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Autonomous instruments

» Generate music by algorithms from the waveform to an entire
composition

» No realtime interaction

» Essentially a deterministic autonomous system



Bytebeat

One-liners:

int t;

for(t=0; t<T; t++)
putchar( expression );

Sawtooth wave:

3.5%t

Periodic pattern:

Bxt ~ 3x(t + t%12) | (£/125)


http://folk.uio.no/ristoh/adapt/snd/bytebeat_3.5t.mp3
http://folk.uio.no/ristoh/adapt/snd/bytebeat_5txor3t_etc.mp3

Analog feedback systems as autonomous instruments

Patch without feedback
Same with feedback


file:http://folk.uio.no/ristoh/adapt/snd/FM_fbk_idem_nofeedback.mp3
file:http://folk.uio.no/ristoh/adapt/snd/FM_fbkvcf78.mp3

Dynamic systems

Consider a map f : RY — RY.
Generate a time series x,, by iteration:

Xp+1 = f(xn) or x, = f"(xo)

Use x,, as audio samples.

Qualitative dynamics:
» Fixed point: x,11 = xp
» Periodic: x,4+7 = Xxp
» Quasi-periodic
>

Unbounded: lim ||x,|| = oo
n—oo

v

Chaotic



Feature extractor feedback systems (FEFS)

Basic ingredients:
» Oscillator (signal generator) G
» Feature extractor / analysis A
» Mapping M

sound synthesis

G .

mapping

M A

feature extraction




The FEFS equation

xn = G(mn,n)
(bn = A(Xnaxn 1y--- >Xn—L+1)
Tyl = (an, 7Tn)

where
m are the synthesis parameters
¢ is the feature extractor signal



Feature extraction

Low level feature extractors:
» RMS amplitude
RMS(x,) = <x3>1/2

» Spectral centroid

. RMS((xa))
Centroid(x,) = TRMS(x)

The extended time window
¢n — A(th Xp—1y--- 7Xn—L+1)

causes smoothing of x,.
Simplified structure of the FEFS equation:

Xn = F(Xn—17Xn—27 A 7Xn—L)



FEFS example

G

sound synthesis

mapping

M

feature extraction

G: Wave terrain synthesis
A: amplitude + centroid
M: complicated mapping




Wave terrain synthesis

Zn = f,u(xn’}/n) )
xn = Axcos(wxn) . o
yn = Ay cos(wyn) ‘0

where fu(x7)’) = U1XnYn + N2(Xr21 - y,%) + ﬂ3(Xn + }’n)3

Seven free parameters: 7 = (Ax, Ay, wx, Wy, (i1, H2/13)



The wave terrain system

Send z, = f,(xn, yn) to feature extractors

$1(za) = RMS(z,)
¢2(zp) = Centroid(z,)

Map the features to synthesis parameters with M : R? — R,

Tnt1 = F(d1(2n), #2(2n))



The mapping

54 new

pp.a =
pp-b =
pp.c =

pp.A =
pp.B =

pp.fl
pp.£f2

a[o]
b[0]
c[o]

A[D]
B[0]

+
+
+

+
¥

a[1]*CC + a[2]*AA
b[1]*CC + b[2]*AA
C[1]*CC + c[2]*AA

A[1]*CC + A[Z2]*AA
B[1]*CC + B[2]*AA

void mapp::map(double AA, double CC, params &pp)

// amp AR, centroid CC --> params. pp; internal coefs

+ a[3]*CC*CC + a[4]*AA*AA + a[5]*CC*AA;
+ b[3]*CC*CC + b[4]*AA*AA + b[5]*CC*AA;
+ C[3]*CC*CC + c[4]*AA*AA + C[5]*CC*AA;

+ A[3]*cos(A[5]*CC + A[6]) + A[4]*cos(A[7]*AA + A[B]);
+ B[3]*cos(B[5]*CC + B[6]) + B[4]*cos(B[7]*aA + B[B]);

F[0] + F[1]*CC + F[2]*AA + F[3]*cO8(F[5]*CC + F[6]) + F[4]*cos(F[7]*AA + F[8]);
G[O] + G[1]*CC + G[Z]*AA + G[3]*cos(G[5]*CC + G[6]) + G[4]*cos(G[T]*AA + G[B]);

constants for the mapping!



The halting problem

Very long chaotic transients

or stable chaos that goes on forever?

DA


http://folk.uio.no/ristoh/adapt/snd/waveterrain_h25.mp3
http://folk.uio.no/ristoh/adapt/snd/ex_B1.mp3

Repetition detector

if(“E’n — ap—d|
& |ap—d — an—2dl|
& |Cn - Cn—d‘
& |cp—d — Cn-2d|

then halt!

N N NN



Chaotic scattering

-

escape
trapping
region

Chaotic transients (pinball game)



Logistic map
Cantor sets
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Halting times

‘Wave terrain system
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