Transforming between filter types

Simple LPF to HPF transform and more general frequency transforms
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Simple low-pass to high-pass transform
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Difference equation:
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Imaginary Part
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Butterworth LPF to HPF example
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Second-order Butterworth LPF
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Tranformed second-order Butterworth LPF
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Amplitude (dB)

Low-pass to high—-pass transform of second-order Butterworth LPF
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General frequency transforms
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Frequency for prototype low—-pass filter, o/ in rad/sample
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Low-pass to low-pass transform

Frequency characteristic for LP—>LP filter transformation
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Low-pass to high-pass transform

Frequency characteristic for LP->HP filter transformation
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Frequency for prototype low-pass filter, o/t in rad/sample
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Frequency for transformed high—pass filter, w/z in rad/sample




Frequency for prototype low-pass filter, w/n in rad/sample
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Frequency characteristic for LP->HP filter transformation
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Low-pass to band-pass transform

Frequency characteristic for LP->BP filter transformation

T T . T T T " T T
o T 0, 7077, 0 =0.6%, © =0.Tn 7
T~ _ _ o, =0.7%, ® ,=0.6n, ® =0.31 7
09 du ol o e
SN @y, =047, ©,=0.27, & =0.3% 7
@ i 4
g
7/

§08 S , J
= AN / p— —
B N | k=1 _ 20k -1 + .
co7 N ‘ J (2’71) _ k41 k+1”
] N g 9 - 2ak 41
g > / — == =+
5 o8 5 / | k—‘rl k-‘rl
e \ ' W +W
E X ” cos ( du.;!‘ dl
05 \ . 8 9= —7>=
3 ' ) oS (wd1L;Wdl )
3 /
g \
g0 ' ! i w w w
5 \ I D du — Wdl
s \ / kE=tan|(—) /tan | —————
503 | i ] 2 2
> \ I
2 \ ,
g, . |
20. i
3 b
w \ ,

0.1 - il

\ !
0 1 1 L L L L / L 1 1
0 0.1 02 03 0.4 05 06 07 038 09 1

Frequency for transformed band-pass filter, w/n in rad/sample



° °
3 >
; T

=)
)
T

pass filter, o/m in

=)
o
T

o
>
T

°
@
1

Frequency for
o
o
T

o
T

Frequency characteristic for LP->BP filter transformation
T T

»
>
o
=)

T T T
4, =0-77, 0y =0.6m, ® =0.17
n ol P
~. — - Oy =
R Day
~
N
N
N
N
N y
\
\ .
R B
N 2
N
/
v
\ /
v 7
/
\
\ /
\ I
\ /
v '
¢ _———— N\ m = -
- 2 i -
1 !
\ "
“ I
Yo
YERA
Sy,
NG
l WAl
L | I 1 1
0.2 0.3 0.4

Frequency for transforme:

w

Ve




o I o o I 4 o
w > o ) ~ © ©

o
N

Frequency for prototype low—pass filter, w/x in rad/sample
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Low-pass to band-stop transform

Frequency characteristic for LP->BS filter transformation
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Low-pass to low-pass transform example

Below is a prototype LPF with a —3 dB cut-off at w, = 0.27 rad/sample. Transform this filter
into a LPF with a cut-off at rad/sample.
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Low-pass to high-pass transform example

Below is a prototype LPF with a —3 dB cut-off at w, = 0.27 rad/sample. Transform this filter
into a HPF with a cut-off at wy = 0.47 rad/sample.
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