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#] CnekTparnbHbIX aHanNu3

NMocTaHOBKaA 3agaum

« [Ina 3awymneHHoOro noniMrapMoHUYeCcKoro curHasma nonyymTb ChnekTpanbHoe
npeacraBfieHne - onpegeniuTb COCTaB CUrHana
* N36aBUTbLCS OT LUYMOB - peanu3oBaTb npocTtenwumn undpposoun punestp

NMonvyeHue 3allyMIIeHHOro curHana

wgn R2016b
Generate white Gaussian noise collapse all in page
Syntax

Y = Wgn(m)njp)

s A Wgn(m)n)p)imp>

y = wgn(m,n,p,imp,state)

y = wgn(...,powertype)

y = wgn(...,outputtype)

Description

y = wgn(m,n,p) generates an m-by-n matrix of white Gaussian noise. p specifies
the power of y in decibels relative to a watt. The default load impedance is 1 ohm.
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lMonvyeHue 3allyMIieHHOro curHana

awgn R2016b
Add white Gaussian noise to signal collapse all in page
Syntax

y = awgn(x,snr)

y = awgn(x,snr,sigpower)

y = awgn(x,snr, "'measured’)

y = awgn(x,snr,sigpower,s)

y = awgnh(x,snr, "'measured’',state)

y = awgn(...,powertype)

Description

y = awgn(x,snr) adds white Gaussian noise to the vector signal x. The scalar
snr specifies the signal-to-noise ratio per sample, in dB. If x is complex, awgn adds
complex noise. This syntax assumes that the power of x is 0 dBW.
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NonvyeHuve 3allymMmneHHOro curHana
randn R2016b

Normally distributed random numbers collapse all in page

Even-Length Input with Sample Rate

Syntax
Obtain the periodogram for an even-length signal sampled at 1 kHz using both fft
X = randn and periodogram. Compare the results.
= Eanduin) Create a signal consisting of a 100 Hz sine wave in N(0.1) additive noise. The
X = randn(szl,...,szN) sampling frequency is 1 kHz. The signal length is 1000 samples. Use the default
X = randn(sz) settings of the random number generator for reproducible results.
X = randn( _,typename) rng default
X = randn(__, "like’',p) Fs = 1000;
t = 0:1/Fs:1-1/Fs;
x = cos(2*¥pi*100*t) + randn(size(t));
Description

examgle
X = randn returns a random scalar drawn from the standard normal

distribution.
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lMonvyeHue 3allyMIieHHOro curHana

%%<Poiyharmonic generator
t = 0:T: (N - 1)*T;

sinSum = 0;
=l for i=l:Fcount
| sinSum = sinSum + sin(2*pi*f (i) *t);
-end
$ Bringing to a predetermined amplitude
sinSum = sinSum*A/Fcount;
sinSumN = sinSum + wgn(l,length(sinSum), 1)/35;

3inSumlN = awgn(sinSum, 335);

sinSumN = s3inSum + randn(l,length(sinSum), 1)/35;

$ Visualization

plot(t, sinSumN, '-r', t, sinSum, '-b', 'LineWidth', 2)
Xlim([min(t) max(t)])

grid con
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lMonvyeHue 3allyMIieHHOro curHana

%%<Poiyharmonic generator
t = 0:T: (N - 1)*T;

sinSum = 0;
=l for i=l:Fcount
| sinSum = sinSum + sin(2*pi*f (i) *t);
-end
$ Bringing to a predetermined amplitude
sinSum = sinSum*A/Fcount;
sinSumN = sinSum + wgn(l,length(sinSum), 1)/35;

3inSumlN = awgn(sinSum, 335);

sinSumN = s3inSum + randn(l,length(sinSum), 1)/35;

$ Visualization

plot(t, sinSumN, '-r', t, sinSum, '-b', 'LineWidth', 2)
Xlim([min(t) max(t)])

grid con
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lMonvyeHue 3allyMIieHHOro curHana
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NMpeobOpa3oBaHue PypLe

Kparkune TeopeTHyeckue cBeJIeHHsI
Curnan sy{f) Ha3bIBaeTCs MNEPUOJUYECKUM, €CJIM BCE €ro 3HAYEHUs MOBTOPS-

KOTCs 4epe3 NMPOMEKYTKU BPEMEHHM, KpaTHbie 1, rae 1 — nepuoj MOBTOPEHUsI CUI'HA-
na, k € Z. Takol CUrHall MOXKHO pPa3JjioXUTh B rapMOHUYECKUH psij Dypobe:

sr(t)=4,+ Z(an -cos2znkt+b, -sin2znkt) (1)
n=] |
rae Ay — NOCTOsIHHAs cocraBJmlomax CUIr'Haja, onpenenﬂemaﬂ BbIPAXKECHUEM
A, =— I s, (t)dt ——Iv (1) dt . (2)
Hacrora rnepBoy rapMOHUKH Fl 00paTHO NPONOPLUUOHAJIbHA IIEPUOY CUTHAJIA
1
Fl — ? . (3)

Koaq)(l)uuneHTbl psiaa @ypee a, u b, onpenenﬂmTca BbIPAKCHUSAMMU

== j s (1)-cosanFyr)de | b, =7 j s, (t)-sin(2znFt)dt 4)
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NMpeobOpa3oBaHue PypLe

3aBUCUMOCTb KO DULUEHTOB {Ag, d,, b,} OT 4aCTOThl HA3bIBAKOT rapMOHUYE-
CKHUM CIIEKTPOM IE€PHUOJUUYECKOI0 CUIrHaJla B KBaJApaTypHOH hopme. DTa 3aBUCUMOCTD
u300pa)kaeTcsi B BHU/E JUCKPETHOW (PYHKUMM YACTOThl Il 3HA4YEeHUH [ = n-F,
n=1,2,... 0 Kodppuuuenr A, onpexnenex npu f = 0. Ecnu pyukuus curnana s(z)
y€tHas, To ko3hdpuuuenrtsl b, = 0, eciiu HE€UeTHAas, TO a, = 0.

[Tleppuoauueckuil curHai sp(f) TakKe MOXKHO MPEACTaBUTh B aMILIUTYJIHO-
da3zoBoit popme psiga Oypbe:

o 8
s (t)=A4,+ Z A -cos(LrnFit+¢@, ) (5)
n=l
rae A, — aMIUIMTYa n-d rapMOHMKM NEPHOJAMYECKOro CUrHala, onpejeisieMas 1o
bopmye
2 2
A, =a; +b] (6)
¢, — HavanbHas (asza n-ii rapMOHUKH NEPUOJIUYECKOr0 CUrHasa
—arctg—, a >0,
a
n
=
(0" bn (7)
—arctg—=xm, a, <0,
|: an

n-F'y —yacrora n-u rapMOHUKHU IIEPUOAHUUYECKOT0 CUrHAA.
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NMpeobOpa3oBaHue PypLe

3aBUCUMOCTb aMIUIMTYJl FTAPMOHUK MEPUOJMUYECKOr0 CUrHasa OT 4acTOThbl Ha-
3bIBACTCS OJJHOCTOPOHHUM aMILUIMTYIHBIM CIIEKTPOM, @ 3aBUCUMOCTb HadallbHOH (ha-
3bl FTAPMOHHUK OT YACTOThl HA3bIBACTCS OJJHOCTOPOHHUM (DA30BbIM CIIEKTPOM CHUIHAJIA.
O0e 3aBUCUMOCTH OIpeAe/IeHbl )1l 3HAYeHU 4acTtoTel f = n-F, n =1, 2, ... 0. O0-
LMK BUJ] ATUX 3aBUCUMOCTEH IMTPUBE/IECH Ha puc. l.

An A Pn
A 3 An (0] (03 (0,,

I e e o] e oo ) * s o0

-
0 F] F2 F3 Fn f
0)
Puc. 1. O1HOCTOPOHHUM CIIEKTP NMEPHOAUUYECKOTI0 CUTHAA:

a) — aMIUIMTYAHbIN criekTp, 0) — (pa30BbIH CIEKTP

~Y

0O F, F, F; F,
a)

Hus pacyera OJHOCTOPOHHUX CIEKTPOB HEOOXOAMMO 3HATh AHAJIUTHYECKOE
BbipaxkeHue curraia s(¢). Toraa no ¢popmysie (2) BEIYUMCIACTCS MOCTOSIHHAS COCTaB-
ngwomas curaana Ay, no ¢opmylie (3) — yacrora nepBoi rapMoHuku £y, no gpopmy-
nam (4) — koadduuuenTsl a, u b,, no Gopmyinam (6) u (7) — aMIIUTYIbl U HAYAJIbHbIE
(ha3bl rapMOHUK CUT'HAJIA.
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nepsas

TPETLA

naras

rapmomrmnka S (t) rapmonmka S(t)

rapmommka S(t)

[Mpeobpa3oBaHne dypbe
‘Cr(f) AGY(W)
| |
4\ | |
R | | BpEMS yacrora
5 T/2 ﬂ\/ t w=2r/T w
| |
| |
4 Call) : 4 : s Ga(w)
| 9% |
| |
' yacrora
3w w
| |
| |
| |
4 Cs(1) : : 4 Gs(w)
T/5 | 4E |
| on |
{\ [\1'\ [\ [\ ;epemn | wacrora
VVVVUWVVVVY ¢ Sw w
| |
|
A S : : A G(w)
| |
15 BpEMS j | wvacrora
T/2 t w 3w 5w w
| |
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NMpeobOpa3oBaHue PypLe

fft R2016b
Fast Fourier transform collapse all in page
Syntax

Y = fft(X) example

Y = fft(X,n) example

Y = fft(X,n,dim) example
Description

Y = fft(X) computes the discrete Fourier tfransform (DFT) of X EpE

using a fast Fourier transform (FFT) algorithm.

« [f X is avector, then fft(X) returns the Fourier transform of the
vector.

« |f X i1s a matrix, then fft(X) treats the columns of X as vectors
and returns the Fourier transform of each column.



iE] CnekTparnbHbIX aHanNu3

NMpeobOpa3oBaHue PypLe

é% Fourié
FsinSum fft(sinSum);
FginSumN = £fft(sinSumN);

@& Variables - FsinSum O \Vorkspace

_ FS'PSU"\XI | | Name « Value Min Max
] FsinSum <1x1024 complex double> HH A 1 1 1

HH Fo 100 100 100

1 2 : 4 2 6 Er 5 5 5

1 131431+00000i 131990 -03667i 13.3714 - 0.7544i 13.6747 - 11884i14.1382 - 1.7030i| 14.8154 - 2.... ~ | I Esinsumyl <1x1024 complex do... -0.0810 78.669..
2 H N 1024 1024 1024
3 T 1.0000e-04 1.0000... 1.0000...
4 H dF 50 50 50

H £ [100,150,200,250,300] 100 300
g I B8 5 5 5
6 ] sinSum <1x1024 double> -0.8689 0.8689
7 ] sinSumN <1x1024 double> -0.8899 0.9174
8 HH t <1x1024 double> 0 0.1023
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NMpeobOpa3oBaHue PypLe
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i CnekTparnbHbIX aHanu3

IInuHaA BeKTopa, H300paKawmiero KOMILIeKCHOe
YICJI0, Ha3blBaeTCd MOJIVJIeM KOMILIeKCHOIo
yncjaa. Moayap 11000ro KOMIUIEKCHOIO 4icia, He
PaBHOTO HVIK, eCcTh MOJI0KHUTEIbHOE YHCIIO.
Moayip KOMILIEKCHOIO uHcaa a + b-1 obo3HavaeTcq

‘a + b-1], a Takke OvkBoi r. 13 uepTeka BHIHO,
YTO:

1. r- |a b | \/az bL

AFszinSum = abs(FsinSum);
AFsinSumN = abs(FsinSumN) ;
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, n Figure 4

File Edit View Insert Tools Desktop Window Help b

N de |V [BAIODEL- G 0E | aD

100

80

60

40}

20 |




g‘ CnekTpanbHbIX aHaNn3

" N
B Figure 4 l =2 ). )
File Edit View Insert Tools Desktop Window Help >
NEdde | b |ARIODE AL 2|08 | aOd
120
I
100

80

60

40

20




g‘ CnekTpanbHbIX aHaNn3

NMpocTenwinmn umdposoun
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NMpocTenwinmn umdposoun

A Variables - indexes ™ X
| | _—— a1
100 - e tm e ot = i = = . | indexes X]
' ' 1 indexes <1x1024 double>
36 37 38 39 40 41 42 43
80 |- dime salracts soc 1 1 1 0 0 0 0 0 .
. E
I 1 1 1 1 1 1 1 1 1
Y|P N % 6 A R SO YR D . SO YR S——
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F T o B L G L I T e T L L P
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NMpocTenwunm umdpoBou

YOFFT = FsinSumN.*1indexes;

1.5

i | | | | |
0 0.02 0.04 0.06 0.08 01 012
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