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Abstract: Now-a-days Phaselet Transform based distance 

relaying scheme is being proposed in the literature for high speed 
relaying in high voltage lines to obtain response times less than 
one quarter cycle. Phaselets are gaining importance due to their 
better transient response compared to Full Cycle Discrete Fourier 
Transform (FCDFT) during dynamic situations. But there are 
few operational issues with phaselets that have to be observed 
closely. In this paper, a single end feed test system with 
phaselet/FCDFT was simulated in MATLAB platform with 
various test cases. Then the performance of phaselet based 
distance relaying scheme is compared with the conventional Full 
Cycle Discrete Fourier Transform. Results are reported in this 
paper. 
 

Keywords : High Voltage lines, High speed relaying, Phaselet 
Transform, Full Cycle Discrete Fourier Transform. 
 

I. INTRODUCTION 

In electric power systems, HV and EHV transmission lines 
are basically tie lines between two grids or power stations. 
Selectivity and Speed of relaying are extremely important as 
the voltage level increases. This is to maintain transient 
stability between sources, protect the equipments from high 
faults currents and also to eliminate wider dislocation of 
loads. Hence considering the above factors, fast acting 
distance relays are commonly used in high voltage lines. 

According to the synchrophasor initiative in 
India[1], several PMUs are installed by RLDCs/NLDCs at 
major transmission interconnections, interfaces and major 
400 kV/220 kV/132 kV substations. PMUs are the devices 
capable of measuring frequency, voltage, current waveforms 
along with phase angles at high sampling rates. Phasor is 
representation of a sinusoid using its magnitude and phase 
angle. Many analog and digital distance relays use phasors as 
the operating signals in distance protection functions. In order 
to estimate these phasors, many digital algorithms were 
available.  
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Discrete Fourier Transform (DFT) is one which is widely 
used in digital distance relays.DFT can be computed by taking 
any size of data window, but conventionally they consider 
either the full cycle window or half cycle window. The 
advantage of Half Cycle Fourier is that, it requires half the 
samples than Full Cycle Fourier to compute the fundamental 
phasor i.e., the fundamental phasor is computed in half the 
cycle i.e., 10ms for a 50 Hz system. But if we observe their 
filtering abilities, Full Cycle Fourier is immune to harmonics 
but effected by decaying DC offsets and Half Cycle Fourier is 
effected by both even harmonics and decaying DC offsets[2]. 
Noticeable efforts are also made to improve the performance 
of Full Cycle DFT and Half Cycle DFT in presence of 
decaying DC offsets and harmonics[3]–[9].Attempts are also 
made to estimate the phasor with different basis functions 
also. A way to compute the fundamental phasor faster than 
FCDFT by wavelets is given in [10]. But it also suffers from 
the inaccuracies due to decaying DC offsets and harmonics. In 
[11], Phasorlet based estimation considers only fraction of 
sampled data to compute the phasor. It is faster than others 
only if the signal is pure sinusoidal. This concludes that most 
of the phasor estimation techniques fail to converge at a faster 
rate if the signal is not pure sinusoid. 

In [12],[13],a new approach for computation of 
Fourier transform using phaselets has been introduced and 
applied in transmission line differential relay. This improved 
the operating time of the relay. But phaselets are initiated only 
after the fault has been triggered. The fault has to be sensed by 
the relay or by some fault sensing algorithms in order to 
initiate the phaselet. This sensing time should also be 
considered while evaluating the performance of this new 
approach.  

In [14], authors has implemented high speed 
distance relaying scheme on FPGA and shown fast and 
secured tripping decision by mho relay. Application of 
phaseletsfor detection of voltage flickers due to distributed 
generators is presented in [15]. Distance relays are prone to 
maloperation due to power swings initiated after fault 
clearance in a heavily stressed line. A method utilizing 
phaselets for power swing identification and blocked is 
reported in [16]. 

In this paper, performance of Phaselet over FCDFT 
based distance relay is compared. The effect of relay fault 
sensing time on these algorithms is also studied. This is to 
show that FCDFT is still a better relaying algorithm under 
dynamic conditions. Session II and III introduces basic 
mathematical relations of FCDFT and Phaselet for phasor 
estimation.  
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Results showing the performance of the two relaying 
algorithms, when different parameters of the test system are 
varied are discussed in session IV. Finally Section V 
concludes up with the key issues observed in this research 
work. 

II. DISCRETE FOURIER TRANSFORM BASED 

PHASOR ESTIMATION 

Full Cycle DFT for estimating the fundamental 
frequency phasors of a sampled system signal  is given 
by the following equations: 

  2.a 

  2.b 

    2.c 

    2.d 

    2.e 

Where N denotes number of 
samples/cycle.  

For a window length of integral multiples of half cycle, sine 
and cosine components are orthogonal to each other. Hence, 
projection of the signal onto these orthogonal basis, gives us 
accurate phasor estimation. But on the other hand, if it is 
required to estimate the phasor with a window less than 
integral multiples of half cycle, cosine and sine components of 
DFT form an oblique basis and are no longer orthogonal. So 
the projection of the signal onto these oblique basis, does not 
give an accurate result. Now for such shorter windows, a 
correction matrix is required to compute fundamental phasor. 

In real time operation, signal samples keep on 
streaming into the digital device at every sampling instant. 
Hence at every sampling instant a new phasor has to be 
computed considering this new sample or old phasor has to be 
updated. Considerable amount of computation time can be 
saved by relating the DFT computed in one data window to 
the new data window.A new data window is formed by 
considering the newest sample andremoving the oldest 
sample from the old data window. As the window moves over 
one sample at a time, the new ith phasor is computed from 
(i-1)th phasor by the following equations, where  is a phasor 
and N is the full cycle sample size [17], 

 

 2.f 

Under normal operation of the power system i.e., the 
DFT window keeps on moving and estimates the phasor. 
During a fault for one cycle of fault inception, the window 
consists of both the pre-fault samples and post-fault samples. 
This contamination of window introduces transient error 
during the one cycle time after the fault has occurred. 

III. PHASELET BASED PHASOR ESTIMATION 

Phaselets are partials sums of product of the signal 
samples and their corresponding sine and cosine scaling 
factors. Such phaselets are accumulated over the adaptive 
window sizes and phasor is computed. The window size in 
phaselet computation is not restricted to integer multiple of a 
half cycle at the power system frequency. The phaselets are 
calculated according to: 

 3.a 

 3.b 

Where p is the phaselet index and  is the cosine 
part of the pthphaselet and  is the sine part. 
Constants N, Pare the number of samples per cycle and 
number of samples per phaselet. There will be  number 
of phaselets per cycle and should be an integer. As the 
window size of the phaselet increases, it encloses the previous 
phaselet samples and the combined cosine and sine 
components are given by: 

 3.c 

 3.d 

Where n is the phasor index and W is window size in samples. 
The window size is adaptive, which increases in a linear 
fashion. ,  are the cosine and sine 
part of the sum of all phaselets inside the specified window, 
which is a function of phasor index (n). Here, it is required to 
note that the window size starts with the first p samples and 
then increases to p+ p samples and goes on till the full cycle 
samples are reached. Hence, cosine and sine parts computed 
for the phaselets are no longer orthogonal till full cycle is 
reached. Hence for such shorter windows a correction matrix 
is required and the computations of actual phasor components 
are as given below [18]: 

3.e 

Finally the phasor magnitude and angle will be obtained 
according to the Equations (2.d, 2.e). 

Under normal conditions, the phaselet window is fixed to 
N and phasor computation is same as FCDFT and slides over 
the samples. But once a disturbance is detected, the window 
initialized to P and contains only fault samples. The pre-fault 
samples are not considered in the window. Then the window 
size increases until it reaches on full cycle N. After one cycle 
after a fault, the window is fixed to N and the phaselet 
computed is same as that of FCDFT.If there is any disturbance 
in the system, the phaselet procedure is again initiated. This 
makes phaselets to show a better transient response over the 
FCDFT by using partial sums of cosine and sine components 
over adaptive window. 

IV. SIMULATION RESULTS AND DISCUSSIONS 

The effect of variation of fault inception angle, load, 
source impedance, and fault resistance on Phaselet and 
FCDFT based distance relays have been studied on test 
system shown in the Fig. 1.Test system is modeled in 
MATLAB SIMULINK[19]. Phaselet and Sliding mode DFT 
algorithms are programmed on the same platform in Intel(R) 
Core(TM) i3-2310M CPU@2.10 Hz personal computer. 
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Figure 1. Schematic diagram of single end feed test system 
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1000MVA and 765 kV are considered as the base values for 
the test system. The signals are sampled at 80 samples/cycles 
(4000 Hz).The number of samples/phaselet are 4. In this 
system, fault inception angle, source impedance, load, fault 
resistance are varied over a range. In every test case, it is 
considered that fault takes place at half the length of the 
transmission line. Transmission line impedance is fixed at 
(0.02+j0.2) pu.  

In order to compare the performance of FCDFT and 
Phaselet as relaying algorithms in distance relays, four 
different cases are considered. In each case, Zest indicates fault 
impedance estimated by the relay, to_phaseletdenotes the 
operating time of Phaselet based relay and to_DFTdenotes the 
operating time of FCDFT based relay. It is to emphasize that 
the two times defined above does not include the relay fault 
sensing time. It is to be observed that, sliding mode FCDFT 
does not require any additional fault sensing time. In Phaselet 
based relaying scheme, phaselets are triggered only when the 
fault is sensed. Typically fault sensing time for a static relay is 
in the order of one Tcycle, where it denotes one cycle time at 
power system frequency. Hence, taking fault sensing time also 
into account t’o_phaselet denotes the total operating time of 
Phaselet based relay. The difference between the operating 
times between the two relays is denoted by tdiff. Relays trip 
setting is kept at 0.8 times the transmission line impedance. 
The fault was initiated at 0.4ms by closing the circuit breaker. 
Case A: Effect of variation of fault inception angle: 

In this case (the fault in zone-1), fault inception 
angle is varied from 00 to 1800.Fault impedance estimated by 
the FCDFT based distance relay and Phaselet based distance 
relay is shown in Fig.2.The details of the test results are given 
in Table I. 

TABLE I 
DETAILS OF TEST CASE-A 

System Parameters: 1000 MVA, 765 kV, Zs=0.1pu,RF=0.01 
pu, ZL=0.5 pu, RT/2=0.01 pu, XT/2=0.1 pu. 

Φ0 
to_phaselet(m

s) 
to_DFT(
ms) 

t’o_phaselet(ms)
= to_phaselet+Tcycle 

tdiff(m
s) 

00 0.035 15.75 20.35 15.4 

300 1.45 14.35 21.45 12.9 

600 2.35 14.15 22.35 11.8 

900 3.25 15.05 23.25 11.8 

1200 10.95 16.75 30.95 5.8 

1500 8.35 17.15 28.35 8.8 

1800 0.35 15.75 20.35 15.4 

   Average( tdiff) 11.7 

 

From Fig.2 (a), it is observed that at maximum DC offset 
i.e., at 00& 1800 inception angles, impedance estimated by 
FCDFT did not change instantaneously after the fault 
initiation. It showed inherent delay in its response. But 
Phaselets starts accumulating after a time delay of four 
samples, as the first phaselet accommodates four samples. 
From Fig.2 (b), phaselet based relaying shows undershoot at 
lower values of inception angles and overshoots at higher 
inception angles. Although overshoot does not create any 
problem to the tripping but undershoot may create false 
tripping. If the relay trip setting was decreased, the impedance 
estimated may be greater than this value but due to the 
undershoot behaviour exhibited, the relay may operate. There 
are no such problems with FCDFT based relay. 

Now from Table I, it can be observed that the tripping time 
of Phaselet based relay is less than FCDFT relay. But 
considering the actual operating time i.e., including fault 
sensing time, FCDFT relay is faster than Phaselet based relay. 
In this case, for Phaselet based relay to operate faster, the 
relay fault sensing time should be less than the average tdiff. 
Case B: Effect of variation of load impedance: 

In this case, load impedance is varied from 0.1 pu to 
2.0 pu. Fault impedance estimated by the FCDFT based 
distance relay and Phaselet based distance relay is shown in 
Fig.3.The details of the test results are given in Table II. 

TABLE II 
DETAILS OF TEST CASE-B 

System Parameters: 1000 MVA, 765 kV, Zs=0.1pu,RF=0.01 
pu,Φ0=00, RT/2=0.01 pu, XT/2=0.1 pu. 

ZL(pu) to_phaselet(ms) to_DFT(ms) 
t’o_phaselet(ms)= 
to_phaselet+Tcycle 

tdiff(
ms) 

0.1 0.05 9.85 20.05 9.8 

0.5 0.35 11.35 20.35 11 

1.0 0.45 11.85 20.45 11.4 

1.5 0.45 11.95 20.45 11.5 

2.0 0.45 12.05 20.45 11.6 

   Average( tdiff) 11.06 

 
In this case, from Fig.3 (a), it is observed that the estimated 

impedance after the fault, at first increased and then decreased 
to the actual value. This hump became predominant at higher 
load impedances. Although this hump did not effect the 
estimation process but effected the operating time. Here also 
from Table II, the actual operating timeof Phaselet based 
relay is higher than FCDFT based relay.
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Figure 2. Effect of variation of fault inception angle: Fault impedance estimated at bus 1 by 

(a): FCDFT based distance relay (b):Phaselet based distance relay 
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Figure 3.  Effect of variation of load impedance: Fault impedance estimated at bus 1 by 

(a): FCDFT based distance relay (b):Phaselet based distance relay 
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Figure 4.  Effect of variation of source impedance: Fault impedance estimated at bus 1 by 
(a): FCDFT based distance relay (b):Phaselet based distance relay 

 

0.38 0.39 0.4 0.41 0.42 0.43 0.44 0.45 0.46
0

0.2

0.4

0.6

0.8

1

Time(sec)

Ze
st(

PU
)

 

 

0.01 PU
0.05 PU
0.10 PU
0.15 PU
0.20 PU
0.161 PU

 
(a) 

0.38 0.39 0.4 0.41 0.42 0.43 0.44 0.45 0.46
0

0.2

0.4

0.6

0.8

1

Time(sec)

Ze
st(

PU
)

 

 

0.01 PU
0.05 PU
0.10 PU
0.15 PU
0.20 PU
0.161 PU

 
(b) 

Figure 5.  Effect of variation of fault resistance: Fault impedance estimated at bus 1 by 
(a): FCDFT based distance relay (b):Phaselet based distance relay 

 
 

Case C: Effect of variation of source impedance: 
In this case, source impedance is varied from 0.1 pu 

to 2.0 pu. Fault impedance estimated by the FCDFT based 
distance relay and Phaselet based distance relay is shown in 
Fig.4.The details of the test results are given in Table III. 

TABLE III 
DETAILS OF TEST CASE-C 

System Parameters: 1000 MVA, 765 kV, ZL=0.5 pu,RF=0.01 
pu,Φ0=00, RT/2=0.01 pu, XT/2=0.1 pu. 

Zs(PU) to_phaselet(ms) to_DFT(ms) 
t’o_phaselet(ms)= 
to_phaselet+Tcycle 

tdiff(ms) 

0.1 0.35 11.35 20.35 11 

0.5 0.35 15.95 20.35 15.6 

1.0 0.35 16.95 20.35 16.6 

1.5 0.35 17.35 20.35 17 

2.0 0.35 17.55 20.35 17.2 

   Average( tdiff) 15.48 

In this case also, the problems discussed in the above cases 
persisted. From Table III, it can be observed that the 
operating time of the Phaselet based relay is same irrespective 
of the source impedance. But, with FCDFT relay the 
operating time increases as the source impedance is increased. 

 
Case D: Effect of variation of fault resistance: 

In this case, fault resistance is varied from 0.1 pu to 
2.0 pu. Fault impedance estimated by the FCDFT based 
distance relay and Phaselet based distance relay is shown in 
Fig.5.The details of the test results are given in Table IV. 

TABLE IV 
DETAILS OF TEST CASE-D 

SYSTEM PARAMETERS: 1000 MVA, 765 KV, ZS=0.1 

PU,ZL=0.5PU, Φ0=00, RT/2=0.01 PU, XT/2=0.1 PU. 

RF(PU) to_phaselet(ms) to_DFT(ms) 
t’o_phaselet(ms)

= to_phaselet+Tcycle 
tdiff(

ms) 

0.01 0.35 11.35 20.35 11 

0.05 0.35 11.35 20.35 11 

0.1 0.35 18.53 20.35 18.18 

0.15 0.35 No Trip 
  

0.2 0.35 No Trip 

   Average( tdiff)                                 13.39 
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In this case, Phaselet based relay response is same as that in 
Case-C. The interesting point to note here that, at higher fault 
resistance, FCDFT fails to detect the fault, where as Phaselet 
based relay can. The operating time of the relays is same as 
the above all cases. 

V. CONCLUSIONS 

In this paper, different parameters of a single end feed test 
system such as fault inception angle, load impedance, source 
impedance and fault resistance were varied over a range. Then 
the performance of Full Cycle Discrete Fourier Transform 
(FCDFT) and Phaselet based distance relays under such 
scenarios is observed. 

The key issues observed from the simulation studies are 
enumerated below: 

 The rate of change of estimated impedance by a distance 
relay after a fault is higher by using Phaselets rather than 
FCDFT. This is because phaselet window does not 
contain pre-fault samples. 

 Fault sensing time is important when considering the 
operating time of a phaselet based distance relay. But 
FCDFT based distance relay does not require any 
additional fault sensing time. From the details obtained 
in different simulated cases, fault sensing time of a 
phaselet based relay should atleast lower than the 
average tdiff to operate faster than FCDFT based relay. 

 In a phaselet based relay, after the fault inception, first fault 
sensing algorithm has to sense it and initiate phaselets. 
Although phaselet is initiated, we obtain the initial 
impedance estimate only after first phaselet. In the 
simulated cases, it is after 1 ms. 

 Under some simulated cases, phaselet based relay is 
showing undershoot in its impedance estimation. This 
would sometimes give a false trip signal to the circuit 
breaker. There are no such problems observed in 
FCDFT based relay.  

From the above key issues, FCDFT remains to be prominent 
over the phaselets for high speed relaying in High voltage 
lines. If there are any advancement in faster fault detection 
techniques, parallel processing techniques and solid state 
relays, Phaselet based relaying may gain importance over 
other techniques. 
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