Communication Systems



Amplitude Modulation: Single Sideband

— Amplitude Modulation Single Side Band

Also known as SSB-SC

— A scheme 11 which only one sideband
(USB or LSB) 1s transmitted

— Requires only one halt the bandwidth of
the DSB signal

— Demodulation of SSB signals is identical to

that of DSB-SC signals
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Time Domain Representation of SSB Signals
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m, (t) is called the Hilbert transform of m(t).
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Time Domain Representation of SSB Signals
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Time Domain Representation of SSB Signals
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Time Domain Representation of SSB Signals

e SSB signal can be expressed in terms of m(t)
and its RAe(rt tra sforrg

SSB USB wc)+ (0+ o
Mi(0—wc) = F{m, (el>t} = §- 1{2(m(t)+lmh(t))ejw°t}

M- (0 +oc) = F7{m_(t)e ot} = F7{L(m(t) - jmn ()Tt

My(w-oc) +M_(0+oc) =F7 {% (m(t) + jmp (t))elet + %(m(t) — jmp (t))e ot}
= g {Lm(t)(eiot + elot) + [Lmp t)(eiot —e-iot)]

= F-1{m(t) cos(wct) —mp (t)sin(oct)}
:. Dssa-uss (@) = F7{m(t) cos(mct) - mp ()sin(wct)}
Similarlywe canshow that ®ssg_Lsp (©) = -7 {m(t) cos(wct) + mp (t)sin(oct)};

Ingeneral, ®ssp (o) = 7 {m(t) cos(wct) Fmp (t)sin(wct)} (- for USB,+for LSB)



Time Domain Representation of SSB Signals
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Generation of SSB

» Selective filtering Method

— A DSB-SC signal is passed through a sharp cuttoff
filter to eliminate the undesired sideband

— The filter should pass all components above w,
untenanted and completely suppress all components
below w,

— Such an operation require an ideal filter, which is
unrealizable

— It can be realized closely if there is some separation
between the passband and stopband e.g. Speech
Signal (For speech frequencies below 300 Hz can be
removed without effecting the quality)



SSB Generator

Selective Filtering using filters with sharp cutoff characteristics. Sharp cutoff filters are
difficult to design. The audio signal spectrum has no dc component, therefore , the spectrum
of the modulated audio signal has a null around the carrier frequency. This means a less than
perfect filter can do a reasonably good job of filtering the DSB to produce SSB signals.

Baseband signal must be bandpass
Filter design challenges

No low frequency components




SSB Demodulation

Synchronous, SSB-SC demodulation

¢ssa (1) cos(@ct) = [m(t) cos(wct) F jmn (1) sin(wct)]cos(n(wct) = 2 [M(t)(L+ cos(wct)) F jmn (t) sin(2ect)]

A lowpass filtercanbe used to get % m(t).

SSB+C, envelop detection

¢ssBc(t) = Acos(wct) + [m(t) cos(wct) F mn(t) sin(oct))]
Anenvelopedetectorcanbe used to demodulatesuch SSB signals.
Whatisthe envelopeof pssgic(t) = (A + m(t)) cos(wct)) + mp () sin(mwct) = E(t)cos(mwct + 0) ?

{Recall Acos(a)+Bsin(a) = (A2 + BZ); cos(a +0), 0 = _tan-l(%))
EM) = (A+m(t)2 +m2(1)z = (A2 + m2(1)) + m2(t) + 2Am(t)):

_ m2(t) . m, (1) | 2m(t)
—A(1+ o Tt Aj

~ A +m(t) for A >>[m(t), A>>|mn(t)|
Theefficiencyof thisschemeisvery lowsince A hastobelarge.
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SSB vs. AM

Since the carrier is not transmitted, there is a reduction by 67% of
the transmitted power (-4.7dBm). --In AM @100% modulation: 2/3
of the power is comprised of the carrier; with the remaining (1/3)
power in both sidebands.

Because in SSB, only one sideband is transmitted, there is a further
reduction by 50% in transmitted power

Finally, because only one sideband is received, the receiver's
needed bandwidth is reduced by one half--thus effectively reducing
the required power by the transmitter another 50%

(-4.7dBm (+) -3dBm (+) -3dBm =-10.7dBm).
Relative expensive receiver



12 voice channels

Telephone Channel Multiplexing

Almost all long-haul telephone channels were multiplexed
by FDM using SSB signals.

48 kHz
12 voice channels

/ 240 kHz
Group *\ 60 voice channels
> / 2.f52 MHz
o F | supergroup 600 voice channels
3 >l D > / ( 16.984 MHz )
o — M a : 3600 voice channels
0 3 F | Master group
—> o . D >
— g . M B e Jumbo
2 | o D
g—>| M
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Amplitude Modulation: Vestigial Sideband (VSB)
— Vestigial Sideband (VSB)
— The generation of SSB signals is ditficult
" Selective Filtering method demands dc
null in the modulating signal spectrum

" A phase shifter required in the phase
shift method is unrealizable
— A vestigiﬂl sideband system also known as

asymmetric sideband system 1S 4
compromise between DSB and SSB
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— VSB signals are relatively easy to generate
210/

and their bandwidth is t}-*pit:ﬂ]l}? 25 to 339%
greater than that ot SSB signals

— In VSB, instead of rejecting one sideband
completely (as in SSB), a gradual cutott ot
one sideband 1s accepted

— The baseband signal can be recovered
exactly by a synchronous detector in
conjunction with an appropriate equalizer
tilter H,(w) at the receiver output
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VSB Spectra
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e(t)

m(t) Qvss (®)
0 M(®

Hi(w) " Pves (©) LPF —>( )

H, (o)

2cos(mct) 2cos(wet)

Transmitter Receiver

M(w) isbandlimite to 2xB rad/sec
Pvss (0) = [M(0 — oc) + M(o + o¢ )]Hi (o)
E(o) = [®vsB (0 — wc) + Pvsp (o + oc )]
= [Hi(o — o¢c M(® — 20¢ ) + Hi(o® + o¢ )M(®) + Hi(o — o¢ )M(®) + Hi (o + oc )M(o + 20¢ )]
Highfreqg.term Highfreqg.term
M(0) = E(0)Ho () = [Hi(® + 0¢) + Hi(o - oc )M(@)Ho ()
+ [Hi(® — ®¢ )M(® — 2m¢ ) + Hj(® + o¢ )M(® + 20¢ )]Ho (®)
Lowpass filter removes this.
Thuswe shouldhave [Hi(o + oc )+ Hi(o—oc)Ho(w) =1 for || < 2nB
1
Hi(o + oc) + Hi(o — o¢)

OR Ho(o) =



Other Facts about VSB

* Envelope detection of VSB+C a ,f_\
» TV: Figure 4.24 B
* DSB, SSB and VSB

— DSB bandwidth too high

— SSB: baseband has low
frequency component, receive
cost

— Relax the filter and baseband

requirement with modes increase
in bandwidth



Comparison

e Common types & modulated signal

1. AM: S, (1) = A[1+m(t)]cos(2x T t)

2. DSB: s g (t) = Am(t)cos(2x f t)

3. QAM: sy, (t) = Am,(t)cos(27 f 1) + Aim,(t)sin(27z f 1)

4.SSB: s,z (t) = Am(t)cos(2x f 1) + Am(t)sin(2x f 1)

5.VSB: s,z(t) =Am(t)cos(2x f .t)+ Am(t)sin(2x f_t)
e Complex domain representation:

s(t) = Re{g(t)e'*" '},
complex envelop: g(t) =7

e Bandwidth: B, <B<2B_ (B, : message bandwdith)




AM Broadcasting

* History
* Frequency

— Long wave: 153-270kHz

— Medium wave: 520-1,710kHz, AM radio

— Short wave: 2,300-26,100kHz, long distance, SSB, VOA
* Limitation

— Susceptibility to atmospheric interference

— Lower-fidelity sound, news and talk radio

— Better at night, ionosphere.



Questions?
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