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"

CbAabpi)kaHue

O6bwu cBegeHna n CboTHOLWEeHUd

N360p Ha yecToTaTa Ha ANCKpeTu3auuns
N ANCKPETHOCT No YecToTa

OcobeHHOCTU Npu cnekTpaneH aHanns

Ha CyYalHWU CUrHau

KopenaunoHeH aHanu3 Ha peguuu

[TpnnoxeHund
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" J
CbhabpixaHue

m O6wM cBegeHnsa n CbOTHOLLEHUS
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" A
NMoHATNA, TEepMUHONIONNA

[ToHATKMe 3a CneKTpas/ieH aHaJ1n3
OT KakBu (4eCTOTHN) KOMIMOHEHTU € CbCTaBEeH CUIrHasa?

[ToHATKMe 3a daBTOKOpe/1auynoHEH aHaJ1n3
VIma nn nspaleHa nepnogn4yHoCT B CUrHasaa?

[ToOHATME 3a B3dMMHO-KOp€e/1aunoHEH aHaJ1nN3
LOKOJ/IKO ABa curHasa cu rnpuanyar?

[JeTepMUHUPaHN N CnyYamHU CUrHanm
- peanusauynmn, aHcamMbbn peanmsauyun,
- CTauMOHapeH, HeCcTaunoHapeH, eproanyeH rnpouec

CTaTUCTUYECKUN X-KUN Ha CJTyHYanHWU CUTHASIN, OLLEHKN
- MaTEMaTUYECKO O4YaKBaHe, AUCNepcus,

- (hyHKUMSA Ha pa3npeneneHne Ha BEPOATHOCTTA

- CrneKTpasiHa MJbTHOCT

OueHKa Ha cny4daeH npouec
- CXo4a4dWwa, HEN3MECTEHAQ, ereKTVIBHOCT Ha OUEHKATA
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" A
O6wmn cBegeHnss ¥ OCHOBHMU CbOTHOLUE

m YecToTa Ha AnckpeTusaums f,
» PasgenutenHa cnoco6HocT no vecrota Af=1/T =fs/N
m W36opbT Ha T, 3aBWCK OT MHTEPBana Ha CTaUMOHapPHOCT

m [ onpeaens pasgenutenHata cnocobHocT no Bpeme, At

AAf =1

Jenuc Nabop agedbmnHupa ropHa rpaHmua (Gabor limit) 3a
TOYHOCTTa Ha €AHOBPEMEHHA SIOKaNM3auusa Ha CUrHan B
yecToTHaTa M BbB BpeMeBaTa obnacrT.

TeopeMa Ha Benedicks: He e Bb3MOXHO eHOBPEMEHHO AaeHa

dyHKUMA U HeMHOTO Dypune npeobpa3yBaHe Aa ca OrpaHNYeHu
(KpanHn).
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" A
O6wmn cBegeHnss ¥ OCHOBHMU CbOTHOLUE

m KopenaunoHeH aHanus
LoKosIKO cu npuanyat gBa curHasia? (cteneH Ha nogobue)

m B3anMHa kKopenaunoHHa pyHKLUMUSA

=y = fEx) = > £ Ox(n+1)

| =—o0

f (n)ax(n) = f~(=n)*x(n)

Tdelay = T argmax( f (n)ax(n))

n
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" A
B3anMokopenaumoHHa pyHKUHUSA

m B3auMHa kopenauus Ha x(n) n y(n) e peanuaTa, ry, (/)

o0

r, (=Y x(n)y(n-1) | =0,+1,+2,...

N=-o0

m PasMeHsiMe peaa Ha peanumnte, r,(/)

r ()= y(n)x(n-1) |=0,+142,...

N=—c0

ryx(|)=§y(n_|)x(n) |=0,+1,42,...

. => 1, (0)=r,()
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" A
O6uwmn cBeageHMss U¥ OCHOBHMU CbOTHOLUE

o e ()= 3 x(m)y(n-1)

B3anMo-KopenaunmoHHa
PyHKUMS

r=xcorr(X,y)

A

1 >

/ r=xcorr(X,y) n
A r=conv(X,y(end:-1:1))
x(/) y(n-I) r(n)= > x(Dy(n-1)
{=—o
CyMa Ha
/ KOHBOMOLMATA
> r=conv(X,y)
n /
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"
B3anMokopenaumoHHa pyHKUHUSA

Original Signal A
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"
B3anMokopenaumoHHa PpyHKUMSA

9

400

r.(I)= ix(n)h(n—l) = Y x(n+1)h(n), I =0,+1+2,4+3

N=—o0 N=—o0

x(N)=[1.0 1.0 1.0] h(n)=[1.0 0.75 0.5 0.25]
x(n) 1 h(n) 1
¢ o o 11 _
051 [ |
——0—0— *—o0—o0—> —_——e T *r—o—>
3-2-101 2 34 n 3-2-101 2345
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" A
B3anMokopenaumoHHa PpyHKUMSA

9

=0, r,(0)=x(0)h(0)+x(@)h(1)+ x(2)h(2)+ x(3)h(3) =
= 110 + 10,75+ 105 + 0.0,25=2,25

(=225

|=-1 r,(-1) =x(0)h@)+ x@)h(2) + x(2)h(3) + x(3)h(4) =
= 10,75 + 105+ 1.0,25 + 0.0=15
Tra(-D=15
=1, r,(1)=x(0)h(-1)+ x(1)h(0)+ x(2)h(1) + x(3)h(2) =
= 1.0 + 1.1 + 1.0,/5+ 0.05=175

C =175
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" A
B3anMokopenaumoHHa PpyHKUMSA

9

| =-2, r,(-2)=x(0)h(2)+ x@Q)h(3)+ x(2)h(4)+ x(3)h(5) =
= 1.05 + 1025+ 10 + 0.0=0,75

Cra(-2)=075"

=2, r,(2)=x(0)h(-2)+x(@)h(-1)+ x(2)h(0) + x(3)h(1) =
= 1.0 + 1.0 + 1.10 + 0.0,75=10

Cra(@=10
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" A
B3anMokopenaumoHHa PpyHKUMSA

9

| =-3, r,(-3)=x(0)h(3)+x(@)h(4)+x(2)h(5)+ x(3)h(6) =
= 1025 + 10 + 1.0 + 0.0=0,25

(9=025

| =3, r,(3)=x(0)h(-3)+x@)h(-2)+ x(2)h(-1) + x(3)h(0) =
= 1.0 + 1.0 + 1.0 + 0.10 =0

L @=0 -
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" A
B3anMokopenaumoHHa PpyHKUMSA

9

| =—4, r,(-4)=x(0)h(4)+ x(@Q)h(5)+ x(2)h(6) + x(3)h(7) =
=10 + 10 + 10 + 0.0 =0

Cha(4)=0

=4, 1, (4)=x(0)h(=4) +x(D)h(=3) + X(2)h(=2) + X(3)h(=1) =

= 10 + 1.0 + 1.0 + 0.0 =0
Cn@)=0_>
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" A
BzanMmokopenaumoHHa PpyHKUMSA

? r(-3)= 0.25
B3auMoKopenaLmoHHa | o I r(-2)=10.75
dyHKUMS ° . r(-1)=1.50
r(0) = 2.25
il i r(1) = 1.75
05F . r(2) = 1.00

? r(3) =0

2.5 k

® y(0) = 1.00
2" + y()=1.75
(JluHeiHa) R | . | y(2) =2.25
KOHBOJTIOL S y(3) = 1.50
19 1y =0.75
y(5) = 0.25

0.5 Y(6) = 0
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" A
O6wwmn cBeageHMss U OCHOBHMU CbOTHOLUE

m ABTOKOpefiauMoHHa PyHKUUS

ma nun ckputa nepnognyHocCcT B curHanaa?

r (1) = %Zx*(n)x(nJr ) = %Zx(l)x(n—l)

r'x,x (I) — r'x,x (_I)

(<, (0)

O(L?)
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" J
ABTOKOpenaumoHHa pyHKUUA

Auto-correlation from O to 20 years
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3500 - .
3000 - -
2500 - o -
2000 - ® o -
1500 |- ? 5 -
1000 -~ -

500 - o

Years



" A
O6wwmn cBeageHMss U OCHOBHMU CbOTHOLUE

ABTOKOpenaunmoHHa pyHkunsa: lNpumep 1

x[n]

n==o0
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" A
O6wwmn cBeageHMss U OCHOBHMU CbOTHOLUE

ABTOKOpenaumoHHa pyHkuna: lNpumep 2
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" A
O6wwmn cBeageHMss U OCHOBHMU CbOTHOLUE

ABTOKOpenaunmoHHa pyHkuusa: Npumep 3

Time Plot Autocorrelation
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" A
Teopema Ha Wiener-Khintchine

CnekTpanHaTta NnnbTHOCT = DFT oT aBTOKOpenaumoHHaTa pyHKLUNS

P (Q)=]|X(Qf =X(Q)- X (Q) = { Z [u}e--fﬂ”H Y T[H]E‘fﬂ”}

P @) { 5 IT[}!]e_jﬂn} { S ](,} { S ok HZ_W - ]e}

H=—on === ¥=—=z
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" A
Teopema Ha Wiener-Khintchine

CnekTpanHaTta NnnbTHOCT = DFT oT aBTOKOpenaumoHHaTa pyHKLUNS

P_(Q)=X(Q)- X (Q)= Z{T [1]* x[-n]}- e/

H— s

Po(@)= Y6, [m]-e

o [m]—— IP (Q)- ™" dQ) = f > (F)-e/ ™™ dF

—0.5
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" A
O6wmn cBegeHnss ¥ OCHOBHMU CbOTHOLUE

YCKOpPEHO n3umncasBaHe Ha aBTOKOpenaumMoHHaTa MyHKLMS

X(k) = FFT[x(n)]
S(k) = X(k) X" (k)

rll) = IFFT[S(K)]

O(Llog,(L))
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" A
O6wwmn cBeageHMss U OCHOBHMU CbOTHOLUE

r, ) = IFFT[S(k)]

S(k) = X(k) X" (k)

N P

k ——
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" A
Oo6wm cBegeHnss U OCHOBHMU CbOTHOLUE

KoHBOAOUUNSA

il =N

-

B3anmo ABTO-
KopenaunoHHa KopenaunoHHa

P-4 P-4

A Di

N 1N [ [}
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" JE
CbabprKaHue

m /1360p Ha yecToTaTa Ha AUCKpPETU3aLUSA U
AVUCKPETHOCT MO YecToTa
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" A
N360p Ha yecToTaTa Ha AMCKpeTu3aum
M ANCKPETHOCT NOo 4YecTtoTa

TeopemaTa 3a guckpetusaums, f. = 2f,, e npunoxunma camo npu
CUTHA/IN C OFPaHMNYEH CMEeKTbp, T.€. CUTHaIU, 338 KOUTO
CNEeKTbPbT € paBeH Ha Hy/a 3a YeCTOTU NO-BUCOKMU OT f,<oo,

B MHOrO NpakTU4eckn npuioxeHus yecrotata f, ce nsbupa ot

YCIIOBUNETO CNEKTpaJIHUTE CbCTaBJidBalwk C HECTOTU A0 fh [a

CbAbpXaT 3Ha4YMMa 4yacT OT MOLWHOCTTa Ha CUrHasa, HanpuMmep
95% wmnnun 98%.

3a npaBuneH U3bop Ha f, e HeobxoAMMO Aa MMaMe
npeasapuTenHa MHopMauma 3a U3TOYHMKA Ha CUrHana.
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" A
N360p Ha yecToTaTa Ha AMCKpeTu3aum
M ANCKPETHOCT NOo 4YecTtoTa

Af=f,=f/N=1/T.N=1/T,

Kak na ce noabepe 3a Af, 3a Aa ce Nonyun KOPEKTHO
npeacraBsHe Ha HenpekbcHaTUsa cnekTbp X(f) Ha peanuaTa
x(n) upe3 auckpeteH cnekTbp X(f,) ¢ KpaeH 6pon oTyeTn?

AKO Cce WHTepecyBaMe [Jann WU3CNeABaHUAT CUrHan cbAabpxKa
nobpe wm3paseHa nepuoaMyHa CbCTaBnsBala C 4ectoTta f,,

yaadHo e Af na ce onpeaenn npu cnasBaHe Ha YC/I0BUETO:

Af=f, /A, KbaeTto A e usno uncno.

ToBa rapaHTMpa U34MCNsiBaHE Ha OTYET 3a 4YecToTa CbBMnajalla C
f,, NPV KOETO CLOTBETHMSA NUK B CNEKTbPa HAMa Aa Ce pasMue.
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" J
CbhabpixaHue

m OcobeHHOCTM NpU cnekTpaseH aHasin3 Ha CJlyYaunHu
CUrHanu
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" A
Oco6eHHOCTU Npu CneKTpasieH aHanum
Ha CJZIYy4auHUN CUTHaNM

[Mpn cnekTpasHMa aHaln3 Ha CllydanHu NpoLLecu ce n3rnonsysaT ABa
noaxoAa — NapaMeTpuyeH 1 HenapaMeTpuUleH.

[MapaMeTpuyHUTE MEeTOAMN U3MO0N3YyBaAT NPeACcTaBSAHETO Ha
CUrHasa 4ypes anpokCcMMmpawm aHaauTUYHM Moaenmn, oT YMNTO
napameTpu (KoeuumMeHTN) ce onpeaendTr cCnekTpajiHuTe
XapaKTePUCTUKN HA CUrHana.

HenapameTpunyHnte Mmetoam ce 6asmpart Ha npeobpa3yBaHeTo
Ha ®ypue Ha curHana.

npodp. T. MaHuyeB, LUOC - JleTeH cemecTbp 2023/2024 30



" J
Bb3MO>XHU BbMNPOCU 3a U3NUTa

m [losicHeTe cMUCBb/a Ha NpUHUMNA HA HeonpeaeneHoCcT
NPUSTIOXEHO KbM CrMeKTpasHUS aHann3 Ha HecTauMoHapHU
C/TY4YanHWU CUTHaNMN.

m [l0 KaKBO ce oT/iM4yaBaT KOMMJIEKCHUSA CNEKTbP Ha CUrHana
OT CNEeKTbpa Ha MOLWHOCTTA.

m B kakBoO ce cbCTOM pasnukaTa Mexay onepaunmTe
KOHBOJIIOLMSA U B3aUMHA Kopenauns Ha peauum.

m KakBa e aBToOKOpenuuoHHaTa peavua Ha peavuarta ,b6an
lym”?
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