Noise

A typical communications channel may be represented as below:
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All channels are subjected to some form of unwanted interference that we usually categorise as noise. Typically this noise signal can be divided into two general forms which are

· Deterministic

· Random

Deterministic

Deterministic means that there is some degree of prediction possible about the behaviour of the signal. The deterministic noise form is then by its nature predictable and can thus be modelled accurately with a view to reduction or eradication of the effects on a given message signal.

A good example of a deterministic noise signal is ‘mains hum’ (induced from standard single phase power supplies) which appears as a 50Hz sinusoid, super imposed on the signal. It usually occurs as result of poor earthing installations.

Random

This is the most common form of noise but because it is random and not deterministic in nature it cannot be easily modelled or therefore predicted. For this reason random noise is analysed by using statistical methods such as probability theory.

Some sources of thermal noise would include the thermal excitement of electrons in semi-conductor junctions and also electromagnetic radiation.

Random noise is theoretically composed of an infinite number of frequencies and each frequency can have the same power contribution. Therefore the noise in can have infinite power.

As already mentioned random noise is measured and described in statistical terms. So it is characterised by:

· A probability density function (more on this later)
· Its spectrum

Basically this means that we can only give an expectation of its future effect based on past behaviour in a system. This is known as a causal relationship. We can measure:

· Average power

· Frequency bandwidth

In practice the noise will be band limited by circuitry and/or channel characteristics. The method for calculating average power is the same as for a continuous signal i.e. Root Mean Square (RMS). Since power in a resistor:
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We must first square the signal, then find the average over a period of time (measure in half cycles of the signal) and finally take the square root for a continuous signal:
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White Noise

This is random noise having equal power density at all frequencies. For true white noise the spectrum is infinite however the physical system will impose bandwidth restrictions.
A good model for noise is provided by the Gaussian or normal distribution. A plot of noise frequency of occurrence against amplitude for many instantaneous values of the noise gives a frequency spectrogram as below


The mean and standard deviation (variation from the mean) also qualify for samples. When the number of samples approaches infinity then the curve becomes continuous, described by the probability density function. This curve can be normalised and plotted in terms of probability of occurrence against standard units of deviation. Basically this means that the area under the curve between two chosen points represents the probability of occurrence of noise between those points. This is known as the probability density function and is derived from the above distribution. Suggested reading Stroud Engineering Mathematics – programmes 27 and 28. The probability density function is shown below:
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The p.d.f. gives the probability that the noise falls within a certain range however we have to have a huge number of samples in order for this relationship to work. Most noise has the Gaussian or normal distribution for which the p.d.f. is:
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Where µ is the mean or average voltage and σ is the standard deviation (r.m.s. deviation from the mean).

Note that the average noise power is given by:
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In communications systems two other noise models are often encountered. They are

· Rayleigh noise

· Rician noise

Basically the above two noise sources tend to occur in wireless network and mobile communications systems. They are prevalent when no line of sight between the transmitter and receiver is present. Probability density functions also exist for these noise sources as they do for Gaussian noise models but with different envelopes. This means that the manifestation of the noise on the signal will ultimately have a different contribution to that of Gaussian noise and at different signal levels.
Signals in mobile communication systems can be affected by a phenomenon called fading. This relates to the multiple paths signals can take from the transmitter to the receiver which results in various out of phase signals arriving at the receiver. The multi- signal paths may be caused by fixed objects such a buildings, bill boards, hills etc and can be complicated further by a moving receiver.

When the signal fluctuates rapidly due to multi-paths, the effect is usually observed over distances of half the signal wavelength i.e. relatively small spatial variations between transmitter and receiver. In this case a Rayleigh p.d.f. describes the statistically varying envelope of a fading (attenuating) multi-path signal or the envelope of a single multi-path component on arrival at the receiver.
By contrast when a dominant stationary signal component is present e.g. line of sight path, the fading envelope is statistically described by a Rician p.d.f. random multi-path components arriving at different angles are superimposed onto a stationary dominant signal. This could be likened to the detection of a sine wave in the presence of thermal noise.

It should be noted that as the dominant signal diminishes the composite signal will again begin to resemble the rayleigh envelope.


For reference and comparison the probability density functions of both rician and rayleigh noise are shown below:
1.
Rician p.d.f.
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2.
Rayleigh p.d.f.
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