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Simple low-pass to high-pass transform

Prototype filter: H(ejω) =
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Difference equation: y[n] = −
N∑

k=1
(−1)kaky[n − k] +

M∑
k=0

(−1)kbkx[n − k]

x[n]

z−1

z−1

z−1

b0

b1

b2

bM

∑ ∑
y[n]

z−1

z−1

z−1

−aN

−a2

−a1



Butterworth LPF to HPF example

HLPF(z) = 0.201 + 0.401z−1 + 0.201z−2

1 − 0.397z−1 + 0.2z−2 ⇒ Htrans(z)0.201 − 0.401z−1 + 0.201z−2

1 + 0.397z−1 + 0.2z−2





General frequency transforms
Prototype: Desired:
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Low-pass to low-pass transform

g(z−1) = z−1 − α
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Low-pass to high-pass transform

g(z−1) = − z−1 + α
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Low-pass to band-pass transform
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Low-pass to band-stop transform
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Low-pass to low-pass transform example
Below is a prototype LPF with a −3 dB cut-off at ωp = 0.2π rad/sample. Transform this filter
into a LPF with a cut-off at ωd = 0.4π rad/sample.

Hp(z) = 0.106(1 + 2z−1 + z−2)
1.565 − 1.789z−1 + 0.646z−2

Answer: Hd(z) = 0.2074 + 0.4149z−1 + 0.2074z−2

1 − 0.3699z−1 + 0.1957z−2



Low-pass to high-pass transform example
Below is a prototype LPF with a −3 dB cut-off at ωp = 0.2π rad/sample. Transform this filter
into a HPF with a cut-off at ωd = 0.4π rad/sample.

Hp(z) = 0.106(1 + 2z−1 + z−2)
1.565 − 1.789z−1 + 0.646z−2

Answer: Hd(z) = 0.278 − 0.555z−1 + 0.278z−2

0.706 − 0.261z−1 + 0.138z−2


