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Communication System (1/3) Communication System (2/3)

Block diagram of a point-to-point communication system, also denoted
Single-Input Single-Output (SISO) communication system Detailed block diagram of a SISO communication system

analog source channel digital
> —> —
X ‘{channel }—' RX AR encoder encoder modulator
Source: source of the information message

Sink: destination of the information message o Lo source |, [ channel |, [ digita
Channel: physical medium linking the source to the sink decoder decoder demodulator

TX & RX: make reliable communications possible (to be designed)

analog
channel

Each block is a “virtual” system including different functionalities We will focus on MODEM design J

depending on the focus of the designer
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Communication System (3/3)

Block diagram of the equivalent communication system
digital ‘ analog digital
MoD channel BEM

e Digital Source:

e produces symbols from a finite alphabet with constant rate
e is assumed stationary and memoryless

e Digital Sink:
e accepts symbols from a finite alphabet with (same) constant rate
e Analog Channel:

e supports analog signals (waveforms)
e has infinite bandwidth
® is noisy

e MOD & DEM: to be designed
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Notation (2/2)

o 1o(t) = E{x(t)}
mean of a stochastic process

o Ry(t,s) = E{z(t)a*(s)}
Auto-Correlation Function (ACF) of a stochastic process

° PL(f) =F {han—>oo % fj;y; RL(ft - T)dt} (7— - f)

Power Spectral Density (PSD) of a stochastic process
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Notation (1/2)

o U ={... up,ur,...,ug, ugs1 ...} is the message to be transmitted
e u; € A is the symbol transmitted at discrete time k
o A={ay,...,ap} is the symbol alphabet
o II = {pi,...,par} is the symbol probability distribution
Pm = Pr(u; = a,,) stationary memoryless digital source
Pm 2 0, 25\,1[21 Ppm =1
e M is cardinality of the alphabet (constellation size)
e T is the symbol time and 1/7" is the symbol frequency
e R= M is the transmission bit-rate
o {s1(t),....sp(t)}, t €[0,7) is the set of transmitted waveforms,
also denoted signals
U = m — Sm(t - kT)
+00
z(t;U) = Z s(t — kT uy,)
k=—o00
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On-Off Modulation

e M = 2 binary modulation
e A= {a]’CLQ} - {071}

° Sl(t) = 0,

eg p(t) = A rect (F2)

s9(t) = p(t)

0 T
e.g. U = {a1,a2,a2,a1,a2}
z(t;U)
A —\
0] i 2T 31 AT 51
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Binary FSK Multilevel Modulation (ASK)

e M = 2 binary modulation e M = 4 quaternary modulation
o A= {al, CLQ} = {0, 1} o A= {al, az, as, CL4} = {00, 01,10, 11}
e s1(t) = Acos(27 fit)rect (Fgﬂ) ,82(t) = Acos(2m fot)rect <t7%ﬂ/2) o s1(t) = (+3/2)p(t), s2(t) = (+1/2)p(t)
s3(t) = (=1/2)p(t),  sa(t) = (=3/2)p(t)
) s1(t) s(t) ss(t) sa(t)
54
e.g. p(t) = A rect <t_T/2) it
gp() T 0 T ¢tV T[f%_(jx f ¢ 0 T ¢
3,
e.g. U ={a1,a2,az,a1,a2} e.g. U = {az,a3,a3,a1,a4,a2,a4}
z(t;U)
z(t:U)
A ANANAARA A ARANL
ARG AL ARG A e T T T
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QPSK

e M = 4 quaternary modulation
° A - {a17a27a37a4} - {00,01, 10, 11}

t )
e s1(t) = Acos(27 fot)rect (#) +:\ - fl , H"'U/Q -
52(t) = Acos(27 fot + §)rect (tfg/Q) 41 (h :1 "
s3(t) = Acos(2m fot + m)rect (#) ST T
sa(t) = Acos(2m fot + 2T )rect (t_;ﬂ)

e.g. U ={as,a3,a3,a1,a4,a2,a4}

z(t:U)
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