Intelligent Analysis of Composite Acoustic Signals

by: John M. Chowning

The "proposed" research concerns the architecture of an intelligent system
for analyzing composite acoustic signals in the music domain.

The proposed methodology attempts to integrate knowledge from signal
processing, perception, structural analysis of signals, reasoning for signal
understanding and learning. The scientific quality of the proposal is very high.
There are very few research groups in the world that could carry on research
like this. The applicants seem to have excellent ideas on how to make use of
their knowledge in different domains. The importance of the research seems very
‘high to being the complex analysis of complex acoustic signals, a very important
problem especially when tracking of simultaneous acoustic signals is involved.

The capability of the applicants seems to be very high. Their analysis of
the problem is deep on all aspects. They seem to have an excellent perception on
Al and signal processing techniques that could be useful for the problem they wish
to solve. They should have, perhaps insisted more on the difficulties of learning
rules automatically, being Machine Learning a discipline still far from producing
solutions to real complex problems.

‘The only aspect that is not particularly exciting in this proposal is the
publication record of the applicants describing work supported by previous NSF
Contracts. '

I am not familiar with the amount of publications produced by the Computer
Music Community. I was a little surprised not to see any journal publication in .
the list on page 2. I must say that publications listed on page 2 appeared in the
Proceedings of important conferences. Having a paper accepted at IJCAI-85 must
have been particularly difficult for a researcher in computer music.

The budget seems reasonable to me.

In conclusion, I consider the proposal content excellent, but I am rating
the overall proposal "very good" because I would have preferred seelng more
evidence of previous work disseminated in International Journals.



Review: “Intelligent Analysis of Composite Acoustic Signals”
NSF Proposal Num: 86-13574

This is a proposal to continue development of a system for acoustic analysis of
complex audio signals - music or otherwise — using pattern recognition techniques that
analyze a signal both in frequency and time to separate and recognize repeated struc-
tures. It includes proposals for novel signal processing techniques as well as Al architec-
tures to achieve this end. This is a continuation of a project begun in 1983 on which
they seem to have made considerable progress. Very briefly, I strongly recommend sup-
port of this project. The problem is an interesting and important one and they clearly
have the skills to make excellent progess on it. This work contributes to the develop-
ment of systems capable of synthetic perception.

In their previous work, the authors have tackled some very difficult problems with

considerable success, as far as one can tell from their publications. It is difficult to tell
exactly since they tend to illustrate each system with only a single example. But they
appear to have systems that distinguish the edges of a string of lagato notes played on a
cello, recognize rhythmic figures in audio signals and resolve the separate notes in a
simultaneously played piano chord. These are considerable achievements,

One major difference between the proposed project and the earlier one is that they
now are interested in building a more general auditory perception system - one not res-
tricted to music. I am of two minds as to whether this is a good move. On one hand, it
makes sense since auditory stream segregation is a more basic and primitive skill than
music perception. Presumably even fairly primitive hervous systems must do a pretty
good job of this (flies and fish probably do it OK, but cats are probably as good at this
as humans). Probably only people really perceive musical structure. Their proposed
new problem domain (although they do not commit themselves to it wholeheartedly) is
the perception of maultiple birdsongs, rather like the sound background in a Tarzan
movie, one supposes. This is a good problem since it allows simulation of the “cocktail
party eflect” but with fairly simple signals to analyze.

there. In fact, the signal detection question could really only be solved after the problem
of pattern detection is solved. That is, listeners ability to detect patterns in noise is
better than one would predict from their sensitivity to random unpredictable signals in
noise. This justifies using clean signals in early stages of this work. And, of course,
their reasoning may be (although it does not seem to be spelled out) that to differentiate
musical voices they must first solve the auditory segregation problem.

A second advantage of the multiple birdsong task is that the notes of many bird-
songs are nearly sinusoidal (although third-harmonic distortion can easily occur during
analog processing). Real birdsongs, however, are not as regularly structured as music
and seem to be inherently probabilistic.

Still, much simpler problems might be ones that simulate the ecological auditory
streaming problem faced by typical land animals: simultaneous chajr squeeks, footfalls, a
mesquito, bus driving by, a kid on an intermittently squeeky swing, etc. It just might
be that these would be easier yet still challenging.
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dies change notes at points in the rhythm cycle that are metrically strong, ie, at points
that are small rational-fractions of the cycle. These two systems should be brought
together. A blackboard may be a reasonable Wway to achieve this integration - but 1
think the blackboard should, for musie, move quickly from a flat one to 3 cylindrical or
toroidal one. For birdsong, the blackboard will have to be flat.

very explicit on how this work js relevant and what use will be made of it. In fact, I
sense an incipient contradiction between their endorsement of the Bounded-Q signal pro-
cessing, basically a signal-processing hack that improves the resolution of the upper fre-
quencies beyond what a normal FFT would produce, and the interest in building audi-
tory models directly into their system. There is nothing remotely analogous to this in

human auditory function, for which the a log-scaled FFT is a reasonable first-order ~—~———- .. -

approximation. It is likely that human auditory systems achieve their streaming and

possibly via time-domain techniques. (Obviously, this not a reason not to do it; I am
only noting what appears to be a discrepancy between the two approaches within the
proposal. This difference of viewpoint may reflect differences of orientation within the
research group.)

Basically, T think they have a very promising idea and address an extremely impor-
tant problem in the development of intelligent systems that approach human perfor-
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The project is aimed at development of a system for assisting or automa-
tically carrying out the analysis of acoustic sounds,combining’front-end
signal processing with AI technology. The proposal articulates some broad
philosophies and concepts but is not particularly detailed in how to accomplils]
the next phase of the system. Consequently, the positive recofmendation is '
based primarily on the sense that they have generally chosen- %project with
good potentidl, and that the investigators are sophisticated creative.

In particular, I°bélieve that their choice of automatic analy is of bird
songs is a good one and that results obtained will be more generally applic-
able, perhaps even to analysis of human speech in a multispeaker environment.

Apparently,an”important part of their proposed program involves the front]®
end signal processing. I'm personally not cénvinced that theiy Bounded-Q |
Frequency Transform is as clever or important as they suggest In referring | |
to the "surprising efficiency" of the method, they do not awcotnt for the 4|
additional computation required for the lowpass filtering required prior to 3
each downsampling stage. Furthermore, while the procedure does give multiple| -
analyses withi;bandwidth and time resolution differences of successive factors| -
of two, this‘iS‘highly redundant (as they recognize)., Furthermore, the basic|’
procedure is restricted to time and handwidth resolution jumps of integer ;
amognts if much more sophisticated decimation/interpolation schemes aren't
used. :
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Please evaluate this proposal using the criteria presented on the back of this review form. Continue on additional
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S€howning and Mont-Reynaud have proposed a wery promising attack on an intereating and
important problem. The three main investigators, Chowning, Mont—-Reynaud, and Chafe have
already established leading reputations in the required technologies - artificial intelligencgi
signal processing and computer music. The funds requested seem reasonable and well matched
to the size of the effort. Most of the computing hardware and software is in place and has
already demonstrated productivity. The proposal is excellent in all aspects.

The problem of automatic analysis of multi-voiced music and other acoustic signals is
theoretically interesting but in addition a system to automatically transcribe and write out
a score for a musical performance would be of great value in understanding what constitutes
good music performance. The question is theoretically attractive because it is a recognition
question reddted, for example, to speech recognition. However, music is enough simpler
than speech so that faster progress should be possible. The experimenters are approaching
music recognition in a sufficiently general way so their results may also apply to other
recognition domains, and in fast they plan to try another domain - bird sounds.

The proposedd attack consists of a combination of s8iggdd processing analysis plus AI
learning. Such a double discipline approach is essential in that there is ample past work
to show that neither signal processing or AI by itself gets very fat. '

The BQFT transform is a very attractive way to analyze the raw signals. It 18"
computationally efficient, it i¥ easy to trade off time resolution against frequency
resolution, and the general idea of a "constant Q" analysis is intuitively sensible.

I strongly recommend support of this fine proposal. The work is likely to lead to
results of both immediate and long range importance. Society will get good value for
its money.
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Chowning's Center for Computer Research in Music and Acoustics (CCRMA)

at Stanford is, along with the 5 stmilar center in Paris (RCAM), one or the
two or three leading centers inthe Wor'ld for computer-based research on
musical acoustics. Chwmm 3 Center continues to attract and to t| ain

first-rate young researchers
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“Please evaluate this proposal using the criteria presented on the back of this review form. Continue on additional
sheet(s) as necessary.

This is an impressive scientific proposal by a group
of top-notch researchers. The work touches upon many
disciplines and could have deep significance to several L*

of them. I highly recommend that this proposal be
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approved with full funding.
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This propasal deals with the analysis and perception of acaustic signals by
computers. Specifically, the investigators propose a generad framework for

the recognition of complex sounds fpen multinle sources. The project represents

a continuation and extension of work performed &t the CCRMA over the past five years.

On the positive side, I found the proposed research important and exciting. It
attempts to develop a computational model for human sound perception, utilizing
disciplines ranging feem acoustics and music to computer science and signal
processing. The proposed architecture enables investigators to reoresent
knowledge and constraints from different domains in an indepgndgat manner, while
providing a flexible mechanism for them to interact. The infestigators are
competent, and the facility more than adequate. Thus the profect has the
‘potential of advancing significantly our knowledge about human intelligence.

A number of issues, however, remadn unresolved in my mind. The proposal
represents a major departure from the investigators' previous effort in that
they now stress the domain-independent nature of their research, moving eway -
from music to encompass other aooustic signals. I believe such a change in
emphasis could be a mistake, since domain-specific knowledge can provide the
necessary leveradg for sound perception. The motivation for such a shift in .
direction is not very clear. To me, this is not unlike proposing to build

a speech recognition system that is lanquage-independent. I am also dubious
of thddr ability to meet their goal of dealing with polyphonic sound, since

I saw no clear evidence that their research results can can successfully geners
alize from a single source to multiple sources. I believe the investigators
are overly ambitious anddoptimistic; they have outlined a far too difficult
problem to tackle in a two-year period. Finally, I am unable to tell whether
the research emphasis is on the understanding of sound perception, or on the
development of an expert system. Perhaps a more specific research plan would
have helped.
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