
Noise in Analog 
communications



Introduction:

• Noise can broadly be defined as any unknown signal that affects the 
recovery of the desired signal.

• There may be many sources of noise in a communication system, but often the major sources are the 

communication devices themselves or interference encountered during the course of transmission.

• one of the most common ways is as an additive distortion



Noise in communication systems:

• noise as a random process 

• noise process is unpredictable, we use statistical parameters such as:

• The mean of the random process. noise have zero mean. 

• The autocorrelation of the random process

• The spectrum of the random process.



White Gaussian noise:

• The noise analysis of communication systems is often based on an 
idealized noise process called white noise. The power spectral density 
of white noise is independent of frequency.

• Spectral density of white noise :



• the autocorrelation of white 
noise is given by







How noise affects the signal :

• noise over a specified bandwidth:



Signal-To-Noise Ratios







Signal to noise ratio is measured at the 
reciver.



We have two points of measurement 

• If the signal-to-noise ratio is measured at the front-end of the 
receiver, then it is usually a measure of the quality of the transmission 
link and the receiver front-end.

• If the signal-to-noise ratio is measured at the output of the receiver, it 
is a measure of the quality of the recovered information-bearing 
signal whether it be audio, video, or otherwise.



So we have two measurments :

• Pre detection SNR

• Post detection SNR



Calculation of post detection SNR:

• reference transmission model :This reference model is equivalent to transmitting the 

message at baseband. In this model, two assumptions are made:

•



Figure of merit:

the higher the value that the figure of merit has, the better the noise performance
of the receiver will be.



• The pre-detection SNR is measured before the signal is demodulated.

•  The post-detection SNR is measured after the signal is demodulated.

•  The reference SNR is defined on the basis of a baseband transmission 
model.

•  The figure of merit is a dimensionless metric for comparing different 
analog modulation–demodulation schemes and is defined as the ratio 
of the post-detection and reference SNRs.



Band-Pass Receiver Structures



Noise in Linear Receivers Using Coherent 
Detection

In the case of double sideband suppressed-carrier (DSB-SC) modulation, the modulated 
signal is represented as



•  the received RF signal is the sum of the modulated signal and white 
Gaussian noise .

• The received signal is down-converted to an IF by multiplication with 
a sinusoid of frequency

• This down-conversion is performed by the product modulator shown 
as mixer 1.

• After band-pass filtering, the resulting signal is 



Power spectral density of the noise



PRE-DETECTION SNR

the average received signal power due to the modulated 
component is



• then the noise power passed by the filter is

•  the signal-to-noise ratio of the signal is



POST-DETECTION SNR

• The post-detection signal-to-noise ratio is the ratio of the message 
signal power to the noise power after demodulation/detection. 

• The post-detection SNR depends on both the modulation and 
demodulation techniques

• The signal at the input of the detector is 



The output of the detector is:

high-frequency components are removed with a low-pass filter and the result is: 



Two observations can be made:

• The message signal and the in-phase component of the filtered noise 
appear additively in the output.

•  The quadrature component of the noise is completely rejected by the 
demodulator



we may compute the output or post-detection 
signal to noise ratio by noting the following



This is due to the fact that the quadrature component of the noise has been discarded by the
synchronous demodulator.



FIGURE OF MERIT

• the average noise power for a message of bandwidth W is

• For DSB-SC modulation the average modulated message power is 
given by

• the reference SNR for this transmission scheme is



• we lose nothing in performance by using a band-pass modulation 
scheme compared to the baseband modulation scheme, even though 
the bandwidth of the former is twice as wide. 

• Consequently, DSB-SC modulation provides a baseline against which 
we may compare other amplitude modulation detection schemes



Noise In AM Receivers Using Envelope 
Detection
• that the envelope-modulated signal is represented by



PRE-DETECTION SNR

• the average power of the carrier component is 

• The power in the modulated part of the signal is

• The total received power is 





POST-DETECTION SNR

• represent the noise in terms of its in-phase and quadrature 
components, and consequently model the input to the envelope 
detector as



• the output of the envelope detector is the amplitude of the phasor 
x(t) representing and it is given by

• When the signal is larger than the noise :



• under high SNR conditions. This new expression for the demodulated 
signal has three components:

•  dc component,

•  signal component,

•  and noise component.



• the post-detection SNR for the envelope detection of AM, using a 
message bandwidth W, is given by



FIGURE OF MERIT

• the reference SNR

• Always less than one. in general for envelop detection its less than 0.5

• Hence, the noise performance of an envelope-detector receiver is always 
inferior to a DSB-SC receiver, the reason is that at least half of the power is 
wasted transmitting the carrier as a component of the modulated 
(transmitted) signal



Noise in SSB

PRE-DETECTION SNR

POST-DETECTION SNR

FIGURE OF MERIT



Detection of Frequency Modulation (FM)



PRE-DETECTION SNR



Post detection SNR:

FIGURE OF MERIT



THRESHOLD EFFECT

• The formula the post-detection SNR ratio of an FM receiver, is valid 
only if the pre-detection SNR, measured at the discriminator input, is 
high compared to unity. 

• If the pre-detection SNR is lowered, the FM receiver breaks down. At 
first, individual clicks are heard in the receiver output, and as the pre-
detection SNR decreases further, the clicks merge to a crackling or 
sputtering sound. 

• At and below this breakdown point, the equation fails to accurately 
predict the post-detection SNR. 

• This phenomenon is known as the threshold effect;
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