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APPLICATION OF FOURIER TRANSFORM
AND WAVELET DECOMPOSITION FOR DECODING
THE CONTINUOUS AUTOMATIC LOCOMOTIVE SIGNALING CODE

Purpose. The existing system of automatic locomotive signaling (ALS) was developed at the end of the last cen-
tury. This system uses the principle of a numerical code which is implemented on the basis of relay engineering, and
therefore, it is exposed to various types of interferences. Over the years, the system has been upgraded several times,
but the causes of faults and failures in its operation are still the subject of research. It is known that the frequency
and the phase modulation of signal has a higher interference immunity as compared to the amplitude modulation.
Therefore, the purpose of the article is to study the possibility of using the frequency methods such as Fourier series
expansion and wavelet decomposition to extract the informational component of the received code from ALS sig-
nals under the action of various types of interferences. Methodology. One can extract the information unavailable in
time representation of the signal using the signal studies in the frequency domain. The wavelet decomposition has
been used for this purpose. This makes it possible to represent the local characteristics of the signal and to provide
time-frequency decomposition in two spaces at the same time. Due to the high accuracy of the signal representation
it is possible to analyze the time localization of spectral components and eliminate interference components even in
the case of coincidence of interference frequency with the signal carrier frequency. Findings. To compare informa-
tivity of the methods of Fourier expansion and wavelet decomposition it was studied the reference and noisy signal
of green fire code using the software package MATLAB. Detailed analysis of the obtained spectral characteristics
showed that the wavelet decomposition provides a more correct decoding of the signal. Originality. Replacing the
electromagnetic relays in the ALS system by microprocessor hardware involves the use of some mathematical tool
for decoding, in order to obtain more information about the code. More often than not, as a mathematical tool, the
classical Fourier decomposition is used. But because of a number of drawbacks in this method, it was suggested to
use the wavelet decomposition, which has a number of advantages and accounts the disadvantages of the Fourier
transform. Practical value. The presented method of code signal research can be the basis for developing dynamic
model of the ALS receiver and decoder using digital processing module, which will enable to increase the reliability
and accuracy of extraction of the code information component.

Key words: automatic locomotive signaling; Fourier transform; wavelet decomposition; interference immunity;
amplitude modulation; shift; scale; time-frequency domain
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Introduction

The existing system of automatic locomotive
signaling of continuous action (ALSC) has been
developed and started to operate more than 40
years ago. It was built using electromagnetic relay
with a numeric code, and has significant disadvan-
tages in spite of a series of upgrades.

The disadvantages of the system include: the
limited informative value (three code dispatches
and five signal indications on locomotive light-
signal); indications of the locomotive light-signal
do not reflect the speed limit of passing of traffic
guide lights and station lights, depending on the
length of the block section and the required speed
limit on it; low reliability of locomotive devices is
due to the coding by amplitude modulated signal,
which has low interference immunity. It is sub-
jected to changes in the duration of the pulses and
pauses, which causes failures when applying the
codes for a locomotive. The system can receive
codes from the next track. It is impossible to use it
on the high-speed sections because of the low in-
formation content and large inertia [2, 24].

ALSC signaling occurs in specific conditions,
peculiar only to this system. Firstly, the signal in
each track circuit is transmitted only from its own
source and its level in the rails continuously in-
creasing as the train moves. Secondly, the locomo-
tive transition from the one track circuit to another
is accompanied by a short interruption in the track
signal reception and a dramatic decrease of signal
current in the rails. In addition, track circuits, con-
necting the moving locomotive with the signal
transmitter are simultaneously used both in the au-
to-lock system and on the electrified railways to
pass the reverse traction current. The sources of
harmonic interferences are the traction substations
and the networks of direct and alternating current,
as well as the traction drive of locomotive. This
particularly applies to electric drives with asyn-
chronous traction motors widely used in recent
years [8].

The problems of protection from the main
sources of interference at the railway transport,
which lead to failures in the operation of signaling
and communication equipment, their research and
identification, were considered in numerous scien-
tific studies, but they are still relevant [23].

It is known that the amplitude modulation
which is used in ALSC for transmission of numeric

code combination has low interference immunity
as compared to the frequency and phase one. This
is explained by the so-called passive pauses, i.e.
the lack of signals in the pauses. As a result, upon
the receipt of code combination the total signal
energy in a cycle is proportional to the ratio of the
total duration of all pulses and the duration of code
combination. Thus, the difference in energy level
of different ALSC codes is from 6 to 11 dB.

Applicable coding principle also has some dis-
advantages, which do not allow the use of well-
known schemes for constructing an optimal re-
ceiver. Discrete signal transmission theory is based
on the concept of a symbol having a predetermined
duration, frequency, and it is not applied to code
combinations of the ALSC system. Consequently,
it is impossible to use the systems of clock and
frame synchronizations, pulse distortion equalizers.
For this reason, the interference immunity is re-
duced almost by 6 dB.

Another factor influencing the interference
immunity of ALSC receivers is the signal degrada-
tion associated with the carrier frequency. As
a rule, filter systems of data transmission in the
signals should contain at least eight periods of car-
rier for each symbol. The exception is the systems
with the minimum phase modulation types, oper-
able with a signal/interference ratio at least 20 dB,
which cannot be achieved in the channel ALSC.
The pulse duration «RY» transmitter KPT-5 is
about 0.23 seconds. When a carrier frequency of
25 Hz in a pulse will be at least six periods. The
amount of signal degradation in this case is 0.8, i.e.
its capacity is reduced by 2 dB.

The amount of losses of the interference immu-
nity of the system is 14 dB. Accordingly, the error
probability is increased tenfold as compared to the
optimal receiver.

The analysis shows that in ALSC system espe-
cially at a frequency of 25 Hz it in principle impos-
sible to obtain high interference immunity [7].

In addition, the railway lines almost always
have a longitudinal traction current asymmetry that
arises, for example, when breaking the wire rail-
bonds or when connecting to one of the rails the
earthings of traffic lights supports, masts, and other
metal constructions. Therefore, with the electric
traction the track transformer core is magnetized
by the traction current. During the train movement
the current value is changing, and the parasitic
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modulation of signal current by the traction one
takes place. In connection with this the increase in
signal current is not always effective and some-
times it results in increase of ALSC failures. It
should be noted that with the advent of more pow-
erful locomotives, this phenomenon has become
even more pronounced [19, 20].

Purpose

In view of the above mentioned the work is
aimed to study the possibility of using the fre-
quency methods (Fourier transform and wavelet
decomposition) to increase the reliability and
credibility of extraction the informational compo-
nent of the received code from amplitude-
modulated ALSC signals under the action of vari-
ous types of interferences. The implementation of
this research in the future may be the basis for the
development of a new receiver of the ALSC sys-
tem with improved interference immunity.

Methodology

In the existing ALSC system the principle of
operation of decoding devices is based on the anal-
ysis of amplitude and time characteristics of the
received signal. Information value is the number of
pulses in the signal, and the protective one is a
long interval at the end of the code. On this basis,
shortening or lengthening pulses and intervals, fill-
ing the long interval or numerical distortions can
lead to incorrect reception of the code [3, 6].

Often the information, which is not noticeable
in the time representation of the signal, is shown in
its frequency representation. Using the Fourier
transform (FT) one can study the noisy ALSC code
signal comprising interferences from various
sources. With the use of FT, a signal is decom-
posed into elementary harmonic vibrations with
different frequencies and all the necessary proper-
ties and formulas are expressed using one basis
function exp(jof) or two real functions sin(®¢) and
cos(wt). This gives the spectral information about
the signal and describes its behavior in the fre-
quency domain [16, 17, 21, 22].

The Fourier transform is described by the for-
mula:

f()= icn exp(int).

in which the basis function is:
exp(it) = cost +isint,

As a result of the ALSC signal decomposition it
is obtained the basic carrier frequency 25, 50 or 75
Hz (depending on the type of track circuits) and
interference frequency. Based on the method of
correlation reception according to spectral feature
in the amplitude-frequency dependence appropriate
ALSC codes can be recognized. But it should be
noted that the FT makes it possible to determine
the frequency content of the signals, but one can-
not determine at what time point there is one or
another frequency. This makes the method of spec-
tral analysis unusable for processing of noisy non-
periodic signals containing interferences, for which
the value of occurrence time is of paramount im-
portance. Moreover, the interferences coinciding in
frequency with the desired signal will be decoded
as the code elements, which in turn may lead to
incorrect representation of signal indication on lo-
comotive traffic light.

In case of decoding the ALSC code signal
a significant information load carries the temporal
localization of the spectral components and the
corresponding time-frequency signal representa-
tion, which can be implemented using the wavelet
decomposition (WD). As compared to the signal
decomposition in Fourier series the wavelets can
represent local features of the signal much more
accurately and to provide a two-dimensional scan,
in which the frequency and the coordinates are re-
garded as independent variables. This makes it
possible to analyze the signal in two spaces at the
same time.

The wavelet decomposition is described by the
formula:

0

f()= Z W i (1),

Jsk=—n

with arbitrary parameters of basis function (which
is also called the mother wavelet) — scaling factor j,
and the shift parameter k:

v (0 =ld Pyt =K/ j),

In addition to Fourier transform one can use for
signal processing the Short Time Fourier Trans-
form, which is the time, frequency and amplitude
function. However, considering the «Heisenberg
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Uncertainty Principle», this method of processing
does not give the opportunity to measure the fre-
quency and time with high accuracy. In turn, the
wavelet decomposition makes it possible to reduce
the influence of «Heisenberg uncertainty principle»
on the obtained time-frequency representation of the
signal, where the shift of mother wavelet can be
considered as the time elapsed from the time t=0
(since it shows the wavelet location in time), and the
scale is the quantity inverse to the frequency.

By analyzing the time intervals equal to the du-
ration of pulses and frequency components con-
tained in it, it is possible to fix the presence of the
corresponding code. At this the interference fre-
quency appearing outside the time pulse intervals,
even repeating the basic carrier frequency will not
carry a critical information load, which in turn will
prevent erroneous decryption of the code [4, 12, 14].

Findings

Firstly, it was taken the signal containing in-
formation on a green signal indication (G code),
without interferences, obtained in the actual oper-

sig (5566291 ral, Fs=44100)

015

ating conditions (Fig. 1). Using the MATLAB pro-
grams let us carry out the Fourier transform (Fig.
2) [9, 10, 11] on this signal. Analyzing the Fig. 2,
we can see the maximum amplitude surge is at the
frequency of 50 Hz and the signal current harmon-
ics is at the frequencies multiples of 50. Since this
signal has the correct amplitude and time parame-
ters, we accept it as a reference.

Further we expand this signal by continuous
one-dimensional wavelet decomposition with the
help of MATLAB pack (Fig. 3), using the Daube-
chies wavelet with a center frequency of 0.7143
Hz.

In the first field is the amplitude-time charac-
teristic of the signal, in the second field is the
wavelet spectrum in which using the color grada-
tion are shown:

e the minimal frequencies, which are
present in the signal using dark brown
color;
maximal frequencies (in this case 50
Hz) that are present in the signal using
the milky white color.
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It can be seen that the entire period of time in-
terval of the code G pulse is filled with the maxi-
mal frequency (50 Hz). Time intervals of pauses
are not sharp; the signal frequency is reduced and
gradually comes to zero. This informs that the sig-
nal current in these sections (almost black sections
of the spectrum) disappeared.

As in the case of Fourier transform, the wavelet
function is characterized by coefficients. But in
this case, we are talking about the scale factors
(scale), which are visualized in the third field of
the Fig. 3. Local maxima of these coefficients are
in the fourth field of the Figures. If we draw an
analogy with the time-frequency dependency, then

the scale will be the reverse value to the frequency,
since the small scales correspond to the upper fre-
quencies of the analyzed signal, and the large
scales — to the lower frequencies.

This dependence is easy to trace in the Fig. 4.
Here on the scale of the range 1-97 pulses and
pauses of green code are clearly visible, and on the
scale of the range 129-577 pauses are filled with
tapered continuous graph of dark brown color. This
indicates the presence of low-frequency interfer-
ences, which are not essential for decoding the
code almost in the entire time interval of the signal
current presence [15].
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Fig. 3. The spectral composition of green fire code
in continuous one-dimensional wavelet decomposition
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Fig. 4. Time-frequency dependence of green fire code
during continuous one-dimensional wavelet decomposition
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The Fig. 5 shows noisy signal in comparison with Let us apply continuous one-dimensional wave-
the reference one, which contains information about let decomposition with the help of MATLAB
green signal indication (G code) obtained under real —package (Fig. 7) to the one period of G code using
operating conditions. The figure shows that there is the Daubechies wavelet as in the first example. In
high amplitude of interference, the time of occur- this Figure it is clearly seen that the first pause of
rence of which coincides with the time slot of the G the G code is filled by the interferences, which co-
code intervals, resulting in their considerable distor- incide with the carrier frequency of 50 Hz (white-
tions. Using MATLAB let us carry out the Fourier milky color of the verticals). Having the ability to
transform on this signal (Fig. 6). Analyzing the Fig- monitor the frequency, which is not localized in
ure 6, it can be noted that some part of interferences time, the interference data may cause incorrect de-
has significant spikes at higher frequencies of 380, cryption of the code. Wavelet analysis gives the
620, 1020 Hz, which cannot result in erroneous de- possibility to track the presence of the carrier fre-
coding of code, and the other part of interferences quency in relation to the time of existence of the
coincides with the carrier frequency of 50 Hz, which  spectral component that enables more correct sig-
could have a fundamental importance to identify the nal decoding.
boundaries of the intervals and pauses.
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Fig. 5. The green light code containing significant interferences
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Fig. 6. The spectral composition of the green light code
containing significant interferences
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Fig. 7. Time-frequency dependence of green fire code
with interferences during continuous one-dimensional wavelet transformation

Originality and practical value

Upgrading existing ALSC system involves re-
placing relay by the microprocessor hardware,
which has a huge number of advantages. In turn,
the digital processing of the received code signal
increases reliability that reduces the number of
failures in the system operation.

Digital processing of the signal involves the use
of a mathematical tool to convert the signal in or-
der to obtain more information about it, which is
not available in its original form. Among many
well-known signal transformations, such as the
Short Time Fourier Transform, Wigner transform
and others, the most popular is the classical Fourier
transform. By Fourier series expansion of the sig-
nal one can determine the value of amplitude and
phase both of the studied signal and the interfer-
ences, affecting the work of ALSC devices, as well
as the distribution density of probability of the
code signals, interferences and their statistical
characteristics [1, 5, 13]. But there are some disad-
vantages of this analysis:

— the limited informative value of the nonsta-
tionary signal analysis and the fact that it is almost
impossible to analyze their peculiarities (breaks,
steps, peaks, etc.), since their «dissipation» in the
entire frequency range of the spectrum takes place;

— representation of the global information
about the frequencies of the studied signal and the
lack of representation of the local signal properties

with rapid temporal changes in its spectral compo-
sition.

Therefore, it is necessary a mathematical opti-
mal signal processing method that can take into
account these drawbacks. In this article the wavelet
decomposition is considered as a possible alterna-
tive, which has all the advantages of Fourier trans-
forms, but it has a number of advantages:

— wavelet bases can be well localized in both
frequency and time;

— wavelet bases can be represented by variety
of basic functions, the properties of which are fo-
cused on the solution of various problems.

This article WD is used to analyze the ALSC
signal code, the expansion of the reference and the
noisy G code followed by conclusions about the
peculiarities of this expansion is carried out. Based
on the above mentioned method of the code signal
study one can develop a dynamic model of receiver
and ALSC decoder, in which the module of digital
signal processing applying the wavelet decomposi-
tion will be used. This will increase the interfer-
ence immunity of the locomotive ALSC devices as
a whole.

Conclusions

Sending messages about the signals of track
traffic lights or the block sections vacancy using
the ALSC to the moving locomotive is carried out
by electrical signals which are transmitted along
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the rails and are perceived by the locomotive re-
ceiver. The messages during transmission are sub-
jected to distortions that may occur when convert-
ing a message during transmission or reception and
under the influence of interferences.

Considerable part of interferences may enter
the frequency range of the useful signal component
and lead to failures in the ALSC operation. Signal
decoding and analyzing it in the amplitude-
frequency domain, which can be carried out using
the FT does not provide comprehensive informa-
tion about the received code. Information on the

signal local features can be obtained by expanding
it in the time-frequency domain using WD.

However, wavelet analysis cannot always sub-
stitute the Fourier analysis. Many theorems of
wavelet analysis are proved by Fourier expansions.
Thus, these two types of analysis are rather com-
plementary than mutually exclusive. Improvement
of decoding principles by using modern technical
devices and methods of digital signal processing
are promising for the development of ALSC re-
ceiver with high reliability of noisy signals recep-
tion [18].
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3ACTOCYBAHH IEPETBOPEHHA ®YP°€ )
I BEUBJIET-IEPETBOPEHHSA JJIA JEHIN®PAILII KOAY AJICH

Mera. [cHyrOUa crcTeMa aBTOMaTHIHOI TOKOMOTHBHOI curHamizaiii (AJIC) Oyna po3poOiieHa B KiHIII MUHYJIOTO
CTOMITTA. Y HaHif CHCTEMi BUKOPHUCTOBYETHCS MPUHIIHUIT YUCIOBOTO KOy, pealli3oBaHui Ha 0a3i peneiHoi TeXHIKH,
y 3B’S3KY 3 UMM BOHA CXWJIbHA JI0 BIUTMBY PI3HUX IMEPENIKO]. 3a MUHYJII POKH CHCTeMa Oyjia HEOJTHOPA30BO MOJIEp-
Hi30BaHa, ajie MPUIMHHU 3001B Ta BiIMOB y 11 poOOTI, K 1 paHimle, 3aIMIIAI0THCS IPEIMETOM IOCHTiHKeHb. Biqomo,
10 YacTOTHA 1 pa30Ba MOAYIIALIS CUTHATY Ma€ BUIIY 3aBaJOCTIHKICTh y MOPIBHAHHI 3 aMIUTITYJHOIO MOIYJIAIIETO.
Tomy B poGoTi OyJia mocTapjaeHa MeTa — JOCIIIMTH MOKJIMBICTh 3aCTOCYBAaHHSI YaCTOTHHX METOJIIB, TAKUX SIK PO3-
ki1aganHs B pag Oyp’e ta BeliBieT-nepeTBopeHHs i BuitydeHHs i3 curHainiB AJIC indopmaniiiHoi ckiaaqoBoi nmpo
MPUHAHATHIA KOJ| B yMOBax [ii pi3HUX meperikon. Meroauka. 3a JOMOMOTO JOCIHIPKEHHsI CUTHAIY B YaCTOTHIH
o0J1acTi MOYKHa BUTATTH iHQOpMaIlifo, HeOCTYIIHY B THMYAaCOBOMY IOJaHHi curHaiy. s miei Mmetu Oyjo BUKOpH-
CTaHO BEHBJICT-NICPETBOPEHHS, SIKE Ja€ MOXJIMBICTh TIPEJCTABIATH JIOKAJbHI  OCOONMBOCTI  CHTHAITY
Ta 3a0e3nevyyBaTH YaCTOTHO-YaCOBE PO3KIIAIAHHS Bijpa3y B JBOX IPOCTOPaX. 3aBISKH BUCOKIH TOYHOCTI IPEACTAaB-
JICHHS CUTHANY 3 SABJSETHCS MOXIIMBICTh aHATi3yBaTH THMYACOBY JIOKAII3aIlil0 CHEKTPATHHUX KOMITOHEHTIB 1 BHU-
KITIOYHTH CKJIQJOBI MEPEeIIKO], HaBiTh y pa3i 30iry Y4acTOTH NMEPELIKOIU 3 YacTOTOK curHaiy. Pesyasrarm. s
MOPIBHSAHHS 1HOPMATUBHOCTI METOIB po3kiaganHsi Dyp’e Ta BeiBIET-IepeTBOPEHHS OYIIO JOCHTIIHKEHO 3a JI0TIO0-
Mororo nporpamHoro nakety MATLAB eranonHmii Ta 3anryMJIEHHHH CHTHAN KOAY 3€J€HOr0 BOTHIO. JlokmamHuit
aHaJIi3 OTPUMAHHX CHEKTPAIBHUX XapaKTePUCTHUK MOKa3aB, L0 BEHBIICT-NIEPETBOPEHHS A€ OUIbII KOPEKTHY NELIH-
¢pauito curnany. HaykoBa HoBu3Ha. 3aMiHa ellekTpoMarHiTHuX peine B cucteMi AJIC Ha MiKpOINpoliecopHy ana-
parypy nepezndayae 3acTOCYBaHHs OyJb-SIKOTO MaTEeMaTHYHOIO 1HCTPYMEHTY sl JAemn(pyBaHHS KOLY 3 METOIO
OTpPHUMaHHS PO HBOTO J0AaTKOBOI iH(popmauii. Haituacrime, sk MaTeMaTHYHUI IHCTPYMEHT, BUKOPUCTOBYETHCS
KJlacu4He repeTBopeHHs Pyp’e. Ale, B CHIly HasiBHOCTI PsAy HEIOJIKIB B JaHOMY MeETOJi, OyJ0 3alponoHOBaHO
BUKOPHCTOBYBATH BEUBIIET-IICPETBOPEHHS, SIKE Ma€ psij IepeBar i BpaxoBye HENONIKM nepeTBopeHHs Dyp’e.
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IIpakTHyHa 3HaYMMicTh. HaBeneHuii MeTon OCIKEHHS KOZOBOTO CUTHALY MOXKHA ITOKJIACTH B OCHOBY pO3p00-
KM ArHamigHOi Moferni npuitmada i gemmudpaTtopa AJIC i3 BUKOpUCTaHHAM MOIyIsl mH(POBOI 0OPOOKH, IO IaCTh
MOXITMBICTb MIABUIINTH HAIIIHICTh Ta JOCTOBIPHICT BUITyUeHHs iH(QOpMaLiHOT CKIIaJ0BOT KOLY.

Kniouosi crnoea: aBTomMaTniHa JJOKOMOTHBHA CUTHaII3allist; nepeTBopeHHs: Oyp’e; BeilBleT-nepeTBOPEHHS; 3aBa-
JOCTINKICTh; aMILTITYTHA MOTYJIAIIS; 3PYIICHH; MACIITa0; YaCTOTHO-TUMYACOBA 00JIACTh
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INPUMEHEHMUE ITPEOBPA3OBAHUSI ®YPBE
N BEUBJIET-IIPEOBPA3OBAHMUA /A JEHINPPALINU KOJA AJICH

Heanb. CyuwecTByomas cucreMa aBTOMaTH4ecKoW JIOKOMOTHBHOM curHanmzauuu (AJIC) Obuia paspaboraHa
B KOHIIE ITPOLUIOTO BeKa. B NMaHHOH cucTeMe MCIoiib3yeTcs NPHUHIMIT YHCIOBOTO KOJa, peaM30BaHHBIA Ha 0aze
peneiiHOl TEXHUKH, B CBSI3M C Y€M OHA MOJBEP)KCHA BIMSHMIO PAa3IMYHBIX ITOMEX. 3a MPOMICAINE TOJbI CHCTEMA
ObUTa HEOTHOKPATHO MOJICPHU3NPOBAHA, HO PHYMHEI COOEB M OTKA30B B €€ paboTe MO-IIPeKHEMY OCTArOTCs Ipea-
METOM HccieoBaHni. M3BecTHO, yTO yacToTHas M (pa30Basi MOAYJISIINS CUTHAJIA UMEET 00Jiee BBICOKYIO MTOMEXO0-
YCTOWYHMBOCTh B CPAaBHEHUM C aMIUTUTYIHON Moxyisinuei. [Tostomy B pabore Obla mocTaBieHa Ielb — UCCIIEN0-
BaThb BO3MOKHOCTH TNPHMEHEHHMS YacTOTHBIX METOJOB, TaKMX Kak pasnoxkenne B psg Dypre u BeiiBier-
npeobpasoBanue as u3BieueHus U3 curHainoB AJIC nHGOPMAMOHHON COCTABIAIOMIEH O MPUHUMAEMOM KOJE B
YCIOBUSIX NI€MCTBHA pa3inu4HbIX nomex. Meroanka. C MOMOIIBIO MCCIIEAOBAHUS CHTHAJIa B YacTOTHOH oGsacTu
MO>KHO HM3BJIe4b MH(OPMALUIO, HEJOCTYIIHYIO BO BPEMEHHOM IIpe[CTaBlIeHHH curHaina. J{ns 3Toit nenu Obuio Hc-
MOJIb30BaHO BEWBIIET-IIPe0Opa3oBaHie, KOTOPOE AeT BO3MOXKHOCTD ITPEACTABIISATH JOKAIbHbIE OCOOEHHOCTH CHI'Ha-
Ja 1 00ecreYrBaTh YaCTOTHO-BPEMEHHOE Pa3JIoKEHHe cpa3y B IByX MPOCTpaHCTBax. biaaroaaps BHICOKOI TOUHOCTH
MIPEJCTAaBIICHNS CUTHAJA MOSBISIETCS BO3MOKHOCTh aHAJIM3UPOBATh BPEMEHHYIO JIOKAIU3ALUIO CIIEKTPaIbHBIX KOM-
MOHEHT U UCKIIIOYUTh COCTABIIAIOLIME MTOMEX, JaXKe B CIydae COBIAJCHUS YaCTOThI MOMEXM C HECylled 4acTOTOM
curHaia. Pesyabrarel. [l cpaBHeHUs HMH(GOPMATHBHOCTH METONOB pasioxeHus Pypbe u BeiBuer-
npeoOpa3oBaHus OBUT MCCIIEA0BaH C IOMOIIBIO MporpaMMuoro nakera MATLAB aTanoHHBIH 1 3allyMJIEHHBIH CUT-
HaJl Kojia 3e7eHoro orus. [1oapoOHbIi aHaN3 MOMYYEHHBIX CIIEKTPABHBIX XapaKTEPUCTHK MOKa3all, YTO BEHBIET-
npeoOpa3oBaHue AaeT 0ojee KOPPEKTHYIO femudpannio curaana. HayyHass HOBU3HA. 3aMeHa 31€KTPOMArHUTHBIX
pene B cucteme AJIC Ha MUKpPOIIPOLIECCOPHYIO ammapaTypy MpearoiaracT MIpUMEHEHHE KaKoro-JInbo MaTeMaTH4e-
CKOTO MHCTPYMEHTA AJIsl IeMu(panni Koaa ¢ HEIbio MOMYYeHUsI O HEM JONONHUTENbHON nHpopmaruu. Yame Bee-
ro, KaKk MaTeMaTUIECKUI HHCTPYMEHT, UCTIONb3yeTcs Kiaccuieckoe npeodpasosanne Pypoe. Ho, B cuimy Hamuuaus
psina HEAOCTAaTKOB B JAHHOM METOJIE, OBbIIO MPEIOAKEHO HCIIOIb30BaTh BEHBIET-IPe00pa3oBaHue, KOTOPOE HMEET
P MPEUMYILECTB U yYUTHIBaeT HemocTaTku npeobpazoBanus Dypre. [IpakTHyeckas 3HauuMoctb. [IpuBenen-
HBII METOJ UCCIIEJOBAaHMSI KOJJOBOTO CHTHAIa MOXKHO I0JI0XKUTh B OCHOBY pa3pabOTKH IMHAMUYECKON MOJIENH TIPH-
eMmHuKa 1 gAemudpatopa AJIC ¢ ucrnonp3oBaHueM MOy [U(PPOBOIT 0OPabOTKH, YTO TACT BO3MOKHOCTH MTOBBICUTH
HaJIe)KHOCTh U JOCTOBEPHOCTH M3BJICUCHHSI MH()OPMAIIMOHHONW COCTaBIIAIONIEH KOAa.

Kniouesvie  cnosa: aBromarmyeckas JIOKOMOTMBHAs —CUTHaIW3anus; npeoOpazoBanne @Pypwe; BeiBieT-
peoOpa3zoBaHne; TOMEX0YCTONYMBOCTD; aMIUTUTYIHASI MOTYJISIIS; CIIBUT; MacIlITad; 4aCTOTHO-BpEMEHHast 001acTh
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