
• One-dimensional datasets or time series datasets often are a superposition of many wave harmonics

• In some cases, we want to smooth the data or remove high frequency (small wave) components

• This is known as low-pass filtering

Filters and smoothers



• A simple technique is known as the Shapiro filters.

• This involves adding a value at grid point i, and also adding values of surrounding points, then 
taking a weighted average. The value at i has the most weight. 

• This reduces the contribution of smaller wavelengths – especially 2Δ𝑥 waves and 4Δ𝑥 waves.

• Repeating this exercises essentially removes the contributions of smaller wavelengths, but also 
gradually removes the influence of longer wavelengths. It results in a smoothed solution.

The Shapiro filter (also called a digital filter)



Some Shapiro filter equations
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These can be generalized in stencil form as

where, for example, p=1 is 1/24 is 4th order (n=2)



• By including more neighboring points, the removal of small Δ𝑥 waves is enhanced while 
retaining the amplitudes of the longer Δ𝑥 for each pass.

• However, its more difficult to deal with the endpoints unless it’s a periodic domain. 

• The damping effect for each pass can be quantified by the response function R. R varies from 0 
to 1, where 1 is no damping and 0 is complete damping of the original value.

• For the Shapiro filter, the response function is:
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where 2n is the “order”

The response function



Note that the simplest 
Shapiro filter (the 1-2-1 
filter) has a strong local 
damping effect. It should 
be used carefully.


