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ZAVERY Z MINULA

casova rada = deterministicka slozka +

+ nedeterministicka (nahodna) slozka
(koncept Hermana Wolda (1938) - A Study in the Analysis of
Stationary Time Series)

U
neni konecna energie

U

neexistuje Fourieruv integral
U

vykonovy koncept
spektralni hustota vykonu -
power spectral density (PSD)




HERMAN OLE ANDREAS WOLD

* 25.12.1908 - Skien, Norsko

116.2. 1992 - Gothenburg,
Sveéedsko

oblasti zajmu: matematicka

ekonomie, ekonometrie,

skolitel: Harald Cramér
na ¢em se podepsal: Craméruv-Wolduv

statistika, analyza casovych rad

teorem, Woldova dekompozice casovych rad,

metoda parcidlnich nejmensich ¢tvercu;

[ teorie uzitku, teorie spotrebitelské poptavky
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SPOJITY SIGNAL

vl Fourierova transformace

X_(f) = Txa(t).exp(—ZTgift)dt

Parsevalova veta

E = Txﬁ(t)dt = ojo\xa(f)\zdf

i

spektralni hustota energie




SPEKTRALNI HUSTOTA ENERGIE (VYKONU)
SPOJITY PRIPAD

R, (T)= _]ixa(t).xa(t +71)dt; R (T)= li[rl%lxa(t).xa(t +1).dt

autokorelacni funkce signalu x,(t)

S (f)= |R..(T).exp(—2mjft).dT
1) _[o (). 8XP(=2TITT) obé funkce tvofri

e Fourierovsky par
R, (1) = j S, (f).exp(2mift).df

u stacionarni funkce ztracime informaci o fazi
A PROCPAK 2?7?27
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DISKRETNI SIGNAL

x(nT,,), definovany na nekoneé¢ném intervalu

nLl{-c0;00); je frekvenCne omezeny na pasmo o
Sirce +B = vzorkovaci frekvence F = 1/T,, > 2B

X(NT,) = X,(NT,) = 2 X()

energie diskretniho signalu
E=T, > x*(nT,,) nebo E=) x*(n)

=—00




DISKRETNI SIGNAL

Spektralni vyjadreni diskrétniho signalu

X(f) = Z x(nT,,).exp(-2mjfnT,,) x(nT.

n=—oo

Vztah spektra analogového a diskrétniho signalu:
x(nT,,)=x_(nT,,)= jx ().e/2" T gif

F/2 0 o KF+F/2

j X, (f)e/*™ = df = j xa(f)eizﬂf”vzdf

-F/2 00 =—okF-F /2
o F/2 _ FI2 o .

=Y [ X.(f-KF)e?™Medf = [ > X, (f~KkF)e” ™ df <=_
k=—co_F /2 ~F/2k=-0

00

X(f)= 3 X, (f ~kF)

k=-00

F/2

= j X(f).exp(2mjfnT,, ).df

~F/2 /\

j X, (f)e™h=df =

spektralni periodicita
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‘ DISKRETNI SIGNAL
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REKONSTRUKCE SPOJITE FUNKCE

predpokladejme, ze je

X, (f) =

X(f)
0

<F/2
>F /2
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REKONSTRUKCE SPOJITE FUNKCE

Xa(f) - X(f) = Tvz ZX(nTvz ).e—jZT[fnTVZ

F/2 FI2T  w i,
X, (t) = jxa(f)-ejzmtdf:j T ZX(nT ).e 2T | g2ty =

“F/2 _F/2L  n=-w ]

00 F/2
= Tvz ZX(nTvz)' Jejzm(t_nTVZ)df —

-F/2

Ieaxdx = %ea" + C| —

. (t_nTvz )F/2 _ _j2T|(t_nTVZ )F/2

00 j2mn
-1 > x(nT,,). © . © =
F == j2m(t -nT,,)

= i X(nT,, ).Si(n(t -nT,, )Tij




REKONSTRUKCE SIGNALU
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F/2

| X

—F/2

RAYLEIGHOVA VETA

F/2

Zx (nT,, j IX(F) df
= —F /2
00 F/2
=T, > x(nT,,).x(nT,, Zx(nT j X(f).e/#" M= gf =
n=-co n=- —F/2
F/2 F/2
{ szx (nT,,).e/2m™M- }df— [ X().X (F)df = [|X(F)df =
L ] —F/2 —F/2
X(f)
F/2
=[S (f)df
-F/2




JOHN WILLIAM STRUTT, 3. BARON RAYLEIGH

An Unerring Leader in the Natural
Knowledge

*12.11.1842, Maldon, Essex, U.K.
T 30.6.1919, Witham, Essex, U.K.

oblasti zajmu: fyzikalni chemie,
akustika, opticky a elektromagneticky
rozptyl svetla,povrchoveé viny;
psychologie - telekineze g

na cem se podepsal: spolu s
Williamem Ramsayem objevitel
argonu (Nobelova cena 1904) a
~ dalSich vzacnych plynu;
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WIENER-KHINCHINOVA VETA

RXX(mTVZ) - TVZ Z X(r]TVZ )'X(nTVZ T mTVZ) -

F/2

= [ X(f).X(f)e”™™=df =
-F/2
F/2 | F/2 |
= [|X(F) &”™edf =[S, (f)e? ™ =df
—-F/2 —-F/2
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AnNekcAHOP AkosneBny XMH4YUH

*7.(19.)7.1894, ceno KoHapoBo, MeablHCKUM
ye3n, Kanyxckasa rybepHusa, Poccus

T 18.7.1959, MockBa, CCCP

zajmy: teorie pravdepodobnosti, statistika, teorie
funkci realné proménnég, teorie Cisel, limitni véty,
retézoveé zlomky, ...

na cem se podepsal:

Pollaczekova-Chincinova formule (teorie fronty),WienerQv-
Chin&intv teorém, Chinc¢inova nerovnost (statistika, komplexni
Cisla), Chincinova-Lévyho konstanta (konvergence retézovych
zlomkU), Chinéinova véta o diofantickych aproximacich
(aproximace realnych cisel pomoci racionalnich cCisel)

ocenéni: 1939 - clen korespondent AV SSSR;
1941 - Stalinova cena, ? - Leninova cena




WIENER-KHINCHINOVA VETA

RXX(mTVZ) - TVZ Z X(r]TVZ )'X(nTVZ T mTVZ) -

F/2

= [ X(f).X(f)e”™™=df =
-F/2
F/2 | F/2 |
= [|X(F) &”™edf =[S, (f)e? ™ =df
—-F/2 —-F/2
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WIENEROVA-KHINCHINOVA VETA

Tvz Z:Iqxx(rn-rvz)'e_jznfm-rVZ —
= Tvz Z Tvz Z X(nTvz )'X(nTvz T rnTvz )e_jznfmTVZ

= Tvz Z X(nTvz )'Tvz Z X(nTvz T rT]Tvz )e_jznfmTVZ

=T, > X(nT,, ).X(f).e™Ne =

n=—o0

= X(F)-X(F) =[X(F)" =S(f)
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DISKRETNI SIGNAL

v z toho plyne,
neperiodické
|ze spocitat ¢

ze spektralni hustotu energie
N0 S|gnalu s konecnou energii
véma zpusoby:

prima metoc

3:

Sux(f) = [X(A)|* = |T,,.2x(nT,,).exp(-2njfnT,,)|?

neprima metoda:

1) Rx(MT,,)

= T,,. 2X(nT,,). X(nT,,+mT,,);

2) S, (f) = 2R, (mT,,).exp(-2njfmT,,)
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SIGNAL S KONECNOU ENERGII - SHRNUTI

vz toho plyne, ze spektralni hustotu energie

neperiodické
|ze spocitat ¢

N0 S|gnalu s konecnou energii
véma zpusoby:

prima metoc

3:

Sux(f) = [X(A)|* = |T,,.2x(nT,,).exp(-2njfnT,,)|?

neprima metoda:

1) Rx(MT,,)

= T,,. 2X(nT,,). X(nT,,+mT,,);

2) S, (f) = 2R, (mT,,).exp(-2njfmT,,)




SIGNAL S KONECNOU ENERGII - SHRNUTI

PRAXE

v Signal konecné délky = tj. nasobeni signalu
obdelnikovym oknem, takze pocitame
spektrum signalu

3.('(n-rvz) = X(nT ) rect(nT )

ve frekvencni oblasti
F/2

X(f) = X(f)* W(f) = | X(@).W(f - a)da

-F/2
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SIGNAL S KONECNOU ENERGII - SHRNUTI

Konvoluce funkce W(f) s X(f) vyhlazuje
spektrum X(f) za predpokladu, ze W(f) je
relativné uzkeé ve srovnani s X(f) = okno
w(nT,,) musi byt dostatecné dlouhé

Problemy:
v postranni laloky -
7 rozligeni dvou frekvenénich ' L) Lﬁ
pasem | ‘ ‘
N T N Y




FREKVENCNI OKNA

Triangular (Bartlert) Window:

N=1 2 "
wisl= 2 MN=1
H =a
- N-=-L
2 N-1 3 <n =
Hann Window:
1 2xn
WIHI=5lI—cm(H"l)]. O=ns=N-=1I.

Hamming Window:

Ixn
wln] = 0.54 — 0.46
[#] ms(H_l

). O=sns N-1.

Blackman Window:

wla] = 0.42 - 0.5 ma(

2xn dxn
= I) + 0.08 cos (-—=—H_ ])_

Osmn=N=1.

Kaizer Window:

farric, T3, Ou e ll.‘.‘eaf Windours ﬁ!u-(-’c[avuou-ie.'ﬁla ws wi Yo
*b-'-:exd-e"-‘?ou.vierq, "Gaus%wu. Rroc. lt;:t;,‘mf.éé‘._ Nod Sau 4978
R--8

Nuttal A4 .. Yowe Windows witk gvon! Gidelobe BeRawior
\EEE Trams. Acowdt, Yeedd X Ci&.. o VR RSSP-29, Nod | Feb. 1984
3 8.2

fdaws 301 A New Ophimal Windour, 1eze Wm.%ig\ﬂm t-5-39,
No 8 pu- Ada( | RSB~ 1349




FREKVENCNI OKNA
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‘ FREKVENCNI OKNA
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VYHLAZOVANI OKNEM
[ ]
L spektralni konvoluce
0 obdélnikového okna
o -l (spektrum)
2 -op X(f) =1 pro |f| £0,1;
z -40+
: ot X(f) = 0 pro |f| > 0,1;
£ 60|
el obrazu obdélnika
—_Izg_]"llllll"llllllljll[l rJuluul:ul!uullillu_ f (N=61)a".
1
: Blackmanova okna
| N =61
- -
-
NS Al e T g g b 7
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Frequency (cycles/sample)




SIGNAL S KONECNOU ENERGII - PRIKLADY
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Spectrum/energy spectral density of a signal composed of two sinusoidal
signals with frequencies 0.135 and 0.195 Hz. N is the number of signal samples. L is the
number of samples after appending zeros. (a) N = L = 16; (b)) N = 16, L = 32; () N =
16, L = 64, and (d) N = 16, L = 128.
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SIGNAL S KONECNOU ENERGII - PRIKLADY
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S 147 Spectrum/energy spectral density of a signal composed of two sinusoidal

signals with frequencies 0.135 and 0.145 Hz. Note that the frequency spacing Af = 0.01
is much smaller than in Figure 16-1. N is the number of signal samples. L is the number
of samples after appending zeros. (a) N = L = 16; (b)) N = 16, L = 32; () N = 16,L =
64:and (d) N = 16, L = 128.
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SIGNAL S KONECNOU ENERGII - PRIKLADY
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FIGURE 16-3 (a) Energy speciral density of a singie complex sinusoid located ai fre-
quency fo = 0.3 Hz. (b) Energy spectral density of two complex sinusoids located at fre-
quencies f = 0.3 Hz and f; = 0.7 Hz. They have equal amplitudes. (c) Energy specirl
density of two closely spaced complex sinusoids located at frequencies f; = 0.3 Hz l“¢
fi = 0.32 Hz with equal amplitudes. (d) Energy spectral density of two complex sinusoids
located at frequencies fy = 0.3 Hz and f, = 0.7 Hz but with une jual amplitdes. The peak
amplitude of the weaker sinusoid at f, is 20 dB below that ul the strongei one at fo-
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