Signhal Transmission- Demodulation
Lecture 16

* De-Multiplexing

- Demodulation

* Bandpass and low pass filtering

-+ Time and Frequency Domain Pictures
* Practical receivers Radio Spectrum
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Radio Spectrum

+ The radio spectrum provides us with sufficient spectrum
to allow us to transmit many signals simultaneously
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Frequency Division Multiplexing (FDM)

We first translate baseband signal to center frequency fo

Baseband
Message

modulation
BW
fr‘equenéy

Modulated
message

frequency

Then translate second message to f; so we share the
channel (FDM)
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A simple example

Consider modulating a 1 Hz sinusoidal signal to a carrier
frequency at 10 Hz

m(t) = cos(2nt) 1 1
cos(2t) x cos(2r x10t) = —cos(27r x9t) + —cos(2z x11t
- (27) x cos(27 x10t) = ~05(27 x 9t) + -cos(27 x11t)
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De-Multiplexing

- We must also retrieve or de-multiplex the signals too

Multiplexed messages
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De-Modulation

- We must somehow translate the signal back to
baseband and this is known as demodulation

ﬁ

De-modulation

Demultiplexed
Baseband
Message

BW

frequency

- Since it is just a frequency translation again we
can simply use multiplication or mixing again as

in in modulation
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Demodulation

Demodulation is the process of recovering the original
message from the modulated signal

Demodulation is performed by (i) mixing the modulated signal
with a replica of the carrier and (ii) low pass filtering (LPF)

X:(t)

m(t) @ 7/ Y C 3 f(t) LPF ﬂ

Channel
cos(27f t) 2 cos(2A4 t)
Carrier!' from replica'of the carrier
a local oscillator from a local oscillator

Modulator Demodulator
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Understanding demodulation

d(t) = 2x_(t) cos(2f,t)
= 2(A.m(t) cos(2f,t))cos(21 t)

= A.m(t)+ A.m(t) cos(2z e 2 f,t)

T !

!
baseband high frequency

e If a low-pass filtering (LPF) is then used to remove
the high frequency term (2f,;), we will recover the
original message - Demodulation

y(t) = A.m(t)
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Demodulation (complex exponentials)

d(t) = 2%, (t)

=2A.m(t)

= ACT(t)Jr Am(t)
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e If a low-pass filtering (LPF) is then used to remove
the high frequency term (2f,;), we will recover the
original message - Demodulation

y(t) = A.m(t)
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Picture of demodulation

Modulated signal
'fO"fs 'fO"'fs fO"fs f0+fs
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Demodulation (freg. mixing + LPF)
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Elec 1200 Slide 10




Picture of demodulation
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Ideal Frequency Selective Filters

H
Low-Pass H(f)= 1 f| < f, [H()|
0 f > f,
f .o cutoff frequency —f. 0 f i
0 o [HE)| ]
High-Pass H(f) :{1 f < fc — —
> C
~f. 0 f, T
1 f, <|fl<f |H({)| I
Band-Pass ()= {O 1 ot‘he‘rwisze

Band-Stop H(f)= 0 f, <|f] <_f2 [H{) |
1 otherwise
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Filter Bandwidth

The bandwidth (BW,..,,) of a system A(?)is defined as the
interval of positive frequencies over which the magnitude | H(¥)/
remains within a given numerical factor.

A popular factor is 1/¥2 . At this frequency, the energy or power
spectrum has 7 (3dB) of its peak value. For this reason, we often
refer the corresponding bandwidth as (-)3dB bandwidth.

Some system may use more than one bandwidth to describe the
shape of [H(Y)/. For example, both -1dB and -3dB bandwidth are

stated.
|H, ()] IH,(H)]

(a)

BW=f, BW=(,-f,)
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Frequency and Time Domain
Picture Analysis- Modulation

AWV

, x(t) 2(t)
(Transmitter) —

+ Input signal is shifted to
higher frequency band




Demodulation (Receiver)
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Demodulation and Lowpass Filtering
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* Only low frequency
(i.e. baseband)
portion remains
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Transmitter and Receiver Pair

W(f)
H(f
X(f Y S, m
0 -f5 0 £ -2f, -fo 0 N\ fs 2f;
XQ,®_Y(U, Transmitter Output @,@W_(t), H(f) _r(t), Receiver Output
T T Lowpass
2cos(2mf,t) 2cos(2xf,t) Filter
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- When transmitter and receiver local oscillators are
matched in phase:
- Demodulated signal constructively adds at baseband

What can go wrong here?




Impact of Frequency Offset
A

Z(t) w(t)
Vol

\ y(t) = 2cos(2n(f,+e)t)

* Baseband signal is
corrupted!
- Filtering cannot fix this




Impact of 90 Degree Phase Shift
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When transmitter and receiver local oscillators are 90 degree offset in

phase:

- Demodulated signal destructively adds at baseband

We suddenly receive no baseband signal

- We need to synchronize the phase of the transmitter and receiver /foca/
oscillators (i.e. the transmit and receive carriers need to be

synchronized to be both sin or both cos)

This is known as coherent modulation/demodulation




Receivers Structures

>»You now know many of the fundamentals
to design a receiver

Channel

Down  Select
Mixer Filter

m, .“ ﬁ\HJIHDsp]—ODma

RF BP OLo=0rr | OF=0
Filter

Antenna

(Homodyne or Direct Conversion)

Consider "DC offset” issues
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* Question: Bandwidth of the modulated signal is
twice as much as that of the baseband signal. Can
you suggest a more efficient bandwidth utilization
for signal transmission using filtering techniques?

* There are many advanced modulation techniques
available.

* Next time you will learn about I/Q modulation
where you can use the extra bandwidth to send an
additional channel
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Summary

De-multiplexing is a critical part of signal
transmission

De-modulation is the key part in translating the
transmitted signals back to baseband

Bandpass and lowpass filtering allows us to
extract the signals from the radio spectrum
that we desire

* Practical receivers use all these concepts in
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their design
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