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Modulation

Modulation Use an audio signal to vary the
parameters of a sinusoid

Ymod[n] = m[n] cos (27f-n + ¢[n])

m[n], ¢[n] modulating signals

cos(f.n) carrier signal with carrier freq. f-

Used for:

@ Transmitting radio signals

ne prunes)

@ Tremolo, vibrato, other effects

@ Synthesizing complex harmonic series
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Ring modulation

yrm[n] = m[n] cos(27f.n)

@ Shifts spectrum of modulating signal to be centered around f
e e.g. let m[n] = cos(2nfy,n):
yrm[n] = cos(2nfyn) cos(27fen)

= %cos (27 (fe — fm)) + cos (27 (fe + fm))

Using trigonometric identity: cos(a & b) = cos(a) cos(b) F sin(a) sin(b)
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Ring modulation
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Amplitude modulation

@ Like ring modulation, but with DC offset added to modulating signal

@ Receiver (demodulator) is easier to build

yam[n] = (1 4+ am[n]) cos(2xfn)

e e.g. let m[n] = cos(2nfy,n):

yam[n] = (1 + acos(2wfmn)) cos(27fen)
= cos(2mf.n) + %cos (2n(fe — fm)) + cos (2m(fe + fmm))
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Amplitude modulation

amp

We =W, (,oc+g)m

Copright Femando Lopes-Lessano
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Amplitude modulation in the time domain

o Carrier
@ Demodulate using an envelope detector Signal

AR

= rectifier + LPF I ‘{}‘ Hhn i l I I I “‘\ l

@ or product detector
= coherent ring modulation + LPF

yam[t] cos(2rf,)
= (1 + am[n]) cos(2nf.n) cos(2mf.n)

= (1 + am[n]) (; + ;cos(27r2fcn)>

output

o Also works for ring modulation
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Effect of modulation index (c
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Single Sideband (SSB) modulation

AM and RM waste bandwidth (and power) in redundant sidelobes

cosawt
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Angle modulation

yemyem[n] = cos(2mfen + B dpmyrm[n])
¢pm[n] = min]

el =2r [ mirJar

@ Looks like phase is being modulated, but they're really the same

o instantaneous frequency = & (2rfen + B¢[n])
o (“FM" often used to refer to phase modulation)

Y
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Implementing angle modulation

o x(n) y(n)
o_.| M) Ix(n_(Mn) X(n-(M+2) | = b—b*—‘ 7+ (M + frac) 0
e _ m(n)

m(n)=M + frac y(n)
Interpolation 0

| M Ifrac: I symbol

@ Just index into carrier using time-varying delay

@ Interpolate as necessary
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Effects: Tremolo

Modulate amplitude of audio signal with low frequency sinusoid

Low-frequency Amplitude Modulation (fc=20 Hz)
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Vibrato modulate phase of audio signal with low frequency sinusoid

m(n)=M+DEPTH:sin(onT)

¥
x(n)

o—»| -Msfrac)

y(n)
——»0

Detuning SSB modulation to shift spectrum up or down in frequency
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Applications: synthesizing notes

AM synthesis change carrier frequency to change pitch

@ e.g. simple synthesizer with 3 harmonics by modulating
sinusoidal carrier with sinusoidal signal:

(1 + cos(2mfmn)) cos(2mfen)
@ easy to implement
@ but, limited timbral possibilities ...

FM synthesis produce spectrally rich sounds with minimal effort
cos(2nfen + Bsin(2nfyn))
@ need integer ;—fn to make harmonic sounds

e sidebands at f. & kf,,

@ introduced by John Chowning at Stanford in early 1970s
e commercialized by Yamaha in the 1980s (DX7)
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FM modulation index

y[n] = cos(2m 220 n + Fsin(27 440 n))

AVAVAVAVA|TTassases j

o FM signals theoretically have infinite bandwidth
@ ~ 2(f + 1) audible sidebands



http://www.all-science-fair-projects.com/science_fair_projects_encyclopedia/upload/1/12/Frequencymodulationdemo-cf220mf440.ogg

Note dynamics

@ Real notes are time-limited
e struck/plucked vs. bowed/blown

oﬂo 010 020 030 040 050 060 070 49 1.0

@ simulate using ADSR envelope

Level 100%

Sustain

»
Time”

Attack Decay Release
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Toward more realistic synthesis

@ Amplitude modulation alone is not enough

e real instruments have time-varying spectra
o e.g. plucked string

@ Model using LPF

e high frequencies die away after initial transient

@ Or just model the physics...
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DAFX Chapter 4 - Modulators and Demodulators
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