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7.8   Output signal-to-noise 
ratios for analog systems
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In this section, we will evaluate the output signal-to-noise 
ratios for analog systems (AM, DSB-SC, SSB, PM, FM)

For systems with additive noise channels the input to the 
receiver is

For bandpass communication systems having a transmission 
bandwidth of BT,

or

Output SNR for analog system
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To compare the SNRs for various types of bandpass systems 
(AM, DSB-SC, SSB, PM, FM), 
assume:

The power of the modulated signals at the inputs of 
these receivers is set to the same value Ps , the bandwidth 
of the baseband modulating signal is B.

The PSD of the input noise is N0/2

Output SNR for analog system
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Comparison with baseband systems

Common measurement criterion

The received signal power Ps divided by the amount of 
power in the white noise that is contained in a bandwidth 
equal to the message bandwidth.

Output SNR for analog system
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AM systems with product detection

{ } )()()()(~ txtmAAtgRtm nccTe ++==

The output of the product detector is:

The output SNR
(S/N)out

The baseband SNR
(S/N)baseband

The intput SNR
(S/N)in

Baseband
System

B

m(t)=s(t) r(t)=s(t)+n(t)

AM system
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AM system
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AM systems with envelope detection
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The output of the envelope detector is:

AM system
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The detector output power is:
For the case of large (S/N)in:

The output SNR is:

For large (S/N)in, the performance of the envelope detector 
is identical to that of the product detector 

AM system



99 Your site here

)()()](1[)()( tj
ncTT

netRtmAKtgKtKR θ++==

For small  (S/N)in:
The detector output is:

For small  (S/N)in<1:

{ })()(cos)](1[)( tRttmAKtKR nncT ++≈ θ

AM system
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The output of the product detector is:

)()( tmAtg cs =DSB-SC signal :

)()()( tjytxtg nnn +=noise :

[ ] )()()()( tjytxtmAtg nncT ++=signal + noise :

DSB-SC system
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The SNR for DSB-SC is:
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The noise performance of a DSB-SC system is the same 
as that of basedband signaling system, although the 
bandwidth requirement is twice as large (i.e., BT=2B)

DSB-SC system
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The receiver for an SSB signal:
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The output of the product detector is:

SSB system
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• SSB is exactly equivalent to baseband signaling, in terms of 
both the noise performance and the bandwidth requirement
( i.e.,  BT=B )
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The output SNR is:

• DSB, SSB and baseband signaling systems are all equivalent 
in output SNR.

SSB system
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The receiver for an PM signal:
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The complex envelope at the detector input is:

PM system
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The phase detector output is proportional to θT(t)
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For Ac>>Rn(t), the composite phase angle is approximated by

PM system
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For large (S/N)in, the relevant part of the PM detector 
output is approximated by
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The PSD of the output noise n0(t) is:

PM system
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PM system
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Thus, the output SNR becomes:

The output SNR is:
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PM system
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The input SNR
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According to Carson’s rule:

PM system
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The ratio of output to input SNR:

The improvement of a PM system over a baseband
signaling system depends on βp=Δθ
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The ratio of output to baseband SNR:

PM system
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The receiver for an FM signal:
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The complex envelope at the detector input is:

FM system
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The FM detector output is proportional to the 
derivative of θT(t)
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FM system
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For large (S/N)in>>1, we can approximate the FM 
detector output by
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where

For FM, the PSD of the output noise n0(t) is:

FM system
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FM system
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Thus, the output SNR becomes:

The output SNR is:
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FM system
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The input SNR is:
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The transmission bandwidth BT of the FM signal is given 
by Carson’s rule:

Thus:

FM system
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The ratio of output to input SNR:

For the case of sinusoidal modulation,                       ,

The ratio of output to baseband SNR:

( ) 2/1/ 2 =pVm

FM system
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FM system



2929 Your site here

7.9 comparison of analog 
signaling systems
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Comparison
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For the case of large (S/N)in:

For small  (S/N)in:

The nonlinear modulation systems provide significant 
improvement in the noise performance.

But the improvement is obtained at the expense of 
having to use a wider transmission bandwidth.

The linear systems outperform the nonlinear systems.

SSB is the best in terms of small bandwidth, and it has 
one of the best noise characteristics at low input SNR.

Comparison



3232 Your site here

Comparison
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