
Understanding Poles and Zeros in Filter Design
When designing filters, a powerful tool to understand your filter’s behavior is a pole-zero
plot. This plot gives you an intuitive glimpse into how your filter will respond to different
frequencies.

What Are Poles and Zeros?
Zeros: Zeros are the values (or locations) in the complex plane where the filter’s transfer
function equals zero.

• They determine frequencies that the filter completely eliminates.

• In a pole-zero plot, zeros are often marked as blue circles.

Poles: Poles are the locations in the complex plane where the filter’s transfer function
becomes infinite (usually due to the denominator becoming zero).

• They largely dictate the behavior of the filter, including how it amplifies or attenuates
signals near certain frequencies.

• In the plot, poles are generally shown as red crosses (X’s).

Why Do They Matter?
• Frequency Response: The positions of the poles and zeros determine how your filter

responds to different frequencies. For example, zeros placed on or near the imaginary
axis indicate that the corresponding frequencies are sharply reduced or blocked.

• Stability: For digital filters, if all poles lie within the unit circle in the complex plane,
the filter is stable. For analog filters, stability means that all poles should lie in the
left half of the complex plane.

• Filter Characteristics: The layout of poles and zeros influences not only the am-
plitude response (how much each frequency is passed or blocked) but also the phase
response (timing or delay of the signal components).

Visualizing the Concept: The Pole-Zero Plot
Imagine you have a function in your web platform that generates a pole-zero plot based on
your filter design. Here’s a simplified description of how it works:

def plot_pole_zero(b, a):
% Compute the zeros (roots of numerator coefficients)
zeros = np.roots(b)
% Compute the poles (roots of denominator coefficients)
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poles = np.roots(a)
% Plot zeros (blue circles) and poles (red X’s) on the complex plane.

In the generated plot:

• Blue circles (Zeros): These are points where the filter completely cancels the signal.
They tell you which frequencies are being removed.

• Red X’s (Poles): These points heavily influence the filter’s behavior. If a pole is close
to the imaginary axis, it might cause a peak in the frequency response (resonance),
whereas poles further away mean less effect.

Putting It All Together
A pole-zero plot is a visual summary of your filter’s design:

• It shows where in the complex plane the filter suppresses (zeros) or shapes (poles) the
frequency components.

• By looking at the plot, you can predict how the filter will behave. For example, if you
see zeros at certain points, you know that those frequencies will be removed from the
signal.

• It also gives you insight into stability: in digital filters, all poles should be inside the
unit circle for a stable design.

This intuitive picture is key when fine-tuning your filter design. By adjusting the positions
of poles and zeros, you can shape the filter’s frequency response to meet your design goals.

Conclusion
Understanding the locations of poles and zeros helps you grasp what your filter does—how
it processes different frequencies and whether it behaves stably. Use the pole-zero plot
as a guide to see at a glance the strengths and weaknesses of your filter design. Enjoy
experimenting and seeing the direct impact of your design choices on the behavior of your
filter!
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