure 3. In this method important factors of PMUs per
SGRE
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Figure 2. Response of PMU to step changes in input signals
due to faults or switching operations.

(a)

Figure 3. Testing procedure of PMUs.

formance such as time synchronization is considered.
The measurements of the PMUs are synchronized by the
Pulse per Second (PPS) provided by GPS. In addition
PMU require time information for time stamping of the
results. Details of test procedure are explained completely in Ref. [17].

3. Proposed Method
Proposed method is divided to two parts: at first change
of current phasor detect by PMU and it can be consider
for a factor of presence of HIF then HIF detect with use
of 3rd harmonic angle.

3.1. Detection of Current Changing
When HIF occurs, depends on type of fault feeder current increase or decrease. If conductor fall onto ground
current decrease but if conductor don’t break and just
touch high impedance things, feeder current increase.
Both of them illustrate in Figures 4(a) and (b).
This paper presents an algorithm to detect this change.
It is based on errors between samples and estimated samples that are obtain from PMU phasors. This process is as
Copyright © 2013 SciRes.

(b)

Figure 4. (a) HIF current for broken conductor; (b) HIF
current for unbroken conductor.

follows:
Consider a sampled signal with N samples in one cycle:
x  n   Xm cos  n    , n  0,1, 2, , N  1

(1)

Xm is the maximum value of signal and θ is sampling
angle that is equal with 2π/N. Phasor of this signal is:
X  X r  jX i 

Xm
2

e j

(2)

By simplifying of Equation (1) and substituting Equation (2) in it, estimated samples can be obtained from
output phasors of PMU.
x  n   Xm cos  n  cos    sin  n  sin  
X  X r  jX i 

Xm
2

cos    j sin  

(3)
(4)
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xn  2 cos  n  X r  2 sin  n  X i

(5)

When a fault occurs on the power system, there is a
series of data windows which contain pre- and post-fault
data. This is illustrated in Figure 5.
It should be clear that although a phasor estimate will
be available for all data windows (including the ones that
are shaded in Figure 5). Only phasors which belong entirely to the pre- or post-fault periods are of interest. The
phasors computed for the shaded windows of Figure 5
do not represent any meaningful system state, and a technique is needed to detect the occurrence of mixed states
within a data window. A technique is proposed to provide a measure to indicate a quality of the estimate, and
can also be used to detect the condition when a data
window contains mixed-state waveforms.
In condition without fault, estimated samples that are
obtained from PMU phasors are equal with real samples.
But when a fault occurs, and data window had faulted
samples, phasors change and estimated samples will be
different from real samples. This error shows that fault

has occurred in the system. This method can be used to
detect fault and it will be explain by formula in detail.
The data samples xˆn in a window from the estimated
phasor which has been estimated from a sample set xn :

cos  0 
 sin  0 



cos  
 sin  

  Xˆ 
 sin  2    r 
 xˆ   2  cos  2 

  Xˆ i 




cos  N  1    sin  N  1   






(6)

X r and X i obtain from real samples by DFT of
sampled signal [15]. And it is showed in Equation (7).

Xk 

2
N

N 1

 x  n  cos  kn   j sin  kn 

(7)

n0

For fundamental frequency k  1 .
X  X r  jX i 

2
N

N 1

 x  n  cos  kn   j sin  kn 

(8)

n 0

Xr 
2  cos  0  cos   cos  2   cos  N  1   


X  
 i  N   sin  0   sin    sin  2    sin  N  1   

(9)

By multiplying the matrices in Equation (6) and Equation (7) and simplifying:

1
cos   cos  2 

cos  
1
cos  

2
 xˆ    cos  2 
cos  
1
N





cos  N  1   cos(0) cos( )

 cos  N  1   

cos  0 


x 
cos  

 n

1


1



(10)

where use has been made of the fact that N  2π . The difference between the input data and the recomputed sample
data from the phasor estimate is the error of estimation tn:
2
2
2

1
 cos    cos  2 


N
N
N

2
2
2

1
 cos  
 cos  3 


N
N
N

2
2
1
 cos  3 

tn    xn  xˆn     2 cos  2 
N
N
N

2

1



N

 2
2
2

  cos  N  1    cos  0   cos  
N
N
 N

If the input signal is a pure sinusoid at fundamental
frequency, all entries of tn will be identically equal to
zero. However, when the input signal is noisy or contains
a composite window of two different sinusoids, tn is not
Zero and one may use the sum Tn of the absolute values
of its elements as a measure of the error of estimation:
Copyright © 2013 SciRes.

Tn 



N 1

2

cos  N  1   
N

2

 cos  

N

2

 cos  

N





2
1

N


 tk

(11)

(12)

k 0

This sum can be used as a measure of the quality of
the phasor estimate and detection of fault. Fault detection
index (T) influence from number of samples in a cycle
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Figure 6 all of explanation verified in next part with
simulation of a distribution network in EMTP.

4. Simulation and Evaluation
To evaluation method of HIF detection, a model based
on Emanuel model for HIF is utilized in this paper [18],
which is depicted in Figure 7. Depends on ground of
fault, current changes between 0 and 100 Amp and it
obtains with change of Emanuel parameters. A list of
Emanuel parameter that is result from practical test [19]
is brought in Table 1.

Simulation of HIF in a Distribution Network
Figure 5. Transition from pre-fault to post-fault waveforms.
The shaded windows contain mixed waveform data.

because it results from summation of errors between
samples and estimated samples. Therefore if there is a
noise in system, estimated samples are different from real
samples and fault detection index increases. Now whatever sampling frequency be higher, number of summation will be more and fault detection index increases
more and it will make us confuse that this is fault or nofault condition .therefore we should determine a Tthreshold that it depends on sampling frequency. Also when a
change such as load switching occurs in system, fault
detection index increases and it will be converge to another constant value. In new state if a change occurs in
line current, fault detection index should be compared
with last value of T instead of zero. With this work we
can change setting of relays and make an adaptive protection with PMU in the station.

In this section, data in Table 1 are used to simulate a HIF
in a distribution feeder that is shown in Figure 8. The
network parameters are brought in Appendix.
Simulation is divided to three cases. At first, phase

3.2. Analyse of 3rd Harmonic Phasor
In second step, algorithm proposed an index in order to
distinguish normal condition such as load change from
HIF pervious research shows that 3rd harmonic phasor
very affected when a HIF occurred and it will arrive to a
number between 50, 90 degree. This happens after 0.02
sec. Harmonic phase angel is measured with respect to
system voltage, not with respect to load current. Also
feeder current and voltage phase will be in same phase
after HIF.
With these explanations, in this paper an algorithm is
proposed for detection of HIF as follow:
A microprocessor is put in PMU that it uses fundamental phasor and 3rd harmonic phasor to detect HIF.
And it can send trip to center when PMU send their data.
Depend to PMU model it sends its information every 1
per 1cycle or 1 per 2 cycle or 1 per 5 cycle therefore
PMU is not suitable for fast fault and it can use for back
up protection and faults that time is not important .
Flowchart of detection and location of HIF depicted in
Copyright © 2013 SciRes.

Figure 6. HIF detection diagram.

Figure 7. Emanuel model for HIF.
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High Impedance Fault Detection of Distribution Network by Phasor Measurement Units

302

Figure 8. Distribution network with HIF.
Table 1. Value of Emanuel model parameter.
Rp

Rn

Vp

Vn

1

208

212

3588

3847

2

215

223

4075

4626

3

235

225

5472

4783

4

244

227

6092

4911

5

245

245

6180

6155

6

247

271

6348

8011

7

255

280

6883

8634

8

267

286

7729

9059

9

269

289

7894

9249

10

272

290

8092

9358
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Figure 10. Fault detection index.

Figure 11. 3rd harmonic angle in faulted phase.
Table 2. Summarize of simulation.
Emanuel parameter

CaseA CaseB CaseC

don’t break and just touch a high impedance thing such
as tree limb but in second case one phase beaks and fall
to ground. In both case, HIF distinguish from normal
switching. In third case, load switching and HIF occurred.
These cases are summarized in Table 2.
Fault time is selected by notice to this point that arcs
current of HIF takes about 200 - 500 ms and nonlinear
behavior of it, is considerable during this time.
Case A:
In this case one phase of overhead line touches a high
impedance surface at 15 km of feeder and a HIF occurred.
Current in faulted line a little increase (Figure 9). Increase in phase current detects by index that is explained
in pervious section. HIF occurred in 0.08 sec and index
detects it at the same time (Figure 10). After this step
3rd harmonic phasor is used for certain this change is
HIF. This is recognized after 0.02 sec because 3rd harmonic arrived to a constant number between 50 and
90.this is illustrated in Figure 11.
In order to distinguish HIF from normal condition
such as load switching, a load is added to end of feeder
instead of HIF. In this state, 3rd harmonic don’t converge
to a constant value therefore PMU recognize it is not HIF.
Feeder current and 3rd harmonic phase change in this
load switching, is shown in Figures 12 and 13 respectively.

Figure 9. Current waveform in faulted phase.

Vp

Vn

Rp

Rn

6092

4911

244

227

4075

4626

215

223

6833

8634

255

280

t(HIF)

t(Load A)

[0.08 0.25] [0 0.25]
−
[0.06 0.25]
−
[0.3 0.5]

t(Load B)

[0 0.25]

−
[0.08 0.25]

[0 0.6]

−

[0 0.06] [0.065 0.25]
[0 0.2]

[0.1 0.5]
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Case B:
In this case on phase of overhead line breaks and fall
to ground (Figure 14). This case certainly cannot detect
by conventional protection relay because current decrease fault detection index and 3rd harmonic illustrated
in Figures 15 and 16 respectively.
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Change of current detected by index and 3rd harmonic
phase converge to a constant number between 50 - 90 degree after 0.02 sec. Also 3rd harmonic behaviour differs
with state that feeder load decrease at the same time. In
order do this, pervious added load replaced with main
load at the end of feeder. Feeder current and 3rd harmonic in this state illustrated in Figures 17 and 18.

Figure 12. Current waveform in load switching.
Figure 15. Fault detection index.

Figure 13. Distribution network with HIF.

Figure 14. Current waveform in faulted phase.
Copyright © 2013 SciRes.

Figure 16. 3rd harmonic angle in faulted phase.

Figure 17. Current waveform in load switching.
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Case C:
Finally in order to consider a perfect state, it is assumed that before occurring the HIF, current in feeder
changes because of load switching. By modification of
detection index, when current change is not HI, T threshold 
will reset to last value of detection index(T) because
during of load switching detection index converge to
another constant value and it is not zero. With this modification, switching times detects and protection of network improved because we can able change relays setting to new value. Faulted phase current, fault detection
index and 3rd harmonic phase are shown in Figures
19-21 respectively.

5. Conclusion

Figure 20. Fault detection index.

This paper proposes a new algorithm for HIF detection
using PMU. The method is based on current phasors and
HIF detection index obtains with summation of error
between current samples and estimated samples which is
obtained by current phasors. In order to have a perfect

Figure 21. 3rd harmonic angle in faulted phase.

Figure 18. 3rd harmonic angle in load switching.

modeling of HIF detection, three HIF simulated in EMTP
in this three case, different Emanuel parameter are used
to consider various surfaces of fault. Also, in order to
evaluate accuracy of method, feeder current increased or
decreased in this states. Method can detect HIF, after one
cycle of fault and it results that, we can achieve to adaptive protection with PMUs by modification of phasor
change detector.
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Appendix
Parameters of simulated distribution feeder are given
here:
Sampling frequency of PMU  f S   5000 Hz
Network frequency  50 Hz
Feeder voltage  20 kv
Line length  20 km
Load power (A)  1 MVA
Load power factor  A   0.8
Load power  B   0.5 MVA
Load power factor  B   0.8
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Feeder impedance parameters:
Sequence

Positive & Negative

Zero

Parameter

Value

Unit

R1,R2

0.01273

 km

L1,L2

0.9337

mH km

C1,C2

7.751

nF km

R0

0.3864

 km

L0

4.1264

mH km

C0

12.74

nF km
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