














Illustration of Filtering

We filter the 2π-periodic signal defined on [0, 2π] by

f(t) =

{
0, 0 ≤ t < π,

1, π ≤ t < 2π.
(1)

In some cases we add white noise to f by replacing each value f(t) by f(t) +X0,µ(t) where
the X0,µ(t) are independent, normally distributed random variables with mean zero and
standard deviation µ.

The filter function is chosen to be the Gaussian with standard deviation, σ, defined by

h(t) =
1√
2πσ

exp

[
−
(
t− π
σ

)2
]
. (2)

The filtered function is the convolution (h∗f)(t), which we compute in the frequency domain
using the Convolution Theorem.

All results were obtained by discretizing the time domain with N = 512 points and using
the DFT.
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We first show results with filter width of σ = 0.1 (moderate filtering).
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Figure 1: Amazing Fact: The Fourier transform of a Gaussian is a Gaussian!
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Figure 2: The filter damps high frequencies in f (left) and rounds off sharp corners (smooths)
f in the time domain (right).
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Figure 3: Adding a small amount of noise to f we see that the filter suppresses the high
frequency noise, but some low frequency noise remains and signal is smoothed too.
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Next we show results with filter width of σ = 0.3 (strong filtering).

0 1 2 3 4 5 6

t

0

0.2

0.4

0.6

0.8

1

1.2

1.4
w

Filter function in time domain

-300 -200 -100 0 100 200 300

k

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

a
b

s
(d

k
)

Filter function in frequency domain

Figure 4: A wider filter in time (more averaging) corresponds to a narrower filter in frequency
(more aggresive damping of high frequencies).
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Figure 5: With stronger filtering, high frequencies are damped more but the signal is more
distorted and looses it piecewise constant shape.
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Figure 6: The stronger filter is more effective with large noise (left: σ = 0.1, right: σ = 0.3).
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