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Abstract-- This paper proposes an approach based on wavelet
packet transform (WPT) for root mean square (rms) and power
measurements. The algorithm can simultaneously measure the
distribution of the rms and power with respect to individual
frequency bands from the wavelet coefficients associated with
each voltage current pair. The advantage of the WPT is that it
can decompose a waveform into uniform frequency bands,
which are important for identification of harmonic components
and measurement of harmonic parameters. The algorithm is
validated using simulated waveforms.

Zndex Terms-- Power, RMS, Harmonic, Wavelets, Wavelet
Packet.

I. INTRODUCTION

POWER quality is becoming an issue of increasing concern
both to utilities and their customers. One of the major

power system problems is steady-state waveform distortion
due to harmonics, Harmonics are produced by variable speed
drives, arc furnaces, personal computers, and other non-linear
devices. Since harmonics can severely degrade the
performance of power system equipment, it is necessary to
always monitor their parameters such as voltage, current, and
power [1], [2].

There has not been much work on applying wavelet
transform for rms and power measurements. The discrete
wavelet transform (DWT) algorithm for rms and power
measurements has first been introduced in the literature [3],
The results show that the discrete wavelet-based algorithm
could quantify rms and power of several harmonics within
each frequency band. However, the waveform decomposition
results using the DWT provide non-uniform frequency bands.
For instance, at a higher level of decomposition, the
frequency band becomes wider. As a result, frequency bands
at the higher levels contain more harmonic components that
those at lower levels. Therefore, the discrete wavelet-based
algorithm can not measure the rms and power of individual
harmonic components [3], In practice, it is important to be
able to identify the rms and power of individual harmonic
components in order to know the sources and thus to
eliminate their effects [1], [2].

To overcome the limitation, the DWT algorithm is
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expanded to WPT algorithm in this study. Similarly to the
DWT algorithm, in the WPT algorithm the input waveform is
decomposed into wavelet ,coefflcients, and frequency
separation is achieved using a wavelet filter. The advantage
of the WPT is that it can decompose a waveform into uniform
frequency bands, so that this WPT algorithm has a capability
to measure rms and power of individual harmonic
components. In the wavelet transform, there are many types
of wavelet filters. Here, we simply select the Vaidyanathan
filter because of its good frequency selectivity [4].

II.WAVELET PACKET TRANSFORM

While detail mathematical background of WPT can be
found in [4], a brief summary is given in this section. Wavelet
packet transform is a direct expansion from the pyramid (or
DWT) tree algorithm to a full binary tree, In the DWT
algorithm the detail coefficients (or the output from high-pass
filtering) are not used for further decomposition, only the
approximation coefficients (or the output from low-pass
filtering) at each level are treated to yield further
approximation and detail coefficients. In the WPT algorithm,
both the detail and approximation coefficients are
decomposed into lower level to produce further coefficients
(hereafter, both detail and approximation coefficients are
called wavelet coefficients).

- J,K

Ilevel 3 !level 2

Fig. 1. Wavelet packet decomposition with
downsamplings.
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Wavelet packet decomposition is depicted in Fig. 1. Let the
original waveform has 2* sa~mpling points. The wavelet
coefficient at the level jth, kth sampling point and node ith is
d>,k,where i = O, 2,..., 2N-j-2(even) and j = 1, 2,..., N. This
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coei%cient is obtained by convolving the sequence d’12j~1,k
with low-pass filter IZ.k,and then downsampling by a factor of
two. Similary, the wavelet coefficient at node i = 1, 3,..., 2N-j-
1 (odd) is obtained by convolving the sequence &-’)’2j+,,~with
high-pass filter g.~ and downsampling by a factor of two.
Number of nodes at level j is 2N-J,and the node at level N is
the original waveform. The filters h.k and g.~ are a pair of
conjugate mirror filters (QMF), meaning both filters use the
same set of coei%cients, but with alternating signs and in
reversed order. The Vaidyanathan filter is used in this study,
and the filter coefficients can be found in [4].

The time resolution of d~, k is now half that of d~+l, k due to
the downsampling, As a result, if dj+l, k has ~’ sampling

2’+’)for the entire observation period, thenpoints (k=l, 2,...,
dj, k will have 2j sampling points (k=l, 2,..,, 2j) for the same
observation period. Each node at level j has & sampling
points or wavelet coefficients.

III. RMSANDPOWERMEASUREMENTS

The derivation of both the rms and power equations using
discrete wavelet-based algorithm was proved in [3]. The
following equations are extended forms from the DWT
algorithm. The measurements consist of 1.,,1$,V,,.,, and power
(P). The definitions of these parameters areas follows (IEEE
Std. 100-88):

where i, and v, are respectively the analog current and voltage
waveforms which are periodic during the observation period
T. In practice, the analog waveforms are digitized. Here, i,,
and v,, will be the digitized waveforms of if and Vr,
respectively, with n = O, 1,..., 2N-1 (N is integer).

A. Rms Calculations

Rms of current or voltage in wavelet domain can be written
as follows:

‘Fn_==EF

where dij,k and d*ij, k are wavelet coefficients of i,, and v,,,
respectively. Z; and ?j are respectively the rms of current and
voltage for the frequency band at node i and level j. In the
WPT algorithm, only the wavelet coefficients at a certain
levelj are used for therms and power calculations.

B. Power Calculation

The power calculation in wavelet domain is simply by
multiplying the wavelet coefficients of current to those of
voltage for every node at the same level, as follows:

where P; is the power of frequency band at node i and level j.

CURRENT VOLTAGE POWER
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Fig.2 Wavelet coet%cients of the current, voltage, and power at level 2 for the
first eleven nodes. The rest of nodes have very small or zero coeftlcients. (The
ratios of node O and the other nodes are respectively 1:5, 1:5, and 1:50 for
current, voltage, and power,)

IV. EVALUATION

To test the performance of power measurements using the
WPT algorithm, simulated current and voltage waveforms
will be analyzed. Each waveform has 128 (N = 7) sampling
points per 60-Hz fundamental cycle and contains first, third,
fifth, seventh, eleventh, thirteenth, and seventeenth
harmonics (odd integer harmonics), as follows:

i(t) = 1.0x fisin(2m60t +10 °)+O.lx fisin(2m180t+ 20”)

+0.08 x& sin(2z300t) +0.08x & sin(2m420t + 30” )

+0.07 x W sin(2m660t + 45” ) + 0.08x &sin(2m780t + 120° )

+0.05 xtisin(2z1020t + 45” )

and

v(t) = 1.0x &sin(2m60t) + 0.2x &sin(2zl 80t + 30”)

+0.2x &sin(2m300t + 150°) +0.1x fisin(2m420t + 60°)

+ O.lx fisin(2m660t + 20”) + O.1Xfisin(2?r780t)

+0,08 x &.in(2z1020t + 450).
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TABLE I
COMPARISON RESULTS BETWEEN CALCULATED AND TRUE VALUES OF RMS ANDPOWERMEASUREMENT

(THE VALUESOF RMS AND POWER FOR THE REST OF NODES ARE VERY SMALL OR ZERO.)

lg~a~:: I K I = l==-
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First, both current and voltage waveforms are decomposed via
the WPT algorithm as described in section II. All calculations
use Matlab and WaveLab v.802 software package [5]. Next,
only the wavelet coefficients at level 2 are used to calculate
rms and power because each frequency band (or each node) at
level 2 completely covers a respective harmonic component.
Figure 2 shows the wavelet coeftlcients of current, voltage,
and power for selected nodes. Level 2 has thirty-two nodes
and each node has four coefficients. The wavelet coefficients
at all nodes are then fed into (1) and (2) to compute the rms
and power, respectively.

Table I shows the calculation results of using the WPT
algorithm along with the true rms and power values. The true
value is derived from analytical calculation. The table shows
that the WPT algorithm can effectively compute the rms and
power of each harmonic component. The total results of rms
and power are the same in all cases. This proves that power
measurements using WPT algorithm are valid. However, a
small amount of rms and power leakage occurs at some nodes
due to the roll-off characteristics of the low-pass and high-
pass filter pair.

V. CONCLUSION

A WPT-based approach has been proposed to improve the
DWT-based approach for the rms and power measurements.
The algorithm can separate harmonic components of power
system waveforms and measure the rms and power of each
harmonic component. The test using a simulated current
voltage pair shows that the total results of rms and power are
the same as those derived from analytical calculations.
However, there are small errors to therms and power at some
nodes. These errors are due to the roll-off characteristics of
the low-pass and high-pass filter pair. Hence, further study
will be intended to find the suitable filter, which is able to
minimize the error of rms and power measurement for all
nodes.
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