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Baseband vs carrier modulation schemes (CEP 1.5.3.2)

e Some of the components in baseband signals have frequencies that approach 0 Hz.
e.g. some components of audio signals have frequencies as low as 20 Hz.

e In carrier modulation schemes, a baseband signal is relocated to a band of much
higher frequencies by modulating it on to a sinusoidal carrier, having a high
frequency f..

e Advantages of carrier modulation schemes:

— Frequency Division Multiplexing (FDM) allows different signals to be modulated
into different bands of frequencies without interfering with each other.

— More channels can be accommodated at high frequencies because the bandwidth
of each successive radio band (HF, VHF, UHF, etc) is ten times larger than the
last.

— Radio frequencies (3 kHz to 300 GHz) are necessary for electromagnetic waves
to propagate (different frequencies have different propagation characteristics).
Higher frequencies allow smaller antennas to be used. Visible frequencies (e.g.
231 THz) are necessary for optical communications schemes.

L2/11: pl/16



ELEC1011 Communications: Carrier Modulation Schemes Rob Maunder

Carrier wave parameters (CEP 2.3.2)

ve(t) = Acos(2m fot + @)

e Amplitude A

e Frequency f. in cycles per second (Hz)

— Angular frequency w. = 27 f. in radians per second
— Period T'=1/f, in seconds (s)
— Wavelength A = ¢/ f. in metres (m), where the speed of light in a vacuum is

¢c=3x10% ms™1

e Phase ¢

Analogue and digital message signals can be used to vary (modulate) one or more of
these parameters.
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Digital carrier modulation - Binary shift keying

Figure 1.30
Bit stream 0 1 1 0

AR e (a) and (d) On-Off Keying (OOK) is a special
@ VAVAVAY > Time case of Binary Amplitude Shift Keying (BASK),
otage in which different carrier amplitudes A are

® %AVWUHM\]AVW\A}AVAVA used for the duration of each symbol period

depending on the corresponding bit value.

@ %AVAVAWAVA% e (b) and (e) Binary Frequency Shift Keying

(BFSK) uses different carrier frequencies f,
depending on the bit values.

Ay
© /\/\/W\/\IS /\NS e (c) and (f) Binary Phase Shift Keying (BPSK)
AAVERAYA

(d)

uses values of 0 and 7 radians for the phase of
S the carrier ¢ depending on the bit values.

ion Engineering Principles, © Ifiok Otung, published 2001 by Palgrave
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Digital carrier modulation - M-ary shift keying (CEP 7.9)

e Binary shift keying uses k£ = 1 bit per symbol and M = 2 values for the modulated
parameter of the carrier.

e In general, we can use any integer number k of bits per symbol. We just need a
modulation scheme that uses M = 2% values for the modulated parameter of the
carrier. i.e. M number of amplitudes, phases or frequencies.

e The symbol rate Ry is k times slower than the bit rate Ry, i.e. Ry = Ry/k.

e More on this in Lecture 5.
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Digital carrier modulation - 4-ary ASK (CEP 7.9.2)

e M-ary ASK can use values of {m/(M — 1)} _ for the amplitude of the carrier A.

e Similar to in quantization, we need a mapping between sequences of k bits and the
M values of the modulated parameter of the carrier. e.g. in M = 4-ary ASK we may
have 00 -0V, 01 —-1/3V, 10— 2/3Vand 11 — 1 V.

l l l l l l l l
01 10 - 01 :© 11 © 01 © 11 :© 00 - 11 © 01 © 00 . 10 : 11 & 11 © 10 . 10 . 01 = 00 & 11 : 00 & 11
SR o e SETT . T I R T TR A
| | 1 : | | | : | | | |
0.66671 I'If(1° R SR - SR TERERL Verrnr SRR 1 11 R T
0.3333 A Y 3y | Vv et - f L WU R (11 |
> : | | | | | | | | | | | | | | | | | |
=0.3333 " HAEE A i | AHHE AT S O
ey St | 11 S {1 S 1 SO AARRE 1 A 11 | AR AR AR SR -
| I LN S A A O A1 1 SRR 1111 S
| | | | | | | | | | | | | | | | | | |
0 005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 08 09 09 1

L2/11: p5/16



ELEC1011 Communications: Carrier Modulation Schemes

Rob Maunder

Digital carrier modulation - 4-ary PSK (CEP 7.9.3)

e M-ary PSK uses values of {2mm/(M — 1)} = for the phase of the carrier ¢.

e M = 4-ary PSK may use 00 — 0 radians, 01 — 7/2 radians, 10 — 7 radians and
11 — 37/2 radians.

. ! ! ! ! !
11 - 00 . 11 © 10 .- 10 . 11 -

1

V4psk(t)
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Digital carrier modulation - 4-ary FSK (CEP 7.9.4)

e M-ary FSK uses values of { fyin + 0.5Rsm /(M — 1)} = for the frequency of the
carrier f., where R is the symbol rate.

e M = 4-ary FSK may use 00 — 10 Hz, 01 — 20 Hz, 10 — 30 Hz and 11 — 40 Hz,
in the case where f,,;, = 10 Hz and R, = 20 Hz.

1 . 00 . 12 . 0O . 10 . OO . 01 - 10 - 10 - OO - 10 - 01 - 0L 01 - 00 - 112 - 01 - 12 - 11 . 01

1_

(0
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Analogue carrier modulation (CEP 4.3)

A OV

R
o) = Vecosont v o) [T

e Frequency modulation 2]
vt = VcosCenlte+meumiot I L

e These are parameterized by the modulation

R

24
0000000

Figure 4.8 (a) Staircase-modulating signal; (b) carrier; (c)
frequency modulated carrier; (d) phase-modulated carrier.
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Analogue carrier modulation - amplitude modulation (CEP 3.2)
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Figure 3.1 (a) Message signal; (b) carrier signal; (c) AM signal, with
modulation sensitivity k = 1 volt/volt.
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Amplitude modulation (CEP 3.2.1 and 3.2.3)

Vppmaa: - Vppmin

o |V lation f rm =
odulation factor m /A — d—

e Modulation index is modulation factor expressed
as a percentage.

e Undermodulation occurs when m < 100%
e 100% modulation occurs when m = 100%

e Overmodulation occurs when V. + kgpvp,(t) < 0,
preventing envelope detection.
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Figure 3.3 AM signal with (a) 700% modulation; (b) over-modulation.
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Amplitude modulators (CEP 3.4)

Input, v Output, v, = Gv;
Carrier signal Variable gain AM signal
(@ v = V. cos2aft) G=1 +kv(0) Varn (D)
T Message signal
V(8
Ri
| I
Vin(® '
(b) R AM signal
|
1+ v (b)

Ry
i

Carrier

]
V(D)=
v

Figure 3.13 (a) AM generation using a variable gain device;
(b) opamp implementation.

In a linearly varied gain modulator, R; is
provided by a Field Effect Transistor (FET),

|
where R; = o)

Message

Non-linear v |—><_| AM

— >
v 4 device ==, 0

+ am

BPF
Carrier

V()

Figure 3.14 Square-law and switching (AM) modulator.

e Diodes or transistors are used for the
Non-Linear Device (NLD).

e In a switching modulator, the NLD
switches the signal on and off at the carrier
frequency. Here, v,(t) = v;(t)vs(t), where
vs(t) is a square wave.

e [n a square law modulator, the resistance
of the non-linear device depends on the
input voltage. Here, v,(t) = av;(t) +
bu3(t).

e In both cases, the band-pass filter is
centred on the carrier frequency.
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Amplitude demodulation (CEP 3.5.1)

Message signal vm(t)

o () — \(h) 2 v, (1) =N

Amplitude

il )
e If the AM signal is not overmodulated, envelope detection can 5_5
be used. =
e This is non-coherent because it does not require exact knowledge °
of the carrier frequency or phase. E;L 0
e The rectifier removes the negative-going part of the signal. "
e The Low Pass Filter (LPF) smooths out the oscillations. 0 RemstmiﬁisageSigna.vmto
e The LPF cut-off frequency should be between the maximum ?
frequency in the signal f,,,. and the carrier frequency f.. The %1W
lower it is, the more channel-induced noise that can be removed. ",

0 0.5 1
Time (s)
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Diode demodulator

vo(t) = Vi — (Vi = Vi) exp (—5p)

e We need the capacitor to charge quickly

vl ~—————  through R; and R,, so that the voltage will
follow the rising edges of the carrier wave.
_ (f{f'—F Rs)C < 1/f.
V* e \We need the capacitor to discharge quickly through
R;, so that the voltage will follow the falling part of
-t the envelope
0 RC 2RC 3RC 4RC

RLC < 1/fmaa:

Figure 3.18 Exponential rise in voltage across a
capacitor C that is charging through resistor R from an
initial voltage V; towards a final voltage V;.

e ...but not quick enough for the voltage to follow
the falling edges of the carrier wave

R;C > 1//f}
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Exercise

| | |
0 50 100 150 200
t (ms)

1. In the first lecture, we considered the baseband modulation of this signal. In
order to perform digital baseband modulation, we converted the signal into a bit
sequence. Sketch OOK, BFSK and BPSK digital carrier modulations of this bit

sequence, remembering to annotate the time axes.

2. Also, sketch the result of using an f. = 400 Hz carrier and AM analogue
carrier modulation to convey this signal, which contains a maximum frequency
of fmazr = 10 Hz. What is the DC offset, modulation sensitivity and modulation
index in your sketch?
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Exercise continued

3. For a linearly varied gain modulator using a FET for which a = 2, choose a value
for the carrier amplitude V.. and the resistor value R, that will AM modulate the
signal with the same DC offset and modulation sensitivity that you used in your
sketch.

4. For a diode demodulator in which Ry, = 50 €2 and Ry = 20 €2, determine values
for the capacitor C' and load resistor R; which will allow your AM signal to be
demodulated.
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