APPENDIX A

MATLAB Code of PPM Pulse-Based UWB Communication Syc%:

First : Generates the energy normalized pulse waveform Spe&kas of the
second derivative Gaussian pulse:

Step: 1:-
%Parameters Definitions : V

%

% 'fc' is the sampling frequency Yv

% "Tm" is the pulse duration

% 'tau’ is the shaping parameter l

function [0-1]= waveform(fc,Tm,tau); \d

Y0 =-mmmmmmmmmm oo ® \

% Step 2 : - Pulse Waveform Generation j q
S — K\
dt=1/fc; % reference sampling period § 4 \,Y"

OVER = floor(Tm/dt); % number of sampleswé!énti Y'
% the pulse
e = mod(OVER,2); \) 3 4\
kbk = floor(OVER/2); 0)
tmp = linspace(dt,Tm/2,kbk); \
s = (1-4.*pi.*((tmp./tau).A2)).* ... N\
exp(-2.*pi.*((tmp./tau).2)); % 0}
@
ife % OVER is odd % : 43'
for k=1:length(s) \ AN
y(kbk+1)=1: %\
y(kbk+1+k)=s(K); | o.
y(Kbk+1-K)=s(K); s 2
end
else % Q mevenl \ .é(')
for kﬂ:length& {Q
y(KbK+K)z M ) O
y(kbk+1 : ' & (')
end Q_ \(J
end % P ): 4\

(y¥2).%dt); % pulseeqgtgy
w="0.5); % ener rmalization

-9
7y

s e

: IR-UWB Reference Signal Generation

Pow =-30; % Average transmitted power (dBm)
fc = 50e9; % sampling frequency
numbits = 3000; % number of bits generated by the source
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Ts=1e-9; % frame time, i.e. average pulse

% repetition period [s]
Ns=1; % number of pulses per bit
Tc=1e-9; % chiptime [s] \
Nh = floor(Ts/Tc); % cardinality of the Time Hopping code %
Np = 30000; % periodicity of the Time Hopping code
Tm =0.5e-9; % pulse duration [s]

G=0;
% G=0 -> no graphical output

% G=1 -> graphical output Y'

0/ = mmm e

% Step 2: - Simulating Transmission Chain

%6 --mmemmrmmesnes oo \d
% binary source "
bits = _bits(numbits): ‘é j _\c.}
% repetition coder

repbits = _repcode(bits,Ns); 4 \,Y'

% Time Hopping code \ Y-
THcode = _TH(Nh,Np): \; 4\
% Pulse Position Modulation + TH % 0‘

tau = 0.65e-9; % shaping factor for the pulse [s]
dPPM = 0.5e-9; % time shift introduced by the PPM [s] Q

[PPMTHseq, THseq] = ... \k
_2PPM_TH(repbits,fc,Tc,Ts,dPPM,TH );
% Shaping filter % \i A
power = (10*(Pow/10))/1000; verdge “ [ OV\%
% (watt) “« Q-
&

Ex = power * Ts; %% per pu
w0 = waveform(fc,Tm,tau), ner 0 ahz@se
vefq

%

wix = w0 .* sgrt(Ex); oYpulse w

=

% ffhdijte
&

wnh m£
Sb = conv(THseqMgx); Outgut of t@ter
wit lati
% Output ge m o ! (ﬁ’@
hi

s

L = (floor(T,

Stx = Sa(% \(J
ref = Sb% b 4 ? 4\
R A X
% SA— raphical Output c.}’
. S N
i \
ure(5);
d “Position’,[32 223 951 420]):
ax = numbits*Ns*Ts;

time = linspace(0,tmax,length(Stx));
P = plot(time,Stx);
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set(P,'LineWidth',[2]);

ylow=-1.5*abs(min(wtx));

yhigh=1.5*max(wtx);

axis([0 tmax ylow yhigh]);

AX=gca; \
set(AX,'FontSize',12);

X=xlabel('Time [s]");

set(X,'FontSize',14);

Y=ylabel('Amplitude [V]); i
set(Y,'FontSize',14);

for j =1 : numbits V

tj = (j-1)*Ns*Ts;: Y'
L1=line([tj tj],[ylow yhigh]); '
set(L1,'Color',[0 0 0],'LineStyle’, ...

--' 'LineWidth",[2]); \d.

fork =0: Ns-1
if k>0 ‘é | -{_)\Y'
tn = tj + K*Nh*Tc;
L2=line([tn tn],[ylow yhigh]): 4 \,Y'

set(L2,'Color',[0.5 0.5 0.5],'LineStyle’, ? \ Y~
- 'LineWidth',[2]);
end \%V ? 3
forg=1:Nh-1 O

th = tj + k*Nh*Tc + q*Tc;
L3=line([th th],[0.8*ylow 0.%gh]); \T g
set(L3,'Color',[0 0 0],'Lin ed.. o ‘_}
= LineWidth',[1]); é 4 ‘3'
end
end \ , Aj \A
end Y’

N
end % end of graphical out \o' f(()o
Third: Introdu@tiv \‘/hite aussi@oise over signal

AN

function [out M]: o ! (,)(J

_Gnoisel '%no, mbit: ' (J
\

g 1))

% Ste ntroducti oi‘tAW\’m

(R, S

.y S

Numbits)*sum(input."Z); % measured energy per bit

= 10.”(ebno./10); % Eb/No in linear unit
Eb ./ EbNo; % Unilateral spectral
% density
stdv = sqrt(No./2); % Standard deviation for

% the noise
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for j =1 : length(EbNo)

noise(j,:) = nstdv(j) .* randn(1,length(input)); Yv
output(j,:) = noise(j,:) + input; \

end

decaying factor 'gamma’ and the constant term 'c0’, which\epresents the

Fourth : Attenuates the input signal 'tx' according to the dlstv.d [m], the
reference attenuation at 1 meter.

% The function returns the attenuated signal 'rx’ z '

% and the value of the channel gain "attn’ \d
X
function [rx,attn] = _pathloss(Stx,c0,d,gamma) J ' _@
P — b i
% Step 1: - Path loss evaluation b

R g}l °\

attn = (c0/sqgrt(d*gamma));

rx = attn .* Stx;
i
&

Fifth : Evaluates the correlatsek (nﬁsk) dhe of binary PPM UWB
signals. \ SO

N
% Parameters Definitiogs : %
%'ref" is the reference 0 h|ch| pro e!dibhe 2PPM+TH transmitter

% 'fc' is the sampling frequ

% 'numpulses' is t mber oft d pu
% 'dPPM' is the vgliye 0 FIM sh %
% \ \

!
functlon [m hPP orrm (éf,& mpulses,dPPM)
\
R % ---------------- <
% Ste aluation the{orrevnon mask
(7. A SN

&,

N
ergy normalization

Ise = (sum((ref.”2).*dt))/numpulses;
= ref./sqrt(Epulse);

% Mask construction
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PPMsamples = floor (dPPM ./ dt);

sref(1:PPMsamples)=ref(length(ref)- ...
PPMsamples+1:length(ref));

sref(PPMsamples+1:length(ref)) = ref(1:length(ref)- ...
PPMsamples);

g
mask = ref-sref; @
% 3

Finally: receiver performance ppm

% Step 1: signal generation

[bits1, THcode,s ppm1,refl]= _transmitter 2PPM_TH re z '

% Step 2: parameters \d
Y

fc = 50e9; é | _@
dPPM = 0.5e-9;

Ts = 1e-9; 4 \,Y'
numbit = 3000; Y i, X
numpulsesl = 2500; % Ns =1, 4\
[mppm1] = PPMcorrmask(refl,fcnu@PmQ 4‘

%Step 3: signal to noise ratio values

exno=[024609]; %% OA\? 0}
1,

. . “ X
[rx_ppm1, noise] = _GnmseZ& ewlseﬁy
% Step 4: performance vaw , S
(e e
[RXbits1, BER1] = PPMregkiver, r@pﬁjﬁaﬁ}ml fc, bits1, numbit, 1, Ts);

[bits1, THcode,s @1]: '[rans itter_%@Vl_TH_rec_ppml;
\ ¢ ',| (')

GCOND PART : SIMULINK Main Communication-Link S-Functions Blocks

1- S-Functions of Different Transmitted Pulse Shapes.
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R-Z Manchester Pulse Shape

function V=rzmanchester(e,tp,tc)
t=0:1e-12:10*tp;

A=(e/tp)"0.5; \
y:A*(rectpuIs(t-tc,tp)-rectpuIs(t-(tc+tp/6),2*tp/3)-rectpuIs(t—(tc+tp/3),tpm g

plot(t,y);

fs=1el2;
a=fft(y,30000); ? '
b=a.*conj(a);

c=sqrt(b);

d=max(b);
f=fs*(0:15000)/30000; '

figure;

plot(f,10*log(b(1:15001)/d)); \d.
Sinusoidal Pulse Shape % J ' .b\‘z.
function V=sinusoi Yv d \T
unction V=sinusoidal(fc,n) \ X
t=0:1e-11:n/fc; V 4\
V:sin(z*pi*fc*t).*rectpuIs(t-(n/2)*(1/fc)% 0‘

plot(t,V); \

a=fft(\V,30000);

b=a.*conj(a): % \T
c=sqrt(b); o

fs=1lell; q &
f=fs*(0:15000)/30000; E

figure; \ Aj \A
plot(f,c(1:15001)): Y’ ,

'S
Rectangular Pulse Shape P 4 f(()o

NN
unction V:rectan@(e,tg@ ‘é
A=(e/tp)"0.5; {V
t=0:1e-11:10% \ o i (_)(J
y=A*rectpuls(t™C,B); s (J
plot(t.y); ) N
fs=1lel 4 4\
a=fft( Jw; 4 "
b=aZconj(a);
: S

t(f,10*log(b(1:15001)/d));

o
N);
%:15000)/30000;

-Gaussian-Monopulse Pulse Shape
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function [V,t]=GaussianMonopulse(tw,fw,s)

close all;

t=-10*tw:tw/100:10*tw;
V=(1-(t/5).72).*(exp((-t.~2)/(2*s).”2)/(2*pi*s.~2).M0.5);
plot(t,V);

grid on; )
title('Gaussian Monopulse in time domain’);
xlabel("Time(sec)")

ylabel('Amplitude"); Y.
f=0:fw/100:fw;

Vi=((2*pi*s*f). 2).*exp(-(2*pi*s*f)."2)/2; V

figure; Y'

plot(f,Vf); '

grid on;

titIe('G:aussian Monoplljlse in frequency domain’); \d.

SiabelCAmpltuaey. 'é\ I _\c}“'

Scholts Gaussian 2nd Derivative Pulse Sha 4 \)Y'

1;/ur}ction_ [t,w]:sc_holtz(A,Tc) ;Y' ? é\v
o function [tw]=scholtz(A,Tc) %

% input: A(=sqrt(Ep)), Tc(=Time shif\

% ouput: t(time) :[ns], w(wave form

% tau=0.2877e-9; % impulse widthégjewns \?
% [ns]

t=-2e-9:1e-12:2e-9;
w=A*sqrt( 8/3/tau ) * (1-4*pi

return;

function 2 ’ =
UWBmodulation(t,x,u u,Tf,T

switch flag,

% Initialization 0/\
case 0, & Q
Sizes = SimSizgs;
"y

sizes.Num
sizes.Nu

siz dthrough'® 1 X
siges NlumSampleTimes = J@éfat least one sample time is needed
S =

msizes(sizes);

%x= [xini O]; % State of the state register and initial cO, m=5

[I;ts =[00];

Derivatives %
sel,
sys=[l;

% Update %
case 2,
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X(6)=0;
if abs(round(t/Tf) - t/Tf) < 1e-8
for cnt=bitsPerHop-1:-1:0
feedback=mod(x(2)+x(5),2); \
X(6) = x(6) + x(5)*2"cnt;
for k=5:-1:2 %
X(K)=x(k-1);
end
x(1)=feedback; Y.
end
SYS=X; V

else Yv
sys=[I; :
end
% Outputs % \d
case 3, ‘X
tmod=mod(t, Tf); ’ _\G}
sys = scholtzValue(tmod,A,x(6)*Tc+u*delta+ au);
% GetTimeOfNextVarHit %
case 4, \ Y-
70 \3 N

% Terminate %

RS

sys=[l;

% Unexpected flags %
otherwise E 0 0}

error(['Unhandled flag = ',nu

end \

N
2- S-Function of U\A@ta;,ans i}§o§
\ SYs, s

function XQ&in ts] =
UWBPPMDataSqfigce(T; ,u,fa!;,sigP er,tg<LT, Tc,delta,M, link,xini,dataOnState, bit

PerHop,Ns,Np, ' O
global AC Q‘Do fN;'?o' (:')
N
switch fjfg fb) 4\
% 4 Y'

% Aaiti&lization % N
X

S
i simsizes;

s.NumContStates = 0;

E’ es.NumDiscStates = 10;
izes.NumOutputs =2;
sizes.Numlnputs =0;

sizes.DirFeedthrough = 1;
sizes.NumSampleTimes = 1; % at least one sample time is needed

pd
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sys = simsizes(sizes);
state=xini;

for k=1:link
[state,nextC]=nextState(state,bitsPerHop); \
end
X0 = [state 0 0 0 0 O]; % State of the register(m=5), output time&r'launit c,

data on flag

str=[];ts =[00];

% Derivatives % Y.
case 1,

sys=[I;

% Update % Y'
case 2, '

if abs(round(t/Tf)-t/Tf) < 1e-8
if ACQUISITION_ON==0 \d
L 4

X(7)=0;
end j (}Y.
[state,nextC]=nextState(x(1:5),bitsPerHop); "\
X(1:5)=state; x(6)=nextC; 4 \‘}'

if state==dataOnState'
X(7)=1; %Data On Flag
X(8)=t; %Data On State Time

x(10)=floor(rand(1)*M);
elseif x(7)==1 & mod(round( t-%
x(10)=floor(rand(1)*M);

end
end %
SYS=X; \
% Outputs %

A=sqrt(Ep);

tmod=mod(t, Tf); g
if ACQUISIT >o@
data = x(1Q};
output =g&ch VTe% ?,'X(@,)Q'-I’C+x(10)*delta+fl00r(2*tau/Ts)*Ts,taU);
sys=[d t%)ut];

else §J
sy, . 4 V)
en :
\ :b X

%

case 3, 1
Ep:1e-3*10"(sigP@ Tf; % Aver

[N

eOfNextVarHit % c}'

(1;
minate %

cowe 9,
sys=[I;
% Unexpected flags %

otherwise
error(['Unhandled flag = ‘,num2str(flag)]);
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3- S-Function of Pilot-Hopping-Code Block
function code=pilotHoppingCode(xini,bitsPerHop,Np)

code=[]; x=xini;

\,Y'

presentC=0;

for cnt=bitsPerHop-1:-1:0
feedback=mod(x(2)+x(5),2);
presentC = presentC + x(5)*2"\cnt;

for k=5:-1:2
X(K)=x(k-1); '
end
x(1)=feedback; \d
end ‘X
code=[code presentC]; ¢ ' 3
end
4- S-Function block of signal Attenuation a 4 \,Y'
function [sys,x0,str,ts] = ChanDelay (t,x,u,flag,08ay, Ts) \

switch flag, Q}’ 0‘

% Initialization % \

case 0,
sizes = simsizes; % \T
sizes.NumContStates = 0; E o (_}
sizes.NumDiscStates = floo S); q Q-
sizes.NumOutputs =1; \ Aj A‘O
sizes.Numlnputs =1, Ny
sizes.DirFeedthroughy=1; l %

at |

sys = simsizes(sizes);

’
X0 = zer0s(10QUely § N
str=[]; ts =[O/ @
% Derivatives ~
case 1, @ ¢ ! (_)(J
2.0 537
% Updat% NS

case 2 P') 4\

if ay/Ts)==

N

length(x);
(2:D=x(1:1-1);

0‘ =

SYS=X;
end

% Outputs %

case 3,
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if floor(delay/Ts)==0
sys=u;

else
sys=x(length(x));

end

% GetTimeOfNextVarHit % 3 )

case 4,

sys=[;
% Terminate %
case 9,

sys=[l;
% Unexpected flags %
otherwise '
error(['Unhandled flag = ‘,num2str(flag)]);
end \d
X
5- S-Function of AWGN Channel Model | _@
function [sys,x0,str,ts] = AWGNchan(t,x,u,flagwaqi wer) 4 \,Y'
switch flag, V QY.‘
% Initialization % 0‘
case 0, \
sizes = simsizes; \ A
sizes.NumContStates = 0; ) a AT ‘_;\\
sizes.NumDiscStates = 0; “« Q-
sizes.NumOutputs =1; \ A‘O
sizes.NumInputs N

Sys = simsizes(sizZ8gL: § %
n &

0 =1

;(tr:[g]; ts m 0 ! (,)O

% Derivati % l s (J

case_l, $

okl "v): T

: &

S=IT;
uts %

oiseVariance=1e-3*10"(noisePower/10);
sys=u+sqrt(noiseVVariance)*randn(1);
% GetTimeOfNextVarHit %
case 4,

sys=[I;
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% Terminate %
case 9,

sys=[I;
% Unexpected flags %
otherwise

error(['Unhandled flag = ',num2str(flag)]); )
end &

function code=pilotHoppingCode(xini,bitsPerHop,Np)

code=[]; x=xini;

for k=1:Np z '

presentC=0;
for cnt=bitsPerHop-1:-1:0 \d
feedback=mod(x(2)+x(5),2); ® \

presentC = presentC + x(5)*2"cnt; ' C}

for k=5:-1:2 2 %
x(K)=x(k-1);

end .

N ()j((l):feedback; %V o‘

code=[code presentC]; \
end
6- S-Function of PiIot-Templmé%at% c

function
PilotTemplateGen(t,x,u,fla

global UWB_SIG_DE

global ACQUISITION_
global NEXT_PU ;
global NEXT_H I

global INTEGRQTI
global ACQ_%%«e_

switch flag,

% Init%k % & b'):
case \

S simsizes;

umContStates =0;
.NumDiscStates = 9+Np;

é’ es.NumOQutputs =1,
izes.Numlnputs =0;
sizes.DirFeedthrough = 0;

sizes.NumSampleTimes = 1; % at least one sample time is needed
sys = simsizes(sizes);
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code=pilotHoppingCode(xini,bitsPerHop,Np);

X0 = [0 0 zeros(1,7) code]; % Number of Present Code, Number of try, Time
hopping codes ¢

str=[];ts =[00];

NEXT_PULSE_TIME=-1, )
NEXT_HOPPING_ON=0;
INTEGRATION_START _TIME=-1;
ACQ _FRAME TIME=-1; ?
ACQ _REGISTER_STATE=[00000];
% Derivatives % V

case 1, Y'
sys=[l; '
% Update % \d
case 2, g \z-
if UWB_SIG_DETECT ON==1 | c.}
UWB_SIG_DETECT ON=2: ; Y'-\
x(2)=1, -
x(1)=1; Y i, &
Sys=X; \, 4\
presentC=x(10+0); nextC=x(10+1 W Q\
NEXT PU LSE_TIME:UWB_\
presentC)*Tc+TT;

INTEGRATION_START_T%NEX%&T *Moor(2*tau/Ts)*Ts:
end
o S

time2Change=NEXT_PURGE§IME+
if UWB_SIG_DETECT.ON ¥ &
& NHX

if ACQUISITION, O
NEXT_HOP =0;
X(2)=x(2)+1;

frameStarﬂ%UWE’r

floor(2*tau/Ts)*Ty

e+nedFrame* Tf+x(10+x(1))*Tc+floor(2*tau/Ts)*Ts;

| [ loorZ*tau/Ts)*Ts
1)=mod(x(1)+1,N
Ax y=mod(x(1)+ \nk'

eTime=frameStartTime+(numFrame+1)*Tf+x(10+x(1))*Tc+floor(2*tau/Ts)*

: end
0 NEXT_PULSE_TIME=nextPulseTime;
INTEGRATION_START_TIME=nextPulseTime-floor(2*tau/Ts)*Ts;

else
presentC=x(10+x(1));
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X(1)=mod(x(1)+1,Np);
nextC=x(10+x(1));

NEXT_PULSE_TIME=NEXT_PULSE_TIME+(nextC-presentC)*Tc
if ACQUISITION_ON==1

ACQUISITION_ON=2; \
ACQ _FRAME_TIME=NEXT_PULSE_TIME-nextC*Tc-
floor(2*tau/Ts)*Ts;

ACQ_REGISTER_STATE=findState(mod(x(1)-1,Np),X kgieltsPerHop);
if ACQ_ FRAME_TIME <t
disp(‘error’);

ACQ_FRAME_TIME=ACQ_FRAME_TIME+ \'

ACQ_REGISTER_STATE=findState(mod(x(1)+1,Np),xi
end

fprintf('Acquired Frame Time=%5.3f ns\n', A
end

if ACQUISITION_ON==2 '_\C-}
ACQUISITION_ON=3;
INTEGRATION_START_TIME= U SE{ \,Y'
floor(2*tau/Ts)*Ts;

Y'

end
end V 0‘ 4\

SYS=X; \

else

SYS=X; % \? &k

end o 0}
% Outputs %
case 3,

if UWB_SIG_DETECT, \

q
&

N i N
pulseTimeBegingNEXNW PULSH TIME-tlo au/Ts)*Ts;
puIseTimeEnd—%tiLSE IM flbo&u/Ts)*Ts;

egin

if (t>pulseTimeB

t<pul
abs(t/pulse'ﬁ&l?egin n%s;
sYs:sc?&
else

Sys=Qp ,? i ("O
end / ’ (J
else <k. NS
ens% ’b.): $
% E%WeOfNextVarHit %\c}'

’[];

minate %

C )
sys=[I;
% Unexpected flags %

otherwise
error(['Unhandled flag = ',num2str(flag)]);

| 4‘f{seTimeEnd-l) <1le-8
e(tzNEXT JPULS ME, 1, 0, tau);
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7- S-Function of Integrate and Sample Block

function [sys,x0,str,ts] = IntegrateSample(t,x,u,flag,SampleTime) Yv

switch flag,

% Initialization % )
case 0,

sizes = simsizes; Y.
sizes.NumContStates = 0;
sizes.NumDiscStates = 3; V
sizes.NumOutputs =1; Y'
sizes.Numlnputs =1, '

sizes.DirFeedthrough = 0;

sizes.NumSampleTimes =1; % at least one sample is negde

sys = simsizes(sizes); "

X0 =[0 0 0]; % Output, Subtotal, Present timeé ' _@
str=[];ts =[00]; p

% Derivatives % Y'
case 1, 2 \ Y\J
sys=[I;
% Update % %V 4\
case 2,
SYS=X; \
if abs(round(t/SampleTime) - t/@eTime &\
sys(1)=x(2); sys(2)=0; E o (_}
else “« Q-
sys(2):x(2)+abs(t-x(3))\ ; j A‘Q
end g
sys(3)=t; Y’ , %
% Outputs % %
case 3,
sys = x(1)<0; \
% GetTimeOfNi@it 0/0 Q'E‘
case 4, N
sys=[; \ .? ',l c.,(J
% Termin (J
case 9, NS
%;‘ FNE
% UngX d flags % X
ot e

e \

Nt
Qc(;

nction of UWB-Detection Block

ction [sys,x0,str,ts] = uwbDetection(t,x,u,flag,threshold,tau, Ts,Ep)
lobal UWB_SIG_DETECT_TIME;

global UWB_SIG_DETECT_ON;
switch flag,
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% Initialization %
case 0,
sizes = simsizes;
sizes.NumContStates = 0; \
sizes.NumDiscStates = floor(2*tau/Ts)+1; %
sizes.NumOutputs =0;
sizes.Numlnputs =1,
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1; % at least one sample time is neede
Sys = simsizes(sizes);
X0 = zeros(floor(2*tau/Ts)+1,1); % State of the state register andWfitial cO, m=5
str=[]; ts =[00]; k"
UWB_SIG_DETECT_TIME=0;
UWB_SIG_DETECT_ON=0;
% Derivatives %

case 1,
sys=[l;

% Update %

case 2,

% coefficient:sum(x.*scholtzVaIue([-tau:Ts:%]',

% fprintf('Time:%%
(floor(tau/Ts)+1)*Ts)*1e9,coefficient);
if UWB_SIG_DETECT_ON==0
coefficient=sum(x.*scholtzValue([-(8:Ts:

if( coefficient>threshold )
UWB_SIG_DETECT OfNgl; o

(floor(tau/Ts)+1)*Ts;
fprintfC(UWB  signa ted. TwQe=03.3f
(floor(tau/Ts)+1)*Ts)*1e9,cQeffi nt);,
end § .
end [ o
I=length(x); J ’é}‘l

X(L:1-1)=x(2:1); x4z u; \
IS
% Outputs % N
case 3, \ ¢ ! (,’(J
sys=[I; @ 4 &
% Get ext\arHiy% NS
case 4&, b_)‘, 4\

syse|
% inate %

c%& \C‘)
I;
%expected flags %

oterwise
rror(['Unhandled flag = ',num2str(flag)]);
nd
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APPENDIX B

MiXiM Source Code: Omnet.ini:

[General]

network = ieee802154a

debug-on-errors = false

fname-append-host = false

record-eventlog = true

** module-eventlog-recording = false

** vector-recording = true

#**.debug = false

num-rngs = 88

ned-path = ../../base;../../modules;../../examples;
# tkenv-default-run=1

# cmdenv-runs-to-execute=1
cmdenv-express-mode = true

# Because of the battery module, there are alwa

# thus we need a fallback sim-time-limit.

# Otherwise the battery module will evenjeral
overflow

sim-time-limit=1 d # 30s for 10000 pm

ieee802154a.**.coreDebug = false
ieee802154a.playgroundSizeX = %
ieee802154a.playgroundSizeY z
ieee802154a.playgroundSizeZag m
ieee802154a.wor|d.useTorus%
ieee802154a.world.use2D =
ieee802154a.channelC@ntral.
ieee802154a.channelCOomtro
ieee802154a.channefgontrol.
ieee802154a.changél ol.
ieee802154a.chgfin ntro

i qu%t 4500e+6 Hz
ieee802154a. ro;laget? elay = false
ieee802154a. . INpis@= 0 dBm
i ].ni@ph hexlNoise = false # we use our own
thermal gois b 4
ieee80 A§€70<1|e[*].niwﬁytime 0TX = 0.00021 s
ieee80 4a.node[*].nic.phy.tein§ ToSleep = 0.000031 s
ie a.node[*].nic.phy. XToRX =0.00012 s
i M54a.node[*].nic.phy.timeTXToSIeep =0.000032 s
i 154a.node[*].nic.phy.timeSleepToRX = 0.000103 s

I 02154a.node[*].nic.phy.timeSleepToTX = 0.000203 s
802154a.node[*].nic.phy.maxTXPower = 1 mW # not used currently
t required by BasePhyLayer

ieee802154a.node[*].nic.phy.sensitivity = 0.1 dBm # useless but
required by BasePhyLayer
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ieee802154a.node[*].nic.phy.initialRadioState = 0

*** debug = false

** pbattery.nominal = 99999mAh

** battery.capacity = 99999mAnh \
** battery.voltage = 3.3V %
** battery.resolution = 10s

** pattery.publishDelta = 0.1

** battery.publishTime = 0
** battery.numDevices = 1 # only the PHY module uses energy from?

the battery V

** batteryStats.debug = false

** batteryStats.detail = false Y'

** batteryStats.timeSeries = false
ieee802154a.node[*].nic.connectionManagerName =" 1COntrpl
ieee802154a.node[*].nic.mac.headerLength = 16 bit w‘

ieee802154a.node[*].nic.mac.trace = false
ieee802154a.node[*].nic.mac.debug = false
ieee802154a.node[*].app.trafficParam = 1

ieee802154a.node[0].app.nodeAddr = 0 V
ieee802154a.node[1].app.nodeAddr :\
e
A

ieee802154a.node[*].nic.mac.maxRetries = 1 \\z'
ieee802154a.node[0].nic.mac.stats = true | .io)
ieee802154a.node[*].nic.mac.stats = false P

—X

ieee802154a.node[*].app.debug = fals
ieee802154a.node[*].app.flood = f
ieee802154a.node[*].app.stats =
ieee802154a.node[*].app.trace
ieee802154a.node[*].app.pay
## Nodes positions

S
>
Ky’

iece802154a.node[0]. ilw!o
ieee802154a.node[0]. iityy = 0 [ 0’
ieee802154a.node[0].mobilil.z =0 & s &
ieee802154a.node[ (J
ieee802154a.nod @ 45’
[Config BERDI A
description = Ev. Elral#é function of
distance wit S.'s
ieee80215% Sizesh byte
ieee802)54a.Mude ?ddr $

** nu 2 X

ieeg 4a.node[1].mobility x.%${distance=1..10 step 2, 11..100

S%% b
i 54a.node[0].app.nbPackets = 0

I 154a.node[1].app.nbPackets = ${nbPackets=150}
jec8B802154a.node[*].nic.phy.analogueModels =
Idoc(*'channels/${Channel=ghassemzadeh-los}.xml")
ee802154a.node[*].nic.phy.decider =
xmldoc("'receivers/${Receiver=3dB}.xml")
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MiXiMSourceCode:IEEE802154A.cc
*-*-mode:c++ -*-

B R R R R R R e R e o R R R R R R R R R R R AR AR A R AR AR R R R R R R R R R R AR R R R R R R R R R e e
*file:IEEE802154A.cc \

*

*author:JeromeRousselot<jerome.rousselot@csem.ch> : )
*

*copyright: (C) 2008 Centre Suisse d'Electronique et
Microtechnique (CSEM) SA Q
* Systems Engineering V

* Real-Time Software and Networking
* Jaquet-Droz 1, CH-2002 Neuchatel, Switzerland. Y'
*

it

* and/or modify it under the terms of the GNU Genegl \z'
. N

Public ' iq

* License as published by the Free Software

Foundation; either 4
* version 2 of the License, or (at your option) anR \ Y-

* This program is free software; you can redistribute id
L 4

later
* version.
* For further information see file CO O

*in the top level directory

* description: this class holds const ecifie \rsaf &k
802.15.4A UWB-IR Phy N

* acknowledgment: this work v%orte(ﬂ(in p B}
Competence xo A

* Center in Research on MQile rm[" a g

Communication Syste

* NCCR-MICS, a cen ted by ¢he S isd 0’

National Science g 's &

* Foundation under&num&e {07322 (J

**************& *k*k *hkK *****%k****************************

*khkkkkikkk /

#include "IEE%N4 "o "l (')(J
5)

=
r

#include <c
/I bit rate (
const in 2154A,. ator@rate = 850000

/l ma ata symbof lerfth (IRD25 ms)
con time_t IEEE802154®¢'andatory_symbol =0.00000102364;
111485

/ andatory_symbol (0.5 ms)
wsimtime_t IEEE802154A::mandatory_timeShift = 0.00000051282;

datory pulse duration ( = 1/ bandwidth = 2 ns)
st_simtime_t IEEE802154A::mandatory_pulse = 0.000000002003203125;
burst duration (32 ns)
const_simtime_t IEEE802154A::mandatory_burst = 0.00000003205;
/I number of consecutive pulses forming a burst
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const int IEEE802154A::mandatory_pulses_per_burst = 16;

/I Center frequency of band 3 in UWB lower band (1081.6 MHz wide

channel)

const double IEEE802154A::mandatory_centerFreq = 6489.6; // MHz \
/I default sync preamble length %
const_simtime_t IEEE802154A::mandatory_preambleLength = 0.00007%5;

/] Tpre=71.5 ps

/I Normalized pulse envelope peak

const double IEEE802154A::maxPulse = 1; Y.
// Duration of a sync preamble symbol m
const_simtime_t IEEE802154A::Tpsym = 0.001 * 0.001 * O.le * .6;

11993.6 ns

const_simtime_t IEEE802154A.::tFirstSyncPulseMax = '
IEEE802154A::mandatory_pulse/2;

/1 Ci values \d.
const short IEEE802154A::C31[8][31] = {

/I ClL ‘é | -{_)\Y'
{-1,0,0,0,0,+1,0,-1,0, +1, +1, +1, 0, +1, -1,

0,0,0,+1, -1, +1, +1, +1, \0' \,Y
0,0,-1,+1,0,-1,0,0},

/I c2 \; S.
{0,+1,0,+1,-1,0,+1,0,+1,0,0,0, -1,

0,-1,+1,-1,-1,-1,0,0, \

+1,0,0,+1,+1,0,0,0},

+1,+1,0,+1,0,0,-1, 0,

0,0,0,-1,0,+1,0,-1}, \
Il C4

{0,0,0,0,+1,-1,0,

041, WY 11
+1,0,+1,-1,+1, 0,0, b

I1C3
{-1,+1,0,+1,+1,0,0,0, -1, +1,E +]J+1

+11 01 -1l Ol +1l +11 01 - )

/I Cs N, N
{-1,0,+1, -1, o,& +@
1,0, +1, +1,
+1,0,-1,0, + ,N,o g0, 0% |
/I C6 4
+1, +1,@o, 0, 4, -1)-1)+1,880, +1, +1,
1,004 é\
+1,0, 41, ,+1,0,+,0,6,0,Q}',
I e
ﬁ\o,’, 10,+1,-1,0, +1, 01, 0,0, +1, 0, 0,

1 +11 +11 -11 -l!
d -, +1,0,0,-1,+1},

.

,+1,0,0,-1,0,-1,0,+1,+1,0,0,0,0, -1, -1,
1,0,0,-1, +1,0, +1,
+1,-1,+1,+1,0,+1,0,0 },
3
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const short IEEE802154A::shortSFD[8] ={ 0, 1,0,-1,1,0,0, -1 };
short IEEE802154A::s_array[maxS]=4{0,0,0,0,0,0,0,0,0, 0,

0,0,1,

0,0,0} \
int IEEE802154A::last_s = 15; %
double IEEE802154A::signalStart = 0;

int IEEE802154A::psduLength = 0;

/[const_simtime_t IEEE802154A::MaxFrameDuration =
IEEE802154A::MaxPSDULength*IEEE802154A::mandatory_symtR.
IEEE802154A::mandatory_preambleLength;

const IEEE802154A::config IEEE802154A::cfg_mandatory 16M =

3, // channel %’
NOMINAL_16_M, // PRF '

NON_RANGING, // Frame type

PSR_DEFAULT, // preamble length (number of \d
preamble symbols) g '\ i)
31, // Spreading code length ' _@
16, // spreading delta L

16, // pulses per data burst

993.6E-9, // preamble symbol duration %

1025.64E-9, // data symbol duration \
512.82E-9, // burst time shift duration

2.003E-9, // pulse duration (chip) % \? &k
r

32.05E-9, // burst duration (pulse
data burst * chip) q

71.5E-6, // synchronization p A<$
duration N

6489.6 // center frequengy Y. l §

j

const IEEE802154A::configliEEEZ0&: .:(f%(}@ndatorij ={

3, // channel
NOMINAL 4 _ % i 42?
NON_RANGI me AN
PSR_DEFA reagnble Ie t}tn of
preamble sy, l (J
31, /] Spr de lerggth $

Y-

4./l c urst -
850“5& bit rate (bps)
4, %SE per data burst \C‘)

JQE-9, // preamble symbol duration
"AE-9, // data symbol duration
é 2E-9, // burst time shift duration
0

16, // chips per burst 4 \,Y'
850000, // bit rate (bps) Y i,

03E-9, // pulse duration (chip)
.01E-9, // burst duration (pulses per
data burst * chip)
286.2E-6, // synchronization preamble
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duration

6489.6 // center frequency
Y Y'
IEEE802154A::config IEEE802154A::cfg = \
IEEE802154A::cfg_mandatory 16M;

void IEEE802154A::setConfig(config newCfg) {

cfg = newCfg;

}
void IEEEB02154A::setPSDULength(int _psdulLength) { Q

/lassert(_psdulLength < IEEE802154A::MaxPSDULength+1); V
IEEE802154A::psduLength = psdulLength;

}
simtime_t IEEE802154A::getMaxFrameDuration() { '

return IEEE802154A::MaxPSDULength*cfg.data_sy urationg+
cfg.preambleLength; )

}

IEEE802154A::signalAndData @ ' .i-)\v-
IEEE802154A::generatelEEE802154AUWBSIg

simtime_t signalStart, bool allZeros) { 4 \)Y.

/I 48 R-S parity bits, the 2 symbols phy header isot mo \l?d\ Y-

as it includes its own parity bits V 4\

/[ and is thus very robust
unsigned int nbBits = IEEE802154A:% th > 8
t

IEEE802154A::signalStart = signalStart. ; 1] uge h?/ ~\O

signalStart time value as a global o rall al eaL
simtime_t signalLength = cfg.pre ngé . Q}
signalLength += static_cast<d bBit q &

vector<bool>* bitValues = ctor

cfg.data_symbol_duration; N

Signal* s = new Signal(sigr% sigT n
boolX();

signalAndData res; ( 0’

int bitValue; '3 "é@,

/I data start time rela¥yge to sig gnal%
rearibleLghgth; / sync + Tsfd

m |ew apping<Linear> ();
Arugnen ;'_ (,)
ble(dghappihg aw@’
i

pping,
ardy™

eader(mappi

/lgenengt
1l g%blt values and mod@ them according to
/] the | 802.15.4A specificaton

sftagl ™ t symbolStart = dataStart;
! e_tburstPos;
& nsigned int burst = 0; burst < nbBits; burst++) {
I

l1Zeros) {
tValue = 0;

}else {
bitValue = intuniform(0, 1, 0);
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}

bitValues->push_back(static_cast<bool>(bitValue));
burstPos = symbolStart + bitValue*cfg.shift_duration +
getHoppingPos(burst)*cfg.burst_duration; \
generateBurst(mapping, arg, burstPos, +1); %
symbolStart = symbolStart + cfg.data_symbol_duration;

} *
/lassert(uwbirMacPkt->getBitValuesArraySize() == dataLength);
/lassert(bitValues->size() == nbBits); Q

/[ associate generated pulse energies to the signal
s->setTransmissionPower(mapping); V

delete arg; Y'

res.first =s; '

res.second = bitValues;

return res; \d

} "X

void IEEEB02154A::generateSyncPreamble(Mappin pping JAr e't”:@
arg) { P

/I NSync repetitions of the Si symbol
for (shortn = 0; n <cfg.NSync;n=n+1) { \ Y.

for (short pos = 0; pos < cfg.CLength; pos #gos 1) {
if (C31[Ci - 1][pos] '=0) { V 0‘

if(n==0 && pos==0) { \
/I we slide the first pulse slightly

in time to get the first point "inside'%ignal \? &k

arg->setTime(lE-12 +n * 0}
cfg.sync_symbol_duration + p preaﬂingd 4« Q-
cfg.pulse_duration); \ : j A‘O
}else { f g
arg->setTime(n * cfg.syc |_dugation

+ pos * cfg.spreadingd AgfgPulse_ddratiofl); [ o

} s &
/lgeneratePulse(map®igo, arg, (i } (}

1][pos], S

/[l \TEEE802154A, maX®uls

S
IEEE8021544¢-m3wgatoy_pulsd); _| (3
generatePul ing, grg, 1, '

I always iverpolari \(J

IEEESO% @iy 4\

cfg.pulge yltion); X
V

e

ble sfdStart = NSync * Tpsym;
(shortn=0;n<8;n=n+1){

if (IEEE802154A::shortSFD[n] 1= 0) {

for (short pos = 0; pos < cfg.CLength; pos = pos +

S N
&J IEEE802154A::generateSFD(Mapping* mapping, Argument* arg) {
r
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DA

if (C31[Ci - 1][pos] !'=0) {

arg->setTime(sfdStart +

n*cfg.sync_symbol_duration + \
pos*cfg.spreadingdL*cfg.pulse_duration); ‘ 1
/lgeneratePulse(mapping, arg, C31[Ci -

1][pos] * shortSFD[n]); // change pulse polarity

generatePulse(mapping, arg, 1); //

always positive polarity Y.

e e e
S

void IEEEB02154A::generatePhyHeader(Mapping* mapmgg, Ar UVM)
@

{ 9
/I not implemented | .@
}

void IEEEB02154A::generatePulse(Mapping™ Ny, Arg g, \)Y.
short polarity, double peak, simtime_t chip) {

assert(polarity == -1 || polarity == +1);
arg->setTime(arg->getTime() + IEEE80 ¥ign Qt\rt Q\
adjust argument so that we use absoluw lues in ng O

mapping->setValue(*arg, 0);

arg->setTime(arg->getTime() + chi : \T &k
/I Maximum point at symbol half fagan Iard) c}
&

mapping->setValue(*arg, peak

arg->setTime(arg->getTime()\
mapping->setValue(*arg, OT
}

void IEEE802154A::g rs
simtime_t burstStart, short p#larit
assert(burstStart < \u
cfg.preambleLen@ Len
/1. Start point gzer
simtime_t off S—Nrst arg;
for (int pulse =0, fulse
arg->setTi et)

generatglPu appi
offset &0 + cfg.pul

i <
¥E802154A::setBitRate(SignaI* s){
ent arg = Argument();

a constant value for bitrate

eMapping<Linear>* bitrate = new TimeMapping<Linear> ();
rg.setTime(IEEE802154A::signalStart); // absolute time
(required for compatibility with MiXiM base RSAM code)
bitrate->setValue(arg, cfg.bitrate);
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arg.setTime(s->getSignalLength());
bitrate->setValue(arg, cfg.bitrate);
s->setBitrate(bitrate);

}
simtime_t IEEE802154A::getThdr() {

switch (cfg.channel) { )
default:

switch (cfg.prf) {

case NOMINAL_4 M: q

/lerror(""This optional mode is not implemented."); V

return O;

break;
case NOMINAL_16_M: '

return 16.4E-6;

case NOMINAL_64 M: \d
return 16.8E-6; ‘X

case PRF_OFF: ‘é J | _\G}
return O; P e
! ~

Eeturn 0; : \ S.
} 0}’ 0‘ &
int IEEE802154A.:s(int n) { \ O

assert(n < maxS);

for (; last_s<n; last_ s=last s+ 1) \T
// compute missing values as neceSsgry ‘_}
s_array[last_s] = (s_array[last , r@ay[la

-15]) % 2;

} N
assert(s_array[n] ==0 _aw
return s_array[n];

}

int IEEE802154A:: oppmgf
/lint m = 3; // or 5gth

int pos = 0;

int kNcpb =0,
switch(cfg.
case NO

kNcpb ?g._l\t ;
pos = K + 2%s(1 Négb) +g*s(2+kNcpb) +
8*s cpb) + 16*3(4+ch@’

bregk;
C MINAL_16 M:
(KNcpb) + 2*s(1+kNcpb) + 4*s(2+kNcpb);
8

&e NOMINAL_64 M:
ase PRF_OFF:

default:
assert(0==1); // unimplemented or invalid PRF value

/
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}
/] assert(pos > -1 && pos < 8); // TODO: update to reflect

number of hopping pos for current config
return pos;

}
simtime_t IEEE802154A::getPhyMaxFrameDuration() {

simtime_t phyMaxFrameDuration = 0; *
simtime_t TSHR, TPHR, TPSDU, TCCApreamble;

TSHR = IEEE802154A::getThdr(); Y.
TPHR = IEEE802154A::getThdr();

phyMaxFrameDuration = phyMaxFrameDuration + TSHR; \,

return phyMaxFrameDuration; Y'
’ l
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