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ABSTRACT

This thesis proposes to use the multi linear chirp technique (MLC) for solving the
collision problem in frequency hopping-code division multiple access (FH-CDMA). The effect of
frequency code collision is data error at collide position because the receiver can’t estimate the
user’s data. The multi linear chirp technique is a solution for system improvement. The
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used for simulation and performance analysis of both systems.
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Tsunsudmsus1aean1siinuvesse Uy MLC-FH-CDMA tlag BFSK-FH-CDMA

1
weilsenaudae Tusunsuaane i

Tdsunsunan 1 Tsunsy

- thcdma bfsk chirp.m

Tsunsueee 13 Talsunsy
- mseq.m
- shift.m
- goldseq.m
- rx_filterm
- bfsk mod hop.m
- mchirp_mod_hop.m
- compconv2.m
- sefade.m
- delay.m
- fade.m
- comb2.m
- fsk_chirp_despread.m

- fsk chirp_demod.m



fhedma_bfsk_chirp.m

% fhcdma_bfsk_chirp.m(Main Program)

% Simulation Program of FH-CDMA & Multi Chirp FH-CDMA System

% Programmed by S. Hansa

clear

%**************************** Preparation part 3 3k e ok 3k e s e 3k sk 3k ok e ok ek ok ok ok kol sk ok ook ok gk ok ok

sr = 144000.0; % symbol rate[Symbol/Second](Follow W-CDMA Std.)
ml =1; % number of modulation levels

br =sr*ml; % bit rate(Bit/Second)

Ts = 1/sr; % Symbol Period of 1 bit(Second)

nda = 2040; % number of symbol for all(by 1 User) : nda/nd=Integer
nd =255; % number of symbol per loop : nd/nh=Integer

sebn0 = 0; % Eb/No Starting

debn0 = 2; % Distance between Eb/No

febn0 = 18; % Eb/No Starting

%********************** Spreading COde lmtlallzatlon sk sk ok ok e sk ok ok ok sk ok ok ok ok o ok ok ok ok ok ok ok

user = 5; % number of users

seq =1; % 1:M-sequence 2:Gold 3:Orthogonal Gold
stage = §; % number of stages

ptapl =[2 3 4 8]; % position of taps for 1st

ptap2=1[1358]; % position of taps for 2nd
regil=[11111111]; % initial value of register for 1st

regiz=[11111111]; % initial value of register for 2nd
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%******************** Generatiol‘l Ofthe spreading Code ke 2k 2k 2k 2k 2k o 2 3k 2k ok ok ok ok ok k ok ok ok

switch seq

case 1 % M-sequence
code = mseq(stage,ptapl,regil,user);

case 2 % Gold sequence
ml = mseq(stage,ptapl,regil);
m2 = mseq(stage,ptap2,regi2);
code = goldseq(m1,m2,user);

case 3 % Orthogonal Gold sequence
ml = mseq(stage,ptapl,regil);
m2 = mseq(stage,ptap2,regi2);
code = [goldseq(m1,m2,user),zeros(user,1)];

end

code = code;

clen = length(code);

%code(:,clen+1:clent+3)=code(:,1:3);

O/ % F sk ok skokkokok ko ok ok kb okok ok [nitial Parameter %% %ok soor sk ok sk stk ok ok ok

nes =35; % Number Code per Symbol

Gp =2"ncs; % Gian Processing

nh = length(code)/ncs; % Number Hopping per Code set

TB =5; % Time-Bandwidth Product of 1 Hop
TTB = TB*Gp; % Total Time-Bandwidth Product

df =TB/Ts; % Bandwidth of 1 Hop[Hertz]

%%%%% %% %% %% % Sampling Rate Adaptation%%%%%%%%%%%%%%
rfs =2.1; %Initial Resolution of Sampling Rate
fs = Gp*dftrfs; % Initial Sampling Frequency(rfs=2, follow Nyquist;s Theorem)
T =1s*Ts; % Initial Number Sample of symbol Period[Sample]
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if rem(T,(user+1))==
rfs=rfs
fs=1s
T=T
else
intT= fix(T./(user+1))+1;
T =intT*(user+l) % Actual Number Sample of symbol Period(Note: T/(user+1)=Integer)
fs =T/Ts % Actual Sampling Frequency
rfs = fs/(Gp*df)

end

O 5 5 ok ok ok o ok ok o sk ok oK ok K ok Kk Fading initialization * %% %% kskkkkkkk koo dokok koK

rfade = 1; % Rayleigh fading O:nothing 1:consider

itau = [0,T]; % delay time

divll =[0.0,40.0]; % attenuation level

n0 =[6,7]; % number of waves to generate fading

thl =[0.0,0.0]; % initial Phase of delayed wave

nowl =2; % number of directwave + delayed wave

tstp =1/sr/T/ncs; % time resolution

fd =185; % doppler frequency [Hz](v=100km/h,f=2GHz)
flat =1; % flat Rayleigh environment

itndel =nd * T * ncs * 30, % number of fading counter to skip

%%%%%%%%%%%% Generated Band Pass Filter %%%%%%%%%%%%%%%%%%%

N =100 ' % Filter Order
bpf=FIR 1(N,(2*Gp*df/fs)); % Transmit Filter Function
Nr =50 % Filter Order

bpfr=rx_filter(Nr,Gp,TB,T); % Multi Receive Filters



%*********************** S’I‘ART CAI CULATION 3 3 e 3k e sk Sk e e Sk Sk ok 3k e kK K e ke ok ok oKk ok ok

nloop = nda/nd; % simulation number of times

nebn0=1;

for ebn0=sebn0:debn0:febn0

nofe = 0; % Number of PSK Error
noce = 0; % Number of Chirp Error
nod =0; % Number of All Data
itnd1 =[3001,4004]; % set fading counter

for ii=1:nloop

%*********************** Trﬂ.ﬂsmitter 3k 3k >k sk sk ok ok 2k vk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok okok ke ok

data = rand(user,nd*ml) > 0.5; %Generate Data

%%%% %% %%% BPSK & Chirp Modulation & Spreading %%%%%%%%
[fsk] = bfsk mod hop(data,user,nd,code,ncs,nh,fs,T,df);

% BFSK Modulation & Freqeuncy Hopping

[mc] = mchirp mod_hop(data,user,nd,code,ncs,nh,fs,T,df);

% Multi Chirp Modulation & Freqeuncy Hopping

%%%% %% % % %% % %% %% Transmission Filtering %%%%%%% % %%

[fsk1,mc1] = compconv2(fsk,me,bpf); % Tx. filtering

%% %% %% % %% %% %% %% Mixing %%%% %% %% %% %% % %%

~ ifuser == % transmission

fsk2 = fsk1((N/2)+1:length(fsk1)-(N/2));
mc2 = mcl((N/2)+1:length(mc1)-(N/2));
else
fsk2 = sum(fsk1(:,(N/2)+1:length(fsk1)-(N/2)));
me2 = sum(mel(;,(N/2)+1:length(mc1)-(N/2)));
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end

Oy 3k e 3k e e e ke sk o sk e s ok skok ok ok ok Fadlng chanmne] % % sk sk ok s skosk ok sk kb ok kol sk oskok sk kokkokok ok ok

qch=zeros(1,length(mc2));

if rfade ==
mc3 = mc2;
fsk3 = fsk2;
else

[mc3,qche] = sefade(me2,qch,itau,dlvll,th1,n0,itndl, ... % fading channel
nowl,length(mc2),tstp,fd,flat);

[fsk3,qchf] = sefade(fsk2,qch,itau,dlvll,th1,n0,itndl, ... % fading channel
nowl,length(fsk2),tstp,fd,flat);

itnd1 = itnd1 + itndel;

end

%% %% % %% % %% % % %% %% AWGN %%%%%%6%%%0 %0 %% %% %% %
spowp = sum(rot90(fsk.”2)) / nd; % attenuation Calculation(FSK)
attnp = sqrt(0.5 * spowp * sr/ br * 10"(-ebn0/10));

spowc = sum(rot90(mc."2)) / nd; % attenuation Calculation(MC)
attnc = sqrt(0.5 * spowc * sr/ br * 10*(-ebn0/10));

[fsk4,mc4] = comb2(fsk3,me3,attnp,attnc); % Add White Gaussian Noise (AWGN)
%************************* Receiver sk ok ok 2k ok 3 2k 3 3k 2k ok ok ke sk sk ok Sk 3k 3k ok sk sk ok ok sk sk sk sk skeockokok ok
%%%%%%%%%% Receiver Filtering & Despreading%%6%%%%%%

[fsk5,mc5] = fsk_chirp_despread(fsk4,mc4,code,bpfr,T,ncs,nh,user,nd,Nr);

% Rx. filtering

%% % %% %% %% % % % %% Demodulation & Estimation %%%%%%%%%%%%%
[fdemodata,cdemodata) = fsk_chirp_demod(fskS,mcS,code,Gp,T,df,ncs,nh,user,nd,fs);
% QPSK demodulation



%******************** Bit Error Rate (BER) e 3k 3 3k 3k ok oK ok 3k 3 ok sk ok e ok ok ok ok s ok ok ok ok ok k ok

nofe2 = sum(sum(abs(data-fdemodata)));

noce2 = sum(sum(abs(data-cdemodata)));

nofe = nofe + nofe2;

noce = noce + noce2;

nod2 = user * nd * ml;

nod =nod + nod2;
fprintf('%d\t%e\t%e\n',ii,nofe2/nod2,noce2/nod2);

end

OA)***************#******Report Data sk ok 2k 3 3k 3k 3k e 3 ok ok ok 3 ok ok ok e sk 3k e sk e e ke ok ok ok ok Rk

berf = nofe / nod;
berc = noce / nod;
fprintf(‘%d\t%d\t%d\t\t%d\n%e\t%e\n\n‘,ebnO,nofe,noce,nod,nofe/nod,noce/nod);
Pberf(nebn0) = berf;
Pberc(nebn0) = berc;
nebnO=nebn0+1;
end
fprintf('Time Bandwidth Product of 1 Hop : %d\n',TB);
fprintf('Bandwidth of 1 Hop(Hz) : %d\n',df);
fprintf('Symbol Period(Second) : %d\n',Ts);
fprintf('Bit Rate(bps) of 1 User : %d\n',br);
fprintf('Processing Gian : %d\n',Gp);
fprintf('Number of User : %d\n',user);
fprintf('Number of Data(Per Point) : %d\n\n',nod);
fprintf("Multi Path Fading Consider(1=Yes,0=No): %d\n\n',rfade);
disp(Bit Error Rate of BFSK-FH-CDMA')
disp(Pberf);
disp('Bit Error Rate of Multi Chirp-PH—CDMA')
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disp(Pberc);
x=sebn0:debn0:febn0;

semilogy(x,Pberc,-',x,Pberf]'":’)

0&******************************** end Ofﬁle 3k ok 2k ok ok ok ok 2k ok 2k ok 3k ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok



mseq.m

% mseq.m
%
% The generation function of M-sequence

%

function [mout] = mseq(stg, taps, inidata, n)

gﬁ******************#*#*******************************************
% stg : Number of stages

% taps : Position of register feedback

% inidata : Initial sequence

%n  : Number of output sequence(lt can be omitted)

% mout : output M sequence

96****************************************************************

if nargin < 4

n=1;

mout = zeros(n,2"stg-1);

fpos = zeros(stg,1);

fpos(taps) = 1;

for ii=1:2"stg-1

mout(1,ii) = inidata(stg); % storage of the output data

num = mod(inidata*fpos,2); % calculation of the feedback data
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inidata(2:stg) = inidata(1:stg-1); % one shifts the register
inidata(1) = num; % return feedback data
end
ifn>1
for ii=2:n

mout(ii,:) = shift(mout(ii-1,:),1,0);
end

end

%******************************** end Ofﬁle 2k 3k 2k ok ok 2k ok ok 3k ok ok ok ok 2k ok 2k 3k ok ok 3k ok ok ok ok ok %k ok ok ok ok k



shift.m

% shift.m
%
% Shift the contents of the register.

%

function [outregi] = shift(inregi,shiftr,shiftu)

@6****************************************************************

% inrege  : Vector or matrix
% shiftr  : The amount of shift to the right.
% shiftu  : The amount of shift to the top.

% outregi : Register output

96***************************#************************************

[h, v] = size(inregi);

outregi = inregi;

shiftr = rem(shiftr,v);
shiftu = rem(shiftu,h);

if shiftr> 0
outregi(:,1 :shiftr) = inregi(:,v-shiftr+1:v ~ );
outregi(:,1+shiftr:v ) = inregi(:,1 :v-shiftr);
elseif shiftr <0
outregi(:,1 :v+shiftr) = inregi(:,1-shiftr:v =~ );
outregi(:,v+shiftr+1:v ) = inregi(:,1 :-shiftr);

end

inregi = outregi;
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if shiftu > 0
outregi(l :h-shiftu,:) = inregi(1+shiftu:h, :);
outregi(h-shiftu+1:h, ;) = inregi(1 :shiftu,:);
elseif shiftu < 0
outregi(1 :-shiftu,:) = inregi(h+shiftu+1:h, 4}
outregi(1-shiftu:h, :) = inregi(l :h+shiftu,:);

end

%******************************** Cﬂd Ofﬁle S sk 3k 3k 3k ok ok sk ok sk ok ok sk ok sk ok 3k ok 3k 3k ok sk Sk ok Sk ok sk ke kok
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goldseq.m

% goldseq.m
%
% The generation function of Gold sequence

%

function [gout] = goldseq(m1, m2, n)

% sk 3k 3k 3k ok ok oK ok ok ok ok ok 3k sk ok ok ok 3k 3k sk Sk s sk 3k e e sk sk sk sk ok ok ok ok ok ok ok ok sk ok ko Sk 3k e ok Sk sk ke sk ke ok sk ok sk ok ok sk ok ok Rk

% ml : M-sequence 1
% m2 : M-sequence 2
% n : Number of output sequence(It can be omitted)

% gout : output Gold sequence

05 3k 3k 3k 2K ok ok 3 sk sk sk 2k s sk sk ok 2k sk ok oK ko ok oK ok o 3k ok oK 3K oK ok ok ok ok ok e sk sk bk ok ok ok ok K sk ok ok 3k oK ok ok ok ok sk ok ok ok kR

if nargin <3

n=1;

gout = zeros(n,length(m1));

for ii=1:n
gout(ii,:) = xor(m1,m2);
m2 = shift(m2,1,0);

end

%******************************** end ofﬁle o 3k ok 3 ok 3k S e ok sk ke ok ok ok ok ok ok Sk ok Sk ok ok Sk sk ko ckokokok ok

110



rx_filter.m

% rx_filter.m

% Multi Receiver Filter Program

% Programed By S. Hansa

function [fout]=rx_filter(Nrf,Gpf,TBf,Tf)

=(2*TBf/Tf);
fout(1,:)=FIR 1(Nrf,wn);
for j=2:Gpf
wl=(2*((j-1)*TB)/Tf);
w2=(2*(j*TB1)/T1);
fout(j,-)=FIR 1(Nrf,[w1 w2]);

end

%******************************** eﬂd OfﬁIe ok 2k 3k ok ok 3K ok ok ok ok ok 3k ok ok 3k ok 3 sk ok 3k ok ok ok sk sk ok ek koK ok
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bfsk_mod_hop.m

% bfsk_mod_hop.m

% BFSK Modulation & Freqeuncy Hopping Program

% Programed By S. Hansa

function [fout]=bfsk_mod_hop(dataf,userf,ndf,codef,ncsf,nhf,fsf, Tf,dff)

ncl=ndf/nhf; % Number code Loop

t=[1:Tf)/fsf; %Time of Signal

z=2.M0:(nesf-1)];

z=rot90(z,2);

for j=1:userf

for k=1:ncl
for i=1:nhf

cd=codef(j,(((i-1)*ncsf)+1):(((-1)*ncsf)+ncsf)); % Selecting code 3 bit by 3 bit
hf=sum(z.*cd); % Code Adaptive into Base 10(Hop Freqeuncy Layer No.)
fe=(hf*dff)+(dff/2); % Center Freqeuncy
if dataf(j,((k-1)*nhf)+i)==

sfli,:)=sin(2*pi*(fc+(dff/4)).*t); %FSK Signal of Data"1"
else
sf(i,:)=sin(2*pi*(fc-(dff/4)).*t); %FSK Signal of Data"0"
end
end

sf1(k,:)=reshape(sf',1,(nhf*T1));
end
fout(j,:)=reshape(sf1',1,(ncl*nhf*Tf));

end

%*********#********************** end ofﬁle ok 3k 3k sk 3k 3k sk ke sk ok ok ok ok ok 3k ok ok ok s sk sk ok ok ok ok ok ok ok ke k sk ok
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mchirp_mod_hop.m

% mchirp_mod_hop.m

% Multi Chirp Modulation & Freqeuncy Hopping Program

% Programed By S. Hansa

function [cout]=mchirp _mod_ hop(dataf,userf,ndf,codef,ncsf,nhf,fsf,Tf,dff)
ncl=ndf/nhf; % Number code Loop
z=2.70:(ncsf-1)];

z=rot90(z,2);

dfe=dff/(userf+1); % Freqeuncy Division for User

Te=Tf/(userf+1); % Time Division for User

for j=1:userf

tc1=[1:j*Tc)/fsf; % Front Time
tc2=[1:(userf+1-j)*Tc)/fsf; % Back Time
ul=((userf+1-j)*dfc)/(tc1(j*Tc)); % Front Slope
u2=(j*dfc)/(tc2((userf+1-j)*Tc)); % Back Slope
for k=1:ncl

for i=1:nhf

cd=codef(j,(((i-1)*ncsf)+1):(((i-1)*necsf)+ncsf)); %Code Adaptive into Base 10
hf=sum(z.*cd);
fe=(hf*dff)+(dff/2); % Center Freqeuncy
if dataf(j,((k-1)*nhf)+i)==
scl=sin((2*pi*(fc-(dff/2)).*tc1)+(pi*ul.*(tc1.72)));  %Front Chirp Signal of Data"1"
sc2=sin((2*pi*(fe+(dff/2)-(j*dfc)). *tc2)+(pi*u2.*(tc2.72)));
%Back Chirp Signal of Data"1"



else
scl=sin((2*pi*(fc+(dff/2)).*tc1)+(pi*(-ul).*(tc1./2)));
%Front Chirp signal of Data"0"
sc2=sin((2*pi*(fc-(dff/2)+(j*dfc)). *tc2)+(pi*(-u2).*(tc2./2)));
%Back Chirp signal of Data"0
end
sc(i,1:(j*Tc)) =scl;
sc(i,G*Te)+1:(userf+1)*Te)=sc2;
end
cl(k,:)=reshape(sc',1,(nhf*Tf));
end
cout(j,:)=reshape(cl’,1,(ncl*nhf*Tf));

end

(yo******************************** end Ofﬁle sk e 3k sk s sk 3k ok 3k 3k 3k ok ok sk sk e ok koK sk ok kR kokok ok kokok ok
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compconv2.m

% compconv2.m

%

% Function to perform convolution between signal and filter

%

function [iout, qout] = compconv2(idata, qdata, filter)

% e 3k 3 ke ke e 3k 3 sk Sk 3 sk ke ke ke ok sk e ok ok ok ok ok ok ok ok ok 3k ok ok 3 ok 3 3 ok ok sk o ok ok Sk Sk Sk sk 3 3k Sk ok ok ok ok ok ok ok e ok ok ok ok sk ok

%
%
%
%o
%

idata :ich data sequcence

qdata : qch data sequcence

iout :ich output data sequence
gout : qch output data sequence

filter : filter tap coefficience

% sk sk 3k ok sk ok 3k 3k 3% 3k 3k 3k 3k ok ok 3k ok 3 3k 3k 3k 3k ok ke ok S gk ok ok ok ok ok ok ok ko ok ok ok sk ok ok ok 3k ok sk ok sk ok ok ok dk ok ok ok kR ok R ROk Rk R

iout = conv2(idata,filter);

gout = conv2(qdata,filter);

%******************************** end of file s 3 ok o ok o ok ok ok ke sk ok sk ok sk ok sk ok ok ok sk ok ok s ok ok ok ok ok ok ok %k
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sefade.m

% sefade.m
%
% This function generates frequency selecting fading

%

function[iout,qout,ramp,rcos,rsin]zsefade(idata,qdata,itau,dlvl,th,nO,itn,nl ,nsamp,tstp,fd,flat)

96***************#**vaﬂabks*************************

% idata input Ich data

% qdata input Qch data

% iout output Ich data

% qout output Qch data

% ramp : Amplitude contaminated by fading

% rcos : Cosine value contaminated by fading

%rsin : Cosine value contaminated by fading

% itau : Delay time for each multipath fading

% dlvl : Attenuation level for each multipath fading

%th :Initialized phase for each multipath fading

%n0 : Number of waves in order to generate each multipath fading
%itn : Fading counter for each multipath fading

%nl :Number of summation for direct and delayed waves
% nsamp : Total number od symbols

% tstp : Mininum time resolution

% fd : Maxmum doppler frequency

% flat flat fading or not

% (1->flat (only amplitude is fluctuated),0->nomal(phase and amplitude are fluctutated)

96********************************************#*********

iout = zeros(1,nsamp);

qout = zeros(1,nsamp);
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total_attn = sum(10 .~( -1.0 .* divl ./ 10.0));

fork=1:nl

atts = 10.7( -0.05 .* dIvl(k));

if divl(k) >=40.0

atts = 0.0;

end

theta = th(k) .* pi ./ 180.0;

[itmp,qtmp] = delay ( idata , qdata , nsamp , itau(k));

[itmp3,qtmp3,ramp,rcos,rsin] = fade (itmp,qtmp,nsamp,tstp,fd,n0(k),itn(k),flat);

iout = iout + atts .* itmp3 ./ sqrt(total_attn);

gout = qout + atts .* qtmp3 ./ sqrt(total_attn);

end

9% ek ok ok ok sk ok ok sk ok sk ok skokok skok ok okokok ke 4 Ofﬁle***********************************



delay.m

% delay.m
% Gives delay to input signal

%o

function [iout,qout] = delay( idata, qdata , nsamp , idel )

O ¥k kskkkok Rk kk kR k kR K yorighleg ¥k kEkkok ok ok ok dok ok ok ok ok bk ok ok K

% idata input Ich data

% qdata input Qch data

% iout output Ich data

% qout output Qch data

% nsamp Number of samples to be simulated

% 1del Number of samples to be delayed

OA)******************************************************

iout=zeros(1,nsamp);

qout=zeros(1,nsamp);

if idel ~= 0
iout(1:idel) = zeros(1,idel);
qout(1:idel) = zeros(1,idel);

end

iout(idel+1:nsamp) = idata(1:nsamp-idel);

gout(idel+1:nsamp) = qdata(1:nsamp-idel);

% ************************end Ofﬁ]e***********************************
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fade.m

% fade.m

%

% Generate Rayleigh fading
%

function [iout,qout,ramp,rcos,rsin]=fade(idata,qdata,nsamp,tstp,fd,no,counter,flat)

%****************** variables ok ok 3k ok ok 3k o ok ok ok ok e ok ok ok ok ok ok ke ok ok ok ck ok

% idata : input Ich data

% qdata : input Qch data

% iout : output Ich data

% qout : output Qch data

% ramp : Amplitude contaminated by fading
% rcos : Cosine value contaminated by fading
% rsin : Cosine value contaminated by fading
% nsamp : Number of samples to be simulated
% tstp : Minimum time resolution

% fd  : maximum doppler frequency

% no :number of waves in order to generate fading
% counter : fading counter

% flat  : flat fading or not

% (1->flat (only amplitude is fluctuated),0->nomal(phase and amplitude are fluctutated)

%*******#**********************************************

if fd ~=0.0
ac0 = sqrt(1.0 ./ (2.0.*(no + 1))); % power normalized constant(ich)
as0 = sqrt(1.0 ./ (2.0.*no)); % power normalized constant(qch)

ic0 = counter; % fading counter
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pai = 3.14159265;
wm = 2.0.*pai.*fd;
n=4.*no+2;

ts = tstp;

wmts = wm.*ts;

paino = pai./no;

xc=zeros(1,nsamp);
xs=zeros(1,nsamp);

ic=[1:nsamp]+ic0;

fornn=1:no
cwn = cos( cos(2.0.*pai.*nn./n).*ic.*wmts );
xc = xc + cos(paino.*nn).*cwn;
xs = xs + sin(paino.*nn).*cwn;

end

cwmt = sqrt(2.0).*cos(ic. *wmts);
xc = (2.0.*xc + cwmt).*ac0;

xs = 2.0.*xs.*as0;
ramp=sqrt(xc."2+xs."2);
rcos=xc./ramp;

rsin=xs./ramp;

if flat ==

iout = sqrt(xc.2+xs.*2). *idata(1:nsamp); % output signal(ich)

qout = sqrt(xc.”2+xs."2).*qdata(1:nsamp); % output signal(qch)

else

jout = xc.*idata(1:nsamp) - xs.*qdata(1:nsamp); % output signal(ich)

qout = xs.*idata(1:nsamp) + xc.*qdata(1:nsamp); % output signal(gch)

end
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else
iout=idata;
qout=qdata;

end

07, kKRR KRR Rk Rk R ke ] of fjleg ¥ H R Rk kbl ok KRRk Kk K



comb2.m

% comb2.m
%
% Function to add white gaussian noise

%

function [iout, qout] = comb2(idata, qdata, attnpf,attnct)

%****************** Va.riables 3 3 3 % 3 3 o ok o o o ok o ok ok % K K ok ok ok %k ok %k ok

% idata : input Ich data
% qdata : input Qch data
% iout output Ich data
% qout output Qch data

% attn : attenuation level caused by Eb/No or C/N

A

v = length(idata);

h = length(attnpf);

iout = zeros(h,v);

qout = zeros(h,v);

for ii=1:h
iout(ii,:) = idata + randn(1,v) * attnpf{(ii);
qout(ii,:) = qdata + randn(1,v) * attncf(ii);

end

%******_**#*********************** end of file ok sk 3k ok ok ok sk ok ok 2k 3k ok sk 3k sk sk e e Sk Sk e sk ke Skok ok ok ok ok ok ok ok
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fsk_chirp_despread.m

% fsk_chirp_despread.m

% Despreading Program of BFSK & Multi Chirp

% Programed By S. Hansa

function [fout,cout]=fsk_chirp_despread(fin,cin,codef,bpfrf, Tf,ncsf,nhf,userf,ndf,Nrf)

ncl=ndf{/nhf; % Number code Loop
z=2."0:(ncsf-1)];
z=rot90(z,2);
for j=1:userf % Processing User by User
finl=reshape(fin(j, 1 :ndf*TT),(nhf*Tf),ncl);
finl=finl";
cinl=reshape(cin(j,1:ndf*Tf),(nhf*Tf),ncl);
cinl=cinl";
for k=1:ncl % Processing Hopset by Hopset
fin2=reshape(fin1(k,1:nhf*Tf),Tf,nhf);
fin2=fin2";
cin2=reshape(cin1(k,1:nhf*Tf),Tf,nhf);
cin2=cin2'";
for i=1:nhf % Band Pass Filtering Symbol by Symbol
cd=codef(j,(((i-1)*ncsf)+1):(((i-1)*nesf)+nesf)); %Code Adaptive into Base 10

- hf=sum(z.*cd); % Hop Freqeuncy Layer No.(0-(Gp-1))
bpf=bpfrflhf+1,:); % Select BPF
foutl=conv2(fin2(i,:),bpf); % Filtering

fout2(i,:)=fout1 (Nrf/2)+1:length(fout1)-(Nrf/2)); % Cliping Top&Bottom of signal
coutl=conv2(cin2(i,:),bpf); % Filtering
cout2(i,:)=cout1 ((Nrf/2)+1:length(cout1)-(Nrf/2)); % Cliping Top&Bottom of signal
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end
fout3(k,:)=reshape(fout2',1,nhf*Tf);
cout3(k,:)=reshape(cout2',1,nhf*Tf);
end
fout(j,:)=reshape(fout3',1,ndf*Tf);
cout(j,:)=reshape(cout3',1,ndf*Tf);

end

%******************************** Cnd Ofﬁle sk ok ke e ok ok ok ok ok ok ok ok sk ok ok ok 3k e ok 3k ok sk 3k 3k 3k dk ek ok ok



fsk_chirp_demod.m

% fsk chirp_demod.m

% Demodulation & Estimation Program of BFSK & Multi Chirp FH-CDMA

% Programed By S. Hansa
gr

function [fout,cout]=fsk_chirp_demod(fin,cin,codef,Gpf, Tf,dff,ncsf,nhf userf,ndf,fsf)

ncl = ndf/nhf; % Number code Loop

t = [1:Tf)/fsf; % Time of Signal

z = 2.7[0:(ncsf-1)];
z =rot90(z,2);

dfc = dff/(userf+1); % Freqeuncy Division for User
Tec = Tf/(userf+1); % Time Division for User
for =1:Gpf

fo = ((f-1)*dff)+(dff/2); % Center Freqeuncy

Rf1(f,:) = sin(2*pi*(fc+(dff/4)).*t);
RIO(f;:) = sin(2*pi*(fc-(dff/4)).*t);

end

for j=1:userf
for c=1:Gpf
tcl = [1;j*Tc)/fsE;
tc2 = [1:(userf+1-j)*Tcl/fsf;
ul = ((userf+1-j)*dfc)/(tc1(j*Tc));
u2 = (j*dfc)/(te2((userf+1-j)*Tc));
fc = ((c-1)*dff)+(dff/2);

% FSK Reference Signal of Data"1"

% FSK Reference Signal of Data"0"

% Front Time
% Back Time
% Front Slope
% Back Slope

% Center Freqeuncy
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Refl = sin((2*pi*(fc-(dff/2)). *tc1)+(pi*ul.*(tc1.72)));
%Front Chirp Signal of Data"1"
Rebl = sin((2*pi*(fc+(dff/2)-(j*dfc)). *tc2)+(pi*u2.*(tc2.42)));
%Back Chirp Signal of Data"1"
Ref0 = sin((2*pi*(fe+(dff/2)). *tc1)+(pi* (-ul). *(tc1./2)));
%Front Chirp signal of Data"0"
Reb0 = sin((2*pi*(fe-(dff/2)+(j*dfc)). *tc2)+(pi*(-u2).*(tc2.#2)));
%Back Chirp signal of Data"0"
Rel(e,1:(j*Tc)) = Refl; % Chirp Reference Signal of Data"1"
Rel(c,(j*Te)+1:(userf+1)*Tc) = Rebl;
Re0(e,1:(j*Tc)) = RefD; % Chirp Reference Signal of Data"0"
Rc0{c,(j*Tc)+1:(userf+1)*Tc) = Reb0;
end
finl=reshape(fin(j,1:ndf*Tf),(nhf*Tf),ncl); % Processing User by User
finl=finl";
cinl=reshape(cin(j,1:ndf*Tf),(nhf*Tf),ncl);
cinl=cinl’;
for k=1:ncl % Processing Hopset by Hopset
fin2=reshape(finl(k,1:nhf*Tf),Tf,nhf);
fin2=fin2';
cin2=reshape(cin1(k,1:nhf*Tf),Tf,nhf);
cin2=cin2';

for i=1:nhf

cd=codef(j,(((i-1)*ncsf)+1):(((i-1)*ncsf)+ncsf)); % Code Adaptive into Base 10

hf=sum(z.*cd); % Hop Freqeuncy Layer No.(0-(Gp-1))
Cf1=Rf1(hf+1,:).*fin2(i,:); - % Cross Rx FSK Signal'l' with Basis Function

- CfO=RfO(hf+1,:).*fin2(i,:); % Cross Rx FSK Signal'0' with Basis Function
Ccl=Rcl(hf+1,:).*¢cin2(i,:); % Cross Rx Chirp Signal'l' with Basis Function
Cc0=Rc0(hf+1,:).*cin2(i,:); " % Cross Rx Chirp Signal'0' with Basis Function

infl=trapz(Cfl); % Intigrating Cross Product

infO=trapz(Cf0); % Intigrating Cross Product
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incl=trapz(Ccl); % Intigrating Cross Product

incO=trapz(Cc0); % Intigrating Cross Product

if inf1>=inf0 % BFSK Estimation
foutl(k,i)=1;

else
fout1(k,i)=0;

end

if inc1>=inc0 % Chirp Estimation
coutl(k,i)=1;
else
coutl(k,i)=0;
end
end
end
fout(j,:)=reshape(foutl',1,ndf);
cout(j,:)=reshape(coutl’,1,ndf);

end

%******************************** end Ofﬁle 3 3k 3K ok ok ok 3 3k 3k 3k 3K 3k Sk 3k oK 3K ok ok ok ok s sk sk ok ok ok R ok kR ok
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