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CbabpKaHue

m [ledbnHmnpaHe Ha npobnema

m VIcCTOpnyeckn cBegeHunsa 3a BpeMe-4yecTtoTeH
aHann3 Ha CUrHanuTe

m BpeMme-yecTtoTeH aHanmis = [IMHaMn4yeH cnektop!
[lpeobpa3yBaHe Ha [[abop

m KpaTkoBpeMeHHO npeobpasyBaHe Ha Pypue 3a
HernpeKbCHaTU CUTHANU

m KpaTkoBpeMeHHO npeobpa3yBaHe Ha Pypue 3a
ANCKPETHU CUTHaNU
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" A
NedvHnpaHe Ha npobnema

[Mpeobpa3yBaHeTo Ha Pypune e NoaxoAsi, MHCTPYMEHT 3a aHanms3
Ha YeCTOTHOTO CbAbpP>XXaHWe Ha CTauMoHapHU curHanu: sin(.),

cos(.) n ap.

OCHOBHUAT nNpobaeM Npu aHannsa Ha peasiHu (B rosisMaTta Cu 4acT
HecTauMOHapHW) CMrHanuM e aa ce noayyn nHdopMmaumsa 3a
YEeCTOTHMA CbCTaB Ha CUrHasia BbB BCEKM OTAENEH MOMEHT OT
BpeMeTo, Wiu 3a AaAeH BpeMeBn MHTepBan.
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ToBa obaye He e Bb3MOXHO C TpaAMLUMOHHOTO npeobpalsyBaHe Ha
dypue, Tb KaTo TO NpeacTaBs CbBKYMHUSA CMEKTLP Ha Lenus
curHan, 6e3 Bb3MOXHOCT 3a JloKanun3aums BbB BPEMETO.
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" J
NcTopuuyeckum ceegeHums 3a
BpeMe-4yeCcToTeH aHaJZIM3 Ha CUrHasaurte

Alfréd Haar nacneaBa Bb3MOXHOCTTa 3@ BpeMe-4ecToTeH aHanms3
Ha CUrHann n pedpuHupa T.H. Haar wavelets (1909), HO Te He
HaMupaT WNUPOKO npusioxeHme B obpaboTkaTta Ha CUrHaNW.

Cnep lNbpBaTta CBeToBHa BonHa, pa3BUTUETO HaA BpeMe-
4eCTOTHUS aHaNu3 Ha CUrHaAn € MOTUBUPAHO rNaBHO OT
HeobxoaMMOCTTa Aa Ce Cb34aAaT M YCbBbPLUEHCTBAT padapu.

[MoBNnsiH OT 6YpHOTO pa3BUTUE HA KBAaHTOBATa MexXaHukKa npes
30Te n 40Te roguHn Ha XX Bek, Denis Gabor 3anmcrtBa naeu
N M Npunara B KOHTEKCTa Ha obpaboTkaTa Ha curHanu.

3HauyuTeneH HanpeabK B Ta3m obnact e npeobpal3yBaHETO Ha
[@abop (1946), KOETO e BapMaHT Ha KpaTKO-BPEMEHHOTO
npeobpasyBaHe Ha ®ypue u T.H. AToMun Ha Nabop (1947),
KOUTO npeactaBnsiBaT paHHa opma Ha wavelets.
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NcTopuuyeckum ceegeHums 3a

BpeMe-4HeCTOTEH aHaJIn3 Ha CUrHaJimTe
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(a) Oscillograph

CbnbckBanku ce ¢ nogobeH npobnem,
[@abop npenniara BpeMe-4ecToTHO
npeobpasyBaHe KOETO MMa 3a
napamMeTpu BpeMeTo U YyecTtoTaTa, U ce
OCHOBaBa Ha NpeobpalyBaHETO Ha

Oypue.
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" J
npeobpa3syBsaHe Ha Gabor

Frequency

—{FT]

Time _

npod. T. MaH4yeB, LUOC - JleTeH cemecTbp 2024




" J
BpeMe-4yecCcToTeH aHa/iu3 =
OAvnHaMunyeH cnekTbp!
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" J
BpeMe-4yecCcToTeH aHa/iu3 =
OAvnHaMunyeH cnekTbp!

y*(t-1)
x(f)yy~ (1-1)
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" J
BpeMe-4yecCcToTeH aHa/iu3 =
OAvnHaMunyeH cnekTbp!

CurHan “uBbpyeHe”
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" J
BpeMe-4yecCcToTeH aHa/iu3 =
OAvnHaMunyeH cnekTbp!

HEeCTOTad

4EeCTOoTa
>

BpeMe BpeMe

Gabor neduHMpa ropHa rpaHuua 3a TOYHOCTTA Ha eAHOBpPEMEHHA
nokKanunsaums Ha cUrHan B YeCcToTHaATa M BbB BpeMeBaTa 0b6nacT,
(KOSAITO MOXe aa ce nocTurHe 6e3 BHacssHe Ha AedopMaunm Ha
CUrHasna oT NPUNOKPUBAE Ha CNeKTpuUTe)

AAf =1
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" J
BpeMe-4yecCcToTeH aHa/iu3 =
OAvnHaMunyeH cnekTbp!

ToBa orpaHunyeHune, pedunHmnpaHo ot Gabor, e Nnpsko cneacreme ot
TeopeMaTa Ha Benedicks, koaAToO AoKa3Ba ye AageHa MYyHKUUSA He
MOXe Aa 6bvae eqHOBpPEMEHHO orpaHmnyeHa (KpamHa) BbB BPEMETO

N CblLEBPEMEHHO OrpaHmyeHa (KpanHa) B yectoTHaTa obnacT,
T.e.

He e Bb3MOXHO e4HOBpeMeHHO aaaeHa PYHKUMNSA U HEMHOTO
dypue npeobpasyBaHe Aa ca orpaHuyeHun (KpamHu).
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" J
npeobpa3syBsaHe Ha Gabor

g .
E—TT{T—EJEE—jETTfTI(T) AT

Gt ) = [

w(t)= [ Gult, ™™ df

Mo To3n HauunH, npeobpa3yBaHeTo Ha Gabor ce peuHMpa KaTo
nocrieaoBaTesIHO nNpusaraHe Ha npeobpa3yBaHeTo Ha Pypue 3a
nopuuun oT cUrHana, onpeaesieHn oT pa3Mepa Ha Npo3opeyHaTa

dyHKUMS
—7r(2'—t)2

e
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"

npeobpa3syBsaHe Ha Gabor

_7Z'a 1 1 1 I 1 I 1

0.8 =

0.6 =

0.4 2

Gaussian function
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" J
npeobpa3syBsaHe Ha Gabor

B npakTuUyecku npuoxeHuns 6e3KpuHUAT MHTepBan Ha
MHTEerpupaHe ce orpHu4yaBa Ao

1.9143 a2
e T =Ty (1) dr

Ga(t.f) = |

—1.9143

2
o —r(r-t)
3all0TO CTOMHOCTMUTE Ha Npo3opeyvHaTa MyHKUMa €
ca npeHebpexxrMMo Manku U3BbH TO3U UHTEPBA

e~™ > (.00001; |a| < 1.9143
e~™" < 0.00001; |a| > 1.9143
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" J
npeobpa3syBsaHe Ha Gabor

Mpumep: (t) cos(2nt) fort <0,
[} I . j—
cos(dwt) fort > 0.
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HenpekbCHaTU CUrHaNu
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npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2024 18



"
KpaTtkoBpeMeHHO npeobpa3yBaHe Ha
dypue 3a HeNpeKbCHATU CUTrHaNN

KpaTkoBpeMeHHOTO npeobpasyBaHe Ha Pypue 3a HeNnpeKbCHaTU
curHanu, short-time Fourier transform (STFT), npeactasnsBea
o606L1eHmne Ha npeobpa3yBaHeTo Ha Gabor

X (@,7) = f x(t)w(t —7) e *'dt

—00

KbAEeTOo rnpo3opevyHa pyHKumMda Ha Gabor e 3amMeHeHa ¢ NpomM3BOJIHA
npo3opeyHa dyHkumnsa W(t)

1o CbWMAT HAUYMH KAKTO Npu npeobpasyBaHeTo Ha Gabor,
npo3opeyHaTa PyHKLUMNA ce OTMeCcTBa BbB BpeMeTo (nocpeacTBOM
napaMeTbpa 7 ) 3a Aa ce nlbepe BpeMeBUSA MHTEPBA, KOUTO LUE
6bae aHanu3npaH.
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" A
KpaTtkoBpeMeHHO npeobpa3yBaHe Ha

dypue 3a HeNpeKbCHATU CUTrHaNN

(cos(2m10t/s) 0s <t <5s
cos(2m25t/s) Hs <t < 10s
cos(2mH0t/s)  10s <t < 15s

| cos(2m100t/s) 15s .5 t < 208, risn

x(t) = 4

Spectrogram with T= 125 ms
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http://en.wikipedia.org/wiki/File:STFT_colored_spectrogram_25ms.png
//upload.wikimedia.org/wikipedia/commons/e/e6/STFT_colored_spectrogram_125ms.png
//upload.wikimedia.org/wikipedia/commons/3/30/STFT_colored_spectrogram_375ms.png
//upload.wikimedia.org/wikipedia/commons/f/ff/STFT_colored_spectrogram_1000ms.png

"
KpaTtkoBpeMeHHO npeobpa3syBaHe Ha
dypue 3a HeENpeKbCHATU CUTHaNN

O6paTHOTO KpaTKoOBpeMeHHO npeobpasyBaHe Ha Pypue 3a
HenpekbCHAaTU cUrHanu, inverse short-time Fourier transform
(STFT), ce pedunHUpa KaTo

x(t)——TTX(a) 7) el”'dedr
NN __OO_OO )

x(t):+j _[X(a) r) el'de | dr
T.€. i - i

_ jot 3a (puKcmpaHa
x(wit—7) = jX((O rje”dw CTOMHOCT Ha T
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Name Definition

Rectangle w(t) = { b if (|| £ a)
0 otherwise.
bivb  if —a<it< 0,
a

Bartlett (triangle w(t) = 1

(triangle) Ly i 0<t< a,
a

0 otherwise.

2( i .
— <
Hanning (von Hann) w(f) = 4 bcos (Za) if [{|< a

| 0 otherwise.

0.54b + 0.46b (E’) if |1 <
Hamming wi(t) = 4 + cos{=) i < a

| O otherwise.

0.42b + D.Sbcos(EJ s n.nabms(gﬂ] if f<a
il

w(t) = P

Blackman
0 otherwise.

9Adjust parameter a > 0 for a window width appropirate to the signal features of interest. Adjust para-
meter b > 0 in order to normalize the window function.
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CbabpKaHue

m [ledbnHmnpaHe Ha npobnema

m VIcTopnyeckun ceeaeHnsa 3a BpeMe-4yecToTeH
aHaJIn3 Ha CUrHaANunTe

m BpeMme-yecTtoTeH aHanmis = [IMHaMn4yeH cnektop!
m Npeobpa3yBaHe Ha [[abop

m KpaTkoBpeMeHHO npeobpa3syBaHe Ha Pypue 3a
HeNnpeKbCHATU CUTHANU

s KpaTkoBpeMeHHO npeobpa3yBaHe Ha Pypue 3a
ANCKPETHU CUTHaIu
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a ANCKPETH

CUrHaJIn

KpaTKkoBpeMeHHOTO AUCKpeTHO rnpeobpasyBaHe Ha Oypue 3a
anckpetHun curHanun, Short-Time Discrete Fourier Transform, STDFT,
e PYHKUMA Ha ABe NMPOMEHINBU

+00

XK, D)= > x(n)yw(n—IL)e &M -
IL:L;I—l _
= > x(n)w(n—IL)e K&
n=IL
X == Z Z X (k, 1)gletz#/Nn

| =—00 k=0
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®dypue 3a ANCKPETHMU

CUrHaJin

NO QVERLAP

|‘—DFT —

e DFT 2 —

R/4 OVERLAP

The parameter L

+~—DFT 3 — l—DFT 3 —

L is the number of samples between adjacent blocks.
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if (|1 < a)

otherwise.

0

“—-

npeobpasyBaHe Ha ®ypue 3a ANCKPETH

KpaTkoBpeMeHHO ANCKPETHO
CUrHanm

wi(l)
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a aUCKpeT
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a aUCKpeT

CUrHaJIn

7]

)
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a ANCKPETH

CUrHaJIn o

I
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- u "
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a ANCKPETH

CUrHaJIn
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KpaTkoBpeMeHHO ANCKPETHO

npeobpasyBaHe Ha ®ypue 3a ANCKPETH

CUrHaJIn
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a ANCKPETH

CUrHaJIn

T
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Tukey windows A
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npeobpasyBaHe Ha ®ypue 3a ANCKPETH

KpaTkoBpeMeHHO ANCKPETHO
CUrHanm

4-sample Kaiser-Besel window

-
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" A
KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a ANCKPETH

CUrHaJIn

NHdOpMaumsa OTHOCHO BUAOBETE NPO30pPEYHN PYHKLUN U
TexXHUTe CBOMCTBA

PROCEEDINGS OF THE IEEE, VOL. 66, NO. 1, JANUARY 1978

On the Use of Windows for Harmonic Analysis
with the Discrete Fourier Transform

FREDRIC J. HARRIS, meMBER | IEEE

d CbLLO A

http://en.wikipedia.org/wiki/Window_function
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KpaTkoBpeMeHHO ANCKPETHO
npeobpasyBaHe Ha ®ypue 3a ANCKPETH

windowing functions in the frequency domain
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//upload.wikimedia.org/wikipedia/commons/f/f2/Window_functions_in_the_frequency_domain.png
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" A
Bb3MOXXHU BbMNPOCHU 3a U3NuUTA

m B KakBO ce u3passiBa pasnmnkata Mexay ANCKPETHOTO
npeobpasyBaHe Ha Oypune U KpaTKOBPEMEHHOTO ANCKPETHOTO
npeobpasyBaHe Ha Oypue?

m KakBa e pas3nukarta mMexay npeobpasysaHeTo Ha Gabor u
KpaTKOBPEMEHHOTO ANCKPETHOTO npeobpasyBaHe Ha Pypue?

m B KakBo ce uspassBa orpaHmyeHneTo Ha Gabor 3a
pasfennTesiHaTa CNocobHOCT HA BpeMe-4ecTOTHUSA aHanms?

m Kou ca Tpute Han-Ba>kHM NapaMmeTpu Npm CpaBHABAHETO Ha
pPa3/INYHU NPO30peYdHnN PYHKUMK (Hanp. TPUBIbJIEH,
MpaBobIMb/IEH, Npo3opel Ha Hann, Ha Hamming, Ha Kaiser, u

ap.)?
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