BAIN MUSC 336

Introduction to Music Technology

FILTERS WITH MSP

Orhe most common way to think about filtersis as functions that take a signal and give back some sort of transformed signal.
Usualy what comes out is QessCthat what goes in. That@ why the use of filtersis sometimes referred to as subtractive synthesis.O

biquad™ implements a two-pole, two-zero filter using the following equation:

y[nl=a0* x[n]+ a1l * x[n-1]+ a2 * x[n-2] - b1 * y[n-1] - b2 * y[n-2]
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You can specify the coefficients a0, a1, a2, b1, and b2 as signals or floats

Fig. 1. Help file for MSP3 biquad~ object.*

TERMS AND CONCEPTS N
center frequency (c¢f) The central point in a peak or trough of afilter graph@ amplitude curve (e.g., bandpass)

cutoff frequency (cf) Thetransitional point in afilter graph@® amplitude curve (e.g., highpass)
The principle range of afilter@ effect, marked by arectangular box; edges marked by 3dB change in amplitude

bandwidth (bw)

0 Resonanceistheratio ¢f : bw

gain Linear amplitude at ¢f
filtergraph~

Filter Graph for displaying filter response and generating biquad coefficients

Stefania Serafin, Richard Dudas and jhno 1999-2004

filtergraph™ was presented to “little Ms. P"
on the occasion of her first birthday

filter modes: | highpass

v

Global display settings:
| loafreq $1 | log/linear frequency display
M |logamp $1 | log/linear amplitude display

. phasespect $1 | phase spectrum -pi to pi
dbdisplay $1 | show decibel markers
numndisplay $1 | show parameters when mousing

the horizontal line is always

or phase = 0. in phase mode
display region can be

set with domain and

range messages

clear biquad™ if filter blows up:

H
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at unit gain Camplitude = 1.0), |

cutoff or
center gain

you can also enter biquad freq (linear)

coefficients in the first five DU- |[>0
inlets when in display mode I
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see also: [biquad™ |[filtercoeff™ |[cascade™ ||allpass™ |[delay™ |[lores™ |[reson™ |[teeth™ ||zplane™

leftmost outlet oputputs a list of 5 coefs

Burke, et a., Music and Computers

= | Igainmode $1 ] gain-based variant for lowpass, highpass, bandpass, bandstop and resonant
. analog $1 | imitation-analog variants for bandpass and peaknotch

filtergraph™ saves its filter
parameters with the patch,
so coefficients can be
optionally output when the
patcher is loaded ("autoout 1°,
‘autoout 0' or Get Info...)

More Features:
nfilters

filter _types
markers
dornain
constraints
colors
cascade

highorder

diydot

query

i

Fig. 2. Help file for MSPG filtergraph~ object.

tCycling O&. MaxMSP 4.5.7. Palo Alto, CA: Cycling®3, 2006.

9 Modes: 0 - display; 1 - lowpass; 2 - highpass; 3 - bandpass; 4 - bandstop; 5 - peaknotch; 6 - lowshelf; 7 - highshelf; 8 - resonant; 9 - allpass
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NOISE SOURCES
noise~ Generates white noise, constant spectral power per hertz of bandwidth
pink~ Generates pink noise, constant spectral power per octave.
rand~ Generates a band-limited random signal
FILTER TYPES
Lowpass

cutoff frequency, gain and Q

N

Highpass 3 -1 the lowpass, highpass, bandpass
cutoff frequency, gain and - : . and bandstop filters take just

- P | cutofficenter freq and Q. (The

£ filter gain parameter will always

Bandpass i be set to 1. if the filter is not
center frequency, gain and Q) (determining : - gain-enabled)
bandwidth at -3dB from center freq) /

for all filters, shift-click constrains
qain, cmd-click sets gain to unit gain

center frequency, gain and ) (determining } & (1.0)
bandwidth at -3dB from center freq) : / ‘

Resonant (bandpass with constant skitrtwidth)

Bandstop

center frequency, gain and Q) (determining - —
bandwidth at -3dB from center freq) 8 v

bandwidth at -3dB/+3dB from center freq) E ; ‘

Peak /Notch = A E
center frequency, gain and Q (determining N -

Low Shelf S ] the peaknotch, and shelving

center frequency, shelf gain and S (determining | = ] filters take cutof:’/cente.r freq,

transition width at ~3dB/+3dE from c.freq) | j gainand Ot’ % @ PR o
coefficient, S = slope coefficien

High Shelf - L——T

center frequency, shelf gain and S (determining |- et -

transition width at -2dB/+3dB from c.freq)

Allpass )

center frequency, gain and Q) (roughly e T (displaying phase response)

determining 90 degree transition in phase on

either side of center frequency)
Fig. 3. Basic filter types.

OTHER FILTER OBJECTS

alpass~ All passfilter

biquad~ Two-pole, two-zero filter specified by coefficients

buffir~ Buffer-based FIR convolution filter

cascade~ A set of cascaded biquad filters

comb~ Comb filter, aslightly delayed version of asigna is added to itself

Cross~ A pair of symmetrica low and high pass 3rd order filters

fffb~ Implements a bank of bandpass filter objects,

filtercoeff~ Signal-ratefilter coefficient generator for biquad object

filtergraph~ Filter graph for displaying filter response and generating biquad coefficients
lores~ L owpass filter with resonance

onepole~ Single-pole lowpass filter

reson~ Bandpass filter controllable by center frequency and Q

svf~ State-variable filter, implements Chamberlin's state-variable filter algorithm
teeth~ Comb filter with feedforward and feedback delay control

zplane~ Z-plane display/interface for filter design
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