
Julius Smith AES-2006 Heyser Lecture � 1 / 84

History and Practice of Digital Sound Synthesis

Julius Smith
CCRMA, Stanford University

AES-2006 Heyser Lecture

October 6, 2006



Overview

Overview

Early Digital Synthesis

Spectral Modeling

Physical Modeling

Summary

Julius Smith AES-2006 Heyser Lecture � 2 / 84



Outline

Overview

� Outline

� CCRMA Perspective

Early Digital Synthesis

Spectral Modeling

Physical Modeling

Summary

Julius Smith AES-2006 Heyser Lecture � 3 / 84

Digital sound synthesis approaches in approximate historical order:

� Wavetable (one period)
� Subtractive
� Additive
� Frequency Modulation (FM)
� Sampling
� Spectral Modeling
� Physical Modeling

Some connections with audio coding will be noted

Emphasis:

� Sound examples
� Block diagrams
� Historical notes
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The Knoll, Stanford University
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Music V Scripting Language (�Note Cards�)
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� Essentially Supported in MPEG-4 Structured Audio Orchestra
Language (SAOL) (Music V ! csound ! SAOL)

� �Encoding sounds� as �instruments� is hard, in general



Kelly-Lochbaum Vocal Tract Model
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�Bicycle Built for Two�: (WAV) (MP3)

� Vocal part by Kelly and Lochbaum (1961)
� Musical accompaniment by Max Mathews
� Computed on an IBM 704
� Based on Russian speech-vowel data from Gunnar Fant’s book
� Probably the �rst digital physical-modeling synthesis sou nd

example by any method
� Inspired Arthur C. Clarke to adapt it for �2001: A Space Odyssey�

� the computer’s ��rst song�
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John Grey 1975 � CCRMA Tech. Reports 1 & 2
(CCRMA �STANM� reports � available online)

http://ccrma.stanford.edu/STANM/


Classic Additive-Synthesis (Sinusoidal Oscillator Envelopes)
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John Grey 1975 � CCRMA Tech. Reports 1 & 2
(CCRMA �STANM� reports � available online)

http://ccrma.stanford.edu/STANM/


Classic Additive Synthesis Diagram
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