
Coherent phase shift keying

In coherent phase shift keying different 

phase modulation schemes will be 

covered i.e. binary PSK, quadrature phase 

shift keying and M-ary PSK 
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Binary Phase shift keying
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Binary Phase shift keying
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Binary Phase shift keying
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Signal constellation for binary 

Phase shift keying
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Signal constellation for binary 

Phase shift keying
If we plot the transmitted symbols for 

BPSK we may got the following 

constellation diagram

6



Error probability of BPSK
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Error probability of BPSK-

Receiver model
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Error probability of BPSK
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Error probability of BPSK
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Error probability of BPSK

The conditional probability of the receiver 

deciding in favor of symbol 1, given that 

symbol zero was transmitted is given by
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Error probability of BPSK
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Error probability of error

In similar manner we can find probability of 

error that symbol 1 was sent and the receiver 

detect 0 mistakenly

The average probability as we did in the 

baseband can be computed as 

This average probability is equivalent to the 

bit error rate
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Generation of BPSK signals

14



Generation of BPSK signals

The resulting binary wave and the carrier 

(basis function) are applied to product 

modulator as shown below
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Detection of BPSK signals
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Power spectra of binary PSK 

signals
The power spectral density of the binary 

PSK signal can be found as described for 

the bipolar NRZ signaling (see problem 

3.11 (a) Haykin)

This assumption is valid because the 

BPSK is generated by using bipolar NRZ 

signaling
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Power spectra of binary PSK 

signals
The power spectral density can be found 

as 
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Bandwidth of the BPSK 

modulation scheme
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Quadrature phase shift keying 

QPSK
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Signal space diagram of QPSK

If we expand the QPSK equation using the 

trigonometric identities we got the following 

equation

Which we can write in vector format as
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Signal space diagram of QPSK
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Detailed message points for 

QPSK
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Signal space diagram of QPSK
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Signal space diagram of QPSK 

with decision zones
The constellation diagram may appear as 

shown below
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Example

Sketch the QPSK waveform resulting from 

the input binary sequence 01101000

solution
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Error probability of QPSK
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Error probability decision rule
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Error probability of QPSK
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Error probability of QPSK

If symbol is to be received correctly both 

bits must be received correctly 

Hence, the average probability of correct 

decision is given by

Which gives the probability of errors equal 

to
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Error probability of QPSK
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Error probability of QPSK 

summery

32



Generation and detection of 

QPSK
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Block 

diagrams of 

(a) QPSK 

transmitter 

and (b) 

coherent 

QPSK 

receiver.



Power spectra of QPSK
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Bandwidth of QPSK
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M-array PSK

At a moment, there are M possible symbol 

values being sent for M different phase 

values,   Mii /12  

    Mii
M

tf
T

E
ts ci ,,2,1,1

2
2cos

2














36



M-array PSK

Signal-space diagram for 

octa phase-shift keying (i.e., 

M  8). The decision 

boundaries are shown as 

dashed lines.

Signal-space diagram 

illustrating the application of 

the union bound for octa

phase shift keying.
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M-array PSK

Probability of errors
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M-ary PSK
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M-array PSK

Power Spectra (M-array)

M=2, we have
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M-array PSK

Power spectra of M-ary PSK 

signals for M  2, 4, 8.

Tbf
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M-array PSK

Bandwidth efficiency:

 We only consider the bandwidth of the main lobe (or 

null-to-null bandwidth) 

 Bandwidth efficiency of M-ary PSK is given by
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M-ary QAM
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M-ary QAM

Again, we have

as the basis functions

There are two QAM constellations, square 

constellation and rectangular
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M-ary QAM

QAM square Constellation

 Having even number of bits per symbol, 

denoted by 2n

 M=L x L possible values

 Denoting   ML 
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16-QAM

L-ary, 4-PAM
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16-QAM

Calculation of Probability of errors

 Since both basis functions are orthogonal, we 

can treat the 16-QAM as combination of two 

4-ary PAM systems.

 For each system, the probability of error is 

given by  
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16-QAM

 A symbol will be received correctly if data 

transmitted on both 4-ary PAM systems are 

received correctly. Hence, we have

 Probability of symbol error is given by
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16-QAM

 Hence, we have

 But because average energy is given by

 We have
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