
AM and FM Noise Immunity (10)
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• Telecommunication system with noisy transmission channel:

- AM – envelope detection

- FM – detection by phase angle detection
and differentiation

• Summary
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Transmission System Noise Immunity
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ANGN - Lowpass Representation
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Lowpass representation of the ANGN consists of two lowpass noise

components (inphase comp. nI(t), quadrature comp. nQ(t)) modulating

carriers in quadrature.



ANGN – double sideband case – power
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Lowpass representation allows for analyzing the detection proces in the 

lowpass bandwidth (in the modulating signal bandwidth).
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During the envelope detection of the AM signal

the information signal and lowpass noise components get

mixed in a highly nonlinear way.
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Overthreshold Envelope Detection
(signal dominates noise)
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Linear approximation – Maclaurin power series:
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Modulation loss – single tone AM
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AM Noise Characteristics
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AM noise characteristic:

 Threshold effect,

 Modulation loss,

 Tradeoff 1 : 1 (neutral) or 1 : 2 (unfavorable)
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AM threshold effect
(overthreshold operation)
(unmodulated carrier transmission)
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AM threshold effect
(subthreshold operation)
(unmodulated carrier transmission)
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Envelope Detection – AM
Output signal
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Envelope Detection – AM
Output signal
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Envelope Detection – AM
Output signal
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Envelope Detection – AM
Output signal
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Envelope Detection – AM
Output signal
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Find the modulation gain and noise characteristic for a 

coherent detection of the AM-DSB signal x(t)cosω0t where x(t) 

is a stationary random proces with the power .2x

Coherent detection of the AM-DSB 
signal

Does the noise chracteristic of the coherently detected

AM-DSB signal have the threshold?
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Envelope detection - overthreshold
operation - signal/noise separation

Prove that for the overthreshold operation the output signal

of the envelope detector is a sum of two components

(signal/noise separation):

• modulating signal provided noiseless transmission

• noise component provided no modulation

(unmodulated carrier transmitted)
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FM detection (by phase angle
differentiation)
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FM Noise Characteristic
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FM detection – overthreshold operation
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FM detection – overthreshold operation
(approach by signal/noise separation)

   
 

0

Q

000
|| )()(

A

tn
dxkttt

t

xn
 



  ||
00

0Q0I

)()(

0,






xn
ttt

AnAn



Overthreshold operation

(signal/noise separation)

 

 

 

 

 
||

0
0

Q

0I

0Q

I0

Q

0
)(

1
)(tg










xx
t

A

tn

Atn

Atn

tnA

tn
t 

0
)(

x
t )(Q tn

Re

Im

)(tnI

)()(FM tnt 

0A

   

      






 








 





0

Q

0

Q

0

Q

)(
LPF

)(
LPF~

)(1

kA

tn
tx

kA

tn
txtx

kA

tn
txt

k




„Signals & Systems” Zdzisław Papir

2

0

2

3

m

0

2

0

2

0

22

0

2

2

OO
3

2
2

1
)(

1 mm

Q Aπk

ηω
dη

Aπk
dS

Aπk
nN

ωω

n    

m

2

0

2

3

m

2

0

2

3

m

0

22

3

m

2

0

2
2

O
4

3

4

3

4

3

2

3

2

1
2

ω

A

ω

A

ω

Aak

ηω

Aπk
aγ











 





Modulation Gain – single tone FM
(output SNR)

O

O
O

N

P
γ  22

O
2

1
axP    

  tatx

kAtntxtx

kAtntxtx

m

0Q

0Q

sin

)(LPF)(~

])()(LPF[)(~









Modulation Gain – single tone FM
(input SNR)
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Summary
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• Immunity of a modulation to channel noise is expressed

with a modulation gain (loss).

• Modulation gain is expressed as a ratio of an output SNR

to an input SNR related to a system bandwidth.

• Noise characteristic (in a dB-dB scale) is a plot

of an output SNR to an input SNR.

• Both AM and FM detection are nonlinear processess

so their noise characteristics exhibit threshold effect.

• FM modulation makes possible to trade an output SNR

to a system bandwidth. The trade-off is restricted

by a threshold effect.


