Representationsfor SSB Signals

+ Upper sideband

- Lower sideband
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SSB (Upper Sideband)
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b (1) = Re| z(t) €} = f(t)cos(w,t)— f (t)sin(w,t)
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Demodulation of SSB signals

Given ¢(t), how will be the message signal f(t) be recovered?

X(t) | Lowpass —_—

") % T filter

!
COS(a)Ct) : Locally generated carrier signal

X(t)= ¢, (t)cos(wt)

| £ (t)cos(et)F f(t)sin(et
_1 f(t)+% f(t)cos(20,t) T

2
H_J

Only this term passes
through LPF

Jeos(wt)

f(t)sin(2m.t)

N

N |-
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Now assume a frequency error and a phase error in the locally generated
signal at the receiver.

) o~ X1 | Lowpass . (1)

T 1 filter

I
cos[(a)C + Aa))t + 90] . Locally generated carrier signa

x(t)=|f (t)cos(wt)F f(t)sin(w.t)|cos(w, + Aw)t+6,] [\ cosa-cosp
= (Y2)[cos(x - )+ cosla + B)]

Sina -cosf

1
= f(t)icod(A@)t+ 0]+ cosl(20, + Aok + 0]} (/' _(w2)sin(a—p)+sin(a+ p)

\i% f(t)sin[(Ao)t + 0p)-sinl(20, + A0k +6,]

~
Only these two terms pass
through LPF 111




z(t):% £ (t)cod(Ao)t+0, ]+ = f (t)sin[(Ao)t +6, ]

2

e If Aw=0and 6,= 0, the output is z(t) :% f(t) — no distortion

|_\

+ If A =0, the output is z(t):; (t)cos0;)+ f (1)sin(0,)

- Reflf(0+ f0F"]
Human ear can interpret speech despite phase changes.
(t)cos[(Aw)t]il f(Hsin[(Ao)t]
Reﬁf t)+ f ()]

Freguency errorsresult in spectral shifts. Small errors can be
tolerated in voice communication.

e If 6= 0, theoutputis z(t)=

||—\ I\JII—\
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Single Sideband Large Carrier (SSB-LC)

Coherent (synchronous) detection is required for SSB. Inserting a
carrier, envel ope detection can be used.

SB ¢.(t)=f(t)cos(et) f(t)sin(eyt)

SSB-LC ¢(t)= A codwt)+ f(t)cos(wt)+ f(t)sin(w,t)
=[A + f(t)]cos(@t) £ T (t)sin(egt)

Envelopeof ¢(t)

(0)=[A + FOF+[FO] =VAZ+2f A+ £2(0)+ F2(1)

~ A 14+ 21 zA{H%} =A + f(t)

A

For very large A, VI+x=1+x/2 |X<<1 113



Vestigial Sideband (V SB) M odulation
(5.5 in Textbook)

As a compromise between bandwidth efficiency and hardware cost (between
DSB and SSB), we can use VSB modulation. In this modulation type, one
sideband is transmitted, also allowing a portion of the unwanted sideband.

DSB-SC
signal _ SSB signa
(t | Ideal Sideband R
® 'CEX " Filter "
A cosl@t)
DSB-SC
signal VSB signd

| Non-ideal Sideband R
f(t) '(EX " Filter "

A cod(m,t) H (o)

114



DSB-SC
signal VSB signd

f(t) X > H (o) >

A, cos(wt)
To determine the frequency-response characteristics of thefilter, let us
consider the demodulation for VSB signal.

y(t)

¢v$(t>—% | LPF - ()

d(t)= A cos(awt)

() =[A f()c0s0]EN0)  Bugy(0) = [F0-0,)+ Flo+0,H()

V0= a0 V=R 000, 10y (0 0,
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V(0)= 2 [0 (0-0,)+ O (040,

AtT:A*: (w)H(w-0,)+H(o+w,)] +A°—A;F =20, )H (0~ ;)

Output of LPF

2(0)= A2 Flo)H(0-0,)+ H(o+ o)

We require that the message signal at the output of L PF be undistorted.

H(w—,)+H(o+a,)=constant || < Bandwidith of the
message signal
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Examplefor VSB Filter

\ S\

constant — Satisfies the requirement for
distortionless demodulation
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