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FILTERING AND FORECASTING SIGNALS ALGORITHM
BASED ON EXPONENTIAL BROWN’S FILTER

In the article we reviewed exponential smoothing method, proposed by Robert Brown and field of its use in
control systems and measurement systems. We proposed smoothing and forecasting signal algorithm, using nonius
principle of Brown’s filter structure increasing. This method gives an opportunity partly compensate disadvantages
of exponential smoothing such as defects of introducing a lag relative to the input data. This algorithm might be
implemented as program for digital information processing devices.
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Introduction

Exponential smoothing is data processing algo-
rithm that is used for filtration and forecasting of time
series data. Such processing information technique
might be used as low-pass filter for signals that works
using window function principle.

This method is widely used in the creation of sta-
tistics, signal processing, financial mathematics, smart
transport, communications, automatic, astronomy, engi-
neering and most other applied sciences that might de-
scribe processes as time series data.

One of the possible applications of this algorithm is
its integration into the system of virtual and augmented
reality [2], which nowadays are in current trends.

It should be noticed that exponential smoothing as
usually can not guaranty strict accuracy during all time
of data processing. This is because of the fact that even
filtering systems with optimal parameters can be put
under influence of the different noise with amplitudes
that exceed values of determined noise amplitude.

Nowadays analysis and time series forecasting be-
come more complicated because of non stationarity of
different systems where it can be integrated. This prob-
lem can be solved by using adaptive smoothing and
forecasting algorithm and filter structure improving.

Formulation of the problem

Brown's model assumes that the signal value at a
certain time moment consists of two components. The
first component is the product of the current signal value
and weight coefficient o. The second component is prod-
uct of the difference in the form (1- o)) and the smoothed
value of the signal in the previous time moment. The sum
of these components can be represented as:

x(k)=a-x(k)+(1-a)-X(k-1), €))
where x(k) — smoothed signal value at time k; o —
smoothing factor; x(k) — current signal value at step time

k; (1 —a) — the second member of the infinite geometric
progression series in model of Brown, that is weight coef-
ficient of the filtered signal value second component;
X(k —1) - filtered signal value at step time (k-1).

Let us consider the result of this algorithm on the
example of linear function signal with determined am-
plitude noise. We see that the signal which consists of
the linear function signal and imposed noise is fed to the
system input. After the exponential smoothing process
we observe that the filtered signal eliminates distortion
caused by a noise superimposed on it. In the same time
it lags for some time.

This process was modeled using the package of
applied programs and programming language Matlab.
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Fig. 1. Linear signal exponential smoothing process
by Brown's filter

This negative effect can be ignored in a case when
we need to analyze the signal after the researched process
has finished and therefore there is no necessity to deter-
mine the accurate signal values, but it is possible to de-
termine its form instead. The result of smoothing process
gets worse if input original signal is nonlinear. Let us
simulate exponential smoothing process when input sig-
nal is a quadratic function with imposed noise on it.
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Fig. 2. Parabolic shape signal exponential smoothing
process by Brown's filter

In this case we see that lag grows during the work-
ing time. As a result output data that we get after
smoothing process does not give us information about
real values of a signal but only can describe approxi-
mate shape of the signal. The difference between origi-
nal signal and filtered signal grows that is why it does
not give us opportunity to analyze even real shape of a
signal and values of signal in a current time moment.

To summarize, the use of the exponential smooth-
ing based on the Brown’s model in determination of
accurate values of the input signal is inappropriate. The
algorithm of this process should be improved.

Nonius principle
of filter structure increasing

During our research we used two filters connected
in series that work according to the formula (1) — double
exponential smoothing (Brown’s DES 1). As a result we

get well filtered signal >:<(k) but with substantial lag
relative to the input data.

In the following step we should subtract smoothed
signal values >:<(k) from input signal x(k) (the sum of
original signal and random noise). As a result we get lag
values with noise disturbance. In order to get rid of dis-
tortion of signal (k) we use exponential smoothing
(Brown’s DES 2) that has the same working principle

with previous one. After we got filtered signal él (k)

values we add it to smoothed signal >:<(k) values from
Brown’s DES filter 1. In this way we can get rid of lag
we had before getting signal >:<1 (k). Let us exemplify
the work of given algorithm using linear shape original
signal with added noise.

If original signal is a signal with parabolic shape
then we can observe the following tendency. The lag
will stay and it will be soaring in determined diapason
but it will not grow as it is shown on Fig. 2.

For compensation this lag we should expand the
data processing algorithm structure similar to previous
increasing.

N VOO0 RO VOO VOO SO ST SO Y.
1601
1401
190 E oo K g A

100k

P10} TSSO SUURVUTUE FOUPPRPRRTIL SO - . SR PPPURE PPN STUPPP. RIS

oY RTINSO SN P L1 7 OO SONS MO FRRRONS S

———Input signal
___Smoothed signal

with lag compensation
— Original signal

40

208

i i 1 i 1 1
0 20 40 80 g0 100 120 140 160 180

Fig. 3. Lag compensation process

The following data processing is based on deter-
mination of the second lag. This information can be got

in a next way. We subtract smoothed signal >:<1 (k) with
compensated first lag from input disturbed signal x(k) .
That is how we get second lag values ¢, (k) with added

noise. To get rid of disturbance we filter this signal with
Brown’s DES filter 3 (Brown’s DES 3). In order to
compensate second lag we need to add smoothed signal

>:<1 (k) with compensated first lag to smoothed second
lag éz (k).
As a result the signal smoothing process with

compensation of the first and second lags is presented
on the Fig. 4.
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Fig. 4. The first and the second lags
compensation process

The configure process takes some time due to the
generation of the smoothing signal in the current time
moment, which is determined basing on the previous
observations. In addition, time that is needed for the
filtered signal values to approximate to the original sig-
nal values depends on the smoothing factors which de-
fines the smoothing value. With o decrease configure
time is increased, however, in consequence we get a
signal that is better smoothed.
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According to Brown’s method dou-
ble exponential smoothing gives an op-
portunity to get the forecast with repre-
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sentation of >:<(k) by Taylor series. For

the m steps linear forecast it is sufficient
to use first two elements of Taylor series:
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where >:<(k +m) — m steps forecast; m —

steps amount of forecast; At — sample

time; x(k) — derivative of double

smoothed signal, can be presented as:
(k) = [§(k) Rk - 1)} A, 3)

Inserting formula (3) into formula
(2) we will get:

Z(k+m) = k(k) +m-[§(k)—§(k—l)} . @

Due to the nonius principle of filter structure in-
creasing as it is shown Fig. 4 this structure gives a pos-
sibility to get the forecast for m steps and compensate

lags >:<(k +m).

Conclusions

As a result of the research the method of simple
exponential filters connection was developed. Function-
ing of the filters is based on the Brown model. The fil-
ters give a possibility to get the smoothed value of the
signal which is fed to the system input with noise in a
current time moment. The given data processing algo-
rithm also allows getting the forecast signal value.

One of the algorithm issues is a specific for the ex-
ponential smoothing configuring process that depends on
the smoothing factor. The other issue is lack of the filter
adaptation during the alteration of the noise amplitude.
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Fig. 5. Nonius principle of filter structure increasing

One of the algorithm advantages is a pretty high
operation speed under conditions of its appliance to a
system with small sample time. Another advantage is an
algorithm flexibility that is accomplished due to the
possibility to set up the connection between the smooth-
ing factors of the different filters and due to the possibil-
ity of the independent functioning of the given elements
with defined parameters.
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Penensent: 1-p TexH. Hayk, npod. C.B. Kozenkos, Jlepxas-
HMI yHIBEPCHUTET TeleKoMyHikarii, Kuis.

ANTOPUTM 3rMAMIKYBAHHA TA MPOrHO3YBAHHA CUTHAITY
HA OCHOBI EKCMOHEHUIAJIbBHOI'O ®INbTPY MOAENI BPAYHA

B.P. Bopsik, A.M. CinbBecTpoB

Y ecmammi 6yno npogedeno o2nnd memoody excnonenyianbHoeo 32na0dicysants, 3anpononoganozo Pobepmom Bpaynom ma
MOJACTIUBOCI 11020 3ACMOCYBANHA Y CUCIEMAX KePYBAHHs MA GUMIDIOSAHHS. 3anponoHo8aHo aneopumm 32Na0XiCy8anHs ma npo-
2HO3VBAHHS CUSHATLY 6UKOPUCMOBYIOUU HOHIYCHUT RPUHYUN HAPOWYBAHHS CIPYKMYPU eKCROHEeHYianbho2o ginbmpa modeni Bpa-
yHa. JJanuil Memoo 0ae MONHCTUBICIDb YACMKOBO KOMNEHCYSamu Hecamugti eghekmu eKCnOHeHYIanbHo20 32NA0ICYBANHS, MAKI K
noxubka cnioysanis nepuiozo i 0py2o2o nopsaokis. Januili arcopumm modice 6ymu peanizosanuil y 6ueiaoi npospamu Ha yu@po-
8UX NpUCMpPOosix 06podKu ingopmayii.

Knrouogi cnosa: excnonenyianvie 321a02cy8anisi, Wym, npocHo3, KOPUCHUTL CUSHAT, (DITbmp HU3LKUX 4acmom, Koeqiyi-
enm ¢hinompayii.

ANTOPUTM CIMAXUBAHUA U NMPOMHO3UPOBAHUA CUTHATIA
HA OCHOBE 3KCMOHEHUWAINBHOIO ®UNbTPA MOAENU BPAYHA

b.P. bopsik, A.M. CunbBectpos

B cmamve 6bl10 paccmompen memoo IKCHOHEHYUATLHO2O C2Radxicusanus, npeonodcennviii Pobepmom bpaynom, u 803-
MOJICHOCU €20 NPUMEHEHUSI 8 CUCIEMAX YNpasieHus u usmepenus. IIpednosiceno ancopumm canancusanus U npoeHO3UPOBaHUs
CUSHANA, ¢ UCNOTL30BAHUEM HOHUYCHO20 NPUHYUNA HAPAWUBAHUS CIPYKIMYPbL IKCHOHEHYUATLHO20 (uibmpa no mooenu bpayna.
Omom memoo 0aem 603MOACHOCHb HACMUUHO KOMREHCUPOBAb HE2AMUBHbIE COCMABTAIOWUE IKCHOHEHYUATLHOO CeNANICUBA-
HUS, MAKue KaK NocpeutHocnib Cled08anusi Nepeo2o U 8Mopo2o Nopaoka. JauHvlii aneopumm mModcen 0blmos peanu3osan 8 euoe
npoepammvl Ha YUPPosbIX ycmpoiicmeax obpabomku ungopmayuu.

Kniouegvie cnosa: sxcnonenyuanvhoe cenadxcuganue, wiym, HpocHo3, NOe3HbIl (UCKOMbIT) CUSHAT, UIbMP HUSKUX HacC-
mom, Ko3puyuenm unbmpayuu.
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