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Abstract

The presented study emphasizes the high relevance of analyzing signals of various origins
and investigates the potential of the Fourier Transform in this context using the MATLAB envi-
ronment. The paper demonstrates that, in a number of cases, the classical Fourier Transform is
insufficient for comprehensive problem-solving, as it lacks the ability to capture local variations
within the studied signal. To explore this limitation, two signals with different structures are gen-
erated using the Heaviside function, and their spectra are computed through the application of the
Fourier Transform. It is highlighted that the structural differences between these signals, which
are clearly observable in the time domain, are not reflected in their Fourier spectra. To address
this issue, the potential of the Short-Time Fourier Transform (STFT) is examined within the
MATLAB environment. By narrowing the window width, the method enables a more precise
identification of local variations within the signal. The results of the investigation indicate that
the STFT can serve as an effective tool for accurate analysis of the local characteristics of signals
of diverse origins.
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Pancars Furye cevirmasinin MATLAB miihitinds modellosdirilmasi va tadqiqi

A.R. Hasonov, E.A. Agayev, R.9. 9hmadov
Azarbaycan Milli Aviasiya Akademiyast (Baki, Azorbaycan)

Xiilaso

Toqdim olunan moaqalods miixtolif monsali signallarin analizi masalasinin yiiksok aktuallig
asaslandirilir va bu magsad iiciin istifads olunan Furye ¢evirmasinin potensial imkanlar1 Matlab miihitinde
aragdirilir. Maqalados gostarilir ki, bir sira hallarda Furye ¢evirmosi masaloni tam hocmds holl edo bilmir.
Bels ki, tadqiq olunan siqnalin torkibindoki lokal doyismalori askarlanmasi kimi potensiala malik deyil.
Problemi aragsdirmaq mogsadi ilo Hevisayd funksiyasinin kdmayi ilo forqli struktura malik iki signal
formalagdirilir vo Furye ¢evirmasinin totbiqi ilo onlarin spektrlori hesablanmasi hoyata kegirilir. Hevisayd
funksiyasi vasitesilo modellogdirilmis hamin signallarin zaman miistavisinds verilon strukturlarinda aydin
goriinon farqin, onlarin Furye c¢evirmosinin totbiqi toyin edilmis spektrlorindo gériinmadiyi vurgulanir.
Problemin halli ii¢iin istifade olunan pencers Furye ¢evirmosinin potensial imkanlar1 Matlab miihitindo
aragdirilir. Pancoronin eninin azaldilmasi yolu ils todqiq olunan signalin torkibindoki lokal doyismalarin
vaziyyatlarinin daha daqiq toyin edilmo imkani niimayis etdirilir. Todqgigatin naticalarindon aydin olur ki,
poncara Furye cevirmasi miixtalif monsali signallarin lokal xiisusiyyetlorinin doqiq analizinds effektiv bir
vasito kimi istifads edils bilor.

Acar sozlor: Furye cevirmoesi, siqnallarin analizi, spektral analiz, pencers Furye c¢evirmosi,
Hevisayd funksiyast

MoaeaupoBaHue M UCCJIeI0BAHNE OKOHHOTO npeodpa3oBanns @ypbe
B cpene MATLAB
A.P. T'acanos, J.A. Araes, P.A. AxmenoB

Asepbatioscanckas Hayuonanvnas Axademus Asuayuu (baky, Asepbaiioxcan)

AHHOTAUA

B mpexacraBieHHOM uccne0BaHUH OOOCHOBBIBAETCS BBICOKAS aKTyaJbHOCTh aHajM3a CHUTHAJIOB
Pa3NUYHOIO MPOUCXOKICHUS U MCCIEAYIOTCS TOTEHIMAJIbHbIE BO3MOXHOCTH IpeoOpa3zoBanusi Oypoe B
aTOH oOmactu ¢ ucrons3oBanueM cpeasl MATLAB. B crarhe mokazaHo, 4To B psijie CiIydaeB KilacCH4e-
ckoe npeoOpazoBanne Dypbe HE MO3BOIISET MOJHOCTHIO PEIIUTH 33J[a4y, TaK KaKk OHO HE CIIOCOOHO BBISIB-
JISITh JIOKAJIbHBIE U3MEHEHHS B COCTaBe HMCCIIEAYEMOro curHaina. st u3ydeHus 3Toil mpobiaeMbl ¢ OMO-
o ¢GyHkuun Xepucaiaa (GpOpMHUPYIOTCS JBa CHUTHANA C Pa3IUYHON CTPYKTYPOH, M BBIYHUCIISIOTCS HX
CHEKTPHI MOCPEJCTBOM NMpHUMeHeHus1 npeolOpazoanus Dyppe. OTMeUaeTcsa, 4TO pa3iIudusl B CTPYKType
CUTHAJIOB, SICHO BHIMMBIE BO BPEMEHHOH oOmacTH, He oTpaxarorcsi B cnekrpax Dypwe. Jns pemenus
JAHHOHW MPOOJIEMBI UCCIIEAYIOTCS BOBMOXKHOCTA OKOHHOTO TIpeobpazoBanns Pypee B cpeae MATLAB. C
MOMOIIBI0 YMEHBIICHHSI LIIMPHHBI OKHA JEMOHCTPHUPYETCS BO3MOXXKHOCTH 00JI€€ TOYHOTO ONpeneeHHs
JIOKAJIbHBIX M3MEHEHHWH HCCIIEAYEeMOTO CHTHaia. Pe3yiasraThl MCCieIOBaHMS MOKA3bIBAIOT, YTO OKOHHOE
npeobpazoBanne Pypre MOKET 3PPEKTHBHO HCTIONB30BaThCA TSI TOYHOTO aHAJIN3a JIOKAIBHBIX OCOOEH-
HOCTEW CUTHAJIOB Pa3IMYHOTIO IMPOUCXOKICHHS.

KiioueBbie cioBa: npeoOpazoBanre @ypbe, aHaIW3 CUTHAJIOB, CIEKTPAJbHBIN aHaIn3, OKOHHOTO
npeoOpazoBanus Oypre, hyHkuus Xepucaiiga
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Giris

Signallarin analizi miiasir elm vo texni-
kanin on 6nomli problemlorindon biri olub hor
hans1 bir signaldan informasiyanin ¢ixarilmasi-
n1, masalon, eksperimental olaraq oldo edilmis
funksiyanin maraqli xiisusiyyatlorinin miioy-
yon edilmosini vo tocrid olunmasin1 nozordo
tutur. Tibbdo ultrasos dalasinin insanin daxili
orqanlarindan oks olunmasi hesabina forma-
lasan signalin analizi hoyat {i¢lin zoruri malu-
mat1 agkarlamaga imkan verir. Analoji masalo-
nin holli radiolokasiyada elektromaqnit dalga-
lar1 vasitosi ilo hoyata kecirilir. Stialandirilan
radiodalga obyektdon oks olunma prosesinds
radiosignala cevrilir. Oksetdirici obyektin pa-
rametr vo xarakteristikalarini toyin etmaok {igiin
homin radiosignalin torkibindoki faydali mo-
lumat1 ayirmaq vo miixtolif kriteriyalar iizro
qiymatlondirmak talob olunur [1].

Qeyd olunan bu sahalor signal analizinin
yliksak aktualligini tosdigloyir. Aydindir ki, ali-
nan moalumatin doaqiqliyi secilmis analiz lisulu-
nun mitkkommalliyi ilo miisyyen olunur.

Isin magsadi

Todqgigatin mogsadi, signallarin analizi
liclin istifado olunan c¢evirmoalordon birinin,
Furye ¢evirmosinin potensial imkanlarmin vo
onun tatbiqginds yaranan mahdudiyyatlorin qiy-
matlondirilmasi vo homin mohdudiyyatlarin
aradan qaldirilmasi vasitolorinin aragdirilmasi-
dir.

Problemin vaziyyati

Signallarin tezlik oblastinda tadqiqi onun
torkibindaki togkiledicilorin tezliklorini, ampli-
tudlarin1 vo fazalarini toyin etmayo imkan ve-
rir. Bu mogsad {igiin Furye ¢evirmosindon isti-
fado olunur. Bu ¢evirmo signalin ¢ zaman ob-
lastindaki tosvirini s(¢) onun tezlik oblastindaki
tosviri S(jw) ilo olagolondirmoys imkan verir.

Bu olago diiziino vo oksino Furye ¢evirmolori
ilo gorarlasdirilirlar [2].
Diiziino Furye ¢evirmasi:

S(w) = [~ _s(®ei@tdt. (1)

Oksino Furye ¢evirmosi:

s(t) == [ S(w)elotdt.  (2)

Furye ¢evirmosi todqiq olunan signalla-
rin tezliklori haqqinda global bilgi verso do,
signalin lokal xassolori haqqinda heg¢ bir bilgi
vermir [3]. Masalon, Furye ¢evirmaosi iki sinu-
soidal signalin comindon ibarat stasionar siq-
nali (sokil 1a), bir-birinin ardinca golon homin
tezliklors malik iki sinusoidanin comindan iba-
rot geyri-stasionar prosesdon (sokil 1b) forg-
londira bilmir. Sakil 1-do verilmis 800 Hs va
1600 Hs tezlikli sinusoidalar MATLAB miihi-
tinin amrlor pancarasine cadval 1-doki verilon-
larin daxil edilmasi ilo formalasdirilmisdir.

Qeyd edok ki, lokal xassoli xarakterik
doyismolorin vizual tosvirinin sadslogdirilmasi
mogsadi ilo davametmo miiddatlori 20 saniya
olan signalin yalniz 20 millisaniyalik bir hissa-
st sokil 1-da tosvir olunmusdur. Tezliyin koskin
doyismosi yalmiz sokil 1b-do (#-10 saniy9)
aninda miisahido olunur. Sokil la-da iso tezli-
yin kaskin doyigmasi miisahids olunmur.

Sos diapazonunda lokal xarakterli doyis-
molar esitmo orqanlari vasitosi asanliqla askar-
lanir. Bunun {i¢iin MATLAB miihitinin omrlor
poncarasine uygun olaraq “sound(slfs)” vo
“sound(s2,fs)” daxil etmok kifayotdir. Bu za-
man ucadandanisan sl vo s2 signallarin1 can-
landirilir. Baxilan signallarin tezlik miistovi-
sindoki  tosvirlorini, yoni amplitud-tezlik
spektrlorini dyronok.

Sokil 1-do verilon stasionar (sokil 1a) vo
geyri-stasionar (sokil 1b) signallarin spektrlori
sokil 2-do verilir. Bu spektrlor MATLAB mii-
hitinin omrlor poncarasine cadval 2-doki
verilonlorin daxil edilmasi ilo formalagdirilir.
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Sokil 1 — iki miixtolif tezlikli sinusoidanin comindon ibarat stasionar (a) vo qeyri-stasionar (b) signal
Figure 1 — Stationary (a) and non-stationary (b) signals consisting of the sum of two sinusoids with
different frequencies

Cadval 1 — Miivafiq tezlikli signallarin MATLAB miihitinds formalagdirilmasi iiglin amrlor ardicilligi
Table 1 — Sequence of commands for generating signals of corresponding frequencies in the MATLAB
environment

Davametmo miiddstlori 20 saniya, tezliklori | Davametmo miuddstlori 10 saniya, tezliklori 800 Hs
800 Hs vo 1600 Hs olan iki sinusoidanin | vo 1600 Hs olan vo bir-birino nozoron 10 saniya
comi (sokil 1a) surisdiirilmis iki sinusoidanin comi (sokil 1b)
fs=10000; fs=10000;
t =0:1/fs:20-1/fs; t =0:1/fs:20-1/fs;
Fn=800; Fn=800;
sl=sin(2*pi*Fn*t)+sin(2*pi*2*Fn*t); s2 =sin(2*pi*Fn*(1+heaviside(t-10)).*t);
plot(t,s1) figure, plot(t, s2)
axis([9.99,10.01,-2,2]); axis([9.99,10.01,-1,1]);
grid on grid on
xlabel('zaman (san)') xlabel('zaman (san)')
ylabel('Amplitud') ylabel('Amplitud')
title('s1 zaman diaqrami') title('s2 zaman diaqrami')
4 : -
a) 4x10 i ; i F\'enodolgram SL1 ; i ; b) 1000 Ft'erlodotgrams‘z
25k 9000 -
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3l
7000
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00 260 460 660 800 10r00 12r00 1450 1600 1860 2000 0o 260 4(50 eéo 800 10roo 12roo 14roo 1600 1sroo 2000
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Sokil 2 — Stasionar (a) ve geyri-stasionar (b) signallarm spektrlori
Figure 2 — Spectra of the stationary (a) and non-stationary (b) signals
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Sokil 2-do verilon spektrlordon goriiniir
ki, sokil 1-do verilon signallarin hor birinin
torkibinds tezliklori 800 Hs vo 1600 Hs olan
iki harmonika movcuddur. Bu spektrlor dyro-
nilon signallar haqqinda olava bilgi vermir.

Stasionar vo qeyri-stasionar proseslorin

sokil 1 va sokil 2-do verilon zaman va tezlik
diagramlarmin garsiliqh analizindon aydin go-
riniir ki, Furye c¢evirmosinin koémoyi ilo
signalin tezlik xarakteristikalarinin zamandan
asili olaraq doyismolorini analiz etmok miim-
kiin deyil.

Cadval 2 — Miivafiq tezlikli signallarin MATLAB miihitindo spektrlorinin formalasdirilmasi ti¢iin

omrlor ardicilligi

Table 2 — Procedural sequence of MATLAB commands for generating the spectra of signals at the

corresponding frequencies

Davametmo middstlori 20 saniya, tezliklori 800
Hs vo 1600 Hs olan iki sinusoidanin cominin
periodoqramu (sakil 2a)

Davametmo middoatlori 10 saniya, tezliklori 800 Hs vo
1600 Hs olan bir-birino nozaran 10 saniya siiriisdiiriilmiis
iki sinusoidanin cominin spektri (sokil 2b)

m1l = length(sl);

nl = pow2(nextpow2(m1l));
y1 = fft(s1,nl);

y01 = fftshift(yl);

fO1 = (-n1/2:n1/2-1)*(fs/nl);
power01 = y01.*conj(y01)/n1;
figure, plot(f01,power01)
axis([0,2000,0,40000])
xlabel(‘Frequency (Hz)")

m2 = length(s2);

n2 = pow2(nextpow2(m2));
y2 = fft(s2,n2);

y02 = fftshift(y2);

f02 = (-n2/2:n2/2-1)*(fs/n2);
power02 = y02.*conj(y02)/n2;
figure, plot(f02,power02)
axis([0,2000,0,10000])
Xlabel('Frequency (Hz)")

Problemin halli

Signalin zaman davranis1 haqqinda in-
formasiya almagq tli¢lin poncors Furye ¢evirmoe-
sindon va ya Veyvlet analizdon istifado etmok
toklif olunur. Veyvlet ¢evirmo geyri-stasionar
vo ¢oxOl¢iilii signallar {iciin daha adaptivdir,
lakin pancors Furye ¢evirmasinin sada, siiratli
Vo interpretasiyasi asandir, buna gora bazi tot-
biglords ona iistiinliik verilir [4, 5].

Pancora Furye cevirmasinin asas lstiin-
liiklorindon biri do onun hesablama sadsliyidir.
Bels ki, pancara Furye c¢evirmasi riyazi olaraq
sadadir vo siirotlo hesablanir, bu sobabdon
MATLAB kimi proqramlarda birbasa istifads
edils bilir. Homginin pancara Furye ¢evirmasi
zaman vo tezlik oblastinda sabit ayirdetmoni
tomin edir ki, bu da bazon todqgiqatcilar vo mii-
handisloar {i¢ilin 6zliiylinds vacib bir xiisusiyyot
dasiyir. O climlodon, pancora Furye cevirmo-
sindo naticolorin analizi vo interpretasiyasi da
olduqca sadodir, ¢iinki Furye c¢evirmosi 6zii

klassik sistemlor {i¢iin daha uygundur. Poncors
Furye ¢evirmasi genis yayilmis bir iisuldur vo
homginin ¢ox istifado edilon standart alotlor vo
program dastoyi mdévcuddur [6, 7].

Pancars Furye ¢evirmasi halinda signalin
spektri asagidaki diistur ilo hesablanir:

S(w) = [ s(t) - W(t—1)-eotdt, (3)
burada W(t—1) - zaman oxu Tlzorindo
voziyyoti zaman slriismosi 7 ilo miioyyan
olunan pancors funksiyasidir.

Poncora Furye cevirmasinin potensial
imkanlarint  qiymotlondirmek moqgsadi il
diizbucaqli formaya malik pancara funksiyasi,
yoni W(t) =a(t) —a(t —ty) secorok sokil
1-do verilon signallar1 todqiq edok, burada o(¢)
- Hevisayd funksiyasidir [8].

[k 6nca iki sinusoidanin comindan ibarat
stasionar siqnali (sakil 1a) tadqiq edok. Bu hal-
da signalin spektri poncors funksiyasinin za-
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man oxu lizarindoki vaziyyetindon asili olmur.
Belo ki, biitiin hallarda poncoronin daxilino
mixtolif tezlikli har iki rogsin miioyyon hissosi
diisiir vo noticado spektrin formasi sokil 2a-da
verilon goriintisdon forglonmir.

Sokil 1b-do verilon signal halinda tam
forqli voziyyet yaranir. Poncora diagramin sol

v ya sag torofindo yerlosdiyi halda onun daxi-
lindo yalniz bir tezlikli rogs olur. Ona goro do
tezlik spektrindo yalmiz bir harmonikaya
uygun toskiledici Gostarilonlor
MATLAB miihitinin omrlor pancorasino cad-

yaranir.

val 3-doki verilonlorin daxil edilmasi ilo for-
malasdirilir.

Coadval 3 — Poncora Furye ¢evirmosi asasinda sokil 1-doki signallarin analizi ligiin MATLAB omrlor

ardicilligy

Table 3 — Sequence of MATLAB commands for the analysis of the signals in Figure 1 based on the STFT

Hesabat baslangicina nozoron t=5 saniya
surisdurilmiis poncaronin eni 2 saniyadir

Hesabat baslangicina nozoron t=15 saniya
surisduriilmiis poncaronin eni 2 saniyadir

taul=5;
wl=heaviside(t-taul)-heaviside((t-2.0)-
taul);

x1=(w1l.*s2);

figure, plot(t,x1)

grid on

xlabel('zaman (san)')

ylabel('Amplitud')

title('x1 zaman diagrami')

tau22=15;
w2=heaviside(t-tau2)-heaviside((t-2.0)-
tau2);

x2=(w2.*s2);

figure; plot(t,x2)

grid on

xlabel('zaman (san)')

ylabel('Amplitud')

title('x2 zaman diagrami')

Cadvael 3-da verilonlor daxil edildikden sonra sokil 3-do gostorilon zaman diaqramlarina

malik signallar formalagir.

a) x1 zaman diagram
1

0.8

0.6

0.4

0.2

0

Amplitud

0.2

0.4

-0.6

0.8

-1

0 2 4 8 10 12 14 16 18 20

zaman (san)

b) . X2 zaman diagram

0.8

0.6

0.4

0.2

0

Amplitud

0.2

0.4

0.6

0.8

-1

0 2 4 6 8 10 12 14 16 18 20

zaman (san)

Sokil 3 — Poancaranin sokil 1b-da verilon signalin sol (a) vo sag (b) torafinds yerlogdirildiyi hallarda

formalagdirilan signallar

Figure 3 — Signals formed when the window is positioned on the left (a) and on the right (b) sides of the

signal shown in Figure 1b

Eni 2 saniya olan pancora =35 saniya sii-
riisdiiriildiiyti halda (pancora sokil 1b-do veri-

lon geyri-stasionar signalin sol hissasinds yer-
losir) sokil 3a-da verilon zaman diagramina
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malik signal formalasir. Eni 2 saniya olan pan-
cora =135 saniya siiriisdiiriildiiyii halda (pancos-
ro sok.1b-do verilon geyri-stasionar signalin
sag hissosindo yerlosir) sokil 3b-do verilon za-
man diagramina malik signal formalasir.
Zaman miqyasinin doyisdirilmasi yolu
ilo sokil 3a-da verilon sinusoida kosiyinin tezli-

yinin 800 Hs va sokil 3b-da verilon sinusoida
kosiyinin tezliyinin 1600 Hs oldugunu askarla-
maq miimkiindiir.

Pancars funksiyasinin tasiri ilo formalas-
dirilmis  signallarin  spektrlorini  hesablamaq
ticiin MATLAB miihitinin omrlor pancarasing
cadval 4-daki verilonlor daxil edilir.

Coadval 4 — Sokil 3-doki signallarin spektrlorini hesablamagq tigtin MATLAB oamrlor ardicilligt
Table 4 — Sequence of MATLAB commands for calculating spectra of the signals in Figure 3

Sokil 3a-da verilon signalin
spektri

Sokil 3b-ds verilon signalin
spektri

m1 = length(x1);

nl = pow2(nextpow2(m1));
y1 = fft(x1,n1);

y01 = fftshift(y1);

fo1 = (-n1/2:n1/2-1)*(fs/n1);
power01 = y01.*conj(y01)/n1;
figure, plot(f01,power01)
axis([0,2000,0,5001])
xlabel('Frequency (Hz)')
ylabel('Power")

m2 = length(x2);

n2 = pow2(nextpow2(m2));
y2 = fft(x2,n2);

y02 = fftshift(y2);

f02 = (-n2/2:n2/2-1)*(fs/n2);
power02 = y02.*conj(y02)/n2;
figure, plot(f02,power02)
axis([0,2000,0,5001])
xlabel('Frequency (Hz)')
ylabel('Power")

Cadval 4-doki verilanlor daxil edildikdon sonra sakil 4-do gostarilon spektrlor formalagir.
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Sokil 4 — Pancoranin sokil 1b-do verilon signalin sol (a) va sag (b) terafindo yerlosdirildiyi hallarda

formalagdirilan signallarin spektrlori

Figure 4 — Spectra of the signals formed when the window is positioned on the left (a) and right (b) sides

of the signal shown in Figure 1b

Sokil 4-do verilon spektrlordon aydin
goriniir ki, sokil 3a-da tosvir olunan zaman
diagramina malik signal 800 Hs tezlikli, sokil

3b-do tosvir olunan zaman diagramina malik
signal 1sa 1600 Hs tezlikli harmonik rags
kasiyidir. Belalikls, miiayyon olundu ki, sakil
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Ib-do verilon signalin sol torafinde 800 Hs
tezlikli, sag torofindo iso 1600 Hs tezlikli
harmonik roqs mdévcuddur. Poncorani todricon
stirisdiirarak 800 Hs tezlikli rogqsdon 1600 Hs

tezlikli rogso kecid olan hissoni miioy-
yonlogdirmok miimkiindiir. Baxdigimiz halda
bunun iiciin MATLAB miihitinin omrlor pan-
corasing cadval 5-doki verilonlor daxil edilir.

Cadval 5 — Sakil 1-do verilon signallarin miioyysn zaman siiriismasi ilo poncors Furye analizi
Table 5 — STFT analysis of the signals presented in Figure 1 under a specified time shift

Sokil 1b-do verilon signalin pancaranin
=9 san siuriismosi ilo miisyyoan olunan
Vvaziyyatino uygun hissosinin ayrilmasi

Sokil 1b-do verilon signalin pancaranin
=9 san siriigsmosi ilo miioyyan olunan
voziyyati ilo ayrilmis hissasinin spekitri

tau3=9;
w3=heaviside(t-tau3)-heaviside((t-2.0)-tau3);
x3=(w3.%¥s2);

figure, plot(t,x3)

grid on

xlabel('zaman (san)')

ylabel('Amplitud')

title('x3 zaman diaqram1')

m3 = length(x3);

n3 = pow2(nextpow2(m3));
y3 = fft(x3,n3);

y03 = fftshift(y3);

f03 = (-n3/2:n3/2-1)*(fs/n3);
power03 = y03.*conj(y03)/n3;
figure, plot(f03,power03)
axis([0,2000,0,200])
xlabel('Frequency (Hz)')
ylabel('Power")

title('{\bf Periodogram x3}")

Sonuncu cadvalds verilonlor daxil edil-
dikdon sonra ayrilmis signal kasiyinin zaman
diagram1 (sokil 5a) vo onun spektri (sokil 5b)
formalasir.

Sokil 5b-do verilon spektrdon aydin go-
rintir ki, sokil Ib-nin paonceronin 1=9 san
stirismasi i1lo milayyan olunan vaziyyatins uy-
gun hissosindo hom 800 Hs, hom ds 1600 Hs
tezlikli rogslor mévcuddur. Bu iso onu gostarir

X3 zaman diaqram
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ki, 800 Hs tezlikli rogsdon 1600 Hs tezlikli
rogsa kegid mohz (t-9san)+(t-11san) araliginda
bas verir. Aydindir ki, poncoronin enini
daraltmaqla hesabatin doqiqliyini yiiksaltmok
miimkiindiir. Poancaronin 6l¢iisii alinan spektra
asag1 tezliklor tizro mohdudiyyat qoyur. Yuxari
tezliklor tizro mohdudiyyat is9 signalin zaman
diskretizasiyasi ilo yaranir.
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Sokil 5 — Sokil 1b-do verilon signalin pancaranin =9 san siirligmasi ilo miioyyan olunan vaziyyatinag

uygun hissasi (a) vo onun spektri (b)

Figure 5 — The segment of the signal in Figure 1b corresponding to the window positioned with (a) time

shift of t=9 s and (b) its spectrum
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Natico

MATLAB program miihitindo aparilan
todgiqat naticosindo siibut edilmisdir ki, pance-
o Furye ¢evirmasi zamanla dayison signallarin
tohlilindo klassik Furye c¢evirmosi ilo miiqayi-
sodo fundamental stiinliiys malikdir. Poancars-
nin eninin vo yerinin optimal se¢imi vasitasilo,
signalin zaman-tezlik xarakteristikasinin yiik-
sok daqiqlikls tohlili miimkiindiir. Bu tisul tib-
bi diagnostika, radiolokasiya, seysmologiya vo
digor saholordo miirokkob geyri-stasionar siq-
nallarin strukturunu dyronmok {igiin giiclii vo

effektiv bir metod kimi istifads edilo bilar.

Golocok todgiqatlar poncora funksiyasi-
nin formasi vo eni kimi parametrlorin tosirinin
daha dorin tohlilino, homginin tezlik vo zaman
ayirdetmo qabiliyyotinin optimallagdirilmasi
masaloloring hasr edils bilor.

Maraqlar miinaqisasi

Mislliflor bu moaqaloeds arasdirilmasi to-
lob olunan maraqlar miinaqigesinin olmadigini
geyd edirlor.
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