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ClearAll@"Global`∗"D;
<< Graphics`Graphics`

<< Graphics`Colors`H∗<<Graphics`Legend`∗L
<< Statistics`ContinuousDistributions`

sinc@x_D := If@x m 0, 1, Sin@π xDêHπ xLD
H∗ BPSK su canale a banda illimitata ∗L
V0 := 1;

Tb := 1;

ϕ0 := 0;

f0 := 100ê Tb;
g@t_D := If@Abs@tD < 0.5 Tb, 1, 0D;
x1@t_D := V0 g@tD Cos@2 π f0 t + ϕ0D
x2@t_D := −V0 g@tD Cos@2 π f0 t + ϕ0DH∗ Filtro adattato − Matched Filter ∗L
G@f_D := Tb sinc@f TbD
K := 1;

t0 := 0;

HR@f_D := K 2 V0ê 2 HG@f − f0D + G@f + f0DL Exp@−Ç 2 π f t0D;
pHr = Plot@Abs@HR@fDD, 8f, −2 f0, 2 f0<, PlotStyle → 8Blue, Thickness@.005D<,

PlotRange → 80, 1<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fêRb", "HRHα,fL"<, TextStyle → 8FontSize → 18<D;
Plot@Abs@HR@fDD, 8f, f0 − 5ê Tb, f0 + 5êTb<, PlotStyle → 8Blue, Thickness@.005D<,
PlotRange → 80, 1<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fêRb", "HRHα,fL"<, TextStyle → 8FontSize → 18<D;
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En@fp_D := ‡
−Tbê2Tbê2

V0^2 HCos@2 π fp t + ϕ0DL^2 Åt

Plot@En@fpD 2 êHV0^2 TbL, 8fp, 0, 10<, PlotRange → 80, 2<,
PlotStyle → 8Blue, Thickness@.005D<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fpêTb", "E@fpDêEb"<, TextStyle → 8FontSize → 16<D;
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Pb@EbN0_D := 0.5 ErfcAè!!!!!!!!!!!!
EbN0 E;H∗ EbN0=EbêN0 con N0 monolatera, ρc=EbêN0 ∗L

PbBPSKmfebn0 =

LogPlot@Pb@10^H0.1 EbN0dBLD, 8EbN0dB, −5, 20<, PlotRange → 810^H−6L, 1<,
PlotStyle → 8Blue, Thickness@.005D<, Frame → False, GridLines → Automatic,

AxesLabel → 8"EbêN0 HdBL", "Pb"<, TextStyle → 8FontSize → 16<D;
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H∗ OOK su canale a banda illimitata ∗L
V0 := 1;

Tb := 1;

ϕ0 := 0;

f0 := 100ê Tb;
g@t_D := If@Abs@tD < 0.5 Tb, 1, 0D;
x1@t_D := V0 g@tD Cos@2 π f0 t + ϕ0D
x2@t_D := 0H∗ Filtro adattato − Matched Filter ∗L
G@f_D := Tb sinc@f TbD
K := 2;

t0 := 0;

HR@f_D := K V0ê2 HG@f − f0D + G@f + f0DL Exp@−Ç 2 π f t0D;
pHr = Plot@Abs@HR@fDD, 8f, −2 f0, 2 f0<, PlotStyle → 8Blue, Thickness@.005D<,

PlotRange → 80, 1<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fêRb", "HRHα,fL"<, TextStyle → 8FontSize → 18<D;
Plot@Abs@HR@fDD, 8f, f0 − 5ê Tb, f0 + 5êTb<, PlotStyle → 8Blue, Thickness@.005D<,
PlotRange → 80, 1<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fêRb", "HRHα,fL"<, TextStyle → 8FontSize → 18<D;
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Pb@EbN0_D := 0.5 ErfcAè!!!!!!!!!!!!!!!!!!
EbN0ê2 E;H∗ EbN0=EbêN0 con N0 monolatera, ρc=EbêH2 N0L

!!! OOK perde 3 dB rispetto BPSK in

termini di EbêN0 mentre perde 6 dB in termini di ρc !!! ∗L
PbOOKmfebn0 = LogPlot@Pb@10^H0.1 EbN0dBLD, 8EbN0dB, −5, 20<, PlotRange → 810^H−6L, 1<,

PlotStyle → 8Red, Thickness@.005D<, Frame → False, GridLines → Automatic,

AxesLabel → 8"EbêN0 HdBL", "Pb"<, TextStyle → 8FontSize → 16<D;
Null
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H∗ BFSK su canale a banda illimitata ∗L
V0 := 1;

Tb := 1;

ϕ0 := 0;

f0 := 100ê Tb;
g@t_D := If@Abs@tD < 0.5 Tb, 1, 0D;
x1@t_, ∆f_D := V0 g@tD Cos@2 π Hf0 + ∆fL t + ϕ0D
x2@t_, ∆f_D := V0 g@tD Cos@2 π Hf0 − ∆fL t + ϕ0DH∗ Filtro adattato − Matched Filter ∗L
G@f_D := Tb sinc@f TbD
K := 1;

t0 := 0;

HR@f_, ∆f_D := K V0ê 2HG@f − Hf0 + ∆fLD + G@f + Hf0 + ∆fLD − G@f − Hf0 − ∆fLD − G@f + Hf0 − ∆fLDL Exp@−Ç 2 π f t0D;
pHrbfsk∆f = Plot@8Abs@HR@f, 0DD, Abs@HR@f, 0.25êTbDD, Abs@HR@f, 1êTbDD<,8f, −2 f0, 2 f0<, PlotStyle →88Blue, Thickness@.005D<, 8Red, Thickness@.005D<, 8Green, Thickness@.005D<<,

PlotRange → 80, 1<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fêRb", "HRHα,fL"<, TextStyle → 8FontSize → 18<D;
Plot@8Abs@HR@f, 0DD, Abs@HR@f, 0.25êTbDD, Abs@HR@f, 0.5êTbDD<,8f, f0 − 5 êTb, f0 + 5ê Tb<, PlotStyle →88Blue, Thickness@.005D<, 8Red, Thickness@.005D<, 8Green, Thickness@.005D<<,
PlotRange → 80, 1<, Frame → False, GridLines → Automatic,

AxesLabel → 8"fêRb", "HRHα,fL"<, TextStyle → 8FontSize → 18<D;
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E12@∆f_D := ‡
−Tbê2Tbê2

V0^2 HCos@2 π Hf0 + ∆fL t + ϕ0D Cos@2 π Hf0 − ∆fL t + ϕ0DL Åt

Plot@ 8E12@∆fD, V0^2 Tbê 2 sinc@2 ∆f TbD<, 8∆f, 0, 5êTb<, PlotRange → 8−1, 1<,
PlotStyle → 88Blue, Thickness@.005D<, 8Red, Thickness@.005D<<,
Frame → False, GridLines → Automatic,

AxesLabel → 8"∆fTb", "E12@∆fD,E12approx"<, TextStyle → 8FontSize → 16<D;
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H∗ Minimo ∆f che rende x1 HtL e x2 HtL ortogonali è ∆f=Rbê2 ∗L

PrestMod.nb 8



Pb@EbN0_, ∆fTb_D := 0.5 ErfcAè!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
EbN0ê2 H1 − sinc@2 ∆fTbDL E;H∗ EbN0=EbêN0 con N0 monolatera, ρc=EbêN0

!!! BFSK ortog. perde 3 dB

rispetto BPSK in termini sia di EbêN0 che di ρc !!! ∗L
PbBFSKortmfebn0 = LogPlot@Pb@10^H0.1 EbN0dBL, 0.5D, 8EbN0dB, −5, 20<,

PlotRange → 810^H−6L, 1<, PlotStyle → 8Green, Thickness@.005D<,
Frame → False, GridLines → Automatic,

AxesLabel → 8"EbêN0 HdBL", "Pb"<, TextStyle → 8FontSize → 16<D;
Null
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H∗ Ricerca ∆f che ottimizza Pb => minimizza sinc@2 ∆fTbD ∗L
Plot@sinc@2 ∆fTbD, 8∆fTb, 0, 2<, PlotRange → 8−1, 1<,
PlotStyle → 8Green, Thickness@.005D<, Frame → False, GridLines → Automatic,

AxesLabel → 8"∆fTb", "sinc@2 ∆fTbD"<, TextStyle → 8FontSize → 16<D;
TableForm@Table@8∆fTb, sinc@2 ∆fTbD<, 8∆fTb, 0.5, 1., 0.01<DD
1.43 0.25
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0.5 3.89804× 10−17
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PbBFSKoptmfebn0 =

LogPlot@Pb@10^H0.1 EbN0dBL, 0.72D, 8EbN0dB, −5, 20<, PlotRange → 810^H−6L, 1<,
PlotStyle → 8Cyan, Thickness@.005D<, Frame → False, GridLines → Automatic,

AxesLabel → 8"EbêN0 HdBL", "Pb"<, TextStyle → 8FontSize → 16<D;
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Show@PbBPSKmfebn0, PbOOKmfebn0, PbBFSKortmfebn0, PbBFSKoptmfebn0D;H∗ verso EbêN0 OOK=BFSKortog ∗L
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H∗ Caso di differenza di fase iniziale ∆ϕ generica ∗L
Pb@EbN0_, ∆fTb_, ∆ϕ_D :=

0.5 ErfcAè!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
EbN0ê2 H1 − 0.5 HSin@2 π ∆fTb + ∆ϕD + Sin@2 π ∆fTb − ∆ϕDLL E;

SNRdB := 5;

PbBFSK∆f∆ϕ = LogPlot@8Pb@10^H0.1 SNRdBL, ∆fTb, 0D,
Pb@10^H0.1 SNRdBL, ∆fTb, N@π ê4DD, Pb@10^H0.1 SNRdBL, ∆fTb, N@π ê3DD<,8∆fTb, 0, 2<, PlotRange → 810^H−6L, 1<, PlotStyle →88Blue, Thickness@.005D<, 8Red, Thickness@.005D<, 8Green, Thickness@.005D<<,
Frame → False, GridLines → Automatic, AxesLabel → 8"∆fTb", "Pb"<,
TextStyle → 8FontSize → 16<D
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h Graphics h
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H∗ cerco la Pb media rispetto ∆ϕ unif. distrib. da −π a π ∗L
Pbmed@EbN0_, ∆fTb_D :=

NA‡
−π

π

0.5êH 2 πL ErfcAè!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
EbN0ê 2 H1 − 0.5 HSin@2 π ∆fTb + ∆ϕD + Sin@2 π ∆fTb − ∆ϕDLL E Å∆ϕE;

PbmedBFSK∆f = LogPlot@8Pbmed@10^H0.1 3L, ∆fTbD, Pbmed@10^H0.1 5L, ∆fTbD,
Pbmed@10^H0.1 10L, ∆fTbD<, 8∆fTb, 0, 2<, PlotRange → 810^H−6L, 1<, PlotStyle →88Blue, Thickness@.005D<, 8Red, Thickness@.005D<, 8Green, Thickness@.005D<<,
Frame → False, GridLines → Automatic, AxesLabel → 8"∆fTb", "Pb"<,
TextStyle → 8FontSize → 16<D
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h Graphics hH∗ posso cercare il ∆fTb che minimizza Pb al variare di ∆ϕ...... ∗L
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