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Noise and Noise Reduction
Noise is defined as small, random and unwanted fluctuations in the output of a

transducer, radiation source, excitation voltage, or other element of a sensor

system.  Noise generally establishes the detection limit of a sensor.  The term

originates from radio technology where such fluctuations manifest themselves as

audible static.  

White noise.  If the source of variability is random and the noise is "white," that

is evenly distributed over the frequency spectrum, then the standard deviation will decrease with the square root of the signal averaging time (or number of scans or observations, or total counts in a digital system).  In optical systems photon counting statistics often set the ultimate detection limit.

Johnson Noise.  When you measure the voltage drop across a resistor, the electrons have random thermal motions that introduce white noise.  Also called Niquest noise or thermal noise.

Vrms = (4RLkT∆f )1/2
where RL is the load resistance, k is the Boltzman constant, T is the absolute temperature,

and ∆f is the limiting band width of the instrument, or the range of frequencies that can be measured.

Shot Noise.  Source-associated-noise, also called flicker noise. Associated with all electronic and photon counting devices.  Inversely proportional to frequency (not bandwidth, ∆f) or intensity of photons.
Vrms = RL(2ei∆f )1/2
where RL is the load resistance, e is the charge on the electron, and i is the current.

One-over-f Noise.  For reasons that no one seems to understand fully, the noise

level in a measurement system operating at a specific bandwidth (∆f) decreases with increasing frequency, thus 1/f noise.

Interference noise.  Single frequency noise that is usually traceable.  For example, 60 Hz interference or RF noise.

Impulse noise.  Unpredictable transient events, such as lightning or power surges,

that introduces "spikes" in the data.

Signal-to-Noise Ratio.  Signal amplitude divided by the relative standard deviation.

A figure of merit for a measurement system.  In general the signal is proportional to

the number of scans or measurements, and the noise is proportional to square root of the

number of scans.  Signal-to-noise ratio increases with the square root of the number of

scans.  For example, in an analog system with Gaussian noise, increasing the signal

averaging time of an instrument form 1.0 to 100 s will improve the signal-to-noise ratio

(by reducing the noise) by a factor of 10.  In a digital system, increasing the total number of counts recorded from 104 to 106 will have the same effect.

See Physics Today May, 2003.
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