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Abstract--This paper represents the estimation of frequency
which is an important power system parameter by several
variant of recursive techniques. Estimation of frequency is not
new as found in the literature such as Discrete Fourier
Transformation, Least Mean Square Technique etc. In this
paper we have implemented Recursive least square (RLS) and
Extended Least square (ELS) for estimation of frequency. These
are well known algorithms for their simplicity in computations
and good convergence properties. Such algorithms require three
step calculations with estimation of amplitude and phase
followed by frequency. They are simple and attractive with the
implementation of covariance matrix. Again the choice of co-
variance matrix is very crucial without which there might be
delay in convergence for estimation of power system parameters.
At the same time, feasibility of the above algorithms is tested
with signal buried with noise. The above work can be extended
for real time implementation, which will be immensely helpful
for Modern Power System engineers.

Index Terms -- Recursive Least Square(RLS) , Extended least
square (ELS), Covariance matrix ,System Structure Matrix,
Power system Parameters

I. INTRODUCTION

IN a complex power system the fast and accurate

estimation of supply frequency, voltage and it’s
variation in real-time is essential. Variations in
system frequency from its normal value indicate the
occurrence of a corrective action for its restoration
to its original value. In this context a large number
of numerical methods are available for frequency
estimation from the digitized samples of the system
voltage. Conventional methods assume that the
power system voltage waveform is purely
sinusoidal and therefore the time between two zero
crossings is an indication of system frequency.
However Discrete Fourier Transforms, Least error
squares technique [3, 6], Kalman Filter [1,2],
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Adaptive notch filters [11-14] etc. are known signal
processing  techniques used for frequency
measurements of power system signals. A large
number of numerical techniques [7, 9] and its
practical implementation are found in the literature
but these set of approaches suffer from
inaccuracies due to the presence of noise and
harmonics and other system changing conditions
such as change in fault inception angle, change in
fault resistance etc. Keeping this in mind iterative
techniques such as RLS and ELS [4, 5, 8] are
presented in this paper for fast and accurate
estimation of nominal and off-nominal power
system frequency.

Although RLS and ELS methods are very popular
frequency estimation techniques but unfortunately
these have been overlooked by the researchers in
this area. Fortunately, after applying these
techniques to power system parameter estimation, it
gives attractive result.

II. ESTIMATION ALGORITHMS

The algorithms used in this work are based upon
the criterion of least square norms.

A. Recursive Least Square Algorithm

Let a signal buried with noise is represented by the
following structure

(1) = A sin(@,t + ) + (1)
So for the purpose of estimation the signal in the
parametric form can be expressed as

(1)

Yy =[sinwy cosmypller B +u@) @)
or in the standard form.
() =¢()0 + (1) 3)

Here y(?) is the noisy measurement .
@(t)is the system structure matrix.
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6(t) is the vector of unknown parameter. Read Sarple

The estimate for the required parameter e >
O(t)=0(t—1)+ K(t)e(?) (4)

Error in measurement is /

T A Estimate pheseanplitucke
e(t)=y)—o() 6(1-1) (5) Dcterine ey
The gain K is related with covariance of parameter sprgtime
vector
K(t)=P(t = Dp@)[1+ (1) Pt = 1)p(1)]” (6) \

The updated covariance of parameter vector using Definetime phese
matrix inversion lemma anplituce &frecuency
P(t)=[1-K(®)p®)" 1Pt =1) (7)

These equations are initialized by taking some

initial values for the estimate at instants t, (z) and Y

P. As the choice of initial covariance matrix is large Deterrrined

it is taken P=al where « is a large number and / is X

a square identity matrix.

o, are the parameter to be estimated and are given ]

by Select dgorithm
a = A cosg, (8)
B = A4 sing 9)
The actual required parameters are A; and ¢, which |
can be given in terms of o and P as Sethermeimm
A =+a’+ p’ (10) iteration
b
¢1 = tan ; (1 1) Fig.1 Estimation Strategy

Once the estimate of amplitude and phase is done, it
is required to estimate the frequency. This can be
evaluated from the noisy measurement y(?) as

I s Oy {ONE
fO_Zﬂ‘[[Sln ( A, )— o1 (12)

Amplitude in p.u.

B. Extended Least Square Algorithm

Here the estimation of the unknown parameter 6 is
done by rearranging the observation matrix ¢ and A

. . 0 0.01 0.02 003 0.04 005 0.06 0.07 008 0.09 0.1
the steps for the algorithms are given below. Time in Sec.

P(t + 1) = P(t) + [¢T (t)¢(t)]_l (14) Fig.2 Sample Signal with noise

Ot +1)=0(0)+ Pt +1)g” ()t +1) - o) 6(1)] (15)
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Fig.3. Estimation of Amplitude of Signal
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Fig.4. Estimation of Phase of Signal
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Fig.5. Estimation of Frequency of Signal

Error in Amplitude in p.u.

Error in Phase in p.u.

Error in frequency.

0.8

10 20 30 40 50 60 70 80 90 100
Sample No

Fig.6.Estimation of Error in Amplitude of Signal
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Fig.7. Estimation of Error in Phase of Signal
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Fig.8. Estimation of Error in Frequency of Signal
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Fig.11. Estimation of Mean Squared Error of Frequency of Signal

III. DISCUSSION

A synthetic signal of 1 p.u amplitude, 50 Hz
frequency and 0.5236 p.u phase angle is generated
in MATLAB platform. Then the algorithms such
as RLS and ELS are implemented for estimation of
power system parameters with the sampling interval
of 10microsecond. For different algorithms
amplitude, phase and frequency are estimated. For
power system signal, generated in MATLAB
platform, signal to noise ratio is taken 200dB.

To improve the performance in the Least Square

4

algorithm, many extensions and modifications are
found in the literature [3,6]. The enhanced
performances gained through these modifications
are less deviations, faster convergence and recursive
calculations. The initial covariance matrix is taken
as al, where I is the identity matrix and a=100. Here
the system structure matrix as taken in both the
algorithms is a (I1x2) matrix. Estimation of
frequency is done after the estimation of amplitude
and phase of the signal.

Fig 1 represents the Estimation Strategy so that
computation steps of estimation of power system
parameter are clearly indicated in the flow chart.
Fig 2 represents the generation of synthetic signal
contaminated with noise with SNR 30 dB. dB Fig 3
represents the Comparison of estimation of
amplitude of the signal with 1 p.u. amplitude when
the signal is represented in the parametric form.

Fig 4 represents the Comparison of estimation
of phase of the signal of 0.5236 p.u. which reflects
the estimation is accurate with minimum estimation
error in case of RLS Algorithm & there is little bit
more oscillations in case of ELS Algorithm. After
the estimation of amplitude and phase of the signal
is over, estimation of frequency is done from the
empirical relation given in equation (1) .From the
profile of the comparison of frequency as shown in
Fig.5, it is concluded that in case of ELS, the
oscillation is more in first 10 samples. The
estimation varies between (49.4-50.75) Hz with
maximum value at about 4™ samples. But in case of
RLS the deviation of Frequency is very less.Fig.6
shows the comparison of Estimation of Error in
Amplitude contaminated with noise having
maximum estimation error of 6.0x10 = p.u. which
is at about 98th sample in the case of ELS but in
case of RLS the maximum Estimation Error is about
0.1x107 p.u. Fig.7 represents the comparison of
Estimation of Error in Phase with noise having
maximum estimation error of 8x10 ~ p.u. at about
95" sample for ELS but for the case of RLS,
maximum Estimation Error is 0.1x10~ p.u. Fig.8
shows the comparison of Estimation Error in
Frequency with noise having maximum estimation
error of 0.7Hz at about 4™ sample in case of ELS
but in case of RLS the maximum Estimation Error
is 0.5Hz at about 4" sample. Fig.9 represents the
comparison of Mean Squared Error in the
Estimation of Amplitude of signal. It becomes zero
for RLS and it is of the order of 107 for ELS. Fig.10

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY ROURKELA. Downloaded on May 18, 2009 at 07:58 from |IEEE Xplore. Restrictions apply.



shows the comparison of Mean Squared Error in the
Estimation of phase of signal. It becomes zero for
RLS and of the order of 107 for ELS. Fig.11 shows
the Mean Squared Error profile of the Estimation of
Frequency by the two algorithms. It is seen that for
both the cases the curves settle at zero. But the
performance curve in case of RLS is better.

TABLE 1
COMPARATIVE ASSESSMENT OF METHODS

Methods Maximum Maximum | Maximum | Comput
Estimation Estimation | Estimatio ational
Error in Error in n Errorin | time in
Amplitude Phase (p.u) | Frequency Sec.
(p-w) (Hz)
ELS 6.0x10 8x10 0.7 0.188
RLS 0.1x10° 0.1x10° 0.5 0.181

Table I. shows a comparative assessment among
these two methods, from this table we conclude that
both estimation error of all the parameters and
computational time are reduced in case of RLS
Algorithm. So this algorithm outperforms on ELS
algorithm.

IV. CONCLUSION

This paper presents the estimation of frequency
of a synthetic signal by various recursive estimation
techniques. However choice of the covariance
matrix is very crucial at the initial instant for RLS
and ELS algorithm. Improper choice of covariance
matrix leads to more computational time with more
estimation error. But at the same time these
recursive  algorithms are very simple by
representation of the parametric form of the signal.
The computational time is less due to the simplicity
of these algorithms and estimation error is also less.
Validation of these algorithms can be done in
MATLAB platform with various system changing
conditions and all possible types of faults. Real time
Implementation of the Algorithm can be realized by
a DSP processor.
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