EB5.2607: Lecture 2 — Filters

© Basic IIR filters

© Applications
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Basic filters

H(f)

LP H(f) BP H(f) Resonator
f, fiHz 0 fy fm  fHz 0 f, fiHz
HP H(®) BR H) Notch
f, fiHz 0 fy f  fHz 0 f, fiHz

fc cutoff or center frequency
fp bandwidth
® "quality factor” Q = 7
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lIR filter structures: Digital biquad

B(Z) - by + b1 z1 + by z72

H(z) — -
(2) Alz) 1+4+azl+az?

Direct form 1 Direct form 2
bo

x(n) b0 y(n)

zeros on left, poles on right canonical (minimum delays)
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Building blocks: Allpass filter

B(2)
1O e
B bo—|—b12_1—|—...—|—bN_1ZN_1+bNZ_N
o bN—{—bN_lzfl—|—...—{—b12N71—|—b02N

Where are the poles and zeros?
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Building blocks: Allpass filter

B(z
HE) = g

B bo—|—b12_1—|—...—|—bN_1ZN_1+bNZ_N
o bN—{—bN_lzfl—|—...—{—b12N71—|—b02N

Where are the poles and zeros?

N
- O
3
- X
0.5
0 O X
-0.5
X
-1 o
-3 -2 -1 0 1 Re(z}

What about the frequency response?
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Parametric first order allpass filter

Magnitude Response, Phase Response, Group Delay

o 0
;
1 g 5
cC+z S
A(z) = — S
1 +cz™ -10
f f 1 0 0.1 0.2 0.3 0.4 0.5
_ tan(wf./fs) .
tan(wfe/fs) + 1 8 o
o
[}
< -100
Q
. 8 -150
Flat magnitude response, but X
. . . —200
introduces phase distortion 0 o1 02 03 04 05
84
o
53
. 0 jw <
Group delay = — 4~ ZH(e/¥) g2
o1
3
[OX0]
0 0.1 0.2 0.3 0.4 0.5

f/lS -

E85.2607: Lecture 2 — Filters 2010-01-28



Tunable lowpass/highpass filters

LPHP
x(n) © A@) D X)—oy(n)
H(z) = SO+A() (LP/HP 4/
1
A2 = fras
. = tan(mwfe/fs) — 1
~ tan(wf./fs) + 17

Why does this work?
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LP/HP frequen

Magnitude Response, Phase Response, Group Delay Magnitude Response, Phase Response, Group Delay
o 0 o 0
° ©
= =]
[} (o}
° °
2 -5 2 -5
c c
oD oD
© ©
= =
-10 -10
0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
0 100
0 0w
Q D
4 o
o o
S S
c 50 c 50
Q Q
(72} 0
© ©
=4 =4
o o
-100 0
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
8 2 8 2
g g
S 1.5 S 1.5
£ £
E 1 E- 1
3 3
205 205
=] 3
[ [
S 0 S 0
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
f/fS - f/fS -
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Second order allpass

Magnitude Response, Phase Response, Group Delay

© 0
2
g
2 -5
g
=
—C+ d(l - C)Zil + Z72 _100 0.1 0.2 0.3 0.4 0.5
1+d(l—c)z7! —cz2 0
tan(mfp/fs) — 1 £ -1o0
hel
tan(mfp/fs) + 1 < -200
—cos(2mfe/fs). £
) 01 02 03 04 05
230
¢ controls bandwidth E':)
2 20
d controls cut-off S
S0
g
<]
° 0 0.1 0.2 0.3 0.4 0.5
f/fsﬁ
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Tunable bandpass/bandreject filters

HG:) = % [1FA(z)] (BP/BR-/+)
_ o—etd(l -z 427
B e e e
. tan(mwfy/ fs) — 1
tan(27 fy/ fs) + 1
d = —cos(2rf./fs),

typo
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BP/BR frequency response

Magnitude Response, Phase Response, Group Delay Magnitude Response, Phase Response, Group Delay
[os] 0 @ 0
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Cascading filters

Make the frequency response sharper by passing the signal through the same

filter multiple times

H(ev)

—>

H(e)

H(ev)

—>

\H(ev)|

|H(el)P

= Repeated roots in z-plane:
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Equalizers

fo fp
GldB 4 +12 — R
+6
0 > f
S ¥4
12
- . . -
fe fo fo fo
LF MF MF HF
x(n) © "|  Shelving Peak | 7 - Peak Shelving ° y(n)
Cut-off frequency f. Cut-off frequency f. Cut-off frequency f Cut-off frequency f.
Gain GindB Bandwidth fp, Bandwidth fp, GainGindB

Gain GindB Gain G in dB

@ Chain of simple filters to shape spectrum
Low/high shelf H(z) =1+ (106/2° — 1) H;p/pp(2)
Peak H(z) =1+ (109/?° — 1) Hpp(2)
o Parameters: Gain, center frequency, bandwidth (Q)

@ Applications: mixing, compensate for room acoustics, genre—€entrols
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Time-varying filters: Wah

1-mix

x(n) y(n)
o

f

@ Bandpass filter with time varying center frequency

@ Mimics formant resonances in speech
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Time-varying filters: Phaser

x(n) R y(n)
x(n) & ) J P 4 4
e
t p 4 4 ) (TA AP > AP [ AP
v HYHY o
fb

@ Notches with time varying center frequency

@ Controlled by a low frequency oscillator
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@ Introduction to Digital Filters
o Elementary Audio Digital Filters

e DAFX, Chapter 2 (if you have it)
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https://ccrma.stanford.edu/~jos/filters/filters.html
https://ccrma.stanford.edu/~jos/filters/Elementary_Audio_Digital_Filters.html
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