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TUESDAY MORNING, 5 JUNE 2001

RED LACQUER ROOM, 9:00 A.M. TO 5:00 P.M.

Session 2aAAa

Architectural Acoustics: Halls for Music Performance . . . Another Two Decades of Experience 1982—-2002
(Poster Session)

Christopher A. Storch, Cochair
Artec Consultants, Inc., 114 West 26th Street, New York, New York 10001

Timothy J. Foulkes, Cochair
Cavananaugh Tocci Associates, Inc., 327F Boston Post Road, Sudbury, Massachusetts 01776

Ian B. Hoffman, Cochair
The Talaske Group, Inc., 105 North Oak Park Avenue, Oak Park, Illinois 60301

Contributed Papers

All posters will be on display from 9:00 a.m. to 5:00 p.m. To allow contributors an opportunity to see other posters, contributors of
odd-numbered papers will be at their posters from 9:00 a.m. to 10:30 a.m. and contributors of even-numbered papers will be at their
posters from 10:30 a.m. to 12:00 noon. To allow for extended viewing time, posters will remain on display until 5:00 p.m.

2aAAal. Severance Hall, Cleveland, OH. Mark Holden (Jaffe Holden
Acoustics, Inc., 114A Washington St.,, Norwalk, CT 06854,
mholden@jhacoustics.com)

2aAAa2. Squires Recital Salon, Blacksburg, VA. Noral D. Stewart
(Stewart Acoust. Consultants, P.O. Box 30461, Raleigh, NC 27622,
noral @ix.netcom.com)

2aAAa3. Joan and Irving Harris Concert Hall. Elizabeth A. Cohen
(Cohen Acoust., Inc., 132 S. Lucerne Blvd., Los Angeles, CA 90004,
akustik@mediaone.net) and David Schwind (Charles M. Salter Assoc.,
Inc., San Francisco, CA 94914)

2aAAad. Sibelius Hall, Lahti, Finland. Christopher Storch (Artec
Consultants, Inc., 114 W. 26th St., 9th FI., New York, NY 10001-6812)

2aAAaS. LG Arts Center, SangNam Hall, Seoul, Republic of Korea.
Christopher Storch (Artec Consultants, Inc., 114 W. 26th St., 9th F1., New
York, NY 10001-6812)
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2aAAa6. Kultur- und Kongresszentrum Luzern, Switzerland.
Christopher Storch (Artec Consultants, Inc., 114 W. 26th St., 9th Fl., New
York, NY 10001-6812)

2aAAa7. New Jersey Performing Arts Center, Newark, NJ.
Christopher Storch (Artec Consultants, Inc., 114 W. 26th St., 9th Fl., New
York, NY 10001-6812)

2aAAa8. The Morton H. Meyerson Symphony Center, Dallas, TX.
Christopher Storch (Artec Consultants, Inc., 114 W. 26th St., 9th Fl., New
York, NY 10001-6812)

2aAAa9. Symphony Hall, Birmingham, United Kingdom. Christopher
Storch (Artec Consultants, Inc., 114 W. 26th St., 9th Fl., New York, NY
10001-6812)

2aAAal0. The Winspear Centre for Music. Christopher Storch (Artec
Consultants, Inc., 114 W. 26th St., 9th Fl., New York, NY 10001-6812)
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2aAAall. The Chan Centre for the Performing Arts, Vancouver,
British Columbia. Christopher Storch (Artec Consultants, Inc., 114 W.
26th St., 9th Fl., New York, NY 10001-6812)

2aAAal2. Auditorium de Dijon, Dijon, France. Christopher Storch
(Artec Consultants, Inc., 114 W. 26th St., 9th Fl., New York, NY
10001-6812)

2aAAal3. Sala Sao Paulo, Sao Paulo, Brazil. Christopher Storch
(Artec Consultants, Inc., 114 W. 26th St., 9th Fl., New York, NY
10001-6812)

2aAAal4. Hobby Center for the Performing Arts, Houston, TX.
Mark Holden (Jaffe Holden Acoustics, Inc., 114A Washington St.,
Norwalk, CT 06854, mholden@jhacoustics.com)

2aAAal5. The Church of Jesus Christ of Latter-Day-Saints Assembly
Hall, Salt Lake City, UT. Mark Holden (Jaffe Holden Acoustics, Inc.,
114A Washington St., Norwalk, CT 06854, mholden@jhacoustics.com)

2aAAal6. Bass Performance Hall, Ft. Worth, TX. Mark Holden
(Jaffe Holden Acoustics, Inc., 114A Washington St., Norwalk, CT 06854,
mholden@jhacoustics.com)

2aAAal7. Oklahoma City Civic Center Hall, Oklahoma City, OK.
Mark Holden (Jaffe Holden Acoustics, Inc., 114A Washington St.,
Norwalk, CT 06854, mholden @hacoustics.com)

2aAAal8. Tokyo International Forum, Tokyo, Japan. Mark Holden
(Jaffe Holden Acoustics, Inc., 114A Washington St., Norwalk, CT 06854,
mholden@jhacoustics.com)

2aAAal9. John F. Kennedy Center Concert Hall, Washington, DC.
Mark Holden (Jaffe Holden Acoustics, Inc., 114A Washington St.,
Norwalk, CT 06854, mholden@jhacoustics.com)
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2aAAa2(. Zankel Recital Hall, at Carnegie Hall, New York City, NY.
Mark Holden (Jaffe Holden Acoustics, Inc., 114A Washington St.,
Norwalk, CT 06854, mholden@jhacoustics.com)

2aAAa2l. River Center for the Performing Arts, Columbus, GA.
Mark Holden (Jaffe Holden Acoustics, Inc., 114A Washington St.,
Norwalk, CT 06854, mholden@jhacoustics.com)

2aAAa22. Murchison Performing Arts Center, University of North
Texas, Denton, TX. Mark Holden (Jaffe Holden Acoustics, Inc., 114A
Washington St., Norwalk, CT 06854, mholden@jhacoustics.com)

2aAAa23. Paul F. Sharp Concert Hall, University of Oklahoma,
Norman, OK. (Acentech, Inc., Cambridge, MA)

2aAAa24. Rogers Performing Arts Center, Merrimack College, North
Andover, MA. (Acentech, Inc., Cambridge, MA)

2aAAa25. Weis Auditorium, Bucknell University, Lewisburg, PA.
(Acentech, Inc., Cambridge, MA)

2aAAa26. Center for Performing Arts, Univ. of Florida, Gainesville,
FL. (Acentech, Inc., Cambridge, MA)

2aAAa27. Spivey Hall, Clayton College and State University,
Morrow, GA. (Acentech, Inc., Cambridge, MA 02138)

2aAAa28. College of New Jersey Recital Hall, Ewing, NJ. (Acentech,
Inc., Cambridge, MA 02138)

2aAAa29. Auckland Town Hall. Christopher W. Day, Ewen R. Kitto,
and Keith O. Ballagh (Marshall Day Acoust., P.O. Box 5811, Wellesley
St., Auckland, New Zealand, auckland @marshallday.co.nz)
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2aAAa30. Bruce Mason Theatre—Takapuna. Christopher W. Day,
Joanne O. Valentine, and Keith O. Ballagh (Marshall Day Acoust., P.O.
Box 5811, Auckland, New Zealand)

2aAAa3l. Saginaw Valley State University, Recital Hall, Saginaw,
MI. Richard H. Talaske (The Talaske Group, Inc., 105 N. Oak Park
Ave., Oak Park, IL 60301)

2aAAa32. Coronado Theatre, Rockford, IL. Richard H. Talaske and
Jonathan P. Laney (The Talaske Group, Inc., 105 N. Oak Park Ave., Oak
Park, IL 60301)

2aAAa33. Goshen College, Concert Hall and Recital Hall, Goshen,
IN. Gary S. Madaras and Richard H. Talaske (The Talaske Group, Inc.,
105 N. Oak Park Ave., Oak Park, IL 60301)

2aAAa34. Central Michigan University, Concert Hall, Mt. Pleasant,
MI. Richard H. Talaske (The Talaske Group, Inc., 105 N. Oak Park
Ave., Oak Park, IL 60301)

2aAAa35. California Center for the Arts, Concert Hall, Escondido,
CA. Richard H. Talaske (The Talaske Group, Inc., 105 N. Oak Park
Ave., Oak Park, IL 60301)

2aAAa36. Meymandi Concert Hall, Raleigh, NC. Edward Dugger
(Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAa37. Verbrugghen Hall. Edward McCue (Kirkegaard Assoc., 954
Pearl St., Boulder, CO 80302)

2aAAa38. Concert Hall at the Clarice Smith Performing Arts Center.
Edward McCue (Kirkegaard Assoc., 954 Pearl St., Boulder, CO 80302)
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2aAAa39. Blumenthal Performing Arts Center, Charlotte, NC (1992).
Joseph W. A. Myers (Kirkegaard Assoc., 801 W. Adams St., 8th Fl.,
Chicago, IL 60607, jmyers @kirkegaard.com)

2aAAad0. Auer Concert Hall. Edward McCue (Kirkegaard Assoc.,
954 Pearl St., Boulder, CO 80302)

2aAAadl. Great Hall of the Washington Pavilion. Edward McCue
(Kirkegaard Assoc., 954 Pearl St., Boulder, CO 80302)

2aAAad2. Jacoby Symphony Hall, Jacksonville, FL. Edward Dugger
(Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAad43. Barshinger Center for Musical Arts, Lancaster, PA.
Edward Dugger (Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago,
IL 60607)

2aAAad44. Merrill Auditorium, Portland, ME. Edward Dugger
(Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAad5. Broward Center for the Performing Arts, Ft. Lauderdale,
FL (1991). Joseph W. A. Myers (Kirkegaard Assoc., 801 W. Adams St.,
8th Fl., Chicago, IL 60607, jmyers @kirkegaard.com)

2aAAad6. Cerritos Center for the Performing Arts, Cerritos, CA
(1993). Joseph W. A. Myers (Kirkegaard Assoc., 801 W. Adams St., 8th
Fl., Chicago, IL 60607, jmyers @kirkegaard.com)

2aAAad7. Concert Hall at the Frank L. Moody Music Building. R.
Lawrence Kirkegaard (Kirkegaard Assoc., 801 W. Adams St., 8th Fl.,
Chicago, IL 60607)

2aAAad8. Ordway Music Theatre, St. Paul, MN (1985). Joseph W. A.
Myers (Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL
60607, jmyers @kirkegaard.com)
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2aAAad49. Corbett Auditorium, University of Cincinnati College-
Conservatory of Music, Cincinnati, OH (1996). Joseph W. A. Myers
(Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607,
jmyers @kirkegaard.com)

2aAAa50. Orchestra Hall in Chicago, IL. Dawn Schuette (Kirkegaard
Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAa51. Aronoff Center for the Performing Arts. Dawn Schuette
(Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAa52. Benedict Music Tent at the Aspen Music Festival. Dawn
Schuette (Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL
60607)

2aAAa53. North Shore Center for the Performing Arts. Dawn
Schuette (Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL
60607)

2aAAa54. Dewan filharmonik petronas (Petronas Concert Hall),
Kuala Lumpur, Malaysia (1998). Joseph W. A. Myers (Kirkegaard
Assoc., 801 W. Adams St, 8th Fl, Chicago, IL 60607,
jmyers @kirkegaard.com)

2aAAa55. Maui Community Arts and Cultural Center, Kahului, HI
(1994). Joseph W. A. Myers (Kirkegaard Assoc., 801 W. Adams St., 8th
Fl., Chicago, IL 60607, jmyers @kirkegaard.com)

2aAAa56. Lagerquist Concert Hall, Pacific Lutheran University,
Tacoma, WA (1995). Joseph W. A. Myers (Kirkegaard Assoc., 801 W.
Adams St., 8th Fl., Chicago, IL 60607, jmyers @kirkegaard.com)

2aAAa57. Davies Symphony Hall, San Francisco, CA. Martha Larson
(Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)
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2aAAa58. Peace Center for the Performing Arts, Greenville, SC
(1990). Joseph W. A. Myers (Kirkegaard Assoc., 801 W. Adams St., 8th
Fl., Chicago, IL 60607, jmyers@kirkegaard.com)

2aAAa59. Shepherd School of Music, Rice University, Houston, TX
(1991). Joseph W. A. Myers (Kirkegaard Assoc., 801 W. Adams St., 8th
Fl., Chicago, IL 60607, jmyers@kirkegaard.com)

2aAAa60. Heinz Hall, Pittsburgh, PA. Carl Giegold (Kirkegaard
Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAa6l. Joseph M. Meyerhoff Symphony Hall, Baltimore. Carl
Giegold (Kirkegaard Assoc., 801 W. Adams St., 8th Fl., Chicago, IL
60607)

2aAAa62. St. Luke Centre, London. Carl Giegold (Kirkegaard Assoc.,
801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAa63. Barbican Concert Hall, London. Carl Giegold (Kirkegaard
Assoc., 801 W. Adams St., 8th Fl., Chicago, IL 60607)

2aAAa64. Jordan Hall at the New England Conservatory. Scott
Pfeiffer, Clete Davis, and Larry Kirkegaard (Kirkegaard Assoc., 801 W.
Adams St., 8th Fl., Chicago, IL 60607)

2aAAa65. Jemison Concert Hall, University of Alabama,
Birmingham, AL (1996). Joseph W. A. Myers (Kirkegaard Assoc., 801
W. Adams St., 8th Fl., Chicago, IL 60607, jmyers @kirkegaard.com)

2aAAa66. Casals Hall, Tokyo, Japan. Toshiko Fukuchi, Keiji Oguchi,
Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics, Inc., Hongo
Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan,
fukuchi @nagata.co.jp)
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2aAAa67. Sumida Triphony Hall, Tokyo, Japan. Toshiko Fukuchi,
Hideo Nakamura, and Minoru Nagata (Nagata Acoustics, Inc., Hongo
Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan,
fukuchi @nagata.co.jp)

2aAAa68. Nara Centennial Hall, Nara, Japan. Satoru Ikeda, Chiaki
Ishiwata, Motoo Komoda, and Minoru Nagata (Nagata Acoustics, Inc.,
Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-ku, Tokyo)

2aAAa69. The Sogakudo Concert Hall of the Tokyo National
University of Fine Arts and Music, Tokyo, Japan. Tosiko Fukuchi,
Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics, Inc., Hongo
Segawa Bldg. 3F, 2-35-10 Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan,
fukuchi @nagata.co.jp)

2aAAa70. Tokyo Metropolitan Art Space, Tokyo, Japan. Satoru
Ikeda, Keiji Oguchi, Makoto Ino, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo,
Japan)

2aAAa71. The Toppan Hall, Tokyo, Japan. Tosiko Fukuchi, Katsuji
Naniwa, and Minoru Nagata (Nagata Acoustics, Inc., Hongo Segawa
Bldg. 3F, 2-35-10 Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan,
fukuchi @nagata.co.jp)

2aAAa72. Tsuda Hall, Tokyo, Japan. Satoru Ikeda, Katuji Naniwa,
and Minoru Nagata (Nagata Acoustics, Inc., Hongo Segawa Bldg. 3F,
2-35-10, Hongo, Bunkyo-Ku, Tokyo)

2aAAa73. Philia Hall, Tokyo, Japan. Akira Ono, Katsuji Naniwa,
Takesi Yamamoto, and Minoru Nagata (Nagata Acoustics, Inc., Hongo
Segawa Bldg. 3F, 2-35-10 Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan,
ono@nagata.co.jp)

2aAAa74. Katsushika Symphony Hills, Tokyo, Japan. Satoru Ikeda,
Akira Ono, Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics, Inc.,
Hongo Segawa Bldg. 3F, 2-35-10, Hongo Bunkyo-ku, Tokyo 113-0033,
Japan, ikeda@nagata.co.jp)
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2aAAa75. Asahikawa City Taisetsu Crystal Hall, Hokkai-do, Japan.
Akira Ono, Makoto Ino, and Minoru Nagata (Nagata Acoustics, Inc.,
Hongo Segawa Bldg. 3F, 2-35-10, Hongo Bunkyo-ku, Tokyo 113-0033,
Japan, ono@nagata.co.jp)

2aAAa76. Kioi Hall, Tokyo, Japan. Akira Ono, Katsuji Naniwa, and
Minoru Nagata (Nagata Acoustics, Inc., Hongo Segawa Bldg. 3F,
2-35-10, Hongo Bunkyo-ku, Tokyo 113-0033, Japan, ono@nagata.co.jp)

2aAAa77. Kumamoto Prefectural Theatre, Kumamoto, Japan.
Satoru Ikeda, Hideo Nakamura, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa, Bldg. 3F, 2-35-10 Hongo, Bunkyo-Ku, Tokyo
113-0033, Japan, ikeda@nagata.co.jp)

2aAAa78. Concert hall ATM in Art Tower Mito, Mito, Japan. Keiji
Oguchi, Hideo Nakamura, and Minoru Nagata (Nagata Acoustics, Inc.,
Hongo Segawa Bldg. 3F, 2-35-10 Hongo, Bunkyo-Ku, Tokyo 113-0033,
Japan, oguchi @nagata.co.jp)

2aAAa79. Okayama Symphony Hall, Okayama, Japan. Satoru lkeda,
Keiji Oguchi, Hideo Nakamura, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa, Bldg. 3F, 2-35-10 Hongo, Bunkyo-Ku, Tokyo
113-0033, Japan, ikeda@nagata.co.jp)

2aAAa80. The Harmony Hall, Matsumoto, Japan. Toshiko Fukuchi,
Keiji Oguchi, Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa, Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo
113-0033, Japan, fukuchi@nagata.co.jp)

2aAAa81. Fukushima Concert Hall, Fukushima, Japan. Yasuhisa
Toyota, Keiji Oguchi, Katsuji Naniwa, and Minoru Nagata (Nagata
Acoustics, Inc., Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku,
Tokyo 113-0033, Japan, toyota@nagata.co.jp)

2aAAa82. Nagaoka Lyric Hall, Nagaoka, Japan. Yasuhisa Toyota,
Chiaki Ishiwata, Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo
113-0033, Japan, toyota@nagata.co.jp)
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2aAAa83. Sapporo Concert Hall ‘‘Kitara,”” Sapporo, Japan.
Yasuhisa Toyota, Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo
113-0033, Japan, toyota@nagata.co.jp)

2aAAa84. Suntory Hall, Tokyo, Japan. Yasuhisa Toyota, Akira Ono,
Katsuji Naniwa, and Minoru Nagata (Nagata Acoustics, Inc., Hongo
Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan,
toyota@nagata.co.jp)

2aAAa85. Akiyoshidai International Art Village, Yamaguchi, Japan.
Keiji Oguchi, Makoto Inoh, and Minoru Nagata (Nagata Acoustics, Inc.,
Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo 113-0033,
Japan, oguchi@nagata.co.jp)

2aAAa86. Ishikawa Concert Hall, Kanazawa, Japan. Keiji Oguchi,
Satoru Ikeda, Masaya Uchida, and Minoru Nagata (Nagata Acoustics,
Inc., Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo
113-0033, Japan, oguchi@nagata.co.jp)

2aAAa87. Kyoto Concert Hall, Kyoto, Japan. Yasuhisa Toyota, Keiji
Oguchi, Chiaki Ishiwata, and Minoru Nagata (Nagata Acoustics, Inc.,
Hongo Segawa Bldg. 3F, 2-35-10, Hongo, Bunkyo-Ku, Tokyo 113-0033,
Japan, oguchi @nagata.co.jp)

2aAAa88. Queensland Conservatorium of Music Theater, Brisbane,
Australia. Keiji Oguchi, Yasuhisa Toyota, Katsuji Naniwa, and Minoru
Nagata (Nagata Acoustics, Inc., Hongo Segawa Bldg. 3F, 2-35-10,
Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan, toyota@nagata.co.jp)

2aAAa89. Mitaka City Arts Center, Tokyo, Japan. Takayuki Hidaka
(Takenaka R&D Institute, 1-5-1, Otsuka Inzai Chiba 270-1395, Japan,
hidaka.takayuki@takenaka.co.jp)

2aAAa90. New National Theater, Tokyo, Japan. Takayuki Hidaka
(Takenaka R&D Institute, 1-5-1, Otsuka Inzai Chiba 270-1395, Japan,
hidaka.takayuki@takenaka.co.jp)
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2aAAa91. Hamarikyu Asahi Hall, Tokyo, Japan. Takayuki Hidaka
(Takenaka R&D Institute, 1-5-1, Otsuka Inzai Chiba 270-1395, Japan,
hidaka.takayuki@takenaka.co.jp)

2aAAa92. Tokyo Opera City (TOC) Concert Hall, Japan. Takayuki
Hidaka (Takenaka R&D Institute, 1-5-1, Otsuka Inzai Chiba 270-1395,
Japan, hidaka.takayuki@takenaka.co.jp)

2aAAa93. Rocky Hill High School Auditorium—Rocky Hill, CT.
Bennett M. Brooks (Brooks Acoust. Corp., 27 Hartford Turnpike,
Vernon, CT 06066)

2aAAa9%4. Crowell Concert Hall, Wesleyan University Center for the
Arts, Middletown, CT. Bennett M. Brooks (Brooks Acoust. Corp., 27
Hartford Turnpike, Vernon, CT 06066)

2aAAa95. Kavli Theater at Thousand Oaks Civic Arts Plaza,
Thousand Oaks, CA. Ron McKay and Mark Rothermel (McKay
Conant Brook, Inc., 5655 Lindero Canyon Rd., Ste. 325, Westlake Village,
CA 91362, mrothermel @mcbinc.com)

2aAAa%6. Royce Hall at University of California Los Angeles,
Westwood, CA. Ron McKay and Mark Rothermel (McKay Conant
Brook, Inc., 5655 Lindero Canyon Rd., Ste. 325, Westlake Village, CA
91362, mrothermel @mcbinc.com)

2aAAaY%7. Popejoy Hall at University of New Mexico, Albuquerque,
NM. Ron McKay and Mark Rothermel (5655 Lindero Canyon Rd., Ste.
325, Westlake Village, CA 91362, mrothermel @ mcbinc.com)

2aAAa98. Kaul Auditorium, Reed College, Portland, OR. Russ
Altermatt  (Altermatt Assoc., Inc., 522 SW Fifth Ave., Ste. 1200,
Portland, OR 97204, raltermatt@altermatt.com)

2aAAa9%99. Acoustical renovation of The Orpheum Theatre,
Vancouver, Canada. John O’Keefe (Aercoustics Eng. Ltd., 50 Ronson
Dr., Toronto MOW 1B3, Canada), Gilbert Soloudre (Carleton Univ.,
Ottawa KIS 5B6, Canada), and John Bradley (Inst. for Res. in
Construction, Natl. Res. Council of Canada, Ottawa K1A OR6, Canada)
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2aAAal00. The chamber music/lecture hall for the Royal Library in
Copenhagen, Denmark. Anders Christian Gade (Acoust. Technol.,
Oersted DTU, Tech. Univ. of Denmark, Bldg. 352, DK-2800 Lyngby,
Denmark)

2aAAal0l. Radiohuset, Studio 1, Copenhagen. Jens H. Rindel,
Anders C. Gade (Oersted-DTU, Acoust. Technol., DTU Bldg. 352,
DK-2800 Lyngby, Denmark), and Niels V. Jordan (Jordan Akustik,
Herslevvej 19, Gevninge, DK-4000 Roskilde, Denmark)

TUESDAY MORNING, 5 JUNE 2001

2aAAal(2. Evans Concert Hall, Connecticut College. Timothy
Foulkes (Cavanaugh Tocci Assoc., 327F Boston Post Rd., Sudbury, MA
01776)

2aAAal03. Performance Hall, Providence, RI. Lincoln B. Berry
(Cavanaugh Tocci Assoc., 327 F. Boston Post Rd., Sudbury, MA 01776,
berry @cavtocci.com)

RED LACQUER ROOM, 9:00 AM. TO 12:00 NOON

Session 2aAAb

Architectural Acoustics, Engineering Acoustics and Noise: Acoustical Test Facilities (Poster Session)

Charles T. Moritz, Chair
Blachford, Inc., 1400 Nuclear Drive, West Chicago, Illinois 60185

Contributed Papers

All posters will be on display from 9:00 a.m. to 12:00 noon. To allow contributors an opportunity to see other posters, contributors
of odd-numbered papers will be at their posters from 9:00 a.m. to 10:30 a.m. and contributors of even-numbered papers will be at their

posters from 10:30 a.m. to 12:00 noon.

2aAAbl. Johns Manville Acoustical Laboratory. Brandon D.
Tinianov and Francis J. Babineau (Johns Manville Tech. Ctr., 10100 W.
Ute Ave., Littleton, CO 80127)

Due to their long history in acoustics materials, the Johns Manville
Corporation has maintained an acoustical laboratory in constant operation
since the 1930s. The laboratory complex is accredited under NVLAP for a
broad range of ASTM and ISO test methods. For classic architectural
acoustics evaluation, the lab has a reverberant test suite with a 142-m>
source chamber and a 316-m® receive chamber. The chambers’ common
opening allows for 2.8 by 4.3-m samples and is qualified from 100—10 000
Hz. Analysis of complex, three-dimensional systems conducted in a
176-m® hemi-anechoic chamber qualified to 160 Hz. Both intensity and
pressure measurements are possible via a 5 degree-of-freedom robotic
positioning system. Research of open office acoustics and office furniture
is performed in a 111- (to the grid, 142 total) m> chamber designed to
accept a suspended ceiling and vary its reverberation time from <0.3 to
2.3 s. In addition to these facilities, several benchtop and analytical re-
sources are available.

2aAAb2. Acoustic test facilities of the Underwater Sound Reference
Division. A. Lee Van Buren, Robert M. Drake, and Kirk E. Jenne
(Naval Undersea Warfare Ctr., 1176 Howell St., Newport, RI 02841-1708)

The acoustic test facilities of the Underwater Sound Reference Divi-
sion (USRD) of the Naval Undersea Warfare Center will be described.
The USRD serves as the U.S. standardizing activity in the area of under-
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water acoustic measurements, as the National Institute of Standards and
Technology does in other areas. It is the Navy’s primary activity for un-
derwater acoustic calibration, test, evaluation, and reference measurements
on transducers and related devices and materials. In this role the USRD
maintains specialized measurement facilities with the capacity to simulate
real-world ocean environments. It also maintains transducer standards to
help ensure the accuracy of measurements made both at USRD and else-
where. This presentation will describe the Acoustic Pressure Tank Facil-
ity, the Low-Facility Facility (with its three test vessels), the Acoustic
Open Tank Facility, the Long-Line Hydrophone Calibrator, the Conical
Shock Tube Facility, the Leesburg Facility, and the Transducer Standards
Loan Program.

2aAAb3. Acoustic measurement facilities at the Applied Research
Laboratory. David L. Bradley (Appl. Res. Lab., Penn State Univ., P.O.
Box 30, State College, PA 16804-0030)

Acoustic measurement facilities, ranging from a water tunnel that is
also listed as an ASME Historic Landmark to a new ultrasonic measure-
ment system, are illustrated and described with a brief explanation as to
size, measurement equipment available, and frequency ranges that are
typically employed. The facilities include a high-pressure tank for hydro-
phone tests “‘at depth,”” the ultrasonics tank, an anechoic tank for hydro-
phone calibration, the water tunnel, an air acoustic anechoic room and a
large, multipurpose underwater measurement facility.
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2aAAbd. Energistics Laboratory facility. Victoria Cerami (Cerami &
Assoc., Inc., 317 Madison Ave., Ste. 220, New York, NY 10017) and
Jack Stegall (Energistics Lab., Houston, TX 77257)

Energistics Laboratory in Houston, Texas is a leading laboratory for
the testing of HVAC equipment. For over 15 years, this facility has en-
sured the highest standards in leading-edge HVAC technology and archi-
tectural testing capabilities. Testing capabilities include both industry stan-
dard rating procedures, and mock-up testing to simulate field conditions.
The laboratory is open to developers, owners, architects, engineers, gen-
eral contractors, manufacturers and others who require independent com-
ponent testing and evaluation.

2aAAbS5. Designing acoustic facilities for education. Daniel R. Raichel
(Raichel Technol. Group and CUNY Grad. Ctr., 2727 Moore Ln., Fort
Collins, CO 80526)

An acoustic laboratory in a university generally serves two functions:
education and research. In planning, budgetary considerations constitute a
decisive factor. A low budget can result in the laboratory being relegated
to fairly simple measurements but some degree of ingenuity can widen the
scope of experimentation, as has been proven in Take Five demonstrations
at ASA meetings. A more elaborate facility would enable measurements in
the ultrasonic region in addition to those in the audio range. The cost of
maintenance and eventual upgrading should be figured into the planning
and design of any facility. Necessary instrumentation include means of
measuring sound pressure levels and intensities, executing spectral analy-
ses (preferably in real time), generating and synthesizing signals, perform-
ing fairly standard measurements for sound absorption coefficients; and it
would be desirable that specific enclosure conditions be simulated (viz.,
through the use of anechoic and reverberation chambers). Research pro-
grams generally require more sophisticated instrumentation, but fortu-
nately fairly recent advances in microelectronics permit integration of
acoustic monitoring functions into personal computers at considerably
lower cost than would be the case if individual measurement instruments
were purchased separately.

2aAAb6. NASA Glenn Research Center Acoustical Testing
Laboratory. Beth A. Cooper (NASA, John H. Glenn Res. Ctr. at Lewis
Field, M.S. 86-10, 21000 Brookpark Rd., Cleveland, OH 44135,
beth.a.cooper @ grc.nasa.gov)

The Acoustical Testing Laboratory (ATL) at the National Aeronautics
and Space Administration (NASA) John H. Glenn Research Center in
Cleveland, Ohio supports the low-noise design of science experiment pay-
loads developed for the International Space Station (ISS). The ATL con-
sists of a 100-Hz vibration-isolated hemianechoic test chamber with 21-ft
by 17-ft by 17-ft (h) interior working dimensions and removable floor
wedges that allow the facility to be configured as either a hemianechoic or
fully anechoic chamber. A separate, sound-isolated control room with out-
side dimensions of 23-ft by 11-ft by 12-ft (h) doubles as a noise control
enclosure when testing articles that require remote connections to high-
noise support equipment and services. These characteristics, along with
very low design background sound levels, enable the acquisition of accu-
rate and repeatable acoustical measurements on test articles, up to a full
ISS rack in size, that produce very little noise. The ATL provides a com-
prehensive array of acoustical testing services, including sound power
level in accordance with precision and engineering grade standards. These
capabilities employ a PC-based acoustical data acquisition system that has
been customized to perform simultaneous acquisition and real-time analy-
sis of multiple channels of acoustical signals.
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2aAAb7. USG Corp. Research and Technology Center’s Acoustical
Testing Facility. Stephen W. Payne, Jr. (USG Corp. Res. and Technol.
Ctr., 700 N. Hwy. 45, Libertyville, IL 60048)

The Acoustical Testing Facility at the USG Corp. Research and Tech-
nical Center was commissioned in 1996. The Facility contains structurally
isolated test chambers housed within an exterior shell. The Facility in-
cludes chambers for performing sound tansmission loss tests per ASTM
E90, sound absorption tests per ASTM C423, ceiling attenuation tests per
ASTM E1414 and interzone attenuation tests per ASTM E1111. In addi-
tion to testing per ASTM standards, tests can also be performed to ISO
Standards. The chambers are designed to provide maximum isolation from
external noise. The chamber walls, roof and floor are built of a minimum
of 8-in. (200-mm) solid concrete or filled concrete block. In addition the
reverberation chamber is mounted on an independent spring system. The
Facility is accredited under the National Voluntary Laboratory Accredita-
tion Program (NVLAP) and under the Underwriters Laboratories Client
Data Test Program. The main function of this Facility is to provide data
for new product and systems development and to provide testing under the
UL Acoustical labeling program.

2aAAb8. Riverbank Acoustical Laboratories. David L. Moyer (1512
S. Batavia Ave., Geneva, IL 60134, dmoyer@iitri.org)

Riverbank Acoustical Laboratories (RAL) is located in Geneva, Illi-
nois. Constructed in 1918, RAL became the world’s first independent
laboratory dedicated to the science of architectural acoustics. Riverbank
owner, philanthropist Colonel George Fabyan, built the laboratory for its
designer, professor Wallace Clement Sabine. The scientific efforts of this
renowned Harvard physicist earned him two distinguished titles, acknowl-
edged today as the father of the science of architectural acoustics and the
first ““‘modern day’’ acoustical consultant. The unit of absorption is a
Sabin. When the professor died in 1919, his distant cousin, Dr. Paul Earls
Sabine, became RAL’s director. Retired in 1947, Dr. Sabine turned the
operations over to the IIT Research Institute. RAL provides a wide range
of acoustical testing services for over 600 clients. The majority of RAL
tests are industrial related. RAL provides clients with an accredited, inde-
pendent testing facility, not associated with any manufacturer or product.
Part of RAL’s outstanding credibility reflects upon their policies of main-
taining strict confidence and proprietary rights for all clients. RAL is ac-
credited by NVLAP, The City of Los Angeles, and others. Also of interest
to many clients is RAL’s museum dedicated to the Science of Architec-
tural Acoustics. The ASA officially sanctioned the museum in 1989.

2aAAb9. Qualification of WEAL Reverberation Chamber. Gary E.
Mange (Western Electro-Acoust. Lab., 1711 16th St., Santa Monica, CA
90404)

Western Electro-Acoustic Laboratory (WEAL) has recently qualified a
new reverberation chamber. Qualification measurements were performed
for absorption testing (ASTM C423) and sound power testing (ANSI
S12.31 and S12.32). Results are shown at various stages of the qualifica-
tion.

2aAAb10. Georgia Institute of Technology—Integrated Acoustics
Laboratory. Kenneth A. Cunefare and Van Biesel (G. W. Woodruff
School of Mech. Eng., The Georgia Inst. of Technol., Atlanta, GA
30332-0405)

The Integrated Acoustics Laboratory of Georgia Tech’s School of Me-
chanical Engineering is a state-of-the-art facility dedicated to acoustic and
vibration research. The current centerpiece of the lab is an anechoic cham-
ber with interior dimensions of 17 ft X 17 ft X 12 ft. Laboratory instru-
mentation includes a 32-channel HP VXI data acquisition system, full
LMS CADA-X data acquisition and analysis package, HP-VEE, a two-
channel Siglab analyzer, Polytec PSV-200 scanning laser Doppler vibro-
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meter, and a host of microphones, accelerometers, shakers, and load cells.
The laboratories also feature a brake dynamometer. Two finite-element
modeling stations are equipped with MSC/NASTRAN and COMET/
Acoustics software for the complete modeling of vibration and acoustics.
The laboratory will be expanded this year to include a reverberation room,
which will be attached to the existing anechoic chamber by a hatch for
transmission loss testing. The expansion will also add a semi-anechoic
chamber to the lab.

2aAAbll. Noise and structural dynamics test facilities at Boeing.
Wendell Miller, Donald Boston, and Charlie Pickrel (The Boeing Co.,
Seattle, WA 98124)

The noise and structural dynamics laboratories at Boeing provide a
wide range of test and measurement services to the Boeing Company. Test
data from these laboratories support all phases of the product life cycle
across a diverse line of products and applications. The noise laboratory
facilities include a low-speed free-jet acoustic wind tunnel, several
anechoic and reverberation test chambers, a critical listening facility, and a
materials test center. These facilities are supported with a network of data
systems for in-lab testing and a variety of transportable data systems for
field- and airplane-based testing. Structural dynamics laboratory facilities
include large strongbacks and structural floors for component vibration
testing, sonic fatigue test facilities, and vibration test facilities. These fa-
cilities are supported by a network of dedicated data systems for a wide

TUESDAY MORNING, 5 JUNE 2001

range of modal, shock, vibration, and fatigue testing. Field tests are sup-
ported by a wide range of portable data systems and instrumentation trail-
ers capable of large channel count measurements. This work will provide
an overview of the test facilities and measurement capabilities of these
laboratories.

2aAAbl12. The new Blachford acoustics laboratory. Charles Moritz
(Blachford, Inc., 1400 Nuclear Dr. W., Chicago, IL 60185)

In 1968, HL Blachford, Inc. constructed their first acoustics laboratory
next to their Troy, Michigan plant. This laboratory consisted of a 216-m?
reverberation room with an adjacent large hemianechoic room approxi-
mately 12 m long, 5 m wide, and 4.5 m high. After several ownership
changes, a plant that used to belong to HL Blachford, Inc. was purchased
in 1995 by HL Blachford Ltd. of Canada, and became the new headquar-
ters of a new company called Blachford, Inc. It quickly became obvious
that a new laboratory was required for vehicle testing and acoustical ma-
terial development. The design of a new facility began in 1997 and was
based on the old laboratory; however, the new design incorporates design
changes to increase the capacity, capabilities, and quality of the facility.
The new laboratory is currently under construction and features a larger
hemi-anechoic room, approximately 15 m long, 9 m wide, and 6 m high,
and a nonadjacent 200-m? reverberation room with several horizontal and
vertical test sections for vehicle component and material testing.

PDR 9, 8:00 TO 11:50 A.M.

2a TUE. AM

Session 2aAB

Animal Bioacoustics and Signal Processing in Acoustics: Role of Signal Processing
in Understanding Echolocation

James A. Simmons, Chair
Department of Neuroscience, Brown University, Box 1953, Providence, Rhode Island 02912
Chair’s Introduction—8:00

Invited Papers
8:05

2aAB1. Neuromorphic system for real-time biosonar signal processing. R. Timothy Edwards (Johns Hopkins Univ., APL 4-234,
Laurel, MD 20723-6099, tim@stravinsky.jhuapl.edu) and Gert Cauwenberghs (Johns Hopkins Univ., Baltimore, MD 21218-2686,
gert@jhu.edu)

Real-time classification from active sonar echolocation requires tremendous computational power, yet is performed effortlessly by
bats and dolphins. Special-purpose, yet programmable and reconfigurable hardware tailored to the parallel distributed nature of the
computation performed in biology, is presented. The system contains a front-end cochlear processor implemented as an analog
filterbank, and a pattern recognition engine classifying the front-end time-frequency features. The reconfigurable front-end supports up
to 34 bandpass channels spanning the 10 to 100 kHz range typical of bat and dolphin sonar. A support vector machine (SVM)
classifies the features. In an alternative realization, an integrate-and-fire neural network uses the zero-crossings of the front-end
bandpass channel outputs. The internal variables may be represented in numerous ways by reprogramming the hardware, giving the
system great flexibility in representing features to match the methods used by various biosonar algorithms. Experimental results
demonstrate the capabilities of the processor, classifying the CSS (Panama City) linear frequency modulation (LFM2) data in
real-time. Implementation issues for alternative representations of biosonar signals are also discussed. [Work supported by ONR
N00014-01-1-0315.]

8:25

2aAB2. Signal processing by echolocating dolphins. Whitlow W. L. Au (Hawaii Inst. of Marine Biol., P.O. Box 1106, Kailua, HI
96734)

Many different types of target discrimination experiments have been performed with echolocating dolphins in order to understand
and model their echolocation capabilities. However, not many experiments have been performed that measured differential perfor-
mance as a function of the magnitude of a single target variable, thus making it very difficult to extract limits of various auditory
discrimination capabilities. Nevertheless, sufficient information exists that could provide some insight on important echo cues utilized
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by dolphins and what the signal processing may be. Furthermore, other types of experiments emulating some dolphin experiments
have also been conducted. Stretched versions of echoes from target used in dolphin experiments have been used in human listening
experiments to determine salient cues present in the echoes. Neural network experiments have also been conducted using echoes from
the same target used in the dolphin experiments. The most pertinent of these experiments involving dolphins, humans, and neural
networks will be discussed in order to gain insight into important target cues and the manner in which these cues might be processed
by echolocating dolphins. The discussion will be conducted in light of the results of a recent experiment in which the auditory filter
shape of a dolphin for different frequencies was determined.

8:45

2aAB3. What kinds of auditory mechanisms explain biosonar perception by FM bats? James A. Simmons, Mark 1. Sanderson,
and Kyler M. Eastman (Dept. of Neurosci., Box 1953, Brown Univ., Providence, RI 02912, james_simmons @brown.edu)

A biological SCAT model of target ranging in FM-bat biosonar integrates (1) acoustic ecology with algorithms identified from (2)
peripheral auditory representations and (3) central auditory processing to account for biosonar performance. The bat’s auditory
spectrograms incorporate a near-ideal time-frequency compromise and can outperform a simple matched filter for detection of natural
targets. Neural coding of delay appears to have submicrosecond accuracy at brain-stem, midbrain, and cortical levels, and can explain
ranging and azimuth performance for single targets. In contrast, inner-ear integration-time convolution required to match echo
reception to the structure of natural targets blurs delay resolution to hundreds of microseconds, and this is retained in the recovery time
of brain-stem responses. Analysis of field performance and laboratory tests both show the bat’s delay resolution to be ~2-5 ms,
however, midbrain responses constitute delay lines that can support tracking of prey and both coarse target ranging and deconvolution
for fine resolution down to 6 ms. Cortical coincidence-detecting neurons test all combinations of pulse-echo delay and spectral profile
contingencies to display coarse and fine range. Their characteristics predict bandwidth-squared dependence of submicrosecond hy-
perresolution, which is confirmed in jittered-echo experiments. The physical embodiment of individual targets in neural responses
appears to be dynamic rather than by place.

9:05

2aAB4. Roles of neural oscillation in time domain processing in the bat inferior colliculus. Alexander V. Galazyuk and Albert
S. Feng (Beckman Inst., Univ. of Illinois, Urbana, IL 61801)

Central auditory neurons in echolocating bats exhibit pulse-echo delay-tuned responses. Sullivan (1982) proposed that paradoxical
latency shift (PLS), characterized by an increase in response latency to loud sounds, is important for this attribute. At present, the
mechanism underlying PLS is unclear. The goal of the present study was to identify the mechanism underlying PLS. The responses
of 92 neurons in the inferior colliculus of little brown bats to brief tone pulses at the unit’s CF over a wide range of sound levels were
studied. Of these, 16 neurons displayed unit-specific periodic oscillatory discharges at high sound levels with a characteristic period
of 1.3-6.7 ms. The 27 neurons exhibited unit-specific PLS, with quantal latency shift of 1.2—8.2 ms. In 14 neurons showing PLS,
unit’s responses before, during and after iontophoretic application of bicuculline were investigated. Application of bicuculline abol-
ished the PLS and transformed it into periodic discharges, suggesting that neural oscillation in combination with ordinary inhibition
may be responsible for PLS. To further investigate whether intrinsic neural property was responsible for PLS, unit’s responses to
sounds having different durations were investigated. The result indicates that both intrinsic and extrinsic mechanisms are likely
involved in creation of PLS. [Work supported by NIH RO1DCO00663.]

9:25

2aABS. Temporal estimation by a model big brown bat. Janine M. Wotton, Michael J. Ferragamo, Timothy M. Sonbuchner
(Biol. Dept., Gustavus Adolphus College), and Mark 1. Sanderson (Brown Univ.)

The big brown bat, Eptesicus fuscus, uses echolocation to locate prey and displays extraordinary acuity in the perception of
temporal cues in acoustic signals. Behaviorally the bat can detect changes at submicrosecond levels but individual neurons in the
inferior colliculus (IC) and cortex operate with much less precision. Most of these cells are poor temporal markers with response
variation on the order of a few milliseconds and some in tens of milliseconds. A temporal estimator was created incorporating the
response properties of recorded neurons and behaviorally appropriate limitations on the number of echolocation emissions. The
response of the neurons can be characterized as probability density functions in time and frequency. The characteristics of these
neurons were used to create large simulated populations of IC and cortical neurons that show the full range of recorded variation. The
connections between these two populations were simulated using a self-organizing neural network. If more than one IC neuron is
required to trigger the response of each cortical neuron then the model operates with resolution of microseconds. Manipulating the
firing threshold of cortical cells and the relative population sizes influences the errors in target estimation.

9:45

2aAB6. Binaural hearing in dolphins. Patrick W. B. Moore and Randall L. Brill (Marine Mammal Program, SPAWAR Systems
Ctr., 49620 Beluga Rd., San Diego, CA 92152-6505)

Binaural hearing is an advantage of having two ears. Human benefits are evident in a 3-dB threshold difference, the ability to
localize sound sources in space, and the ability to isolate primary sounds from corresponding echoes. The binaural capabilities of
dolphins are relatively unexplored. Studies show that their localization of pure tones underwater is mediated by the same mechanisms
observed in terrestrial mammals. Behavioral evidence from free-field localization studies supports reliance on time and intensity cues.
Two studies have examined binaural hearing in dolphins using contact hydrophones to isolate the hearing mechanisms. They provided
masking level differences (MLDs) comparable to humans and interaural time and intensity difference thresholds that were better than
any recorded for terrestrial mammals. Neurophsyiological studies using evoked potentials investigated interaural sensitivity and
intensity differences as a function of multiple frequency stimuli presented at various angles around the head of a dolphin. Recent
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behavioral studies have mapped the acoustic sensitivity around the head and lower jaw. Those results suggest greater sensitivity
forward of the panbone, thought to be the site of best reception, and an asymmetry in sensitivity that may be analogous to that
observed in other animals such as the barn owl.

10:05-10:15 Break

10:15

2aAB7. Biomimetic chirplet transforms for environmentally adaptive sonar: A model of singing humpback whales. Eduardo
Mercadolll (Ctr. for Molecular and Behavioral Neurosci., Rutgers Univ.—Newark, 197 University Ave., Newark, NJ 07102,
mercado @pavlov.rutgers.edu) and L. Neil Frazer (SOEST, Univ. of Hawaii, Honolulu, HI 96822)

Animals that use echoes to identify and localize objects must be able to do so within a variety of acoustically complex environ-
ments. The neural processes underlying this ability can be characterized as an adaptive transformation from a one-dimensional space
into an n-dimensional auditory parameter space. Neurophysiological data suggest that in mammals this transformation is highly
overcomplete as well as species and experience dependent; such representations are modeled well by chirplet transforms. Chirplet-
based representations of sonar signals and their echoes can be used to generate behaviorally relevant maps of acoustic features. These
feature maps, which are similar to representational maps in the auditory cortex, can facilitate separation of echoes from predictable
noise sources. A model of sound production and reception in humpback whales is presented to illustrate how such a feature map-based
sonar might function. Singing humpbacks space themselves apart from and often approach distant, nonsinging whales, demonstrating
that they are able to recognize and localize complex acoustic sources at long ranges in shallow water. Singers also modulate their
sound sequences to match others they have heard, demonstrating that they are able to accurately and adaptively represent complex
environmental sounds. These abilities suggest that humpback whales are well adapted for both passive and active sonar processing.

2a TUE. AM

Contributed Papers

10:35 virtually independent of the two receiver models. A cross-correlation

2aABS. An investigation of the pulses produced by the least shrews model was used to investigate Doppler tolerance of the ranging estimation

(Cryptotis parva). Mersedeh S. Jalili and Jeanette A. Thomas (Lab. of
Sensory Biol.,, Western Illinois Univ., Quad Cities, Moline, IL,
mersedehj@aol.com)

and range-Doppler coupling separately. Range-Doppler coupling is con-
sidered a potential error for bats since a reference time (7ref) does not
seem biologically feasible. Without using a reference time, range-Doppler
coupling due to echo compression was found to vary between 10 and 30
ms in six bat species. With additional range-Doppler coupling due to the
compression of the time of flight (34 ms at 2 m from the target), this leads

Most echolocation studies have focused on bats and dolphins. Because
of technological improvements in ultrasonic sensing and recording equip-
ment, there now are cost-effective approaches towards examining ‘‘other’’
groups of mammals for possible echolocation abilities. In this study, we
suggest that echolocation is a primitive characteristic, first appearing in
insectivores, the ancestor of all other placental mammals. A few other
studies and anatomical, behavioral, and physiological attributes suggest
that shrews are likely to echolocate. In captivity, least shrews (Cryptotis
parva) produce series of pulses. We used a board divided into an inner and
outer box of equal area to run 8 least shrews through a set of foraging and
orientation experiments. Experiments were in the dark and we monitored
the circumstances under which shrews produced pulses using a night-
vision video camera. An ANABATII bat detector monitored the presence
of pulses, a Marantz cassette recorder documented the sounds, and Audio-

to perceived target displacements between 4.5 and 6.6 cm at a flight speed
of 6 m/s. Range-Doppler coupling can be reduced by linearizing the cur-
vature and by increasing the ratio highest/lowest frequency of the pulse.
The study further revealed how pulse duration, bandwidth and harmonics
influence Doppler tolerance and range-Doppler coupling.

scope software on a laptop computer provided real time sonogram and
oscillogram displays. The number of pulses and trains, the typical wave-
form, power spectrum, peak frequency, and bandwidth (—3 dB) were
examined among the experiments. Results provided strong evidence that
least shrews use simple pulses for both orientation and foraging.

10:50

2aAB9. The influence of flight speed on the ranging performance of
bats using frequency modulated echolocation pulses. Arjan M.
Boonman (Dept. of Animal Physiol., Univ. of Tuebingen, Auf der
Morgenstelle 28, 72076 Tuebingen, Germany,
arjan.boonman @uni-tuebingen.de), Gareth Jones, and Stuart Parsons
(School of Biological Sci., Univ. of Bristol, Bristol BS8 1UG, UK)

Many species of bat use ultrasonic frequency-modulated pulses to
measure distance to objects. The flight speed of the bat will result in a
compression of the echo, and in compression of the time of flight of the
signal, both leading to distortion of the perceived range. By comparing
Doppler errors incurred with the SCAT-filterbank model and cross-
correlation, it was established that the effects of the echo compression are
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11:05

2aAB10. Experimental simulation of binaural object classification by
dolphins. Gerard J. Quentin (Laboratoire d’Imagerie Parametrique,
UMR 7623, 15 rue de ’Ecole de Medecine, 75006 Paris, France) and
Whitlow W. L. Au (Hawaii Inst. of Marine Biol., Kailua, HI 96734)

We used the experimental setup designed to simulate ultrasound trans-
mission and binaural reception by dolphins at the Marine Mammals Re-
search Program. Three composite piezoelectric transducers, located in the
same plane, were placed at the corners of a triangle such that a distance of
14 cm separates the two receivers. This approximates the presumed spac-
ing between the dolphin sound entrances. The two receiving channels
approximate those of dolphins (e.g., similar spectral responses, different
receiving patterns between the two receptors). Transmitted signals were
similar to dolphin clicks and echoes were recorded simultaneously at the
two receivers and digitized at 1 MHz using two data acquisition boards
housed in a portable computer. We sought to identify different targets in
these preliminary experiments: a 3-in. stainless steel spherical shell filled
with water and two copper cylindrical shells with outer diameters equal to
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1.63 and 1 in., respectively. The last two samples have the same thickness

1. . . . .
(7g in.) and are filled either with water or with air. The scattered signals
are processed via a simple Fourier transform and analyzed using the reso-
nance scattering theory. A preliminary study of the results is presented.

11:20

2aAB11. Matched field processing of existing binaural dolphinlike
signals for MCM. A. Tolstoy (ATolstoy Sci., 8610 Battailles Court,
Annandale, VA 22003, atolstoy @ieee.org) and W. Au (Hawaii Inst. of
Marine Biol., Kailua, HI 96734, wau@hawaii.edu)

A new matched field processing (MFP) approach has been applied to
existing (but limited) dolphinlike binaural data. The frequencies range
from 25 to 200 kHz with the received quasi-monostatic echo lasting less
than 4.0 ms. The data discussed consist of backscatter echoes from a mud
bottom, a drum buried in the bottom, and a Manta-like object also buried
in the bottom. The MFP approach (using NO modeling of any kind) was
designed to extract differences between apparently similar signals. Since
the available data show overly strong and different returns for all the
targets, we first manipulate the data to bring them more into line with
expectations. The new data were then processed to yield a target ‘‘tem-
plate’” of scattered returns as a function of time and frequency character-
izing the target returns. These templates can easily be used to detect and
identify scattering from targets on or in the bottom in low S/N situations.
[Work supported by ONR.]
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2aAB12. Consistency of echolocation signals of CF-FM bat measured
by a telemetry system. Hiroshi Riquimaroux, Kenji Yamasumi,
Yoshiaki Watanabe (Fac. of Eng., Doshisha Univ., Kyotanabe, Kyoto
610-0321, Japan), and Liang-Kong Lin (Tunghai Univ., Taichung 407,
Taiwan)

The purpose of the present study was to examine the daily consistency
of the constant frequency component (CF) of CF-FM bats and to test the
significance of a telemetry microphone system (telemike) mounted on the
bat’s head. We examined sonar sound characteristics of leaf-nosed bats
(Hipposiderous terasensis) when bats were at rest and during flight. Ex-
periments were done within a steel-walled chamber. Their emitted pulses
were simultaneously recorded by a fixed microphone at the wall and the
telemike. The second harmonic of the CF component (CF2) at rest and
during flight varied significantly over several months. When at rest, the
fundamental frequency of the bat was about 35 kHz. The second harmonic
was the most intense. There was little difference between data taken from
two different microphones when at rest. However, during flight we found
significant differences between data obtained by the microphone at the
wall and the telemike. We could see a systematic change in CF2 frequency
during flight through the telemike. Our findings may suggest that the bats
compensated for the frequency of the CF component of their pulses by
detecting Doppler-shifted CF of returning echoes from the target. We will
discuss the individuality and consistency of the CF component during
flight and at rest. [ The present research was supported by Special Research
Grants for the Development of Characteristic Education from the Promo-
tion and Mutual Aid Corporation for Private Schools Japan, a grant to
RCAST at Doshisha University from the Ministry of Education, Japan and
Doshisha University’s Research Promotion Fund.]
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2aA0al. Two approximate solutions for the 3-D field in the ASA benchmark wedge. Grant B. Deane and Michael J.
Buckingham (Scripps Inst. of Oceanogr., La Jolla, CA 92093-0238, grant@mpl.ucsd.edu)

One of the current challenges to the underwater acoustics 3-D numerical modeling community is the development of benchmark

geometries and solutions. Benchmark solutions to canonical problems provide a reference against which numerical models can be
compared, as well as providing insight into regions or frequency regimes where the models fail. The 3-D penetrable wedge is a good
candid