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Introduction

The transmission of digital signals is increasing at a rapid rate. Low-frequency analogue
signals are often converted to digital format (PAM) before transmission. The source
signals are generally referred tolessebandsignals. Of course, we can send analogue
and digital signals directly over a medium. From electro-magnetic theory, for efficient
radiation of electrical energy from an antenna it must be at least in the order of magnitude of
a wavelength in size; = fA, wherec is the velocity of lightf is the signal frequency

and A is the wavelength. For a 1kHz audio signal, the wavelength is 300 km. An

antenna of this size is not practical for efficient transmission. The low-frequency signal is
often frequency-translated to a higher frequency range for efficient transmission. The
process is callechodulation The use of a higher frequency range reduces antenna size.

In the modulation process, the baseband signals constituteotih@ating signaand the
high-frequencycarrier signalis a sinusiodal waveform. There are three basic ways of
modulating a sine wave carrier. For binary digital modulation, they are d¢ahedy
amplitude-shift keyindBASK), binary frequency-shift keyin@BFSK) andbinary phase-

shift keying(BPSK). Modulation also leads to the possibilityfafquency multiplexing

In a frequency-multiplexed system, individual signals are transmitted over adjacent, non-
overlapping frequency bands. They are therefore transmitted in parallel and simultaneously
in time. If we operate at higher carrier frequencies, more bandwidth is available for
frequency-multiplexing more signals.

Binary Amplitude-Shift Keying (BASK)
A binary amplitude-shift keyinBASK) signal can be defined by
s(t) = A m(t) cos 27 t, 0<t<T (22.1)

where A is a constant,m(t) = 1 or Q fe is the carrier frequency, anf is the bit

duration. It has a powe? = A2/2, so thatA = v2P. Thus equation (22.1) can be
written as

s(t) =+2P cos 21, 0<t<T
= \/PT\ECOS 2t ct, 0<t<T
= Eﬁcos 21 ot, 0<t<T (22.2)

221



Amplitude-Shift Keying (ASK) Modulation on Mac

where E = PT is the energy contained in a bit duration. If we take

(1) = \/gcos 21t as the orthonormal basis function, the applicaldeal space or

constellation diagrarof the BASK signals is shown in Figure 22.1.
Figure 22.1 BASK signal constellation diagram.
Figure 22.2 shows the BASK signal sequence generated by the binary sequence
0101001. The amplitude of a carrier is switched or keyed by the binarymsi{gnal
This is sometimes calleth-off keying(OOK).

Figure 22.2 (a) Binary modulating signal and (b) BASK signal.

The Fourier transform of the BASK sigrsll) is

Sf) = % _? [m(t) ej 2nfct] erj 21t gt +
% _}o [m(t) N 2nf‘:t] erj 21t gt
Sf) = % M(f - fo) + %M(f +10) (22.3)

The effect of multiplication by the carrier signaktos 2ifqt is simply to shift the
spectrum of the modulating signai(t) to fc. Figure 22.3 shows the amplitude
spectrum of the BASK signals wheift) is a periodic pulse train.

Figure 22.3 (a) Modulating signal, (b) spectrum of (a), and (c) spectrum of BASK
signals.

Since we define the bandwidth as the range occupied by the baseband@iginain O
Hz to the first zero-crossing point, we h&®eédz of bandwidth for the baseband signal
and B Hz for the BASK signal. Figure 22.4 shows the modulator and a possible
implementation of the coherent demodulator for BASK signals.

Figure 22.4 (a) BASK modulator and (b) coherent demodulator.
M-ary Amplitude-Shift Keying ( M-ASK)

An M-ary amplitude-shift keyingM-ASK) signal can be defined by

A cos2rfct, O<t<T
s(t) = (22.4)
E), elsewhere
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where
A =A2i -(M -1)] (22.5)

fori=0,1,..M-1andM > 4. HereA is a constantf; is the carrier frequency,

andT is the symbol duration. The signal has a poWer Aj2/2, so thatAj = /2R .
Thus equation (22.4) can be written as

s(t) = 2R cos 27, O<t<T
2
= /RT . = cos 2ft, 0<t<T
Fi \“‘T C >t
= ﬁﬁcos 1t 0<t<T (22.6)

where Ej = P;T is the energy o§(t) contained in a symbol duration for= 0, 1, ...,
M - 1. Figure 22.5 shows the signal constellation diagramg-&SK and 4-ASK
signals.

Figure 22.5 (a)M-ASK and (b) 4-ASK signal constellation diagrams.

Figure 22.6 shows the 4-ASK signal sequence generated by the binary sequence
00 01 10 11.

Figure 22.6 4-ASK modulation: (a) binary sequence, (b) 4-ary signal, and (b) 4-ASK
signal.

Figure 22.7 shows the modulator and a possible implementation of the coherent
demodulator foM-ASK signals.

Figure 22.7 (a)M-ASK modulator and (b) coherent demodulator.
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Figure 22.4 (a) BASK modulator and (b) coherent demodulator.
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Figure 22.5 (a)M-ASK and (b) 4-ASK signal constellation diagrams.
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Figure 22.6 4-ASK modulation: (a) binary sequence, (b) 4-ary signal, and (b) 4-ASK
signal.
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Figure 22.7 (a)M-ASK modulator and (b) coherent demodulator.
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