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[[naBa 3. [iuckpeTHoe
npeobpasoBaHne dypbe
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[ naBa 4. beicTpoe
npeobpasoBaHne Pypbe
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BekTopHOE NpoCTpaHCTBO

Ex=(1 0) o6pa3yoT 6asuc

V
Ve[ KoopAauHaTbl BEKTOpPA BekTOop U3 KoopAanHaT
. X, =F- k
r .
= 7| cos(a) S
o Lo
A v =Tk
k.| / « -
YN/ =|r|-|k -cos(a )
_)» - | | Y Y
kx Xy X
o [MpeobpasoBaHune Pypbe — 3TO pacyeT
Ona GyHKUMMA PEOOP b ypP Gasmce P & (z‘)ze‘]’m
CKaNApHOE KOOpPAUHAT GYHKUUK B 7 ®
npon3BeaeHune:

s = _ffl (1) 15 (t)dt

KoopanHaTbl BEKTOpPA

o0

Sp(@)= [ S(t)e/dr

—0

BeKTOp U3 KoopANHAT
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S(t) gy S’f( )e]mda)

—0



[lpeobpasoBaHne Pypbe

HenpepbiBHOE BpemA
(Henepuopgmyeckmi cnekTtp)

[lncKkpeTHOoe Bpems
(nepnogmyeckuii cnekTp)

HenpepbiBHaA YacToTa
(Henepuoanyeckuii curHan)

[UCKpeTHas YacToTa
(nepuogmyecknin curdan)




—— Pan ®ypbe

sin(27 /T t)

sin(2m2/Tt) T ‘ o
/ ‘ "
sin(2773/T t)
_1 jot
.3 S(t) = o LSf (w)e!“dw
W = 277? % » c, 275
Sp(@) I‘ j fkd(a) cq()e dw=— > Z Se T
00 K=—c0
IR S
zﬁl 2,2-% 2,2-3 @ S; (a)): J- S(t)e_Jaxdt"'Sf’k =C, J- S(t)e 4 ot
e t
SP <L _ 0
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HenpepsbiBHOE Bpems
(Henepuoau4eckunin cnekxTp)

[lpeobpasoBaHne Pypbe

JuncKpeTHOe Bpems
(nepmnoanyeckmn cnekTp)

HenpepbiBHanA 4acToTa
(HenepuogM4ecKnin curHan)

[lnckpeTHana YacToTa
(nepmnoanyecknin curHan)
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Pap ®ypbe (Fourier series)

ka = — Y 6 L T dt
I 2k
1o J— T —1
-y Syxe

k=—x0




OuckpeTtHoe no BpeMeHu NP (DTFT)

50 t, =nT, fd :1 0
T

N
RN \ VA -'/\I /

(VARV} / VARRVAAVARL L ]

S¢ (@)= [ S(t)e 1t =

A s(t) xr(t) 4 S(w) * R(w)

A ATk

t

- I‘-‘_
s(t) < r(t) = - / | S(&) - Rlw — &)dw n=—oo

Yawe paccmMaTpuBaloT TONbKO OAMH Nepuoa U HOPMUPOBAHHYKO YacToTY:

—127'[3”

2 (00] s
=2 si(@= B se Y - Sufan)= 3 56" anoozn)
n=-oo n=-co

Ob6paTHOe npeobpa3zoBaHue No

aHarnorum c BblYyucneHvem
kKoadphmumeHToB psiga Pypbe:
i

\

> sn——jsf )el “"daw




HenpepbiBHOE Bpems
(Henepuoanyecknii cnekTp)

[lpeobpasoBaHne Pypbe

IucKkpeTHOe Bpems
(nepmnoguyecknin cnekTp)

HenpepblBHaA YacToTa
(HenepuoanYecknin curHan)
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Discrete-time FT (DTFT):
oo

Sp(@)= 2 Spe "

n=—0

v €|0; 27)

[lncKkpeTHas YacToTa
(nepmnognyeckuin cmrHan)
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Papg ®ypbe (Fourier series):

| z‘OJJ:T ( _]AZ;/CZL
Srp==—"1 S(t)e 1 a
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! f0 * @f
S (t): Z Srf‘./e r




- OuckpeTHoe MNP (DFT)
A T

T fl:a yai

/ \ |
T =107, / \\ //
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Mepunon T — wWwar no 4yacrtoTe Af :?:> Uucno otyetoB N coBnagaer
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(k-1)(n-1)
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Ob6paTHoe: Sn:NZSf,ke N n=1.N
k=1




HenpepblBHOE BpemA
(HemepuoanYeckuin cnekTp)

[lpeobpasoBaHne Pypbe

[IUCKpeTHOoe BpemA
(nepnoanyeckuin cnekTp)
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g E:g - Discrete- t|me FT (DTFT):
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- FFT B MATLAB

Fast Fourier Transform (FFT)
- peanusauua DFT, nosBondawwasd CHU3UTb
CITOXXHOCTb BbIYUCIIeHUN

PesynbTatbl DFT n FFT coBnagaroT!

S=[0001111100];
figure(1); subplot(2,1,1); stem(S);
Sf = fft(S);

subplot(2,1,2); stem(abs(Sf))
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fft

Fast Fouriar transform

syhntax

o)
e, n)
e, [].dim)
e, n,din)
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Definitions

The functions ¥ = fFti=) and

yw = 1Tt () implement the transform
and invarse transform pair given for
wvactors of length Moy

N o
Xik)l= E .’l‘[j]m'l,i'{‘i-" k1)

J=1
N o
x(f)=(1/N)Y X(kwy /1Y
k=1
whara
ir'.]"lr 5 E'I. _2 .rn' .I-'I J..||Ir

15 an MNeh root of unity,



Kak npaBUJIbHO CONMNOCTaBUTb OTCYeTaM BpeMA U qaCTOTy?

||l|¥|\|l|\

BcnomuHaem KapTuHKy co cnauga OMNno!

T'l"l"l'lllll'l"l"*"!"!““ - ‘\+

Ocu nocne FFT

12345678910
07, 97, t

O/T

8 9

10k

7

LLlar no ocu BpemeHu — T,. [lepBas Touka —t =0, nocnegHAaa —t=T —T,.

Lllar no yactoTe — 1/T. NepBaa Touka — f = 0, nocnegHaa —f =f  — 1/T.

S=[0001111100]; sf = fft(S);
Td = 0.5; T = Td * length(S);

0:Td:(T-Td);
0:1/T:(1/Td - 1/T);

figure(1); subplot(2,1,1); stem(t, S);
xlabel('t, s')

subplot(2,1,2); stem(f, abs(Sf));
xlabel('f, Hz")
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T=1;
Td = T/50;

0:Td:(T-Td);
0:1/T:(1/Td - 1/T);

t
f

S = sin(2*pi*f0*t);
Sf = fft(S)

CneKkTp oKa3biBaeTcs B

B N pa3 bonbLie oxXungaemoro

HopmupoBka OINP

K Bonpocy o macwTtabe. Beinonuum FFT ana rapmoHuku ¢ amnnutygon 1.
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f, Hz

9TO U3-3a TOro, YTo HOPMMUPOBKY NepeHecsnin B oopaTHoe npeobpasoBaHMe:

(k-1)(n-1)

j2rr

1 N
Sh==> St ke
N =1

n=1..N

Yawe ncnonb3yeTtcs npsamoe,

3KOHOMST pecypchbl




- Teopema MNapceBans

- 3Heprus curHasria Bo BpeMeHHON U YacTOTHOU obnacTu coBnagaeTt

[ Ist) F dt= [ IF{S)} [ df,

Brnpamom AN®e

onyujeHa i N = 100; % KONUYECTBO OTCYETOB ‘
S = randn(1,N); % HOopManbHOe pacnpepgeneHue

HOPMUPOBKaA, Et = sum(S.~2):

no3TOMY fprintf ('3Heprua curHana so BpemeHHou obnactu: %f \n', Et);

BblpaXeHue : Sf = fft(s);

npnHUMaeT BUA: i\ Ew = 1/N * sum(abs(sf)."2);

fprintf ('SHeprus curHana B 4yactoTHou obnactu: %f \n', Ew);

= sum(Snew."2) ;
fprintf ('3Heprua curHana Bo BpeMeHHou obnactu: %f \n', Etn);

leshl :ng-ﬁ(l ::ﬁwj ifft(sf);
1= = ;

PesynbTaT paboTel nporpaMmsl

dyHkums ifft() T —
BbINOMNHSET 5 JHeprus cUrHana BoO BpeMeHHOW obnacTu: 94,236108

. DHeprus cuUrHana B 4YacToTHoW obnactu: 94.236108
obpartHoe FFT ! 3Heprus cuUrHana Bo BpeMeHHou obnacTu: 94.236108




B pesynbTate FFT nonyyaem maccuB C
nHpgekcamm k=1..N, KOTopbIM
cooTBeTCcTBYeT Yyactota oT O go (f, - 1/T).

CneKkTp nepuoanyveCcKnumn, MoXxem
NOCTPOUTb €ro B CyObeKTUBHO boree

NpuBbIYHbLIX Npeaenax ot —f,/2 po (f,/2 - T

1T).

HoBas ocb 4acToThl;

f_shift = f - fix(length(S)/2) / T;

stem(f_shift, abs(fftshift(Sf)))
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OauH U3 HarnAgHbIX
NpUMepoB UCNOSNIb30BaHUA
FFT npu obpaboTke curHanos
— PeXeKTOp Y3KOMOJIOCHbIX
nomex

HemHoro reopuu:
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- «YTeuyKa crneKkrpa»

DFT mbl BBenu ans

nepMoanveckux CUrHasnos. U3meHsiem yacToTy oT 1 Ao 2 Iu,

T=1c, N=10:
Koroa mbl 6epemM BbIOOPKY He

COOTBETCTBYHLLYIO nNepuoay, - e e
Ha4YuMHaKTCA NPOOdeMbl. aﬁ\ h X‘\ /FN
‘|_

YMHOXeHue n 0
:

COOTBEeTCTBYEeT CBEpPTKe.

F ::_} | o
s(t) x r(t) = = S(€) - Rw — §dw -5

=

12 14 1.6 1.8 2

'|l-'..
OrpaHquH ne CMHycoumnabl

- 3TO YMHOXEeHUe Ha
NnPAMOYrosyibHoe OKHO. -

A y Hero cnekTp - sinc




_— OkHa

Upes — BbIGMpasa hopMy OKHA MOXEM perynmpoBaTb YTEUYKY CNeKTpa.

Sw = S.*parzenwin(N)";

1 : 1 : \

v 0 o 0
(iRl
-1 -1
0 0.5 1 0 0.5 1
s t s
3 X
L, -100¢ 5, -100
5 5
-200 : ' -200 ' '
0 100 200 300 0 100 200 200
f Hz f, Hz

[(naBHbLIN NenecToK cTan wupe, 3aTo YpoBeHb ODOKOBbLIX JfIeNecTKoB
cHu3uncsa ¢ -13 no -53 gb!

—



_— OKHa

OkHa ObiIBaloT pa3Hble! OTnMYyaroTCA WWMPUHON YPOBHEM DOKOBbLIX U
LULWPUHOM FNTAaBHOIO JienecTKa, 3HepreTM4eCKMMM NOTEPAMMU, CITOXKHOCTLIO.

windowing functions in the frequency domain
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