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Transmitted Signal

The transmitted signal in the case of linear modulation is
2(t) = z1(t) cos(2m fot) + 2g(t) sin(27 fot)

where
e DSB: z/(t) = Az(t) and zg(t) =0
e AM: z;(t) = A(1 + kx(t)) and zg(t) =0
e SSB: z;(t) = Ax(t) and zg(t) = FAzZ(t)
e QAM: z/(t) = Az (t) and 2q(t) = Axa(t)

Denote

e B, the bandwidth of the information signal
e B, the band of the transmitted signal
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AWGN Channel

—SMOD > hi1(t) he(t)

é W, (1)

Assumptions:
o Hp(f)He(f)HR(f) is flat over B.

e w,(t) is white and Gaussian
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Received Signal over AWGN

Z(F),W(f)
fo ol fo f
— —

The received signal in the case of AWGN channel is

r(t) = z(t) + w(t)

where

)% |fleB:
P“’m‘{o 71 ¢ B.

and
e DSB, AM, QAM: B. = (fo — By, fo + B.)
e SSB: B. = (f[) - Brf()) or B, = (f();f() + Bl’)
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Performance (1/3)

The Signal-to-Noise Ratio (SNR) at the input of the receiver is

P,
SNRm - Fw
A2 AP,
DSB : P,=—P,, P, =21,B,, SNR;, =
S g s 7 411, B,
A2 A2(1 + K2P,)
AM:  P.="-(1+kP), Py=20B,, SNRj =" -
z D) (1+ z) s Moz b 4n, B,
AP,
SSB:  P.=A’P,, Py=noB,, SNR; = —="
Tlo Dy
2 A%(P,, + P,
QAM:  P.= “(Poy + Puy), Pu=20Bs, SNRiy = W
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Coherent Receiver

The received signal is a band-pass signal
(being the sum of two band-pass signals)

r(t)

= 2(t) +w(t)
= rr(t) cos(2m fot) + ro(t) sin(27 fot)

where
T’](t) = Z](t) + wj(t)
rQ(t) = 2Q(t) +wq(t)
A coherent receiver (in case of perfect synchronization) provides

B

y(t) = ()
B B
= Zz(t) + =wi(t
5 21(8) + Swi(t)
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Performance (2/3)

The Signal-to-Noise Ratio (SNR) at the output of the receiver is

BQ
7Pz P
SNRaut - 42 L =2
[i Pw[ PWI
DSB: P, — APy, Py — 2By, SNRow — - bv
. 21 T wr TNoDy out 2770 BT
. A%k2P,
AM: P, = A%’P,, Py, = 210Bs, SNRgy = '
2770300
A%P,
SSB: P, = A?P,, Py, =1oBx, SNRyyu = ——"
77on
. A’P,.
QAM : P, = AZPIZ, s Py, =2noBy ,  SNRout,i = =
! 277031
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Performance (3/3)

Common perf. indicators are SNR,,,;(SNR;,,) and SNR,:() where

represents the ratio of two powers
e the power of the transmitted signal at the numerator

e the product between the noise PSD and the information bandwidth

DSB : SNRout = 2 SNR;, ,  SNRow = i
2 1
AM : SNRout = 1 1 SNRin , SNRow = 171’7
t R +wr
SSB:  SNRyu = SNRyp, SNRou =7
QAM : SNRout,i — SNR'm,i , SNRout =%
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AM reception with Envelope Detector - low SNR

wi(t) + wé(t) is the dominant term within the square root, then

AM reception with Envelope Detector

The received signal is

r(t) =

then the envelope detector provides

(A(1 4 kx(t)) + wi(t)) cos(2m fot) + we(t) sin(27 fot)

\/(A(l +ka(t) + wr(t)? + wh(t)
\/A2(1 + k()2 + 2A(1 + ka(t) )wr (t) + wi(t) + w)(t)

y(t)

Not possible to point out signal and noise components, thus consider
¢ low-SNR approximation (SNR;,, < 1)
e high-SNR approximation (SNR;,, > 1)

and apply Vi+z~1+z/2ifx <1
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AM reception with Envelope Detector - high SNR

A(1 + kx(t)) is the dominant term within the square root, then

y(t) = \/—\/A2 v ++kZQ t) ZA(ulﬁJ(rtfi(z)éu();)(t) o A AL ks \/ Lo wr(t) wi(t) +wg(t)
~ e+, 1+ ¢ AL R0y w0 = AL RO 20 ) T R0 ka2
(8) + wiy (1) ~ A(1+kx(t))\/1+2m
~ o Jwdt) + w(t) <1+ Al ””( ))1’)10)) wi ()
w3 (t) + w}(t) ~ AL+ ka(t)) <1+A(1+kx(t))>
= puw(t) + Al + kx(t)) cos(0u(t)) = Al +kx(t)) + wi(t)
The term cos(0,,(t)) affects irremediably the useful signal

The whole system does NOT work

Same performance as for the coherent receiver
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Graphical Representation for DSB Graphical Representation for AM (coherent receiver)

A(J AQ
(1) 20
’ \—wo(t) . :
w(ty ! w(ty |—wq(t)
- - —
Az(t) wi(t) 1 A Akz(t)wi(t) 1
y(t) y(t)
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Graphical Representation for SSB Graphical Representation for QAM

‘\(2

yo(t)

A 4
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Graphical Representation for AM (envelope detector) Graphical Representation for Phase Error

ACJ
r(t) @(t) wgl(t)
A Akz() o) 1
y(t)
1Q .
%
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7(t) Fwe(t)
w(t) \
:
AAkz(t) wy(t) g
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