[MPMJIOXKEHHUE A
[Iporpamma mozenu
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tic;

% DKCnepuMeHTasbHas BenuyuHa (ANA NOCTPOEHUS HECKOJIbKUX KPUBLIX Ha rpaduke)
exp = [0];

expTitle = 'Hagnucb Ha nereHge...';

expNumber = length(exp);

figure;

% WHbopMmaLMoHaa nocsefoBaTeNbHOCTb

informationLength = 100; % [OnuHa WMHPOPMALMOHHOIO CUrHana

lowLevel = -1; % HW3KWIA ypOoBEHb ABOWYHOIrO CUrHana

highLevel = 1; % BbICOKMI ypoBeHb ABOWYHOrO CUrHana
informationSequence = getRandomBinarySequence(lowLevel, highLevel, informationLength);
packetNumber = 1000; % KonunyecTtBo 3amepoB

for m = 1:expNumber

%M-nocnenoBaTeNbHOCTb

bpow = 4; % CTeneHb ABONKW, onpepenswwas LAMHY nocnepoBaTenbHocTn (6 -> 276 =
64)

%modulatingSequence = mseq(2, bpow, 9);

modulatingSequencePositives = [1,2,3,4,7,11,13];

modulatingSequenceNegatives = [5,6,8,9,10,12];

modulatingSequence = getBinarySequence(modulatingSequencePositives,
modulatingSequenceNegatives, highLevel, lowlLevel);

SNR = 0.01:0.02:0.3; % CurHan/lym

%SIR = 0.1:0.01:1; % CurHan/Momexa

%Frel = 0:0.02:0.5; % YacToTa OTHOCUTEenbHO Fpm
% 3HayeHMsa ocu x

xval = SNR;

base = length(modulatingSequence); % ba3a curHana

Fs = 150; % YacToTa puckpeTusauuu

T = 1/Fs; % Mepunop puckpeTusauuu

L = informationLength*base*Fs; % ONnuHa curHana

time = (0:L-1)*T; % BekTop BpemeHu

% OM-curHan

PMAmMpl = 1; % AmnauTtypa OM

fpm = 10; % YacTtoTa OM

% lym

mu = 9;

% TMomexa

Ui = 1; % AMNAMTyAa rapMOHWYeCKOW MoMexu

fi = fpm + ©0.1; % YacToTa rapMoOHMYeCKON MoMeXxu

phi = 0; % ®a3a rapMoOHMYeCKOW nomexu

% DeTekTop

Uref = 1; % AMNAMTypa ONOPHOro CUrHana

fref = fpm; % YacToTa OMOpHOro curHana

phref = 0; % ®a3a OMopHOro curHana

% OrpaHu4uTennb

Amax = 1; % MakcumanbHaa aMnauTyAa orpaHu4uTens
Amin = -1; % MWHMManbHas amMnNAMTyAa OrpaHu4uTenA

Lmax

0.3; % BepxHui nopor



Lmin = -0.3; % HwxHU nopor
% OHY

fpass = 5;

fstop = fpass + 5;

Apass = 1;

Astop = 60;

% WHTerpaTop
threshold = 0;

modulatingSignal = getPeriodicalSignal(modulatingSequence, time);
informationSignal = getSignal(informationSequence, time, base);
modulatedSignal = informationSignal.*modulatingSignal;

PMSignal = getPMSignal(modulatedSignal, PMAmpl, fpm, time);

1pf = getLPF(fpass, fstop, Apass, Astop, Fs);

detectorHarmonic = getHarmonic(Uref, fref, phref, time);

results = zeros(1l, length(xval));
for i = 1:length(xval)

% Onsa CurHan/lym

sigma = PMAmpl/SNR(i);

% [ns 4YacToTbl OoTHocuTenbHo Fpm (C/Wl = 0.15)
%sigma = PMAmpl/0.15;
%fi = fpm + Frel(i);

% Ona CurHan/MNomexa
%Ui = PMAmpl/SIR(i);

interferenceHarmonic = getHarmonic(Ui, fi, phi, time);
packetsResults = zeros(length(informationSequence), packetNumber);
parfor j = 1:packetNumber

noise = getNoise(mu, sigma, time);

% CUrHan + wym + nomexa
interferenceSignal = PMSignal + noise + interferenceHarmonic;

% CUrHan + nomexa
%interferenceSignal = PMSignal + interferenceHarmonic;

detectorSignal = interferenceSignal.*detectorHarmonic;
LPFSignal = filter(lpf, detectorSignal);

% OrpaHuyMTenb BKJIKYEH
limiterSignal = getLimiterSignal(LPFSignal, Amax, Amin, Lmax, Lmin);

% OrpaHumyuTenb BbIK/IYEH
%limiterSignal = LPFSignal;

multiplierSignal = limiterSignal.*modulatingSignal;

integratorMatrix = reshape(multiplierSignal, [Fs*base informationLength]);
integratorSequence = trapz(integratorMatrix);

receivedSequence = applyThreshold(integratorSequence, highLevel, lowlLevel,

threshold);

diffVector = informationSequence - receivedSequence;

packetsResults(:,j) = diffVector;
end
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negative = length(find(packetsResults));
Perr = negative/numel(packetsResults);
results(i) = Perr;

end

semilogy(xval, results);
hold on;
end

legendStrings = cell(1, expNumber);
for i = 1:expNumber

legendStrings{i} = num2str(exp(i));
end

lgd = legend(legendStrings);
title(lgd, expTitle);
grid on;

toc

function result = applyThreshold(signal, highLevel, lowLevel, threshold)
result = zeros(1, length(signal));
for i = 1:length(result)
value = signal(i);
if value >= threshold
result(i) = highLevel;
else
result(i) = lowLevel;
end
end
end

function result = getBinarySequence(highLevelNumbers, lowLevelNumbers, highlLevel,
lowLevel)
sequencelLength = length(highLevelNumbers) + length(lowLevelNumbers);
result = zeros(1l, sequencelength);
for i = 1:sequencelength
if ismember(i, highLevelNumbers)
result(i) = highlLevel;
elseif ismember(i, lowLevelNumbers)
result(i) = lowLevel;
end
end
end

function result = getHarmonic(amplitude, frequency, phase, range)
result = zeros(1l, length(range));
for i = 1:length(result)
result(i) = amplitude*cos(2*pi*frequency*range(i) + phase);
end
end

function result = getLimiterSignal(signal, Amax, Amin, Lmax, Lmin)
result = zeros(1, length(signal));
for i = 1:length(result)
n = signal(i);
if n >= Lmax
result(i) = Amax;
elseif n <= Lmin
result(i) = Amin;
else
result(i) = n;



end
end
end

function Hd = getLPF(Fpass, Fstop, Apass, Astop, Fs)
%FILTERDESIGN Returns a discrete-time filter object.

% MATLAB Code

% Generated by MATLAB(R) 9.12 and Signal Processing Toolbox 9.0.
% Generated on: 06-0ct-2022 12:43:36

% Butterworth Lowpass filter designed using FDESIGN.LOWPASS.

% All frequency values are in kHz.
%Fs = 300; % Sampling Frequency

%Fpass = 1; % Passband Frequency
%Fstop = 3; % Stopband Frequency
%Apass = 1; % Passband Ripple (dB)
%Astop = 60; % Stopband Attenuation (dB)

match = 'passband'; % Band to match exactly

% Construct an FDESIGN object and call its BUTTER method.
h = fdesign.lowpass(Fpass, Fstop, Apass, Astop, Fs);
Hd design(h, 'butter', 'MatchExactly', match);

% [EOF]

function result = getNoise(mu, sigma, range)
result = normrnd(mu, sigma, size(range));
end

function result = getPeriodicalSignal(sequence, range)
result = zeros(1l, length(range));
sLength = length(sequence);
for i = 1:length(range)
tIndex = floor(range(i));
sIndex = mod(tIndex, sLength) + 1;
result(i) = sequence(sIndex);
end
end

function result = getPMSignal(signal, ampl, frequency, range)
result = zeros(1, length(signal));
for i = 1:length(signal)
result(i) = ampl*signal(i)*cos(2*pi*frequency*range(i));
end
end

function result = getRandomBinarySequence(lowLevel, highLevel, slength)
result = randi([@ 1],1,slength);
for i = 1:length(result)
k = result(i);

if (k == 1)

result(i) = highlLevel;
else

result(i) = lowLevel;
end

end
end

function result = getSignal(sequence, range, scale)



end

result = zeros(1l, length(range));

for i = 1:length(range)
index = floor(range(i)/scale) + 1;
result(i) = sequence(index);

end
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lWwymonoaobHoro curHana nyrem
MaTemaTu4yecKoro moaenuposaHua

Marucrepckaa KBanmdpukaumoHHasa pabora
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dM LUNC u ero ceBouctBa

LUTMC — curHan, y Kotoporo 6a3a mHoro 6onblie eguHuubl (B = FT >> 1)

LLUMC o6napatoT NOBbILLEHHON MOMEXOYCTOMYNUBOCTLIO U CKPbITHOCTbIO
OTHOCUTE/NIbHO NPOCTOrO CUrHanNa

BbICOKas MOMEX0YCTONMYMBOCTb cucTem, ncnonbayrowmx LLMNC, obycnosnexa
TaK Ha3biBaemMbIiM KO3pPULUMEHTOM ycuneHuma npm obpadboTke (Kwnc = 2B)
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Bosaencreme y3KonosnocHou nomexu Ha npuem LUMC

Y3KONO/I0CHasi MoOMexa — 3TO FTAaPMOHUYECKMUIM CUTHA, HE3HAUYUTE/IbHO
OT/IMYAOLWMNCA NOo YacToTe oT Hecywen M LUMC.

[1aHHbIN BNA NOMEXU MOKET BO34ENCTBOBATb TO/IbKO Ha LUMC, npnHumaembin
CXemom npAmoro npeobpasoBaHUA, KOTOPas cCoAepPKMT Ppa30BbIN AETEKTOP.

Y3KONo/10CHas nomexa Bbi3biBaeT 3pPeKT bueHnin B pa3oBom AeTEKTOPE, KOTopbIE
NCKaXKatoT NPUHATbIE Mchopmau,MOHHble CMMBOJIbI.
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3aaaHue

Pa3pabotatb moaenb GopmmnpoBaHma, npuema n o6paboTku
LLIMNC c 6a3o# ot 11 Ao 255 B ycnosBuaAx WymoBson u/mnu
Y3KOMOJIOCHOMN NMOMEXMN.

B moaenu peanunsoBatb GyHKUUM NPeobpa3oBaHMA YaCTOThl,
®HY, amnAnTygHOro orpaHN4YeHmnaA, KoppenAaLMoHHOMN
06paboTKM NPUHMMAEMOro CUrHanNa.

[MpoBecTn moaennpoBaHune npuema n obpabotku LUMC ana
Pa3HbIX OTHOLWEHWUI curHan/wym, curdan/nomexa.
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I'quemy HEOGXOAMMO NnPpUMEeHATb mogenamnposaHue

BepoaTHocTb ownbkmn ana ®M curHana ¢ 6esbim LWymom:

Pom = 0-5[1 - CD(\/ ZE/NO)]

roe E — 9HEPrnAa CUrHana, NO_ MOLWHOCTb WyMa Ha eANHNLY NMONIOCbI HaCTOT
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Mopenb curHana

Mopgenb ®M curHana
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Mopaenb npuemHUKa
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Pe3ynbTaTbl MOAeNNPOBaAHUA

3aBUCUMOCTb BEPOATHOCTM OWNOKK oT 6a3bl LUTMC
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L
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Perr
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PEBYI’I bTaTbl MOAENTNPOBAHUA

3aBMCUMOCTb BEPOATHOCTM OWNOKM OT LUMPUHBI NONOCLI NPONYCKaHMA GUALTPA
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F Filter passband, kHz |
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107 | 10 E
F 30 ]
70
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Perr

Pe3ynbtatbl mogenupoBaHuA

3aBUCUMOCTb BEPOATHOCTHU OWNBKKM oOT NnapaMeTpoB MNomMexu
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Perr

Pe3ynbTaTbl mogennpoBaHuA

3aBUCUMOCTb BEPOATHOCTHU owmnbKM oT dMMNINTYAHOTO OrpaHUYUTENA

10°

Limiter on/off without interference
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Limiter on/off with interference (Ui=1.5,fi=0.1)
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BbiBOADbI

1. NMoKa3aHo, yto xota ®M LLUMC u ABnaOTCA AOCTAaTOYHO NOMEXOYCTOMYUBbLIMMU,
OAHAKO CYLLEeCTBYeT Y3KOMNO/IOCHAA NOMexa, KOTOpaa MOXET OKa3biBaTb
3HaYUTeNbHOE BAMAHME Ha npuem LUTC

2. PaspaboTtaHa mogensb npuema LUMC, kKoTopad no3BoAAET NOCTPOUTb
3aBMCUMMOCTb BEPOATHOCTU OWKNOKKM OT MapamMeTpPOB CUTHAMA U MOMEXM.

3. MpoBeaneHo mogenmpoBaHue npmema n obpabotku LUMC B ychosumax
LUYMOBOW M Y3KOMO/IOCHOM MOMEX.

4. B pe3ynbraTe MoAe/IMPOBaHUA YCTAHOB/IEHO, YTO Y3KOMO/IOCHaA NoOMexa
MOXET OKa3aTb 3HaYUTe/IbHOE BANAHUE Ha BEPOATHOCTb OLUMOKM NPUHATOrO
CUrHana.

5. YcTaHOB/IEHO, YTO BO3ENCTBME MOMEXU 3aBUCUT OT €€ YacToTbl U
aMnAnTyabl. BAnsaHMe 4yacToTbl 3aBUCUT OT BUAA MOAYANPYIOLLEN
noc/ieaoBaTe/IbHOCTM.

6. I3 Nony4yeHHbIX pe3ynbTaToB caeayeT, YTO aMNAUTYAHbIN OrPaHUYNTENDb, B
LLeJIOM, HEraTUBHO BAUAET Ha MOMEXOYCTOMYNBOCTb.

7. TaKKe yCTaHOBNEHO, YTO pacluMpeHme nonocbl nponyckaHna ®HY sbilwe
HEKOTOPOM He MPUBOAUT K POCTY NN YMEHbLLUEHNIO BEPOSTHOCTM OLLIMOKMK
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