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Abstract: Weight filtration is performed in time domain
through multiplying values of appropriate samples &
weighting function and summing the yielded prodwdtng
the entire window length. The number of weight vang is
unlimited. In his paper author is trying to defite filtra-
tion quality and its influence to the weight wind®selec-
tion..
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1. INTRODUCTION

Weight filteris an FIR (finite impulse response) filter. It
is performed in time domain through multiplying wa$ of
appropriate samples by weighting function also called
weight window(or weight function or simply filter), and
summing the vyielded products along the entire windo
length. It may be defined by the following relatsip:

K
Yi, = D w Oy, for j=1..N 1)

i=—k

where:
Yz
Yi; is the signal after being filtered,

is the filtration input signal affected by noises,

w; is the weighting functiork is a parameter determin-

ing the window width equal(k +1,

N is the number of samples of the measured signaéto
filtered.

The basic differences between weight filter andsitzal
FIR filter are:

weight filter is performed in the time domain,

— it no needs the transformation to the frequencyalom

- the weight window is symmetrical.

2. WEIGHT FUNCTIONS

The basic parameters of weight filtration are: tbem
and thewidth of the weight window. The weight window is
a symmetrical function with an uneven number ofredats

equal 2k +1. In a practice the kind number of weight win-

dows is unlimited. The only condition the weightifighc-
tion has to meet is:
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3. CRITERIONS OF QUALITY

Criterions of quality can be used for the filtrati® pa-
rameters selection (form and width of the windowe fil-
tration error can be this criterion.

To define the filtration error the model of the reege
procedure (Fig. 1) will be helpful.
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Fig.1. The model of the measure procedure

Wherey, is the discrete unaffected signgl,is the signal
affected by the noises andy; is the signal after being fil-
tered.

The filtration error may be defined as:

f_error = what we know — what we want know

Two kinds of errors can be definethtaximaland mean
square

By virtue of the Fig.1 and filtration definition:
— absolute maximal:

Amax = ‘yf j - yoj )
max
— relative maximal:
A
5max = fhax (4)
Oj max
and
— absolute mean square:
=23 -’
Asq_ﬁméyfj_yoj (5)

— relative mean square:
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Where:

Yo — the undisturbed signal on the output of the nmeag
apparatus,
y; — the signal after filtration.
In a practice the real unaffected sigypais never known.
Hence, only simulations evaluate errors definedvabo
However obtained results may be used in a practice.

(6)

4. RESEARCH

The Author’s research is based on simulated sigafals
fected by noises. All simulation and research waasle in
the Mathcad 12 program.

4.1. Standard signals

Simple periodic signals (not included higher harioon
signals) were used as the standard signalsiring research.
All of the standard signals has the normalized éomhé.
The number of samples the standard signalereN = 1024
per period.

4.2. Disturbances

There were three kinds of disturbances during atgho
research: the random, the periodic and the impulse.

4.2.1. The random noise

The Author has used the internal Mathcad funct®tha
random noise generator. Generated noise had a hdisaa
tribution. The maximal disturbance amplitude weret n
higher than 10% of the amplitude the standard sigpa
Samples of the random noigg the standard signat, and
disturbed signajz are shown on Fig.2.
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Fig.2. The input signaly, disturbed by arandom noise

The random noise from fig.2 has a normal distrituti
and maximal amplitude equal 10% of amplitude thenst
dardy, signal.

4.2.2. The periodic noise

In the case of periodical disturbances the sumrsigmnal
z was the combination from 3 to 10 sinusoidal signahe
number and the frequencies of the component sigeat
random generated. Similarly random generated wengdia
tudes of all component signals. However its maxiarapli-
tude couldn’t be greater than 10% of the amplittraestan-
dardy, signal. Samples of the periodic noisethe standard
signaly, and disturbed signglz are shown on Fig.3.
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Fig.3. The sample of the input signay,
disturbed by a periodical noise

Disturbances from fig.3 are described by equation:

z, = 0.0553in(15y,T) + 003[in(90 &y, T) + @)
+ 0025in(15002u,T)

Wherew, was a pulsation of the standard signal

4.2.3. The impulse noise

Impulses noises were generated bydi&@onecker func-
tion included as the internal Mathcad function. Aitople of
this noises, as previous cases, was not greaterlid# of
the amplitude the standakd signal. Impulse noises had a
periodical distribution.

4. 3. The weight windows

In his research the Author has made a thorouglysisal
tens of weight windows like: square, triangle, sioidal,
Hamming, Hanning, Blackman, Kaiser and Gauss etc.

In this paper the Author has described obtainedlises
for some samples of chosen windows such as:

- square window:

_ 1
Weari = 2k +1
— Hamming window:

Wi, = 008+ 0.46[€1—cos{ ZZES([HD

(8)

(9)




— Gauss window: All of the error's function contains some relatiex-

1 1 tremes (minimum). The number of extremes is thel loh
Wes, = mxr{— i —,u)z} (10)  the window-dependent. The places of the minimumaise
V20rlo 2l the kind of noises-dependent. The square windowlymed
where:i = 0..2k+1 andu =i /2, o= u/1.7. the largest number of minimum. All of three erréwaction
Forms of this three weight windows are shown on4ig arlg ihowing declining tendency with growing of tiedow
width.
The mean square relative errors (6) for randomesois
Wi . on the window width-dependent, are shown on Figlte
Gaus Hamming value of this error are declining with the windowsdth.
0.004 Only the error for square windows has some loctkexes,
but they are smaller than in the relative maximedrecase.
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4.4. Results of the research

The usability the described criterions of qualityasw
checked by Author’'s special written program basadhe
Mathcad 12 software environment.

_ The program has evaluated values of the relatite-fi Samples of Gauss window filtrated signglgfor differ-
tion errors: maximal and mean square, on the windowy, window width) are shown on Fig.7.
width-dependent.

The number of all obtained results is to big to em&k|
presentation in this paper. Only results obtairedtie three i
windows (8,9,10) described above will be shown this
reason as the sample.

Functions of the relative maximal error (4) for dam
noises (Fig.2) are shown on Fig.5.

Fig.6. Relative mean square filtration error for:
square, Hamming and Gausswindows
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Fig.7. Weight filtration of the random noise with Gauss
window (for different windows width)
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Wherei is the window width.

The next picture (Fig.8) contains values of rekativ
maximal errors for periodical disturbances (Figi8scribed
by (7) for all three kinds of windows (8,9,10).

Fig.5. Relative maximal filtration error
(square, Hamming and Gausswindows)
for random noise
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Fig.8. Relative maximal filtration error
(square, Hamming and Gausswindows)
for periodical disturbances

The mean square relative errors (6) for periodilstiur-
bances are shown on Fig.9.

Osar
(%)
8
6
Hamming
U
Gauss
Square
2
0 50 100 150 200

Fig.9. Relative mean square filtration error for:
square, Hamming and Gausswindows

Samples of Hamming window filtrated signgigfor dif-
ferent window width) are shown on Fig.10.
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Fig.10. Weight filtration of the random noise with
Hamming window (for different windows width)

Wherei is a window width.

5.

CONCLUSION

The author has described his results of reseancimfo

fluence criterions of quality for weight window eetion.

Summary ending conclusions:

the real values of errors are never known becdesectl
signaly, is never known too,

values of both described by the Author errors camly-
tained only during simulation of noises as welluhpig-
nalsys,

obtained results of simulation can be helpful jpractice
for a kind and a width of the window selection,

both values of relative errors (maximal and mearasg)
were declining with the windows width,

the number of local minimum were on the windowsrfor
and the kind of noises dependent,

the number of local minimum were greater for thia-re
tive maximum error,

for this reason the mean square error was bettethéo
filter parameters selection,

the value of filtration error ((4) or (6)) can beedul for
form of the weight windows optimization.

both criterions of relative filtration errors dorgtve the
explicit answer which one of filters was bettereTinal
choice of the filter is on the kind of the signadises and
the human’s knowledge depended.
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