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Frequency-based
Signal Processors



Processors that Shape Frequencies

e Shapingtimbre is not the same as transforming timbre &
e Shapingtimbre @
o Filters
o Aural exciters and enhancers . .
o Bass processors
e Changing and adding frequencies o
o  Pitch shifters @

o Harmonizers l I '



Equalizers and Filters

e Equalizers (EQ) arefilters +18d8 T
.. . . Channel EQ
(a distinction is not useful) +12dB
o selectively boost or attenuate  +s e High shelf
frequency regions 0dB | | v‘
o cannot add frequencies that i Low shelf High midband
are not present in the source
. . -12d8 Highpass filter
o mixing out of phase signals can VT
-IBdBI

cause filtering 20Hz 50Hz 100Hz 500Hz 1kHz 5kHz 10kHz 20kHz



Filter Parameters and Units

e Gain:
o 0dBis nochange (unity); otherwise, un‘.- el T '
may be positive or negative 105
e Rolloff: 90
o slope, achange in gain over g’ : S
frequency measured in dB / octave g ¢ e :
e Bands and bandwidth: go : Frequency
o measured in octaves or Q :
e Center and cutoff frequency: OL; /' :

O Hertz Frequency (Hz)



Filter Types and Parameters

e Low/High Pass, High/Low Cut:
o cutoff frequency, rolloff

e Low/High shelves:
o cutoff frequency, gain, Q

e Parametric (peak/notch) filters:
o center frequency, gain, Q

https://www.soundonsound.com/techniques
/using-your-sequencers-equalisers
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https://www.soundonsound.com/techniques/using-your-sequencers-equalisers

Low/High Pass, High/Low Cut

e Cutting narrow ranges at the top or
the bottom of the spectrum
e The most simple (and extreme) filter

e Parameters:
o cutoff frequency, rolloff
e Types:
o Low pass, high cut filter
o High pass, low cut filter W

https://www.youtube.com/watch?v=JndvN1ngSi4

f fe
High Pass


https://www.youtube.com/watch?v=JndvN1ngSi4

Low/High Pass, High/Low Cut

e Removing high frequency noise or buzz

Low-cut filter High-cut filter

e Removing low frequency stage noise, “
machine noise, hum

e |solating one frequency region e
(combining both low and high pass) to ~ A
remove leakage Al ;\\

e Removing super-low frequency signals = S // \\

from digital instruments 2498 50 40 60 soi00 200 \_400 600 800 1k . 4 6k 8k 10k 204
e Be careful to avoid removing essential  fuerirom e ther etof requency

. Slope of filter
harmonics (low pass)



Low/High Shelves

e Allfrequencies above or below
a certain point are boosted or
attenuated by the same amount

e Coarse, broadfilters

e Parameters:
o Cutoff frequency, Gain, Q
(sometimes)

+18dB

+12dB

+6dB

0dB

High Cut
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Low/High Shelves

e Correcting for a general deficiency in L e

a microphone or recording: -
o too little or too much bass/treble

e Boosting upper harmonics or the air
band (high shelf)

e Avoid boost on low-end; be careful
about boosting low frequencies you
are not hearing (low shelf)

Boost




Parametric Equalizers

e Boosts or attenuates a range of frequencies
centered around a certain point
e Alternative names:
o peak/ notch filter, peaking filter, bell EQ
e Parameters:
o center frequency, bandwidth (Q), gain
e Some parametric filters may not allow some
or all three parameters to be changed
o Semi-parametric, Two-parameter, One-
parameter

RMS Level (dBu)

+20

~18

-16
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Parametric Equalizers

Contre

e Extremely narrow bandwidth boosts will
result in pitched-overtones T::Z « ‘
e Favor boosting with broad bandwidthsto e it 1IN
: . y N~
shape regions of harmonics/fundamentals *® 7. - Ai==l
e Narrow bandwidth cuts can be used to : N | T
remove noise, feedback, or other = I Ew a1
undesirable artifacts 1808 imia
e Favor broad-bandwidth parametric for ~ #®& o ww® *W*ﬂ%mm* A AT
low-frequency boosts over a low-shelf 7 wma ] Al

boost
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Graphic Equalizers

e Numerous one-parameter
parametric filters

e Distributed across the frequency
range in equal octave segments

e Common center frequency
spacings:

o 1/3 octave, 1/6 octave

e Used for live sound engineering,

tuning rooms, avoiding feedback
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Time-based
Signal Processors



Time-Based Processors

e Reverbs e Flangers, chorus, and phasing

e Delays

-
>

Direct Sound ﬂ\

. Early Reflections

Sound Pressure

‘ h “ 1. Reverb

Time

https://ledgernote.com/columns/mixing-mastering/delay-audio-effect/
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https://ledgernote.com/columns/mixing-mastering/delay-audio-effect/

Time-Based Processors

e Common Attributes
o Allemploy delays
o All are often processed in parallel

Amplitude

(with an auxiliary track or with

mix controls) '
o All are often best used in stereo

rather thar\ mono {} N = .
o All are easily over-used

Source Early Late Reflections/
Sound Reflections Decay



Acoustic Reverberation

e When we hear sound, we hear a mix of:
o Direct (dry) sound
o Individual reflections (early reflections) from
nearby hard surfaces.
o Other reflections so closely spaced and overlapping
that our brain can’t perceive them as separate.

https://wiki.audacityteam.org/wiki/Principles of Reverb

LISTENER
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https://wiki.audacityteam.org/wiki/Principles_of_Reverb

Reverb Processors

e Why usereverb processors?

O

Coherence: reconnecting
tracks recorded in isolation or
without space

Recreating an acoustic space
Special effects

— Direct sound (0 to 25 msec)

s Ravwerberation {:\-1 00 msec)

______ Early reflections (25 to 100 rrm

S - Sound source f

L - Listener L
l‘
L
¥

!

I, o T
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——
Direct Earl

i
sound  Reflections

Reverb Parameters .t |

Time domain graph

(dE) A
e Decay: . > 6048
) )  Mainbodyof = N

o duration of reverberations ithereverbsigmal . 0o

o time of tail tofall -60 dB B _

. Pre-

° dela; Reverb time (RT&0

e Size: 4P time (RT60) .

o color or type of diffusion algorithms
e Pre-Delay:
o time before reverb starts
o abit (30 ms) is generally needed to get reverb away from dry signal
e FEarly reflections
e Diffusion
o Wet/drymix
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Spring Reverb

—

Electrical fluctuations are
transduced into
mechanical fluctuations

+
\

-

Mechanical fluctuations
are reflected back and
forth along the spring

Mechanical fluctuations
are transduced into
electrical fluctuations
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Plate Reverb

Transducer converts signal
into mechanical vibrations
that spread onto a metal
plate

YYyyy

Transducers on the plate convert the
vibrations into a signal that is mixed with
the ariginal

@
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Time Delays

e Records aninput signal to an audio storage medium, and then plays it
back after a period of time.

e Thedelayed signal may either be played back multiple times, or played
back into the recording again, to create the sound of a repeating,

decaying echo.
e The most basic type of effect is simple delay.
o Delay > 50 ms: audible echoes
o Delay < 10 ms: coloration, filtering
o Between, enhancement, increase in volume
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Simple Delay

ik

Input

[

Delay
0.25 sec.

@—- Output

{T}J

Gain
0.8
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Multitap Delay
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Feedback Delay

MM/‘ —@ I > Output

Input : Delay
I 0.25 sec.

Gain
(decay time)




Other Sound Effects Processors

Auto Tune

Pitch Bend
Phasing & Flanging
Vibrato

Chorus

https://blog.landr.com/audio-effects-plugins-guide/

v Audio Effects
> I Qbsolete Audio Effects

B} Adaptive Noise Reduction
£} Analog Delay

B} Automatic Click Remover
£l Balance

£} Bandpass

£} Bass

B} Binauralizer - Ambisonics
B} channel Volume

B} Chorus/Flanger

B} Convolution Reverb
B} DeEsser

£} DeHummer

B} Delay

El Distortion
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https://blog.landr.com/audio-effects-plugins-guide/

Further Learning

e What are Audio Effects?
o https://www.youtube.com/watch?v=NJ2WzLg5rDc

e Reverband Delay Explained

o https://www.youtube.com/watch?v=-jPPJEHMepA
e EQExplained

o https://www.youtube.com/watch?v=16ZF NHvqzU

28


https://www.youtube.com/watch?v=NJ2WzLg5rDc
https://www.youtube.com/watch?v=-jPPJEHMepA
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Practicals



