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RELATIONSHIPS BETWEEN FILTER-EXTRAPOLATOR PARAMETERS
AND QUALITY OF FILTRATION AND FORECAST

Introduction. In the article I analyzed the relationships between parameters of the adaptive exponential smoothing filter
and quality of filtration and forecast. Adaptation principle of the exponential filter is based on use of the method of least
squares. Aims. To analyze the quality of the algorithm’s adaptation and define the conditions in which it can work
appropriately. To get the information that describes connection between data processing parameters and quality of filtration
and forecast. Methodology. I have applied concepts of time series analysis and mathematical simulation in Matlab
package. Results. I have obtained approximate values of different parameters that describe conditions of the system or
device in which this filtering and forecasting algorithm can be integrated. I assessed the quality of smoothing factor
adaptation method establishing relationships between parameters. Originality. For the first time I have defined the
relationships between rms-errors (filtration and forecast) and the following parameters: the number of steps which the
forecast is made for, the quantity of steps which the data processing algorithm uses for quality estimation of filtering
process, the value that defines acceptable error and smoothing factor initial value. I also got the information that describes
the connection between some of the tparameters mentioned above. Practical value. I have built a structure of the data
processing algorithm that can be integrated into different automated control systems. This research gives an opportunity to
choose appropriate parameters of the filtering and forecasting algorithm that will give an ability to filter and make a
prediction of a signal in channels of measurement and control channels. Proposed data processing algorithm can be
implemented as a program for a microcontroller.
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Introduction

The task of the automated control system
parameters optimization, as a rule, depends on the
accuracy of the data obtained from the measuring
devices, as well as the quality of control signals. Many
automated control systems can not function without data
processing algorithms such as filtration and prediction
of the original signal.

The quality of filtration and prediction, as well as
speed of the control process, depends on the parameters
that determine the degree of the signal smoothing, the
time which the forecast is made for and others.
Sometimes the elements of the system, in which the
filtering algorithm is integrated, are exposed to
distortions that are not stationary. That is why the data
processing algorithm must include the adaptation of the
filter parameters.

Algorithms of adaptation operate with different
speed due to the fact that data accuracy which is needed
to estimate the quality of filtering process can be
different and the resources that are necessary to
implement data processing algorithm into computing
machines are different as well.

This paper is the first one where I tried to conduct
a comparative analysis of the exponential filter which
adaptation process is based on use of the method of least
squares [1], filter with two loops previously presented in
[2] and the filter with three loops described in [3], trying
to establish a relationship between the change in filter
parameters and the magnitude of prediction and
smoothing errors.

In this article I focused attention on the
exponential smoothing filter ~whose adaptation
algorithms is based on use of the method of least
squares [1].

Formulation of the problem

There is a double exponential smoothing in the
basis of all three filters structures, which can be
conditionally called the simplest filtering element. The
combination of these elements and connections between
them form the main filtering structure which principle
was previously presented in [4].

Each structure of the adaptation algorithm can be
extended. It is well known that complex structure
demands more resources than simple. That is why
proposed algorithms should be analysed to get
information about conditions and automated control
systems in which data processing algorithms can be
integrated before trying to make them more complex.

Different types of measuring and controlling
devices can also impose limitations on data processing
algorithm. In this case it is important to define the range
of parameter values and their combinations that can give
satisfactory results.

There are two main parameters which can
influence on the quality of filtration and forecast
excluding smoothing factor. They are the number of
steps which the forecast is made for and the number of
steps which the data processing algorithm uses for
quality estimation of the filtering process. If we are
talking about a filter which adaptation algorithms are
based on use of the method of least squares there are
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two more parameters that can significantly affect the
quality of forecast and filtration. They are the value that
defines acceptable error and the initial value of
smoothing factor. The first of them is important because
it is a key parameter in this method of adaptation and
the second one is needed to be researched since this
method of adaptation does not provide increase of
smoothing factor.

Adaptation of the filter
using the method of least squares

The algorithm of the filter’s parameters adaptation
based on the method of least squares working principle
extend description was represented before [1]. Briefly I
can present working principle with flowchart shown in
the figure 1.

Filtering parameters are:

o — smoothing factor;

oy — smoothing factor initial value;

m — the quantity of steps which the forecast is

made for; @
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e t — the quantity of steps which the data
processing algorithm uses for quality estimation of
filtering process;

Ao, — the value of smoothing factor change after
estimation process;

eqc.— the value that defines acceptable error;

x(k) — the value of input signal;

x*(k) — original signal;

N(k) — noise or distortion;

n — the quantity of measurements;

t — the counter that checks whether the data array
for estimation is filled;

Xprea(ktm), xuu(k) — predicted and filtered signal
value;

Xpreal €_t] — data array of predicted signal;

x _Ims(k) — the function that describes the
approximated signal got with polyfit Matlab function on
the basis of array x,,.q/e_t];

ems — root-mean-square error between values of
the predicted signal and values of approximated signal.
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Fig. 1. Adaptation of the filter using the method of least squares flowchart

Relationships between rms-errors
and filter parameters

As an input signal I used a sinusoidal wave signal
distorted with white noise which standard deviation
parameter is changing during the process.

The change of the standard deviation and the
shape of the input and tracking signals are shown in
the fig. 2.

The period of the sinusoidal wave signal is equal
to 720 points and the amplitude value of the tracking
signal is equal to 1.

I chose this signal because it includes both linear
and nonlinear shapes.

For the quality estimation of filtration and forecast
in this research I used two quantities. The first of them
is the root-mean-square deviation (rms-error) between
the original signal and filtered signal and the second is
root-mean-square deviation between values of predicted
delayed signal and original signal. The first relationship
I researched was between rms-errors (filtration and
forecast) and the smoothing factor initial value and the
value of steps which the data processing algorithm uses
for quality estimation of the filtering process.

First of all, I decided to research the case when the
smoothing factor adaptation starts with different values
of initial smoothing factor. Since the value of o can vary
in a range of 0-1 I chose a range between 0.1 and 0.9.
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Fig. 2. Input and tracking signal (left plot), values of the standard deviation (right plot)

In this case the value of prediction steps is equal to
2. It means that in such conditions the data processing
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algorithm works as a filter. The results of the simulation
are shown in the fig. 3.
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Fig. 3. Plots of the rms-errors (filtration and forecast) versus smoothing factor initial value and value of steps
which the data processing algorithm uses for quality estimation of the filtering process

Analyzing graphics got after the simulation I made
the following statements:

- Using low values of e ¢ (1,2,3) does not give
information about the quality of the filtering process and
it is unacceptable because of the high values of rms-
errors.

- When data processing algorithm starts adapting
to the distortion level from the high initial value of
smoothing factor, increasing of the e ¢ value leads to
increase of rms-errors. Using such composition of
values is appropriate when there is lack of information
that describes level of noise or distortion.

- Comparing different curves shown in the fig. 3 I
defined that the least errors are available when e ¢
values lie in the range between small values that were
described in the first statement and values use that lead
to errors values fluctuations. In conclusion, the values of
e_t that give the least values of rms-errors lie in a range
between 10 and 20 approximately for such conditions
when the original signal is a sinusoidal wave with a

period that is equal to 720 and with noise which
amplitude value is changing during the process.

In the second research 1 tried to define the
relationship between the rms-errors (filtration and
forecast) and smoothing factor initial value and the
value that defines acceptable error. The range of oy was
the same as in the first research. The acceptable error
values lay within the range from 0.01 to 1. The results
of the simulation are shown in the fig. 4.

Analyzing the graphics shown in the fig. 4 1
defined the following statements:

- In the case when we set a low value of acceptable
error and low initial smoothing factor value, data
processing algorithm inertia grows. This leads to the lag
growth and error growth as well. That is why the
combination of these two low values is unacceptable.

- The value that defines acceptable error is one of
the main parameters that define the quality of filtration
and forecast. It is clearly demonstrated in fig. 4.
The growth of e, leads to the decrease of the accuracy
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Fig. 4. Plots of the rms-errors (filtration and forecast) versus smoothing factor initial value and value that defines acceptable error

requirements. Acceptable error high values especially
decrease the quality of prediction.

- Smoothing factor initial value change has
insignificant influence on the relationship between the
rms-errors (filtration and forecast) and smoothing factor
initial value and the value that defines acceptable error
and does not change the shape of the plots in general.

Summarizing statements above, the quality of
filtration and forecast generally depends on the
acceptable error that is why relationships between this
parameter and others are important to be researched.

That is why a few next experiments I performed
trying to define relationships between acceptable error
and other parameters. The first one was the relationship
between rms-errors (filtration and forecast) versus the
quantity of steps which the forecast is made for and
value that defines acceptable error.

The plots got from the experiment with a
parameter e_t which is equal to 80. At first, I chose the
value equal to 20 according to the fig. 3 because it was
in the range of the smallest values of rms-errors. Due to
the fact that the first experiment which results are
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shown in the fig. 3 was performed with m parameters
equal to 2 I performed this experiment with values of
e t[16, 20, 35, 40, 50, 60, 70, 80, 90,100, 200].

Most of experiments were performed with a) =
=0.1.

According to the collected data I determined the
following statements:

- Setting values of e ¢ parameter lower than 16
leads to a stable value of filtration rms-error which
value is about 0.2. The value of forecast rms-error
grows according to increase of m parameter.

- After increasing e ¢ value to 50 I noticed a
tendency that in a case when e, lies in a range of low
values (about 0.01) due to the fact that data processing
algorithm becomes more inertial the value of filtration
rms-error sharply grows up.

- The field of decreased values of filtration and
forecast rms-errors appears as it shown in the fig. 5 in
the range of e_t values from about 15 to 100.

Using these values in accordance with parameters
m and e, will give an opportunity to improve the
quality of filtration and forecast.
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Fig. 5. Plots of the rms-errors (filtration and forecast) versus the quantity of steps
which the forecast is made for and value that defines acceptable error

- Increasing e t values to 16-90 increases the
decreased values of filtration and forecast rms-errors
area but further increase of the value of e ¢ will increase
the average values of errors.

- Increasing a, leads to limitation of the field of
decreased values that depends on m parameter. Change
of e t parameter influences on errors values as it was
mentioned in previous statement.
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It is important to note that values of e_¢ that will give
an opportunity to get the least values of filtration and
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forecast errors first of all depend on the shape of the signal
and in this article this connection was not investigated.
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Fig. 6. Plots of the rms-errors (filtration and forecast) versus the quantity of steps which the data processing algorithm
uses for quality estimation of filtering process and the value that defines acceptable error

The experiment that is shown in the figure 6 was
performed with the following values of parameters: o) =
=0.1, m=2. Analyzing the plots of the rms-errors
(filtration and forecast) versus the quantity of steps
which the data processing algorithm uses for quality
estimation of filtering process and the value that defines
acceptable error I defined following statements:

- These graphics combine peculiar properties of the
experiments results that were shown in the fig. 3 and 5.

- Increasing the value of m parameter will not
change the shape of the surface (fig.6) much but the
average value of rms-errors (filtration and forecast) will
be higher.

- I tend to think that the relationship between these
parameters does not give additional information and can
be not taken into account during the setting parameters
process.

Cpne i€

filtration RMS-error

Analyzing plots of the rms-errors (filtration and
forecast) versus the quantity of steps which the forecast
is made for and the quantity of steps which the data
processing algorithm uses for quality estimation of
filtering process I made the following statements:

- Comparing plots shown in the 7" figure and plots
in the figure 3 I determined that fluctuations on the plots
begin from the value of e ¢ that is equal to 50 and
approximately and on the point that is about 100.

- The least values of the rms-errors are available in
the case when the parameter m is varying between 2 and
10 approximately and e ¢ parameter is varying between
4 and 50 approximately.

- Proposed data processing algorithm can be used
as a filter in a case when a value of e ¢ is higher than
100 but it is impractical to use it to get a forecast of the
tracking signal.
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Fig. 7. Plots of the rms-errors (filtration and forecast) versus the quantity of steps which the forecast is made
for and the quantity of steps which the data processing algorithm uses for quality estimation of filtering process

Conclusions

Statements that described specific connection
between filter-extrapolator parameters and quality of
filtration and forecast were presented above. Moreover,
the performed research gives an opportunity to define
some general conclusions:

- Proposed structure of the filter-extrapolator is
able to process data defining tracking signal and its
forecast with rms-errors (filtration and forecast) as it
was mentioned above.

- The statement that the quality of filtration and
forecast depends on before-mentioned 4 parameters was
confirmed by experiments.
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- Some combinations of different parameters give - The shape of the tracking signal plays the most
an opportunity to use this algorithm in a case when there  important role in the setting parameters of the filter and
is a lack of a priori information that describes working  should be additionally researched.
conditions of the system.
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B3aemo3B’A30K Mik mapaMerpaMu QLILTPa €KCTPANOIATOPA Ta AKICTIO QiabTpanii Ta mporaosy
b. P. bopsik

Beryn. YV craTti po3misiHYTO B3a€MO3BSI30K MK ITapaMeTpamMH aJdalTHBHOTO €KCIIOHEHI[abHOro (UIBTpa Ta SIKICTIO
¢inbrpanii Ta nporHosyBanHa. [IpuHIMN ajganTtanii €KCIOHEHLiaJBHOrO (iIbTpa 3aCHOBaHMII Ha BHUKOPHCTaHHI METORY
HaliMeHIunX kBajparis. Lini. [IpoananizyBaTu sKicTh afanranii anropuTMy Ta BU3HAUUTH YMOBH, B KHX BIH MOXKE IPALIOBATH
HaJeXHUM 4uHOM. OTpuUMard iHopMallito, sKa ONUCYE 3B'SI30K MiX MapaMeTpamMu oOpOOKM NaHHMX Ta SIKiCTIO ¢inbrpauii Ta
nporuo3yBanus. Metomosorisi. I 3acTocyBaB KOHLENIII] aHaNi3y YacOBHX Ps/iB Ta MaTeMaTHYHE MOJICIIOBAHHS B IAKeTi
Matlab. PesyabTar. Sl oTpuMaB 3HAa4YeHHS NapaMeTpiB, sIKi BU3HAYAIOTh YMOBM CHCT€MH a00 IPHUCTPOIO, B SIKMX MOXKHA
iHTerpyBati Led amroputrMm (inpTpanii Ta mnporHosyBaHHsA. S 3xiiicHMB OLIHIOBaHHS AKOCTI ajanTaiii KoediuieHTa
3IJ1aJUKYBaHHS, BCTAHOBIIIOIOUH B3a€EMO3B'A3KH MiXk napamerpamu ¢inprpa. OpurinansHicTs. Briepiie s BU3Ha4YMB 3B'130K MiX
CepeaHbOKBAIPATUYHUMHU 1ToXUOKaMu ((inbTparii Ta NPOrHO3y) Ta HACTYNHUMHU IapaMeTpaMu: KUIBKICTh KpPOKiB, Ha sKi
3IIACHIOETBCA TPOrHO3YBAHHS; KUIBKICTh KPOKIB, SIKi aJrOpUTM OOpOOKM AHMX BHUKOPHUCTOBYE JUIS OLIHKM SIKOCTI IpOLECY
Gbinbrpanii; 3HaYEHHS, SKe BU3HA4Ya€ NPUHHATHY MOXMOKY Ta MOYATKOBE 3HAUCHHA KoeQilieHTa 3riauKyBaHHA. S orpuman
iHdopmarito, siKka ONMCye B3a€MO3B'I30K BJIACHE MDK HapaMerpamy, 3rafgaHumu Buine. Ilpakrnyne 3Havenns. S noOynyBas
CTPYKTYpY aJIrOpUTMy OOpOOKHM [aHHMX, SKMH MOXHA IHTEIpyBaTH B pi3HI aBTOMAaTWU30BaHI cucremH ympasiiHHi. e
JIOCHIZKEHHS Ja€ MOMUIMBICTh BUOPATH B1JUIOBIAHI apaMeTpy alnropuTMy QinbTpaiii Ta NpOrHO3yBaHHs, 10 1aCTh MOMXJIMBICTh
GbinbTpyBaTH Ta POOUTH NPOTHO3YBaHHS CUTHALY B KaHaJIaX BUMIPIOBAHHS Ta KaHaJlaX KepyBaHHs. 3alpOINOHOBAHUHN allrOPUTM
00poOKK naHKMX MOXe OyTH peasi3oBaHHMil K Iporpama Juis MiKpOKOHTpoJIepa.

KawuyoBi caoBa: amroput™M oOpoOKHM HaHMX, €KCIIOHEHIlIaJbHE 3IJIa/PKyBaHHS, IIyM, IIPOrHO3, KOPHCHHH CUTHAI,
aganTariist, KoeirieHt pinpTparii.

B3aumMocBsizb MeKay napaMerpaMu (pHIIbTPa IKCTPANoJIATOPa U Ka4ecTBOM (GUILTPALMH U NIPOrHO3HPOBAHUSA
b. P. bopsik

Beenenne. B cratbe paccMOTpeHa B3aMMOCBSA3b MEXIy IapaMeTpaMH aJalTHBHOIO SKCIOHEHIMaIbHOro Quibrpa n
KauecTBOM (puiubTpanuy M MpOrHo3upoBaHus. [IpuHIMI ajanTalnuy SKCHOHEHIMAIBHOrO (DUIBTPA OCHOBAH Ha MCIIOJIb30BAHUU
MeToa HauMeHbIMX KBaaparos. Ilemm. IlpoaHanusupoBaTh KadyecTBO afaNTallid alrOPUTMa W ONPENENUTh YCIOBHUS, B
KOTOPBIX OH MoxeT paborarb. IlomyunTs nH(OpMALHIO, KOTOpask OIMUCHIBACT CBSI3b MEXIy NapaMeTpamMu 0O0paOOTKH JaHHBIX U
KauecTBOM (IWIBTPALMM M HPOrHO3upoBaHuA. Merogoorusi. S NpuMEHWI KOHLENIMM aHAJIN3a BPEMEHHBIX pSIOB U
MaTeMaTU4YecKoe MozenupoBaHue B makere Matlab. PesyabTaTel. S monyuun 3HayeHUs MapaMeTpoB, KOTOPhIE ONPEAEIISIOT
YCIIOBUSL CUCTEMBI WII YCTPOMCTBA, B KOTOPBIC MOXHO HMHTEIPHPOBATh ITOT JTOPUTM (QWIBTPALMU U IPOrHO3UpOBaHMsA. S
COBEpIIMJI OLICHUBAHMS KauyecTBa ajanTaluy Kod(QQUIMEHTa CIIaXHUBAaHMs, YCTAHABINBAs B3aUMOCBI3U MEXIy HapaMeTpamu
¢buibTpa. OpUrHHAJIBHOCTB. BriepBbie 51 onpenenm cBs3b MEXIy CPeIHEKBAJIPATHYHBIMU IOrpelIHOCTIMH (QuiIbTpauuu u
HPOrHO3a) U CIEAYIOIMMH NapaMeTpaMu: KOJIMYECTBO ILIAroB, HAa KOTOPhIE OCYHIECTBIAETCS NPOrHO3HMPOBAHME; KOIMYECTBO
I1aroB, KOTOPBIE AJITOPUTM 00pabOTKU JaHHBIX HCIONB3YeT IS OLIEHKU KauyecTBa Ipoluecca (pUIbTPALMH; 3HAYCHUE, KOTOpoe
ompeJesseT NPUEMIIEMYIO IOIPEIIHOCTh M HaudalbHOE 3HaueHue koddduuumenra crmaxusanus. S nomydmsn uHQopMauuo,
KOTOpasi OMMCBIBAET B3aMMOCBS3b HEMOCPEICTBEHHO MEXIy NMapaMeTpaMH, yKa3aHHbIMH Bbille. IIpakTtndeckoe 3Havenue. 51
MOCTPOMII CTPYKTYPY aJrOpuTMa 00pabOTKM JaHHBIX, KOTOPbIH MOXHO MHTErpPUPOBATH B Pa3IMYHbIC aBTOMATH3HPOBaHHbIC
CHCTEMBI YIpaBJIeHHs. DTO UCCIEI0BaHUE JaeT BO3MOXKHOCTb BHIOPATh COOTBETCTBYIOLINE NApaMeTpPhl AJIrOpUTMa QUIBTPALlUK
U IPOTHO3MPOBAHUSA, YTO NO3BOJIUT (DmiIbTpOBaTh W JeNaTh MPOTHO3MPOBAHUS CUTHANA B KaHAIaX M3MEPEHUs M KaHalax
ynpasienus. [IpeiokeHHbIi alropuT™ 00padOTKH JaHHBIX MOXKET ObITh PeaaM30BaH KaK IIporpaMma JuIsi MUKPOKOHTpOJLIEpa.

KawueBbie ciaoBa: aroputM o0paboTky MH(MOPMAIMH, SKCIIOHEHIIHAIBEHOE CrIIaKUBAaHKE, IIIYM, IIPOrHO3, ITOJE3HBII
(uckoMmbIif) curHan, koddguiment GpribTpanum.
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