
Watermarking.  Extensive research into the robust watermarking of audio data has been
undertaken in connection with the NGSW project at Michigan State University (MSU).1  The
SpeechFind project will serve as a further testbed for deployment of developed watermarking
strategies to further verify the methods in an array of challenging acoustic signal conditions.  The
ability to protect intellectual property is of strategic economic importance to U.S. interests while
the ability to authenticate audio streams has both economic and security implications.

Language Modeling.  The principal focus of the Speech Processing Laboratory’s efforts will be
on  various aspects of language modeling for the SpeechFind system.  In a recognition problems
of the scale proposed in this work, language models (LMs) are clearly essential, but existing
research, which has focused on relatively constrained data sets, offers little guidance concerning
the effective use of  diverse corpora, partitioned corpora, adaptive learning, model fusion, and
similar questions.  A primary objective will be to develop predictive assessment tools for
evaluating the performance effects of changes in a LM without the need for extensive hands-on
experimentation with the altered LMs.  These predictive tools will be based upon recent work on
a detection-theoretic approach to LM assessment and accompanying software developments.2
Experimental verification of all assessment tools will take place using the vast and diverse
resources of the Vincent Voice Library at Michigan State.

Of particular interest in applications with large search spaces is research into the effectiveness of
topically-trained LMs.  A second key objective of the Michigan State effort will be to research
the effectiveness of such models and the ability to adapt existing models in real time in response
to topics inferred from user queries.  Such adaptation strategies would allow a more general LM
to effectively be partitioned into subtopical LMs with results from various partitions weighted
and fused in proportion to the strength of evidence provided by the query.  An adaptive LM of
this type could have wide-ranging application from search of data bases for scholarly research to
security systems designed to monitor  multiple speakers.

A third objective of the MSU group will be to research the a posteriori use of evolving
recognition results from very-large-scale LMs in the construction and adaptation of smaller, more
specific LMs.  A decoding model similar to that used in modeling a communication channel with
burst errors will be explored as a model for decoding models created from “dirty transcripts.”
Related to this issue is the question of performance enhancement of topical LMs by using such
large-scale LMs as a front-end preprocessor for the weighting and cross-referencing of topics.

Speech Processing Laboratory at MSU.  The primary engineering research site at Michigan
State University (MSU) will be the Speech Processing Laboratory (SPL), a cognate lab in the
Communications and Signal Processing Laboratories Consortium in the Department of Electrical
and Computer Engineering. Much of the major equipment necessary for this work is already in
place in the SPL and in the general computing environment in the College of Engineering. Some
of the local  facilities in the SPL include an array of networked (Windows NT 4) Pentium-III- and
IV-class  personal computers, SUN Ultra 10 and SUN Sparc 10/30 workstations (Solaris 7), and

                                                          
1 For example, see A. Gurijala, J.R. Deller, Jr., M.S. Seadle, and J.H.L. Hansen, “Speech watermarking
through parametric modeling,”  Proc. 2002 Int'l Conf. Spoken Language Processing, Denver, Sep. 2002
(published on CD-ROM).

2 J.R. Deller and Y.P. Yang, “A detection-theoretic approach to the assessment of language models used in
speech recognition,” Speech Communication: An Interdisciplinary J. (in review).
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extensive software support for algorithm development and hardware / software support for audio
signal acquisition and preprocessing. In addition to appropriate facilities for signal processing,
support facilities for graphics, word-processing, scanning, image editing, etc., are also in place.
Laboratory desk space is available to all research personnel associated with the project.

Additionally, the Division of Engineering Computing Services (DECS) at MSU supports a rich
environment for computing research and design. This center features a sophisticated network of
more than 100 Unix Workstations and over 130 state-of-the-art PCs (Windows XP Pro), with 4
multi-user login servers and 11 printers. This network serves the College of Engineering in its six
buildings, including the Research Complex for Engineering. DECS facilities are available to
faculty offices, and to student labs, via high-speed ethernet and dial-in connections. The college
supports numerous networked clusters of state-of-the-art workstations and personal computers,
and an extensive catalog of software support for engineering research and teaching. Researchers
at the University of Colorado will connect seamlessly to MSU facilities via guest accounts on the
college network.

MSU is a member of the Linguistic Data Consortium which catalogs extensive databases for
speech research. These resources will be available to the proposed project.
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