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Two important properties of digital filters are stability and causality. The definition of stability most often
used in digital filtering is as follows: a system is stable if every bounded (finite} input produces a bounded
(i.e., finite) output. For linear time-invariant digital filters, a necessary and sufficient condition for stability

is

A system is said to be causal if the output for n = n is dependent only on values of the input for n X n.
For linear time-invariant digital filters, this implies that the unit sample response sequence (i.e., the impulse
response) is zero for nH 0. For the ease of most interest, i.e., causal linear time-invariant filters with rational
transfer functions, stability implies that all the poles of H{z) must be inside the unit circle in the z plane.

The gain of a discrete filter is the steady-state ratio of the peak magnitude (or any other consistent measure
like root-mean-square, for example) of the output to the peak magnitude (or other consistent measure) of
the input signal to the discrete filter. The usual input signals are either periodic sequences, e.g., sine waves,
or pseudorandom sequences.

The frequency-scale factor is the lactor by which all the poles and zeros of a noramlized filter {cutoff fre-
quency of 1 rad/s) must be multiplied to yield the actual filter pole and zero values, i.e., the ratio of the
unnormalized to the normalized frequency scale of a fiiter.

The filter bandwidth is the width, in units of frequency, between the two points that define the edges of the
passband of the frequency characteristics of a filter. The frequency points are usually defined as those
values of frequency at which the attenuation or loss is a specified amount and beyond which the essential
filter characteristic changes from pass (small attenuation) to stop (large attenuation).

on noisy observations. The statistical desci
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