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PREFACE

“The purpose of computing is insight, not numbers.”
Richard Hamming

Homo sapiens is considered to be, above all else, a visually oriented species, with the
other senses viewed more as supporting players than as star performers. This “bias” in perceived sensory function has had the historical consequence of casting the auditory modality
into the “back seat” of both experimental and computational neuroscience for many decades
— or so it would appear.
In actuality, auditory neuroscience has been at the vanguard of both disciplines for many
years. Important scientiﬁc landmarks include:
(1) the ﬁrst biological application of Fourier’s theorem [5]
(2) the ﬁrst systematic application of electrical recording technology in sensory neurophysiology [8]
(3) the original use of micro-electrodes for recording the electrical activity of single neurons
[2]
(4) the initial application of computer technology for presenting experimental signals [3]
(5) the original utilization of computers to collect and analyze neurophysiological data [4]
(6) the ﬁrst application of entirely digital technology for signal presentation, data collection
and analysis [6][7]
(7) the ﬁrst apparent application of non-linear modeling to behavioral function [1]
As we start the twenty-ﬁrst century (and the third millennium) the dawn of a new scientiﬁc era is approaching, one that melds traditional experimental and descriptive methodology
with the emerging power of computational and quantitative approaches. The current volume
serves to deﬁne the shape, texture and scope of this important, new ﬁeld of scientiﬁc inquiry,
as well as to delineate its likely technological contribution to such ﬁelds as telephony, automatic speech recognition, hearing prostheses, speech synthesis, high-quality voice/audio
reproduction and transmission.
The volume is divided into nine sections, each focusing on a speciﬁc topic germane to
computational hearing.
The ﬁrst section discusses computational approaches to the physiology of the auditory
periphery, ranging from the cochlea (the chapter by Gebeshuber and Rattay) to the auditory
nerve (Stankovic) and up through the ventral cochlear nucleus (Kalluri and Delgutte).
The second section applies computational approaches to two areas germane to processing in the cochlea. Irino and Unoki describe a model for spectral analysis based on gammachirp ﬁltering, while Bruce and colleagues describe models for processing of sound by
cochlear implants used in the profoundly hearing-impairing.
The third section of the book focuses on the localization of sound from a variety of different perspectives. Brungart describes a model for the perception of auditory distance,
while Ito and Akagi apply sophisticated computational techniques to the problem of sound
localization in general. Hartung and Sterbing, in their chapter, use physiological data to predict behavioral performance.
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The following section discusses one particular model system — the echolocating bat —
as a means of melding computational approaches to behavior and physiology. Wotton and
colleagues consider the cues used for computation of elevation, while Müller and Schnitzler
discuss the concept of “acoustic ﬂow” in bats.
Section ﬁve focuses on pitch perception from the behavioral (Akeroyd and Summerﬁeld)
and physiological (Cai and colleagues) perspectives.
Temporal processing and periodicity analysis has been a controversial area of research
for over a century. The sixth section focuses on several issues germane to this topic. The ﬁrst
two chapters (by Heil, and by Bleeck and Langner) focus on the importance of the waveform
envelope (particularly at the beginning of a signal) for evoking neural excitation. Unoki and
Akagi, in their chapter, model the perceptual phenomenon of “co-modulation masking
release,” a topic of intense behavioral research over the past two decades. Finally, Cariani
discusses the importance of neural networks specialized for extracting timing cues in the
perception of pitch and timbre.
The seventh section contains a paper by Miller and colleagues that examines the relationship between the thalamic and cortical regions of the auditory pathway, using dynamic signals to deduce the interconnections between these parts of the brain.
Auditory scene analysis, the ability to pick out speciﬁc “objects” from a background
based on acoustic cues, has been a topic of keen investigation over the past decade. Baumann describes a model for identiﬁcation and segregation of musical tones. Denham proposes a model of cortical activity (and inhibition) as the basis for some of the segregation
ability observed in human listeners. Meyer and colleagues examine the ability of listeners to
segregate two streams of speech as an example of auditory scene analysis.
Much of the interest in auditory computational models pertains to their utility for speech
processing. The ﬁnal section of the book examines three different approaches to speech processing using auditory models. Strope and Alwan are concerned with potential robustness of
the speech signal in noisy environments based on pitch-relevant, amplitude-modulation
cues. Tian and colleagues apply a model of the auditory periphery for robust speech recognition by computer, while Kawahara uses an auditory-inspired model to create realistic talking
voices.
This volume is based on a NATO Advanced Study Institute, held at Il Ciocco, in the
mountains of Tuscany, between July 1–12, 1998. Over a hundred scientists, representing 17
countries in Europe, North America and Asia, participated in the meeting (for further details,
see http://www.icsi.berkeley.edu/real/comhear). The ASI’s intent was to provide a rigorous,
scientiﬁc overview of auditory function in concert with a critical examination of speciﬁc
strategic issues that potentially hold the key to understanding how the brain portrays the
world in terms of sound. As far we know, this was the ﬁrst scientiﬁc meeting to speciﬁcally
focus on melding computational approaches with the traditional venues of auditory neuroscience and psychoacoustics.
We would like to express our appreciation and gratitude to the ASI Faculty (Jont Allen,
Jens Blauert, Ellen Covey, Dan Ellis, Ted Evans, Phil Green, Hynek Hermansky, Gerald
Langner, Roy Patterson, Christoph Schreiner, Shihab Shamma, Jim Simmons, Quentin Summerﬁeld, Marianne Vater, Jeff Winer and Eric Young) for their excellent lectures and to all of
the other participants for helping to make the meeting an outstanding success.
We would also like to express our appreciation to NATO, which provided the lion’s
share of funding required to support the meeting through its Ofﬁce of Scientiﬁc and Environmental Affairs. A particular debt of gratitude is owed to Dr. L. Veiga da Cunha, thendirector of the Advanced Study Institute Program at NATO, for his help and guidance. We
are also grateful to the Turkish and Portuguese divisions of NATO for providing additional
ﬁnancial support to defray the travel expenses of participants from their respective countries.
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The ASI also received generous ﬁnancial support from the (U.S.) Ofﬁce of Naval Research
and the (U.S.) Air Force Ofﬁce of Scientiﬁc Research, for which we are deeply appreciative.
We thank, in particular, Dr. Harold Hawkins of ONR and Dr. John Tangney of AFOSR for
their efforts in supporting the ASI. We are also grateful for the support of the (U.S.) National
Science Foundation which subsidized the travel of several of the younger American scientists. We thank Ms. Rosa Knox and Dr. Robert Metcalfe of that foundation’s Graduate Education and Research Development ofﬁce for their support and assistance. We also thank
Barbara and Tilo Kester of International Transfer of Science and Technology (Brussels) who
work closely with NATO to provide the infrastructure support for Advanced Study Institutes.
The Kesters suggested Il Ciocco in Tuscany as the site most ideal for the purposes of the ASI
and helped to coordinate our initial contacts with the hotel and conference center. We are
especially grateful to Bruno Gianassi and his staff at Il Ciocco, who continually went
beyond the call of duty to insure that everything ran smoothly during the course of the meeting.
Finally, we would like to express our deepest appreciation to the authors for taking the
time to prepare their chapters for this volume, as well to thank them for their patience and
understanding during the lengthy preparation of the book.
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