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Abstract

For improving the precision of power system frequency control under the condition of noise and
harmonic interference, a new power system frequency control algorithm is proposed based on WTTP
frequency detection method, which is a combination of wavelet transform and three-point frequency
detection method. Fundamental component can be extracted from distorted signal by wavelet transform
under asynchronous sampling, and then three-point frequency detection method is used to detect
fundamental component frequency. For improving the detection precision, error mathematics mechanism
of three-point frequency detection method is analyzed and error mitigation method is proposed. Even
though there is noise and harmonic interference in feedback loop, power system frequency can be
controlled accurately and stably by applying WTTP frequency detection method to power system
frequency control. Simulation results demonstrate the feasibility of algorithm.
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1. Introduction

Power system frequency is an important characteristic parameter of power network
signals and it can reflect supply and demand balance of active power. Abnormal frequency
fluctuation will bring serious economic loss to user, even lead to power system instability and
large area blackout when frequency fluctuates seriously. So power system frequency stability is
an important condition in power system safe operation.

The important premise of frequency control is the frequency can be detected in high
precision. The three-point frequency detection method [1-3] in the software algorithm of
frequency detection has recently been widely used in engineering because of its simple
principle and low computational complexity. But it requires that signal to be measured is
distortionless sinusoidal signal. The frequency detection result error will be obvious if signal
distorts. The influence of noise and harmonic to algorithm can be eliminated by using prefilter or
harmonic detection algorithm, but filter will increase cost and it is uneasy to adjust filter’s filtering
characteristics. And other harmonic detection algorithms, such as DFT, FFT and instantaneous
reactive power, are not suitable for three-point frequency detection method to detect frequency
because these algorithms are established based on synchronized AC sampling. Wavelet
transform theory [4-7] has recently developed widely. It can extract fundamental wave of signal
under unsynchronized AC sampling. But at this time, some errors which called wavelet
reconstruction errors probably exist in the reconstructed fundamental[8]. It can be easily found
that if the three-point frequency detection method can mitigate wavelet reconstruction and noise
errors, the fundamental wave frequency can be detected under combination with wavelet
transform and three-point frequency detection method.

This paper proposes a new frequency detection method which named WTTP frequency
detection method by combination of wavelet transform and three-point frequency detection
method. For improving the detection precision, error mathematics mechanism of three-point
frequency detection method is analyzed and error mitigation method is proposed. By applying
WTTP frequency detection method to the power system frequency control, the frequency can be
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controlled accurately and stably even though there is noise and harmonic interference in
feedback loop.

2. Wavelet Transform Theory

assumed signal f(t)e LZ(R) can be expressed as

Za ZZd ij , where ¢j’k (t) is scaling function, ¥, (t) is

wavelet function, and ¢j]k( ) and ¥/, (t) are respectively standard orthonormal basis of scale
space V; and wavelet space W,. The relationships between V, and W; are shown as
V, DV, DoV,...... oV, and V, =V, ®W, =V, ®W, W, =... =V, W, @...OW,.
i( ) and dJ
a;.1(k)=a; (1) # =) a0 = ;1) () a0

d j+1(k): a; (n)* g(_ nl n=2k =aj (n)* é(n] n=2k

where, h(n) and ¢ (n) are respectively regarded as low-pass and high-pass analysis

( ) can be solved fast using Mallat algorithm as follows:

filter coefficient, they are complementary filter, and h(n) = h(—n) . 0 (n) =g (—n). It is easy
to found that a,,, (k) and d,,, (k) can be obtained by second decimation after the convolution
of a; (k) to low-pass and high-pass filter. aj+1(k) and d1+1(k) respectively represent low

frequency information and high frequency information of f(t) in Vj. So wavelet
decomposition process is equivalent to twice decomposition process of signal frequency band in
Vj. That means, approximate coefficient aj(k) can be considered to represent only
fundamental wave information when wavelet decomposition reaches the specific layer.

3. WTTP Frequency Detection Method
Derivation of WTTP Frequency Detection Method. Suppose that distortionless power

network signal is U (t) =U sin (272' ft —¢) , where, f is real frequency of signal. With sampling

frequency fs, u(t) is sampled. In the sample sequence, three sampling points that are

respectively Ui Uism  UYim | are selected by equal time interval m/ fS . In order to distinguish

from other sampling points, here Ui Uim Uiam are called detection points. Then M can be

considered to be sampling period interval number of neighboring detection points. Suppose that
0=om/f =2zmf/f , then f =01 /(2zm). According to triangular transformation,

0= arccos((u +Uiszm )/(ZuHm )) is obtained. So Eq. 1 can be obtained as follows:

f= arccos((u +Uiom )/(2u|+m )) fs /(Zﬂm) (1)

where, Yi*m can't be zero, or Equation 1 has no meaning. The above frequency

detection method is called three-point frequency detection method.

The three-point frequency detection method requires that the signal to be detected is of
high precision and distortionless fundamental sine signal. If there is harmonic in the signal to be
detected, the wavelet transform can be used to extract fundamental component firstly. And then,
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the frequency can be detected by using three-point frequency detection method. This new
frequency detection method can be named WTTP frequency detection method.

Algorithm Error Mechanism. There are two reasons that cause some errors probably
exist in the three detection points involved in calculation in three-point frequency detection
method. The first reason is some errors called wavelet reconstruction errors probably exist in
the reconstructed fundamental under asynchronous sampling. And the second is some noise
may exist in the signal to be detected. The detection points error will influence the algorithm
precision seriously, so the error mechanism is significance to research.

Suppose that a curve Y= f(X), Yy occurs error Ay when X occurs small error. Ay
is approximate written to be |Ay| ~ ‘y'HAX| according to the solving method for first derivative.
So, |Ay| can be approximately expressed as product of ‘y‘ and |AX| . |AX| is generally

small, so |Ay| is determined by ‘y‘ to a great extent. Then Equation 2 can be obtained

according to Equation 1 as follows.

ly|=f,/(27mf sin(27sz/fs))‘. @)
So the absolute value of y' is affected by f and m. If detection points occur error,

frequency detection result error is closely related to real signal frequency and detection points’
interval.

Error Mitigation Method. After error mechanism of WTTP frequency detection method is
analysed, error can be mitigated. Algorithm result error is minimum when

|fS [ (2zmsin(2zmf / fs))| is minimum. But f is the variable to be measured, it is difficult to
accurately calculate ‘y‘ It is fortunate that power frequency of power network has small

fluctuation in general case, and its fluctuation range is about 49Hz ~50Hz g0 the range of M
and the optimal value of M can be estimated based on this range. The inverse cosine function
range is [0,7[], so 0<2zmf /f, <7 can be obtained as follows according to Equation 1.

f

Because maximum is °1HZ gnd M21 the range of M can be written to be Equation 3 as

follows.

1<m<f /102 3)

Equation 2 can be converted into ‘y"z fs/(27sz Sin(27sz/fs)) according to

Equation 3. The relation curve between ‘y‘ and M when f are respectively 49Hz  50Hz gpg
51Hz s shown in Figure 1. It is known that ‘y‘ decreases radically and largely at first, then
increases slowly and smally. So, a minimum point must exist in the ‘y‘ in the range of M. The

minimum value of ‘y‘ can be solved by solving nonlinear equation which is Equation 4 as
follows.

— f,[sin(2zmf / , )+ 2zmf cos(2zmf /T, )/ ]/(27z'fm2 sin?(27mf / ))z 0 @)

It is difficult to get analytical solution of M put its high precision approximate solution
can be gotten by Newton Iteration Method. The round value of approximate solution is optimal
M value which ensures algorithm precision. The optimal M value gotten by iteration under the
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f, =3.2KHz f

condition that and ' is respectively 49Hz S0Hz ang SIHz which is shown in

Table. 1. It is known that the M value differs little when fluctuation of f is little, so M=20 js
approximately selected as the optimal value.
In the case of known fs, above solving process to M can be completely calculated

before frequency detection. Frequency result error can also be mitigated in the maximum
degree by using the optimal M value when detection points occur some error. This has great
significance.
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Figure 2. The Control Model of Power Frequency

Table 1. The m value when f =49Hz,50Hz,51Hz

frequ m m
ency( Hz ) (approximate solution) (round value)
49 21.086 21
50 20.664 20
51 20.259 20

4. Control Model of Power Frequency

Basic task of power frequency control is adjusting generator speed. Power system is
complicated nonlinear system and only occurs smaller load change, so linear model is often
used to represent system dynamic characteristics. Therefore, without considering the governor
dead time, this paper constructs the power frequency control model whose feedback loop adds
WTTP frequency detection module for researching the influence of noise and harmonic to
frequency control. The power frequency control model is shown in Figure 2.
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In the model, power frequency is 50Hz =~ Au jg system control variable quantity, Af is

real-time frequency error, and Apy is system load disturbance in Figure 2. Power system gain
K, =120Hz/pu, power system time constant T ; =20s, reheater gain K, =0.5, reheater

, turbogenerator time constant T. =0.3S, governor time constant

time constant i
T, =0.08s, governor speed adjustment coefficient R; =2.4s. Above all parameters come

from the literature [9]. A group fs =3.2KHz

to real-time power frequency f = Af +50 and expression u (t) = Um\/isin (272' ft —¢) in the

of voltage sampling signal is constructed according

voltage sampling signal generator, in which the voltage virtual value U, and phase ? can be
self set. The noise and harmonic interference module is used to add noise and harmonic into
u (t) WTTP module detect frequency using WTTP frequency detection method and it is written

with Embedded Function in Matlab. Af * is feedback frequency error.

5. Instance Simulation

Now simulation is carried out to Figure 2. APs s zero, AU js step signal, and signal

power sent out from noise and harmonic generator is 6 =15dbw Frequency control results
when there are no noise and harmonic in feedback loop are shown in Figure 3. Frequency
control results when noise and harmonic exist in feedback loop and M is respectively 5, 10, 20,
29 are shown in Figure 4-7.

After comparing Figure 3 with Figure 6, it can be found that the two frequency control
curves are basically similar, and there is only minimal steady-state error after system is steady
in Figure 6. That is because frequency detection precision is high when M is optimal interval
value and power frequency can be controlled accurately and stably even there are noise and
harmonic interference in feedback loop. However, As Figure7, there may be large steady-state
error when M is not the optimal value. As Figure 4 and Figure 5, the precision of frequency
control decreases seriously and the frequency control curve occur in large fluctuation. So,
WTTP frequency detection method in this paper can effectively improve the stability and
accuracy under the condition of noise and harmonic interference.

oz}
AfHz 0 f i

02 ' ' '
0 10 2 0 40 50 50

tis
Figure 3. The Frequency Control Result No Noise And Harmonic

o Ll G T

M

1
0 10 2 60

Figure 4. The Frequency Control Result When M =5

1 T T T
05 /\JV\;\f\N\/\A/\\'\/\N\/WJ\/w/\NJ\N\f\N\/\/\/:
AffHz i
_D 5 1 1 1 1 1
0 10 20 30 40 50 B0

Figure 5. The Frequency Control Result When M =10
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Figure 6. The Frequency Control Result When M= 20
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Figure 7. The Frequency Control Result When M= 29

6. Conclusion

After using error mitigation method, the frequency can be detected in high precision

from distorted signal by combination of wavelet transform and three-point frequency detection
method. Based on the high precision detection results, power frequency can be controlled
accurately and stably even there are noise and harmonic interference in feedback loop.
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