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Harmonic-based analysis and resynthesis of musical instrument tones, for example,
using the phase vocoder method, is a valuable technique, but its data representation is
very large. However, this data set is usually highly redundant. Principal components
analysis (PCA) can be used to encode such data into a smaller set of orthogonal basis
vectors with minimal loss of information. Techniques for applying PCA to such data are
explored, and the aural impact of the method on three tones (cello, trombone, and clarinet)
are studied in two perception experiments. Results show that nearly identical resyntheses
can be produced with a 40-70% data reduction. A preprocessing step called variable-
duration temporal partitioning (VDTP) is introduced, which also affords a natural-sound-
ing method for time expansion and contraction of tones. An extension of the PCA tech-
nique is also introduced that implements a "timbre space," or coordinate system for
interpolation among a group of musical instruments.

0 INTRODUCTION well as the difficulty of delivering such data to a real-
time algorithm swiftly enough (throughput). An effec-

Harmonic-based analysis and resynthesis (additive tive method of keeping additive synthesis data sets as

synthesis) of musical instrument tones has been a staple small as possible is therefore desirable.
of timbre research since the 1960s [1]-[3]. It remains Fig. 1 provides a illustration of the amplitude portion
a popular tool for researchers and musicians because of of an additive synthesis data set, using a small set of
the'good balance it obtains between effective parametri- values invented for the purpose of demonstration. We
zation of timbre features and faithfulness of resynthesis, can observe in these data a feature characteristic of most

Two frequently cited shortcomings of the technique are additive synthesis data sets, the fact that the amplitude
its computational costs at resynthesis time and its con- envelopes are highly correlated. Less easy to appreciate
sumption of computer storage space (usually more than in this graphic but nonetheless also characteristic is the
the raw samples of the original source sound). Advances correlation of spectra over time, that is, the profile of

in digital signal processing and computer hardware are amplitudes for the 15 partials at a given point in time
gradually improving the former problem [4], [5], and is highly correlated to many other such profiles in the
the outlook for additive synthesis as a practical replace- event. Both kinds of correlations indicate that the data
ment for the more restrictive control of sampling synthe- are highly redundant, that is, that the same information is
sizers now seems promising, The problem of storing

such a representation in memory remains, however, as
We are assuming here that the advantages of preserving

fundamental representation of additive synthesis outweigh the
* Manuscript received 1995 February 13; revised 1995 fact that a greater data reduction may be achieved with altema-

October 5. tive techniques.
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