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the phase and amplitude of the signal if the

vehicle moves over a distance.

The performance of both SPMC, FIFO,
and No priority schemes are compared using
a Ricean fading channels in case o equal 4dB
using the system illustrated in Fig. 3. In the
first set of experiments the system
performance is tested against the call arrival
rate for the different call classes using the
three handoff schemes. Figs. 7(a ,b, ¢) and
Figs. 7(d, e, f) show, the results including the
new call blocking probability p, and the
handofT call dropping probability pq of three
service classes versus different offered load,
respectively. Note that handoft dropping
probabitily pg and the new call blocking
probability py in case of Ricean fading are
increasing about 3% - 4% and about 2% -
2.5% as compared to ps and py respectively
in case of Shadow fading channels for three
handoff schemes. The SPMC method
reduces handoff call dropping probability for
every multimedia service class in the
presence of fading as the same as the absent
fading, and the SPMC is effective in
reducing class3's handoff call dropping
probability about 4% - 14% more than other
classes specially classl’s, because class3’s
have a highest handoff priority and longest

connection mean duration time.
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Harmonic Elimination using
Discrete Wavelet Transform
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dbsiract; The objective of this paper is 1o present an approach for isolating the harmonic contents in both
voltage and current waveforms at the outage feeder of Gharb Talkha substation (66/11 kV}, 4 novel
technigie using Discrere Wavelet transforn (DWT) for the analysis of the waveforms harmonics conient. At
the beginning the substation is simulated using Sinndink tootbox in Mailab program with and withou! the
presence of copacitor bank. The obiained voltage and cirrent waveforms are compared 10 the actual data.
The proposed model is used 10 study the effeci of replacing the capacitor bank with single tuned parailet
passive filter. The resulting current and voltage waveforms are analyzed using the proposed DWT technigue.
The analysis showed that the Total Harmonic Distortion (THD} of both voltage and current waveforms is
improved as well as the power factor.

Keywords: Discrete Wavelet transform (DWT), Harmonic Elinination, Total Harmonic Distortion (THD),
and distribution power system.

INTRODUCTION

One of the most imporiant issues for the
power sysiem is the reduction of current
and voltage harmonics created by non

Previously, harmonic analysis was donc
using Fourier transform but recently,
Discrete Wavelet Transform (DWT)is
) .. : utilized, DWT is a mathematical too! o
linear loads. Oversizing and derating of decompose a given signal into different

the installation is onc of the s.olutlons 0 seales at different levels of resolutions {7-
decrease the eflect of harmonics onlyf1]. 9)

Specially connected transforimers
(star/delta connection) and Zig-Zag
transformer are used to isolate triplen
harmonics [2]).Passive filters series, shunt
and series shunt are usually used to filter

In this paper the actual voltage and
current waveforms of Gharb Talkha
Substation transformer are analyzed using
(DWT). This analysis is done with and

hanmonic current and for reactive power
compensation[3,4,5]. The common types
of passive fifters include single tuned and
double tuned resonant filters, but because
singte tuned resonant filter comprises 1C
compenents, it has low investment cost
and power loss 50 it is widely used [6].

without the presence of capacitor bank.
The substation is then simulated using
Simulink  Toolbox of Maitlab and
comparison between actual and simulated
voltage and current waveforms s
illustrated for both with and without
capacitor bank. The proposed model is
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used to detect the effect of replacement of
capacitor bank by single tuned parallel
passive filter on both the harinonic
contents and the power factor.

The following sections presents the
problem then the (DWT) technique used
for the waveforms after that the
simulation and analysis of the results wil}
follow. '

Problem Formulation:

The system under study is selected from
one of the Egyptian network system. One
of the transformers of Gharb Talkha
substation (66/11 kV) as a model for
studying the harmonics traveling through
the system. The transformer is 25 kVA,
66/11 kV, 10 % impedance. [n order to
improve the power factor from 0.826 to
0.996 at the outer feeder of the substation
a capacitor bank of 5.4 Mvar is placed at
the low voltage side. The presence of this
capacitor bank will cause increase in the
Total Harmonic Distortion (THD) of both
voltage and current waveforms. The THD
of the current waveform is (1.55-5.36 %)
without capacitor bank and (3.89-17.48
%) with the presence of capacitor bank
white the THD.of voltage waveform is
(0.85-1.80 %) without capacitor bank and
(2.21-4.2 % ) with capacitor bank, while
the p.f. is improved from (0.820-0.897
tag) to (0.985-0.993 lag).

In order to climinate such harmonics a
single tuned parallel passive filter is
connected.

For the design of the filter it is known that
the filter impedance is

Zry =}'(Xu - X¢) (n -
At tuning frequency
X )
=, o

Where n is the filter resonant point

. 2
L X, =nlX, 3)
1
’Yf,r' =_2'Xc1 (4)
n.‘
Zp =— ()
a!
n‘l
Where a, =—" (6)
no=1
Knowing that
1
Z,, =— 7
Ay (7
QF:
Sy =— 8
" s (&)
S, *a,
P ©)
Oris

Where;
Qr = the filter reactive capacity
Sp = the base capacity

So the capacitance (C) and inductance (L)
for the filter can be expressed as a
function of the reactive  power
compensation (Qr) for the filter and the
resonant point n; of each filter.

Ory
C =S rwra (10)
* A
L= Sp*a, (11
QF1 *(U*”?

Discrete Wavelet Transform:

The instantaneous current signal, can be
represented by the wavelet transform as
follows:

i) = Z‘C,-',.i ¢’;_J O+ Z’Z‘d"‘wu(” (12)

2 fu

Where,
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C,a =B Jand g <Gy )

Jo: Scaling level for the lowest band
J. wavelet frequency scales for higher
frequency
k: wavelet time scale
¢ and d; wavelet coefficients
the RMS value for the current {-could be
obtained as follows:

T=nexr 1

Where 7, is the rms value of the current
of the lowest frequency j, also called
Jundamental current (Ig,). {[} is the set
of rms value of the current of each
frequency or wavelet-level higher than or
equal to the scale level j,, and are called
harmonic current (I;). By the same way
the voltage waveform could be analyzed
s¢ both voltage and current are

Vo= [Sviandi, = [31 (14)

The equivalent total harmonic distortion
of voltage 7HDv and the equivalent total
harmonic distortion of current THD, can
be computed from :

v )
THD, = VI (15)
Ih
THD, = — (16)
]ﬁm
The DWT can used 1o isolate the

frequency band for every signal S(1)
having the fundamental frequency f
depending on two factors. The first factor

E. 39

is the sample per second of the original
signal f;, while the second factor is the
approximation level ap and wavelet level
d; where the j is the wavelet Jevel. If the
original signal S¢(1} have the fundamental
frequency /= | Hz, the decomposition
level j = 6 level, and the sample per
second f; = [28 s/5. Each frequency band
could be obtained dividing the sampling
frequency by two (128/2=04). Table (2)
shows the approximation, details, and
frequency band for the signal S@). As is
the approximation containing the DC
component, fundamental, and second
harmonic. The level Ds to D, is the
detailed components for the signal at each
frequency as in table ().

Table (1) Wavelet level and frequency
bands for sampling (128 S/45)

Fo=(2"* 1 )= 128 sample/second |

Levels | Frequenc Odd harmonics
y bands
Jo | As (0-2) DC + Fundamental +
second harmonic
Dy 2-4y [ (27 to4™ )harmenic

P N TP
D, (4-8) | (4™ o 8™ ) harmonics

Dy | 816 | (8™ 1o 16T yharmonics
J
0, | (1632) (6™ 10 32% )
harmonics
D, | 3264) | (32¥ o 64" )
harmonics
When  using  different  sampling

frequencies 286, 3%27%f) 2% where f is

the fundamental frequency, the difterent
harmonics could be calculated as follows:

Sr= As 128 (17)
S3= ‘\/25;2(256) ~ Az (18)
S~ \/252(334) - Asz(?.ss) (19)
S7= \/ESZ(SIZ) _A52(334; (20
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2 2
Sp- \/Asmo) ~ Asisin) (21)
{2 2
Sys= Aswss) - Asmm (22)
2 2
Si3= \/AS(S%] — A; 768) (23}

Where A is the m approximation when
the sampling frequency is n times the
fundamental frequency.

Simulation and Analysis of Results:

In order to study the effect of filter
placement on both voltage and current
waveforms, simulation of Gharb Talkha
substation is carried on using Simulink
toolbox of Matlab. The output of the
simulation could be seen in comparison
with the actual data in Figures 3,4.
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- Figure (3) Actual(+) and Simulated (-)
voltage waveform
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Figure (4) Actual(+) and Simulated (-)
current waveform

it could be seen that there is almost nd
difference between actual and simulated
output waveforms.

The single tuned parallel passive filter is
designed according to equations (1-16)
and the data is seen in Table (2)

Table (2) Fitter parameters.

Filter (5) | Fifter (7) | -~
Harmonic 5th 7th
number (A)
Line wvoltage 1.4 11.4
VL (kV) ]
Resonance hs= 46 | hy= 644
Ugoint Hh
O (MVan) | 0,5=327 | 0= 2.13 |
Ry (Q) 0.0906 0.097
C, (uF)y | 763067 | 50912 J
Ly  (mH) 6.275 4.7985 |

When these filters are connected at the
bus bar substation as shown in Figure (5),
the result of DWT for current using
128*50 sampling rate is shown in Figure

(6)-
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Figure (6) Detailed and pproximation
of current waveform with 128*50
sampling frequency.
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Figure (5) The substation with the fillers connected to it.

Using equations (17-23) for the analysis
of the waveforms revealed the results
shown in Tables (3,4) for both voltage and
current,

Table (3) Current signal analysis using
DWT

L 44615 A | h 3.2 A

]] 3-63 A ‘IIOIE” 446.3 A

Is 111.8 A |THD |29 - %

Table (4)Voltage signal analysis using
DWT

Vi | 673775 V| V5 1225 'V

Vi | 6.2 V | Vo | 6738 vV

Vs |34.18 V | THD, | 0.56 " %

it could be seen from the above results
that the THD for the current decreased
from (3.89-17.48 %) with the presence
of capacitor to about 2.9 % and for the

voltage the THD decreased from { 2.21)-
4.2%) with the capacitor to about 0.56 %
with the filter presence. Also it should be
noted that the p.f. reached a value of with
the presence of the filter 0.994.

Conclusion:

A novel technique for isolation of
different types of harmonics using DWT
with  different sampling rate s
implemented. Parallel passive single
tuned filters of fifth and seventh order are
used to eliminate the harmonics and
improve the p.f. as well. The suggested
DWT is used to analyze the voltage and
current waveforms of Gharb Talkha
substation. The results showed that the
THD for both voltage and current
waveforms is decreased and the power
factor is improved.





