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7.4  Noncoherent
detection of bandpass

binary signals
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Let the bandwidth of the filter be Bp

The filter output:
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The BER is:

The r2( t ) envelope is a Rayleigh PDF:

The r1( t ) envelope is a Rician PDF:
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The input consists of an FSK signal plus white Gaussian noise

FSK
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• The bandpass filter bandwidth is Bp.

• The frequency shift 2ΔF = f1 - f2 is sufficiently large 
so that the spectra s1(t) and s2(t) have negligible overlap.

Assume:

The BER:
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When s2(t) sent
upper ：The output is only Gaussian noise Rayleigh pdf
lower ：The output is sinusoid plus noise Rician pdf
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The BER of FSK for noncoherent detection:
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For PSK signals, a partially coherent technique can be 
used.

DPSK
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The additive input noise is white and Gaussian.
The phase perturbation of the composite signal plus 

noise varies slowly so that the phase reference is 
essentially a constant.

The transmitter carrier oscillator is sufficiently stable.

Assume:

For typical value of BT and Eb/N0 in the range of BT=3/T 
and Eb/N0=10, the BER can be approximated by:

( )0/ NEQP be =

The performance of the suboptimum receiver is similar to 
that obtaned for OOK and FSK.

DPSK
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The BER for the optimum DPSK receiver of Fig. 7-12b is:
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Comparison of the error performance between BPSK and 
DPSK with optimum demodulation:

For the same pe ( pe=10-4 or less), DPSK signaling requires, 
at most, 1 dB more Eb/N0 than BPSK.

DPSK
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7.5  Quadrature phase-shift 
keying and minimum-shift keying
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QPSK signal:

The input noise is:

QPSK
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Because both the upper 
and lower channels of 
the receiver are BPSK 
receiver, the BER for 
the QPSK is:

QPSK
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MSK is essentially equivalent to QPSK 
Except 

The data on the x(t) and y(t) quadrature modulation 
components are offset.

MSK equivalent data pulse shape is a positive  part of 
a cosine function instead of a rectangular pulse.

Because the MSK and QPSK signal representations and the 
optimum receiver structures are identical except for the 
pulse shape, the BER for MSK and QPSK is identical:
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If the data are properly encoded, the data on an MSK 
signal can also be detected by using FM-type detectors.

For this suboptimum detection of MSK, the BER is given 
by the BER for FSK:
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7.6  comparison of digital 
signaling systems
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Bit-error rate and bandwidthComparison
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Bit-error rate

Bit-error rate and bandwidthComparison
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7.7  Output signal-to-noise ratio 
for PCM systems
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Two main effects produce noise or 
distortion:

Quantizing noise that is caused by the 
M-step quantized at PCM transmitter

Bit errors in the recovered PCM signal . 
(channel noise, improper channel 
filtering, ISI etc. )

Output SNR for PCM



2121 Your site here

Question:
What is the peak signal power to average noise 
power ratio (S/N)pk out for the analog output?

Output SNR for PCM
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Coding
(ak1, ak1 , … akn)
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Quantizing
Q(xk)

…, 0001 0101, 1000 0101, …

Assume polar signaling is used and the PCM code 
words are related to the quantized values by

Output SNR for PCM

Sampling (t=kts)

xk
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The analog sample output of PCM system for the k-th
sampling time is

The output peak signal power to average noise power ratio is

where

Output SNR for PCM
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Quantizing noise that is due to the quantizing error

Noise due to bit errors that are caused by the channel noise:

)( kkb xQye −=

The quantizing noise power

The noise power due to bit error

Output SNR for PCM
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The out peak signal power to 
average noise power ratio is

Conclusion:

outpkkk

k

out N
S

n
V

n
x

N
S

⎟
⎠
⎞

⎜
⎝
⎛===⎟

⎠
⎞

⎜
⎝
⎛

3
1

3
)(

2

2

2

2

The average-signal-to –noise 
ratio is 

Output SNR for PCM
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