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[Tporpammer MmomenupoBanust B Matlab wimoctpupyroT TeopeTrdeckue mo-
JIO’KEHMUsI, N3TI0’KEeHHbIE B yueOHOM nocobun B. FO. BonkoBa «MaTtematuyeckue
METOABl B TEOPHH pamuoTeXHHUecKnX cucrteM. OOHapyKeHHE W pa3InueHUE
curHasioB» (CIIOI'YT. — CII6., 2018). OHu MOTYT CIIY>KUTh HCXOJHBIM MaTepra-
JIOM I HOBBIX TPOTPaAMMHBIX MPOIYKTOB. B 1mensx ymobcTBa mpocMmoTpa pe-
3yJIbTAaTOB pacuera W (HOPMHUPYEMBIX H300paKEHUU MPOTPAMMBI BKIHOYAIOT
(YHKITMOHAJIBHBIE OCTAHOBKH B KOHIIE Ka)KJIOTO OJIOKA, JUIS TPOJIOJDKEHUS BBI-
YUCJICHUH CIIeyeT HAKMMATh KJIaBuIry «Enter.

1. MOAEJIUPOBAHUME ITPAMOYI'OJIBHOT'O
BUAEOUMIIYJIBCA U ITPAAMOYT'OJIBHOT'O
PAAUOUMITYJIBCA HA ®OHE HLTYMA

LIpsamoyzonvrblil 6udeoUMNYibe

[Iporpamma ¢GopMupyeT OJWHOYHBIA MOPSIMOYTOJBHBIA BHICOUMITYJIBC
Ha (hOHE aJTUTUBHOIO TayCCOBCKOIO IIyMa C BBIYHMCICHUEM aMIUIUTYIHOTO
CIIEKTpa U CIIEKTPOTrPaMMBlI.

OHa mo3BOJIIET HCCIEN0BATh BIMSHUE OTHOLIECHUS CHUTHAJ/IIYM Ha
XapakTepucTuku  mnpouecca. [Iporpamma  ucnonab3dyer  (QYHKIHUIO
func rect impulse, KoTOpasg gopMupyer Ha L Toukax MmpsMOYroibHbIA BH-
JCOUMITYJIbC C aMIUIMTYA0M A, coaepskamuii LS BEIOOpOUYHBIX 3HAUEHUH, 3a11ep-
xaHHbli Ha LD Touek. Drta (yHKUMA Takke BBIAAET BPEMEHHOW BEKTOP
t=(0:L—-1)Ts mo 3amanHoii yactote BeIOOpPKH FS=1/TS B repmax u dopmu-
pyeT MoaHbI BpeMeHHOM unTepBan T =L -TS B cekyHaax.

OYHKIUIO func rect impulse CJEAyeT MOMECTUTh B Ty XK€ MarkKy, e
HaXOAUTCA OCHOBHAA IIPpOrpaMMa main rect impulse.

ChopmupoBaHHBI NMPSAMOYTOJIbHBIA BHJICOUMITYJIBC CYMMHUPYETCS C JHC-
KPETHBIM I'ayCCOBCKUM IIIYMOM, KOTOPBI MMEET €AUHUYHYIO Aucnepcuro. [l
oOecrieyeHus: MOBTOPSEMOCTH pealM3alMy IIyMa MPU MNOBTOPHBIX 3aIlyCcKax
OporpaMMbl IPOM3BOJUTCS MHULHAAIM3ALUS JaTYMKa CIYYalHBIX YHUCEN KO-
MaHIOU rand ('state',0);

B nporpamme BbIYMCIISIETCS OJHOCTOPOHHHUM CIIEKTP MOJYYEHHOro HaOIto-
JICHUs], @ TAKXKe CIIEKTporpamma (KpaTKOBPEMEHHBIN TEKYIIUI CIIEKTp).

main rect impulse

rectangular impulse plus Gaussian noise
uses function = func rect impulse

clc

clear all

close all

START=0

o°® o o©
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L = 1000 % Total length [points]
LS = 200 % Length of signal [points]

LD = 300 % Signal appearance [points]
Fs=1000 % Sampling frequency [Hz]
Ts = 1/Fs % Sample time [s]

Signal duration [s]
TD=LD*Ts % Signal delay [s]
ts=input ('STOP 0','s'"); % Press ENTER to continue

0099900000000 00000000 0

Ha nanHoM miare mporpammbl 3ajaeTcs 4yacToTa JucKpetusauuu FS u
OTIpe/IeNisieTCs BpeMEHHOW MHTepBan auckpetuzanuu 1S. [Ipu duxkcupoBaHHOM
YuCJie BBIOOPOK U3MEHEHUS S MPUBOJAT K U3MEHEHUSIM JUIMTEIbHOCTU CUTHAJIA
B CEKyHJaX W IIMPHUHBI CIIEKTPa B reprax.

PROSESS=1 % rect impulse
A=5 % Amplitude [V]
[s,T,t]=func rect impulse(Fs,LS,LD,L,A);
figure (100), plot(Fs*t(l:L),s(l:L),t,A+1),
title(['Impulse with duration LS = ',num2str(LS), ...
' Lag LD = '",num2str(LD), ' amplitude A = ',num2str (A)]),
xlabel ('time (milliseconds) ')
ylabel ('s (Volts) '), grid

ts=input ('STOP 1',"'s"); % Press ENTER to continue

Impulse with duration LS =200 Lag LD = 300 amplitude A=5

s (Volts)
W

0 A A 1 1 1 A A
0 100 200 300 400 500 600 700 800 900 1000

time (milliseconds)

BxoaHO0# NpsAMOYTOIbHBIN BULCOUMITYIIBC



PROCESS=2 %Signal plus noise
rand('state',0);
y = s + randn(size(t)); % Observation

SNR=A"2% Power SNR
figure (200), plot(Fs*t(1l:L),y(1l:L))
title('Signal Corrupted with Zero-Mean Random Noise')
xlabel ('time (milliseconds) ')
ylabel ('y (Volts) ")
grid on
ts=input ('STOP 2','s'); % Press ENTER to continue

Signal Corrupted with Zero-Mean Random Noise

y (Volts)
N

0 100 200 300 400 500 600 700 800 900 1000
time (milliseconds)

Hab6monenue, conepixaiiee npsMoOyroabHbIN BUICOUMITYIIHC

Ha sToM mare x curHamy mo0aBisSeTCS MUCKPETHBIA TayCCOBCKHMA ITyM C
. . 2
eAMHUYHON mucnepcueil ¢° = 1. OTHOIIEHWE CUTHAJ/IIYM IO HAIpPSKEHUIO B
—p2,2
Kak70M otcueTe paBHO A/c, a mo momHocTr — SNR = A%/c°.

nextpow2 (L)

NEFFT = 2%nextpow2 (L) % Next power of 2 from length of vy
Y = fft(y,NFFT)/L;

freq = Fs/2*linspace(0,1,NFFT/2+1);

% Plot single-sided amplitude spectrum.

figure (300), plot(freq,2*abs (Y (1:NFFT/2+1)))
title('Single-Sided Amplitude Spectrum of y')

xlabel ('Frequency (Hz) ")

ylabel (' |Y (freqg) | ")
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grid on
ts=input ('STOP', 's'");

5 Single-Sided Amplitude Spectrum of y

1'8 E 1! 1 { 4 4 4 " 3 4 .

16
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[Y(freq)|
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0.2
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Frequency (Hz)
OIHOCTOPOHHHI aMIUTUTYAHBIA CIIEKTP BUACOUMITYJIHCA B CMECH C IITYMOM

0 50 100 350 400 450 500

figure (301), spectrogram(y,256,250,256,1e3, 'yaxis'),
title('Spectrogram of vy')

Spectrogram of y
500
450
400
350 =
N L
T 300 i}
) g
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Crnekrporpamma



CrnekTporpamMma IMOKa3bIBaeT paclpe/iejieHUe SHEPTUU 33 KPaTKOBPEMEH-
HBIM MHTEPBAJ IO BPEMEHHU U T10 YacTOTE.

END=0

e e e e S S S e

function [s,T,t]=func rect impulse(Fs,LS,LD,L,A)
Input

Fs Sampling frequency [Hz]

LS Length of signal [points]

LD time of appearance [points]

L Length of sample [points]

A  signal amplitude [V]
Output
T Time of realization [s
t time vector (through Ts

o® o° o° A° o o° o° o° o°

Ts = 1/Fs; % Sample time [s]
T=L*Ts; % Time of realization [s]
t = (0:L-1)*Ts; % Time vector [s]

s=zeros(size(t));

for i=LD:LD+LS-1
s(i)=s(1i)+A;

end;

end

IIpsamoyeonvublii paduoumnyibe

[Iporpamma ¢GopMHUpYET OAMHOYHBIN MPSMOYTOJBHBIA PATUOUMITYIIBC Ha
¢dboHE aTUTHUBHOTO TayCCOBCKOTO IIyMa C BBIUHUCIECHHUEM aMIUTMUTYHOTO CIICK-
Tpa U crnekTporpaMmbl. OHa UCHONIB3YyeT PYHKIHUIO func sin impulse, KOTO-
pas ¢opmupyeT Ha L ToYKax MpSMOYTOJBHBIN PaIHOUMITYJILC C aMILTUTYION
A, ugacroroit f , mauanpHO# (a3oii B rpamycax teta,amurenpHocThiO LS, 3a-

nepxanHbli Ha LD. Dta QyHkuMs Takke BbIIAET BPEMEHHOM BEKTOP
t=(0:L—-1)Ts mo 3amannoit yacrore BeiOOpKku FS=1/TS B repmnax, u ¢popmu-

pYET MOJIHbIA BpeMeHHOM uHTepBan T =L -TS B cekyHmax.

B mnporpamme BbIYHCISETCS OJHOCTOPOHHHUM CIEKTP CYMMBI IOJIE3HOTO
CUTHAJIa U TUCKPETHOTO TayCCOBCKOTO IITyMa ¢ €AUHUYHOM TUCIIEPCUEH, a TaKKe
criekTporpaMmma (KpaTKOBPEMEHHBIN CIEKT).

main sin impulse
sin impulse plus Gaussian noise

o o o°

uses function = func sin impulse
clc

clear all

close all

START=0
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L=1000 % Total length
LS = 200 % Length of

X

P B S Y R Y

(points)
signal (points)

ignal appearance [points]

Ts = 0.01 % Sample time [s]

0000000

000000000000000000000

PROCESS=1
A=5

[T,t,s]=func_sin impulse(Fs,LS,LD,L, f,A, teta);

% s signal with lag LD
figure (100), plot(t,s),

title(['Impulse with duration LS =

Fs=1/Ts % Sample frequency [Hz]

T=0.1 % Period of signal [s]
f=1 % Frequency of signal [Hz]

', num2str (LS), ...

' Lag LD = ',num2str(LD),' amplitude A = ',num2str(A)]),
xlabel ("time (milliseconds) ')
ylabel ('s (Volts)'), grid

ts=input ('STOP _1','s");

. Impulse with duration LS =200 Lag LD = 510 amplitude A =5

s (Volts)
(=)

1

1

1

o1

-5

3 4 5 6 7
time (milliseconds)

BxonHoii pagruonMnysbsc
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PROCESS=2
rand('state',0);
y = s + randn(size(t)); % Sin impulse plus noise

SNR=A"2 % Power SNR

figure (200), plot(t,y), grid,

title('Signal Corrupted with Zero-Mean Random Noise')
xlabel ('time (milliseconds) ')

ylabel ('y (Volts)')

ts=input ('STOP 2','s");

. Signal Corrupted with Zero-Mean Random Noise

y (Volts)

6 ' 1 A A 1 1 1
0 1 2 3 “ 5 6 7 8 9 10

time (milliseconds)

HaGimrotenue, copepxaiiiee BXOTHOW paHOUMITYIThC

===

PROCESS=3 % Fast Fourier Tran
nextpow?2 (L)

NFFT = 27nextpow2 (L) % Next power of 2 from length of y
Y = fft(y,NFFT)/L;

freq = Fs/2*1linspace(0,1,NFFT/2+1);

% Plot single-sided amplitude spectrum.

figure (300), plot(freq,2*abs (Y (1:NFFT/2+1)))
title('Single-Sided Amplitude Spectrum of y')

xlabel ('Frequency (Hz) ")

ylabel (' |Y (freqg) | ")

grid on

ts=input ('STOP', 's');

@]
s

orm and Spectrogram
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Single-Sided Amplitude Spectrum of y

0'6 - ! | 4 4 $ 4 4 4 .

[Y(freq)|

I
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Frequency (Hz)

OnHOCTOPOHHMM aMILIUTYAHBIN CIEKTP PaIHOUMITYJIbCa B CMECHU C IIyMOM

0.2

0

figure (301), spectrogram(y,256,250,256,1e3, 'yvaxis'),

Spectrogram of y
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Time (ms)
CrnexTporpamma paJioOuMITYJIbCa B CMECH C IITYMOM

CrekTporpaMma TOKa3bIBaeT pacIpeelieHHe YHEPTHH 3a KPaTKOBPEMEH-
HBI MHTEPBAJI IO BPEMEHH U TI0 YacTOTe.
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function [T, t,s]=func sin impulse(Fs,LS,LD,L, f,A, teta)
Fs Sampling frequency [Hz]
LS Length of signal [points]
LD time of appearance (lag) [points]
L Length of sample [points]
f signal frequency [Hz]
A  signal amplitude [V]
teta signal phase in grad
= 1/Fs; % Sample time [s]
T=L*Ts; % Signal duration [s]
teta rd=teta*pi/180; % teta in radians

H o° o© o© o o° o° o
0

tl = (LD:LD+LS-1)*Ts; % Time signal vector [s]
S = A*sin (2*pi*f* (t1-LD*Ts)+teta rd);
t = (0:L-1)*Ts; % Time vector

s=zeros(size(t));

for i=LD:LD+LS-1
s(i)=s(1)+S(1-LD+1);

end;

end

[IporpamMmbl MO3BOJISIIOT UCCIAEAOBATh BIMSIHUE OTHOIIECHHSI CUTHAJ/IIyM
Ha CIIEKTPAJIbHBIE XapaKTEPUCTUKU MPOLECCOB. JlJIg 3TOro cienyeT M3MEHSTh
aMIUTUTYly CUTHAJA.

2. KOPPEJIAIIMOHHASA OBPABOTKA
N COI'JTIACOBAHHASA ®UJIbTPALIUSA
HPAMOYT'OJIBHOI'O BUAEOUMITYJIBCA

B mporpamme npou3BoanTCS KOppESIIIMOHHAs 00pab0TKa M COTJIaCOBaHHAS
bunbTpanys HaOIIOICHUI, TOTYYEHHBIX B MEPBOW Mporpamme, i 3a7a4u 00-
HapY>XEHUs TMPSMOYTOJIbHOTO BHJACOMMITYJIbca B Iimyme. [IpemycMoTpeHa Bo3-
MO>XHOCTh YCTAaHOBKU OXHJIA€MOMU 3a/epKKH curHaia L1, oTmudHOM OT MCTUH-
Hoii LD. [IporpamMMma ucnonb3yer PyHKIMIO func rect impulse, BBEACHHYIO
paHee, KOTOpasi MOMEeIIaeTcs B Ty ke manky. [Ipu omuHakoBeix 3HaueHusx L1 u
LD nocruraercs mMakcMMalIbHbIA 3(PQPEKT KOppeasuuoHHOM 00pabOTKH, KOTO-
PBIN COBMAAET C MAKCUMAJIBHBIM BBIXOAHBIM CHTHAJIOM COTJIACOBAHHOTO (hUIIh-
Tpa. [Iporpamma MO3BOJISET UCCIENOBATh BIMSHHUE Pa3WdMs 3HAYCHUH UCTHH-
HOM M OXKMJAeMOU 3aJep’KKU CUTHAJIAa HA BBIXOJHON 3(P(GEKT Mpu pazsTudHBIX
OTHOIICHHUSX CUTHAJ/IIYM.

main det rect impulse

processing rectangular impulse plus noise
uses function = func rect imp

clc

o°® o o°

=
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clear all

close all

START=0

L=100 % Total length (points)

LS = 20 % Length (duration) of signal (points)

LD = 41 % Signal appearance [points]

L1 = 51 % Expected signal appearence [points]
Ts = 0.1 % Sample time [s]

Fs=1/Ts % Sample frequency [Hz]

TS = LS*Ts % Signal Duration [s]

TD (LD-1)*Ts % Signal Delay [s]

T1 (L1-1)*Ts % Signal Expected Appearence [s]
ts=input ('STOP 0',"'s");

s=func rect impulse(Fs,LS,LD,L,A);
sl=func_ rect impulse(Fs,LS,L1,L,A);
t=(0:L-1)*Ts;

figure (100), plot(t,s,t,sl,t,A*1.1), grid

title(['Impulse duration LS = ',num2str(LS), ...
' amplitude A = ',num2str(A),' lag TD = ',num2str(TD), ...
' lag Tl = '",num2str(T1)1]),

xlabel ('time (sec) '), ylabel('s (Volts)'")
ts=input ('STOP', 's');

. 5Impulse duration LS = 20 amplitude A=3lagTD=41lagT1=5

s (Volts)

1.5

time (sec)

Bxo1HOM 1 ONIOPHBIN BUIEOUMITYJIbCHI

10
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figure(101), stem(t,s, 'LineStyle','-

.', '"MarkerFaceColor', 'red',

'MarkerEdgeColor', 'green'), title('Discrete Signal');
hold on; stem(t,sl); plot(t,A*1.1);

xlabel ('"time (sec)'); ylabel('s (Volts)'), grid on
ts=input ('STOP 1',"'s");

Discrete Signal
3. 5 v v T T T T T T T

af T T P 1
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o_““ b
0 1 2 3 4 5 6 7 8 9 10

time (sec)

s (Volts)

BXOZ[HOﬁ n OHOpHLIﬁ BUJACONUMITYJILCBI B BUJAC JUCKPETHBIX OTCUCTOB

P B SR I R e e

PROCESS=2 % Observations
rand('state',0);

y = s + randn(size(t)); % Signal plus noise
5y = S5

figure (200), plot(t,y,t,s(l:L))

title(['Signal A = ',num2str(A), ...

' Corrupted with Zero-Mean Random Noise'])
xlabel ('time (sec)'), ylabel('y (Volts)'), grid
hold on; plot(t,A*1.1);
ts=input ('STOP', 's");

14
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figure

Signal A = 3 Corrupted with Zero-Mean Random Noise

y (Volts)

e (201),

3 4

'red',

'green'

time (sec)
Hab6mronenue, Brinrogaromiee npsiMoyrojbHbINH BUICOUMITYIIBC B CMECH C IIIYMOM

),

5

stem(t,y, 'LineStyle"',
'MarkerFaceColor',
'MarkerEdgeColor',

6

J oo e o

title('Discrete Signal Corrupted with Zero-Mean Random Noise'
hold on; plot(t,s,t,A*1.1),
xlabel ('time (sec) ')
ylabel ('s (Volts)'), grid on
ts=input ('STOP 2',"'s");
Discrete Signal Corrupted with Zero-Mean Random Noise
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3%5%%%%5%%5%5%%%5%%%5%%%5%%%5%%%5%%%5%%%5%%%5%%%5%%%5%%%%
PROCESS=3 % CORRELATOR
LB=max (LD, L1)

LE=min (LD+LS, L1+LS)
TB=(LB-1) *Ts
TE=(LE-1) *Ts

for i=1:L
sm(i)=s(i).*sl (1)
end;

maxsm=max (sm)

figure (300), plot(t,sm,t,maxsm*1.1), title('Product'),

cly(1)=y(1)*s1(1);

for 1i=2:L
cly(i)=cly(i-1)+y (i) *sl(i);
end;

grid

10 ' T T T

HpOH?:BGJlGHHG BXOAHOI'O U OIMOPHOI'0 BUACOUMITYJIBCOB

10

[TpousBeneHrne BXOJHOTO U OIOPHOTO BUJICOUMITYJILCOB OMPEAEISIET UH-
TepBaJI HAKOTJICHUSI CUTHAJIbHOM COCTaBJISIFOIIEH Ha BBIXOJI€ KOPpEATOpa.

figure (301), plot(t,cly*Ts,t,s.”2*TS,t,max(s.”2*TS*1.1)),

title('Correlator'), grid;
xlabel ('time (sec) ')
ts=input ('STOP 3',"'s");

16



Correlator
20 T T T T - T - T T

18 ‘ T 1
16 | -
14 | ;
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[Ipouecc Ha BBIXOJIE KOppEIsTOpa

[IlymoBasi coctaBisitolasi Ha BbIXOJIe KOppemsiTopa GopMHUpyeTCs B Tede-
HUE UIUTEIBHOCTH ONOPHOTO HMMITYJIbCA M HE 3aBUCUT OT MOMEHTa IMpUXO0Aa
BXOAHOTO UMITYJbca. CHUTHAJIBHYIO COCTaBIISIIOLIYIO MOHO YBHJAETh, €CIHU
yOpath mym Ha Bxoze: Y = S Ha mare PROCESS=2.

Ecimm L1=LS, To curHanbHas COCTAaBJIAIOIIAS JOCTHrA€T MaKCHUMAaJILHOT'O
3HAYCHHS, PABHOTO dHepruu curuana E = 18 B*c. IIockoIbKy B JAHHOM CITy4ae
MOMEHTBI MPHUXOJa UMIYJbCOB OTIMYAKOTCS HA MOJOBUHY IJUTEIbHOCTH UM-
MyJIbca, TO CHTHATBHAS COCTABISIOMIAs JOCTHTAET TOIBKO 3HaueHws 9 B2 c.

$%5%%%5%%%%%% CONVOLUTION %%%%%%%%%%%%%%%%%%%%%%%
PROCESS=4 % Match Filter Response
sO=func_ rect impulse(Fs,LS,1,L,A);
% s0
h=zeros (1,L);
for i=1:LS
h(i)=s0(LS-i+1);
end
maxh=max (h)
figure (400), plot(t,h,t,maxh*1.1), title('Match Filter Re-
sponse'),
xlabel ('time (sec) '), grid
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Match Filter Response
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NmMmynbcHas XapakTepUCTHKA COTTIACOBAHHOTO (hUIIbTpa

figure (401), stem(t,h), title('Match Filter Response'),
xlabel ('time (sec)'), grid

hold on

plot (t,maxh*1.1)

ts=input ('STOP 4',"'s");

Match Filter Response

3.5 T T

2.5 ] T

1.5 i

0 1 2 3 4 5 6 7 8 9 10
time (sec)
NmMnynbcHas xapakTepUCTHKA COTJIACOBAHHOTO (PHIIbTpa B JUCKPETHOM BHUIE
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PROCESS=5

cy=conv (y,h);

cy=cy*Ts;

mcy=max (cy); mcy=mcy*Ts
kl=-(L-1):(L-1);
k2=k1+LS+80;

figure (500), plot(k2*Ts,cy),
title('Convolution with Matched Filter'), grid
hold on
plot(t,mcy*1l.1,t,s.”2*TS);
ts=input ('STOP', 's');

Convolution with Matched Filter

20 T T T T T T T T

15 | ,K
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0 2 4 6 8 10 12 14 16
[Iporecc Ha BBIXOJIE COTIIACOBAaHHOTO (DHITBTPA

figure (501), stem(k2*Ts,cy),

title('Convolution with Matched Filter'), grid

xlabel ('time (sec) ')

hold on

plot(t,mcy*1.1,t,s.”2*TS);
ts=input ('STOP 5',"'s");

figure (600), plot(k2*Ts,cy), grid
title('Correlator and Matched Filter')

xlabel ('time (sec) ')

hold on
plot(t,s.”2*TS,t,cly*Ts,t,sl1.”2*TS,t, mcy*1.1)
ts=input ('STOP 6',"'s");
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Correlator and Matched Filter
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time (sec)

I[Tpotiecchbl Ha BBIXOJIE KOPPEISATOPA M COTJIACOBAHHOTO (PHIIbTPA
END=0

CornacoBanHbiii (GUIBTP (POPMUPYET KOPPEISAIIMOHHBIA HMHTErpal B MO-
MEHT OKOHYAHHSI UMITyJIbCca Ha BXoje. ECiM MOMEHTHI MPUX0/a U OKOHYAHUS

BXOJIHOTO HMITYJIbCa U3BECTHBI, TO ONTUMAJbHBIA OOHAPYKUTEIb peaqnu3yeTcs
IIyTEM CEJIEKLIMM KOPPEISLMOHHOIO HMHTErpaja W CPABHEHUS €ro C IOPOrOM.

IIpu HEM3BECTHBIX MOMEHTAX MPUXOJa U OKOHYAHUS UMITYJIbCA BO3HUKAET IPO-
OyiemMa CeJIeKIIMH KOPPEISIITMOHHOTO HMHTerpajia, 4acTo OepeTcs MaKCHUMalbHOe
3HAQYEHUE BBIXOJHOTO CUTHAja, HO OHO JlaeT OJU3KOe K HEMY 3HAUYECHHUE TOJIBKO
MpU OOJIBIIUX OTHOIICHUSX CUTHAJ/IITYM.

B nanHOM ciiydyae uMeeTCsl paccorjacoBaHHUE MEXIy MOMEHTaMM MpPUXoja

BXOJTHOTO MMITYJIbCa U HadaJoM (OPMHUPOBAHUS OMOPHOTO MMITYJIbCAa KOPpPEs-
topa. [loaToMy KOppensaTop He hopMUpYyET KOPPETSAUMOHHBIM UHTErpall, U pea-

JU3aIs ONTUMAIBHOTO OOHApYKUTENST HeBOo3MOXHaA. s hopMupoBaHus Kop-
PENSIMOHHOIO0 MHTErpajia B KOPpeIsiTope HeoOOXOAMMO COBNAJCHUE MOMEHTOB
MIPUXO0Ja BXOJJHOTO ¥ ONIOPHOTO UMITYJIbCOB.

Kax xoppensiTop, Tak ¥ COTJIaCOBAaHHBIN (UIBTP UMEIOT OJUHAKOBBINA BBI-
XOJIHOM CUTHAJ B MOMEHT OKOHYaHHUSI OMIOPHOTO MMITYJIbCA, YTO BUHO HA U300-
pPaKECHUMU.

20



3. KOPPEJIAHMOHHASA OBPABOTKA
N COI'VTIACOBAHHASA ®UJIBTPALIUA
MMPAMOYT'OJIBHOI'O PAANOUMITYJIBCA

B nporpamMmme npou3BouTCs KOppEIAIMOHHas 00pad0oTKa U COTTIacOBaHHAs
bunabTpanys HaOIIOICHU, MOTYYEHHBIX B MEPBOM Mporpamme, i 3a7a4u 00-
Hapy>XEHUs MPSMOYTOJIbHOTO pajguoumiyibca B mryme. [IpegycMoTpeHa Bo3-
MO>XHOCTb YCTAaHOBKHM OKMJAE€MOM NUCKPETHOW 3allepKKu curHana L1, ornuy-
HO oT uctuHHOM LD. [Iporpamma ucnons3yeT GyHKIHIO func sin impulse,
BBEJICHHYIO paHee, KOTopasi MOMEIIAETCs B Ty e nanky. [Ipy o1uHaKoBBIX 3HA-
yeHusx L1 u LD pocturaercs makcumanbHbIN 3QPEeKT KOppelsaiuoHHON obpa-
OOTKH, KOTOPBIA COBMNAJAET ¢ MAaKCHUMaJbHbIM BBIXOJAHBIM CHUTHAJIOM COTJIaco-
BaHHOTO (QuibTpa. [IporpaMma MO3BOJIIET HCCIENOBATH BIMUSHHUE Pa3IUUMs
3HaYEHUN UCTHMHHOM M 0XXMJAEeMOM 3aJepXKEK CHrHajia Ha BBIXOJIHOM 3(dekT
IPU PA3JIUYHBIX OTHOIICHHUSX CUTHAJ/IIYM.

smain det sin impulse

%sin impulse corrupted by noise
suses function = func sin impulse
clc

clear all

close all

START=0
L = 1000 % Total length (points)
LS = 200 % Length of signal (points)
LD = 510 % Signal appearance [points]
L1 = 490 % Expected signal appearence [points]
% L1 = 510
Ts = 0.001 % Sample time [s]
Fs=1/Ts % Sample frequency [Hz]
T0=0.1 % Period of signal [s]
f=1/T0 % Frequency of signal [Hz]
$teta=0 % teta in degrees
teta=90

ts=input ('STOP 0',"'s");
PROSESS=1
A=1

[s,T,t]l=func_sin impulse(Fs,LS,LD,L, f,A, teta);
% s signal with lag LD
[sl,T,t]=func sin impulse(Fs,LS,L1,L,f,A, teta);
% sl signal with lag L1

=T % Total length [s]

H
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maxs=max (s)
figure (100), plot(t,s,t,maxs*1.1,t, maxs*1.1), grid

title(['Sin impulse, frequency f = ',num2str(f), ...
' amplitude A = ',num2str (A),' phase teta in degrees =
', num2str (teta)]),

xlabel ("time (sec) '), ylabel('s (Volts)"'")
ts=input ('STOP', 's');

Sin impulse, frequency f =10 amplitude A = 1 phase teta in degrees = 90
15 T T T T T

T T T T

05| ——— |

s (Volts)
Q

-1 .5 L L A A 1 1 1 L L
0 0.1 02 03 04 05 0.6 0.7 08 09 1

time (sec)

BxonHoit pagrouMmynsc ¢ HauanbHO# ¢azoit 90°

B nmanHOM ciiydae paauioMMITYyJIbC MMEET HEHYJEBYIO0 HadalbHYIO (azy.
JlanpHelias 00paboTKa CTPOUTCS B MIPEANOIOKEHUH, YTO 3HAYCHUE HAYaIbHON
¢da3pl BXOJHOTO PaJUOMMITYJIbCa TOYHO U3BECTHO. DTO MO3BOJISIET CHOPMUPO-
BaTh OMOPHBIN PATMOUMITYJIBC KOPPEIATOpa KaK 3aJep’KaHHYIO KOITHIO BXOIHOTO
pagnoummyiabca. OgHAKO 3aJ€piKKa OMOPHOTO PATHMOMMITYNIbCA OTIMYAETCS OT
3aJIeP>KKH BXOJIHOTO.

HmiynbcHast XapakTEpUCTUKA COTIIACOBAHHOTO (hUiibTpa Takke GpopmMupy-
€TCs C YU4E€TOM M3BECTHOM HAaYaIbHOU (Da3bl paJMOUMITYJIIbCA.

Tem He MeHee mporpamMma TMO3BOJISIET UCCIE0BATh BIUSHUE HETOYHOTO
3HAHWS HAYaJIbHOU (ha3bl BXOIHOTO PAJMOMMITYJIhCA Ha MPOIECCHI 00paOOTKH.

figure(101), plot(t,s,t,sl,t,maxs*1.1,t,-maxs*1.1), grid ,
title('Reference Signal')
xlabel ('time (sec) '), ylabel('s (Volts)'),

ts=input ('STOP', 's');
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Reference Signal
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figure (102), stem(t,s,'LineStyle','-.",...

'MarkerFaceColor', 'red', ...

'MarkerEdgeColor', 'green'), title('Discrete Sample'),

hold on

plot(t,s,t,sl,t,maxs*1.1,t,-maxs*1.1);

xlabel ('"time (sec)'), ylabel('s (Volts)'), grid
ts=input ('STOP 1','s");

Discrete Sample

1.5

s (Volts)

i)
oot

0 01 02 03 04 0.5 06 0.7 08 0.9 1
time (sec)
BxoaHoit paguouMItynbe B TUCKPETHON opMme
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Sueprus curHana pasna E = A*LS-Ts = 0,2 B*-c.

==

PROCESS=2

rand('state',0);

y = s + randn(size(t)); % Sin impulse plus noise
5y = 83

maxy=max (y(:))

figure (200), plot(t,vy,t,s,t,maxy*1.1)

title('Sin impulse Corrupted by Zero-Mean Random Noise')

xlabel ("time (sec)'),ylabel('y (Volts)'), grid on
ts=input ('STOP 200",'s"');

. Sin impulse Corrupted by Zero-Mean Random Noise

y (Volts)

T
l |

( I ] [

|

0 0.1 02 0.3 04 0.5 06 0.7 08 09 1
time (sec)
HaGimrotenue, coaeprxkaiiee BXOTHOW paIHOUMITYIIhC
Y aJINTUBHBII IrayCCOBCKHI 1IyM

OrHomenne curaan/mym q° = A%/26° pasro 1/2.

o\°

%

o\°

figure (201), stem(t,y, 'LineStyle','-.", ...
'MarkerFaceColor', 'red', ...
'MarkerEdgeColor', 'green'),

title('Discrete Sin Impulse Corrupted by Zero-Mean Random

Noise');

xlabel ('time (sec)'), ylabel('s (Volts)'), grid on

hold on

plot(t,s,t,maxy*1.1);

ts=input ('STOP 201", "'s"');
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Discrete Sin Impulse Corrupted by Zero-Mean Random Noise

5

s (Volts)

22222

PROCESS=3

[rs,lagss] = xcorr (s, 'coe
lrs=length (rs)

figure (300),% stem(rs), g

22

rid
]
P

'red',
'green'

ed’',

reen

% stem(rs, 'LineStyle', '-.

% 'MarkerFaceColor',

% 'MarkerEdgeColor',

stem(rs, 'LineStyle', '="', ...
'MarkerFaceColor','r
'MarkerEdgeColor', 'g

tion'),

xlabel ('points'), grid on
ts=input ('STOP 3','s");

")y

) 1

title ('

Signal Autocorrela-
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Signal Autocorrelation
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ABTOKOppeISIIMOHHAS (PYHKINS BXOAHOTO PaJHONMITYJIbCA,
HOPMMPOBAHHAs K SHEPTUU

OTmeTHM, YTO HEHYJIEBOE 3HAUYE€HUWE HAvyaJbHOM (ha3bl NMPAKTHUECKU HE
BIUSIET HAa BUJ aBTOKOPPEISIIUOHHON QYHKITUHU, KOTOpast GOPMUPYETCS KaK CHUT-
HaJIbHAsl COCTABJIAIOIIAs HA BBIXOJI€ COTIACOBAHHOTO (PHIIBTpA.

©000000000000000000000000000000000000
V0000000000000 0000000000000000000000

PROCESS=4 % CORRELATOR

LB=max (LD, L1)

LE=min (LD+LS, L1+LS)

TB= (LB-1) *Ts

TE=(LE-1) *Ts

for i=1:L

sm(i)=s(i)*sl(1i);

end;

figure (400), plot(t,sm), title('Product'), grid
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_Ov4 1 1 A
0 0.1 02 0.3 04 0.5

[IpousBeneHre BXOAHOTO U ONIOPHOTO PAAMOUMITYJILCOB

OTOT CUTHAJI UMEET YABOCHHYIO 4aCTOTY 11O CpaBHCHHUIO C MCXOJAHBIM M M-

nynscoM. [lpu B3auMHBIX 3azep)kkax, 0O€CIEeUMBAIOUIUX IOJHYI0 KOTEpEeHT-
HOCTh (HyJeBasi pa3HOCTh (pa3), MOCTOSHHASA COCTABJISIONIAs B TOM MPOMU3BEIE-
HUU TIOJIOKUTENbHA, JJI1 MPOTUBOMOJIOXKHBIX CUTHAJIOB (pa3HOCTh (ha3 KpaTHa

180°) ona oTpumarenbHa, a JIsi OPTOTOHAIBHBIX CUTHAJIOB MOCTOSTHHASI COCTaB-

JIAIOLIAs] paBHA HYJIIO.

cly(l)=s1(1)*y(1);

for i=2:L

cly(i)=cly(i-1)+y (1) *sl (1)

end;

cly = cly*Ts;

maxcly=max (cly(:))

figure (401), plot(t,cly,t,maxcly*s),

xlabel ('time (sec)')

hold on

plot (t,max(cly)*1.1);
ts=input ('STOP 4','s");

title('Correlator'),

grid;
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Koppensatop dbopMupyeT B kauecTBE CUTHAIBHON COCTABJISAIONICH 3HAUCHUE
ABTOKOPPEISAIMOHHON (YHKIIMM paJuOCUTHANIA, COOTBETCTBYIOIICE PA3HOCTH
3a/IEP’KEK BXOJHOTO U OMOPHOTO MUMITYJILCOB. DTO 3HAYCHUE MOJIy4aeTCs B MO-
MEHT OKOHYaHHUs OMOPHOI0 MMITYJIbCa, KaK IMOKa3aHOo Hubke. JledicTBue mryma
CYIIIECTBEHHO MCKAXaEeT ATOT MPOILIECC.
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[s0,T1,t]=func_sin impulse(Fs,LS,1,L,f,A, teta);

o)

% s0 - undelayed signal

h=zeros (1,L);

for i=1:LS
h(i)=s0(LS-1+1);

end

figure (500), plot(t,h), title('Match Filter Response'),

xlabel ('time (sec)'), grid

1 T
]
0.8

Match Filter Response

06

N T T

0 0.1 0.2 0.3 04 0.5

time (sec)

0.7 08 09 1

NMnynbcHas XxapakTepUCTHKA COrTIACOBAaHHOTO (PUIIbTpa

figure (501), stem(h),
title('Matched Filter h Response'),
ts=input ('STOP 5',"'s");

grid,

xlabel ('points')
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Matched Filter h Response
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PROCESS=6

cy=conv (y,h);

cy=cy*Ts;

maxcy=max (cy)

kl=-(L-1):(L-1);

k2=k1+LS+800;

figure (600), plot(k2*Ts,cy,k2*Ts,maxcy*1.1),

title('Convolution with Matched Filter'), grid

hold on

plot (t, s*maxcy)
ts=input ('STOP', 's'");

Convolution with Matched Filter
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CurnanpHas COCTaBJISIONIAsl HA BBIXOJAE COTJIACOBAHHOTO (hMIBTpA IMOJIHO-
CTBIO MTOBTOPSIET BPEMEHHYIO aBTOKOPPEJSIIIUOHHYIO (DYHKITUIO paOUMITYJIbCa.

figure (601), stem(k2*Ts,cy),

title('Convolution with Matched Filter'), grid

xlabel ('time (sec) ')

hold on

plot (t,maxcy*1.1,t, s*maxcy) ;
ts=input ('STOP 6',"'s");

Convolution with Matched Filter

0.15 T T

0 02 04 06 08 1 12 14 16 18
time (sec)

PesysnbTar cBepTKH B JUCKPETHOM hopme

= === =

PROCESS="7

figure (700), plot(k2*Ts,cy), grid

title('Correlator and Matched Filter')

xlabel ('time (sec) ')

hold on

plot (t, s*maxcy, t,cly, t, s*maxcy)
ts=input ('STOP 7',"'s");

=== =

31



Correlator and Matched Filter
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CpaBHeHue paboThl KOPPENATOpa U COrNIaCOBAaHHOTO (DPUITBTpPa
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B MOMEHT OKOHYaHMs OIIOPHOI'O UMITYJIbCA BBIXOJHOW CUTHAJI KOPPEIATOpa
COBINAJAET C BBIXOJHBIM CHTHAJIOM corjiacoBaHHOro ¢unbsTpa. [Ipu coBnagenunu
BPEMEHHBIX 3a/IeP’KEK BXOJHOI'O U OMOPHOTO CUTHAJIOB B 3TOT MOMEHT (OpMHU-
pyeTCs KOppENSIUMOHHBIN uHTErpai. lIpu paccornacoBaHMM 3THX BPEMEHHBIX
3aJIepIKEK KOPPESATOp yxKe He (POpMHUPYET KOPPEISLUOHHBIN HHTErpal.

CornacoBanHblil GUABTP (HOPMUPYET KOPPEISIUUOHHBIA UHTErpajl MPH JIIO-
O0M 3ama3pIBAaHUM BXOJHOTO CUTHAJIa B MOMEHT €ro OKoH4YaHus. ['oBopAT, 4TO
COrJIaCOBaHHBIM (PUIIBTP «MHBAPUAHTEH» K MOMEHTY MPHUX0JIa BXOJHOIO CUTHA-
na. OHAKO 3TOT MOMEHT MOKET OKa3aThCs HEU3BECTHBIM, UYTO CO3/1a€T TPYAHO-
CTH BPEMEHHOM CeNIeKIIMU pellarolieid CTaTUCTUKU. BbIOOp MakcHMaibHOTO
HaIpPsDKEHUS. Ha BBIXOJIE€ COMIACOBAHHOTO (MIIbTpA pEIIaeT 3Ty NpoOaeMy TOb-
KO JIJISl JOCTATOYHO OOJIBIIUX OTHOIICHUH CUTHAJ/IITYM.
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4. DPOPMUPOBAHHUE U OBPABOTKA OAMHOYHOI'O JIYM
HPAMOYI'OJIBHOI'O PAITMOUMITYJIBCA HA ®OHE LHITYMA

[Iporpamma popMupyeT OAMHOYHBIN MPSIMOYTOJIBHBIN PAIHOUMITYIIBC C JIU-
HelHoM yactoTHOM Moaymsuuer (JIUM) Ha ¢oHe afIMTUBHOTO TayCCOBCKOIO

mymMma € BBIMUCICHUCM aMIUIUTYAHOTI'O CIICKTpa U CIICKTPOIrpaMMBlI.
smain chirp impulse
clc
close all
clear all
START=0
% Generate a chirp with linear instantaneous frequency devia-
tion.
%$The chirp is sampled at 1 kHz for 2 seconds.
% The instantaneous frequency is f0 at t = 0
t = 0:1/1e3:2; % [ms] delta = 1/1000 ms
L=size(t,2) % 2001
f0=10 %[kHz]
£f1=50 % [kHz]
Tl=1
ts=input ('STOP 0',"'s");
PROCESS=1
s = chirp(t,f0,T1,f1);
figure(100), plot(t,s); grid
title('Linear Frequency Modulated Impulse');
xlabel ("time (mks)');
fa=(£f1-£0) /2
ts=input ('STOP 1','s");
Linear Frequency Modulated Impulse
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PROCESS=2

nextpowZ2 (L)

NFFT = 2”%nextpow2 (L) % 4096 Next power of 2 from length of y
Y = f£fft(s,NFFT)/L;

Fs=1000% kHz

freq = Fs/2*1linspace(0,1,NFFT/2+1);
% Plot single-sided amplitude spectrum.

figure (200), plot(freq,2*abs (Y (1:NFFT/2+1)))
title('Single-Sided Amplitude Spectrum of s')

xlabel ('Frequency (kHz)'"'), ylabel('|Y(freq)|'), grid
ts=input ('STOP', 's'");

o\°
o\°

Single-Sided Amplitude Spectrum of s
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PROCESS=3

% Compute and plot the spectrogram of the chirp. Specify 256
DFT points,

% a Hamming window of the same length, and 250 samples of over-
lap.

figure (300),

spectrogram(s,256,250,256,1e3, 'yaxis'),

title('Spectrogram of s');

ts=input ('STOP 3','s");
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Spectrogram of s
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Crnekrporpamma (tekymuii cnekrp) JIUM curnana
$%%%%%%%%%%5%5%%5%%%%
PROCESS=4
rand('state',0);
U=1
y = U*s + randn(l,L); % LFM impulse plus noise

figure (400), plot(t,vy)
splot (t(l:L),y(1:L))
title('LFM Signal Corrupted with Zero-Mean Random Noise')
xlabel ("time (sec) '), ylabel('y (Volts)'), grid
ts=input ('STOP 4','s");

LFM Signal Corrupted with Zero-Mean Random Noise

y (Volts)
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JIUM curHai B cMeCH C aJUTATHBHBIM OCITBIM IITyMOM
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PROCESS=5

figure (500),

spectrogram(y, 256,250,256, 1e3, 'yaxis'),
title('Spectrogram of v')

Spectrogram of y
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Cnexrporpamma 3amrymiienHoro JIYM curnana
END=0

[Tporpamma KoOppessIIMOHHON 00paOOTKH M COTJIACOBAaHHOW (DMIIbTpaIuu
JIUM ummysbca Ha (hOHE aJINTHBHOTO TAYCCOBCKOTO IITyMa UMEET BUI:

smain_det chirp impulse

%$chirp impulse corrupted by noise
Suses function = func chirp impulse
clc

clear all

close all

START=0

Fs = 1000 % Sample Frequency [Hz]
Ts=1/Fs % Sample time [s]

L = 3000 % Total length (points)

LS = 1000 % Length of signal (points)
LD 1000 % Signal appearance [points]
Ll = 1050 % Expected signal appearance [points]
fO = 0.1 S[kHz]

f1=5
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t,s]=func chirp impulse(Ts,LS,LD,L, £0,fl);
signal with lag LD

o o0 o

o)
000000

— o°
mn o~

T,t,sl]=func _chirp impulse(Ts,LS,L1,L,£0,fl1);
sl signal with lag L1

5 3001

o 0o

figure (100), plot(t
title(['Chirp impul
', num2str (£1) ...

' amplitude A = ',numZstr (max(s)), .
Signal length LS = ',numZ2str (LS),...

Appearence LD = ',num2str (LD)])

xlabel ('time

(sec) '), ylabel('s
ts=input ('STOP', 's'");

', num2str (£0), "' f1l

14

(Volts) ")

rimpulse, f0 = 0.1 f1 = 5 amplitude A = 1 Signal length LS = 1000 Appearence LI
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figure (101), plot(t,sl), grid
title(['Chirp delayed impulse,
xlabel ('"time (sec) '), ylabel('s
ts=input ('STOP', 's");

Appearence L1 =

', num2str(L1)]),
(Volts) ")
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Chirp delayed impulse, Appearence L1 = 1050

08 |

% [ /

06
04r \
02t \
=
S o0
(2]
0.2
04 |
sl \
08 [
\ | ‘ k
_1 | | | |
0 05 1 15 2 25
time (sec)

OnopHelii curnan (oxuaaemslii JIYM umnyisc)

figure (102), plot(t,s,t,sl), grid
title(['Chirp impulses, L1-LD = ',num2str(L1-LD)]),

xlabel ('time (sec) '), ylabel('s (Volts)"')
ts=input ('STOP 100",'s"');

. Chirp impulses, L1-LD = 50
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PROCESS=2

rand('state',0);

U=1

y = U*s + randn(size(t)); % Chirp impulse plus noise

figure (200), plot(t,y)

title('Chirp impulse Corrupted by Zero-Mean Random Noise')
xlabel ('"time (sec)'),ylabel('y (Volts)'), grid on
ts=input ('STOP 200", 's"');

Chirp impulse Corrupted by Zero-Mean Random Noise

0 0.5 1 15 2 25 3

time (sec)
JIUM umnynbc B cMecH ¢ OeNbIM rayCCOBCKMM IIYMOM

==

0000000000000 000000000000000O0
PROCESS=3
[rs,lagss] = xcorr(s,'coeff');

lrs=length(rs) % 6001

[e)

o

figure (300), plot(rs),

title ('Autocorrelation'),

xlabel ('points'), grid
ts=input ('STOP', 's');
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Autocorrelation
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ABTokoppensinnonHas ¢pynkuus JIUM umnynbca
$%%%%%% XCORREL (y) %%%%%%%%%%
[ry,lagsy] = xcorr(y, 'coeff');
lry=length(ry) % 6001
figure (302), plot(ry), grid
title ('Observation Autocorrelation'),
xlabel ('points')
ts=input ('STOP', 's'");
Observation Autocorrelation
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points
ABTOKOppesIHs HAOTIOACHUS

40



ABTOKOppensuus HaOMOIeHUN NMpU HEOOJBUINX PACCOTIACOBAHUAX CY-

IMMCCTBCHHO HMWKC, YCM BPCMCHHAA aBTOKOPPCIALIMOHHAA q)YHKHI/I}I CUTHAaJIa. OTO

OmpeeIisieT MPEUMYIIECTBA KOPPEISAIUMOHHOTO MprueMa (BBIUYKUCICHUE B3aUMHOMN

KOppCiLinuu Ha6JIIOI[€HH}I C CI/IFHaJIOM) epca aBTOKOPPCIIALIMOHHBIM.

$%%%%5%5%%%%%  XCORREL (x,y) $%%%%%%%%%%5%5%%%%

[rys,lagsys] = xcorr(y,s, 'coeff');

lrys=length(rys)

figure (303), plot(1-31:1rys-31,rys),

title('Correlator with noisy observation'),

xlabel ('points'), grid
ts=input ('STOP 3','s");

Correlator with noisy observation
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00000000000000000000000O0O0

PROCESS=4 % CORRELATOR
ILB=max (LD,L1) % 1200
LE=min (LD+LS,L1+LS) % 2000
TB=(LB-1)*Ts % 1.199
TE=(LE-1)*Ts % 1.999
sm=zeros (size(t));

6000

41



for i=1:L+1

sm(i)=s(1)*sl(1);

end;
lsm=length(sm) % 3001
lt=length (t) % 3001
figure (400), plot(t,sm), title('Product'), grid
cly(1)=s1(1)*y(1);
for i=2:1L+1
cly(i)=cly(i-1)+y (i) *sl(i);
end;
lcly=length(cly) % 3000
maxcly=max (cly(:)) %
ts=input ('STOP', 's');
Product
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05 5 : . . :
0 05 1 15 2 25

Pesynprar nepemMHoxeHs BXOHOTO 1 onopHoro JIUM umnynscos
figure (401),
plot(t,cly,t,maxcly*s*1.1),
title('Correlator'),
xlabel ('time
hold on

grid;
(sec) ")

plot (t,max(cly)*1.1);
ts=input ('STOP 4','s");
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Correlator
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PROCESS=5
[T,t,s0]=func_chirp impulse(Ts,LS,1,L,f0,f1);
% s0 -

undelayed signal
1s0=length(s0) % 3001
h=zeros (1,L+1);
for i=1:1LS

h(i)=s0(LS-i+1);
end
figure (500), plot(t,sO,t,s),
title('Signals s and s0'"),
xlabel ('time (sec) '),

grid,
Signals s and s0
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figure (501), plot(t,h,t,s0), grid
ts=input ('STOP 5','s");
1 . :
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NmnysnbcHas XxapakTepucTrKa corsiacoBanHoro ¢puibtpa st JIUM ummynbsca

o

cs=conv(s,h);

figure (600), plot(cs),

title('Convolution with signal'), grid
xlabel ('points')

ts=input ('STOP 6',"'s");

Convolution with signal
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CurnasipHasi COCTaBISIIOIIAs WIUTIOCTPUPYET «cxkatue» JIUM umiynbca no

BPEMCHH.

PROCESS=7
cy=conv (y,h);
lcy=length(cy)%s 6001
maxcy=max (cy)
t1=1:6001;
figure (700), plot(tl,cy),
title('Convolution with noisy observation'), grid
xlabel ('points')
ts=input ('STOP 7', "'s");

Convolution with noisy observation
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Pesynbrar cornacoBanHoit ¢punbtpanuu JIYM umnynsca

PROCESS=8

figure(800), plot(tl*Ts,cy), grid
title('Matched Filter')

xlabel ('time (sec)')

hold on

plot (t, s*maxcy*1.1)

7000
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Matched Filter
800 T :
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figure (801), plot(Ts*tl(1l:L),cy(l:L)),
title('Correlator and Matched Filter')
xlabel ('time (sec)'")

plot (t,sl*maxcy*1.1,t,cly), grid

1
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Pesynbrat cornacoBanHoi GpuiabTpanuu u BxoaHoi JIUM umnynbsc

END=0
Correlator and Matched Filter
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CpaBHeHUE MPOLIECCOB Ha BBIX0/1€ KOPPEIATOPA U COITIaCOBAaHHOTO (PMIIbTpa
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Ha wutrocTpanuuy nokaszaH ONOpHbIA CUTHANI. B MOMEHT OKOHYaHUS BXOJI-
Horo JIUM wumnynsca corjacoBaHHbli GuibTp dopmupyer nuk. Koppensarop
(dbopMHpyeT BBIXOAHOW CUTHAJI B MOMEHT OKOHYaHus oniopHoro JIYM umiynbca.
B 3TOT MOMEHT BBIXOJIHBIE CUTHAJIBI KOppeisiTopa U GUiIbTpa OJUHAKOBHI.

IIporpamma ucnonssyer ¢yHknumtoo func chirp impulse, KOTOpyrO
ClIeTyeT OMECTUTH B OOIIYIO MAIKy.

function [T, t,s res]=func chirp impulse(Ts,LS,LD,L,£0,fl)
LS Length of signal [points]
LD Point of appearance (lag) [points]
L Length of sample [points]
f0 initial signal frequency [Hz]
f1 final signal frequency [Hz]
Ts Sample time [s]
= 0:Ts:L*Ts; % Time vector
T=L*Ts; % Time of sample [s]
TS=LS*Ts; % Signal duration [s]
S = chirp(t, f0,TS, fl);
s _res=zeros(size(t));
for i=LD:LD+LS
s res(i)=S(i-LD+1);

o°® 0@ o° o o°

o\°

-+

end;
end
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3AJTAHUS

1. PaccuuTaTh onTHMaibHbIE MOPOTU OOHAPYKEHUS U BEPOSTHOCTH OILIH-
00K 0OHapy>KEeHUS MPAMOYTOJIBHOTO UMITYJIbCa B ITyMe JJIsl IBYX KPUTEPHUEB OII-
TUManbHOCTH (KpuTepusi Helimana-IlupcoHa, kKpuTepusi MaKCUMaIbHOTO IpaB-
J0TI0100MsT), CMOAETUPOBATH Mpoliecc NpuHATHS pemienus. [loctpouts padoune
XapaKTepUCTHKU TPUEMHUKA U XapaKTePUCTHKU OOHApYKEHHs, OTMETUTb Ha
HuX paboune Touku. Crenarh 3TO Ui TPEX PACCMOTPEHHBIX BUAOB UMITYJIbCOB.

2. MogenupoBaTh Nauyky MNPSIMOYTOJIbHBIX BUACOMMITYJIBCOB U peajn3o-
BaTh KOPPEISALMOHHYIO U (UIBTPOBYIO 00pabOTKM CUTHAJIOB, IPUHUMAEMBIX B
myme. PaccunTarh XapakTEepUCTUKU M ONPEACIUTH BBIUTPHIIN B OTHOIIEHUU
CUTHAJ/IIyM.

3. MogaenupoBaTh NayKy NPSIMOYTOJBHBIX PaAHOUMITYJIHCOB U peayu-
30BaTh KOPPEIALUOHHYIO U (UIBTPOBYIO 0OpabOTKH CUTHAJIOB, IPUHHUMAE-
MBIX B IIYME.

4. PaccMoTpeTh OOHapyXE€HHE CUTHAJIOB Ha (pOHE KOPPETUPOBAHHOTO
raycCoBCKOro Iryma. Peamns3oBarh ontuManbHbli anroput™. CocTaBUTh Ipo-
rpammy B Matlab. MccnenoBare BiausiHUE KOPPEIMPOBAHHOCTH IIIYMOBBIX OTCYE-
TOB Ha XapaKTEPUCTUKH OOHapyxeHus. CpaBHUTHh pabOTy alropuT™Ma U Xapak-
TEPUCTUKH OOHapYKCHHUSI TUTS CIIy4aeB KOPPEITUPOBAHHOTO u
HEKOPPEIMPOBAHHOTO IITyMa.

5. Paccmotpers oOHapyXeHHE CUTHANIOB Ha ()OHE HEKOPPEITHMPOBAHHOTO
HerayccoBckoro myma. [IpemiokuTe anroput™ oOHapyKeHus AJid BBIOpaHHON
Mozenu mryma. CpaBHUTH XapaKTEPUCTUKH CO CITy4aeM T'ayCCOBCKOTO IITyMa.

6. HccnenoBaTh 4yBCTBUTEIBHOCTD aIrOPUTMOB OOHAPYKEHUSI K U3MEHe-
HUIO MapaMeTpoB pacnpeneiaeHnid. OnpenennTh CyleCTBEHHbIE OTHOCUTEIbHbBIE
OTKJIOHEHMsI mapameTpoB. llpemioxuts BapuaHThl OOHAPYKEHHs MPU anpuop-
HOM HEOIIPEICTIEHHOCTH.

7. CocTaBUTb IpOrpamMMy JJisi KOPPEIATOpa U COTNIACOBAaHHOIO (pHIIbTpa B
ciyvae npuema JIYM unmmynnca Ha poHE O€7I0T0 rayCCOBCKOTO IIyMa.

8. IlpemnoxuTh alIropuTM M peanu3oBaTh mporpammy B Matlab mms
oOHapyXeHUsI AeTePMUHUPOBAHHOTO CHTHaja Ha (OHE IMIyMa B CIEKTPajb-
HOU 00sacTH.

9. MogenupoBaTh MPOIECCH ABTOKOPPEISAIMOHHOTO MpHeMa s pac-
CMOTPEHHBIX MOjeNeil moyie3Horo curHana. CpaBHHUTH C pe3yJdbTaTaMH ONTH-
MaJbHON 00pabOTKH.

10. MopenupoBaTh «IHEPreTUUECKUN» MPUEMHUK JJIsI PACCMOTPEHHBIX MO-
nenel mojie3Horo curHana. CpaBHUTH C pe3yJibTaTaMH ONTUMAIbHON 00pabOTKH.
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