-
Journal of

Marine Science and Technology

E
5
S

Volume 11 | Issue 1 Article 5

Data Compression Applied to Electric Power Quality Tracking of ARC
Furnace Load

Chi-Jui Wu

Professor, Department of Electrical Engineering, National Taiwan University of Science and Technology, Taipei,
Taiwan, R.O.C. Professor, Department of Electrical Engineering, National Taiwan Marine University, Keelung, Taiwan,
R.O.C.

Tsu-Hsun Fu
Associate Professor, Department of Electrical Engineering, Chin-Min College, Miaoli, Taiwan, R.O.C.

Follow this and additional works at: https://jmstt.ntou.edu.tw/journal

b Part of the Electrical and Computer Engineering Commons

Recommended Citation

Wu, Chi-Jui and Fu, Tsu-Hsun (2003) "Data Compression Applied to Electric Power Quality Tracking of ARC Furnace
Load," Journal of Marine Science and Technology: Vol. 11: Iss. 1, Article 5.

DOI: 10.51400/2709-6998.2277

Available at: https://jmstt.ntou.edu.tw/journal/vol11/iss1/5

This Research Article is brought to you for free and open access by Journal of Marine Science and Technology. It has been
accepted for inclusion in Journal of Marine Science and Technology by an authorized editor of Journal of Marine Science and
Technology.


https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/vol11
https://jmstt.ntou.edu.tw/journal/vol11/iss1
https://jmstt.ntou.edu.tw/journal/vol11/iss1/5
https://jmstt.ntou.edu.tw/journal?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol11%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol11%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://jmstt.ntou.edu.tw/journal/vol11/iss1/5?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol11%2Fiss1%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages

Dateclj Compression Applied to Electric Power Quality Tracking of ARC Furnace
Loa

Acknowledgements
This work was supported in part by the National Science Council of R.0.C under Grant NSC

90-2213-E011-064.

This research article is available in Journal of Marine Science and Technology: https://jmstt.ntou.edu.tw/journal/
vol11/iss1/5


https://jmstt.ntou.edu.tw/journal/vol11/iss1/5
https://jmstt.ntou.edu.tw/journal/vol11/iss1/5

Journal of Marine Science and Technology, Vol. 11, No. 1, pp. 39-47 (2003) 39

DATA COMPRESSION APPLIED TO ELECTRIC
POWER QUALITY TRACKING OF ARC FURNACE
LOAD

Chi-Jui Wu* and Tsu-Hsun Fu**
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ABSTRACT

The data compression techniques are used to enhance the storage
capability of electric power quality instruments in monitoring dis-
torted waveforms of electric arc furnaces. Both voltage flicker in
voltage waveforms and harmonic components in current waveforms
are major disturbances. The compression approaches by multi-
resolution analysis developed from the discrete wavelet transform
with threshold coding and vector quantization coding are compared.
The results from spectrum analysis show high compression ratios
while keep low information loss. The error levels between original
and reconstructed waveforms are discussed. Field measured wave-
forms from arc furnace loads are used to show the goodness of the data
compression techniques. From the calculation results, the recon-
structed voltage waveforms using threshold coding almost keep the
same voltage flicker values. However, the vector quantization coding
is better for harmonic distorted current waveforms. Thereafter, in the
practical application of data compression for arc furnace loads, the
threshold coding is used for recording voltage waveforms, and vector
quantization coding for current waveforms. For the field measure-
ment voltage and current waveforms, this method can reduce data
memory size to 15.11% and 24.51%, respectively, while keep power
quality characteristics. This paper provides a good approach to long-
time electric power quality tracking of disturbing loads.

INTRODUCTION

Fluctuating loads, such as electric arc furnaces and
electric welders, may cause the disturbances of voltage
flicker (voltage fluctuation) in aweak power system and
affect the illumination in nearby distribution area [5].
By the way, not only the DC arc furnaces, but also the
AC arc furnaces will produce harmonic currents. Both
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voltage flicker and harmonic currents are major power
quality disturbances caused by arc furnaces. In evalu-
ation and limitation, there are some definitions and
standards to quantify the disturbance levels, such as
IEEE 519-1992 [8] and IEC 61000 [6, 7]. The total
harmonic distortion (THD), short-term voltage flicker
severity (Pst), and long-term voltage flicker severity
(PIt) are used. However, sometimes it is desired to
record voltage and current waveforms in the specified
duration to track the disturbance levels. The instanta-
neous waveforms are helpful for detailed analysis both
in limitation and mitigation. However, in the recording
of instantaneous voltage and current waveforms with
disturbances, a few seconds original signal could need
the memory of several mega bytes. Then, under the
consideration of memory and cost, the data recording
length of an instrument will be limited. How to effec-
tively reduce data size becomes a typical issue.

There are basically many approaches to compress
data size. While lossless data compression wants to
keep the signal information, lossy data compression
gives better compression ability considering acceptable
errors. The later could use suitable transforms and
coding techniques. A general condition is that the data
are analyzed by a transform and therefore a coding
method is to extract the characteristic information and
remove redundancy. Many transform methods have
been used, such as discrete Fourier transform, short-
term discrete Fourier transform, discrete cosine trans-
form (DCT) [16], and discrete wavel et transform (DWT)
[10, 16]. With respective to coding, the entropy coding
has been used in most compression standards such as
JPEG [2] and MPEG [1]. There are still several repre-
sentatives of the state-of-art coders, such as embedded
zero-tree DCT coding (EZDCT), embedded zero-tree
wavelet coding (EZW), zero-tree entropy coding (ZTE),
set partition in hierarchical trees (SPIHT) coding, em-
bedded block coding with optimized truncation (EBCOT)
[20], and vector quantization (VQ) [4, 16, 18].

By preserving feature integrity and removing re-
dundancy to obtain a higher compression result, the
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DWT is a good way to preprocess data compression.
With the same compression ratio, the DWT provides a
less reconstruction error than the DCT [10]. By the
time-frequency domain characteristics, it is effectivein
localizing analysis of time-sequence sampled data. The
DWT has been used in the power quality measurement
to effectively detect the exact time of disturbances and
track signal fluctuation, such as harmonics and voltage
flicker [11, 12, 14]. The DWT is also afeasible way to
compress the datain power quality measurement [3, 10,
13, 14, 15, 19].

In this paper, the DWT with threshold and vector
quantization coding is used to enhance the storage ca-
pacity in recording waveforms of arc furnace loads
where voltage flicker and harmonic currents are major
disturbances. The application of the DWT in multi-
resolution analysis (MRA) is to decompose the original
signal in several levels. The approaches of threshold
coding and vector quantization coding are used to ex-
tract the characteristic information and remove the
redundancy. The compression ratio (CR) and normal-
ized mean-square error (NMSE) are used to reveal the
goodness of compression techniques. The differences
of voltage flicker 10-Hz equivalent values and har-
monic distortion factors between original waveforms
and reconstructed waveforms could be used to show that
this method is helpful in voltage flicker and harmonic
current tracking.

WAVELET TRANSFORM

The definition of the continuous wavelet trans-
form of signal x(t) is
+ o0

CWT(a,0)=X(0) Y s0>= | XO Yop O (1)

— 00

Wa n®) =t -b)/a)/va (2)

where a is the scale parameter, and b is the time shift
parameter. The wavelet basic function (i, (t) is defined
on the right half plane of (a, b), that is, (b O R, a > 0).
The original signal x(t) can be reconstructed by the
parameter (a, b). Theinverse continuous wavelet trans-
form is given by

x(t) :Ciw | _fmcwr(a, b) (1) 982 3)

where C, is the normalized constant.

For adigital recorder with a sampling period T, the
discrete wavelet transform (DWT) is heeded. Selecting
a=ag,b=nagbgy, t=kT,andk, m, n O Z, the DWT is

DWT(m, n) = <x[K], ¢, o[K]>

=2x[K] [k —nagbg)/ag 4)

The inverse discrete wavelet transform (IDWT) is
given by

XK1 =| ZZDWT(m, n) ¢/ [(k -nagby)/af |/ C,,
(5

Equation (4) could be said to an FIR filter with as
the pulse response of the digital filter. So we can use
multi-resolution filters to achieve DWT or IDWT with
different resolution levels[3].

DATA COMPRESSING AND CODING

The purpose of data compression is to reduce the
number of data for expressing signal information by
getting rid of duplicated data. The basic concept is
described in Fig. 1, where Cg[n] is the original signal
(measured voltage and current waveforms) and Co[n] is
the reconstructed signal (reconstructed voltage and cur-
rent waveforms). The process of compression gives
encoded data Cq[n] (storaged voltage and current
waveforms), and therefore, the process of reconstruc-
tion uses encoded data. Different encoding techniques
can result in different compression effect. The thresh-
old (TH) coding and vector quantization (VQ) coding
will be used and compared.

Threshold (TH) coding

If the DWT is applied to data compressing, it will
relate to the wavelet set address characteristicsin multi-
resolution analysis (MRA). A threshold analysisis used
as the simple coding method to reduce unimportant
information. Fig. 2 shows the flow chart of a 3-level
MRA decomposition and reconstruction method, where
H[n] and G[n] are a high-pass filter and a low-pass
filter, respectively. The circular blocks mean down-
samplers and up-samplers, respectively. Cq4[Nn] isre-
solved into Cgn] and Dgn] , s=1, 2, and 3, where the
high frequency band coefficients DJn] will be pro-
cessed through a threshold coding. The output-se-
guence values are given by

Co [n] COMPRESSOR Co’[n]
(ENCODER) [ ]

n DECOMPRESSOR | _

C,In] (DECODER) <

Fig. 1. Datacompressing system block diagram.
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-~ [odny [odnl|za,
Dn] =
! | o |odf<n.

Using this simple threshold method, the decompo-
sition datain D4 n] with absolute values less than ng are
regarded as noises and filtered out. Therefore, the
stored data for reconstruction are non-zero parts from
Dg[n], addresses of data, and C[n].

The next step is how to select a threshold value.
The simplest method at the s" resolution level is

(6)

Ns = u x max{|Dgn][} (7)

where u is the threshold factor,and 0<su<1. Ifu=
0.05, the threshold value ns becomes 5% of the maximal
absolute value of the sequence D[n]. However, if there
are transient components with very high amplitude in
the original waveforms, this method will induce high
error. To improve this problem, the average of absolute
values of Dg[n] can be used. The threshold valuein this
paper will be

Ns = K x u x average{|D[n] |} (8)
where K is the magnification factor.
In order to reveal the efficiency of data compres-

sion, the compression ratio (CR) is defined as

_ original filesize
~ compressedfile size ©)

The evaluation of the signal quality after recon-
struction can be achieved by the normalized mean-
square error (NMSE), which is by the norm as

_|edn-cqni|’

A lower NM SE means a smaller error between the
reconstructed signal and the original signal.

Vector Quantization (VQ) coding [4, 16, 18]

This method divides the original signal into pieces
and treats them as n x 1 vectors. Thetypical samplesto
describe piece signals are named the codevectors or
codewords Y; wherej =1, 2, ..., M. The set of codevectors
contribute to a codebook. The codevector Y, to repre-
sent a piece signal X is chosen from the codebook,
which makes d(X, Y,) <d(X, Yj) forj=1, 2, ..., M, where
d(X, Y;) represents the error between X and Y;. The most
popular method for evaluating error is using the square
of Euclidean distance. Therefore

A, V) =| X =, 2= £ 6 -y, 1

where X = (Xq, Xp, ..., Xn)' @and Y} = (Yj1, Yj2r ---r ¥jn)'. After
choosing the codevector Yy, the index k will be ex-
pressed using log,M bits and sent out. At the decoding
terminal, there exists the same codebook, which makes
it possible to find Y to represent X after receiving the
index k.

The application of a 3-level MRA and VQ coding
is shown in Fig. 3, where the size of codebook in each
resolution level would be different. Therefore, adiffer-
ent size of codebook could result in different quantiza-
tion effect, which means different compression result
and reconstruction error. The most popular codebook
design method is to use the Linde-Buzo-Gray (LBG)
training [4, 9]. It is not described in details here.
According to the wavelet subband theory, the lower
frequency band coefficients may contain more
information, and they are more important to reconstruct
the signal. On the other hand, the higher frequency band
coefficients contain less information and are less

2 (10)

o]
Coln] D4[n] b ¢
Ch AT

=

C1["]
G["J

important. As a result, the size of codebook for the
Coln] Coln]

DWT with IDWT with
MRA MRA

MOy

CODEBOOK

CODE
INDEX

2[ ] f\) [n]
THRESHoLD| D2 A
M CODING @ Caln]
Cz["]
G[n]

r& G[n]

D3["] THRESHOLD Dslnd
C3ln]

G[n] 1]2
Fig. 2. Decomposition and reconstruction using 3-level multi-resolution
analysis and threshold (TH) coding.

CODEBOOK A
CODEBOOK CODEBOOK B 1
2 2
CODEBOOK CODE CODEBOOK 6
3 INDEX 3 3]
C4ln] CODEBOOK CODE
4 INDEX

Fig. 3. Decomposition and reconstruction using 3-level multi-resolution
analysis and vector quantization (VQ) coding.

CODEBOOK A
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lower frequency band coefficients should be larger. For
training the codebook in this paper, all codevectors are
of one dimension. It also can be said a special scalar
quantization.

WAVEFORMS OF VOLTAGE FLICKER AND
HARMONICS

Voltage flicker

One of major disturbances from arc furnace loads
isvoltage flicker problem in the voltage waveforms. In
a short duration, a voltage flicker waveform can be
described as

v(t) = V2V, 1+ % YAV Sin@rf ot + ¢,)] Sin@rf ot)
(12)

where fg is the fundamental frequency (power
frequency, 60-Hz ), V,sisthe RMSvalue of the voltage,
AV is the amplitude modulation value of the modula-
tion frequency f,,.. For the voltage flicker limitation, we
usually consider fn only in the range of 0.1 Hz ~ 30 Hz.
Fig. 4 shows a simple voltage flicker waveform, which
contains only one modulation component, AV ;5 = 0.3
pu and f, = 10 Hz.

The definitions of voltage deviation AV and volt-
age flicker 10-Hz equivalent value AV10 are,
respectively,

AV =,/ g(Av_n)2 (13)
AV10=./3(a AV ) (14)

where a, is the flicker sensitivity coefficient of the
frequency f,, as shown in Fig. 5, that describes the
sensitivity of mankind eyes-brain mechanism to illumi-

* AV u, f, ENVELOPMENT

(‘ 'f\\ Jfﬂ\ '_
— - - -
3
2 1
<
s 0
=
[~
g
= -11

8 16 24

Time (cycle)

Fig. 4. A voltage flicker waveform, AV 15 = 0.3 pu and f, = 10 Hz.

nation flicker. The method with AV10 is used by the
Taiwan Power Company for voltage flicker limitation
[17].

The first waveform v in Fig. 6 is the given flicker
waveform, whose five amplitude modulation compo-
nents are given in the second row of Table 1. Because

Fre SENSITIVITY
a- CQNEFFICIENTl _
1.0 001 |" oco025" |k
0.05 0.05 :
0.8 frf 828 | o6 [ft—" ,
1 0.26 : :
- 3 0.563 - 1
c 0.6 10 1.0 1 ' !
15 84 I 1 1
® 0.4 |k 20 8.255 - I B Lo
30 0.35 : : : : :
0.2 fr=mmmi= 2™ Il S i
0.0 H HE H H H H
0.01 0.1 0.51 2 5 10 20 30

Modulation Frequency f, (Hz)

Fig. 5. Flicker sensitivity coefficient curve.

1.0
1.0k
1.0F
™
- O'OW\MN\/\M
; -
-1.0E

1.0
)
: O'()'/\A/VV\/\A/\N\J
af L

-1.0E

]
= 0.5k

< 0.5F
=T> 0.0~ —
= 0.5k
0 128 256 384 512 640

Sample

Fig. 6. Reconstruction results of a given voltage flicker waveform.
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Table 1. Compression results of the given Voltage flicker waveform
Amplitude Modulation AV AV10 CR NMSE
vVrms Component (%) (%)
AV Ol AV O5 AV.10 AV 15 AV 30

Given Vaue 1 0.031 0.052 0.08 0.047 0.003 11.08 9.85
TH2 1 0.031 0.052 0.080 0.047 0.003 11.08 9.85 39 5.13E-05
TH3 1 0.031 0.052 0.08 0.047 0.003 11.08 9.85 7.7 7.27E-05
TH4 1 0.030 0.05 0.077 0.045 0.003 10.66 947 146  2.18E-03
TH5 1 0.028 0.047 0.073 0.042 0.003 10.05 894 267 118E-01
VQ2 1 0.027 0.052 0.077 0.046 0.004 10.72 957 354 3.00E-04
VQ3 1 0.016 0.041 0.061 0.031 0.007 8.17 738 423  210E-03
VQ4 1 0.019 0.028 0.044 0.020 0.010 5.98 522 470  3.55E-03
VQ5 1 0.010 0.023 0.036 0.021 0.006 49 441 487 1.24E-02

Biorthogonal-3.3 ————p
Y 55k <4——Symlets-7 /'
o ’ Daubechies-10 Coiflets-3
Daubechies-4
0
6E-05
w Daubechies-4 — 2
@ 3p.os | Coiflets-3 5 /7~ paubechies10  Symlets-7
z PSPPSR
0o ¥~ Biorthogonal-3.3
0.0 0.5 1.0
u

Fig. 7. Effect of threshold factor u on CR and NMSE of a given voltage
flicker waveform with different wavelet basic functions.

there are so many kinds of wavelet basic functions, only
Daubechies-4, Daubechies-10, Biorthogonal-3.3,
Symlets-7, and Coiflets-3 have been chosen for
comparison. The compression results of this waveform
using 2-level MRA with threshold coding (K = 8) and
different wavelet basic functions are shown in Fig. 7.
The CR and NMSE values are alittledifferent. However,
it has been evaluated but not shown here that the AV and
AV10 values of the reconstructed waveforms using dif-
ferent wavelet basic functions are similar. With alower
NM SE and an acceptable CR, the Biorthogonal-3.3 with
u = 0.5 is used for the following study.

The compression results of the given voltage flicker
waveform are shown in Table 1, where THs and VQs, s
= 2, 3, 4, and 5, mean the s-level MRA method with
threshold coding and VQ coding, respectively. The
codebook sizes of high frequency band coefficients and
low frequency band coefficientsin each level are given
in Appendix. With the threshold coding, the CR be-
comes higher with a higher decomposition level, but the

Table2. Comparison of NM SE values with a same CR of the
given voltage flicker waveform

CR=4.23
NMSE

TH3 (u = 0.284)
6.61E-05

VQ3
2.10E-03

error will be larger. With a same resolution level, the
CR values with threshold coding are larger than that
with the VQ coding. From the comparison of AV10 and
AV, the values from TH2 and TH3 are almost the same
with the given values. But with the VQ coding, there
may be significant errorsin AV10 and AV. With MRA
method, using down sampling strategy, the higher the
level is, the lower the cut off frequency becomes. Since
low-frequency coefficients are major information, too
much coefficients removing will cause high errors. So,
the errors of TH5 and V Q5 are excessively high and they
cannot be used. Fig. 6 also shows reconstruction results
of the given voltage flicker waveform. The original
waveform is v, the reconstructed waveforms obtained
from TH3 and TH4 with threshold coding method are
depicted as vry3 and vrp4, respectively, and that with
the VQ coding method as vy o3 and vy qa, respectively.
The following waveforms show the errors between the
original and reconstructed waveforms. With the TH3,
the error is negligible. The 3-level MRA method with
threshold coding (TH3) would be suitable if the CR,
NMSE, and accuracy of AV10 and AV are considered.
Table 2 gives the comparison of NMSE values with a
same CR of the given flicker waveform. Under the same
CR condition, the threshold coding has a better com-
pression result. From the resultsin Fig. 6, Table 1 and
Table 2, it can be found that the threshold coding is
better than the VQ coding for voltage flicker waveforms
to effectively keep accuracy of voltage flicker values.
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Table 3. Compression results of the given harmonic current waveform

Fundamental Harmonic Components THD CR NMSE
Value (%)
5th 7th 11th 13th
Given Vaue 1 0.1 0.05 0.03 0.02 11.75
TH2 1 0.103 0.038 0.019 0.009 11.18 2.4 1.14E-03
TH3 1 0.095 0.034 0.019 0.008 10.30 281 1.57E-03
TH4 1 0.092 0.035 0.019 0.009 10.07 291 4.79E-03
TH5 1 0.091 0.037 0.019 0.009 10.05 317 1.21E-01
VQ2 1 0.104 0.052 0.026 0.017 12.04 3.46 2.07E-04
VQ3 1 0.105 0.05 0.026 0.017 12.04 4.08 1.97E-04
VQ4 1 0.106 0.051 0.027 0.018 12.12 4.49 4.33E-04
VQ5 1 0.109 0.055 0.029 0.019 12.65 4.63 9.22E-03

1.0

-1.0
1.0

0.0
-1.0

TH3

.

0.0

-1.0
1.0

~

g 00
-1.0
1.0
0.0
-1.0

o 0.16F
o o-oMMMMWWMMMMwMWM
016k
<« 0.16F
I -0.16

» 0.16F
o
> 0.0 o - P
-0.16
< 0.16F
g L
I O.OMVWWM—MMMWW\)
-0.16
0 128 256 384 512 640
Sample

i

.

Fig. 8. Reconstruction results of a harmonic distorted current waveform.

Harmonics

The other major disturbance from arc furnace loads
is the harmonic components in current waveforms. At
steady state, a harmonic distorted current waveformcan
be expressed as

Table4. Comparison of NM SE values with a same CR of the
given harmonic current waveform

CR=4.08
NMSE

TH3 (u=0.6) VQ3
2.33E-03 1.97E-04

it)=1o+2 SNt +6)+ 3 V21 sinhat +6,)
h=2 (15)

where | g = dc component, |; = fundamental RM'S com-
ponent, w; = fundamental angular frequency, and h =
harmonic order. Thefirst part of Fig. 8 revealsthe given
harmonic distorted current waveform with four har-
monic components given in the second row of Table 3.
The other parts in Fig. 8 give the reconstructed wave-
forms and errors, where itz and ity4 mean with thresh-
old coding under 3 and 4-level MRA. And iyqz and iyqa
mean with VQ coding. Table 3 shows the results up to
5-level resolution of the given harmonic current
waveform. Where magnification factor K is 5. The
reconstruction results are relatively correct up to the 3-
level resolution with the VQ coding. But, the errors
with the threshold coding are larger. Table 4 shows the
comparison of NMSE values with a same CR of the
given harmonic current waveform. Under the same CR
condition, the VQ coding has an obviously better com-
pression result. From theresultsin Fig. 8, Table 3 and
Table 4, it can be found that the VQ coding is better than
the threshold coding for harmonic distorted current
waveforms.

APPLICATION TO FIELD MEASUREMENT
WAVEFORMS

In order to understand furthermore the effect of
threshold coding and VQ coding in practical signals, we
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Table5. Compression results of field measured voltage flicker and harmonic current waveforms

Voltage Flicker Harmonic Current
Waveform Waveform
DV DV10 CR NMSE THD CR NMSE
(%) (%) (%)
True Vaues 6.21 4.49 12.04
TH3 6.25 4.5 6.62 1.36E-03 11.13 1.37 3.64E-03
TH4 6.92 4.98 11.22 4.47E-03 11.12 1.40 3.91E-03
VQ3 7.0 4.98 4.23 2.02E-03 12.01 4.08 1.38E-03
VQ4 8.48 5.76 4.7 6.15E-03 12.22 4.49 3.85E-03
(kV) 0.8
36 F S
2 06
! 5 04
36 L >I :
36 < 02
2 0 ()W\A/\/\/\/\/\M 0.0 I
'_ ) .
= 36l

36 F
g
3 O'O[V\/\/\/\/\/\/W\/
-

36 L

 8.0F
F 0.0 AW s bbbt s A g i
A .80k
8 8.0
s O.OMNWNWM
= 8.0t

0 128 256 384 512 640

Sample

Fig. 9. Reconstruction results of ameasurement voltage flicker waveform.

adopt measured voltage waveforms of a steel-making
factory with an arc furnace. The voltage waveform in
Fig. 9 has obvious voltage flicker. The results of data
compression are given in Table 5. The K values for
voltage flicker waveforms and harmonic waveforms are
7.5 and 2.6, respectively in threshold coding. The CRs
of 3-level MRA with threshold coding and VQ coding,
respectively, are 6.62 and 4.23, and the NMSE are
1.36E-03 and 2.02E-03. With TH3, the errorsin AV10
and AV are negligible. Fig. 10 shows amplitude modu-
|ation components in the reconstructed waveform. There
is almost no difference using the threshold coding.
Fig. 11 shows the harmonic distorted current wave-
form of the arc furnace where rectifier circuits are used.
Table 5 gives the compression results. The CRs are
1.37 and 4.08, respectively, using TH3 and VQ3, and
NMSEs are 3.64E-03 and 1.38E-03, respectively. With
VQ3, the error in THD is negligible. Fig. 12 shows

5 10 15 20 25 30
Modulation Frequency f,(Hz)

Fig. 10. Comparison of threshold coding and vector quantization coding on
flicker amplitude modul ation components in reconstructed voltage
flicker waveform (3-level MRA).

(kA)
22
~ 0.0
2.2

s T A M RN B
Wwwww

2.2

el
AL
-2.2
o 0.5

I
..Tl- 0.0
™Sl05
w 0.5
b4 L
.,T> 0.0_
= .05
0 128 256 384 512 640

Sample

Fig. 11. Reconstruction resultsof ameasurement harmonic current waveform.

harmonic current distributions in the reconstructed
waveform. There are acceptable errors using VQ3.

It also can be concluded that while the VQ coding
is suitable for the harmonic distorted current waveform,
the threshold coding is better for the voltage flicker
waveform. If the TH3 is used for the voltage waveform
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0.24

I Ture 1
[ ] TH3 1
Va3 |

0.16

0.08

Magnitude (kA)

5 10 15 20 25
Harmonic Order

Fig. 12. Comparison of threshold coding and vector quantization coding on
harmonic components in reconstructed harmonic current wave-
form (3-level MRA).

and VQ3 for the current waveform, the CR is 6.62 and
4.08, respectively. Asaresult, the data memory size can
be reduced to 15.11% and 24.51% respectively. This
approach can provide a good method for long-time
power quality tracking.

CONCLUSION

The data compression methods using discrete wave-
let transform have been presented to be effective in
reducing the data storage size of waveforms of arc
furnace loads with voltage flicker and harmonics
distortions. In the recording of arc furnace data, the
vector quantization coding is suitable for current wave-
forms to keep harmonic information, and for voltage
waveforms, it is better to use the threshold coding,
because the errors in voltage flicker values are small.
Although a high level multi-resolution analysis can give
alarger compression ratio, the error also becomes larger.
There should be a compromise. It is better to use the
differences of voltage flicker values and harmonic dis-
tortion factors between original waveforms and recon-
structed waveforms as the error index. Thisisuseful in
the design of power quality instruments.
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