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coms3100/7100

Introduction to
Communications

Lecture 27: Binary Bandpass Signalling
This lecture:

1. Binary Bandpass Signalling.

2. On-Off Keying.

3. Binary Phase-Shift Keying.

4. Frequency-Shift Keying.

Ref: Couch pp. 339–352, CCR pp. 611–620.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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Binary Bandpass Signalling
The analogue modulation techniques discussed in the first part of

the course are used as the basis for digital bandpass signalling.

• The message signal m(t) is used to carry digital information.

• On-Off Keying (OOK), also known as (binary) amplitude-shift key-
ing (ASK), encodes binary information in amplitude.

• At baseband, we use a unipolar NRZ signal.

• We use DSB-SC for bandpass transmission.

• Binary Phase-Shift Keying (BPSK) encodes binary information in
phase.

• At baseband, we use a polar NRZ signal.

• We use PM for bandpass transmission.

• Frequency-Shift Keying (FSK) also encodes in phase.

• Like BPSK, but we use FM for bandpass transmission.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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• (a) ASK; (b) FSK; (c) PSK; (d) DSB with baseband pulse shaping.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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On-Off Keying
The OOK signal is represented by

x(t) = Acm(t)cos(2πfct).

• The baseband complex envelope is

x̌(t) = Acm(t)

where the message m(t) is unipolar NRZ.

• Assuming binary 1s and 0s are equally likely, the baseband PSD
is the same as for unipolar NRZ, i.e.,

Gx̌(f ) = 1
2A

2
c

[
δ(f)+Dsinc2(πfD)

]
.

• The PSD possesses a frequency-shift property such that, fory(t) =
y̌(t) cos (2πfct + θ),

Gy(f ) = 1
4

[
Gy̌(f − fc)+Gy̌(−f − fc)

]
.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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Detection of OOK

Detection can be either coherent or non-coherent.

• Non-coherent detection is as for AM: the main ingredient is an
envelope detector.

Envelope
detector

//OOK in //Unipolar
NRZ out

• Coherent detection is as for DSB-SC: a product detector.

Low-pass
filter⊗ //_OOK in //Unipolar

NRZ outOO

cos(2πfct)

– Need a Costas loop to synchronise with carrier phase.

• Either form is followed by a matched filter (integrate-and-dump
in white noise) and a comparator to decide between 1s and 0s.

– Therefore also need a bit synchroniser.

• Coherent detection gives better performance in the presence of
noise but at higher cost because of the extra circuitry.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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Binary Phase-Shift Keying
In BPSK, the message is carried in the phase, like PM.

• The complex envelope is

x̌(t) = Acexp
[
jπm(t)/2

]
.

• Here, m(t) is polar NRZ, taking values ±1.

• Equivalently, we have

x̌(t) = jAcm(t).

• Hence, BPSK is also like DSB-SC.

• The PSD of a BPSK signal is therefore a frequency-shifted version
of the PSD of a polar NRZ signal.

OOK: BPSK:

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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Differential Phase-Shift Keying

BPSK must be detected coherently, since there is no discrete carrier.

• However, there is a 180◦ phase ambiguity.

• One way to overcome this is to use training sequences.

• Another way is to use differential phase-shift keying (DPSK).

• Here, the baseband signal uses differential coding in which a 0 is
encoded as a polarity reversal and a 1 as no transition.

• This gives the option of partially coherent detection.

Low-pass
filter⊗ //

One-bit
delay, Tb

_DPSK in //Polar
NRZ out

•

//

OO

– Coherent detection is better in noise, but partially coherent
detection is cheaper: no carrier sync required.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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Frequency-Shift Keying
We distinguish between two types of FSK.

• Discontinuous-phase FSK switches between two bandpass frequency
sources according whether a binary 1 or 0 is to be sent.

– This creates discontinuities when switching.

• Continuous-phase FSK is based upon FM.

• The complex envelope is

x̌(t) = Acejθ(t)

where

θ(t) = Df

∫ t
−∞
m(u)du

and m(t) is polar NRZ.

• Derivation of the PSD is difficult and the resulting expressions
can be complex.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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Detection of FSK

Since FSK is a form of FM, an FM demodulator can be used.

• For FSK, this is non-coherent detection.

• Coherent detection requires two product detectors, one for each
frequency, both of which must be kept in phase.

http://www.uq.edu.au
http://www.itee.uq.edu.au/~coms3100
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