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Publication of the Journal is jointly financed by the dues of members
of the Society, by contributions from Sustaining Members, by
nonmember subscriptions, and by publication charges contributed
by the authors’ institutions. A peer-reviewed archival journal, its
actual overall value includes extensive voluntary commitments of
time by the Journal's Associate Editors and reviewers. The Journal
has been published continuously since 1929 and is a principal means
by which the Acoustical Society seeks to fulfill its stated mission—to
increase and diffuse the knowledge of acoustics and to promote its
practical applications.
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can be found online at asa.scitation.org/journal/jas. All research
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via an online process at the site www.editorialmanager.com/jasa.
The uploaded files should include the complete manuscript and the
figures. Authors are requested to consult the online listings of JASA
Associate Editors and to identify which Associate Editor should
handle their manuscript; the decision regarding the acceptability of
a manuscript will ordinarily be made by that Associate Editor. The
Journal also has special Associate Editors who deal with applied
acoustics, education in acoustics, computational acoustics, and
mathematical acoustics. Authors may suggest one of these Associate
Editors, if doing so is consistent with the content or emphasis of their
paper. Review and tutorial articles are ordinarily invited; submission of
unsolicited review articles or tutorial articles (other than those which
can be construed as papers on education in acoustics) without prior
discussion with the Editor-in-Chief is discouraged. Authors are also
encouraged to discuss contemplated submissions with appropriate
members of the Editorial Board before submission. Submission of
papers is open to everyone, and one need not be a member of the
Society to submit a paper.

JASA Express Letters: The Journal includes a special section which
has a separate submission process than that for the rest of the
Journal. Details concerning the nature of this section and information
for contributors can be found online at asa.scitation.org/jel/authors/
manuscript. Submissions to JASA Express Letters should be submitted
electronically via the site www.editorialmanager.com/jasa-el.

Publication Charge: To support the cost of wide dissemination
of acoustical information through publication of journal pages
and production of a database of articles, the author’s institution is
requested to pay a page charge of $80 per page (with a one-page
minimum). Acceptance of a paper for publication is based on its
technical merit and not on the acceptance of the page charge. The
page charge (if accepted) entitles the author to 100 free reprints.
For Errata the minimum voluntary page charge is $10, with no free
reprints. Although regular page charges commonly accepted by
authors’ institutions are not mandatory for articles that are 12 or
fewer pages, payment of the page charges for articles exceeding 12
pages is mandatory. Payment of the publication fee for JASA Express
Letters is also mandatory.

Selection of Articles for Publication: All submitted articles are peer
reviewed. Responsibility for selection of articles for publication rests
with the Associate Editors and with the Editor-in-Chief. Selection is
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ordinarily based on the following factors: adherence to the stylistic
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originality of the contribution, demonstrated understanding of
previously published literature pertaining to the subject matter,
appropriate discussion of the relationships of the reported research
to other current research or applications, appropriateness of the
subject matter to the Journal, correctness of the content of the
article, completeness of the reporting of results, the reproducibility
of the results, and the signifiance of the contribution. The Journal
reserves the right to refuse publication of any submitted article
without giving extensively documented reasons. Associate Editors
and reviewers are volunteers and, while prompt and rapid processing
of submitted manuscripts is of high priority to the Editorial Board
and the Society, there is no a priori guarantee that such will be the
case for every submission.

Supplemental Material: Authors may submit material that s
supplemental to a paper. Deposits must be in electronic media, and
can include text, figures, movies, computer programs, etc. Retrieval
instructions are footnoted in the related published paper. Direct requests
can be made to the JASA office at jasa@acousticalsociety.org and for
additional information, see asa.scitation.org/jas/authors/manuscript.

Role of AIP Publishing: AIP Publishing LLC has been under contract
with the Acoustical Society of America (ASA continuously since 1933
to provide administrative and editorial services. The providing of
these services is independent of the fact that the ASA is one of the
member societies of AIP Publishing. Services provided in relation to
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the billing and collection of page charges, and the administration of
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acts in accordance with guidelines established by the ASA. All further
processing of manuscripts, once they have been selected by the
Associate Editors for publication, is handled by AIP Publishing. In the
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not adhere to the stylistic requirements of the Journal, AIP Publishing
may notify the authors that processing will be delayed until a suitably
revised manuscript is transmitted via the appropriate Associate Editor.
If it appears that the nature of the manuscript is such that processing
and eventual printing of a manuscript may result in excessive costs, AlP
Publishing is authorized to directly bill the authors. Publication of papers
is ordinarily delayed until all such charges have been paid.

Disclaimer: Any product, device, or brand names mentioned herein
are the trademarks of their respective owners and are used only for
purposes of scientific study and education. The Journal and its editors,
authors, reviewers and publishers disclaim any representation or
warranty regarding the use or sufficiency of any products, companies,
or information discussed herein. The Journal does not render technical
or professional advice or services for any specific circumstances. If such
advice or services are required, the services of a competent professional
should be sought. The information and opinions expressed herein are
those of the individual authors and do not necessarily represent the
opinions of the Acoustical Society of America or its officers, directors,
staff or representatives.
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SCHEDULE OF COMMITTEEE MEETINGS AND OTHER EVENTS

ASA COUNCIL AND ADMINISTRATIVE COMMITTEES

Sun, 22 May, 6:00 p.m.
Mon, 23 May, 9:00 a.m.
Mon, 23 May, 1:00 p.m.
Tue, 24 May, 2:00 p.m.
Tue, 24 May, 5:00 p.m.
Wed, 25 May, 7:30 a.m.

Wed, 25 May, 12:00 pm

Wed, 25 May, 5:00 p.m.
Wed, 25 May, 5:30 p.m.

Thu, 26 May, 7:00 a.m.
Thu, 26 May, 7:30 a.m.
Thu, 26 May, 9:00 a.m.
Thu, 26 May, 1:00 p.m
Thu, 26 May, 2:00 p.m.
Fri, 27 May, 8:00 a.m.
Fri, 27 May, 12:00 p.m.

Executive Council dinner
Executive Council
Technical Council
Meetings Relmagined
Women in Acoustics
Finance

Public Relations

TCAA Speech Privacy

Improve Racial Diversity
and Inclusivity

Member Engagement
Editorial Board

Revenue Reimagined
Investments

Strategic Plan Champions
Technical Council
Executive Council

TECHNICAL COMMITTEEE OPEN MEETINGS

Tue, 24 May, 4:45 p.m.
Tue, 24 May, 7:30 p.m.
Tue, 24 May, 7:30 p.m.
Tue, 24 May, 7:30 p.m.
Tue, 24 May, 7:30 p.m.
Tue, 24 May, 7:30 p.m.

Tue, 24 May, 7:30 p.m.

Tue, 24 May, 7:30 p.m.

Wed, 25 May, 7:30 p.m.

Thu, 26 May, 4:30 p.m.
Thu, 26 May, 7:30 p.m.
Thu, 26 May, 7:30 p.m.
Thu, 26 May, 7:30 p.m.
Thu, 26 May, 7:30 p.m.

Engineering Acoustics
Acoustical Oceanography
Animal Bioacoustics
Architectural Acoustics
Physical Acoustics

Psychological and
Physiological Acoustics

Signal Processing
in Acoustics

Structural Acoustics
and Vibration

Biomedical Acoustics
Computational Acoustics
Musical Acoustics

Noise

Speech Communication
Underwater Acoustics

Plaza Court 5
Directors Row E
Directors Row E
Plaza Court 5
Directors Row 1
Plaza Court 3
Plaza Court 3

Plaza Court 3
Plaza Court 5

Plaza Court 3
Directors Row E
Plaza Court 5
Plaza Court 3
Directors Row E
Directors Row E
Directors Row E

Governors Square 10
Governors Square 14
Governors Square 17
Plaza Ballroom A
Governors Square 11
Plaza Ballroom D

Governors Square 16
Governors Square 12

Governors Square 15
Governors Square 12
Directors Row H
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Plaza Ballroom E
Governors Square 14
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Mon-Thu, 23-26 May
7:00 a.m. - 5:00 p.m.
Fri, 27 May,

7:00 a.m. - 12:00 noon

Mon-Thu, 23-26 May
7:00 a.m. - 5:00 p.m.
Fri, 27 May,

7:00 a.m. - 12:00 noon

Mon-Thu, 23-26 May,
8:00 a.m. - 5:00 p.m.
Fri, 27 May,

8:00 a.m. - 12 noon

Mon-Fri, 23-27 May
8:00 a.m. - 10:00 a.m.

Mon-Fri, 23-27 May,
9:00 a.m. - 11:00 a.m.

Mon, 23 May
5:00 p.m. - 5:30 p.m.

Mon, 23 May
5:30 p.m. - 6:45 p.m.

Tue, 24 May
6:00 p.m. - 7:30 p.m.

Wed, 25 May,
11:45 a.m. - 1:30 p.m.

Wed, 25 May,
4:15 p.m. - 5:30 p.m.

Wed, 25 May, 5:30 p.m.

Wed, 25 May,
6:00 p.m. - 8:00 p.m.

Wed, 25 May,

8:00 p.m. - 12:00
midnight

Thu, 26 May, 10:00 a.m.

Thu, 26 May,
12:00 noon-2:00 p.m.

Thu, 26 May,
4:00 p.m. - 6:00 p.m.

Thu, 26 May,
2:00 p.m. - 4:00 p.m.

Thu, 26 May,
6:00 p.m. - 7:30 p.m.

Internet Zone

A/V Preview

Lactation Room

Accompanying Persons

Coffee Breaks

First-Time Attendee
Orientation

Student Meet and Greet

Social Hour

‘Women in Acoustics
Luncheon

Plenary Session/Awards
Ceremony

TCAA Subcommittee on
Speech Privacy

Student Reception

ASA Jam

Building Equitable Profes-
sional Networks Through
Mentored Relationships

Society Luncheon and
Lecture

Panel on Careers Beyond
Academia

Strategic Champions

Social Hour

Plaza Exhibit Hall

Plaza Court 7

Plaza Court 6

Plaza Court 4

Plaza Exhibit Hall

Governors Square 14

Windows Room
(Tower Building)

Plaza ABC

Windows Room
(Tower Building)

Plaza ABC

Plaza Court 3

Windows Room
(Tower Building)
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(Tower Building)

Directors Row I

Directors Row E

Plaza Ballroom ABC
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TECHNICAL PROGRAM CALENDAR
182 Meeting of the Acoustical Society of America
23—27 May 2022

Please refer to the Itinerary Planner and Mobile App for Updated Information

Monday Morning 1:00 1pCAa Computational Acoustics, Biomedical
9:00 laAA  Architectural Acoustics and Noise: Acoustics, Physical {&coustlcs,
s Underwater Acoustics, Structural
Outdoor Performance and Sports Facilities. . . . . .
Plaza Ballroom F Acoustics and Vibration, Noise, Musical
Acoustics, and Architectural Acoustics:
8:20 1aAB  Animal Bioacoustics, Acoustical Finite and Boundary Element Methods
Oceanography, Signal Processing in Across Acoustics. Governors Square 12
Acoustics, and Underwater Acoustics: 2:25 1pCAb Computational Acoustics, Signal
Open-Source and Free Tools for o . . . .
Bi tics. G S 17 Processing in Acoustics, Biomedical
10acOUSHCs. LIOVEnors square Acoustics, Physical Acoustics, and
8:45 1aBA  Biomedical Acoustics: General Topics Structural Acoustics and Vibration:
in Biomedical Acoustics: Bubbles and Contributions in Emerging Methods for
Cavitation. Governors Square 15 Design and Optimization in Computational
9:00 1aNS  Noise, Architectural Acoustics, and ASA Acoustics. Governors Square 12
Committee on Standards: Standards, 1:00 1pEA  Engineering Acoustics: General Topics in
Codes, and Criteria Applications in the Real Engineering Acoustics. Plaza Ballroom A
World I. Plaza Ballroom E 1:00 1pMU Musical Acoustics: General Topics in
8:00 1aPAa Physical Acoustics, Computational Musical Acoustics I. Directors Row H
Acoustics, Signal Processing in Acoustics, 1:00 1pPA  Physical Acoustics and Biomedical
Anlmal. BloaCf)uSthS, l?nglnee“ng . Acoustics: Advances in Sonochemistry II.
Acoustics, Noise, Architectural Acoustics: Governors Square 16
Acoustical Remote Sensing in Urban . L.
Environments. Governors Square 11 1:00 1pSC  Speech .Communlcatl(')n. Speech
Production and Acoustics II (Poster
9:55 1aPAb Physical Acoustics and Biomedical Session). Plaza Exhibit Hall
Acoustics: Advances in Sonochemistry I. . .
1:00 1pUW Underwater Acoustics and Acoustical
Governors Square 16 :
Oceanography: Understanding and
8:15 1aSA  Structural Acoustics and Vibration and Representing Uncertainty in Underwater
Physical Acoustics: Nonlinear Metamaterials Acoustic Models II. Governors Square 14
and Phononics. Governors Square 12
9:00 1aSC  Speech Communication: Speech Production Monday Afternoon
d Acoustics I (Post ion). P1
and AAcousues (Poster Session). Plaza 4:00 1lelD Interdisciplinary: Keynote Lecture. Plaza
Exhibit Hall
Ballroom D
8:35 1aUW  Underwater Acoustics and Acoustical
Oceanogr.aphy: Undf.:rstapding and Tuesday Morning
Representing Uncertainty in Underwater
Acoustic Models 1. Governors Square 14 8:25 2aAA  Architectural Acoustics: Acoustic Comfort
in Healthcare Facilities 1. Plaza Ballroom A
Monday Afternoon 8:20 2aAB  Animal Bioacoustics, Acoustical
. . . Oceanography, and Underwater
1:30 1pAA  Architectural Acoustics, Noise, Acoustics: Whitlow Au Memorial Session
Psychological and Physiological L. Governors Square 17
Acoustics, and Speech Communication: . . .
Balancing Speech Intelligibility with 8:55 2aBAa Blomedlcal Acoustics: New Developments
Privacy for Indoor Spaces. Plaza in Lung Ultrasound I. Governors Square 14
Ballroom F 9:00 2aBAb Biomedical Acoustics: For a Few Bubbles
1:00 1pBA Biomedical Acoustics, Physical Acoustics, More: Recent Developments in Medical
and Signal Processing in Acoustics: Ultrasound I. Governors Square 15
Emerging Techniques Involving Super- 9:00 2aMU Musical Acoustics and Education in

Acoustics: Strategies for Online and Hybrid
Teaching of Musical Acoustics. Directors
Row H

Resolution Imaging Including Image
Processing Methods, Applications, and
Instrumentation. Governors Square 15
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9:00

7:55

7:55

8:30

8:15

10:00

9:00

8:30

2aNS

2aPAa

2aPAb

2aPP

2aSAa

2aSAb

2aSC

2aSP

Noise: Rockets, Wind Turbines, and Other
Topics on Noise. Plaza Ballroom F

Physical Acoustics, Computational
Acoustics, Noise, and Signal Processing
in Acoustics: Progress in Sonic Boom
Modeling, Processing, and Analysis on
Community Response. Governors

Square 10

Physical Acoustics, Biomedical Acoustics,
and Structural Acoustics and Vibration:
Vortex Beams and Radiation Torques I.
Governors Square 11

Psychological and Physiological Acoustics
and Speech Communication: Age-
Related Changes in Mechanisms of Speech
Perception. Plaza Ballroom D

Structural Acoustics and Vibration and
Physical Acoustics: Willis Coupling in
Acoustic and Elastic Media. Governors
Square 12

Structural Acoustics and Vibration,
Engineering Acoustics, and Physical
Acoustics: Acoustic Metamaterials 1.
Governors Square 12

Speech Communication: Race,
Racialization, and Racism in Speech
Perception. Plaza Ballroom E

Signal Processing in Acoustics,
Underwater Acoustics, Engineering
Acoustics, Physical Acoustics, and
Animal Bioacoustics: Cognitive SONAR.
Governors Square 16

Tuesday Afternoon

1:05

1:00

1:00

1:00

1:00

2:00

1:00

A12

2pAA

2pAB

2pBAa

2pBAb

2pED

2pNS

2pPAa

Architectural Acoustics: Acoustic Comfort
in Healthcare Facilities II. Plaza Ballroom A

Animal Bioacoustics: Whitlow Au
Memorial Session II and Underwater
Acoustics. Governors Square 17

Biomedical Acoustics: For a Few Bubbles
More: Recent Developments in Medical
Ultrasound II. Governors Square 15

Biomedical Acoustics: New Developments
in Lung Ultrasound II. Governors Square 14

Education in Acoustics, Engineering
Acoustics, and Architectural Acoustics:
Connecting Industry and Education.
Directors Row H

Noise, Architectural Acoustics, and ASA
Committee on Standards: Standards,
Codes, and Criteria Applications in the Real
World II. Plaza Ballroom E

Physical Acoustics, Noise, Biomedical
Acoustics, and Computational Acoustics:
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1:00

1:00

2:00

1:15

1:00

1:15

1:00

2pPAb

2pPPa

2pPPb

2pSA

2pSC

2pSP

2pUW

Sonic Boom Focusing Predictions.
Governors Square 10

Physical Acoustics, Biomedical Acoustics,
and Structural Acoustics and Vibration:
Vortex Beams and Radiation Torques II.
Governors Square 11

Psychological and Physiological Acoustics:
Animal Physiology. Plaza Ballroom D

Psychological and Physiological Acoustics:
Clinical Populations and Devices I (Poster
Session). Plaza Exhibit Hall

Structural Acoustics and Vibration,
Engineering Acoustics, and Physical
Acoustics: Acoustic Metamaterials II.
Governors Square 12

Speech Communication: Instrumentation
and Method for Speech Analysis (Poster
Session). Plaza Exhibit Hall

Signal Processing in Acoustics: General
Topics in Signal Processing I. Governors
Square 16

Underwater Acoustics and Acoustical
Oceanography: Collaborative
Measurements in Underwater Acoustics: A
Memorial Session for John R. Preston. Plaza
Ballroom F

Wednesday Morning

8:15

8:20

8:30

8:00

8:00

9:00

8:05

3aAA

3aAB

3aA0

3aBA

3aEA

3aPA
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Architectural Acoustics, ASA Committee
on Standards, Noise, Physical Acoustics,
and Biomedical Acoustics: Advanced
Measurement and Modeling of Sound
Absorption and Scattering 1. Plaza
Ballroom F

Animal Bioacoustics: Animal Bioacoustics:
Behavior and Physiology. Governors
Square 17

Acoustical Oceanography: Acoustic
Sensing of Biological and Physical
Processes in Littoral Environments.
Governors Square 14

Biomedical Acoustics and Physical
Acoustics: Bubble-Cell Interaction I.
Governors Square 15

Engineering Acoustics, Structural
Acoustics and Vibration, and Physical
Acoustics: Smart Metamaterials

and Metastructures I. Governors

Square 10

Musical Acoustics: General Topics in
Musical Acoustics II. Directors Row H

Physical Acoustics and Noise:
Meteorological Acoustics I. Governors
Square 11
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7:50

9:55

3aPPa

3aPPb

10:00 3aSA

8:30

3aSC

Psychological and Physiological
Acoustics: Binaural Hearing. Plaza
Ballroom D

Psychological and Physiological
Acoustics: Clinical Populations and
Devices II. Plaza Ballroom D

Structural Acoustics and Vibration,
Computational Acoustics, and
Engineering Acoustics: Dynamic
Substructuring Techniques and Their
Application to Structural Acoustics.
Governors Square 12

Speech Communication: Children’s
Speech Intelligibility I. Plaza
Ballroom E

Wednesday Afternoon

1:30

1:00

1:00

1:00

1:00

2:40

1:00

1:00

1:20

1:00

1:00

A13

3pAA

3pBAa

3pBAb

3pCA

3pEA

3pID

3pMU

3pPA

3pPP

3pSC

3pSP

Architectural Acoustics, ASA Committee
on Standards, Noise, Physical Acoustics,
and Biomedical Acoustics: Advanced
Measurement and Modeling of Sound
Absorption and Scattering II. Plaza
Ballroom F

Biomedical Acoustics and Physical
Acoustics: Bubble-Cell Interaction II.
Governors Square 15

Biomedical Acoustics: Biomedical
Acoustics Best Student Paper Poster
Session. Plaza Exhibit Hall

Computational Acoustics, Signal
Processing in Acoustics, and Structural
Acoustics and Vibration: Application
of Model Reduction Across Acoustics.
Governors Square 12

Engineering Acoustics, Structural
Acoustics and Vibration, and Physical
Acoustics: Smart Metamaterials and
Metastructures II. Governors Square 10

Interdisciplinary: Hot Topics in Acoustics.
Plaza Ballroom D

Musical Acoustics: Evolution and
Maturation of Musical Acoustics. Directors
Row H

Physical Acoustics and Noise:
Meteorological Acoustics II. Governors
Square 11

Psychological and Physiological
Acoustics: Auditory Neuroscience Prize
Lecture. Plaza Ballroom D

Speech Communication: Children’s
Speech Intelligibility II. Plaza Ballroom E

Signal Processing in Acoustics: General
Topics in Signal Processing II. Governors
Square 16
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1:00 3pUW Underwater Acoustics: General Topics

in Underwater Acoustics I: Modeling and
Measurements. Governors Square 14

Thursday Morning

9:00

8:00

8:00

8:30

9:00

8:30

10:30

9:00

8:30

8:30

4aAA

4aBA

4aNS

4aPA

4aPP

4aSAa

4aSAb

4aSC

4aSP

4aUW

Architectural Acoustics, Musical
Acoustics, Education in Acoustics, and
Noise: Music Education Facilities I. Plaza
Ballroom F

Biomedical Acoustics: General Topics in
Biomedical Acoustics: Elastography and
Therapeutics. Governors Square 15

Noise and Psychological and Physiological
Acoustics: Health Effects of Noise. Plaza
Ballroom D

Physical Acoustics: General Topics in
Physical Acoustics I. Governors
Square 11

Psychological and Physiological
Acoustics: Psychophysics, Methods,
Models (Poster Session). Plaza Exhibit Hall

Structural Acoustics and Vibration:
Absorption, Isolation, and Noise Mitigation.
Governors Square 12

Structural Acoustics and Vibration:
Acoustic Radiation from Structures.
Governors Square 12

Speech Communication: Perspectives
on Long-Distance Coarticulation. Plaza
Ballroom E

Signal Processing in Acoustics,
Computational Acoustics, Underwater
Acoustics, and Physical Acoustics:
Model Based Signal Processing, Bayesian
Learning, and Machine Learning I.
Governors Square 16

Underwater Acoustics: General Topics
in Underwater Acoustics II. Governors
Square 14

Thursday Afternoon

1:30

1:00

1:20

4pAA

4pAB

4pAO
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Architectural Acoustics, Musical
Acoustics, Education in Acoustics, and
Noise: Music Education Facilities II. Plaza
Ballroom F

Animal Bioacoustics, Noise, Acoustical
Oceanography, and Underwater
Acoustics: Acoustical Impacts and
Monitoring Protocols Associated with
Offshore Windfarms. Governors Square 17

Acoustical Oceanography: Topics in
Acoustical Oceanography. Governors
Square 14
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1:30

1:00

1:00

1:00

A14

4pBA  Biomedical Acoustics, Education

in Acoustics, and Physical Acoustics:
Ultrasound and Its Role in Powering,
Sensing and Communicating for Medical
and Non-Medical Applications. Governors

Square 15

4pEA  Engineering Acoustics, Education in

Acoustics Architectural Acoustics,

Noise, and Physical Acoustics: Low
Cost Acoustical Measurement Systems.

Governors Square 10

4pNS  Noise, Architectural Acoustics, Signal
Processing in Acoustics, Computational

Acoustics, and Psychological and

Physiological Acoustics: Soundscape and

Virtual Reality. Plaza Ballroom A

4pPA  Physical Acoustics, Structural Acoustics
and Vibration, Signal Processing in
Acoustics, Engineering Acoustics, and
Computational Acoustics: Machine

Learning in Acoustic Metamaterials.
Governors Square 11
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1:30  4pPP

1:00 4pSC

1:00  4pSP

Psychological and Physiological Acoustics:
Human and Animal Physiology (Poster
Session). Plaza Exhibit Hall

Speech Communication: Speech Perception
I (Poster Session). Plaza Exhibit Hall

Signal Processing in Acoustics,
Computational Acoustics, Underwater
Acoustics, and Physical Acoustics: Model
Based Signal Processing, Bayesian Learning,
and Machine Learning II. Governors Square 16

Friday Morning

8:30 5aAA

8:00 5aPA

9:00 5aSC

9:00 5aUW

Architectural Acoustics, ASA
Committee on Standards, and Noise: Courts
and Municipal Buildings. Plaza Ballroom F

Physical Acoustics: General Topics in
Physical Acoustics II. Governors Square 11

Speech Communication: Speech Perception
II (Poster Session). Plaza Exhibit Hall

Underwater Acoustics: General Topics
in Underwater Acoustics III. Governors
Square 14
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182" Meeting of the Acoustical Society of America

The 182nd meeting of the Acoustical Society of America
will be held Monday through Friday, 23-27 May 2022 at
the Sheraton Denver Downtown Hotel, Denver Colorado,
USA.
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32. GUIDELINES FOR USE OF COMPUTER PROJECTION
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PROGRAM ORGANIZING

1. COVID-19 VACCINATION REQUIREMENT FOR

ATTENDANCE

All meeting attendees are required to show proof that they
are fully vaccinated.

To be fully vaccinated means that you have received the
minimum number of required vaccination shots for the type of
vaccine that you have received.
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2. HOTEL INFORMATION

The Sheraton Denver Downtown is the headquarters hotel
where all meeting events will be held.

The cut-off date for reserving rooms at special rates has
passed. Please contact the Sheraton (1550 Court Pl, Denver,
CO 80202, Phone: (303) 893-3333) for information about
room availability.

3. TRANSPORTATION AND TRAVEL

Visit  https://www.denver.org/listing/denver-international-
airport/4065/ for ground transportation options between the
Denver airport and the Sheraton Denver Downtown Hotel.

4. REGISTRATION

Registration is required for all attendees and accompanying
persons. Registration badges must be worn in order to
participate in technical sessions and other meeting activities.

Registration will open on Monday, 23 May, at 7:00 a.m. in
the Plaza Exhibit Hall (see floor plan on page A10).

Checks in U.S. funds drawn on U.S. banks and Visa,
MasterCard and American Express credit cards will be
accepted for payment of registration. Meeting attendees who
have pre-registered may pick up their badges and registration
materials at the pre-registration desk.

The registration fees (in USD) are $725 for members of
the Acoustical Society of America; $925 for non-members,
$250 for Emeritus members (Emeritus status pre-approved
by ASA), $425 for ASA Early Career members (for ASA
members within three years of their most recent degrees —
proof of date of degree required), $200 for ASA Student
members, $300 for students who are not members of ASA,
$25 for Undergraduate Students, and $250 for accompanying
persons.

One-day registration is available at $425 for members and
$500 for nonmembers (one-day means attending the meeting
on only one day either to present a paper and/or to attend
sessions). A nonmember who pays the $925 nonmember
registration fee and simultaneously applies for Associate
Membership in the Acoustical Society of America will be
given a $50 discount off their dues payment for 2022 dues.

Invited speakers who are members of the Acoustical
Society of America are expected to pay the Member full-week
or one-day registration fees. Nonmember invited speakers
who participate in the meeting only on the day of their
presentation may register without charge. The registration fee
for nonmember invited speakers who wish to participate for
more than one day is $400 and includes a one-year Associate
Membership in the ASA upon completion of an application
form.

Special note to students who pre-registered online: You
will also be required to show your student id card when
picking-up your registration materials at the meeting.

5. ACCESSIBLITY
If you have special accessibility requirements, please
indicate this by informing ASA (1305 Walt Whitman Road,
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Suite 110, Melville, NY 11747-4300; asa@acousticalsociety.
org) at a minimum of thirty days in advance of the meeting.
Please provide a cell phone number, email address, and detailed
information including the nature of the special accessibility so
that we may contact you directly.

6. TECHNICAL SESSIONS

The technical program includes 93 sessions with over 800
abstracts scheduled for presentation during the meeting.

A floor plan of the Sheraton Denver Downtown Hotel
appears on page A10. Session Chairs have been instructed to
adhere strictly to the printed time schedule, both to be fair to all
speakers and to permit attendees to schedule moving from one
session to another to hear specific papers. If an author is not
present to deliver a lecture-style paper, the Session Chairs have
been instructed either to call for additional discussion of papers
already given or to declare a short recess so that subsequent
papers are not given ahead of the designated times.

Several sessions are scheduled in poster format, with the
display times indicated in the program schedule.

7. TECHNICAL SESSION DESIGNATIONS
Abstract code examples: 1aAA1, 2pBAb4, 1eID1

The first character is a number indicating the day the session
will be held, as follows:

1-Monday, 23 May

2-Tuesday, 24 May

3-Wednesday, 25 May

4-Thursday, 26 May

5-Friday, 27 May

The second character is a lower case “a” for a.m., “p” for
p-m., or “e” for evening corresponding to the time of day the
session will take place. The third and fourth characters are
capital letters indicating the primary Technical Committee that
organized the session using the following abbreviations or codes:

AA  Architectural Acoustics

AB  Animal Bioacoustics

AO  Acoustical Oceanography

BA Biomedical Acoustics

CA Computational Acoustics

EA  Engineering Acoustics

ED Education in Acoustics

ID  Interdisciplinary

MU Musical Acoustics

NS  Noise

PA  Physical Acoustics

PP  Psychological and Physiological Acoustics

SA  Structural Acoustics and Vibration

SC  Speech Communication

SP  Signal Processing in Acoustics

UW  Underwater Acoustics

In sessions where the same group is the primary organizer
of more than one session scheduled in the same morning or
afternoon, a fifth character, either lower-case “a,” or “b,” is
used to distinguish the sessions. Each paper within a session is
identified by a paper number following the session-designating
characters, in conventional manner. As hypothetical examples:
paper 2pEA3 would be the third paper in a session on Tuesday
afternoon organized by the Engineering Acoustics Technical
Committee; 3pSAb5 would be the fifth paper in the second
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of two sessions on Wednesday afternoon sponsored by the
Structural Acoustics and Vibration Technical Committee.

Note that technical sessions are listed both in the calendar
and the body of the program in the numerical and alphabetical
order of the session designations rather than the order of their
starting times. For example, session 3aAA would be listed
ahead of session 3aAQO even if the latter session begins earlier
in the same morning.

8. HOT TOPICS SESSION
The Hot Topics session (3pID) will be held on Wednesday,
25 May, at 2:40 p.m. in Plaza Ballroom D.

9. OTHER SPECIAL EVENTS

The Member Engagement Committee has organized
Careers Beyond Academia Panel oriented towards those in
academia who want to expand their careers into industry,
form a small business, or become a consultant. Panelists have
a mixture of academic and industry experience. Panelists
will discuss the motivation for moving beyond academia, the
difficulties making the transition, and challenges in having a
dual career in academia and private industry. Panelists will be
available for one-on-one discussion at the end of the panel.
Panel sponsored by the Membership Engagement Committee
and Task Force for Industry and Practitioners. Organizers:
Derek Olson, Diane Kewley-Port, and Derrick Knight.

The panel will be held on 26 May, 4:00 p.m. to 6:00 p.m. in
Directors Row 1.

A workshop on Building Equitable Professional Networks
Through Mentored Relationship has been organized by the
Member Engagement Committee and the Committee to
Improve Racial Diversity and Inclusivity.

ASA has made a commitment to fostering inclusion in all
that we do. A first step is for the society to provide access to
professional growth and development opportunities for members
of historically marginalized groups. ASA recognizes that our
society is better when we work together. Access is not enough.
Our success in this initiative depends on developing formal
and informal networks of mentors, fellows, and sponsors. This
workshop will provide an overview on developing networking
and mentoring relationships with peers and students including
members of historically marginalized groups. Our goalistoensure
members of historically marginalized groups are welcomed into
our society and receive opportunities to advance in the field
of acoustics in an engaged and an inclusive environment. The
workshop will focus on the process of building a professional
network, developing effective mentoring relationships, and
connecting as peer-to-peer mentors. This workshop is intended
for professionals and students from all career levels from both
academic institutions and industry. Organizers are Yolanda Holt,
Susannah Levi, and Kimberly Riegel.

The workshop will be held on Thursday, 26 May, 10:00
a.m. in Directors Row I.

10. HARTMANN PRIZE IN AUDITORY
NEUROSCIENCE AND AUDITORY
NEUROSCIENCE PRIZE LECTURE

The Hartmann Prize in Auditory Neuroscience will be
presented at the Denver meeting during the Plenary Session
on Wednesday, 25 May.
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Dr. Philip Joris will present the Auditory Neuroscience
Prize Lecture titled “Coincidences and Delays in Disguise”
in session 3pPP 1:20 p.m. to 2:25 p.m. in Plaza Ballroom D.

11. TECHNICAL COMMITTEE OPEN MEETINGS

Technical Committees will hold open meetings on
Tuesday, Wednesday, and Thursday. The schedule and rooms
for each Committee meeting are given on page A9.

These are working, collegial meetings. Much of the work
of the Society is accomplished by actions that originate and
are taken in these meetings including proposals for special
sessions, workshops, and technical initiatives. All meeting
participants are cordially invited to attend these meetings
and to participate actively in the discussions.

12. PLENARY SESSION AND AWARDS CEREMONY

A plenary session will be held Wednesday, 25 May, at 4:30
p.m. in Plaza Ballroom ABC.

ASA scholarship recipients will be introduced. The
Hartmann Prize in Auditory Neuroscience, the Silver Medal in
Noise, the R. Bruce Lindsay Award, the Helmholtz-Rayleigh
Interdisciplinary Silver Medal in Architectural Acoustics and
Engineering Acoustics, and the Gold Medal will be presented,
Certificates will be presented to Fellows elected at the Seattle
meeting. See page A192 for a list of fellows and award
recipients.

All attendees are welcome and encouraged to attend. Please
join us to honor and congratulate these medalists and other
award recipients.

13. ANSI STANDARDS COMMITTEES

Meetings of ANSI Accredited Standards Committees will
be held at the Denver meeting. Please see the Schedule of
Committee Meetings and Other Events on page A9 for the
schedule of Standards Committee meetings and Standards
working group meetings.

People interested in attending and in becoming involved in
working group activities should contact the ASA Standards
Manager for further information about these groups, or about
the ASA Standards Program in general, at the following
address: Nancy Blair-DeLeon, ASA Standards Manager,
Standards Secretariat, Acoustical Society of America, 1305
Walt Whitman Road, Suite 110, Melville, NY 11747-4300; T.:
631-390-0215; E: asastds @acousticalsociety.org

14. COFFEE BREAKS
Morning coffee breaks will be held from 9:45 a.m. to 11:00
a.m. in the Plaza Exhibit Hall.

15. A/V PREVIEW ROOM

Plaza Court 7 will be set up as an A/V preview room for
authors’ convenience and will be available on Monday through
Thursday from 7:00 a.m. to 5:00 p.m. and Friday from 7:00
a.m. to 12:00 noon.

16. INTERNET ZONE

Wi-Fi will be available in all ASA meeting rooms and
spaces.

Tables with power cords will be set up in the Plaza Exhibit
Hall for attendees to gather and to power-up their electronic
devices.
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17. LACTATION ROOM

A lactation room for ASA meeting attendees will be
available Monday to Friday, 23-27 May in Plaza Court 6. The
hours are Monday to Thursday, 8:00 a.m. to 5:00 p.m. and
Friday, 8:00 a.m. to 12:00 noon.

18. PROCEEDINGS OF MEETINGS ON ACOUSTICS
(POMA)

The Denver meeting will have a published proceedings, and
submission is optional. The proceedings will be a separate
volume of the online journal, “Proceedings of Meetings
on Acoustics” (POMA). This is an open access journal, so
that its articles are available in pdf format for downloading
without charge to anyone in the world. Authors who are
scheduled to present papers at the meeting are encouraged to
prepare a suitable version in pdf format that will appear in
POMA. It is not necessary to wait until after the meeting to
submit one’s paper to POMA. Further information regarding
POMA can be found at the site http://acousticsauthors.org.
Published papers from previous meeting can be seen at the site
http://asadl/poma.

19. SOCIALS

Socials will be held on Tuesday and Thursday evenings,
6:00 p.m. to 7:30 p.m. in the Plaza Ballroom.

The ASA hosts these social hours to provide a relaxing
setting for meeting attendees to meet and mingle with their
friends and colleagues as well as an opportunity for new
members and first-time attendees to meet and introduce
themselves to others in the field. A second goal of the socials
is to provide a sufficient meal so that meeting attendees can
attend the open meetings of Technical Committees that begin
immediately after the socials

20. SOCIETY LUNCHEON AND LECTURE

The Society Luncheon and Lecture, sponsored by the
College of Fellows, will be held Thursday, 26 May, at 12:00
noon in the Windows Room (Tower Building).

This luncheon is open to all attendees and their guests
Purchase your tickets at the Registration Desk before 10:00
a.m. on Wednesday, 25 May. The cost is USD $30.00 per
ticket.

21. STUDENT EVENTS: NEW STUDENTS/
FIRST-TIME ATTENDEE ORIENTATION,
MEET AND GREET, STUDENT RECEPTION

Follow the student twitter throughout the meeting @
ASAStudents,

A New Students/First-Time Attendee Orientation will
be held on Monday, 23 May, from 5:00 p.m. to 5:30 p.m in
Governors Square 14. This will be followed by the Student
Meet and Greet from 5:30 p.m. to 6:45 p.m. in the Windows
Room (Tower Building) where refreshments and a cash bar
will be available.

The Students’ Reception will be held on Wednesday, 25
May, from 6:00 p.m. to 8:00 p.m. in the Windows Room
(Tower Building). This reception, will provide an opportunity
for students to meet informally with fellow students and
other members of the Acoustical Society. All students are
encouraged to attend, especially students who are first time
attendees or those from smaller universities.
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To encourage student participation, limited funds are
available to defray partially the cost of travel expenses of
students to attend Acoustical Society meetings. Instructions
for applying for travel subsidies are given in the Call for
Papers which can be found online at http://acousticalsociety.
org. The deadline for the present meeting has passed but this
information may be useful in the future.

22. WOMEN IN ACOUSTICS LUNCHEON

The Women in Acoustics luncheon will be held at 11:45
a.m. on Wednesday, 25 May, in the Windows Room (Tower
Building). Those who wish to attend must purchase their tickets
in advance by 10:00 a.m. on Tuesday, 24 May. The fee is USD
$30 for non-students and USD $15 for students.

23. JAM SESSION

You are invited to the JAM on Wednesday night, 25 May,
from 8:00 p.m. to midnight to be held at the Sheraton Hotel
in the Plaza Ballroom. Bring your axe, horn, sticks, voice, or
anything else that makes music. Musicians and non-musicians
are all welcome to attend. A full PA system, backline
equipment, guitars, bass, keyboard, and drum set will be
provided. All attendees will enjoy live music, a cash bar with
snacks, and all-around good times. Don’t miss out.

24. ACCOMPANYING PERSONS PROGRAM

Spouses and other visitors are welcome at the Denver
meeting. The on-site registration fee for accompanying persons
is USD $250. A hospitality room for accompanying persons
will be open in Plaza Court 4 8:00 a.m. to 10:00 a.m. Monday
through Friday. This entitles you access to the accompanying
persons room, social events on Tuesday and Thursday, the Jam
Session, and the Plenary Session on Wednesday afternoon.

25. WEATHER

Spring brings showers and snow but also sunshine.
Temperatures are pleasant for most of the spring, and many
outdoor attractions begin opening mid- to late-season. The
increasing temperature and sunshine bring a spring bloom to
the city which attracts birds and butterflies, especially in April
and May. It can get cool at night, but freezing temperatures
are generally uncommon after mid-spring, which makes it an
excellent time to experience the city. Average temperatures:
High: 71 degrees F; Low: 44 degrees F.

26. TECHNICAL PROGRAM ORGANIZING

COMMITTEE

Carrie Wall, Technical Program Chair; Christopher Bassett,
Acoustical Oceanography; Michael Smotherman, Animal
Bioacoustics; David Manley, Brandon Cudequest, Architec-
tural Acoustics; Kang Kim, Libertario Demi, Biomedical
Acoustics; Amanda Hanford, Computational Acoustics; Daniel
Russell, Education in Acoustics; Michael Haberman, Thomas
Blanford, Engineering Acoustics; Kurt Hoffman, Taffeta
Elliott, Musical Acoustics; Aaron Vaughn, James Phillips,
Hales Swift; Noise; Kevin Lee, Samuel Wallen, Physical
Acoustics; Ellen Peng, Gregory Ellis, Psychological and
Physiological Acoustics; Kai Gemba, Trevor Jerome, Signal
Processing in Acoustics; Christina Zhao, Rajka Smiljanic,
Matthew Masapollo, Matthew Winn, Speech Communication;
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Anthony Bonomo, Stephanie Konarski, Structural Acoustics
and Vibration; Arjun Song, Underwater Acoustics.

27. MEETING ORGANIZING COMMITTEE

Dana S. Hougland, Chair; Carrie Wall, Technical Program
Chair; Michael Calvisi, Stuart McGregor, Signs Monique
Alexander, Accompanying Persons, Room Monitors.

28. PHOTOGRAPHING AND RECORDING

Photographing and recording during regular sessions are
not permitted without prior permission from the Acoustical
Society.

29. ABSTRACT ERRATA

This meeting program is Part 2 of the April 2022 issue of
The Journal of the Acoustical Society of America. Corrections,
for printer’s errors only, may be submitted for publication in
the Errata section of the Journal.

30. GUIDELINES FOR ORAL PRESENTATIONS,

Preparation of Visual Aids

e See the guidelines for computer projection in section 41
below.

e Allow at least one minute of your talk for each slide (e.g.,
PowerPoint). No more than 12 slides for a 15-minute talk
(with 3 minutes for questions and answers).

e Minimize the number of lines of text on one visual aid. 12
lines of text should be a maximum. Include no more than 2
graphs/plots/figures on a single slide. Too little information
is better than too much.

e Presentations should contain simple, legible text that is
readable from the back of the room.

e Characters should be at least 0.25 inches (6.5 mm) in
height to be legible when projected. A good rule of thumb
is that text should be 20 point or larger (including labels
in inserted graphics). Anything smaller is difficult to read.

e Make symbols at least 1/3 the height of a capital letter.

e For computer presentations, use all of the available screen
area using landscape orientation with very thin margins. If
your institutions logo must be included, place it at the bot-
tom of the slide.

e Sans serif fonts (e.g., Arial, Calibri, and Helvetica) are
much easier to read than serif fonts (e.g., Times New Ro-
man) especially from afar. Avoid thin fonts (e.g., the hori-
zontal bar of an e may be lost at low resolution thereby
registering as a c.)

e Do not use underlining to emphasize text. It makes the text
harder to read.

e All axes on figures should be labeled.

e No more than 3-5 major points per slide.

e Consistency across slides is desirable. Use the same
background, font, font size, etc. across all slides.

e Use appropriate colors. Avoid complicated backgrounds
and do not exceed four colors per slide. Backgrounds that
change from dark to light and back again are difficult to
read. Keep it simple.

e Ifusing a dark background (dark blue works best), use white
or yellow lettering. If you are preparing slides that may be
printed to paper, a dark background is not appropriate.
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If using light backgrounds (white, off-white), use dark
blue, dark brown or black lettering.
DVDs should be in standard format.

Presentation

Organize your talk with introduction, body, and summary
or conclusion. Include only ideas, results, and concepts that
can be explained in the allotted time. Four elements to in-
clude are:

Statement of research problem

Research methodology

Review of results

Conclusions

No more than 3-5 key points can be covered adequately in
a 15-minute talk so keep it concise.

Rehearse your talk so you can confidently deliver it in the
allotted time. Session Chairs have been instructed to adhere
to the time schedule and to stop your presentation if you
run over.

An A/V preview room will be available for viewing
computer presentations before your session starts. It is
advisable to preview your presentation because in most
cases you will be asked to load your presentation onto a
computer which may have different software or a different
configuration from your own computer.

Arrive early enough so that you can meet the session chair,
load your presentation on the computer provided, and fa-
miliarize yourself with the microphone, computer slide
controls, laser pointer, and other equipment that you will
use during your presentation. There will be many present-
ers loading their materials just prior to the session so it is
very important that you check that all multi-media elements
(e.g., sounds or videos) play accurately prior to the day of
your session.

Each time you display a visual aid the audience needs
time to interpret it. Describe the abscissa, ordinate, units,
and the legend for each figure. If the shape of a curve or
some other feature is important, tell the audience what they
should observe to grasp the point. They won’t have time
to figure it out for themselves. A popular myth is that a
technical audience requires a lot of technical details. Less
can be more.

Turn off your cell phone prior to your talk and put it away
from your body. Cell phones can interfere with the speak-
ers and the wireless microphone.

31. SUGGESTIONS FOR EFFECTIVE POSTER

PRESENTATIONS

Content

A19

The poster should be centered around two or three key
points supported by the title, figures, and text. The poster
should be able to “stand alone.” That is, it should be under-
standable even when you are not present to explain, dis-
cuss, and answer questions. This quality is highly desirable
since you may not be present the entire time posters are on
display, and when you are engaged in discussion with one
person, others may want to study the poster without inter-
rupting an ongoing dialogue.
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To meet the “stand alone” criteria, it is suggested that the
poster include the following elements, as appropriate:
Background

Objective, purpose, or goal

Hypotheses

Methodology

Results (including data, figures, or tables)

Discussion

Implications and future research

References and Acknowledgment

Design and layout

A board approximately 8 ft. wide x 4 ft. high will be
provided for the display of each poster. Supplies will
be available for attaching the poster to the display board.
Each board will be marked with an abstract number.
Typically, posters are arranged from left to right and top
to bottom. Numbering sections or placing arrows between
sections can help guide the viewer through the poster.
Centered at the top of the poster, include a section with
the abstract number, paper title, and author names and
affiliations. An institutional logo may be added. Keep the
design simple and uncluttered. Avoid glossy paper.

Lettering and text

Font size for the title should be large (e.g., 70-point font)
Font size for the main elements should be large enough
to facilitate readability from 2 yards away (e.g., 32-point
font). The font size for other elements, such as references,
may be smaller (e.g., 20-24 point font).

Sans serif fonts (e.g., Arial, Calibri, Helvetica) are much
easier to read than serif fonts (e.g., Times New Roman).
Text should be brief and presented in a bullet-point list as
much as possible. Long paragraphs are difficult to read in a
poster presentation setting.

Visuals

Graphs, photographs, and schematics should be large
enough to see from 2 yards (e.g., 8 x 10 inches).

Figure captions or bulleted annotation of major findings
next to figures are essential. To ensure that all visual el-
ements are “stand alone,” axes should be labeled and all
symbols should be explained.

Tables should be used sparingly and presented in a
simplified format.

Presentation

Prepare a brief oral summary of your poster and short
answers to questions in advance.

The presentation should cover the key points of the poster
so that the audience can understand the main findings.
Further details of the work should be left for discussion
after the initial poster presentation.

It is recommended that authors practice their poster presen-
tation in front of colleagues before the meeting. Authors
should request feedback about the oral presentation as well
as poster content and layout.
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Other suggestions

* You may wish to prepare reduced-size copies of the poster
(e.g., 8 1/2 x 11 sheets) to distribute to interested audience
members.

32. GUIDELINES FOR USE OF COMPUTER
PROJECTION

A PC computer with monaural audio playback capability
and projector will be provided in each meeting room on
which all authors who plan to use computer projection should
load their presentations. Authors should bring computer
presentations on a CD or USB drive to load onto the provided
computer and should arrive at the meeting rooms at least 30
minutes before the start of their sessions. Assistance in loading
presentations onto the computers will be provided.

Note that only PC format will be supported so authors
using Macs must save their presentations for projection in
PC format. Also, authors who plan to play audio during their
presentations should ensure that their sound files are also
saved on the CD or USB drive.

Introduction

It is essential that each speaker who plans to use his/her
own laptop connect to the computer projection system in the
A/V preview room prior to session start time to verify that
the presentation will work properly. Technical assistance is
available in the A/V preview room at the meeting, but not in
session rooms. Presenters whose computers fail to project for
any reason will not be granted extra time.

Guidelines

* Set your computer’s screen resolution to 1024x768 pixels
or to the resolution indicated by the AV technical support.
If it looks OK, it will look OK to your audience during
your presentation.

e Remember that graphics can be animated or quickly tog-
gled among several options: Comparisons between figures
may be made temporally rather than spatially.

* Animations often run more slowly on laptops connected
to computer video projectors than when not so connected.
Test the effectiveness of your animations before your as-
signed presentation time on a similar projection system
(e.g., in the A/V preview room). Avoid real-time calcula-
tions in favor of pre-calculation and saving of images.

e If you will use your own laptop instead of the computer
provided, connect your laptop to the projector during the
question/answer period of the previous speaker. It is good
protocol to initiate your slide show (e.g., run PowerPoint)
immediately once connected, so the audience doesn’t have to
wait. If there are any problems, the session chair will endeav-
or to assist you, but it is your responsibility to ensure that the
technical details have been worked out ahead of time.

* During the presentation have your laptop running with
main power instead of using battery power to ensure that
the laptop is running at full CPU speed. This will also guar-
antee that your laptop does not run out of power during
your presentation.
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Specific Hardware Configurations

Macintosh
Older Macs require a special adapter to connect the video

output port to the standard 15-pin male DIN connector. Make

sure you have one with you.

e Hook everything up before powering anything on. (Con-
nect the computer to the RGB input on the projector).

e Turn the projector on and boot up the Macintosh. If this
doesn’t work immediately, you should make sure that your
monitor resolution is set to 1024x768 for an XGA projector
or at least 640x480 for an older VGA projector. (1024x768
will most always work.). You should also make sure that
your monitor controls are set to mirroring.

e If it’s an older PowerBook, it may not have video mirror-
ing, but something called simulscan, which is essentially
the same.

e Depending upon the vintage of your Mac, you may have
to reboot once it is connected to the computer projector
or switcher. Hint: you can reboot while connected to the
computer projector in the A/V preview room in advance of
your presentation, then put your computer to sleep. Macs
thus booted will retain the memory of this connection when
awakened from sleep.

* Depending upon the vintage of your system software, you
may find that the default video mode is a side-by-side con-
figuration of monitor windows (the test for this will be that
you see no menus or cursor on your desktop; the cursor will
slide from the projected image onto your laptop’s screen as
it is moved). Go to Control Panels, Monitors, configura-
tion, and drag the larger window onto the smaller one. This
produces a mirror-image of the projected image on your
laptop’s screen.

e Also depending upon your system software, either the
Control Panels will automatically detect the video pro-
jector’s resolution and frame rate, or you will have to set
it manually. If it is not set at a commensurable resolu-
tion, the projector may not show an image. Experiment
ahead of time with resolution and color depth settings in
the A/V preview room (please don’t waste valuable time
adjusting the Control Panel settings during your allotted
session time).

PC

e Make sure your computer has the standard female 15-pin
DE-15 video output connector. Some computers require an
adaptor.

e Once your computer is physically connected, you will
need to toggle the video display on. Most PCS use either
ALT-F5 or F6, as indicated by a little video monitor icon
on the appropriate key. Some systems require more elabo-
rate keystroke combinations to activate this feature. Verify
your laptop’s compatibility with the projector in the A/V
preview room. Likewise, you may have to set your laptop’s
resolution and color depth via the monitor’s Control Panel
to match that of the projector, which settings you should
verify prior to your session.
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Linux

e Most Linux laptops have a function key marked CRT/
LCD or two symbols representing computer versus projec-
tor. Often that key toggles on and off the VGA output of
the computer, but in some cases, doing so will cause the
computer to crash. One fix for this is to boot up the BIOS
and look for a field marked CRT/LCD (or similar). This
field can be set to Both, in which case the signal to the lap-
top is always presented to the VGA output jack on the back
of the computer. Once connected to a computer projector,
the signal will appear automatically, without toggling the
function key. Once you get it working, don’t touch it and it
should continue to work, even after reboot.

A21  J. Acoust. Soc. Am., Vol. 151, No. 4, Pt. 2, April 2022

33. DATES OF FUTURE ASA MEETINGS

For further information on any ASA meeting, or to obtain
instructions for the preparation and submission of meeting
abstracts, contact the Acoustical Society of America, 1305
Walt Whitman Road, Suite 300, Melville, NY 11747-4300;
Telephone: 516-576-2360; Fax: 631-923-2875; E-mail: asa@
acousticalsociety.org

183rd Meeting, Nashville, Tennessee, 5-9 December 2022

184th Meeting, Chicago Illinois, 8-12 May 2023

185th Meeting, joint with the Australian Acoustical Society,
WESPAC, Sydney, Australia, 4-8 December 2023

189th Meeting, joint with the International Commission for
Acoustics, New Orleans, Louisiana, May 2025
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MONDAY MORNING, 23 MAY 2022 PLAZA BALLROOM F, 9:00 AM. TO 11:30 A.M.

Session 1aAA

Architectural Acoustics and Noise: Outdoor Performance and Sports Facilities

Bonnie Schnitta, Cochair
SoundSense, LLC, 39 Industrial Rd., Unit 6, PO Box 1360, Wainscott, NY 11975

Ted Pyper, Cochair
K2,5777 Central Ave., Suite 225, Boulder, CO 80301

Chair’s Introduction—9:00

Invited Papers

9:05

1aAAl. Actions and mathematical modeling that will bring noise levels from a racetrack or raceway to a level the community
will accept. Bonnie Schnitta (SoundSense, LLC, 39 Industrial Rd., Unit 6, PO Box1360, Wainscott, NY 11975, bonnie@soundsense.
com), Margot Criscitiello, Sean Harkin, Patrick Murray, and Collin G. Champagne (SoundSense, LLC, Wainscott, NY)

Historically, new and existing racetracks and raceways encounter conflict between owners, racecar drivers, and the surrounding com-
munity. Racecar drivers enjoy the thrill of a raceway, but neighboring residents often complain about the noise negatively impacting the
quiet enjoyment of their homes. This is true even when the homes are near a major highway or road. Raceways and neighboring com-
munities are attempting to find workable solutions without compromise to the safety and enjoyment of the raceway. The presentation
discusses objective information used to assist communities or town boards, nearby neighbors, and track owners to engage in productive
dialogue of the outcome of the possible solution sets. Multiple solution sets are discussed which are typically acceptable to all parties,
including various barriers and other innovative noise mitigation plans. The mathematical modeling and analysis of the topography
around the track is presented to show how the local terrain can be used to help to achieve the required level of track noise reduction. The
information will be presented through the lenses of three case studies. Two studies demonstrate solutions for specific raceways. The
other case study is used to further emphasize the importance of incorporating the local terrain into the solution set.

9:25

1aAA2. Threading the needle between acoustic performance and fabric tensile structures. Shane J. Kanter (Threshold Acoust., 141
W Jackson Blvd, Ste. 2080, Chicago, IL 60604, skanter@thresholdacoustics.com), Jennifer Nelson Smid (Threshold Acoust., Chicago,
IL), Carl P. Giegold (Threshold Acoust., Evanston, IL), Dawn Schuette, Robin Glosemeyer Petrone, and Chris Springthorpe (Threshold
Acoust., Chicago, IL)

Fabric tensile structures are a common architectural response to the need for an outdoor performance venue because they provide a
lightweight, durable shelter, capable of spanning large distances. Particular care is necessary when threading the needle between efficient
structural form and functional acoustic performance. This paper will discuss the acoustic design considerations necessary to yield the
best acoustic results when designing outdoor fabric tensile structures. Concepts such as geometry, materiality, and amplified audio will
be explored through the story of a few project examples.

9:45

1aAA3. The Dr. Phillips Center’s Front Yard Festival—A pandemic response that just might outlive the pandemic. Scott A.
Crossfield (Theatre Projects, 47 Water St., South Norwalk, CT 06854, scrossfield@theatreprojects.com)

When the doors of a Performing Arts Center are closed due to Covid, how can they carry on their mission to engage their community
in a safe, socially distanced way? Join Scott Crossfield ASTC from Theatre Projects as he tells the story of how the Dr. Phillips Center
in Orlando, Florida created the Front Yard Festival. Conceived as an innovative, yet temporary, 2000-seat outdoor venue intended to
bring much needed live entertainment, culture, and wellness to the community during the pandemic, it has been so successful that the
festival will become a permanent fixture for years to come.
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10:05

1aAAd4. Acoustics improvements to an outdoor music venue in an urban setting: A case study. Tim Gulsrud (Soundpost Acoust.,
LLC, 229 Terry St., Ste. #4, Longmont, CO 80501, tgulsrud@soundpostacoustics.com)

This paper presents a case study of acoustics improvements made to the Number 38 Social Hall located in Denver’s RiNo Arts Dis-
trict. The venue includes an outdoor music stage which is close to adjacent residential buildings, resulting in concerns about noise
impact on the residences. During the summer of 2021, improvements were made to the stage area to reduce these noise impacts. We will
review the changes made to the construction of the stage area, discuss sound level measurements made both before and after the
improvements, and comment on the overall acoustical results of the improvements.

10:25-10:40 Break

10:40

1aAAS. Noise abatement study for an amplified music outdoor amphitheater. David s. Woolworth (Roland, Woolworth & Assoc.,
356 County Rd. 102, Oxford, MS 38655-8604, dwoolworth@rwaconsultants.net)

Amplified music outdoors poses many challenges in regard to sound abatement and requires a multi-disciplinary approach that
includes sound system design and monitoring, programming considerations, architectural and landscaping sound control elements, and
conditions for outdoor sound propagation including atmospheric, ground impedance, barrier and topographic effects. An interdiscipli-
nary study was performed on the Brushy Creek Amphitheater in Hutto, Texas involving a local sound reinforcement company, audio
equipment manufacturer, a local acoustical consulting firm, and a national atmospheric research group. This paper will provide the ele-
ments and findings of a multi-disciplinary investigation to minimize impact of a newly located amphitheater on the local community.

Contributed Papers

11:00

1aAA6. Real-time atmospheric effects on sound propagation for a simulated
outdoor concert. David s. Woolworth (Roland, Woolworth & Assoc., 356
County Rd. 102, Oxford, MS 38655-8604, dwoolworth@rwaconsultants.net)

Outdoor live sound is best controlled at the sound source; computer sim-
ulation tools are available to estimate impact of concerts on nearby com-
munities using methods such as NORD 2000, ISO 9613-2, and CNOSSOS.
These methods utilize generalized temperature gradients and wind speed
profiles up to 100 m and can be useful and somewhat accurate up to 3 miles,
after which higher level atmospheric effects takeover. This paper will pro-
vide some examples of long rang propagation due to higher level atmos-
pheric effects, compare 3 mile radius modeling to real-time measurements
and examine some of the fluctuations over a 2-h simulated concert with
changing weather conditions and programming.
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11:15

1aAA7. Noise control of a seasonal outdoor ice rink. John Baldassano
(Ostergaard Acoust. Assoc., 1480 US 9, Woodbridge, NJ 07095,
jbaldassano@acousticalconsultant.com) and Joseph Keefe (Ostergaard
Acoust. Assoc., Woodbridge, NJ)

This presentation discusses our involvement with community noise
complaints, measurements, and noise control related to an outdoor ice rink.
This seasonal rink operates November—March each winter season and is
erected over municipal basketball courts. Residences in multiple municipal-
ities border the rink and are potentially affected by rink noise, including
amplified music, Zamboni operation, whistles, hockey sticks on ice, and
hockey pucks impacting boards. Pre- and post-noise control data are pre-
sented that show the effect of temporary measures applied in this challeng-
ing environment.
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MONDAY MORNING, 23 MAY 2022 GOVERNORS SQUARE 17, 8:20 A.M. TO 12:00 NOON

Session 1aAB

Animal Bioacoustics, Acoustical Oceanography, Underwater Acoustics, and Signal Processing
in Acoustics: Open-Source and Free Tools for Bioacoustics

Xavier Mouy, Cochair
Passive Acoustics Research Group, NOAA, 3377 SW 28th Terrace, Miami, FL 33133

Julie Oswald, Cochair
University of St Andrews, Scottish Oceans Institute, East Sands, St Andrews KY16 S8LB, United Kingdom

Chair’s Introduction—8:20

Invited Papers

8:25

1aABI. Identifying and building on the current state of bioacoustics software. Tessa Rhinehart (Biological Sci., Univ. of Pittsburgh,
Clapp Hall, Fifth and Ruskin Aves, Pittsburgh, PA 15260, tessa.rhinehart@pitt.edu), Samuel Lapp, and Justin Kitzes (Biological Sci.,
Univ. of Pittsburgh, Pittsburgh, PA)

Bioacoustics is a powerful and increasingly commonly used tool for terrestrial and marine biological assessments. As the scale of
bioacoustic data collection has increased, techniques for processing these data have diversified. However, with analysis methods rapidly
evolving and dozens of analysis software packages already available, it is challenging to identify which software, if any, meets a particu-
lar researcher’s needs. We reviewed bioacoustics software to identify packages aimed at or used by bioacoustics researchers in ecology.
We compiled descriptions of the function of 65 stable or actively developed software packages used for bioacoustics analyses. Of these,
59 were free or open-source packages. In addition, we developed free, open-source Python software, OpenSoundscape, that addresses
gaps in available software. OpenSoundscape simplifies the process of creating flexible, scalable deep learning algorithms for bioacoustic
analysis. It can be used to train binary or multiclass convolutional neural networks with any PyTorch-implemented model structure (e.g.,
ResNet50, Inception v3). Researchers can easily customize its spectrogram preprocessing and data augmentation routines to improve
model performance. OpenSoundscape also includes modules to work with annotated acoustic data, apply additional signal processing
algorithms, perform acoustic localization, and “open the black box” of deep learning using Grad-CAM.

8:45

1aAB2. MERIDIAN open-source software for deep learning-based acoustic data analysis. Oliver S. Kirsebom (Comput. Sci.,
Dalhousie Univ., 6050 University Ave. Halifax, NS B3H 4R2, Canada, oliver.kirsebom@dal.ca), Fabio Frazao, Bruno Padovese,
Sadman Sakib, Yue Su, and Stan Matwin (Comput. Sci., Dalhousie Univ., Halifax, NS, Canada)

Deep neural networks have the potential to transform our approach to developing acoustic detection and classification models, ena-
bling acousticians to develop or re-purpose such models through a fully data-driven approach requiring minimal knowledge of signal
processing, algorithm design, and programming. However, open-source software to facilitate this data-driven workflow is currently lack-
ing. MERIDIAN is working towards filling this gap through the development of several open-source software products, including the
Python package Ketos and the MAIPL (Marine Al PLatform) suite of web applications. While Ketos provides a high-level programming
interface for training deep neural networks at detecting and classifying sounds, MAIPL is a modular cloud computing service that sup-
ports the full model-development workflow. In this contribution, an overview of Ketos and MAIPL will be given and their functionalities
will be demonstrated through their application to the HALLO (Humans and ALgorithms Listening for Orcas) project. We highlight one
of the MAIPL tools, the MAIPL-Annotator, which provides a user-friendly interface for collaboratively annotating sound samples and
validating model predictions. Future developments will also be described, highlighting new MAIPL applications under development
such as the MAIPL-Adapter, a tool for adapting acoustic deep learning models to new acoustic environments.

9:05

1aAB3. PAMGuard: Open-source detection, classification, and Localization software. Jamie D. Macaulay (Sea Mammal Res. Unit,
Univ. of St Andrews, Sea Mammal Res. Unit, St Andrews, Fife KY16 8LB, United Kingdom, jdjm@st-andrews.ac.uk) and Douglas
Gillespie (Sea Mammal Res. Unit, Univ. of St Andrews, St Andrews, Scotland, United Kingdom)

The PAMGuard open-source software project was established in 2006 to provide a toolbox and app for the detection, classification,
and localization (DCL) of bioacoustic signals. Releases typically attract between 1500 and 3500 downloads. Primarily developed for ma-
rine mammals, users can configure PAMGuard to work with a wide variety of hardware configurations (single hydrophones, to complex
3D arrays) and DCL algorithms, depending on the species of interest. A Java code base and integrated multi-threading allow multiple
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DCL algorithms to be run in parallel enabling rapid analysis of large acoustic datasets. A comprehensive data management system and a
suite of interactive displays then allow users to visualize and annotate resulting data at temporal scales from milliseconds to years. This
combination of advanced analysis algorithms and powerful data visualization in both real-time, or reviewing data post-hoc, means PAM-
Guard provides both automatic and a proven and reliable human-in-the-loop approach to analysis. Developers can use the program’s
infrastructure to rapidly develop and deploy new algorithms; recently, an international collaboration has improved support for terrestrial
species and developed a new module to import acoustic deep learning models, enabling users to take advantage of PAMGuard’s data
management and visualization capabilities alongside the latest automated acoustic classifiers.

9:25

1aAB4. Development of deep neural networks for marine mammal call detection using an open-source, user friendly tool.
Elizabeth L. Ferguson (Ocean Sci. Analytics, San Diego, CA, eferguson@oceanscienceanalytics.com), Peter Sugarman (Humans &
Dolphins Talking, LLC, Bellevue, WA), Kevin R. Coffey (Univ. of Washington School of Medicine, Seattle, WA), Jennifer Pettis
Schallert (BioSci, LLC, Satellite Beach, FL), and Gabriela C. Alongi (Ocean Sci. Analytics, San Diego, CA)

As the collection of large acoustic datasets used to monitor marine mammals increases, so too does the need for expedited and reli-
able detection of accurately classified bioacoustic signals. Deep learning methods of detection and classification are increasingly pro-
posed as a means of addressing this processing need. These image recognition and classification methods include the use of a neural
networks that independently determine important features of bioacoustic signals from spectrograms. Recent marine mammal call detec-
tion studies report consistent performance even when used with datasets that were not included in the network training. We present here
the use of DeepSqueak, a novel open-source tool originally developed to detect and classify ultrasonic vocalizations from rodents in a
low-noise, laboratory setting. We have trained networks in DeepSqueak to detect marine mammal vocalizations in comparatively noisy,
natural acoustic environments. DeepSqueak utilizes a regional convolutional neural network architecture within an intuitive graphical
user interface that provides automated detection results independent of acoustician expertise. Using passive acoustic data from two
hydrophones on the Ocean Observatories Initiative’s Coastal Endurance Array, we developed networks for humpback whales, delphi-
nids, and fin whales. We report performance and limitations for use of this detection method for each species.

9:45

1aABS5. INSTINCT: The infrastructure for noise and soundscape tolerant investigation of nonspecific call types. Daniel F.
Woodrich (UW Cooperative Inst. for Climate, Ocean, & Ecosystem Studies, Univ. of Washington, 7600 Sand Point Way, Seattle, WA
98115, daniel.woodrich@noaa.gov)

INSTINCT is open-source, command line software for custom data pipelines, developed by the NOAA’s Alaska Fisheries Science
Center to formalize Al workflows for passive acoustic monitoring (PAM) of sounds produced by marine mammals and to provide a
framework for new algorithm development. INSTINCT is built in Python over the Luigi framework and was designed to be lightweight
and Window/Linux compatible. To promote collaboration, the software is partitioned into a core module and organization-governed sub-
modules. The original INSTINCT detection and classification algorithm has been applied to various Alaska region cetacean species and
presents a powerful CPU-based approach for those seeking to train, evaluate, and deploy a generalized detector. Furthermore,
INSTINCT pipelines are in development to train and deploy GPU-based algorithms, structure annotation workflows, and pioneer com-
plex workflows. Case studies will be presented to highlight the existing capabilities of the software and new workflows that are currently
being explored. This talk will also cover design philosophy, technical specifications, and instructions for implementation. Although
INSTINCT continues to progress at AFSC, it will benefit greatly from a larger network of collaborators, and ideally, will give back to
the community via innovation of new Al approaches in PAM.

10:05-10:20 Break

10:20

1aAB6. Combining neural network and sequence analyses to determine animal call repertoires. Vincent M. Janik (Dept. of
Biology, Univ. of St Andrews, St Andrews, Fife, United Kingdom, vj@st-andrews.ac.uk) and Julie Oswald (Dept. of Biology, Univ. of
St Andrews, St Andrews, Fife, United Kingdom)

Classifying frequency modulation patterns in animal signals is a challenging task depending on the level of stereotypy of call types.
Not only do graded transitions between types create problems for defining them, but animals also vary single parameters within types
without changing the overall shape of a modulation. One example for the latter is the variation in overall duration within call types of
delphinids. Deecke et al. (1999) developed an adaptive resonance theory neural network for killer whale calls to standardize classifica-
tion for dialect comparisons. This was later modified to make it usable for delphinid whistles by Deecke and Janik (2006) and is avail-
able as free software under the name ARTWARP. It creates categories by comparing frequency contours while time warping them to
allow for variation in overall duration. Average frequency contours of all resulting call types are provided to describe repertoires once
classification is complete. ARTWARP has recently been further improved to expand its analysis outputs and speed and can be used for
the classification of any animal signals with a tonal component. Tests of ARTWARP in combination with the SIGID sequence analysis
for signature whistles (Janik et al., 2013) provides an accurate repertoire of delphinid calls.
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10:40

1aAB7. Parselmouth for bioacoustics: Integrating Praat into the Python
scientific ecosystem. Yannick Jadoul (Comparative Bioacoustics, Max
Planck Inst. for Psycholinguistics, Wundtlaan 1, Nijmegen 6525 XD,
Netherlands, Yannick.Jadoul@mpi.nl), Diandra Duengen, and Andrea
Ravignani  (Comparative  Bioacoustics, Max Planck Inst. for
Psycholinguistics, Nijmegen, Netherlands)

As collected datasets become larger and computational analyses become
ever more complex, the efficient processing of bioacoustical data is a crucial
problem to tackle. Often, during data exploration and analysis, different
research software packages need to be flexibly combined in a script. A typi-
cal example of such a multi-faceted workflow is the extraction of acoustic
parameters from a recording, which are then plotted and tested for statistical
significance. Parselmouth is an open-source Python library for Praat, a
widely used acoustics and phonetics software package implementing acous-
tic algorithms and analyses regularly adopted in bioacoustics research. Par-
selmouth’s goal is to provide a full-fledged Python library that integrates
efficiently into the larger Python ecosystem. This way, it not only simplifies
the application of Praat’s functionality within a typical data analysis work-
flow but also enables the creation of new experimental tools. Parselmouth’s
contribution to bioacoustics research can be highlighted through concrete
examples of studies we have conducted, e.g., on vocal flexibility in seals.
Moreover, the integration of Praat’s functionality into a general-purpose
programming language allows for novel, more complex experimental set-
ups: for example, the integration of Parselmouth into a custom-created soft-
ware tool permits live-monitoring and instantly evaluating the vocal
development during animal training.

10:55

1aAB8. Parselmouth for bioacoustics: Analysis pipelines for seal
vocalizations. Andrea Ravignani (Comparative Bioacoustics, Max Planck
Inst. for Psycholinguistics, Wundtlaan 1, Nijmegen 6525 XD, Netherlands,
Andrea.Ravignani@mpi.nl), Laura  Torres Borda  (Comparative
Bioacoustics, Max Planck Inst. for Psycholinguistics, Nijmegen,
Netherlands), Heikki Rasilo (Artificial Intelligence Lab, Vrije Universiteit
Brussel, Elsene/Ixelles, Belgium), Anna Salazar Casals (Res. Dept.,
Sealcentre Pieterburen, Pieterburen, Netherlands), and Yannick Jadoul
(Comparative Bioacoustics, Max Planck Inst. for Psycholinguistics,
Nijmegen, Netherlands)

Every empirical research project includes bottlenecks at various levels.
In bioacoustics, one of these time-consuming bottlenecks corresponds to the
step of transforming a long stream of audio into acoustic properties of spe-
cific sounds. Here, we describe a data-extraction pipeline which integrates
manual annotation with Parselmouth’s powerful computational analyses.
This semi-supervised method allows extracting a large volume of sound fea-
tures with limited repetitive human “point and click.” We illustrate this
using recently published empirical research, where we focused on vocal pro-
duction learning and plasticity in pinnipeds. Faced with a species capable of
imitating sounds, fully automatic methods may misclassify individuals
(because of imitation), while the large number of calls make fully manual
approaches suboptimal and error-prone. Focusing on early vocal develop-
ment, we tested 1-3 weeks-old harbor seal pups (Phoca vitulina). Noise
playbacks served to induce seal pups to shift their fundamental frequency.
Pups’ spontaneous calls were recorded while exposed to bandpass-filtered
noise, which spanned and masked the animals’ fundamental frequency
range. After a summary manual annotation of calls’ boundaries, Parsel-
mouth identified these boundaries in the files, and automatically extracted
multiple sound parameters. Based on this, we found that pups modified their
vocalizations by lowering their fundamental frequency in response to noise.
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11:10

1aAB9. Automated detection of blue whale D-calls using deep learning
with a double-observer performance assessment. Shyam Madhusudhana
(K. Lisa Yang Ctr. for Conservation Bioacoustics, Cornell Univ., 159
Sapsucker Woods Rd., Ithaca, NY 14850, shyamm@cornell.edu), Brian S.
Miller (Australian Antarctic Div., Kingston, Tasmania, Australia), Meghan
G. Aulich (Ctr. for Marine Sci. & Technol., Curtin Univ., Perth, Western
Australia, Australia), and Nat Kelly (Australian Antarctic Div., Kingston,
Tasmania, Australia)

An automated algorithm for passive acoustic detection of blue whale D-
calls is developed based on established deep learning methods for image
recognition via the DenseNet architecture. Koogu—an open-source Python
package—was used for developing the detector. The detector was trained on
annotated acoustic recordings from the Antarctic, and the performance of
the detector was assessed by calculating precision and recall using a sepa-
rate independent dataset also from the Antarctic. Detections from both the
human analyst and automated detector were then inspected by a more expe-
rienced analyst to identify any calls missed by either approach and to adjudi-
cate whether the apparent false-positive detections from the automated
approach were actually true-positives. Lastly, an additional performance
assessment was conducted using double-platform methods (via a closed-
population Huggins mark recapture model) to assess the probability of
detection of both the human analyst and automated detector, based on the
assumption of false-positive-free and reconciled detections. According to
our double-platform analysis, the automated detector performed very well
with higher recall and fewer false-positives that the original human analyst.

11:25

1aAB10. Using passive acoustic monitoring and machine learning
analysis to investigate katydid ecology and behavior. Laurel Symes (K.
Lisa Yang Ctr. for Conservation Bioacoustics, Cornell Univ., 159 Sapsucker
Woods Rd., Ithaca, NY 14850, symes@cornell.edu), Hannah M. ter Hofstede
(Dartmouth College, Hanover, NH), Sharon J. Martinson (K. Lisa Yang Ctr.
for Conservation Bioacoustics, Cornell Univ., Ithaca, NY), Inga Geipel
(Smithsonian Tropical Res. Inst., Gamboa, Panama), Ciara E. Kernan
(Dartmouth College, Hanover, NH), and Shyam Madhusudhana (K. Lisa
Yang Ctr. for Conservation Bioacoustics, Cornell Univ., Ithaca, NY)

Passive acoustic monitoring (PAM) can provide detailed information on
the spatial and temporal distribution of sound producing insects. When com-
bined with machine learning approaches for extracting data from multiple
sites and multiple years, PAM can provide exceptionally detailed informa-
tion about the ecology of the calling insect community. We placed recording
devices in the forest canopy on Barro Colorado Island in Panama and used a
combination of manual annotation and machine learning analysis in Koogu
(an open source python package) to test the following hypotheses in
Neotropical forest katydids: (1) The forest canopy species assemblage will
consist disproportionately of katydid species with high flight and dispersal
ability (reflected by low wing-loading coefficients), (2) katydids aggregate
on an individual tree during the short window when a tree flushes new
leaves (resulting in short concordant peaks of signaling activity across mul-
tiple katydid species), and (3) in species with relatively short calling sea-
sons, males will have little time to accumulate nuptial gifts for females and
will instead invest in mate searching (reflected by high male:female sex
ratios in insects captured at lights). In changing forests, consistent
approaches for insect sampling will be key for understanding insect ecology
and generating interpretable and actionable data.

11:40-12:00
Panel Discussion
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Contributed Papers

8:45

laBAl. Spatiotemporal decomposition methods for nanobubble
contrast-enhanced ultrasound. Dana Wegierak (Biomedical Eng., Case
Western Reserve Univ., 2626 N Moreland Blvd, Apt. 16, Cleveland, OH
44120, dxw477@case.edu), Reshani Perera (Dept. of Radiology, Case
Western Reserve Univ., Cleveland, OH), Michaela Cooley (Biomedical
Eng., Case Western Reserve Univ., Cleveland, OH), Agata A. Exner (Dept.
of Radiology, Case Western Reserve Univ., Cleveland, OH), and Mahdi
Bayat (Case Western Reserve Univ., Cleveland, OH)

Nanobubble ultrasound contrast agents (NBs) offer enhanced access to
deep tumor tissue by extrapolation from vasculature. When combined with
targeting moieties, shell-stabilized nanobubbles can outperform other agents
used in molecular ultrasound imaging due to their small size. The visualiza-
tion and decoupling of extravasated and intravascular NBs is critical to fur-
thering nanobubble molecular imaging with ultrasound. Spatiotemporal
processing of echo data, usually via singular value decomposition (SVD),
enables enhanced decoupling of signals of stationary from moving scatterers
and therefore provides a novel tool for analysis of NB extravasation into the
parenchyma. Instead of trivial solutions, we have developed non-negative
SVD (nnSVD) methods applicable to most commercial scanners without
requiring the raw data. Additionally, our formulation allows addition of
proper regularizers, such as sparsity, to further expand the decomposition
dimensions. We validate these methods in phantom models and present how
the suggested decompositions can distinctly decouple flowing from extrava-
sated NBs in in vivo tumour models with enhanced permeability. Our results
show the successful tracking of nanobubble accumulation in tumour tissue
and can serve as a relative metric for molecular targeting of prostate cancer.
Further exploration of these methods could be used to improve long-term
imaging and drug delivery capabilities of NBs.

9:00

1laBA2. Sensitivity of the subharmonic responses from contrast
microbubbles to ambient pressure. Roozbeh Hassanzadeh Azami (Mech.
and Aerosp. Eng., The George Washington Univ., 800 22nd St. NW, Ste.
3000, Washington, DC 20052, roozbehazami@gwu.edu), Mehmet Yapar,
and Kausik Sarkar (Mech. and Aerosp. Eng., The George Washington
Univ., Washington, DC)

Microbubbles are well-known ultrasound contrast agents which can pro-
duce nonlinear oscillation leading to harmonic and subharmonic responses.
There has been an interest in utilizing this phenomenon for noninvasive
pressure estimation and its use in diagnosis of diseases such as portal hyper-
tension. The subharmonic response of a microbubble display three different
regimes with increasing excitation: occurrence, growth, and saturation. In
this study, subharmonic responses of lipid-shelled microbubbles were inves-
tigated with varying ambient pressures at different excitation parameters.
We observed that subharmonic sensitivity to ambient pressure varied differ-
ently in different excitation ranges. We also noted that applying overpres-
sure could induce subharmonic generation where there was no subharmonic
without overpressure. At occurrence stage, the sensitivity of subharmonic to
ambient pressure was significantly higher. This property can be utilized for
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improved pressure estimation with high sensitivity even at low acoustic
excitation.

9:15

1aBA3. Predicting acoustic emissions of ultrasound-driven lipid-coated
microbubbles. Soren Schenke, Rishav Saha (Otto-von-Guericke-Univ.
Magdeburg, Magdeburg, Germany), and Fabian Denner (Otto-von-
Guericke-Univ. Magdeburg, Universitatsplatz 2, Magdeburg 39106,
Germany, fabian.denner@ovgu.de)

Lipid-coated microbubbles excited by ultrasound are utilized in an
increasing number of diagnostic and therapeutic medical applications, in
which the acoustic waves emitted by the oscillating or collapsing bubbles
are the main protagonist. The emitted acoustic waves cause bioeffects, ena-
ble contrast enhancement for ultrasonic imaging, and serve as a reference to
monitor cavitation activity in situ. However, quantifying the acoustic waves
emitted by cavitation bubbles turns out to be difficult: the small and
extremely transient phenomenon is challenging to measure in experiments
with sufficient accuracy and state-of-the-art computational methods are lim-
ited in their ability to predict acoustic emissions reliably. In this contribu-
tion, we present our recent work on predicting acoustic emissions of
microbubbles based on Rayleigh-Plesset models and, more generally,
reduced-order models. Using the nonlinear Westervelt equation including
the motion of the bubble wall and the background medium as a result of the
bubble oscillations, we investigate the amplitude and frequency modulation
(e.g., due to nonlinear Doppler effects, thermoviscous attenuation or geo-
metric distortion) of acoustic waves emitted by lipid-coated microbubbles.
Additionally, we explore the capabilities of a reduced-order modeling
approach that drastically simplifies the computational complexity of simu-
lating these acoustic emissions.

9:30

1aBA4. Boundary element simulation of a collapsing coated
microbubble near a plane. Nima Mobadersany (Mech. and Aerosp. Eng,
George Washington Univ., Washington, DC) and Kausik Sarkar (Mech. and
Aerosp. Eng, George Washington Univ., 800 22nd NW, Washington, DC
20052, sarkar@ gwu.edu)

Ultrasound contrast agents are gas core micron size bubbles coated with
a layer of lipids/proteins to stabilize them against premature dissolution in
the bloodstream. In addition to enhancing the contrast of the image, contrast
agents have been implicated in numerous harmful and beneficial bioeffects.
In the present study, ultrasound excited collapse of a coated microbubble
near a plane has been studied using an axisymmetric Boundary Element
method. The coating of the microbubble is modeled as a viscoelastic inter-
face using an in-house developed strain-softening model (exponential elas-
ticity model). The influence of the shell model on the stability of the
numerical simulation during the microbubble jet formation has been investi-
gated. The numerical approach was compared and validated with earlier
studies. The effects of ultrasound excitation parameters and mechanical
properties of the coating, i.e., shell viscosity and elasticity, on the bubble
behaviors and the velocity and pressure in the surrounding fluid have been
studied.

182nd Meeting of the Acoustical Society of America ~ A30



9:45

1laBAS. Calibration of a focused passive cavitation detector using
bubble shock waves. Krit Sujarittam (Imperial College London, London,
United Kingdom) and James Choi (Imperial College London, London,
United Kingdom, j.choi@imperial.ac.uk)

In microbubble-mediated therapeutic ultrasound, a focused passive cavi-
tation detector (PCD) is often used to measure the bubbles’ acoustic emis-
sions, providing useful signals for treatment monitoring. However,
calibrating a spherically focused PCD is challenging, due to the difficulty of
generating a spherical wave that matches the PCD’s surface curvature.
Here, a PCD was calibrated using broadband shock waves generated by in-
ertial collapses of single microbubbles. Microbubbles were diluted to a very
low concentration, flowed through a wall-less gel channel, and sonicated
using single-cycle, 0.5-MHz-centre-frequency, 1-MPa acoustic pulses. The
focused PCD to be calibrated and a reference needle hydrophone captured
their emissions. The sensitivity and phase response of the PCD relative to
the reference hydrophone was calculated from the single bubble signals. For
comparison, the PCD was also calibrated using a focused emitter as a sound
source (Rich and Mast, JASA, 2015). The nominal PCD sensitivities
obtained using the two methods agreed within 1% * 14% within the PCD’s
bandwidth (2-10 MHz). The calibration data from the bubble method was
then used to correct the PCD’s signal distortions. Our method recovered the
impulse waveform of the bubble-generated shock wave from the raw PCD
signal, where such a waveform was not previously observed.

10:00

1aBA6. Self-organization of human stem cells into spheroids in a
multinode acoustic levitation. Mauricio Hoyos (PMMH, CNRS, ESPCI,
10 rue Vauquelin, Paris 75005, France, hoyos@pmmbh.espci.fr)

We present an approach based on acoustic levitation to grow the cells
without wall interactions in order to promote 3D cell architecture (spheroid,
organoid). The 3D microenvironment is indeed closer to /n Vivo physiologi-
cal behavior. The suspended cells are moved toward the acoustic pressure
nodes where they are trapped and maintained in acoustic levitation in per-
fectly straight monolayers reaching very quickly the classical confluency of
the cells in 2D culture. Interestingly, by maintaining the monolayers of
MSCs in culture over a 24-h period, the MSCs spontaneously self-organized
from cell sheets to cell spheroids with a characteristic time of about 10 h.
This approach of 3D cell culture is based on the use of the acoustic wave
coupled with microfluidics. We designed a standing wave cavity to generate
a large acoustic radiation force (ARF) with an optical access, which allows
the characterization of the self-organization dynamics. This 3D cell culture
method has been validated on MSCs over 24h experiments. The MSCs via-
bility has been checked. Moreover, they show a higher differentiation
capacity compared to standard 2D culture conditions. These results open the
path to long-time cell culture in acoustic levitation of cell sheets or sphe-
roids for any type of cells.

10:15-10:30 Break

10:30

1aBA7. The effect of stiffness and impurities on bubble nucleation in
polyacrylamide hydrogels. Ferdousi Sabera Rawnaque (Graduate Program
in Acoust., Penn State Univ., 210 East Hamilton Ave., Apt. 31, State
College, PA 16801, fmr5186@psu.edu) and Julianna C. Simon (Graduate
Program in Acoust., Penn State Univ., University Park, PA)

Tissue mimicking hydrogels can help us understand how viscoelastic
properties (stiftness, elastic modulus, etc.) of biological tissues impact bub-
ble nucleation. Adding impurities to hydrogels introduces inhomogeneities
and increases their similarity to biological tissues. In this study, we eval-
uated the effect of stiffness and impurities on bubble nucleation in poly-
acrylamide (PA) hydrogels. Bubble nuclei were evaluated in 17.5%, 20%,
and 22.5% v/v PA hydrogels, after which 0.25% w/v cholesterol crystals
(maximum dimension=0.6 mm) were embedded in the gels (n=3 each). A
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1.5 MHz focused ultrasound transducer was used to induce cavitation using
10-ms pulses with pressures ranging up to p,. =89 MPa, and p— =26 MPa
and —6 dB focal dimensions of 9.4 x 1.2 mm (p—). Image analysis from
high-speed photography showed bubble nucleation increases with increasing
peak negative pressure and decreasing hydrogel stiffness. Adding choles-
terol crystals largely decreases the acoustic cavitation threshold from
p—=19 MPa for 17.5% v/v hydrogels with no added impurities to p—=12
MPa for the same concentration hydrogel with added cholesterol crystals.
This suggests that hydrophobic cholesterol crystals weaken the gel or trap
bubble nuclei, thus lowering the cavitation threshold. Future work includes
investigating bubble nuclei in rat hepatocytes. [Work supported by NSF CA-
REER 1943937 and PSU Riess Fellowship.]

10:45

1aBAS8. Histotripsy bubble dynamics in tendon and anisotropic gel
phantoms. Jacob C. Elliott (Graduate Program in Acoust., The Penn State
Univ., Res. West, State College, PA 16801, jce29@psu.edu), Andrea
Arguelles (Eng. Sci. and Mech., The Penn State Univ., State College, PA),
and Julianna Simon (Graduate Program in Acoust., The Penn State Univ.,
University Park, PA)

Collagenous, anisotropic tissues such as tendon have demonstrated re-
sistance to liquefaction by histotripsy, despite the creation, oscillation, and
collapse of bubbles verified using B-mode imaging. The objective of this
work is to evaluate effects of anisotropy on bubble dynamics in tissue-mim-
icking hydrogels and compare to anisotropic tissues. Polyacrylamide, fibrin,
and collagen hydrogels were fabricated; ex vivo bovine tendons were
obtained. Sound speeds were measured in each axial direction to evaluate
degree of anisotropy. Hydrogels and tendons were exposed to 1.5-MHz
focused ultrasound with 10-ms pulses repeated at 1-Hz with p + =89 MPa,
p—=26 MPa. Cavitation activity was monitored with simultaneous high-
speed photography and passive cavitation imaging using a Philips/ATL
L7-4 transducer and Vantage® ultrasound system. Violent cavitation activ-
ity and fractionation was observed in polyacrylamide, collagen, and fibrin
hydrogels with low degrees of anisotropy (<1.2); such behavior is unlike
that of tendon. Dehydration of fibrin gels resulted in a 55% reduction in
peak cavitation emission energy and a 260% increase in anisotropy com-
pared to standard fibrin formulations. These gels demonstrated similar cavi-
tation energy than tendon (within 4%) but 50% less anisotropy, indicating
more hydrogel formulations should be explored to better mimic collage-
nous, anisotropic tissue. [Work supported by NIH R21EB027886.]

11:00

1aBA9. The effect of surface tension on the color Doppler ultrasound
twinkling artifact. Eric Rokni (Graduate Program in Acoust., Penn State
Univ., The Penn State Univ., State College, PA 16801, ezrl44@psu.edu)
and Julianna C. Simon (Graduate Program in Acoust., Penn State Univ.,
University Park, PA)

Imaging crystalline structures with Doppler ultrasound can produce a
rapid color shift, termed the twinkling artifact, that can assist in diagnosing
pathological mineralizations such as kidney stones, heterotopic ossification,
gout, and breast microcalcifications. Twinkling is theorized to arise from
scattering off surface crevice microbubbles, which are affected by the sur-
face tension between the bubble and surrounding medium. In this study, we
evaluated the effect of surface tension on twinkling in pure crystals. Choles-
terol, calcium phosphate, and uric acid crystals were grown in vitro (n=5
each) and imaged with a Philips/ATL L7-4 transducer and Vantage-128
research ultrasound system. Crystals were imaged in water while varying
surfactant concentration (0%—4%) leading to surface tensions that ranged
from 45-72 mN/m. Surface tension of the solution was determined by meas-
uring the contact angle of 0.1-mL droplet on an acrylic sheet exposed to air.
As the concentration of surfactant increased, twinkling was found to
decrease by ~20% for cholesterol and calcium phosphate and ~10% for
uric acid. These results continue to support the crevice bubble theory of
twinkling and suggest the importance of surface tension when evaluating
minerals with the twinkling artifact. [Work supported by NSF-CAREER-
1943937 and NSF-GRFP-DGE1255832.]

182nd Meeting of the Acoustical Society of America ~ A31




11:15

1aBA10. Investigating the color Doppler twinkling artifact as an early
detector of cellular mineralization. Lucas Ruge-Jones (Graduate Program
in Acoust., Penn State Univ., University Park, PA), Lisa Berntsen (Penn
State, University Park, PA), Fea Morgan-Curtis (Graduate Program in
Acoust., Penn State Univ., 201E Appl. Sci. Bldg., University Park, PA
16802, fkm5174@psu.edu), Daniel Hayes (Penn State, University Park,
PA), and Julianna C. Simon (Graduate Program in Acoust., Penn State
Univ., University Park, PA)

Heterotopic ossification (HO) occurs when bone develops in areas where
bone does not usually exist, often appearing after blast injuries or other mus-
culoskeletal trauma. Current methods of diagnosis, such as three-phase bone
scintigraphy, x-ray, or CT scans, take several weeks after the trauma before
HO is visible. The color Doppler ultrasound twinkling artifact has been
shown to detect the presence of kidney stones and other crystals. Twinkling
could provide a more sensitive method of HO detection, which would allow
for earlier diagnosis and treatment and limit HO severity. In our research,
human bone marrow-derived stem cells (HBMSCs) were plated onto colla-
gen scaffolds and cultured in osteogenic media to promote mineralization
or growth media (controls). The cells were imaged every 3™ day from day
10 — day 25 using Phillips L7-4, L12-5, and Vermon L22-14v transducers
and a Vantage-128 research ultrasound system; I/Q data were bulk saved for
quantitative analysis. Samples with mineralization on 0.5% of their surface
showed a 17% increase in Doppler magnitude compared to controls, sug-
gesting that the twinkling artifact is a sensitive method for detection of min-
eralization in vitro. Further studies will investigate whether this method is
effective in a murine model. [Work supported by DoD CDMRP PR201164.]

11:30

1aBA11l. Passive cavitation detection with a needle hydrophone array.
Zheng Jiang (Dept. of Bioengineering, Imperial College London, Royal
School of Mines, South Kensington Campus London, London SW7 2AZ,
zheng.jiang1 8@imperial.ac.uk), Krit Sujarittam, Betul Ilbilgi Yildiz, Robert
J. Dickinson, and James Choi (Dept. of Bioengineering, Imperial College
London, London, United Kingdom)

Therapeutic ultrasound and microbubble technologies seek to drive sys-
temically administered microbubbles into oscillations that safely manipulate
tissue or release drugs. Such procedures often listen to and then utilize
microbubble emissions to control the microbubble activity. However, most
sensors reported introduce large distortions to the acoustic signal. Acoustic
shockwaves, a key emission from microbubbles, are largely absent in
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reported recordings. Here, we present a needle hydrophone array better
suited for monitoring ultrasound-driven microbubble activities. The array
consisted of eight polyvinylidene fluoride (PVDF, diameter: 2 mm) needle
hydrophones. Each needle had a flexible coaxial wire at its end allowing
flexibility to fit into a 3D-printed scaffold. Using this array, we monitored
microbubbles exposed to ultrasound pulses (center frequency: 0.5 MHz,
peak-rarefactional pressure: 130—597 kPa, pulse length: 4 cycles). Our tests
revealed that each needle had a broadband frequency response (1-15 MHz)
and was able to capture shock waveforms generated by bubbles. The signal-
to-noise ratio of the array was approximately 2 times higher than individual
hydrophones. Also, the array could localize microbubble activities and
determine the cavitation threshold. Thus, the array accurately monitored and
localized microbubble activities, and may be an important technological
step towards safer and more effective treatments.

11:45

1aBA12. The use of real-time passive cavitation imaging for monitoring
boiling histotripsy treatments. Gilles P. Thomas (Appl. Phys. Lab., Univ.
of Washington, 1013 NE 40th St., Seattle, WA 98105, gillespierre.thomas@
gmail.com), Alex T. Peek (Appl. Phys. Lab., Univ. of Washington, Seattle,
WA), Tatiana D. Khokhlova (Dept. of Medicine, Univ. of Washington,
Seattle, WA), and Vera A. Khokhlova (Univ. of Washington/Moscow State
Univ., Moscow, Russian Federation)

Boiling histotripsy (BH) is a high intensity focused ultrasound method
that induces mechanical tissue liquefaction and relies on the formation of a
mm-sized vapor bubble at the focus. One challenge of transcutaneous BH is
to confirm the presence of such bubble and to differentiate it from prefocal
cavitation. Strong prefocal cavitation can shield the focus, prevent initiation
of boiling, and lead to unsuccessful treatment, although an echogenic region
would still be present on B-mode ultrasound images. Here, a methodology
for real-time monitoring of different bubble activity during BH treatment is
proposed. Custom BH systems of 1 and 1.5 MHz with inline ultrasound
imaging probes connected to a Verasonics V1 system were used for BH
treatments in pigs in vivo and in ex vivo tissues. Backscattered signals
arriving to the imaging probe were recorded during the 10 ms BH pulses
delivered at 1 Hz and passive cavitation imaging (PCI) reconstruction was
performed and displayed on top of the B-mode images to identify and clas-
sify the regions of bubble activity. Spectral analysis of the PCI signals pro-
moting prefocal cavitation and lack thereof was performed to identify the
spectral features corresponding to prefocal cavitation and vapor bubble for-
mation. [Work supported by NIH ROIEB007643, RO1IGM122859, and
RO1EB25187.]
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9:05

1aNS1. “Acoustics” as a “system”—A refreshed narrative leading change in standards, codes, and guidelines. Viken Koukounian
(K.R. Moeller Assoc. Ltd., 3-1050 Pachino Court, Burlington, ON L7L 6B9, Canada, viken@logison.com)

Although “acoustics” is widely understood to be in relation to the person, it is—more correctly—a branch of physics that studies the
behavior of mechanical energy in media. In contrast, “psychoacoustics” concerns itself with the perception (or psychology) of sound
and the associated physiological effects. The disassociation is best exemplified by traditional architectural acoustical design schemes—
i.e., “acceptable-level” and “categorization”—which are prevalent throughout existing Standards, Codes, and Guidelines. The result, as
evidenced by the meta-analysis of modern and sustainable best practices by a group at Harvard, is an Indoor Environment Quality pa-
rameter that does not consistently score better, and in several studies, results in lower satisfaction scores with noise. This presentation
presents posteriori—correlations between “occupant satisfaction” and “acoustical satisfaction,” “acoustical satisfaction” and “acoustical
privacy,” and “acoustical privacy” and “health and well-being”—to justify the pitfalls of traditional strategies, and to develop a priori—
a framework for “good acoustics.” This refreshed narrative, to consider acoustics as a system, leads change among the most popular sus-
tainability and well-being Standards, such as WELL, Green Globes, and LEED. This presentation endeavors to summarize notable
updates and to identify new risks and challenges associated with recent versions of the aforementioned documents.

9:25

1aNS2. Challenges in the application of sound standards in the heating, ventilation, and air conditioning. Derrick P. Knight (Trane
Technologies, 2313 20th St. South, La Crosse, WI 54601, Derrick.Knight@TraneTechnologies.com)

The HVAC industry in North America self-manages sound data measurement and reporting through the Air Conditioning Heating
and Refrigeration Institute (AHRI). Each product is intended to fall under a specific AHRI sound standard. But in the real world, many
complications exist. Some products may be configured in ways which crossover scope boundaries for multiple standards such as fan
coils due to ducting or concealing. Other products are being held to inapplicable standards by specification requirements such as air-han-
dlers using large fan arrays. Misunderstandings around application standards such as AHRI Standard 885 also generate confusion, espe-
cially when using Appendix E as a design tool. This presentation will highlight the challenges observed when applying AHRI Standards
to building design.

9:45

1aNS3. Thwarted by data, saved by fundamentals. K. Anthony Hoover (McKay Conant Hoover Inc., 5655 Lindero Canyon Rd., Ste.
325, Westlake Village, CA 91362, thoover@mchinc.com), Zachery O. L’Italien, and Henry Ashburn (McKay Conant Hoover Inc.,
Westlake Village, CA)

The overwhelming majority of acoustic data that are available to most architectural design professionals is in abbreviated single-
number ratings, without details or full test reports. Omitted key details can greatly affect the actual performance. Despite best intentions
to satisfy codes and criteria, most of these designers do not adequately understand the acoustic fundamentals to recognize and then avoid
significant problems and under-designed projects. Examples of problems with data regarding sound isolation, HVAC noise, and sound-
absorption will be discussed, along with suggestions toward better understanding and more desirable/reliable end results.
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10:05

1aNS4. Modeling a representative room to evaluate sound measurement methods with improved reproducibility for ASTM ISR
testing. Sunit Girdhar (Mech. Eng., Michigan Technol. Univ., 207 Vivian St., Hancock, MI 49930, sgirdhar@mtu.edu), Andrew
Barnard (Acoust., Penn State Univ., State College, PA), Jason R. Blough (Mech. Eng., Michigan Technol. Univ., Houghton, MI), John
Lo Verde, and Wayland Dong (Veneklasen Assoc., Santa Monica, CA)

The low-frequency one-third octave bands for the standard ASTM ISR (Impact Sound Rating) are generally non-diffuse for small
rooms we usually come across for field testing. This is because of low modal density in low frequencies in small rooms. Because of the
non-diffusivity, the Sound Pressure Level (SPL) measured by microphones is controlled by the room modes. This increases the non-
reproducibility of the test method. In the current standards, the modal density and the room non-diffusivity are ignored. Recent research
shows that it is important to measure in lower frequencies, at least down to 50 Hz one-third octave band to characterize the impact per-
formance of lightweight structures. With these lower frequencies, the non-diffusivity problem will be more pronounced. In our work, we
are simulating a representative room and trying out different sound measurement ideas that will not depend on the non-diffusivity of the
room, therefore, improving the reproducibility of the test method. This work will be followed up with some testing on real structures in
real rooms. An initial study from this work was presented at the ASA 2021 Seattle meeting.

10:25-10:45 Break

Contributed Papers

10:45

1aNS5. Floor covering standards based on improvement of impact
insulation ratings. Wayland Dong (Veneklasen Assoc., 1711 Sixteenth St.,
Santa Monica, CA 90404, wdong@veneklasen.com) and John Lo Verde
(Veneklasen Assoc., Santa Monica, CA)

A common acoustical design task is predicting the impact rating of an
existing floor system that is modified by adding or changing flooring ele-
ments. Most codes and regulations are based on impact testing of the result-
ant system. It might seem that floor coverings could instead be specified
using laboratory testing of the improvement in impact sound insulation of
floor coverings (AIIC test) per ASTM E2179. However, in practice the AIIC
rating does not accurately predict the resultant assembly. Here, we investi-
gate several avenues that may allow improved prediction of impact ratings.
The first path is modification the AIIC rating by removing the rule limiting
the deficiency in any third-octave band to 8 dB (“the 8 dB rule”). The 8 dB
rule has been shown to result in a 4-point bias of the AIIC rating, which
may account for a large portion of the inaccuracy. A second path is using
the high-frequency impact rating, AHIIC instead of AIIC, which is promis-
ing since flooring improvements are largely limited to the high-frequency
range. A third path is defining a standard lightweight (i.e., wood-framed)
reference floor to complement the existing concrete reference floor. These
investigation may yield impact requirements for flooring that are easier to
understand, specify, and verify.

11:00

1aNS6. Application of acoustical control through building codes and
regulatory requirements. Samantha Rawlings (Veneklasen Assoc., 1711
16th St., Santa Monica, CA 90404, srawlings@veneklasen.com), John Lo
Verde, and Wayland Dong (Veneklasen Assoc., Santa Monica, CA)

The International Building Code (IBC) establishes minimum acoustical
performance requirements for permanent and transient housing facilities.
The lab parameters for acoustical performance within the IBC are useful
during the design and permitting process but fail to provide code officials,
builders, designers, and residents a method for evaluating the success of a
completed building. The latest update to the IBC in 2021 establishes stand-
ards and metrics for use in evaluating post-construction code compliance to
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mutually protect all stakeholders (builders, code officials, occupants, munic-
ipalities, etc.) in housing facilities and reduces historic ambiguity in the
code. Historically, the nature of the metrics and their ability to evaluate suc-
cess has been limited (“Field impact insulation testing: Inadequacy of exist-
ing normalization methods and proposal for new ratings analogous to those
for airborne noise reduction,” LoVerde/Dong, JASA, 2005). There is some
historic precedent regarding the application and measurement requirement
for field metrics (“Coping with uncertainties in the design and evaluation
of acoustical assemblies,” LoVerde/Dong, ASA Hong Kong, 2012). This
presentation expands this conversation to examine regulatory requirements
and discusses application of field verification of acoustical performance
metrics.

11:15

1aNS7. Sound pressure-based ratings are preferred for evaluation of
in situ sound isolation. Wayland Dong (Veneklasen Assoc., Santa Monica,
CA), John Lo Verde (Veneklasen Assoc., 1711 Sixteenth St., Santa Monica,
CA 90404, jloverde@veneklasen.com), and Samantha Rawlings
(Veneklasen Assoc., Santa Monica, CA)

The International Building Code has recently been revised to explicitly
specify the ratings to use for field (in situ) measurements of airborne and
impact sound isolation in residential properties. We review the differences
between the various ratings, which (on the surface) are defined by their nor-
malization procedure. Two normalization options are defined in current
ASTM and ISO standards: a standard reverberation time of 0.5 s, and a
standard amount of absorption of 10m2. It is not always appreciated that the
choice of normalization is a choice of the type of measurement being per-
formed. Normalization to a standard reverberation time is based on sound
pressure and hence is a measurement of the acoustic isolation between
spaces, while normalization to a standard amount of absorption is based on
apparent sound power and hence is a measurement of the performance of
the separating assembly. It is sometimes assumed the sound power-based
ratings are representative of the sound isolation experienced by occupants,
but they often provide an inaccurate assessment of the resultant isolation.
Analysis and examples are presented, and it is demonstrated that the sound
pressure-based ratings are preferred.
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Session 1aPAa

Physical Acoustics, Computational Acoustics, Engineering Acoustics, Animal Bioacoustics, and Signal
Processing in Acoustics: Acoustical Remote Sensing in Urban Environments

Sandra Collier, Cochair
U.S. Army Research Laboratory, Adelphi, MD 20783

D. Keith Wilson, Cochair
Cold Regions Research and Engineering Laboratory, U.S. Army Engineer Research and
Development Center, U.S Army ERDC-CRREL, 72 Lyme Rd., Hanover, NH 03755-1290

Max Denis, Cochair
University of the District of Columbia, 4200 Connecticut Ave. NW, Washington, DC 20008

Invited Papers

8:00

laPAal. Low-frequency acoustic monitoring in urban environments. Sarah McComas (US Army Res. and Development Ctr., 3909
Halls Ferry Rd., Vicksburg, MS 39180, sarah.mccomas@usace.army.mil), Stephen Arrowsmith, Chris Hayward, Brian Stump (Southern
Methodist Univ., Dallas, TX), and Mihan McKenna (US Army Res. and Development Ctr., Vicksburg, MS)

Arrays of infrasound sensors are commonly deployed in quiet rural settings to monitor high energy/low-frequency sources at distan-
ces of hundreds to thousands of kilometers. Advancements in infrasound sensor technology allow for measurement across the acoustic
spectrum from infrasound (< 20 Hz) to low end audible (< 1000 Hz). This supports a growing interest in using infrasound arrays to
monitor low energy/higher frequency sources at local propagation distances (<100 km). Examples of these sources include vehicles
(ground and air), small explosions, and infrastructure (e.g., bridges). Many of these sources are driven by anthropogenic activity. In
order to successfully monitor them, arrays of sensors will need to be installed closer to the sources of interest, thereby requiring arrays to
encroach on urban spaces. The design, deployment, and utilization of these arrays will face challenges, such as limited open ground for
installation and source signals that need to be separated from a complex acoustic noise field to be observed. This presentation shares
techniques for instrumenting the urban environment and characterizing the ambient acoustic fields in three different urban environments.
[Permission to publish was granted by the Director, Geotechnical and Structures Laboratory, U.S. Army Engineer Research and Devel-
opment Center.]

8:30

1laPAa2. A survey of statistical models for urban noise and their physical interpretations. D. Keith Wilson (US Army Engineer
Res. and Development Ctr., U.S Army ERDC-CRREL, 72 Lyme Rd., Hanover, NH 03755-1290, D.Keith.Wilson@usace.army.mil),
Matthew J. Kamrath, Caitlin E. Haedrich, Daniel J. Breton, and Carl R. Hart (US Army Engineer Res. and Development Ctr., Hanover,
NH)

Many different models have been used to describe statistical distributions of sound in urban environments. Some models may be jus-
tified empirically, whereas others are linked to physical phenomena such as random fading, multipath, multi-source mixtures, and varia-
tions in source-receiver geometries. This presentation reviews many of the available statistical distributions, what they are intended to
represent physically, and their appearance on linear and logarithmic (decibel) axes. To evaluate the suitability of the various distribu-
tions, comparisons are made to an experiment in which one-third octave band sound-level data were measured at 37 locations in the
North End of Boston, Massachusetts. Based on the Kullback-Leibler divergence as calculated across all the locations and frequencies,
the exponentially modified Gaussian (EMG) distribution provides the most consistently good agreement with data, because it captures
the positively skewed sound levels present in most of the data. The compound gamma distribution, which is applicable to situations
involving varying sound levels, also fits the data well and even outperforms the EMG for the small minority of cases exhibiting negative
skew. The log-normal distribution often provides a suitable fit in cases where particular non-traffic noise sources dominate.
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9:00

1aPAa3. Combining remote sensing and artificial intelligence to locate sounds. Macarena Varela (Sensor and Data Fusion,
Fraunhofer FKIE, Fraunhoferstr. 20, Wachtberg, NRW 53111, Germany, macarena.varela@fkie.fraunhofer.de), Ravali Nalla, and Wulf-
Dieter Wirth (Sensor and Data Fusion, Fraunhofer FKIE, Wachtberg, NRW, Germany)

Smart cities use sensors to collect and analyze data to manage their resources more efficiently and thereby enhance the quality of life
for residents, especially in densely populated cities. They monitor a wide range of information, including pollution, traffic, and parking.
Urban environments feature large numbers of sounds, such as noise pollution and other specific sounds, which can be harmful to citi-
zens. Therefore, this unrestrained growing issue of urban sounds should be addressed by smart cities to improve noise mitigation. To
sidestep that problem, the “Listening system Using a Crow’s nest arraY” (LUCY) is currently in development at Fraunhofer FKIE. The
acoustic system aims are to automatically detect meaningful audio events contained in noisy data, such as impulsive sounds, and to accu-
rately estimate their geographic locations. To accomplish these tasks in near real-time, LUCY has to combine advanced array processing
techniques, including beamforming, with artificial intelligence methods, such as deep learning using spectro-temporal features. The pro-
posed acoustic system is a low-cost, small and lightweight system. It consists of a peculiar volumetric array of tiny MEMS microphones,
called the “Crow’s Nest Array” (CNA), which has a crucial influence on the accuracy of the sound localization estimation, and a minia-
ture computer to process methods including sound localization calculation. Due to its small size, LUCY can easily be deployed on
numerous types of platforms, including Unmanned Aerial Vehicles (UAVs).

9:30

1aPAad. Acoustic array signal processing with the Stockwell transform. Steven Collar (NCPA, Univ. of MS, University, MS) and
Garth Frazier (NCPA, Univ. of MS, NCPA, University of MS, P.O. Box 1848, Oxford, MS 38677, frazier@olemiss.edu)

The Stockwell transform is a wavelet-like transformation based on a Fourier kernel weighted by a symmetric, frequency-scaled,
time-shifted window function. Thus, it is suitable for analysis of non-stationary waveforms and transients in particular. In its discrete-
time, orthogonal basis realization known as the discrete orthogonal Stockwell transform (DOST), it is possible to transform an N-point
sequence in O(N log N) operations. In this presentation, we show how to perform direction-of-arrival and transient waveform estimation
in the Stockwell basis in a manner that is similar to traditional multi-channel frequency-domain (discrete Fourier transform) techniques.
This enhances detection of multiple transients within the same data frame sequence.

10:00

laPAa$. Simulation of near-ground signals from a flying source on UAV over a building structure. Jiacheng Hou (Mech. and
Aerosp. Eng., Utah State Univ., 4130 Old Main Hill, Logan, UT 84322-4130, jiachenghou@aggiemail.usu.edu) and Zhongquan Charlie
Zheng (Mech. and Aerosp. Eng., Utah State Univ., Logan, UT)

Acoustic signals near the ground generated by a moving source on a fly-by UAV are simulated around a house. The simulation is
carried out using a time-domain acoustics solver that can simulate acoustic propagations with the specified moving source, ground
properties, and building geometries. The source on a UAV is approximated by a broadband source moving at a constant speed. The
long-range three-dimensional computation is developed with a ground as a rigid or porous medium and a residential house with realistic
geometries. Time histories and histograms of the near-ground sensors at different locations around the house are analyzed with their dif-
ferent behaviors due to Doppler shift, ground effect, and acoustic interference from the house structures. Comparisons will be made with
literature results and available measured data.

10:30-10:45 Break

10:45

1aPAa6. Prediction of shooter localization accuracy in an urban environment. Luisa Still (Sensor Data and Information Fusion,
Fraunhofer FKIE, FraunhoferstraBe 20, Wachtberg 53343, Germany, luisa.still@fkie.fraunhofer.de) and Marc Oispuu (Sensor Data and
Information Fusion, Fraunhofer FKIE, Wachtberg, Nordrhein-Westf (10), Germany)

The use of acoustic sensor networks for shooter localization can provide a vital contribution to situational awareness in urban envi-
ronments. During mission planning, the performance prediction for acoustic shooter localization plays a central role as it allows an opti-
mization of the sensor positions in a sensor network. Instead of a sound propagation-based approach, in our work we focus on an
information theoretical analysis using the Cramér-Rao bound to predict the achievable shooter localization accuracy. Through this
approach, we have shown that accounting for incomplete and heterogeneous acoustic measurement data sets leads to maximization of
the fusion gain and consequently to improved achievable localization accuracy. We validated the match between predicted and actual
experimental performance in free-field measurements with supersonic gunshots including varying sensor-to-shooter geometries, weapon
types, and various measurement types. By measuring signatures of impulsive gas cannon shots in urban terrain, we analyzed the effect
of buildings to the sensor performance and achieved a significant improvement in the localization performance prediction by adjusting
the sensor model depending on whether line-of-sight or non-line-of-sight conditions to the target exists.
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Contributed Papers

11:15

1laPAa7. Improvements of the Stevens drone acoustic detection system.
Daniel Kadyrov (STAR Ctr., Stevens Inst. of Technol., Hoboken, NIJ,
dkadyrov@research.stevens.edu), Alexander Sedunov, Nikolay Sedunov,
Alexander Sutin, Hady Salloum, and Sergey Tsyuryupa (STAR Ctr.,
Stevens Inst. of Technol., Hoboken, NJ)

Stevens Institute of Technology (SIT) designed and built multiple acous-
tic sensors to detect and track drones using Steered-Response Phase Trans-
form (SRP-PHAT) and classify them using narrow-band frequencies. SIT
improved a previously built four-microphone system by increasing the num-
ber of microphones to seven, modifying the software, and improving the
testing algorithm for system performance estimation. The four- and the
seven-microphone systems were deployed during several tests conducted
with multi-rotor UAVs of different sizes, including the DJI Inspire 2, DJI
Mavic 2 Pro, Autel Robotics EVO 1I Pro, and the Intel Falcon 8 performing
flight patterns at various distances, elevations, and speeds. The tests were
conducted in an environment with low-flying aircraft and vehicular traffic
noise. Acoustic signatures were collected and detection distances were com-
pared for the tested UAVs. The improved seven-microphone system
provided farther detection and classification distances than the previous
four-microphone system. Typical detection distances were between 300 and
500 m with a bearing accuracy within five degrees. An analysis of the effect
of external noise on performance was also performed.

11:30

1aPAa8. Role of multiple reflections in identifying street canyons in
microscale urban spaces. Dorian Davis (Univ. of the District of Columbia,
4200 Connecticut Ave. NW, Washington, DC 20008, dorian.davis@udc.
edu), Lirane Mandjoupa, Samba Gaye, Shehabaldin Mohamed, Etochukwu
Etochukwu, Wagdy Mahmoud, Lei Wan, and Max Denis (Univ. of the
District of Columbia, Washington, DC)

In this work, geometric acoustic numerical modeling of sound propaga-
tion in a micro-scale urban spaces is presented. The resultant sound
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propagation demonstrates an amplification of sound and increased reverber-
ation time, due to the multiple reflections in the micro-scale urban spaces.
Comparative analysis of the sound field acoustic parameters for various
length and width between geometric boundaries can differentiate street can-
yons from other urban micro-scale spaces. Specifically, sound pressure level
results are strongly influenced by the geometric configuration and material
properties of the geometric boundary surfaces. The results and limitations of
the geometric numerical method for predicting sound propagation in urban
environments are discussed.

11:45

1aPAa9. 3D noise modeling of an urban environment: Simulated and
measured noise characteristics of the University of the District of
Columbia campus. Lirane Mandjoupa (Univ. of the District of Columbia,
4200 Connecticut Ave. NW, Washington, DC 20008, liranekertesse.
mandj@udc.edu), Dorian Davis, Samba Gaye, Shehabaldin Mohamed,
Etochukwu Etochukwu, Wagdy Mahmoud, Lei Wan, and Max Denis (Univ.
of the District of Columbia, Washington, DC)

In this work, a 3-D numerical method is employed to predict the noise
propagation within the University of the District of Columbia (UDC). UDC
is located within an urban environment in Washington, DC. Sound pressure
level measurements of various noise sources including traffic noise are
obtained. Of particular interest is the method’s ability to accurately simulate
the urban space. Accuracy is evaluated comparatively between simulated
and measured results of acoustic parameters in the mid- to high-frequency
regimes. Specifically, reverberation time, energy decay time, and sound
pressure level. The results and limitations of the particle-tracing method for
predicting sound propagation in urban environments are discussed.
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Session 1aPAb

Physical Acoustics and Biomedical Acoustics: Advances in Sonochemistry I

James Kwan, Chair
Department of Engineering Science, University of Oxford, Parks Road, Oxford OX1 3PJ, United Kingdom

Chair’s Introduction—9:55

Invited Papers

10:00

1aPAbl. Sonofragmentation and sonocrystallization: How solids break and make in cavitating liquids. Kenneth S. Suslick (Dept.
of Chemistry, Univ. of Illinois at Urbana-Champaign, 600 S. Mathews Av., Urbana, IL 61822, ksuslick@uiuc.edu)

Mechanical action can produce dramatic physical and mechanochemical effects when the energy is spatially or temporally concen-
trated. The application of ultrasound to crystallization (i.e., sonocrystallization) can dramatically affect the properties of the crystalline
products. Sonocrystallization induces rapid nucleation, generally yields smaller crystals of a more narrow size distribution compared to
quiescent crystallizations, and has become increasingly important in the pharmaceutical industry for the preparation of APIs (active
pharmaceutical ingredients). The control of morphology of the crystallization process is critical to reproducible dose response for APIs
and is under increasing scrutiny in pharmaceutical manufacturing by the FDA. Ultrasound can induce significant improvement in the
uniformity of crystallite size and rates of crystallization. We have developed a mechanistic understanding of the origin of these phenom-
ena and begun to separate the details of the effects of ultrasound on nucleation, mass transport, shockwave fragmentation of crystallites,
and inter-particulate collision. Decoupling experiments were performed to confirm that interactions between shockwaves and crystals
are the main contributors to crystal breakage. We have discovered a mechanochemical extension the Bell-Evans—Polanyi principle: acti-
vation energies for solid fracture correlate with the binding energies of the solids.

10:30

1aPAb2. Sonochemical synthesis of electrocatalysts for low-temperature water electrolysers. Bruno G. Pollet (Université du
Québec a Trois-Riviéres (UQTR), 3351, boulevard des Forges, Trois-Rivieres, QC G8Z 4M3, Canada, bruno.pollet@uqtr.ca), Henrik E.
Hansen, Svein Sunde, Odne S. Burheim, and Frode Seland (Norwegian Univ. of Sci. and Technol. (NTNU), Trondheim, Norway)

An important step in the process of producing hydrogen a viable method is to improve the efficiency and reduce the cost of low-tem-
perature water electrolysers. One of the most crucial components is the catalyst used to drive the hydrogen evolution reaction (HER) and
the oxygen evolution reaction (OER). Traditionally, the nanosized electrocatalysts are synthesized through a chemical reduction method
involving a strong reducing agent like sodium borohydride, polyol, etc. Being able to control the nucleation and growth and therefore
the size of the nanocatalysts, however, is not straightforward with the chemical reduction method where the use of surfactants is heavily
relied upon, thus complicating the method for the industry. An alternative synthesis route involves the in-situ generation of radicals to
serve as reducing agents through high power ultrasound (20kHz—1 MHz) in a process where water is split into OH- and H-radicals
referred to as water sonolysis. This presentation highlights the effects of ultrasonication frequencies, ultrasonication, times, pH solutions,
reducing agents, and different saturation gasses on the generation of metallic nanoparticles and their subsequent electrocatalytic activ-
ities towards the HER and OER in mild acidic and alkaline environments. A series of physical characterizations on these sonochemically
prepared nanoelectrocatalysts will be shown and discussed.

11:00

1aPAb3. Importance of sonoluminescence and sonochemistry for understanding and optimizing ultrasound applications. Judy
Lee (Univ. of Surrey, Chemical and Process Eng., University of Surrey, Guildford GU27XH, United Kingdom, j.y.lee@surrey.ac.uk)

Ultrasound has shown to improve a spectrum of applications such as crystallization, degradation, synthesis, extraction, and cell dis-
ruption. These improvements largely stem from the cavitation induced extreme physical and/or chemical effects. Cavitation activities
are often quantified using sonoluminescence intensity or sonochemical yield and are dependent on sonication conditions. For example,
frequencies less than 100 kHz produces stronger physical effects and higher sonoluminescence per bubble, whereas frequencies between
200 and 800 kHz give rise to higher sonochemical yields. Similarly, solution conditions are equally important as 50% air saturation or
addition of 1 mM anionic surfactant (sodium dodecyl sulfate) have shown to enhance sonoluminescence intensity. Often frequency and
power are varied to assess its impact on a given application. However, this often do not reveal the underlying mechanisms to clearly
assess whether the system could be further optimized or better designed to tailor for a particular application. This presentation aims to
show the importance of complimentary evaluation of the sonoluminescence and sonochemical yield and also provide case studies on
sonocrystallization, degradation of pollutants, and sono-grafting on membranes.
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11:30

1aPAb4. Probing the mechanisms of sonodynamic therapy. Eleanor P. Stride (Univ. of Oxford, Inst. of Biomedical Eng., Oxford
0X3 7DQ, United Kingdom, eleanor.stride@eng.ox.ac.uk)

Drugs that can be activated by a physical stimulus at a target site offer great potential for limiting toxic side effects, e.g., in cancer
therapy. In photodynamic therapy, light is used as the stimulus, but clinical applications are limited due to the poor penetration of light
in tissue. Multiple studies have demonstrated that ultrasound can also be used to activate some light-responsive drugs. This potentially
extends the range of therapeutic applications considerably, but the mechanisms underpinning drug activation, dubbed sonodynamic ther-
apy (SDT), remain unclear. It was recently demonstrated that multi-bubble sonoluminescence could be detected from a suspension of
microbubble ultrasound contrast agents when exposed to ultrasound under conditions similar to those used in SDT. Moreover, the addi-
tion of an SDT drug produced a reduction in optical emissions at the wavelength corresponding to its activation. Numerous questions,
however, remain and the aim of this talk is to review recent studies of SDT and new evidence for the roles of sonoluminescence, sonopo-
ration, and other phenomena hypothesized to play a role in its mechanism of action.

MONDAY MORNING, 23 MAY 2022 GOVERNORS SQUARE 12, 8:15 A.M. TO 12:00 NOON

Session 1aSA

Structural Acoustics and Vibration and Physical Acoustics: Nonlinear Metamaterials and Phononics

Samuel P. Wallen, Cochair
Applied Research Laboratories, The University of Texas at Austin, 10000 Burnet RD, Austin, TX 78758

Ganesh U. Patil, Cochair
Mechanical Science and Engineering, University of Illinois Urbana-Champaign,
144 Sidney Lu Mechanical Engineering Building, MC-244, 1206 West Green Street, Urbana, IL 61801

Chair’s Introduction—8:15

Invited Papers

8:20

1aSA1l. Harnessing rotational geometry to design reconfigurable dispersion and refractive index in nonlinear acoustic
metamaterials. Lezheng Fang (Georgia Inst. of Technol., 771 Ferst Dr. N.W., Atlanta, GA 30332-0405, lezheng.fang@ gatech.edu) and
Michael Leamy (Georgia Inst. of Technol., Atlanta, GA)

We investigate 1D and 2D monatomic lattice structures composed of in-plane rotators coupled by angled elastic linkages and explore
their reconfigurable dispersion, negative refraction, amplitude-dependent dynamics, and acoustoelastic effect. At small amplitude, the
linear band structure can be configured to be either acoustic or optical in nature by changing the connecting locations on the rotators,
which corresponds to positive and negative refractive index. An interface problem between two rotator lattices with opposite dispersion
type is modeled, and illustrates negative refraction in numerical simulations—experimental measurements are in progress. Its fre-
quency-transmission relation matches the linear theory. At higher amplitude, the hardening nonlinearity shifts the dispersion and indu-
ces amplitude-dependent transmission. A novel nonlinear phenomenon—amplitude saturation (a constant far-field transmission
independent of input amplitude) is observed when the transmitted wave falls in the nonlinear stopband and simultaneously the linear
passband of the receiving lattice. We analyze the nonlinear effects via perturbation methods and propose a framework for evanescent-
specific nonlinear waves to explain the saturation phenomenon. Additionally, we observe a strong acoustoelastic effect in chiral-pat-
terned rotator lattices, where a static stretch can shift the equilibrium positions of the rotators and morph the band structure from acoustic
to optical.
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8:40

1aSA2. Dispersion relation for harmonic generation in nonlinear elastic waves. Romik Khajehtourian (Dept. of Mech. and Process
Eng., ETH Zurich, Zurich, Switzerland) and Mahmoud I. Hussein (Aerosp. Eng. Sci., Univ. of Colorado Boulder, 3775 Discovery Dr.,
AERO 354, 429 UCB, Boulder, CO 80303, mih@colorado.edu)

We present a theory for the dispersion of generated harmonics in a traveling nonlinear wave. The harmonics dispersion relation—
derived by the theory—provides direct and exact prediction of the collective harmonics spectrum in the frequency-wavenumber domain
and does so without prior knowledge of the spatial-temporal solution. The new relation is applicable to a family of initial wave functions
characterized by an initial amplitude and wavenumber. We demonstrate the theory on nonlinear elastic waves in a homogeneous rod and
demonstrate its extension to periodic rods. We investigate a thick elastic rod admitting longitudinal motion. In the linear limit, this rod is
dispersive due to the effect of lateral inertia. The nonlinearity is introduced through either the stress—strain relation and/or the strain—
displacement gradient relation. Using a theory we have developed earlier, we derive an exact general nonlinear dispersion relation for
the thick rod. We then derive a special case of this relation and show that it provides an exact prediction of the generated harmonics
spectrum, in frequency versus wavenumbers. Both relations are validated by direct time-domain simulations, examining both instantane-
ous dispersion (by direct observation) for the general nonlinear dispersion relation and short-term, pre-breaking dispersion (by Fourier
transformations) for both the general and specialized relation.

Contributed Papers

9:00

1aSA3. Dispersion in lattices with patterns of hardening and softening
stiffness nonlinearity. Matthew D. Fronk (Phys., U.S. Naval Acad., 572C
Holloway Rd., Annapolis, MD 21402, fronk@usna.edu), Stephanie G.
Konarski, Caleb F. Sieck, Alec K. Ikei, and Matthew D. Guild (Code 7160,
U.S. Naval Res. Lab., Washington, DC)

Recent focus has been given to analytically predicting amplitude-de-
pendent dispersion in periodic structures with weak stiffness nonlinearity.
These dispersion relationships may inform devices such as amplitude-de-
pendent filters, waveguides, and diodes. However, attention is generally
restricted to either spatially uniform nonlinearity or mutually exclusive dis-
tributions of hardening or softening stiffness. This study investigates disper-
sion in lattices with spatial modulations in stiffness nonlinearity. Special
attention is given to modulations consisting of both hardening and softening
nonlinear terms. A multiple scales perturbation analysis reveals that patterns
of hardening and softening stiffness enable both lifting and lowering of a
passband’s frequencies. In such cases, passbands contain discrete frequency
and wavenumber pairs that prevent amplitude-dependent dispersion shifting.
Numerical integration of the lattice equations of motion are carried out to
confirm the analytically predicted dispersion behavior. A design of experi-
ment is proposed in which strength and sign of nonlinearity can be tuned
with the initial angle of additively manufactured grounding springs. [Work
supported by the Office of Naval Research.]

9:15

1aSA4. Nonlinear elastic metamaterials as pulse shaping devices for
shock test applications. Samuel P. Wallen (Appl. Res. Labs., The Univ. of
Texas at Austin, 10000 Burnet Rd., Austin, TX 78758, sam.wallen@utexas.
edu), Michael R. Haberman (Walker Dept. of Mech. Eng., The Univ. of
Texas at Austin, Austin, TX), and Washington DeLima (Honeywell, Federal
Systems, Kansas City, MO)

Metamaterials (MM) have become a very active research topic in
numerous domains of engineering because of their promise to create struc-
tures and devices that can control wave propagation in ways that exceed the
capabilities of conventional homogeneous and composite materials. Most
research on acoustic and elastic MM has been focused on linear behavior.
However, linear MM suffer from notable drawbacks, for example, (i) the

effective material properties for the application of interest are often limited
to narrow frequency bands, and (ii) they have limited usefulness in applica-
tions where nonlinearity is unavoidable or essential, e.g., shock testing or
high-intensity focused ultrasound. Nonlinearity has therefore been explored
to expand the palette of accessible dynamic response of synthetic materials.
In this work, we investigate applications for nonlinear elastic MM as pulse
shaping materials for shock testing. By using high-resolution finite element
methods in concert with direct numerical simulations of reduced-order
dynamic models, we examine the propagation of elastic pulses under the
influence of various types of nonlinear elastic response and identify means
to obtain them. These simulations demonstrate the potential for nonlinear
elastic MM to significantly expand the space of accessible excitations for
shock testing, using a relatively small number of design parameters.

9:30

1aSAS. Inverse design of non-periodic nonlinear metamaterials for
nonlinear ultrasonics. Pravinkumar R. Ghodake (Dept. of Mech. Eng.,
Indian Inst. of Technol., Bombay, Mumbai, Maharashtra 400076, India,
mech7pkumar@gmail.com)

Previous work by the author gives an idea about the effective design
of linear and phononic “periodic” metamaterial using shape optimization
to suppress the system-generated 2" harmonics of a longitudinal wave
during nonlinear ultrasonic testing [Ghodake, J. Acoust. Soc. Am. 150,
A149 (2021)]. That work considers only the geometric nonlinearity of the
layered materials and sinusoidal waves as an input short pulse. The pres-
ent work implements a shape optimization technique to obtain the optimal
design parameters of the “non-periodic” metamaterial by considering both
material and geometric nonlinearities of the layered materials present in
the phononic crystal as this assumption is close to the real experimental
situations. Gaussian short input pulses are considered in this study with
two different objectives such as only reducing the amplitude of the 2"
harmonics and reducing the amplitude of 2™ harmonics, maximizing the
amplitude of 1% harmonics as well as maintaining the Gaussian shape of
the output pulse which makes this inverse problem challenging. This study
demonstrates the applicability of the non-periodic metamaterial in practi-
cal situations and the importance of the proposed inverse design approach
in linear and nonlinear elastic wave propagation applications such as ultra-
sonic waves and seismic waves.

9:45-10:00 Break
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Invited Papers

10:00

1aSA6. Amplitude-dependent edge states and discrete breathers in non-linear modulated phononic lattices. Massimo Ruzzene
(Dept. of Mech. Eng.,Univ. of Colorado, P. M. Rady 1111 Eng. Dr UCB 427, Boulder, CO 80309, massimo.ruzzene@colorado.edu),
Matheus Rosa (Univ. of Colorado, Boulder, CO), and Michael Leamy (Georgia Inst. of Technol., Atlanta, GA)

We explore the role of non-linearities on the spectral properties of modulated one-dimensional phononic lattices. In the linear re-
gime, a spatial modulation of stiffness is known to produce topological gaps characterized by non-zero Chern numbers, which host topo-
logical states localized at the edges of finite domains. A continuation of the linear modes as a function of amplitude is performed,
revealing a series of localization and de-localization transitions that are confirmed through direct time domain simulations. The results
show that edge states whose eigenvalue branch remains within the gap remains localized, and therefore appear to be robust with respect
to amplitude. In contrast, edge states whose corresponding branch approaches and remains tangential to the bulk bands experience deloc-
alization transitions. Additionally, we observe a series of amplitude-induced phase transitions as the bulk modes become discrete breath-
ers localized in one or more regions of the domain. Remarkably, these transitions are independent on the size of the lattice. These results
bring to light the co-existence of topological edge states and discrete breathers for non-linear modulated lattices, whose interplay may
exploited for amplitude-induced topological and localization transitions.

10:20

1aSA7. Collisions of nonlinear waves in flexible mechanical metamaterials. Hiromi Yasuda, Hang Shu, Weijian Jiao (Univ. of
Pennsylvania, Philadelphia, PA), Vincent Tournat (CNRS, Le Mans Université, Le Mans, France), and Jordan Raney (Univ. of
Pennsylvania, Towne Bldg. Rm 274, 220 S. 33rd St., Philadelphia, PA 19104-6272, raney@seas.upenn.edu)

Flexible mechanical metamaterials are compliant structures designed to achieve desired mechanical properties via large deformation
or rotation of their components. While their static properties (such as Poisson’s ratio) have been studied extensively, much less work has
been done on their dynamic properties, especially nonlinear dynamic properties induced by large movement of internal components.
Here, we examine the nonlinear dynamic response arising from impact loading of mechanical materials that consist of 1D and 2D
arrangements of rotating squares, which leads to formation of solitons. Permanent magnets are added to the squares, which causes the
metamaterial to become multistable. Rotations of the squares can thereby lead to sudden rearrangements of squares into new phases. We
experimentally and numerically characterize the collisions of solitons in these flexible mechanical metamaterials, which, depending on
their amplitude and chirality, can induce a variety of responses, including phase transitions.

Contributed Papers

10:40

1aSAS8. Experimental study of nonlinear waves in phononic materials
with rough contacts. Ganesh U. Patil (Mech. Sci. and Eng., Univ. of
Illinois Urbana-Champaign, 144 Sidney Lu Mech. Eng. Bldg., MC-244,
1206 West Green St., Urbana, IL 61801, gupatil2@illinois.edu) and
Kathryn Matlack (Univ. of Illinois at Urbana-Champaign, Urbana, IL)

Incorporating contacting interfaces in periodic media enables enriched
wave dynamics from the combined effects of periodicity and nonlinearity.
While Hertzian contacts have been extensively studied in the framework of
engineered media, rough contacts have received relatively less attention.
Recently, our numerical work showed that continuum phononic material
with periodic rough contacts supports strongly nonlinear waves belonging to
the family of solitary waves. In this talk, we experimentally study nonlinear
waves in phononic material based on rough contacts, realized through an
array of aluminum disks. The disks act as elastic layers and have roughness
on either side, which is generated through surface treatment. First, we
characterize a rough contact through optical imaging and ultrasonic measure-
ments. We obtain the nonlinear contact stiffness—precompression relation-
ship that informs the power exponent of the contact law. Then, we study
nonlinear wave propagation through periodic rough contacts of the same
roughness topography. We measure propagating waves through a laser
vibrometer and investigate their frequency content, speed, and amplitude.
This study develops a fundamental understanding of the role of rough con-
tacts in the form of local nonlinearity on wave responses. Such understanding
is useful in designing these phononic materials for wave propagation control.
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10:55

1aSA9. Wave propagation in a continuum phononic material with
geomaterial-inspired nonlinearity. Elizabeth Smith (Mech. Sci. and Eng.,
Univ. of Illinois at Urbana Champaign, Mech. Eng. Bldg., 1206 W Green
St., Urbana, IL 61801, esmith19@illinois.edu) and Kathryn Matlack (Univ.
of Illinois at Urbana-Champaign, Urbana, IL)

This presentation discusses the nonlinear wave propagation in a con-
tinuum phononic material with nonlinear mechanisms inspired by geoma-
terials. Geomaterials can exhibit nonlinear wave responses due to
mechanisms such as material nonlinearity or lack of bonding between
phases of material. We study the interaction of nonlinear and phononic
behavior by introducing two geomaterial-inspired nonlinear mechanisms
into a phononic material. The influence of material nonlinearity and nonli-
nearity due to delaminations between material phases are studied in a
bilayer finite element model composed of alternating layers of stiff linear
elastic material and soft hyperelastic material. To model delaminations, a
binary contact condition is applied at the interface between layers. Meas-
urements of the quasi-static nonlinear mechanical response of delamina-
tions of different lengths are used as inputs into the finite element method
simulations. The influence of the delamination nonlinearity plus material
nonlinearity on the phononic material is studied in a full-scale time-
domain finite element model. This model is used to further probe the
interaction between phononic band gaps and nonlinear wave response, as
well as the dependence of delamination size and location on the nonlinear
wave response.
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11:10

1aSA10. Breaking reciprocity to realize extreme energy isolation in
coupled oscillators. Chengen Wang (Mech. and Mater. Eng., Univ. of
Nebraska-Lincoln, Lincoln, NE) and Keegan J. Moore (Mech. and Mater.
Eng., Univ. of Nebraska-Lincoln, W336 Nebraska Hall, Lincoln, NE 68588,
kmoore@unl.edu)

This research investigates the isolation achieved by breaking the reci-
procity of between two coupled oscillators. The two oscillators have equal
mass and the first one is linearly grounded and called the linear oscillator
(LO). The second oscillator is nonlinearly coupled to the LO and is termed
the nonlinear oscillator (NO). By breaking dynamical reciprocity using
asymmetry and nonlinearity, the LO-NO system is shown to exhibit regimes
of extreme energy isolation in only one of the oscillators as well as regimes
where energy is exchanged between them. These regimes are shown to arise
under both impulsive and harmonic excitation. The resulting system is gov-
erned by two nonlinear normal modes (NNMs), which can interact with
each other under internal resonance of different ratios. Under different load-
ing scenarios, different energy isolations are illustrated. This research starts
with analytical study using numerical simulations that assess how energy
distributes in the structure under varying loads. The analytical predictions
are validated experimentally for both impulsive and harmonic excitations.
The results of this research demonstrate that there remains much to learn
about energy transfer in general and the breaking of dynamic reciprocity
may lead to new types of acoustic and vibrational metamaterials.
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1aSA11. Experimental elastic wave control in a piezoelectric phononic
crystal with spatio-temporal modulation of electrical conditions. Sarah
Tessier (IEMN, Lille, FR, 41 Boulevard Vauban, Lille 59800, France, sarah.
tessier@junia.com), Charles Croénne (IEMN, Lille, FR, Lille, France),
Florian Allein (Junia, UMR 8520, Lille, France), Jérome Vasseur, and
Bertrand Dubus (IEMN, Lille, FR, Lille, France)

This work concerns the propagation of elastic waves in a piezoelectric
phononic crystal made of several identical piezoelectric elements separated
by electrodes. In such a structure, electrical conditions prescribed to the
electrodes can be modulated in space and in time and therefore can strongly
modify the dispersion curves of the phononic crystal. For example, a peri-
odic grounding of the electrodes introduces a Bragg band gap which does
not exist when the electrodes have a floating potential condition [Degraeve
etal.,J. Appl. Phys. 115, (2014)]. When the electrical conditions of the elec-
trodes are modulated in space and in time, dispersion curves are tilted with
respect to the configuration in the reference medium and nonreciprocal
wave propagation may occur at some modulation speeds in specific fre-
quency bands [Croénne et al., Appl. Phys. Lett.110, (2017)]. The experimen-
tal set-up is based on a stack of 113 piezoelectric rings and 114 electrodes.
The spatio-temporal modulation of the electrical conditions is performed
using a digital signal processor (DSP) in order to reach high modulation
speeds. This modulation is performed by shifting the position of the periodic
ground conditions of the electrodes versus time. The experimental disper-
sion curves are obtained using measurements of the normal displacement of
the piezoelectric rings with a scanning laser vibrometer. The evolution of
dispersion curves as a function of modulation speed is analyzed and com-
pared to finite element simulation results.

11:40-12:00
Panel Discussion
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MONDAY MORNING, 23 MAY 2022

PLAZA EXHIBIT HALL, 9:00 A.M. TO 12:00 NOON

Session 1aSC

Speech Communication: Speech Production and Acoustics I (Poster Session)

Jahnavi Narkar, Chair
Linguistics, UCLA, 3125 Campbell Hall, Los Angeles, CA 90095

All posters will be on display from 9:00 a.m. to 12:00 noon. Authors of odd-numbered papers will be at their posters from 9:00 a.m. to
10:30 a.m. and authors of even-numbered papers will be at their posters from 10:30 a.m. to 12:00 noon.

Contributed Papers

1aSC1. Stress and vowel reduction by Korean Learners of English. Ha
Lim Park (English, Colorado State Univ. Alumna, ABC House B-501, 15-7,
Nampyeong-ro ~ 26beon-gil, ~ Yangji-myeon, Cheoin-gu, Yongin-si,
Gyeonggi-do 17161, Republic of Korea, halim@colostate.edu)

Having a foreign accent is unavoidable for late second or foreign lan-
guage learners. The reason is that physical changes in the brain influence
learning a variety of aspects in a new language system (Flege, 1987; Pat-
kowski, 1990). In other words, a well-established first language mediates
the acquisition of a second language. The mediation can be called cross-lin-
guistics influence or negative transfer (Sharwood Smith and Kellerma,
1986). In terms of suprasegmental aspects of pronunciation, vowel reduction
occurring in stress-timed languages such as English but lacking in syllable-
timed languages is noteworthy to understand the cause of nonnative accents.
The present work aims to explore patterns of vowel reduction in Korean
accented English, with the goal of finding pronunciation issues in the Eng-
lish of Korean learners that might be due to transfer effects from an acous-
tic-phonetic standpoint. English speech samples from native English and
Korean speakers of the Wildcat Corpus were used for data analysis. The
vowel qualities, the duration ratios, and formant values of unstressed vowels
produced by Korean and English speakers were analyzed. Results show that
the Korean speakers tend not to reduce English unstressed vowels, assimi-
late them into similar vowels in their vowel inventory, and produce them as
full vowels.

1aSC2. Speaker sincerity influences FO0-coupled head motion in
spontaneous monologues. Mark Tiede (Haskins Labs., 300 George St., Ste.
900, New Haven, CT 06511, tiede@haskins.yale.edu), Wei-Rong Chen
(Haskins Labs., New Haven, CT), and D. H. Whalen (Haskins Labs., New
York, NY)

Movements of the head during speech serve multiple communicative
purposes, including perceptual enhancement of prosodic FO contours. How-
ever, it remains uncertain how much of any correlation between head move-
ment and FO may be due to physiological coupling mechanisms exerting
effects on glottal tension. In this work, six native speakers of American Eng-
lish (3F) were videorecorded during production of spontaneous monologues
lasting 90 seconds. Each speaker extemporized twice on two topics chosen
from a list (e.g., video games waste time). One of these they agreed with
(sincere), and the other they pretended to agree with (insincere). Speaker
head movements were quantified as displacement/rotation of a six DOF
rigid body from the videos using OpenFace (Baltrusaitis, 2018). FO for each
speaker was converted to semitones relative to the median value for that
speaker. Results show larger semitone excursion range but smaller head
movement range for the sincere condition, with no significant differences in
syllable rate across conditions. LME models predicting absolute semitone
changes from head displacement show significant positive slopes for main
effects of movement and sincerity, and an additive interaction for sincere
productions. These differences suggest that, while head movement corre-
lates with FO overall, speaker sincerity can interact with the relation.
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1aSC3. Acoustic exponents of emphasis in Jordanian Arabic. Aziz Jaber
(English Lang., Yarmouk Univ., Dept. of English Lang., Yarmouk
University, Irbid 21163, Jordan, aziz@yu.edu.jo)

This paper investigates the domain of emphasis spreading in Urban
Jordanian Arabic. Emphasis spreading is examined in two types of words:
polysyllabic monomorphemic and polymorphemic. F1 raising, F2 lowering,
and F3 raising in the vowels preceding and following the emphatic sound
are used as the acoustic correlates of emphasis spreading in the participants’
speech who are 10 native speakers of Jordanian Arabic. The findings show
that emphasis is a morphophonemic process in that the domain of emphasis
spread in Urban Jordanian Arabic is the morpheme rather than the syllable
or the word. Second, the study shows that emphasis spreading applies left-
ward and rightward in all environments but with some significant differen-
ces. Morpheme boundaries are found opaque to emphasis spreading.

1aSC4. An acoustic study on the voice of emotion in Beijing Chinese
adults. Hanbo Yan (School of Chinese Studies and Exchange, Shanghai Int.
Studies Univ., 550 West Dalian Rd., Bldg. 2, Rm. 418, Shanghai, Shanghai
200083, China, yanhanbo@shisu.edu.cn) and Yu-Fu Chien (Chinese Lang.
and Lit., Fudan Univ., Shanghai, Shanghai, China)

Although Mandarin and Beijing Chinese are both tone language, Beijing
Chinese, a dialect spoken in Beijing, is considered more colloquial. This
study examines the acoustic properties of the vocal expression of emotions
in Beijing Chinese. Using an emotional-stories elicitation method (Anolli
et al., 2008), 30 native speakers of Beijing Chinese produced one target sen-
tence in eight emotions, including anger, contempt, fear, guilt, joy, pride,
sadness, and shame. The same sentence produced in a neutral condition was
used as the baseline. The results showed that mean fO values were high for
shame and fear, while low for pride and anger. Pitch variation was high for
shame and guilt, but low in sad and pride. Shame and sad also yielded high
intensity variation. For speech rate, guilt was expressed with the fastest
speech rate, while sad with the slowest. Longer pauses were found for sad,
and shorter pauses for anger and guilt. Unlike Anolli et al. (2008), in which
Mandarin speakers showed low f0 variation and slow speech rate for guilt,
the current results showed that pitch variation was high for guilt, and it was
characterized by the fastest speech rate in Beijing. It suggests that for tone
language, regardless of the similar phonological systems, emotions were
expressed differently in a more colloquial situation.

1aSCS. The four-way voicing distinction in Bengali infant directed
speech. Jahnavi Narkar (Linguist, UCLA, 5057 Woodward, Detroit, MI
48202, jnarkar@ucla.edu) and Megha Sundara (Linguist, UCLA, Los
Angeles, CA)

Although vowels in infant-directed Speech (IDS) are thought to be
hyper-articulated, findings from consonants are more mixed. Stops in
languages with three- and four-way voicing distinctions, in particular,
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have been found to be hypo-articulated in IDS (Narayan and Yoon, 2011—
Korean; Benders et al., 2019—Nepali) compared to adult-directed speech
(ADS). We investigated the production of stops and affricates in Bengali
which has a four-way voicing and aspiration distinction. IDS and ADS sam-
ples of connected speech produced by 10 native speakers (5 male and 5
female) of Bangladeshi Bengali (Yu et al., 2014) were compared. Stops and
affricates were analyzed for voice onset time, onset fO and lenition of the
closure. Analyses controlled for prosodic position, lexical stress, and
speaker sex—variables that are known to influence hypo-articulation. To
compare the overlap between categories, acoustic measures were combined
to obtain Pillai scores (Hay er al., 2006). Categories with low Pillai scores
have more overlap and are thus, less distinct. The implications of the results
for acquisition of phonetic categories will be discussed.

1aSC6. Evaluating the learnability of vowel categories from infant-
directed speech. Jahnavi Narkar (Linguist, UCLA, 5057 Woodward,
Detroit, MI 48202, jnarkar@ucla.edu), Ekaterina A. Khlystova (Linguist,
UCLA, Los Angeles, CA), Ann M. Aly (TechFlow, Cape Coral, FL), Ji
Young Kim (Spanish and Portuguese, UCLA, Los Angeles, CA), and
Megha Sundara (Linguist, UCLA, Los Angeles, CA)

Hyper-articulated vowels are considered a hallmark of infant-directed
Speech (IDS) and are thought to facilitate acquisition. Consistent with this
idea, vowels in IDS are reported to be more peripheral than in adult-directed
speech (ADS) (e.g., Trainor and Desjardins, 2002; Liu et al., 2005). How-
ever, there are also reports that vowels in IDS are more variable (Cristia and
Seidl, 2014; Martin et al., 2015). We evaluated the learnability of vowel cat-
egories from IDS in two languages—American English, which has a
crowded vowel space, and Mexican Spanish, which has fewer vowels. First,
we used k-means clustering, an unsupervised learning algorithm, to partition
vowels based on spectral and duration measures from conversational IDS.
The algorithm was trained on IDS from 5 English speakers (Providence
Corpus, Demuth et al., 2006) and 12 Spanish speakers (Aly et al., 2016).
The vowel categories extracted from IDS were used to classify ADS vowels
from 5 English speakers from the Buckeye corpus and 12 Spanish speakers
(Kim and Repiso Puigderlliura, 2021). Next, we switched the training and
testing set, by training on ADS, and testing on IDS. If IDS is facilitative, we
expect a higher accuracy of vowel classification with training on IDS rather
than ADS.

1aSC7. Acoustic characterization of the Costa Rican Non-Standard
Trills. Mariana Cortes Kandler (Linguist, Univ. of Ottawa, 60 University
Private, Office 333E, Ottawa, ON KIN 8Z4, Canada, mcortO12@uottawa.
ca)

This study characterizes the Costa Rican Spanish trill realizations acous-
tically, identifies the number of variants, and determines if they are acousti-
cally distinguishable. Costa Rican trills typically lack vibration of the
tongue tip and are thus categorized as ‘non-canonical’ compared to the nor-
mative rolled trill. Only impressionistic descriptions have been provided,
posing challenges to comparisons across studies and dialects. Using Audac-
ity, 18 speakers (9 female, M =37.4) recorded their productions of 72 tokens
containing the trill in word-initial/medial position and in stressed/unstressed
syllables. The study was conducted remotely through Gorilla Experiment
Builder. Duration, percentage of voicing and center of gravity were meas-
ured in PRAAT. Classification was based on visual inspection of the spec-
trograms and waveform, with the audio as a guide. ANOVAs were used to
examine the distribution of the variants and their acoustic differences. Ten
categories are characterized acoustically, the fricative being the most com-
mon variant. Stress made realizations longer but did not reach significance.
Word-initially, fricatives and trills had a significantly higher percentage of
devoicing, and while approximants and trills tended to be shorter in this
position, fricatives had the opposite direction of effect. Fricatives also
showed considerable variation in center of gravity (M=2159.2 Hz,
Range =5622.3 Hz). This acoustic description of the non-standard variants
serves as a parameter for future comparisons with other dialects.
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1aSC8. Quantifying multiplex mergers in progress between moving
targets. Valerie Freeman (Dept. of Comm Sci & Disord., Oklahoma State
Univ., 042 Murray Hall, Stillwater, OK 74078, valerie.freeman@ okstate.
edu)

Pillai scores are becoming popular for quantifying degree of overlap,
separation, or shift between two vowel distributions in F1 x F2 space (Nycz
& Hall-Lew, POMA, 2013). However, some changes in progress involve
more than two shifting vowels, multiple target locations, or variable direc-
tions of shift, making them difficult to quantify with single measures. An
example are back/central pre-lateral mergers in Oklahoma, where /Al/ shifts
toward /ol/ dull-dole and /vl/ shifts toward /ol/ or /ul/ pull-pole or pull-pool.
This presentation compares several methods of numerically describing the
location of /ul/ pull in relation to /ol, ul/, which tend to be separate but do
not necessarily back to the same degree. They can serve as targets or
“anchors” for the more variable /ul/, but without stable locations them-
selves, some sort of rotation, geometric transformation, or dimensional
reduction is necessary. New methods under consideration include propor-
tional locations between anchors, ratios of Pillai scores with each anchor,
and areas of triangles between vowels. All will be evaluated for their spe-
cific usefulness to the example merger and for their applicability to less
complicated shifts, like dull-dole in the same speakers, and differently com-
plex shifts like three-way prevelar merger (bag-beg-bagel) in Pacific North-
west English.

1aSC9. Syllable-wide distribution of acoustic cues to coda voicing. Lian
J. Arzbecker (Speech and Hearing Sci., The Ohio State Univ., 1070
Carmack Rd., 37 Pressey Hall, Columbus, OH 43210, arzbecker.l@osu.
edu), Ewa Jacewicz, Riley Goebel, and Robert A. Fox (Speech and Hearing
Sci., The Ohio State Univ., Columbus, OH)

In English, the strongest acoustic cues to preserving the voicing contrast
in coda stops are in the preceding vowel: a voiced coda is associated with a
longer vowel and a voiceless coda with a shorter vowel. Our recent work
(Jacewicz et al., 2021) examining structured variability in stop voicing
implementation in female productions showed that the cues to stop coda
voicing extended to the syllable initial stop. In running speech, the /b/-closure
in “bad” was shorter when coda was voiced, and it was longer when coda was
voiceless (“bat”). Here, we test the hypothesis that voicing contrast cueing
the “bad-bat” distinction is reinforced syllable-wide and involves specific
long-distance timing relationships between closures of both stops, the extent
of their closure voicing, vowel duration, and positive VOT. The current data-
set consists of 2610 productions by 45 adult males, who are also diversified
by dialect. Preliminary analyses confirmed that segmental voicing informa-
tion is distributed over long domains (here, a monosyllabic word) and that
cues to coda voicing are available in the syllable onset. These findings imply
that temporal relationships among acoustic phonetic detail cueing lexical
distinctions can potentially enhance the perceptual dimensions of perceived
syllable- or word-wide voicelessness and voicing.

1aSC10. Acoustic analysis of vowel production in children with
childhood apraxia of speech. Michelle T. Swartz (Speech Lang. Pathol.,
Thomas Jefferson Univ., 901 Walnut St., 23rd Fl., Philadelphia, PA 19107,
michelle.swartz@jefferson.edu), Laura Koenig (Haskins Labs, New Haven,
NY), and Elaine R. Hitchcock (Commun. Sci. & Disord., Montclair State
Univ., Bloomfield, NJ)

Childhood apraxia of speech (CAS) is a complex neurological subtype
of speech sound disorder (SSD), involving impaired speech motor planning
and programming. Speech characteristics of CAS include difficulty in
sequencing speech movements in the absence of muscle weakness resulting
in segmental (e.g., vowel/consonant distortions) and suprasegmental (e.g.,
inappropriate lexical stress) speech deficits. Acoustic analysis offers a robust
objective diagnostic measurement of CAS for lexical stress and consonant
accuracy/consistency. However, other reported CAS features, such as vowel
errors and distortions, have yet to be extensively validated using acoustic
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analyses. This study will acoustically analyze vowel errors and inconsisten-
cies for corner vowels (/i, u, &, a/) in children with CAS (aged 8;0 to 15;11)
compared to peers with SSD and typical development (TD). Vowel space
measures (e.g., vowel space area and formant centralization ratio) and con-
sistency (e.g., vowel cluster distribution) will be assessed in 24 children
(CAS=4, SSD=10, and TD=10) across various phonetic contexts (e.g.,
syllable sequencing between anterior to posterior voiced/voiceless stops of
increasing syllable length). It is predicted that children with CAS will dem-
onstrate (1) greater vowel inconsistencies as context complexity increases
and (2) a neutralized vowel space based on the corner vowels relative to
children with SSD and TD.

1aSC11. Effect of nasendoscopy procedure on acoustic features of voice
and speech. Liran Oren (Otolaryngol., Univ. of Cincinnati, University of
Cincinnati, PO Box 670528, Cincinnati, OH 45267, orenl@ucmail.uc.
edu)

Nasendoscopy procedure enables direct visualization of voice and
speech anatomy. The procedure passes a flexible scope transnasally to
observe velopharyngeal mechanism or the larynx during speech and phona-
tion. This imaging technique is commonly used simultaneously with audio
recordings. Studies have identified important statistically-significant rela-
tionships between imaging-based and acoustic measures related to voice
and speech quality. However, the effect of the nasendoscopy procedure
itself on specific acoustic features is rarely being considered. Nasendoscopy
is likely to cause some speakers to deviate from their typical vocal function
by inducing stress and tension during recordings. Furthermore, the flexible
nasendoscope can also change the sound and airflow behavior inside the
vocal tract. The current study attempts to quantify how nasendoscopy influ-
ences acoustic features using a physical model based on a child’s vocal
tract during a sibilant sound. An electrolarynx was used to provide a con-
stant sound source with the input airflow to the model. Audio recordings
were captured while retracting the nasendoscope from the level of the
hypopharynx. Results show that compared to the same data taken without
nasendoscopy, the scope can change measures of signal-to-noise and ceps-
tral-peak-prominence by 15% and 7%, respectively. The nasendoscope had
a minimal effect (<3%) on the SPL measure.

1aSC12. The time course of first formant movement in normal and loud
speech. Laura Koenig (Commun. Sci. and Disord., Adelphi Univ., 300
George St., New Haven, NY 06511, koenig@haskins.yale.edu) and Susanne
Fuchs (Leibniz-Zentrum fiir Allgemeine Sprachwissenschaft, Berlin,
Germany)

Louder speech tends to be slower than typical speech. For some vowels
(viz., low and lax ones), louder speech may also be associated with higher
first formant frequencies (F1s) at vowel midpoint. Possibly, increased dura-
tion allows speakers more time to reach a lower jaw position, thus a higher
value of F1, in loud speech. In earlier work, we found that some loudness
differences appeared at 25% and 75% of vowel durations, i.e., they were
seen for much of the vowel. The current study presents data from 11 Ger-
man-speaking women producing naturally elicited typical and loud speech.
Target words included high, low, tense, and lax vowels with surrounding
consonantal place controlled. We will present full vowel trajectories, i.e.,
from preceding to following consonants, to assess the time course of F1 dif-
ferences across vowel types and loudness conditions. F1 will also be consid-
ered within normalized time intervals to control for durational differences
between conditions. We expect that F1 formant trajectories will show mini-
mal loudness differences throughout the vowel for high tense vowels, but
time-varying differences will be more apparent for low and lax vowels, and
appear rather early in the vowel.

1aSC13. An acoustic analysis of French vowel phoneme substitutions in
native English speakers. Madeline G. Strah-Farber (None, 1201 Davidson
Dr. N15, Fort Collins, CO 80525, mgfarber1@gmail.com)

In the last 60 years of second language acquisition research, much has
changed from the Critical Period Hypothesis (CPH) and the belief from Eric
Lenneberg that producing second language vowels and consonants was too
tricky without a first language accent (Harley, 1997). These casual remarks

A45  J. Acoust. Soc. Am., Vol. 151, No. 4, Pt. 2, April 2022

and observations would set in motion further extensions of CPH to help
focus equal attention on second language learning. It would not be until
1987 and research conducted by Jim Flege that the world would begin to see
how American college students can produce and differentiate between the
close fronted /y/ and its back closed counterpart /u/ (Flege, 2005). Flege
would conclude through his experiment that second language learners (L2)
of French had an easier time producing a “new” vowel or vowel that is
absent from their first language (L1) inventory because the habit of substitu-
tion would not be as frequent (Flege, 2005). The research that will be
attempted will try to show how with more experience as a French student,
students will be able to form a separate category for the high fronted close
/y/, regardless of how close it is to its American English counterpart /u/, or
the predictions set forth by the Learning Speech Model.

1aSC14. Acoustic effects of syllable position of /s/ in American English:
Is there a ‘“dark” [s]? Danilo A. Lombardo (Speech-Language-Hearing
Sci., The Graduate Ctr., City Univ. of New York, 365 Fifth Ave. New York,
NY 10016-4309, dlombardol@gradcenter.cuny.edu), D. H. Whalen
(Haskins Labs., New York, NY), Wei-Rong Chen, and Christine H. Shadle
(Haskins Labs., New Haven, CT)

The effect of syllable position on the acoustic structure of speech sounds
has been studied for different consonants. A well-known example is the lat-
eral approximant /l/ in American English (AE), whose spectral properties
vary between initial and final position, as characterized by the light—dark [1]
distinction, as in [l]eaf versus fee[€]. Spectral differences between initial
and final /l/ have been widely reported, with final [€] displaying a higher
concentration of acoustic energy in the low-frequency range. /l/ shares artic-
ulatory properties with the alveolar fricative /s/, and both sounds display
similar trajectories of diachronic change at initial versus final position.
However, it is unknown whether syllable position modulates the acoustic
properties of /s/ in a way similar to that observed for /l/. We explored the
AE /s/ in initial and final position using sVC and CVs words with symmetri-
cal contexts. Acoustic parameters were computed from multitaper spectra.
Preliminary results show that the amplitude at higher frequencies is less
intense in final than initial [s]. Moreover, the frequency of the main spectral
peak was lower in final [s]. It appears that similarities between /s/ and /l/
extend to the effect of syllable position on spectral properties.

1aSC15. Information redundancy across spectral regions for sentence
recognition in noise. Yi Shen (Speech and Hearing Sci., Univ. of
Washington, 1417 NE 42nd St., Seattle, WA 98105-6246, shenyi@uw.
edu)

Two approaches are examined to quantify the synergetic and redundant
interactions across spectral regions for sentence recognition in noise. In one
approach, the Speech Intelligibility Index is extended such that speech intel-
ligibility is not only influenced by the speech audibility metrics in individual
frequency bands but also their pairwise products to capture the synergetic
and redundant interactions between pairs of bands. In a second approach, it
is assumed that successful keyword recognition is determined by how many
independent channels of information is received by the listener. Each chan-
nel of information may be uniquely carried by a frequency band, represent-
ing the independent contribution of that band, or shared among multiple
bands, representing information redundancy. A previously collected dataset
was re-analyzed using the two quantification approaches. For each of the 30
listeners in the dataset, correctness in keyword recognition in the IEEE sen-
tences was available for 600 trials. From trial to trial, the sentence-in-noise
stimuli varied in terms of signal-to-noise ratio and which frequency bands
were removed from the spectrum via filtering. Both approaches provided
consistent depictions of how information is shared across spectral regions
for the IEEE sentences. Moreover, the information redundancies across fre-
quency regions did not equally impact all listeners.

1aSC16. Perceived naturalness of typical disfluent speech and speech of
adults who stutter. Ksenia Kampf (Linguist, Univ. of Oregon, 3655 W
13th Ave. Apt 354, Eugene, OR 97402, kseniag@uoregon.edu)

Disfluencies in spontaneous speech have been shown to be sensitive to
the syntactic constituency (Levelt, 1989): production is restarted at the
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boundary nearest to the point of interruption. While there is a production-in-
ternal account of constituency structure in the speech of both adults who
stutter (AWS) and typical speakers (AWNS), there is no evidence of constit-
uency realization in the perceptional account of disfluent speech. The cur-
rent study explores whether the constituency structure contributes to the
perception of disfluent speech of AWS and AWNS. More specifically, the
study investigates whether syntactic constituents are a cohesive unit of per-
ception and whether altering the constituency structure impacts the per-
ceived naturalness of disfluent speech. The participants rated the samples of
disfluencies produced by AWS and AWNS for naturalness. The stimuli
were presented in their original form as well as in a form with an artificially
altered disfluency position. The results indicate that the location of the repe-
tition disfluency is one of the correlates of speech naturalness, both in stut-
tered and typical speech. At the same time, speech naturalness ratings are
minimally influenced by the type of speaker, suggesting that stuttering and
typical disfluencies follow similar perceptual patterns.

1aSC17. Phonation in verbal tics and true words is distinguishable on
the basis of voice quality. Mairym Llorens (Linguist, Univ. of Southern
California, 3601 Watt Way, Grace Ford Salvatori 301, Los Angeles, CA
90089-1693, llorensm@usc.edu) and Louis Goldstein (Linguist, Univ. of
Southern California, Los Angeles, CA)

Adults with Tourette syndrome produce vocal tics that mimic true words
and phrases. These verbal tics often occur while the ticcer is actively
engaged in speaking. By virtue of their isomorphism with true words, co-
speech verbal tics can introduce unintended meanings into a talker’s utteran-
ces. How does the ticcer-talker compensate for the presence of intrusive
verbal tics that threaten to confuse their interlocutor? In the present study,
the acoustics of phonation in naturalistic co-speech ticcing by four adult
speakers of English was examined. Six acoustic parameters previously iden-
tified as indices of the distinction between falsetto and modal voice were
extracted from ticced and spoken stressed vowel and whole-word intervals.
For all participants, at least three out of the six markers of falsetto were
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observed in verbal tics and were absent in true words. Furthermore, transi-
tions into and out of falsetto were concomitant with transitions across
speech-tic and tic-speech junctures, respectively. These results suggest that
phonation tasks for verbal tics are aimed at achieving falsetto mode of laryn-
geal vibration, in contrast to phonation in spoken English, which is largely
modal. Findings are interpreted in terms of a discourse-level task that organ-
izes ticced and spoken vocalizations in the service of clear communication.

1aSC18. Word and phrase duration in Mandarin-speaking individuals
with Alzheimer’s disease. Kaiwen Yu (Linguist, UBC, 5960 Student Union
Boulvard, 05-308D, Vancouver, BC V6T 1Z1, Canada, yu_kaiwen2018@
outlook.com), Yadong Liu, Arian Shamei, and Bryan Gick (Linguist, UBC,
Vancouver, BC, Canada)

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder
characterized by irreversible cognitive deterioration, often manifesting in
pathological speech patterns [Baker et al., Clin. Linguist. Phon. 21(11-12),
859-867 (2007)]. Previous research has examined temporal and acoustic
features of AD patients’ speech, including pitch, volume, and voice quality,
showing that these measures can be used to discriminate between people
with AD and healthy older adults [Meilan et al., Dement. Geriatr. Cogn.
Disord. 37(5-6), 327-334 (2014)]. However, whether word and phrase du-
ration are affected by AD remains unclear. The present study measured
word and phrase duration from nine Mandarin-speaking AD patients and
nine gender-matched neurotypical controls undertaking picture description
and naming tasks. Preliminary results show AD patients exhibited a signifi-
cant difference (t (1688.1)=—5.88, p<.001) in word duration compared to
controls, with shorter word duration in the naming task (t (1088.8) = —8.66,
p<.001) and longer in the picture description task (t (484.13)=2.40,
p=0.017); AD patients also uttered significantly shorter phrases than con-
trols in the picture description task (t (86.01)=—2.17, p=0.033). The pre-
liminary result suggests that AD may affect word and phrase duration.
[Work supported by NIH and NSERC].
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Session 1aUW

Underwater Acoustics and Acoustical Oceanography: Understanding and Representing Uncertainty in
Underwater Acoustic Models I

Sean Pecknold, Cochair
DRDC Atlantic Research Centre, 9 Grove St, Halifax, B2Y3Z7, Canada

Martin Siderius, Cochair
Portland State Univ., 1600 SW 4th Avenue, Suite 260, Portland, OR 97201

Chair’s Introduction—8:35

Invited Paper

8:40

1aUWI. Towards a process description of acoustic uncertainty in the upper ocean. John A. Colosi (Dept. of Oceanogr., Naval
Postgrad. School, Monterey, CA 93943, jacolosi@nps.edu) and Jennifer MacKinnon (Scripps Inst. of Oceanogr., UCSD, San Diego,
CA)

The upper ocean is a region that hosts the worlds largest biomass, is the boundary layer mediating the exchange of momentum,
energy, heat, gasses, etc. between the air and sea, and it is a region of critical Naval tactical importance. Acoustic modalities are impor-
tant tools for sensing this region as evidenced by the ground-breaking results of bio-acousticans monitoring whales, fish, zooplankton,
and other marine organisms. But while the significance of upper ocean acoustics has been long appreciated, the understanding of key
ocean acoustic processes is lacking. Here, we define upper ocean as the region of the water column where the impacts of winter mixing
are evident, usually two to three times the depth of the maximum mixed layer. The classical view of the thermohaline structure posits a
combination of mostly one-dimensional mixing processes, slow mesoscale stirring and advection, and subsequent subduction towards
the main thermocline. However, a number of recent studies points to an important role played by three-dimensional, small-scale, rapidly
evolving, submesoscale fronts and their potential interaction with internal waves. A few observational highlights will be reviewed with
an emphasis on sound-speed and spice distributions, and implications for deterministic and stochastic sound propagation effects will be
discussed.

Contributed Paper

9:00 high-performance computers (HPC) predicted acoustic signals sent and
received within the NESBA mooring network. The hydrodynamic model
incorporated field measurements of the physical environment in real time.
While the resulting comparisons between models and received data pro-
duced similar patterns for strong arrivals, the cause for variation in weaker
arrivals by detailed physical oceanographic variability is not trivial to
deduce. In this presentation, the influence of perturbations to sub-bottom
properties and small-scale water column variability on signals in the
NESBA acoustic model is explored using sensitivity kernels. The predicted

1aUW2. Influence of environmental perturbations on acoustic signals in
the 2021 New England Shelf Bread Acoustics experiment. Brendan J.
DeCourcy (Appl. Ocean Phys. & Eng., Woods Hole Oceanographic Inst., 86
Water St., Falmouth, MA 02543, bdecourcy@whoi.edu), Ying-Tsong Lin
(Appl. Ocean Phys. & Eng., Woods Hole Oceanographic Inst., Woods Hole,
MA), Glen Gawarkiewicz (Physical Oceanogr., Woods Hole Oceanographic
Inst., Woods Hole, MA), Jennifer Johnson, and Weifeng G. Zhang (Appl.
Ocean Phys. & Eng., Woods Hole Oceanographic Inst., Woods Hole,

MA)

During the 2021 New England Shelf Break Acoustics (NESBA) experi-
ment, real-time hydrodynamic and acoustic models deployed on shipboard
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acoustic signal uncertainty will be further compared with measured variabil-
ity to evaluate the model skill to capture acoustic fluctuation in the varying
shelf break environment. [Work supported by the Office of Naval
Research.]
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9:15

1aUW3. Coupled modeling of the seasonal transmission loss in the Beaufort Sea. David R. Barclay (Dept of Oceanogr., Dalhousie
Univ., 1355 Oxford St., LSC Bldg., Halifax, NS B3H 4R2, Canada, dbarcl@gmail.com), S. B. Martin (Halifax, JASCO Appl. Sci.,
Dartmouth, NS, Canada), Paul C. Hines (Hines S&T, Halifax, NS, Canada), Pablo Borys, Calder L. Robinson (Halifax, JASCO Appl.
Sci., Dartmouth, NS, Canada), James Hamilton (None, Halifax, NS, Canada), and Terry Deveau (Halifax, JASCO Appl. Sci., Halifax,
NS, Canada)

An eight-element drifting vertical line array was deployed overwinter 2019-20 in the Beaufort Sea to record transmissions from two
moored 35 Hz sources deployed as part of the Coordinated Arctic Acoustic Thermometry Experiment (CAATEX), and seven 925 Hz
sources deployed by the Arctic Mobile Observing Systems (AMOS) experiment. Transmissions were received every day on the array at
ranges of 10 to 850 km. A probabilistic rough-ice canopy was integrated to a Parabolic Equation code to predict the propagation loss.
Sound speed profiles and percent ice cover along the propagation paths were obtained at daily resolution from data-assimilative Global
Ice Ocean Prediction System (GIOPS, 20 km spatial resolution). Sea ice roughness and keel properties are empirically determined from
the GIOPS ice thickness. The ice roughness is generated using a random pulse-train model with a characteristic wavenumber spectrum
slope determined by ice age. Empirical probability distributions of ice keel depth, slope, and spatial densities are used to randomly add
keels. Spatial averaging is used to account for signal bandwidth and uncertainty in receiver positions. The environment files and model-
ing are performed in piece-wise steps to manage memory footprints over long ranges. Modeled propagation losses compare well with
the data and reproduce the seasonal variability observed in the measured results.

9:35

1aUW4. Spatial, temporal, and spectral variability of ambient noise in the Arctic. Calder L. Robinson (Halifax, JASCO Appl. Sci.,
202-32 Troop Ave., Dartmouth, NS B3B 1Z1, Canada, calder.robinson@jasco.com), Paul C. Hines (ECE, Dalhousie, Halifax, NS,
Canada), S. B. Martin (Halifax, JASCO Appl. Sci., Dartmouth, NS, Canada), and David R. Barclay (Dept. of Oceanogr., Dalhousie
Univ., Halifax, NS, Canada)

Ambient noise in the Arctic exhibits significant spatial, temporal and spectral variability. This poses significant challenges for pas-
sive sonar performance estimation since the probability of detection is measured against this noise background. This is exacerbated by
the relative paucity of measurements made in this remote region with which to estimate the statistics that describe the noise variability.
To help address this deficiency, ambient noise measurements were collected during a year-long deployment for the CAATEX trial con-
ducted in 2020-2021. In this paper, the measurements are summarized and the spatial, temporal and spectral variability of the ambient
noise is presented.

9:55

1aUWS. Modeling the effects of internal waves on synthetic aperture sonar resolution. Nicholas A. La Manna (Ctr. for Coastal and
Ocean Mapping, Univ. of New Hampshire, 50 Pointe PL, apt 413, Dover, NH 03820, nlamanna@ccom.unh.edu), Anthony P. Lyons
(Ctr. for Coastal and Ocean Mapping, Univ. of New Hampshire, Durham, NH), Daniel C. Brown (Penn State Univ., State College, PA),
and Roy E. Hansen (Dept. of Informatics, Univ. of Oslo, Kjeller, Norway)

Synthetic aperture sonar (SAS) beamforming is performed under the assumption of a constant sound speed within the water column
or by utilizing a measured sound speed profile. Water column features, such as internal waves or internal wave boluses that cause a
sound speed structure different than that assumed, can break the constant sound speed assumption resulting in image defocusing and loss
of resolution. The resultant loss of resolution can be quantified using the point spread function (PSF). An ellipse fitting technique was
applied to SAS images collected by the Norwegian Defence Research Establishment (FFI) using the HISAS system. In conjunction with
the analysis conducted on real data, a ray tracing method was applied to model the broadening effects on the PSF for sound speed differ-
ences caused by internal wave boluses. A wavenumber beamforming algorithm was also applied to artificial echo data, in which sound
speed errors were introduced. It is hoped that the two models can be used in conjunction with SAS data to determine the sound speed
within an internal wave feature from the observed loss in resolution.

10:15-10:30 Break

Contributed Papers

10:30

1aUW6. The Beaufort Sea acoustic duct’s variability and its impact on
acoustic propagation using the mode interaction parameter. Murat
Kucukosmanoglu (Ocean Sci., Univ. of California, Santa Cruz, 604
Koshland Way, Santa Cruz, CA 95064, mkucukos@ucsc.edu), John A.
Colosi, Christopher W. Miller (Oceanogr., Naval Postgrad. School,
Monterey, CA), Peter F. Worcester, and Matthew A. Dzieciuch (Scripps
Inst. of Oceanogr., Univ. of California, San Diego, San Diego, CA)

The Beaufort duct is a subsurface sound channel formed by cold Pacific
Winter Water sandwiched between warmer Pacific Summer Water and
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Atlantic Water in the Western Arctic Ocean. This duct traps sound waves
and allows them to travel long distances without losing energy to lossy
interactions with sea ice and surface waves. This study quantifies Beaufort
duct variability based on Canada Basin Acoustic Propagation Experiment
(CANAPE) and Coordinated Arctic Acoustic Thermometry Experiment
(CAATEX) oceanographic observations. Deterministic ocean features
induce coupling between acoustic modes confined to the Beaufort duct and
non-ducted modes by weakening the duct or causing it to take on an asym-
metric form. A non-dimensional mode interaction parameter (MIP) can be
defined using the acoustic frequency and the vertical and horizontal scales
of sound speed perturbation to characterize coupling strength. It identifies
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three important wave propagation regimes: sudden approximation, adiabatic
approximation, and maximum interaction regime (Colosi and Zinicola-
Lapin, 2021). When the MIP between ducted and lossy modes is more and
less than 1, strong and weak acoustic variability is predicted, respectively.
Variability is high when the MIP between two ducted modes surpasses 1,
but modei—mode interference patterns grow more complicated. Acoustic nu-
merical simulations are used to demonstrate various effects.

10:45

1aUW?7. Time frequency investigation and representation of acoustic
backscatter signatures. Wendy N. Newcomb (GTRI, Georgia Tech, 7220
Richardson Rd., CCRF 5-145, Smyrna, GA 30080, wendy.newcomb@ gtri.
gatech.edu)

Observation of an object’s structural acoustic response, considered in
the aspect-dependent frequency response domain, is a data representation
used for characterizing the target strength of an object. Geometric and elas-
tic wave features in the angle-frequency domain are difficult to distinguish.
Time varying characteristics such as attenuation are lost with a single fre-
quency transform across the entire time collection of the acoustic return.
Research in the aspect angle-frequency domain primarily applies the fast
Fourier transform to an entire time series collection for a single ping cycle.
This work aims to extend the dimensional space of analysis for the acoustic
backscatter representation by investigating time-frequency resolution across
aspect angle for acoustic elastic responses of an object. Empirical analysis
of the data is presented with application of various time frequency trans-
forms. These methods are assessed using time frequency localization met-
rics to quantify their performance with the AirSAS dataset. This exploratory
work will develop the intuition regarding how the time frequency distribu-
tion can be localized, measured, and vary among objects of differing com-
positions. The ways in which time frequency localization can support
distinguishing features of the acoustic return beyond the traditional aspect
angle-frequency domain will be discussed as well.

11:00

1aUWS. Viability of the mixed layer duct with observed dynamics.
Edward Richards (Ocean Sci., UC Santa Cruz, Ocean Sci., 1156 High St.,
Santa Cruz, CA 95064, edwardlrichards@gmail.com) and John A. Colosi
(Oceanogr., Naval Postgrad. School, Monterey, CA)

While the upper ocean of the north Pacific is largely mixed due to air-
sea interaction, a 1000 km sea-soar transect shows the existence of stratifica-
tion in the mixed layer that persists over many tens of kilometers. The
effects of this stratification on mixed layer acoustic propagation depends on
the sound speed differences across the different density layers, and observa-
tions show the sound speed varies rapidly both between and along the iso-
pycnals. Acoustic models are used to separately quantify the importance of
the mixed layer stratification and the density compensated sound speed vari-
ability on propagation in the mixed layer duct. The observed sound speed
field is modeled as the superposition of three fields: a smooth background,
the stratification field with slow isopycnal sound speed variability, and the
remnant unstratified sound speed variation. The sound speed variation in the
stratified mixed layer is attributed to internal waves and eddy filaments and
in the unstratified field to ocean spice. Both types of observed sound speed
variation significantly change, or completely block, mixed layer propaga-
tion. Examples are presented of blocking features in the tilt or spice fields
separately, and where they exist only in the superposition of the two fields.

11:15

1aUWY9. Environmental characterization from passive acoustic data
collected on a partially-spanning array. Franklin H. Akins (Scripps,
UCSD, 562 Arenas St., La Jolla, CA 92037, fakins@ucsd.edu) and William
Kuperman (Scripps, UCSD, La Jolla, CA)

We show that with knowledge of the sound speed along a receiving, par-
tially water-column-spanning vertical line array, mode wavenumber and
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geoacoustic estimates can be obtained without requiring knowledge of
source location or range-rate. This estimation is accomplished simply by
applying spatial smoothing and MUSIC to the sample covariance matrix.
The method is demonstrated with simulation and subsequently on SWellEx-
96 experimental data.

11:30

1aUW10. The holographic signal processing for the estimation of sound
mode parameters in shallow water. Sergey A. Pereselkov (Mathematical
Phys. and Information Technol., Voronezh State Univ., Russia, Voronezh,
Universitetskay pl, 1, Voronezh 394018, Russian Federation, pereselkov@
yandex.ru), Venedikt Kuz’kin (Hydrophysics Lab., General Phys. Inst.
RAS, Moscow, Russian Federation, Moscow, Russian Federation), Elena
Kaznacheeva, and Ilya Kaznacheev (Mathematical Phys. and Information
Technol., Voronezh State Univ., Voronezh / Russia, Russian Federation)

The holographic method for estimation of the broadband sound field
modes parameters by using a single receiver in shallow water is presented in
the paper. The holographic method of signal processing is based on the two-
dimensional Fourier transform (2D-FT) of the source moving in the shallow
water waveguide. The sound field creates in waveguide a stable interference
pattern (interferogram) in the frequency-time domain. The result of the 2D-
FT of the interferogram is called the Fourier-hologram (hologram). It is
shown in the paper that different sound field modes create different focal
spots in the hologram domain. The filtering focal spots and applying the
inverse 2D-FT to them allows restoring the field of the selected mode. In
relation to the time-warping operator, the proposed method of signal proc-
essing provides a smaller error in the mode group velocity estimation. The
results of the numerical simulation as well as the sound mode parameters
estimation are presented and discussed in the paper. [Work supported by the
RFBR (19-29-06075) and MK-6144.2021.4.]

11:45

1aUW11. Model validation for simulated synthetic aperture sonar time
series data. Jason Philtron (Penn State Univ., 201 Old Main, University
Park, PA 16802, jhb186@psu.edu) and Brian Reinhardt (Penn State Univ.,
University Park, PA)

Synthetic aperture sonar (SAS) systems have grown in popularity due to
their ability to create high-resolution sonar imagery with a high area cover-
age rate. Researchers continue to find new uses for SAS data products. To
support the development of new uses and algorithms, it is important to be
able to accurately simulate SAS systems with synthetic time series data.
This simulated data can be used for many purposes, including estimating
system signal-to-noise ratio and performance in a variety of environments,
testing signal processing algorithms, and training algorithms to recognize
objects in SAS imagery. For these processing tasks to be successful, the sim-
ulator must accurately represent physical phenomena in the oceanic under-
water environment, which can be extremely complex. This presentation will
outline a process for validation and verification of a high-frequency SAS
time series simulator, and discuss several useful tests for validating model
fidelity. Two fundamental concepts will be explored in depth: the sonar
equation and spatial coherence theory. The sonar equation is important
because it accounts for correct implementation of multiple lower level mod-
els such as geometry, beam patterns, propagation, and seafloor scattering
strength. Spatial coherence is important because it is relied on to form
coherent imagery.
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A50

Balancing Speech Intelligibility with Privacy for Indoor Spaces

Joonhee Lee, Cochair
Department of Building, Civil and Environmental Engineering, Concordia University, EV 6.231,
1515 Rue Sainte-Catherine O, Montreal H3H1Y3, Canada

Kenneth W. Good, Cochair
Armstrong World Industries Inc., 2500 Columbia Avenue, Lancaster, PA 17601

Roderick Mackenzie, Cochair
Soft Db, Montreal, Canada

Chair’s Introduction—1:30

Invited Papers

1:35

1pAALl. Optimization of a partition’s ASTC to reach speech privacy goals, including innovative construction administration
methods. Bonnie Schnitta (SoundSense, LLC, 39 Industrial Rd., Unit 6, PO Box1360, Wainscott, NY 11975, bonnie@ soundsense.com)
and Sean Harkin (SoundSense, LLC, Wainscott, NY)

In order to achieve speech privacy in a room, it must be accurately engineered from the partitions, such as the walls, to the door. The
speech privacy specification results from calculations based on the partitions’ STC. It is referenced by most building codes that these
partitions, when built outside of the controlled lab, have an ASTC that is 5 points lower than the STC. When the ASTC is more than 5
points lower, strict speech privacy requirements are not met. This presentation discusses flanking and acoustic leakage points which
degrade the wall by more than 5 points. Methodologies for resolving these issues of flanking or acoustic leakage will be presented that
help bring the ASTC close to the STC and thereby meet the goals for speech privacy. A further discussion of innovative methods of con-
struction administration to achieve these goals will also be discussed

1:55

1pAA2. A systematic investigation to assess the merits of measurement preconditions critical to speech privacy standards. Viken
Koukounian (K.R. Moeller Assoc. Ltd., 3-1050 Pachino Court, Burlington, ON L7L 6B9, Canada, viken@logison.com)

As with any field of science, the limits of theory are regularly tested to make way for more reliable testing standards. However, with-
out a defined understanding of scope and purpose, the line between theory and practice—that which is already obscure—becomes
increasingly difficult to identify. In the following investigation, the author reviews the scope and purpose of certain acoustical standards
(ASTM E90, E336, E1130, E1573, E2638, and ANSI/ASA S12.2, S12.72) to clarify the context for which meaningful guidance is
needed. More specifically, topics of interest include (1) effects of measurement locations and positions, (2) effects of measurement pro-
cedure, (3) effects of measurement instrumentation, (4) differences between operators, and (5) effects of architectural features on sound
(i.e., spatial, spectral and temporal properties). To offer resolute understanding of the impact of each recommendation, the measurement
methods within this investigation exceed those provided by the Standards. This provision is intended to afford meaningful insight as to
the theoretical and practical limitations of the measurement of sound in the built environment—in contrast to the more limited data that
would be available if testing is in accordance with the relevant Standards. The variability due to each guideline is quantified and
reported.
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2:15

1pAA3. Comparing testing methodologies of speech privacy class in
closed offices. Rewan Toubar (Dept. of Bldg., Civil and Environ. Eng.,
Concordia Univ., 1515 Saint-Catherine St. W, EV-0S3.412, Montreal, QC
H3G 1S6, Canada, rewantoubar@yahoo.com), Roderick Mackenzie (Soft
dB, Montreal, QC, Canada), and Joonhee Lee (Dept. of Bldg., Civil and
Environ. Eng., Concordia Univ., Montreal, QC, Canada)

Speech privacy is a principal research area in speech communication.
The term speech privacy is generally interpreted a condition where speech
cannot be readily understood by, but may be audible to, an unintended lis-
tener. The need to prevent sound from intruding into adjacent spaces in both
closed and open-plan settings is a concern in various office buildings.
Speech privacy is essentially a function of the signal-to-noise ratio, compris-
ing the noise reduction between source and receiver positions, and the mask-
ing effective of background noise. Speech Privacy Class (SPC) is one of the
commonly used metrics for speech privacy assessment in closed plan offices
in North America. However, there is a reluctance to use SPC between closed
rooms due to laborious testing requirements as per ASTM E2638; there is a
supposed preference to use either Speech Privacy Potential (SPP) based on
simpler NIC testing, or to use Articulation Index (AI) despite the Al being
created solely for testing open-plan settings. The ASTM E2638-10 standard
SPC testing procedure does not assume a diffuse field in the receiving space
but rather evaluates the performance at each potential eavesdropping loca-
tion on the basis that there may be an intentional listener. Thus, to better
apply the SPC to unintended listening and speech privacy in typical com-
mercial spaces, the goal is to compare the current methodology as per
ASTM E2638-10 with alternative sampling methods considering the talker
location and unintended listening positions outside the source room.
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2:30

1pAA4. Categorizing auditory objects of perceived sounds in the built
environment. Semiha Yilmazer (Ray W. Herrick Labs., Purdue Univ., Ray
W Herrick Lab 177, S Russell St., West Lafayette, IN 47907, syilmaze@
purdue.edu), Volkan Acun, Donya Dalirnaghadeh, Ela Fasllija, Zekiye
Sahin, and Elif Mercan (Interior Architecture and Environ. Design, Bilkent
Univ., Ankara, Cankaya, Turkey)

This exploratory study focuses on a cognitive approach to categorize
complex auditory scenes in the built environment, while prior studies have
concentrated on outdoor acoustic environments. Six experts and 30 non-
experts performed a free chip sorting task to assess 70 binaural recordings
taken from indoor spaces. Healthcare, working, cultural, educational, lei-
sure, worship, and transportation spaces (e.g., bus, train, metro stations, and
airports) were chosen as public spaces. The participants were asked to clas-
sify the auditory objects into sound categories based on the descriptive
labels provided by the authors to identify the sound sources. The findings,
obtained through hierarchical agglomerative clustering and non-metric mul-
tidimensional scaling (MDS), show that there are three prominent category
labels regarding perceived sound in the indoor acoustic environment: (1)
intelligible and unintelligible speech; (2) periodic and transient sounds; and
(3) stationary and non-stationary sounds. Human-generated sounds such as
conversation, laughter, footsteps, and coughing vary over time according to
the context of the built environment. Moreover, technology-related sounds,
such as mechanical and electronic ones, have a deterministic and random
nature that differ according to the function of the spaces.
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Session 1pBA

Biomedical Acoustics, Physical Acoustics, and Signal Processing in Acoustics:
Emerging Techniques Involving Super-Resolution Imaging Including Image
Processing Methods, Applications, and Instrumentation

Jeffrey Ketterling, Cochair
Riverside Research, 156 William St, 9th FL, New York, NY 10038

Michael L. Oelze, Cochair
ECE, University of Illinois at Urbana-Champaign, 405 N Mathews, Urbana, IL 61801

Chair’s Introduction—1:00

Invited Papers

1:05

1pBAl. Principles and techniques of microbubble localization and tracking in super-resolution ultrasound microvascular
imaging. Pengfei Song (Elec. and Comput. Eng., Univ. of Illinois Urbana-Champaign, 405 N. Mathews Ave., Beckman Inst. 4041,
Urbana, IL 61801, songp@illinois.edu)

Super-resolution ultrasound microvascular imaging (SR-UMI) is an emerging technology that uses microbubbles as point targets to
break the diffraction limit of ultrasound and track blood flow. Robust microbubble localization and tracking are essential for successful
SR-UMI. However, in practice, microbubble localization and tracking are often hampered by the complex flow dynamics of microbub-
bles (e.g., microbubble signal overlap, merging and splitting) and suboptimal ultrasound imaging quality (e.g., low SNR, tissue motion).
More importantly, the tradeoff between microbubble localization and tracking accuracy and SR-UMI imaging speed remains a key bar-
rier for practical implementation of SR-UML. In this presentation, I will first review the principles and state-of-the-art techniques of
microbubble localization and tracking. I will then introduce several new methods recently developed by our group that demonstrate
improved microbubble localization and tracking performance under high microbubble concentrations (which leads to accelerated SR-
UMI). Finally, I will introduce a new deep learning-based SR-UMI method that is both microbubble localization- and tracking-free.
Because this new method is no longer constrained by challenges associated with microbubble localization and tracking, it achieves very
fast SR-UMI imaging speed (tens of milliseconds to several seconds on a moderate GPU) and has the potential to be implemented in
real-time.

1:25

1pBAZ2. Superresolution imaging of microvasculature at the capillary level using nanobubble contrast agents. Agata A. Exner
(Dept. of Radiology, Case Western Reserve Univ., Case Western reserve University, Cleveland, OH 44106-7078, agata.exner@case.
edu), Dana Wegierak (Dept. of Biomedical Eng., Case Western Reserve Univ., Cleveland, OH), and Mahdi Bayat (Dept. of Elec. Eng.
and Comput. Sci., Case Western Reserve Univ., Cleveland, OH)

In this work, we describe applications of nanobubbles in superresolution imaging. Conventional ultrasound localization microscopy
(ULM) techniques require sparse scatterers in the form of echogenic microbubbles (MB, ~1-10 um diameter). ULM enables imaging of
capillaries larger than ~50 um in diameter but becomes too time consuming in smaller capillaries due to insufficient MB density. A via-
ble alternative for microvascular imaging may be the use of submicron bubbles, or nanobubbles (NBs). NBs are ~100i—500 nm in diam-
eter and have a particle density 5 orders of magnitude higher than MBs without associated attenuation artifacts. In addition to strong
nonlinear response, under some conditions NBs can produce SNR linear signals stronger than erythrocytes. This allows for formulating
a superresolution imaging problem using computational approaches suitable for dense sources instead of relying on physical sparsity.
With much smaller sizes compared to MBs, NBs can access the smallest capillaries at much higher concentrations (~10'"), offering
enhanced detection and faster superresolution acquisition. In addition, NB nonlinear signals can be decomposed to elucidate intravascu-
lar and extravasation into tissues with vascular hyperpermeability, such as tumors. Thus, when combined with appropriate processing,
NBs can provide information about vascular architecture and extravascular transport which is not achievable with MBs.
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1:45

1pBA3. Visualization of tumor angiogenesis using super-resolution ultrasound imaging. Katherine Brown (Bioengineering, Univ.
of Texas at Dallas, Richardson, TX) and Kenneth Hoyt (Bioengineering, Univ. of Texas at Dallas, 800 W Campbell Rd. BSB 13.929,
Richardson, TX 75080, kenneth.hoyt@utdallas.edu)

Super-resolution ultrasound imaging (SR-US) is a new technique that breaks the diffraction limit and allows visualization of micro-
vascular structures down to tens of microns. The objective of this presentation is to briefly introduce SR-US imaging and use in various
small animal models. Engineering challenges and ongoing opportunities will also be introduced. SR-US is predominantly a software
advance that can be integrated with both clinical and preclinical US imaging platforms. After injection of an intravascular microbubble
(MB) contrast agent, a time-series of contrast-enhanced ultrasound (CEUS) images are acquired. Spatiotemporal filtering of the CEUS
images helps remove the tissue clutter signal and segmentation of the MB signal. Precise localization of the center of each agent is then
determined. This process is repeated for each CEUS image in the time series. The resultant SR-US images depict fine microvascular
detail typically unresolved using traditional CEUS imaging methods. During this presentation, we will explore use of methods to help
improve the MB detection and localization process in space and time like with the use of motion correction and machine learning algo-
rithms. We will also present a series of preclinical examples highlighting the potential of this new technology in cancer research. Results
demonstrate that SR-US imaging depicts microvascular structures not visible using traditional CEUS methods. The utility of this new
diagnostic tool will play more of a role in theranostics over the next decade.

2:05-2:20 Break

2:20

1pBA4. Super-resolution imaging using conventional and non-conventional beamforming. Francisco Santibanez, Thomas Kierski,
Ryan Deruiter, Rebecca Jones, Danai Soulioti, Jake McCall, Hatim Belgharbi, Davis Crews (Biomedical Eng., Univ. of North Carolina
at Chapel Hill and North Carolina State Univ., Chapel Hill, NC), Paul A. Dayton (Biomedical Eng., UNC Chapel Hill, Chapel Hill,
NC), and Gianmarco Pinton (Biomedical Eng., Univ. of North Carolina at Chapel Hill and North Carolina State Univ., 116 Manning
Dr., Mary Ellen Jones Rm. 9212A, Chapel Hill, NC 27599, gia@email.unc.edu)

Super-resolution ultrasound surpasses diffraction limits by localizing spatio-temporally separable contrast agents and generates images
that significantly exceed the resolution of conventional B-mode imaging methods. However, the ability to detect contrast agents and to sepa-
rate their signal from the underlying tissue and from sources of image degradation such as phase aberration or reverberation clutter remains a
process that is governed by fundamental wave propagation and beamforming. Here, super-resolution imaging and improvements in contrast
detection, imaging depth, resolution, and registration accuracy are demonstrated using conventional and non-conventional beamforming
methods in 2D and 3D. Three different imaging schemes: (a) single plane-wave, (b) three steered plane-wave compounding, and (c) 256
focused transmits are compared in vivo to quantify the improvements in contrast detection. Wide-beam 3D transcranial super-resolution and
power Doppler images through a human and macaque skull are demonstrated using a 1.5 MHz sparse matrix array. These partially and fully
focused methods are also demonstrated transcranially in rodents using 2D imaging at 15 MHz and volumetric imaging at § MHz. Finally
super-harmonic super-resolution imaging approaches are demonstrated for stationary and moving bubbles in murine tumors. These imaging
methods extend the capabilities of super-resolution imaging and may improve the clinical translatability of the technique.

2:40

1pBAS. Super-resolution Imaging with a multifrequency large-aperture hemispherical phased array. Lulu Deng (Physical Sci.
Platform, Sunnybrook Res. Inst., 2075 Bayview Ave., Toronto, ON M4N 3MS5, Canada, lldeng@sri.utoronto.ca), Harriet Lea-Banks,
Ryan Jones, Meaghan O’Reilly, and Kullervo Hynynen (Physical Sci. Platform, Sunnybrook Res. Inst., Toronto, ON, Canada)

High-resolution imaging of microvasculature is important for diagnostic and therapeutic applications. Here, the utility of a multi-fre-
quency large-aperture hemispherical phased array in the context of vasculature imaging via passive beamforming and super-resolution tech-
niques was explored at various receive frequencies, to investigate the capability of mapping the emissions of lipid coated phase-change
nanodroplets flowing through tube phantoms as well as rabbit renal and cerebral vasculatures in-vivo. With super-resolution techniques, the
mean lateral (axial) full-width-at-half-maximum image intensity was estimated to be 16 =3 (32 +=6) um and 7 = 1 (15 = 2) um, corre-
sponding to approximately 1/85 of normal resolution when received with the subarrays at 612 and 1224 kHz, respectively. The mean posi-
tional uncertainties were approximately 1/350 (lateral) and 1/180 (axial) of the receive wavelength in water. The renal and cerebral
vasculatures of rabbits were partially visualized. A correlation between transmit pulse and nanodroplet vaporization is observed, demon-
strating potentials for nanodroplet vaporization modulation and signal-to-noise ratio enhancement. This study demonstrates the feasibility
of mapping vaporized nanodroplets with passive beamforming and super-resolution imaging techniques. It may provide means to map com-
plete vasculature pre- or post-treatment with therapeutic focused ultrasound in organs that can be surrounded by the hemispherical array.

3:00

1pBAG. Preclinical and clinical evaluation of super-resolution ultrasound imaging. Kang Kim (Bioengineering, Univ. of Pittsburgh,
623A Scaife, 3550 Terrace St., Pittsburgh, PA 15213, kangkim@upmec.edu), Qiyang Chen, and Roderick Tan (Univ. of Pittsburgh,
Pittsburgh, PA)

Super-resolution ultrasound (SRU) imaging is an emerging technology that can visualize microvessels with unprecedented high spatial
resolution compared to conventional contrast enhanced ultrasound imaging methods. Microvascular rarefaction occurs in both acute kid-
ney injury (AKI) and chronic kidney disease (CKD) and leads to progressive injury, but no technology currently exists for safe, noninva-
sive assessment of kidney microvessels. In a preclinical mouse SRU study, we utilized a high-frequency small animal transducer to
demonstrate reduction in microvascular density and increase in vessel tortuosity in a model of AKI due to ischemia-reperfusion injury. To
translate SRU into clinical applications on human subjects, a fast SRU algorithm was implemented on a clinical curved array transducer
for a deeper imaging depth and a larger imaging field of view and applied on healthy and CKD human subjects under an approved IRB.
SRU did demonstrate reduced vascular density and blood flow in CKD patients compared to controls. SRU is thereby a novel and promis-
ing diagnostic and prognostic tool for kidney disease. Some encouraging pilot data and technical limitations will be discussed.
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Session 1pCAa

Computational Acoustics, Biomedical Acoustics, Physical Acoustics, Underwater Acoustics,
Structural Acoustics and Vibration, Noise, Musical Acoustics, and Architectural Acoustics:
Finite and Boundary Element Methods Across Acoustics

Jennifer Cooper, Cochair

Johns Hopkins University Applied Physics Laboratory, 11100 Johns Hopkins Rd., Mailstop 8-220, Laurel, MD 20723

Michelle E. Swearingen, Cochair
Construction Engineering Research Laboratory, US Army ERDC, PO Box 9005, Champaign, IL 61826

Subha Maruvada, Cochair

U.S. Food and Drug Administration, 10903 New Hampshire Ave., Bldg. WO 62-2222, Silver Spring, MD 20993

Invited Papers

1:00

1pCAal. Influence of the model parameters for the finite element simulation of bone conduction in the human head. Simon
Kersten (Inst. for Hearing Technol. and Acoust.,, RWTH Aachen Univ., Kopernikusstrae 5, Aachen 52074, Germany, simon.kersten@
akustik.rwth-aachen.de) and Michael Vorlaender (Inst. for Hearing Technol. and Acoust., RWTH Aachen Univ., Aachen, Germany)

Bone conduction (BC) describes the transmission of vibrations via osseous, cartilage, and soft tissue pathways that contribute to the
hearing sensation. It is important, e.g., in the context of BC hearing aids as well as for the occlusion effect and one’s own voice percep-
tion when using hearing protection or hearing devices. Finite element (FE) simulations of BC allow to overcome practical and ethical
limitations of measurements with real heads and help to gain insights into underlying mechanisms. However, FE models inevitably
require substantial simplifications due to the assignment and definition of volumetric domains and corresponding materials. Addition-
ally, the material parameters are often only known within certain ranges. In this presentation, an overview on FE models of human heads
used for BC research is given, and similarities and differences are discussed. The influence of the FE-inherent simplifications and the
challenges in determining the model parameters are illustrated by varying the geometry and the material properties of a simple ellipsoi-
dal model. The variability of the model predictions is compared to simulation results obtained with more realistic geometries and to the
inter-subject variability observed in measurements with real human heads reported in the literature.

1:20

1pCAa2. 3D finite element modeling techniques and application to underwater target scattering. Aaron Gunderson (Appl. Res.
Labs., The Univ. of Texas at Austin, 10,000 Burnet Rd., Austin, TX 78758, aarong@arlut.utexas.edu)

Underwater acoustic target scattering measurements rely on high-fidelity modeling for experimental comparison and understanding.
Three-dimensional (3D) finite element models are well suited for this purpose, as they can account for arbitrary or unknown target prop-
erties and configurations/orientations within complex and asymmetrical seafloor environments. High acoustic frequencies and large
physical distances associated with in situ scattering measurements pose challenges to 3D modeling efforts in terms of model sizes and
runtimes. Certain model considerations must be made to keep the 3D model computationally efficient, yet accurate in predictive capabil-
ity. Numerically determined Green’s functions are demonstrated to permit 3D model reduction, while still preserving far-field scattering
prediction capability through the Helmholtz—Kirchhoff integral. By determining Green’s functions within the model, they need not be
known or estimated for complex ocean environments a priori. Nontraditional scattering formulations and a survey of boundary trunca-
tion methods also are explored and implemented for maximal accuracy within small 3D computational domains. Model results for ca-
nonical elastic targets within varying seafloor environments are shown and compared to theory and experimentation. [Work supported
by the Strategic Environmental Research and Development Program and by the Office of Naval Research, Ocean Acoustics.]
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1:40

1pCAa3. Time-domain simulation of acoustic scattering and internal
propagation from multiple gas bubbles. Jiacheng Hou (Mech. and
Aerosp. Eng., Utah State Univ., 4130 Old Main Hill, Logan, UT 84322-
4130, jiachenghou@aggiemail.usu.edu), Zhongquan Charlie Zheng (Mech.
and Aerosp. Eng., Utah State Univ., Logan, UT), and John S. Allen (Dept.
of Mech. Eng., Univ. of Hawai’i at Manoa, Honolulu, HI)

Acoustic scattering and resonance responses from multiple gas bubbles
are computed using a time-domain simulation based on the numerical solu-
tions of the conservation laws. The time histories of scattered pressure and
velocity, both outside and inside the bubbles, are obtained simultaneously
from an immersed-boundary method facilitating the investigation of both
exterior and interior acoustic fields for non-spherical bubbles. Agreement is
found with both analytical scattering solutions and those from empirical
shape factors in limiting cases. In addition, the time-domain method allows
for the study of the transient acoustic scattering from pulse forcing (Gaus-
sian). In this case, the interior gas oscillates in an off-center, non-uniform
manner compared to the steady state forcing cases. The time history and the
interior gas behavior are presented in detail for combinations of two bubbles
of different sizes and shapes (spherical, prolate, oblate). A comparison and
analysis of this immersed-boundary method to the finite element method
and boundary element methods is provided. Also, the increasingly important
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role of computational acoustics in the study scattering of multiple targets of
diverse sizes and shapes is highlighted.

1:55

1pCAad4. Simulation of acoustic liner performance in a grazing flow
duct. Zhongquan Charlie Zheng (Mech. and Aerosp. Eng., Utah State Univ.,
4130 Old Main Hill, Mech. and Aerosp. Eng., Logan, UT 84322, zzheng@
usu.edu), Tayanne Alves (Aerosp. Eng., Univ. of Kansas, Lawrence, KS),
Jiacheng Hou (Mech. and Aerosp. Eng., Utah State Univ., Logan, UT), and
Huixuan Wu (Aerosp. Eng., Univ. of Kansas, Lawrence, KS)

Acoustic liners are commonly used to reduce aircraft engine noise. The
performance of acoustic liners can be tested in a grazing flow duct. In order
to simulate the new extended-reaction liners which allow lateral acoustic
propagation inside the liner, finite element methods have been used in the
frequency domain computation. In this study, different liner core materials,
including honeycomb and foam-metal, are simulated with uniform or varied
material properties and geometries. Frequency responses of liners are stud-
ied with different materials under several flow conditions. An immersed-
boundary, time-domain simulation is also implemented to simulate the
broad-band behavior of the liners and to compare with the frequency-do-
main computation. Optimized material properties and liner arrangement for
noise reduction will be investigated.

GOVERNORS SQUARE 12, 2:25 P.M. TO 3:25 P.M.

Session 1pCAb

Computational Acoustics, Signal Processing in Acoustics, Biomedical Acoustics, Physical Acoustics,
and Structural Acoustics and Vibration: Contributions in Emerging Methods for Design
and Optimization in Computational Acoustics

Amanda Hanford, Chair
Penn State University, PO Box 30, State College, PA 16802

Contributed Papers

2:25

1pCAbl. Transmission loss and end-correction modeling of extended
inlet-outlet expansion chamber muffler and the concentric tube
resonator. Archana S. Kale (Dept. of Phys., Nowrosjee Wadia College, V.
K. Joag Path, Pune, Maharashtra 411009, India, sarchkale@ gmail.com) and
Farhat Surve (Dept. of Phys., Nowrosjee Wadia College, Pune,
Maharashtra, India)

Measuring transmission loss of a muffler in a lab-setting may not always
be feasible, as it ideally requires an anechoic termination at one end.
Instead, a simulation algorithm employed as an effective tool that can han-
dle large data and produce results in a short time is offered. Lab-grade
expansion chamber mufflers with cross—sectional ratios 4.78, 7.27, and
12.14 are converted to extended inlet—outlet expansion chamber mufflers
and then to concentric tube resonators employing simulation that
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concurrently optimizes their geometry. An algorithm to obtain the exact ge-
ometry using end-correction and extending the same to concentric tube reso-
nators by varying the porosity handle is discussed.

2:40

1pCAb2. Enhancing acoustical design using parametric optimization of
surface geometries. Benjamin C. Koziczinski (KOST Design, Miinzstrafie
10, Berlin, Berlin 10178, Germany, koziczinski@kost.design), Ivan C.
Nieto (BCK Architektur, Berlin, Berlin, Germany), and Karlheinz
Stegmaier (KOST Design, Berlin, Berlin, Germany)

Raytracing is commonly used to design surface geometries. To optimize
this process, we propose combining a parametric design approach with an
evolutionary solver. These optimization principles are widely implemented
across engineering fields and could be exploited for acoustical design.
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Evolutionary optimization is an iterative tool to increase the “fitness”—or
optimality—of a predefined target value, in this case reflecting and non-
reflecting geometries given any acoustical design brief. The iterative nature
of an evolutionary solver—which evaluates each generation in terms of its
proximity to the target value—enables acousticians/designers to continually
assess results at different stages of the optimization process. The proposed
algorithms optimize parameters such as size, shape, number or orientation
of surfaces by defining raytracing target values (e.g., number of rays reach-
ing a receiver after n-reflections, density of rays in a diffuse field). We
implement this approach using standard software: the Galapagos solver
within the Grasshopper framework, a parametric design tool in the Rhino
3D environment. The limitless design options offered by the parametric
approach are thus made available for acoustical optimization. This method
can be used on all scales of geometrical acoustics, from alignment of
absorber panels to geometries of enclosed spaces, such as concert halls.

2:55

1pCADb3. Design optimization of metamaterials to control waves in
cylindrical rods. Pravinkumar R. Ghodake (Dept. of Mech. Eng., Indian
Inst. of Technol., Bombay, Mumbai, Maharashtra 400076, India,
mech7pkumar@gmail.com)

Metamaterials can control different modes of waves by tuning their
bandgap structures. Various design strategies are implemented to obtain
desired responses of metamaterials by solving multiple forward problems
using parametric sweeps, topology, and shape optimization problems. This
study focuses on the design of cylindrical metamaterials to control wave
propagation in a cylindrical rod using a shape optimization approach. Topol-
ogy optimization requires relatively more computational resources and time
as well as it also gives relatively complex structures in comparison with
shape optimization. Optimal widths of layered elastic materials arranged
periodically along an axis, on subsurface, and an outer surface of cylindrical
surface are obtained by solving multiple time-dependent shape optimization
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problems. Optimization problems are solved using the finite element method
and non-gradient optimization algorithm. Single and multi-objective func-
tions are defined to reduce only axial and both axial as well as radial dis-
placements integrated over the end surface, and monochromatic Gaussian
input pulse is considered in this study. Every design solution obtained dur-
ing each design iteration can be easily manufactured as a weak constraint is
applied to the total length of the metamaterial. Prior knowledge of possible
bandgaps helps to set an effective optimization problem, but it is not a nec-
essary condition.

3:10

1pCAb4. Building information modeling (BIM) automation for
architectural acoustics, mechanical noise calculation. Josh Thede
(Henderson Engineers, Inc., 8345 Lenexa Dr. Ste. 300, Lenexa, KS 66214,
josh.thede@hendersonengineers.com), Nick Boyts, Jeff Teel, Kevin Butler,
Elaina Bargas, and Adam Roth (Henderson Engineers, Inc., Lenexa,
KS)

There are several established procedures and design tools for estimating
the background sound levels from heating, ventilation and air-conditioning
(HVAC) building systems. Building Information Modeling (BIM) is a pro-
cess commonly used in architecture, engineering, and construction that uses
data to generate digital representations of a building’s physical and func-
tional characteristics. We will demonstrate a BIM-automated design tool
which uses a Dynamo script and a Revit model duct layout to estimate
HVAC noise levels in buildings. With just a few inputs in the model, the
script calculates the sound attenuation of each duct element and receiver
room sound correction to estimate the HVAC background sound level in
any space or building type. Leveraging existing data through BIM automa-
tion can help create efficient, optimized designs and improve coordination
between mechanical engineers, architects, and acoustical consultants to
meet acoustical design criteria.
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1:05

1pEAL. Development of an in-ear microphone for individualized
measurement of hearing protection device output. David A. Anderson
(Rocky Mountain Div., Appl. Res. Assoc., Inc., 1250 S Monaco PkwyUnit
42, Denver, CO 80224, danderson@ara.com), Andrew D. Brown (Speech
and Hearing Sci., Univ. of Washington, Seattle, WA), Nathaniel Greene
(Otolaryngol., Univ. of Colorado School of Medicine, Aurora, CO),
Theodore F. Argo, and Bruno Mary (Rocky Mountain Div., Appl. Res.
Assoc., Inc., Littleton, CO)

Hearing protection devices (HPDs) are designed to reduce the amplitude
of sound reaching the ear, but can also distort the acoustical cues necessary
for sound localization. In order to quantify the acoustic impact of an HPD
on the signal reaching the tympanic membrane, the signals deep in the ear
canal with and without the HPD must be compared. While some commercial
microphone solutions for measuring in-ear pressures with HPDs exist, they
are device-specific and/or may not provide reliable isolation of the micro-
phone transducer from the (potentially high-intensity) ambient sound field.
Here, we describe a new assembly using a small MEMS microphone
attached to the end of a thin flexible circuit, which can be inserted either
alongside or through virtually any HPD. Following a description of the elec-
tromechanical design of the assembly, we present measurements of insertion
loss for HPDs with and without the microphone using an acoustic test fix-
ture. These measurements demonstrate that the presence of the microphone
does not significantly disrupt the sound attenuation characteristics of a range
of HPDs. Preliminary measurements of insertion loss and head-related trans-
fer functions in human subjects are also presented.

1:20

1pEAZ2. A passive radio frequency excited acoustic transducer. Charles
Thompson (Elec. and Comput. Eng, UMASS Lowell, 1 Univ. Ave. Lowell,
MA 01854, charles_thompson@uml.edu), Lejun Hu, Grace Remillard,
Kavitha Chandra, Vacharaporn Paradorn, and Azizat Lawal (Elec. and
Comput. Eng, UMASS Lowell, Lowell, MA)

The physical processes that govern the operation of a passive acoustic
transducer driven into operation by a broadcast radio-frequency electromag-
netic wave are presented. The transducer is comprised of a re-entrant cavity
resonator operating in its resonant TEM mode and a sensing membrane. By
displacing the membrane using the acoustic pressure, one can generate an
amplitude modulated radio frequency signal proportional to the product of
the displacement and the excitation signal. One may use the backscattered
electromagnetic signal to recover the audio signal. The results for power
generation, sound transduction, and radio-frequency backscatter transmis-
sion of the audio signal are presented.
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1:35

1pEA3. Projector design for imaging of buried unexploded ordnance.
Daniel C. Brown (Appl. Res. Lab., Penn State Univ., PO Box 30, State
College, PA 16804, dcb19@psu.edu), Scott Brumbaugh, Mark Fanton,
Richard Meyer, Shawn Johnson, and Cale Brownstead (Appl. Res. Lab.,
Penn State Univ., State College, PA)

Recent modeling and field experimentation has shown very-shallow-
water acoustic imaging of buried unexploded ordnance (UXO) can place
stringent requirements on the sonar transmit system. Achieving high-resolu-
tion imagery requires large transmit bandwidth. Imaging deeply buried
UXO requires low operating frequencies and high source levels to overcome
sediment attenuation. Imaging UXO near the sediment-water interface
requires short transmit waveforms that require projectors with a low me-
chanical quality factor for accurate reproduction. This work presents the
results of a recent design study, device fabrication, and acoustic testing of a
new projector intended for operation as part of a buried UXO imaging sys-
tem. The analysis will focus on the design and material selection of the head
mass and the ring stack used in the tonpilz device. The head mass design
trade considered construction from aluminum or an aluminum beryllium
metal matrix composite (AlBeMet). The ring stack design trade considered
traditional polycrystalline lead zirconate titanate (PZT), ternary single
crystal lead indium niobium-lead indium manganese niobium titanate (PIN-
PMN-PT), and textured manganese doped lead magnesium niobate—lead zir-
conate titanate (Mn-PMN-PZT). Finite element simulations and measured
results will be presented.

1:50

1pEA4. One-dimensional modeling of the air motion transformer. Peter
J. Riccardi (The Penn State Univ., State College, PA) and Thomas E.
Blanford (The Penn State Univ., The Penn State Univ., State College, PA
16804, teb217@psu.edu)

The Air Motion Transformer (AMT), since its invention in the 1970s,
has found application as a high-frequency tweeter for loudspeakers. It is per-
ceived as reproducing audio with superior clarity and fidelity of transients
compared to moving coil tweeter designs. It is well known that many fac-
tors, such as frequency response and properties of nonlinear distortion prod-
ucts, influence human perfect of audio quality. Despite the perceived
superiority of AMT performance, few studies have investigated this trans-
ducer to accurately model their operation and understand the physical mech-
anisms that influence their sound quality. This presentation will describe a
one-dimensional model for an AMT loudspeaker that can be used to predict
both linear and nonlinear behavior of the device. The model will be com-
pared to measured data from commercially available AMT tweeters.
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Sources of nonlinear distortion in the AMT device that may influence per-
ceived sound quality will be discussed. The similarities and differences
between the electroacoustic properties of the AMT and comparable moving
coil tweeters, and how these relate to sound quality, will also be discussed.

2:05

1pEAS. Monitoring industrial acoustics with distributed acoustic
sensing. Derrick Chambers (Geophys., Colorado School of Mines, 1905
Tangent Way, Unit 77, Golden, CO 80401, derrickchambers@mines.edu),
Peiyao Li, Harpreet Sethi, and Jeffery Shragge (Geophys., Colorado School
of Mines, Golden, CO)

True-phase distributed acoustic sensing (DAS), a technique which uses
low-power laser pulses to monitor along-fiber strain in optical cable, has
proven useful in many geophysical research areas, including down-hole
monitoring in oil/gas extraction, near-surface characterization, detecting and
locating regional and global earthquakes, urban monitoring. Most of the
geophysical applications to date, however, have focused on recording elastic
waves propagating through solid media. In this work, we explore the
response of DAS for recording acoustic propagation in air, as a function of
fiber type and configuration, over frequency bands useful for monitoring
industrial environments. We also present methods of creating simple fiber-
composite sensing units for improving sensitivity, and strategies for combin-
ing solid-earth and acoustic monitoring to create an effective seismoacoustic
array with a single DAS interrogator.

2:20

1pEAG6. An acoustic near surface soil profiler using surface wave
method. Zhiqu Lu (National Ctr. for Physical Acoust., 145 Hill Rd.,
University, MS 38677, zhiqulu@olemiss.edu)

An acoustic soil profiler, using a so-called the high-frequency multi-
channel analysis of surface waves (HF-MASW) method, has been devel-
oped, which uses surface (Rayleigh) waves to measure soil profile in terms
of the shear (S) wave velocity as a function of depth, up to a 2.5 m deep
below the surface. Several practical techniques have been developed to
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enhance the HF-MASW method, including (1) a variable sensor spacing
configuration, (2) the self-adaptive method, and (3) the phase-only signal
processing. Fundamentally, the S-wave velocity is related to soil mechanical
and hydrological properties through the principle of effective stress. There-
fore, the measured two-dimensional S-wave velocity images reflect the tem-
poral and spatial variations of soils due to weather effects, geological
anomalies, and anthropologic activities. Several HF-MASW applications
will be reported, including (1) near surface soil profiling, (2) a long-term-
survey for studying weather and seasonal effects, (3) short-term monitoring
rain fall events, (4) detecting fraigpan layers, and (5) a farmland compaction
study. This acoustic soil profiler can be used for agricultural, environmental,
civil engineering, and military applications.

2:35

1pEA7. Acoustic oscillations of drag-reducing air pocket under fast
boat with stepped bottom. Konstantin I. Matveev (Washington State
Univ., Sloan Hall, Pullman, WA 99164, matveev@wsu.edu)

One promising method for reducing water resistance of marine vessels
is to create air pockets on their wetted hull surface. However, such pockets
can experience acoustic oscillations when excited by periodic sea waves.
These oscillations may reach high amplitudes at resonance conditions, when
the air-pocket natural acoustic frequency approaches to the excitation fre-
quency. This can lead to excessive air leakage from the pockets and even-
tual disintegration of air cavities, resulting in a loss of their drag-reduction
effectiveness. A reduced-order acoustic model has been developed to ana-
lyze this process. Using realistic hull and air-pocket parameters, the model
was applied to simulate acoustic oscillations of an air pocket under a fast
boat. It is shown that increased damping inside air cavities can limit oscilla-
tion magnitudes to acceptable levels. Another strategy involves quick accel-
eration of the hull, so that time spent near the resonance condition is
insufficient for substantial growth of high-amplitude acoustic oscillations.
Active acoustic control can also be used to suppress the oscillations. [Work
supported by the U.S. National Science Foundation under Grant No.
1800135.]
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DIRECTORS ROW H, 1:00 P.M. TO 2:20 P.M.

Session 1 pMU

Musical Acoustics: General Topics in Musical Acoustics 1

Kurt R. Hoffman, Cochair
Physics, Whitman College, 345 Boyer Ave., Hall of Science, Walla Walla, WA 99362

Taffeta Elliott, Cochair
CLASS, New Mexico Inst. of Mining and Technology, 801 Leroy Pl, Class Dept, Socorro, NM 87801

Chair’s Introduction—1:00

Contributed Papers

1:05

1pMUL. Simulation of acoustic effects of postural laryngeal oscillatory
movement during vocalization. Ingo R. Titze (Utah Ctr. for Vocology,
Univ. of Utah, 240 S 1500 E, Rm. 206, Salt Lake City, UT 84112, ingo.
titze@utah.edu), Anuja Sharma (Dept. of Radiology and Imaging Sci. and
VAST Res. Lab, Univ. of Utah, Salt Lake City, UT), Ganesh Adluru (Dept.
of Radiology and Imaging Sci. and; Dept. of Biomedical Eng., Univ. of
Utah, Salt Lake City, UT), and Julie Barkmeier-Kraemer (Div. of
Otolaryngol. and VAST Res. Lab, Univ. of Utah, Salt Lake City, UT)

This paper addresses the contributions of low-frequency postural laryngeal
kinematics to frequency and amplitude modulations of the vocal output signal.
A one-dimensional Navier—Stokes solution for fluid transport and wave propa-
gation is used along with a laryngeal source model to simulate voice produc-
tion. Vocal fold adduction and vertical laryngeal posture are modulated
sinusoidally at 2—10 Hz with various amplitudes to approximate kinematic
phenomena observed with MRI during production of vocal vibrato and voice
tremor. The acoustic modulations are quantified in terms of formant (reso-
nance) and fundamental frequency shifts in the radiated output signal from the
mouth. Postural oscillation of the larynx is a common kinematic component of
vocal tremor, although less documented during production of vibrato.

1:20

1pMU2. The effect of acoustic environments on singers’ vocal behaviors
and mental effort. Keiko Ishikawa (Speech and Hearing Sci., Univ. of
Illinois, Urbana-Champaign, 901 S. 6th St., Champaign, IL 61820,
ishikak@illinois.edu), Elisabeth Coster, Silvia Murgia, and PASQUALE
BOTTALICO (Dept. of Speech and Hearing Sci., Univ. of Illinois at
Urbana-Champaign, Champaign, IL)

Singers perform in various acoustic environments; however, how the
environments affect their mental effort is poorly understood. This study vir-
tually simulated acoustic environments to examine the effect of reverbera-
tion time on singers’ vocal behaviors and mental effort. Participants were
five vocally healthy singers who completed a minimum of undergraduate-
level training. For the virtual environments, the voice signal was digitally
processed by adding reverberation using a real-time effect processor of the
digital mixer. The processed sound was played back to the participant using
open headphones. The average T30 was 1.13 s in Low T30 condition, 1.39 s
in Medium T30 condition, and 1.90 s in High T30 condition. Participants
sang the American national anthem and rated their perceived level of overall
effort, mental effort, physical effort, frustration, and performance using a
modified NASA-TLX scale for each acoustic condition. Pupillometry was
also used to measure the mental effort during each task. Their voice record-
ings were acoustically analyzed for intensity, singing-power ratio, alpha ra-
tio, pitch accuracy, and vibrato rate and extent. The presentation will
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discuss: (1) individual differences in the participants’ response to the rever-
beration time and (2) the degree of agreement between the subjective rating
and physical measurement of mental effort.

1:35

1pMUS3. Cue selection in the perception of pitch in music and speech.
May Pik Yu Chan (Linguist, Univ. of Pennsylvania, Dept. of Linguist 3401-
C Walnut St., Ste. 300, C Wing University of Pennsylvania, Philadelphia,
PA 19104-6228, pikyu@sas.upenn.edu) and Jianjing Kuang (Linguist,
Univ. of Pennsylvania, Philadelphia, PA)

Spectral shape affects pitch perception; sounds with more high energy
harmonics sound higher than sounds with low energy in higher harmonics.
Flatter spectral slope corresponds to tenser voices while steeper spectral
slope correlates to breathier voices in speech. In string instruments, the
spectral slope differentiates sul ponticello and sul tasto. Listeners were
found to integrate spectral slope cues in pitch perception in speech; how-
ever, work on music focused on cross-instrument differences, glossing over
cue integration within instruments with fixed-formant frequencies. Further-
more, spectral cues and FO co-vary in human pitch production, but are
largely independent in instrumental music. It remains unclear whether music
processing is as integrative as speech processing. In this study, listeners
were given either speech or violin stimuli with identical pitch contour pairs,
and were asked to decide whether the second contour was higher or lower in
pitch compared to the first. The spectral slope of each sound was manipu-
lated to include all combinations of “breathier”/*sul tasto” and “tenser”/*sul
ponticello” sounding pairs. Results show that listeners integrate spectral
slope cues in pitch perception in speech and violin stimuli similarly, with
similar categoricity and shift. Overall, listeners with higher musicality have
more categorical responses but no differences in shift.

1:50

1pMU4. Flow visualization and aerosols in performance. Tehya
Stockman (Civil, Environ., and Architectural Eng., Univ. of Colorado
Boulder, Boulder, CO), Jean Hertzberg (Mech. Eng., Univ. of Colorado
Boulder, Boulder, CO), and Abhishek Kumar (Mech. Eng., Univ. of
Colorado Boulder, 11972 W Dakota Dr., Lakewood, CO 80228,
abku6744@colorado.edu)

The COVID-19 pandemic has created a great deal of fear and uncer-
tainty around whether aerosols from singers and musical instruments can
transmit the virus. The World Health Organization has recognized that
SARS-COV-2 is transmissible through aerosols. Outbreaks from choir per-
formances, such as the Skagit Valley Choir, showed that singing brings
potential risk of COVID-19 infection. Additionally, outbreaks from singing
have resulted in superspreader events leading to many infections and deaths.
There is less known about the risks of airborne infection from other musical
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performance, such as playing wind instruments or performing theater.
Hence, aerosol generation in performance (playing brass and woodwind
instruments, singing, and theater speech delivery) should be quantified,
monitored, and mitigated. To tackle this issue our research questions were
as follows: (i) What is the aerosol generation rate? (ii) How does air flow
from the performer’s mouth/instrument and how does it disseminate into the
environment? and (iii) What control methods can be employed to mitigate
risk? In this study, we used a variety of methods, including flow visualiza-
tion, aerosol and CO, measurements, and computational fluid dynamics
(CFD) modeling to understand the different components that can lead to
transmission risk from musical performance and risk mitigation.

2:05

1pMUS. Does musical training affect neuro-cognition of emotions? An
EEG study with instrumental Indian classical music. Medha Basu
(Jadavpur Univ., Kolkata, West Bengal 700032, India, medhabasul996@
gmail.com), SHANKHA SANYAL (Lang. and Linguist, Jadavpur Univ.,
Kolkata, West Bengal, India), Archi Banerjee (IIT Kharagpur, Kharagpur,
India), Kumardeb Banerjee, and Dipak Ghosh (Jadavpur Univ., Kolkata,
West Bengal, India)

Music across all genres evokes a variety of emotions, irrespective of its
timbre and tempo. Indian classical music (ICM) is no exception. Although
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being biased towards vocal musical styles, instrumental music forms one
broad section of ICM. In this study, we have tried to compare the neural
responses of music practitioners and non-musicians towards different emo-
tions using audio clips from two popular plucked string instruments used in
ICM, Sitar and Sarod. From pre-recorded performances of two eminent
maestros, 20 clips of approximately 30 s duration were selected from the
Alaap sections (initial introductory section without any rhythmic accompa-
niment) of different Raagas played in the two instruments. From an audi-
ence response assessment of 100 participants, a total of eight clips having
maximum arousal for happy and sad emotions were identified from the 20
clips, using which EEG (Electroencephalography) recordings were collected
from five musicians and five non-musicians. Robust nonlinear Multifractal
Detrended Fluctuation Analysis technique (MFDFA) was applied to quanti-
tatively measure the brain-state changes in different lobes for both catego-
ries of participants. In essence, this study attempts to encapsulate if and how
prior musical training influences the brain responses towards two basic mu-
sical emotions in ICM using two instruments of same family.

GOVERNORS SQUARE 16, 1:00 P.M. TO 3:00 P.M.

Session 1pPA

Physical Acoustics and Biomedical Acoustics: Advances in Sonochemistry II

James Kwan, Chair
Department of Engineering Science, University of Oxford, Parks Road, Oxford OX1 3PJ, United Kingdom

Invited Paper

1pPA1l. Ammonia chemistry: Sounds better with ultrasound. Prince N. Amaniampong (CNRS-Univ. of Poitiers, France, Faculté des
Sci. Fondamentales et Appliquées (UFR SFA) Institut de Chimie des Milieux et Matériaux de Poitiers (IC2MP, CNRS) Catalysis and
Unconventional Media Team(Equip E4) Batiment B1, Rue Marcel Doré, TSA41105 86073 - Poitiers Cedex 9 (France), Poitiers 86000,
France, prince.nana.amaniampong@univ-poitiers.fr), Anaelle Humblot, Karine De Oliveira Vigier, and Francois Jerome (CNRS-Univ.

of Poitiers, France, Poitiers, France)

Hydrazine is a chemical of utmost importance in our society, either for organic synthesis or energy use. The direct conversion of
NHj; to hydrazine is highly appealing, but it remains a very difficult task because the degradation of hydrazine is thermodynamically
more feasible than the cleavage of the N—H bond of NH;. As a result, any catalyst capable of activating NH; will thus unavoidably
decompose N,H,. Here, we show that cavitation bubbles, created by ultrasonic irradiation of aqueous NH; at a high frequency, act as
microreactors to activate and convert NH; to NH species, without assistance of any catalyst, yielding hydrazine at the bubble-liquid
interface. The compartmentation of in-situ-produced hydrazine in the bulk solution, which is maintained close to 30 °C, advantageously
prevents its thermal degradation, a recurrent problem faced by previous technologies. This work also points towards a path to scavenge

.OH radicals by adjusting the NH;3 concentration.
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Contributed Paper

1:30 product. The sonochemical efficiency (SE) is thus defined as the ratio of the
product yield to the input acoustic power. Here, we put forward a novel
approach to enhancing the SE by designing a multi-frequency (0.25 to
1 MHz) sonochemical reactor that reflects a cylindrically spreading acoustic
wave 180°. The reflected wave converges to cylindrically shaped high-in-
tensity “hot zone” positioned along the axis of the reaction vessel. At mod-
est power input, we detected noise with a passive cavitation detector in air-
saturated water, suggesting the direct nucleation of cavitation. Using the

1pPA2. A multi-frequency sonochemical reactor utilizing a
cylindrically focused acoustic wavefield for improved sonochemical
efficiency. Jason L. Raymond, Ronald A. Roy (Dept. of Eng. Sci., Univ. of
Oxford, Oxford, United Kingdom), and James Kwan (Dept. of Eng. Sci.,
University of Oxford, Parks Rd., Oxford OX1 3PJ, United Kingdom, james.
kwan@eng.ox.ac.uk)

Sonochemistry involves several steps. First, an acoustic wave must be Weissler reaction to determine the production of hydroxyl radicals, we
generated with sufficient energy to nucleate cavitation. This cavitation event determined the SE of our sonochemical reactor at various operation condi-
must then be energetic enough to produce radicals through the sonolysis of tions. We also compared these values to conventional bath, horn, and plate
the gas or vapor molecules in the bubble. Finally, these radical species must sonochemical reactors. The comparison suggested that our reactor design
survive long enough to react with other chemical species to yield the desired had a better sonochemical efficiency for the Weissler reaction.

Invited Papers
1:45

1pPA3. Nanostructured TiO, as a sonophotocatalytic cavitation agent for spatially controlled sonochemistry. Umesh S.
Jonnalagadda (Nanyang Technol. Univ., Chemical and Biomedical Eng. (NTU), 62 Nanyang Dr., Singapore 637459, Singapore,
umeshsj@ntu.edu.sg), Fan Qianwenhao, Xiaogian Su, Wen Liu (Nanyang Technol. Univ., Singapore, Singapore), and James Kwan
(Eng. Sci., Univ. of Oxford, Oxford, United Kingdom)

Sonochemistry has garnered interest in its ability to facilitate greener chemistry by minimizing the use of hazardous reagents and
harsh reaction conditions commonly used in chemical synthesis. The operating principle for sonochemistry is inertial cavitation,
whereby bubble collapse will induce water pyrolysis to generate radicals for use in chemical reactions. Unfortunately, this process is
limited by the low efficiencies in converting electrical energy to cavitation energy for free radical generation. To remedy this, research-
ers have exploited phenomena, e.g., sonoluminescence, using heterogenous catalysts to increase the radical generation rate; however,
the stochastic nature of cavitation requires prolonged periods of high intensity, continuous wave irradiation to generate sufficient reac-
tion rates. To address these limitations, we nanostructured TiO, to function as sonophotocatalytic cavitation agents (SCAs). Our SCAs
demonstrate that sonoluminescence can more efficiently occur at the catalyst surface and at lower energies using pulsed ultrasound. We
evaluated the functionality of our SCAs by benzyl alcohol oxidation to benzaldehyde, where we further modified the catalysts using
AuPd nanoparticles to function as a co-catalyst for enhanced sonoreactivity. Our findings present the key design elements for developing
an effective SCA, allowing future work to explore the versatility of SCAs for a wide range of chemical applications.

2:15

1pPAd4. Synergistic effect between nanostructured catalysts and high-frequency ultrasound: Application in biomass conversion
to specialty chemicals. Sabine Valange (CNRS-Univ. of Poitiers, France, ENSI Poitiers, B1, 1 rue Marcel Doré, TSA 41105, Poitiers
86073, France, sabine.valange@univ-poitiers.fr), Prince N. Amaniampong, Karine De Oliveira Vigier, and Francois Jerome (CNRS-
Univ. of Poitiers, France, Poitiers, France)

Within the context of sustainable chemistry, sonochemistry is now emerging as an alternative unconventional technology in cataly-
sis. While ultrasound-generated radicals can participate in chemical reactions, mastering the reaction selectivity of polyfunctional sub-
strates remains an elusive task. To address this challenge, we designed nanostructured metal oxides with leaf-like morphologies (e.g.,
CuO) by sonochemical synthesis (20 kHz) and investigated their activity for controlling the selectivity of oxidation reactions under ultra-
sonic irradiation in aqueous solution. We demonstrated that colocalization of the cavitation event onto the CuO surface active sites ena-
bles the direct utilization of radicals generated by cavitation for chemo-selective chemical reactions. In particular, we provided evidence
for an alternative reaction pathway in glucose selective oxidation through synergistic cavitation—catalyst interactions at 550 kHz. We
showed that the unwanted He radicals stemming from water sonolysis are trapped by the surface lattice oxygen of CuO, thereby increas-
ing the coverage of *OH radicals on the catalyst surface, and steering the selective oxidation of glucose to glucuronic acid, a valuable
chemical whose synthesis remains a formidable challenge in the field of catalysis. This work also highlights that the particle size of the
sonocatalyst is a key parameter governing an optimal transfer of radicals from the cavitation bubbles to the catalyst surface.
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Contributed Paper

2:45

1pPAS. Acoustics of Drop Impact on Hydrophobic Surfaces and Liquid
Pools. John S. Allen (Mech. Eng., Univ. of Hawaii Manoa, Holmes 302,
2540 Dole St., Honolulu, HI 96822, alleniii@hawaii.edu), Rafsan Rabbi,
Akihito Kiyama (Dept. of Mech. Eng., Utah State Univ., Logan, UT), and
Tadd Truscott (Dept. of Mech. Eng., King Abdullah Univ. of Sci. and
Technol., Thuwal, Saudi Arabia)

Drop impact on surfaces has been studied comprehensively as it has a
wide range of fundamental and practical implications. The splash, spread-
ing, and rebound have been investigated with respect to substrate interfaces
with hydrophobic surfaces being of particular interest. However, impact on
wetted substrates is less understood for the hydrophobic surfaces. Also the
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associated acoustics of the drop impact has not be explored in terms of air
entrainment and substrate vibrations. We investigate the impact of water
drops (~2-10 mm diameter) from heights 100400 cm upon hydrophilic—
and hydrophobic—coated solid surfaces as well as free floating liquid pools
(0.15-0.45 ml). A contact microphone coated with the Glaxco water repel-
lant provides a hydrophobic surface upon which impact vibrations can be
quantified. An air microphone is synchronized to a high-speed Phantom
camera for sound recording and optical visualization of the impact and
rebound phases. Cross-correlation of the two microphones reveals distinct
differences between the two solid substrates. The initial rebound and subse-
quent jet break-up are found in an analysis of the signal’s amplitude and
phase. These results are compared to those from gel spheres and discussed
for applications of non-contact coating monitoring.

PLAZA EXHIBIT HALL, 1:00 P.M. TO 4:00 P.M.

Session 1pSC

Speech Communication: Speech Production and Acoustics II (Poster Session)

Yoonjeong Lee, Chair
Linguistics, University of California, Los Angeles, 31-19 Rehabilitation Center, 1000 Veteran Ave.,
Los Angeles, CA 90095

All posters will be on display from 1:00 p.m. to 4:00 p.m. Authors of odd-numbered papers will be at their posters from 1:00 p.m. to
2:30 p.m. and authors of even-numbered papers will be at their posters from 2:30 p.m. to 4:00 p.m.

Contributed Papers

1pSC1. Phonetic alignment to regional variants in interaction. Lotte
Eijk (Ctr. for Lang. Studies, Radboud Univ., Erasmusplein 1, Nijmegen
6525HT, Netherlands, lotte.eijk@ru.nl), Herbert Schriefers (Donders Inst.
for Brain, Cognition and Behaviour, Radboud Univ., Nijmegen,
Netherlands), and Mirjam Ernestus (Ctr. for Lang. Studies, Radboud Univ.,
Nijmegen, Netherlands)

Alignment is the process of adapting speech to another interlocutor’s
speech. We set out to explore whether speakers align phonetically to re-
gional variants since no clear evidence has been reported (Gessinger et al.,
2019; Earnshaw, 2021) and if so, what the driving mechanism is (local ver-
sus global context). We investigated phonetic alignment to two regional var-
iants of a Dutch phoneme, known as the “hard g” or “soft g.” Participants
interacted with two confederates differing in their regional variants in a sen-
tence completion task (total of 268 sentences). In a pre-test, participants
completed sentences by themselves. They then interacted with Confederate
1 (Round 1), with Confederate 2 (Round 2), and again with Confederate 1 in
Round 3, and lastly by themselves again in the post-test. We investigated
the duration and Centre of Gravity of the 15085 fricatives of 36 partici-
pants. We examined three different predictors testing for differences
between short-term and long-term alignment effects. None of these predic-
tors showed significant effects of alignment. Descriptive analyses showed
tremendous variation among speakers. We conclude that phonetic alignment
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of regional variants is not as clear as phonetic alignment previously demon-
strated in less ecologically valid studies.

1pSC2. Linguistic and personal influences on speaker variability.
Yoonjeong Lee (Linguist, Univ. of California, Los Angeles, 31-19
Rehabilitation Ctr., 1000 Veteran Ave., Los Angeles, CA 90095,
yoonjeonglee@ucla.edu) and Jody Kreiman (Linguist, Univ. of California,
Los Angeles, Los Angeles, CA)

Our previous studies examined the manner in which within- and
between-speaker acoustic variability in voice follow patterns determined by
biological factors, the language spoken, and individual idiosyncrasies. To
date, we have analyzed data from speakers of English, Seoul Korean, and
Hmong, which differ in whether they contrast phonation type and/or tone.
We found several factors that consistently account for acoustic variability
across languages, but also factors that vary with phonology. The present
study adds Gujarati (which contrasts breathy with modal phonation) and
Thai (a tone language without contrastive phonation) to this work. We
hypothesize that FO will emerge from analyses of Thai, as it did for Hmong
and Korean (but not for English), and that differences in the amplitudes of
lower harmonics will emerge for Gujarati, as occurred for Hmong, but not
for English or Korean. We further hypothesize that two factors—the balance
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of high-frequency harmonic and inharmonic energy and formant disper-
sion—will emerge as the most important factors explaining acoustic var-
iance for these new sets of speakers and languages, as they have in our
previous studies. Such a result would be consistent with the view that
speaker variability is governed by both biological and linguistic factors.

1pSC3. Sociophonetic variation among Asian Americans: The role of
ethnicity and style. Danielle Dionne (Dept. of Linguist, Boston Univ., 621
Commonwealth Ave., Boston University, Boston, MA 02215, ddionne@bu.
edu) and Charles B. Chang (Dept. of Linguist, Boston Univ., Boston, MA)

The present study examined sociophonetic variation in a small sample
of Asian Americans in Boston, Massachusetts (N =8; 4f, 4m; M, =23) rep-
resenting four ethnic groups—Chinese, Filipino, Korean, and Vietnamese.
Analyzing these speakers’ English production in tasks eliciting both casual
and careful speech, we focused on four linguistic features comprising fea-
tures observed in New England and in certain Asian American groups.
Three features (L/R-CONFLATION, L-VOCALIZATION, and R-DELE-
TION) were coded auditorily and one (LOW BACK RAISING of /a/ to /5/)
acoustically; the dataset included approximately 1500 tokens of each fea-
ture, for a total of around 6000 tokens. Mixed-effects modeling results on
the casual speech data indicated that Ethnicity was a significant predictor
(p’s < .05) of the occurrence of L-VOCALIZATION (M =86.6% overall)
and R-DELETION (M =8.5%), but not of L/R-CONFLATION (which did
not occur at all) or LOW BACK RAISING (which did not clearly occur in
F, or F5). Preliminary analysis of the careful speech data showed lower
rates of L-VOCALIZATION (M =70.0%) and R-DELETION (M =1.5%)
than in casual speech and, again, no occurrence of L/R-CONFLATION or
LOW BACK RAISING. These findings reveal similarities and differences
in speech production among ethnically diverse Asian Americans, point to a
possible role of style, and highlight the need for further investigation of pho-
netic variation within this community.

1pSC4. Speech-based biomarkers for automatic detection of GERD: A
pilot study. Mary Pietrowicz (Appl. Res. Inst., Univ. of Illinois at Urbana-
Champaign, 2100 S Oak St., Champaign, IL 61820, Champaign, IL 61820,
marybp@illinois.edu), Amrit Kamboj, Manoj Yarlagadda, Kevin Buller
(Div. of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN),
Keiko Ishikawa (Speech and Hearing Sci., Univ. of Illinois, Urbana-
Champaign, Champaign, IL), Diana Orbelo (Dept. of Otolaryngol., Mayo
Clinic, Rochester, MN), and Cadman Leggett (Div. of Gastroenterology and
Hepatology, Mayo Clinic, Rochester, MN)

This study explores the feasibility of detecting gastroesophageal reflux
disease (GERD) and Barrett’s esophagus (BE) using acoustic features
extracted from speech recordings. GERD is a common condition affecting up
to 27.8% of adults in the US. Chronic GERD is associated with BE, the pre-
cursor to esophageal adenocarcinoma. An automatic screening tool for
GERD would improve clinical outcomes by improving early detection. Bio-
markers based on acoustic features of speech may hold promise as hoarseness
often co-occurs with GERD. The study cohort consisted of 49 adults with and
63 without GERD based on esophagogastroduodenoscopy or ambulatory pH
studies. Speech, including sustained vowels, sentences, and reading, was
systematically recorded. Voice quality was validated through auditory-
perceptual ratings with three speech-language pathologists. Automated, cross-
validated, search across multiple machine and deep learning model types was
performed using the recorded speech. Detection of condition presence and
severity are explored, and model performance is reported, along with an assess-
ment of the ability of acoustic features to discern across conditions.

1pSCS5. Triggering and spreading of lateral tongue posture. Yadong Liu
(Linguist, Univ. of BC, 202-2720 Acadia Rd., Vancouver, BC V6T 1R9,
Canada, yadong@connect.hku.hk) and Bryan Gick (Linguist, Univ. of BC,
Vancouver, BC, Canada)

Lateral bracing is a tongue posture that is pervasively maintained during
speech across languages (Liu et al., in press), released only for a few Eng-
lish sounds ([1] and occasional low vowels; Gick et al., 2017). While bracing
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is required for many (e.g., coronal) sounds, it is unclear why bracing is
maintained during non-lingual sounds (e.g., labial/glottal consonants). Spe-
cifically, it is unknown whether bracing is maintained during non-lingual
sounds because it is a pervasive default posture for speech (i.e., turned “on”
unless actively suppressed, e.g., for /I/) or whether an unbraced posture can
be maintained during extended periods. We collected coronal cross-section
ultrasound imaging of the dorsal tongue while participants said “hubba-
bubba” (a four-syllable sequence of non-lingual consonants and low vowels)
in two contexts: surrounded by mandatorily braced sounds (e.g., /s/) versus
unbraced sounds (e.g., /l/). Preliminary results show that the lateral tongue
stayed in a lowered position throughout “hubba-bubba” when surrounded by
unbraced sounds compared to braced sounds. Results suggest the lateral
tongue may be held in one of at least two distinct postures whose activation
is controlled by “trigger” events. [Work supported by NIH and NSERC.]

1pSC6. An ultrasound study of high vowel devoicing in Tokyo
Japanese: Evidence for the vowel gesture retention. Rion Iwasaki
(Speech-Language-Hearing Sci., City Univ. of New York, 365 Fifth Ave.,
Rm. 7304, New York, NY 10016, riwasaki@ gradcenter.cuny.edu), Kevin
D. Roon (Speech-Language-Hearing Sci., City Univ. of New York, New
York, NY), Jason A. Shaw (Dept. of Linguist, Yale Univ., New Haven, CT),
Mark Tiede (Haskins Labs., New Haven, CT), and D. H. Whalen (Speech-
Language-Hearing Sci., City Univ. of New York, New York, NY)

High vowels in Tokyo Japanese are typically devoiced between voice-
less obstruents, but controversy remains over whether vowel gestures persist
when devoiced or are instead deleted. A previous ultrasound study (Iwasaki
et al., 2020) showed that the lingual articulation of the release burst of /kV/
differs by vowel context even when the vowels are devoiced. This study
uses tongue surface contours derived from midsagittal ultrasound images to
investigate the effects of vowel devoicing on changes in quantified tongue
shape over time. Native speakers of Tokyo Japanese produced word pairs
(/C;VCye/) that contrasted in the voicing of V, which was either /i/ or /u/.
Tongue shape was characterized by Fourier transforming tangent angles
along each contour (Dawson et al., 2016). Time-normalized trajectories
over the /C;VC,e/ sequence were compared by vowel context (/i/ versus /u/)
and voicing environment (devoiced versus voiced). Preliminary results
show that the real component of the first Fourier coefficient is sensitive
to detecting evolving shape differences between the two vowel contexts
over the sequence, not just when the vowels are voiced, but also when they
are devoiced. Based on these results, the high vowel contrast persists even
in the devoiced environment, suggesting that devoiced vowels are not
deleted.

1pSC7. Effect of speech-related smile suppression on emotional valence.
Nicole Ebbutt (Linguist, Univ. of BC, 6368 Stores Rd., Vancouver, BC V6T
2B4, Canada, nicoleebbutt@gmail.com), Kyra Hung (Linguist, Univ. of
BC, Vancouver, BC, Canada), Magdalena Ivok (Linguist, Simon Fraser
Univ., Vancouver, BC, Canada), Charissa Purnomo, Farhan Samir, Gillian
de Boer, and Bryan Gick (Linguist, Univ. of BC, Vancouver, BC,
Canada)

The physical act of smiling has direct positive effects on mood [Kleinke
et al., Pers. Soc. Psychol. 74, 272-279 (1998)]. Relatedly, Rummer et al.
[Emotion, 14(2), 246-250 (2014)] observed that participants rated comics as
funnier if they had just produced /i/ (which requires adopting a smile-like
position) than if they produced /o/. The present study tests whether suppres-
sion of smile posture by speech movements can cause individuals to view a
subject less positively. To do so, we ask participants to maintain a smile
while we present a series of visual stimuli labeled with target and control
sounds. Bilabial sounds are targeted as Liu et al. found that bilabial stops
(/p/ and /b/) suppress smile posture [ISSP12, 130-133 (2021)]. After articu-
lating a sound that either suppresses or does not suppress their smile posture,
participants rate each image set on a measure of emotion. Results will be
presented and discussed bearing on the prediction that in the smile condi-
tion, participants will rate the image as less positive if they have just pro-
duced a sentence which includes a bilabial stop. [Work supported by NIH
and NSERC.]
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1pSC8. Cortical dynamics underlying speech planning in rapid
conversational turn-taking. Gregg A. Castellucci (Neurosci. Inst.,, NYU
School of Medicine, 435 E30th St., NYULMC Sci. Bldg., New York, NY
10016, gregg.castellucci@nyulangone.org), Christopher Kovach, Jeremy
Greenlee (Neurosurgery, Univ. of lowa, lowa City, IA), and Michael Long
(Neurosci. Inst., NYU School of Medicine, New York, NY)

During conversation, silent gaps between speakers are typically 200ms
or less—suggesting that speech planning often occurs while speakers listen
to their partners’ turns. Though the psycholinguistic mechanisms of plan-
ning during turn-taking are well-studied, its neural underpinnings are largely
unknown. Using intracranial electrocorticography in neurosurgical patient-
volunteers, we delineated planning-related activity from dynamics underly-
ing sensorimotor processes using an interactive question—answer paradigm
(adapted from Bogels ez al., 2015) and found that planning activity is largely
restricted to a left hemisphere network centered on caudal inferior and mid-
dle frontal gyri. In a separate task, participants performed both speech and
non-speech actions, and we found that this planning network is most active
while planning spoken output. We then examined neural activity during
unconstrained conversation and found that the identified planning circuit is
active prior to participant turn onset and while participants listen to the turns
of conversational partners. Finally, in preliminary direct cortical stimulation
experiments, we found that perturbation of this planning network results in
significantly longer reaction times and lexical errors but not gross articula-
tory disruptions. In conclusion, using controlled interactive language tasks,
we uncovered a speech-selective cortical planning circuit that is active dur-
ing natural conversation and required to execute rapid turn-taking.

1pSCI. A sensorimotor approach to disfluency adaptation in typically
fluent adults. Torrey Loucks (Commun. Sci. and Disord., Univ. of AB,
8205 114 St NW, Edmonton, AB t6g 2g4, Canada, loucks@ualberta.ca) and
Daniel Aalto (Commun. Sci. and Disord., Univ. of AB, Edmonton, AB,
Canada)

Delaying auditory feedback (DAF) during speech is a potent auditory
perturbation that can interrupt and prolong syllables and words, even though
these disfluencies rarely affect typical speakers under non-altered feedback
(NAF). Adaptation or compensation to auditory perturbations has been
shown in typical speakers through a gradual reduction in the amplitude of
formant shift responses. However, despite considerable research on DAF, it
is still not known whether typical speakers adapt to DAF. In this study, we
tested whether a comparable form of adaptation occurs with DAF in typical
speakers as shown by a reduction in altered feedback disfluencies (AFD)
during repeated consecutive readings, after a pause between readings and to
a novel reading. We then tested for carryover effects after a single DAF ex-
posure. A significant decrease in AFD rate was observed in 38 speakers that
was sustained after a pause and for a novel reading. The adaptation effect
extended to articulation rate (syllables/sec) in that rate increased for all
speakers across readings. Evidence for carryover effects was inconclusive.
By showing that typical speakers can adapt to DAF, the findings support a
sensorimotor approach to auditory perturbation adaptation achieved through
motor practice.

1pSC10. Acoustic Voice Analysis during Phonation Onset, Measured
from High-Speed Videoendoscopy in Connected Speech. Trent M. Henry
(Communicative Sci. and Disord., Michigan State Univ., 1026 Red Cedar
Rd., Rm. 207, East Lansing, MI 48824, henrytr2@msu.edu), Dimitar
Deliyski (Communicative Sci. and Disord., Michigan State Univ., East
Lansing, MI), Stephanie R. Zacharias (Head and Neck Regenerative
Medicine Program, Mayo Clinic, Scottsdale, AZ), and Maryam
Naghibolhosseini (Communicative Sci. and Disord., Michigan State Univ.,
East Lansing, MI)

Adductor spasmodic dysphonia (AdSD) is a neurological voice disorder,
which affects the control of intrinsic muscles of the larynx during speech.
Our previous research has shown that high-speed videoendoscopy (HSV)
can be used to measure the glottal attack time for patients with AdSD during
connected speech. This study builds upon that to analyze the acoustic signal
during the phonation onset and prephonatory adjustments. The phonation
onset events are quantified using the HSV data that were obtained simulta-
neously with the acoustic data. We analyze the power and energy waveform
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of the acoustic signal during vocal folds’ first contact, first oscillation, and
transitory behaviors, extracted from high-temporal resolution HSV data.
The data were obtained from five patients with AdSD and five vocally nor-
mal participants. The data were recorded while the participant produced: 2
productions of vowel /i/ at habitual pitch and loudness, 2 with a soft glottal
attack and 2 with a hard glottal attack, six CAPE-V sentences, and the
“Rainbow Passage.” The HSV system included a monochrome high-speed
camera coupled with a flexible nasolaryngoscope. The results of this study
could assist for more accurate clinical management of adductor spasmodic
dysphonia.

1pSC11. Speed of velum movement during nasal segments and rest
intervals: A cineradiographic study of French and English speech. Md
Jahurul Islam (Linguist, The Univ. of BC, 2613 West Mall, Vancouver, BC
V6T 1Z4, Canada, jahurul.islam741@gmail.com), Gillian de Boer, and
Bryan Gick (Linguist, The Univ. of BC, Vancouver, BC, Canada)

While opening/closing of the velopharyngeal port (VPP) in speech has
been much studied, the speed of these movements has been largely over-
looked. The present study compares opening/closing velocities of the VPP
in French and English, testing relation to distance traveled and speech-
related versus physiological movements. Running speech samples from nine
Quebecois French speakers and four Canadian English speakers were
obtained from the Université Laval X-ray videofluorography database
[Munhall et al., J. Acoust. Soc. Am., 98(2), 1222-1224 (1995)]. Using
Image] software, we tracked VPP opening/closing movements during two
types of events: phonologically nasal segments and rest intervals between
chunks of speech. We calculated velocity of VPP opening/closing during
these events and analyzed the data using linear mixed-effects models to
identify differences between the nasals and rest intervals as well as for any
cross-linguistic differences. Results indicated that: (1) VPP closure was
faster following English nasals than French nasals; (2) VPP opening was
faster than closure for rest intervals in French; and (3) VPP opening/closing
speeds were faster coming into/out of rest position than into/out of nasals in
French. Preliminary cross-language observations support a correspondence
between velocity and distance. [Work supported by NIH and NSERC.]

1pSC12. Realizations of Malagasy vowel devoicing. Jake Aziz (Linguist,
Univ. of California, Los Angeles, 3125 Campbell Hall, Los Angeles, CA
90095, jakeaziz@ucla.edu)

This paper investigates the acoustic realizations of so-called “devoiced”
vowels in Merina Malagasy. Malagasy has five monophthongs (/aciou/;
Howe, 2019) of which /a/, /i/, and /u/ have been said to be devoiced. This
paper represents the first thorough description of the acoustics of these vow-
els. In a production experiment, speakers pronounced 115 tokens involving
/a/, /i/, and /u/ in prosodic environments described as causing devoicing.
Preliminary results indicate that so-called devoiced vowels may be realized
as one of at least three variants: devoiced, co-articulated, or deleted. When
devoiced, which typically occurs following a voiceless obstruent, the vowel
is realized as a lengthening of the aperiodic noise associated with the pre-
ceding obstruent. When co-articulated, which is common following some
sonorants, the vowel is realized as a gesture on the preceding sonorant with-
out taking up its own time slot; for example, /u/ is realized as a lowered F2
on the preceding sonorant, indicating rounding. Finally, a vowel may be
fully deleted, in which case the vowel has no acoustic representation, neither
as a gestural overlap with, nor lengthening of the preceding consonant.

1pSC13. Vocalic contrasts in Hnaring Lutuv. Amanda Bohnert (Linguist,
Indiana Univ., Bloomington, Bloomington, IN) and Kelly H. Berkson
(Linguist, Indiana Univ., Bloomington, 1020 E. Kirkwood Ave., Ballantine
Hall 852, Bloomington, IN 47405-2201, kberkson@indiana.edu)

Lutuv, sometimes called Lautu, is an under-documented Chin language
from the Tibeto—Burman language family spoken in Chin State in Western
Burma by approximately 15000 people (Eberhard et al., 2021, citing 2005
data that do not account for current military violence and displacement).
Lutuv is also spoken in diaspora communities worldwide, including by
about 1000 people in the Chin refugee community of Indianapolis (commu-
nity estimate). Ongoing fieldwork with the Hnaring variety has revealed
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that, compared to related languages, Lutuv has undergone radical syllable
structure simplification and attendant vowel inventory expansion. In addi-
tion to the low vowel /a/ and mid vowels /e 9 9/, Lutuv contains six to ten
high vowels. These tentatively include four diphthongal vowels (/ie y° uo
w®) as well as six monophthongs /i y # & w u/. We explore the distribution
of the vowels via a combination of acoustic and comparative data in an
effort to better understand the articulatory and featural specifications
thereof, with special attention paid to the high vowels. If all of these mono-
phthongs truly are high, it would represent a startlingly large and typologi-
cally uncommon high vowel inventory.

1pSC14. Oral vibratory sensation at different laryngeal and semi-
occluded vocal tract configurations during voice production. Zhaoyan
Zhang (Dept. of Head and Neck Surgery, Univ. of California, Los Angeles,
1000 Veteran Ave. 31-24 Rehab Ctr., Los Angeles, CA 90095, zyzhang@
ucla.edu)

Voice therapy aimed at improving vocal efficiency, such as resonant
voice therapy or semi-occluded vocal tract exercises, often emphasizes vi-
bratory sensations in the front part of the vocal tract during phonation. It
remains unclear what laryngeal and vocal tract adjustments are elicited in
patients by this emphasis on oral vibratory sensations and how these adjust-
ments improve voice production. This study aims to identify laryngeal and
vocal tract adjustments that maximize oral vibratory sensations during pho-
nation, as quantified by the oral sound pressure level (SPL), at different la-
ryngeal and semi-occluded vocal tract conditions in a three-dimensional
phonation model. Results show that maximum oral SPL is reached at inter-
mediate vocal fold adduction conditions. Epilaryngeal tube narrowing fur-
ther increases the oral SPL in an open vocal tract, but this effect is much
reduced and even reversed in a semi-occluded vocal tract, due to the
reduced sensitivity of the first formant to epilaryngeal manipulation in a
constricted vocal tract. These findings suggest that emphasis on oral vibra-
tory sensations generally elicits a laryngeal configuration that is neither too
tight nor too open. In a semi-occluded vocal tract, this emphasis may also
reduce the degree of epilaryngeal narrowing as often observed in recent
imaging studies.

1pSC15. Dynamic targets in second language vowel articulations.
Madeleine Oakley (North Carolina State Univ., 2211 Hillsborough St.,
Raleigh, NC 27607, mo643@ georgetown.edu)

This study examines L1 English-L2 French vowel productions, with the
goal of exploring whether representing vowel targets as dynamic rather than
“steady-state” better predict L2 production patterns. It is hypothesized that
learners will transfer L1 vowel dynamic information to produce L2 vowels
if the two are perceived as “similar,” but it is unclear whether learners will
transfer dynamic vowel information to “new” L2. As such, six L1 English-
L2 French learners completed production tasks in English and French with
the target vowels /i, u, e, o/ and /y, o/ in real words. Participants were
recorded using a stabilization headset attached to an ultrasound probe and
microphone. F1 and F2 measurements and tongue contours were extracted
at three timepoints throughout the vowel duration. Results shows that while
learners produce L2 French vowels /i, e, u, o/ with a similar amount of form-
ant and gestural movement to L1 vowels, they do not transfer midpoint F1-
F2 values. Learners do produce new L2 vowels /y, o/ with similar formant
and gestural movements to English vowels. The results of this study indicate
that learners transfer dynamic acoustic information and articulatory gestures
from their L1 to produce L2 vowels, which has implications for the repre-
sentation of vowels.

1pSC16. The degree and time course of nasal coarticulation across
communicative contexts: A study of the LUCID corpus. Zhe-chen Guo
(Linguist, The Univ. of Texas at Austin, 307 E 31st ST APT 105, Austin,
TX 78705, y9024131@gmail.com) and Rajka Smiljanic (Univ. of Texas at
Austin, Austin, TX)

We analyzed the degree and time course of coarticulatory vowel nasal-
ization in hyperarticulated clear speech produced in real and imagined com-
municatively challenging conditions from the LUCID corpus (Baker &
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Hazan, 2011). Southern British English speakers completed an interactive
spot-the-difference task in pairs when there was no overt communication
barrier (NB), when the partner was non-native (L2), and when one speaker’s
speech was vocoded (VOC) or mixed with talker babble (BABBLE). They
also read sentences conversationally (READ-CO) and clearly (READ-CL).
The results showed significantly greater overall keyword vowel nasalization
in the BABBLE and L2 conditions than in NB, READ-CO, and READ-CL,
as well as in VOC than in NB and READ-CO. READ-CL and READ-CO
did not differ significantly. Examining vowel nasalization over time
revealed that the significant differences emerged, on average, at 7.4% into
the vowel. Speakers increased coarticulatory nasalization early in the vowel
when producing hyperarticulated speech in response to a real communica-
tive barrier, consistent with the idea that nasal coarticulation facilitates
speech processing by cueing upcoming segments. It remains to be deter-
mined why nasal coarticulation is increased while coarticulation for other
consonant-vowel sequences is decreased during the production of hyperarti-
culated listener-oriented speaking styles (Guo and Smiljanic, 2021).

1pSC17. Enhancing secondary voicing cues in words with minimal
pairs. Justin Bai (Linguist, Univ. of Colorado Boulder, Boulder, CO) and
Rebecca Scarborough (Linguist, Univ. of Colorado Boulder, 295 UCB,
Dept. of Linguist, Boulder, CO 80309, rebecca.scarborough@colorado.
edu)

Lexical competition conditions phonetic variation. For example, words
with more phonological neighbors are produced with more hyperarticulated
vowels than words with fewer neighbors, and /p,tk/-initial words with
voiced stop minimal pairs have longer VOT. Such effects enhance contras-
tive features and may be aimed at improving perceptibility of more poten-
tially confusable words. Secondary features may also help distinguish
words, as with lengthened vowels that cue coda consonant voicing in Eng-
lish. Our study investigates whether secondary features are enhanced in the
production of lexically confusable words, comparing vowel duration in
words with final voiced consonants between words with and without mini-
mal pair competitors (e.g., bag with minimal pair back vs. gag with no pair
gack). Fifteen American English speakers produced 30 monosyllabic Eng-
lish words with voiced final consonants, half with minimal pair competitors
and half without (matched for frequency and neighborhood density). Pre-
voiced vowels were found to be longer in minimal pair words than in non-
minimal pair words; interactions indicate that the effect is stronger for some
vowels. These findings show that it is not just contrastive features, but sec-
ondary features too that are subject to enhancement in lexical competition
contexts, since they too can contribute to successful lexical perception.

1pSC18. Production accuracy of word-initial consonants in Mandarin-
speaking children with cochlear implants. Jing Yang (Commun. Sci. and
Disord., Univ. of Wisconsin-Milwaukee, 2400 E Hartford Ave. Enderis 873,
Dept. Commun. Sci. and Disord., Milwaukee, WI 53201, jyang888@ gmail.
com), Xianhui Wang (CSD, Ohio Univ., Athens, OH), Jue Yu (Tongji
Univ., Shanghai, China), and Li Xu (CSD, Ohio Univ., Athens, OH)

The purpose of this study was to assess the accuracy of consonant pro-
duction of children with cochlear implants (CIs) judged by naive adult lis-
teners. A total of 57 Mandarin-speaking children (22 with normal hearing
and 35 with CIs) were recruited to produce a list of Mandarin words com-
posed of 17 word-initial obstruent consonants in three different vowel con-
texts. A total number of 2628 tokens were generated and were divided into
10 subsets. One hundred Mandarin-speaking naive adult listeners were
recruited to identify the consonant productions through Gorilla, the online
research platform. Each listener was randomly assigned to one subset. For
each child speaker, the consonant productions were judged by 7-12 adult
listeners and an average accuracy rate was calculated across all listeners for
each consonant. The results revealed that the children with CIs showed
lower accuracies and different confusion patterns on their consonant produc-
tions than the normal hearing controls. In particular, they demonstrated
higher accuracy for stops but had major problems with the fricatives and
affricates involved in the alveolar—alveolopalatal—retroflex postalveolar
three-way sibilant contrast. Of the three places of the sibilant contrast, they
showed the greatest difficulties for the alveolar sounds.
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Underwater Acoustics and Acoustical Oceanography: Understanding and Representing
Uncertainty in Underwater Acoustic Models II

Sean Pecknold, Cochair
DRDC Atlantic Research Centre, 9 Grove St, Halifax, B2Y3Z7, Canada

Martin Siderius, Cochair
Portland State Univ., 1600 SW 4th Avenue, Suite 260, Portland, OR 97201

Invited Papers

1:00

1pUWI1. Quantifying uncertainty of shipping source levels for marine soundscape modeling. Alexander O. MacGillivray (JASCO
Appl. Sci., 23054464 Markham St., Victoria, BC V8Z7X8, Canada, alex@jasco.com) and Laurie Ainsworth (ERM Consultants
Canada Ltd., Vancouver, BC, Canada)

Soundscape modeling is increasingly being used in assessments of marine habitat quality and to inform marine spatial planning. In
most locations of interest, noise from shipping traffic and other marine vessels is the dominant anthropogenic contributor to the under-
water soundscape. The noise contributions of marine vessels are typically calculated using tracking data from sources such as the auto-
mated identification system (AIS) and the vessel monitoring system (VMS). However, source levels of individual vessels in these
datasets are often highly uncertain and must be estimated from incomplete information using data-driven models. Such models may be
used to reliably predict mean source levels for large aggregations of vessels, but comparisons with real datasets show substantial statisti-
cal variability about the mean. Recent work, carried out using a large database of vessel noise measurements from the Enhancing Ceta-
cean Habitat and Observation (ECHO) Program, has been used to develop statistical models that predict source levels based on ship
type, design characteristics, and operating conditions. These models include a predictive component, based on observed trends, as well
as a random component based on the residual variability of the data. This random component can be used to quantify the uncertainty of
vessel noise emissions for soundscape modeling.

1:20

1pUW2. Uncertainty reduction in matched field inversion using Gaussian Processes. Zoi-Heleni Michalopoulou (Dept. of
Mathematical Sci., New Jersey Inst. of Technol., 323 M. L. King Boulevard, Newark, NJ 07102, michalop@njit.edu) and Peter Gerstoft
(Univ. of California, San Diego, La Jolla, CA)

Gaussian Processes have been shown to be an effective tool for predicting an acoustic field in the ocean at a densely populated vir-
tual array. This property is employed in this work for pre-processing acoustic data before these are used for source localization and geoa-
coustic parameter estimation using matched-field inversion (MFI). The process increases the accuracy of MFI as uncertainty in the
estimation process is reduced. Via the application of Gaussian Processes, the data are denoised and interpolated and the new, enhanced
fields are used as input to MFI along with replicas calculated at the virtual receivers at which field predictions are made. Kernel func-
tions, implicit in the implementation of Gaussian Processes, quantify the correlation among field values at neighboring spatial points.
Employing different kernels, the approach is tested on synthetic and real data with both an exhaustive search and genetic algorithms and
is found to be superior to conventional Bartlett MFI in source localization and geoacoustic inversion. [Work supported by ONR.]

1:40

1pUW3. Quantifying and transferring environmental uncertainties in underwater acoustic modeling. Stan Dosso (School of Earth
and Ocean Sci., Univ. of Victoria, SVictoria, BC V8W 2Y2, Canada, sdosso@uvic.ca) and Dag Tollefsen (Norwegian Defence Res.
Establishment, Horten, Norway)

Uncertainties in environmental inputs represent a major source of uncertainty in underwater acoustic model outputs and applications
thereof (e.g., transmission-loss estimation, source localization). Seabed geoacoustic parameters are often estimated by the inversion of
ocean acoustic data. Hence, rigorous quantification of geoacoustic inversion uncertainties and the transfer of these uncertainties to mod-
eling applications are of key importance. Uncertainty estimation in geoacoustic inversion is naturally accommodated in a Bayesian for-
mulation, which combines data and prior information to form the posterior probability density (PPD) of seabed parameters. Important
components of this approach include quantitative model selection for seabed parameterizations consistent with the information content
of the data; an appropriate model for residual data errors that specifies the likelihood function; and nonlinear estimation of the PPD,
which is normally carried out using Markov-chain Monte Carlo (MCMC) methods. MCMC characterizes the PPD using a large ensem-
ble of dependent random samples of the geoacoustic parameters, which can be computationally demanding. However, these uncertain-
ties can be transferred efficiently to subsequent propagation-modeling applications using a much-smaller, randomly chosen
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(independent) subset from the ensemble. The approach is illustrated using simulations and inversion of ship noise recorded on a horizon-
tal array of hydrophones at the New England Mud Patch.

2:00

1pUW4. The sonar equation versus reality: Inherent non-environmental variability in detection range. Ronald Kessel (Seamount
Analytics, 34 Muriel St., Ottawa, ON K1S4E1, Canada, rkessel@seamountanalytics.ca)

Acoustic Range Prediction uses the sonar equation to forecast the “detection range,” which is naturally understood by many to be
the expected detection range in a closing-target encounter. Its variability is then the difference between actual and forecast detection
ranges. The difference is often attributed to imperfect representation of the ocean environment (propagation and background levels). But
the sonar equation’s original design-orientation and its terminology have at times caused misunderstanding. It is shown that the sonar
equation’s detection range marks the sweet-spot of coverage, in which target detection is expected to be easy (fast and reliable), but
which generally cannot be interpreted as the expected range or outer limits of detection in closing-target encounters. The classical and
expected detection ranges concepts are disentangled here, giving each its appropriate roles in design, planning, and operations. It is also
shown that, quite apart from environmental variability, there remains an inherent, significant variability of detection range simply
because (1) the probability of detection increases slowly for a distant closing target, and (2) the target depth is unknown (unalerted detec-
tion). A significant degree of coverage variability therefore generally remains even if the environmental knowledge is perfect.

2:20-2:35 Break

Contributed Papers

2:35

1pUWS. Understanding uncertain acoustic propagation in deep ocean
environments for feature engineering in corresponding machine
learning tasks. Brandon M. Lee (Mech. Eng., Univ. of Michigan, 1231
Beal Ave. Ann Arbor, MI 48109, leebm@umich.edu), Jay R. Johnson, and
David R. Dowling (Mech. Eng., Univ. of Michigan, Ann Arbor, MI)

Transmission loss (TL) predictions obtained using models of deep ocean
environments are often uncertain due to imperfect knowledge of environ-
mental properties such as sound speed, bathymetry, and seabed properties.
These environmental uncertainties can be transferred to TL-prediction
uncertainty by Monte Carlo (MC) sampling over environmental parameters
and performing TL-field calculations to obtain an MC probability density
function (PDF) of TL. Unfortunately, thousands of TL-field calculations are
often required to quantify the TL uncertainty making this approach ill-suited
to real-time applications. In an alternative, supervised learning approach,
neural networks can be trained to quickly estimate the MC PDF of TL at a
point of interest by analyzing the variability in the values of a baseline TL-
field prediction within a region surrounding that point. The size, shape, and
number of local TL region(s) used as inputs to the neural network can be
reengineered by better understanding the means by which the uncertainties
in environmental properties affect the TL uncertainty. This process and the
resulting improvements in predictive performance are demonstrated for
acoustic frequencies of 50 to 600 Hz, and source-receiver ranges up to 100
km. [Work sponsored by an NDSEG Fellowship.]

2:50

1pUW6. New England Shelf Break Acoustic (NESBA) experiment:
Stochastic acoustic prediction. Bill Stevens (Portland State Univ., San
Diego, CA), Martin Siderius (Portland State Univ., 1600 SW 4th Ave., Ste.
260, Portland, OR 97201, siderius@pdx.edu), and Matthew Carrier (Code
7321, Naval Res. Lab., Stennis Space Ctr., MS)

Sonar performance prediction has been a topic of interest for decades.
Predictions are based on acoustic propagation modeling that is typically
deterministic, i.e., lacking quantified confidence or uncertainty bounds.
While this may be adequate in some locations, in oceanographically com-
plex regions it can result in misleading predictions and conclusions that so-
nar performance predictions are unreliable. A better approach includes
explicit calculations of the underlying source, receiver, and environmental
uncertainties to provide a prediction confidence level. In oceanographically
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complex areas, the resulting uncertainties are likely to be high; however,
knowledge of this allows uncertainties to be managed. The NESBA Signals
and Noise experiment was conducted in April-May 2021. The goal of the
experiment was to assess the potential for sonar prediction effectiveness
gains given improved environmental awareness. This talk addresses the
NESBA sub-goal of demonstrating that high-resolution ocean modeling
with ensemble forecasts (in this case, Regional NCOM) could be leveraged
for stochastic acoustic predictions, resulting in increased accuracy in per-
formance predictions with quantified uncertainty bounds. NESBA results
will be presented leveraging the high-resolution ocean model forecasts with
ensembles run concurrently with NESBA and the numerous temperature/sa-
linity profiles taken during the experiment. [Work supported by the Office
of Naval Research.]

3:05

1pUW7. Layered and gradient model parameterizations in geoacoustic
inversion. Stan Dosso (School of Earth and Ocean Sci., Univ. of Victoria,
Victoria, BC V8W 2Y2, Canada, sdosso@uvic.ca) and Julien Bonnel
(Woods Hole Oceanographic Inst., Woods Hole, MA)

This paper considers the importance of model parameterization in geoa-
coustic inversion and uncertainty estimation, including quantitative
approaches to model selection as well as potential limitations of the infor-
mation content of acoustic data to determine the form of geoacoustic pro-
files, e.g., differentiating between layered and gradient structures. In
particular, general parameterizations are considered based on trans-dimen-
sional (trans-D) inversion, which represents profiles as an unknown number
of uniform layers, and Bernstein polynomial (BP) inversion, which repre-
sents smooth gradients as polynomials of unknown order. These approaches
are illustrated and compared for the inversion of high-order modal-disper-
sion data collected at the New England Mud Patch. It is shown that while
the data constrain the sound-speed profile in the mud layer to reasonably
high precision, the data cannot differentiate between trans-D layered or BP
gradient representations. However, simpler (fixed) parameterizations, such
as a homogeneous layer or linear gradient, can be ruled out based on the
Bayesian information criterion. Furthermore, the prior choice of parameter-
ization (layers or gradient) has implications on whether the sound-speed ra-
tio at the water—sediment interface is estimated to be less or greater than one
with high probability (an issue other acoustic datasets may share). [Work
supported by the Office of Naval Research]
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MONDAY AFTERNOON, 23 MAY 2022 PLAZA BALLROOM D, 4:00 P.M. TO 5:30 P.M.

Session 1elD

Interdisciplinary: Keynote Lecture

Maureen Stone, Chair
University of Maryland School of Dentistry, Baltimore, MD 21201

Chair’s Introduction—4:00

Introduced by: Timothy K. Stanton, Woods Hole Oceanographic Institution, Woods Hole, MA

Keynote Lecture

4:05
1pID. Understanding echoes. Wu-Jung Lee (Applied Physics Laboratory, University of Washington, Seattle, WA 98105)

By sending out sounds and analyzing the returning echoes, both humans and animals use active acoustic sensing systems to probe
and understand the environment. High-frequency sonar systems, or echosounders, are the workhorse for observing fish and zooplankton
in the ocean. Toothed whales and bats navigate and forage via echolocation in the air and under water. In this talk, I will discuss our
work with both engineered and biological sonar systems to enable effective extraction and interpretation of information embedded in the
echoes. We are developing data-driven methodologies and open-source software tools to tackle challenges imposed by large volumes of
echosounder data rapidly accumulating across the global ocean. Using echolocating toothed whales as a model, we are combining exper-
imental and computational approaches to understand biological processing of echo information. Throughout the talk, I will highlight the
pivotal role of collaboration in my professional and personal development, and discuss efforts by colleagues and myself to cultivate a
sense of community in our field.
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MONDAY AFTERNOON, 23 MAY 2022 PLAZA COURT 5, 5:00 P.M. TO 6:00 P.M.

Meeting of Accredited Standards Committee (ASC) S2 Mechanical Vibration and Shock

J. T. Nelson, Chair ASC S2
Wilson Ihrig & Associates, Inc., 6001 Shellmound St., Suite 400, Emeryville, CA 94608

A. P. Nash, Vice Chair ASC S2
Charles M. Salter Associates, 130 Sutter St., Suite 300, San Fransisco, CA 94101

Accredited Standards Committee S2 on Mechanical Vibration and Shock. Working group chairs will report on the status of various
shock and vibration standards currently under development. Consideration will be given to new standards that might be needed over the

next few years. Open discussion of committee reports is encouraged.

People interested in attending the meeting of the TAG for ISO/TC 108, Mechanical vibration, shock and condition monitoring,
and four of its subcommittees, take note that meeting will be held in conjunction with the Standards Plenary meeting at 9:15 a.m. on
Tuesday, 24 May 2022.

Scope of S2: Standards, specification, methods of measurement and test, and terminology in the field of mechanical vibration and shock,
and condition monitoring and diagnostics of machines, including the effects of exposure to mechanical vibration and shock on humans,
including those aspects which pertain to biological safety, tolerance and comfort.

A69 J. Acoust. Soc. Am., Vol. 151, No. 4, Pt. 2, April 2022 182nd Meeting of the Acoustical Society of America ~ A69



TUESDAY MORNING, 24 MAY 2022

A70

J. Acoust. Soc. Am., Vol. 151, No. 4, Pt. 2, April 2022

Session 2aAA

Architectural Acoustics: Acoustic Comfort in Healthcare Facilities I

Lucky S. Tsaih, Cochair
Dept. of Architecture, National Taiwan Univ. of Sci. and Tech., 43 Keelung Rd., Sec. 4, Taipei 10607, Taiwan

Joanne Solet, Cochair
Harvard Medical School, Cambridge, MA 02138

Chair’s Introduction—8:25

Invited Papers

8:30

2aAAl. Applying unsupervised machine learning clustering techniques to hospital soundscapes. Kenton Hummel (Architectural
Eng., Univ. of Nebraska - Lincoln, 1110 S. 67th St., Omaha, NE 68182, khummel@huskers.unl.edu), Erica E. Ryherd (Architectural
Eng., Univ. of Nebraska - Lincoln, Omaha, NE), and Bethany Lowndes (Neurological Sci., Univ. of Nebraska Medical Ctr., Omaha,
NE)

Noise in hospitals can be problematic for both patients and staff and is consistently rated poorly on national patient satisfaction sur-
veys. Previous studies have linked negative outcomes of hospital noise to numerous patient and staff challenges, such as reduced sleep
and disrupted communication. Existing articles and guidelines commonly use equivalent sound pressure level as a primary noise metric.
Additional insights into typical sound levels experienced by occupants can be found through more detailed statistical analyses of sound,
such as by applying unsupervised machine learning clustering techniques. In this talk, clustering techniques will be explored in an effort
to provide a more detailed analysis of the soundscape and various patterns of room activity. Noise data collected in three adult, inpatient
hospital units will be analyzed using clustering techniques and compared against patient satisfaction scores. This more thorough, statisti-
cal characterization of the hospital soundscape can lead to better understanding of patterns of noise conditions and resultant occupant
perceptions.

8:50

2aAA2. Sound quality metrics for improved prediction of hospital sleep disruption. S. Hales Swift (Photonic and Phononic Micro-
systems, Sandia National Labs., P.O. Box 5800, MS 1082, Albuquerque, NM 87123-1082, shswift@sandia.gov) and Joanne Solet (Div.
of Sleep Medicine, Harvard Med. School, Boston, MA)

Most policy, including for the healthcare environment, uses A-weighted decibels as a standard metric. A-weighting is, thus, treated
as a catch-all intended to represent all or most relevant human factors. However, for protecting sleep in the healthcare environment and
its attendant recuperative benefits, A-weighted metrics neglect a great deal of essential information. To illustrate this, a dataset from a
prior study of sleep disruption resulting from hospital noises measured using polysomnography [Sleep disruption due to hospital noise,
Buxton et al. (2012)] is reanalyzed using measures of loudness, sharpness, and tonality. Linear combinations of these variables result in
improved prediction of sleep state transitions relative to the A-weighted measure initially employed. Sound quality metrics can provide
additional insight into how best to ensure a sonic environment conducive to a good night’s sleep and can, thus, help decision makers
build an environment that delivers restorative sleep in the service of restoration of health. [Work supported by SAND2022-0675 A.]

9:10

2aAA3. Acoustic comfort in health care facilities: Perspective of FGI-Facility Guidelines Institute. Kurt Rockstroh (Facility Guide-
lines Inst., 4141 N Scottsdale Rd., Ste. 150, Scottsdale, AZ 85251, kurtrockstroh@ gmail.com), David Sykes (Facility Guidelines Inst.,
Boston, MA), and Mandy Kachur (Facility Guidelines Inst., Ann Arbor, MI)

Acoustic comfort is a welcome concept for the design and management of healthcare facilities, potentially providing methods to
address acoustic environment deficiencies revealed by experience and by the Affordable Care Act’s CAHPS® Hospital Survey, on which
the noise question historically performs worst yielding public disclosure and financial penalties to hospitals. One possible vehicle for
introducing quantified acoustic comfort into buildings is the healthcare design guidelines published by the Facility Guidelines Institute
(FGI), which are adopted as building code in a majority of the United States, provide reference standards for the Leadership in Energy
and Environmental Design (LEED) Rating System and the International Green Construction Code, and are cited in 87 countries. For ac-
ceptance into the FGI guidelines, “acoustic comfort” requires a formal definition accepted by standards organizations and clinical
research, which is free from conflicts of interest based on research conducted by recognized third-party organizations on the physiologi-
cal and psychological effects of noise on humans, particularly those with compromised health, like patients in hospitals and skilled
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nursing facilities. FGI encourages proposals from the public, particularly valuing advice from members of professional societies, and
relies on the research community to provide evidence-based support for all acoustics topics.

9:30

2aAA4. Integrated healthcare acoustics for patients, patient advocates, and staff in environments of care. Glenn E. Sweitzer
(None, 4504 N. Hereford Dr., Muncie, IN 47304-1235, glenn.sweitzer@ gmail.com)

COVID surges have demonstrated worldwide that overloaded critical care facilities cannot transform environments of care rapidly
enough to satisfy patient, patient advocate, or staff expectations. Healthcare acoustics is identified as a vital yet understudied factor, link-
ing the front lines of healthcare to patient well-being. Acoustic concerns are categorized, and existing architectural hardware and soft-
ware means and proposed strategies are here discussed to be applied in both new and existing critical care facilities. Priority concerns
focus on staff verbal and machine communications between single patient rooms with integral toilet/shower, adjacent corridors, nurse
stations, and remote staff locations. The intent is to maintain uniformly high patient/staff communications and relevant documentation
(e.g., for continuity of care, and liability) across all shifts. Integrated visual and acoustic communications between staff and equipment
are explored, including projected machine display images minus noisy signals. Staff speech, background masking, and messaging to
patients are considered via an “acoustic pillow,” and via a wireless headset for staff, permitting hands-free focus on empathetic patient
care. HVAC can be supplied via low-velocity displacement air, served via perimeter floor ducting, and exhausted via toilet/showers.
Integrated healthcare acoustics, arguably, can reduce patient and staff stresses critical to recovery and retention, respectively.

9:50-10:10 Break
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10:10

2aAAS. Acoustic comfort in pediatric noninvasive exam: A study of bedside renal sonography for children. Yi-Hsuan Tang (Dept.
of Pediatrics, Div. of Pediatric Inmunology and Nephrology, Inst. of Emergency and Critical Care Medicine, College of Medicine,
Taipei Veterans General Hospital, National Yang Ming Chiao Tung Univ., No.201, Sec. 2, Shipai Rd., Beitou District, Taipei 11217,
Taiwan, yishuanthebest@gmail.com), Julie Chia-Ping Chen, Lucky S. Tsaih (Dept. of Architecture, National Taiwan Univ. of Sci. and
Tech., Taipei, Taiwan), Hsin-Hui Wang (Dept. of Pediatrics, Div. of Pediatric Inmunology and Nephrology, Dept. of Pediatrics, School
of Medicine, and Inst. of Emergency and Critical Care Medicine, College of Medicine, Taipei Veterans General Hospital, National
Yang Ming Chiao Tung Univ., Taipei, Taiwan), Chien-Hung Lin (Dept. of Pediatrics, Div. of Pediatric Inmunology and Nephrology,
Dept. of Pediatrics, School of Medicine, College of Medicine, Taipei Veterans General Hospital, National Yang Ming Chiao Tung
Univ., Taipei, Taiwan), and Hui-Lan Chen (Dept. of Pediatrics, Div. of Pediatric Immunology and Nephrology, Inst. of Emergency and
Critical Care Medicine, College of Medicine, Taipei Veterans General Hospital, National Yang Ming Chiao Tung Univ., Taipei,
Taiwan)

Pediatric renal sonography is a non-radiation exposure and non-invasive procedure to evaluate kidneys and urinary tract structures.
It is frequently performed in clinics and wards. Although there is no physical discomfort during ultrasounds, children would still experi-
ence agitation or crying due to unfamiliarity with medical environment. To provide comfortable medical experience and improve the
quality of healthcare, we design a renal sonography process integrated with acoustic components specific for children. Patients under 7
years old are divided into three groups, under the age of 1, 1-3, and above 3. Pre-recorded music with nursery rhymes and fairy tales is
played. Two time points are designed to evaluate acoustic integrated effect, along with preparing phase or real time of sonography start-
ing. Data are collected from three timeframes: before, during, and after the exam. Physiological data will include heart rate, respiratory
rate, and O2 saturation. Emotional behavior, such as agitation, crying, and smiling, will be recorded. This study will establish specific
acoustic components and suitable intervention timeframe for children of different age groups. By having acoustic comfort, we hope chil-
dren will have good experiences during sonography exam. As a result, the quality of medical examination and children wellbeing can be
achieved.

10:30

2aAA6. Impact of sound intervention on patient wellbeing during pediatric peritoneal dialysis. Hsin-Hui Wang (Dept. of Pedia-
trics, Div. of Pediatric Immunology and Nephrology, No.201, Sec. 2, Shipai Rd., Beitou District, Taipei 11217, Taiwan, hhwang@
vghtpe.gov.tw), Yi-Hsuan Tang (Dept. of Pediatrics, Div. of Pediatric Inmunology and Nephrology, Taipei, Taiwan), Lucky S. Tsaih
(Dept. of Architecture, National Taiwan Univ. of Sci. and Tech., Taipei, Taiwan), Julie Chia-Ping Chen (Dept. of Architecture, National
Taiwan Univ. of Sci. and Tech., Taipei, Taiwan), Chien-Hung Lin (Dept. of Pediatrics, Div. of Pediatric Immunology and Nephrology,
Taipei, Taiwan), and Hui-Lan Chen (Dept. of Pediatrics, Div. of Pediatric Inmunology and Nephrology, Taipei, Taiwan)

Peritoneal dialysis (PD) is a treatment suitable for pediatric patients for less food restrictions, better school attendance and requires
less hospital visits than hemodialysis. However, it may still cause stress and affect children’s wellbeing as children with end-stage renal
disease have to undergo treatment four times a day, 30 min each time. Thus, sound interventions used to improve children’s comfort dur-
ing PD treatments are worthy of investigating and are the aim of this study. Respondents will include PD patients under 18 years of age.
Three types of sound will be played during PD treatment via headphone, including natural sound, classical music, and songs chosen by
individual patient. Vital signs will be measured with oximeter to include heart rate, respiratory rate, O2 saturation, and blood pressure.
Neurological activities will be recorded by electroencephalography (EEG). PD treatment efficiency will be measured by calculating fluid
removal volume. Questionnaires will be given to measure the subjective wellbeing of respondents. Correlations among chosen music,
vital signs, EEG readings, treatment efficiency, and patient’s subjective wellbeing will be investigated. The findings of this research will
add knowledge to improve subjective patient wellbeing and dialysis efficiency by acoustic interventions.
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10:50

2aAAT7. Relaxation response with gentle stream sound: A study using brainwave. Jennifer Tantra (Dept. of Architecture, National
Taiwan Univ. of Sci. and Tech., Taipei, Taiwan), Shiang-I Juan (Taiwan Bldg. Technol. Ctr., National Taiwan Univ. of Sci. and Tech-
nol., 43 Keelung Rd. Sec. 4, Taipei 106, Taiwan, ukla2005@hotmail.com), Lucky S. Tsaih, and Wei-Hwa Chiang (Dept. of Architec-
ture, National Taiwan Univ. of Sci. and Tech., Taipei, Taiwan)

Respite place in healthcare facility has been introduced and promoted in USGBC LEED to reduce stress and fatigue for caregivers,
patients, and their families. Studies showed that people stay in natural environment can experience a sense of wellbeing and also sug-
gested gentle stream water sound is highly associated with “relax” listening impression. Thus, as gentle stream is one of the familiar
nature elements and is often used as a landscape architecture element for relaxation along with greens in respite place, the objective of
this study was to learn the effect of the relaxation state with gentle stream water sound by studying the alpha brainwave response and
physiological responses such as heart rate and blood pressure of 20 participants. During the evaluation, stress inducing period and relaxa-
tion period were conducted. Two-sample t-test was used to find out if there were any significant changes in participants’ brainwave and
physiological responses. The results showed that based on alpha brainwave, more female participants experienced relaxation state than
males. After listening to the water sound, the systolic blood pressure showed the most obvious changes, and heart rate is slower.

11:10

2aAAS8. Acoustical measurements and user evaluations of three new and existing ICUs. Gary W. Siebein (Siebein Assoc.,Inc., 625
NW 60TH St., Ste. C, Gainesville, FL. 32607, gsiebein@siebeinacoustic.com), Lesa Lorusso (Healthcare, Gresham Smith, Nashville,
TN), Jennifer Miller, Matthew Vetterick, and Ian Jones (Siebein Assoc.,Inc., Gainesville, FL)

Acoustical measurements were taken in three existing ICUs in a hospital. New ICUs were designed to address acoustical and other
issues identified in the three existing ICUs. The results of acoustical measurements made in the new and existing spaces are compared to
the results of surveys and focus group discussions with user groups including hospital staff, patients, and visitors. While sounds of indi-
vidual acoustical events were similar in the new and existing ICUs, the overall sound levels and frequency of sounds decreased in the
new ICUs compared to the existing ICUs. This is because the design of the new ICU removed the sounds of nurses speaking at the
nurses’ station, medical equipment, and other operations from the patient areas in the new ICU. Overall, the new ICU had a quieter envi-
ronment for patients, nurses, and visitors as indicated by the acoustical measurements, surveys, and focus group discussions.

11:30

2aAA9. Designing personalized soundscape for care facilities. Arezoo Talebzadeh (Ghent Univ., 126 Tech Ln. Ghent Sci. Park,
Ghent 9052, Belgium, arezoo.talebzadeh@ugent.be) and Dick Botteldooren (Information Technol., Ghent Univ., Gent, Belgium)

Sound is a critical element in making people aware of their environment; it gives people a sense of place and time. Soundscape relies
not only on the objective quality of sound by quantifying the sound level but also on the subjective quality of the auditory environment
based on people’s perceptions. When a sonic environment is unfamiliar, it adds to the anxiety of those who receive the sound. People
with dementia may have difficulty understanding time and space; they may live in long-term care (LTC) facilities or have to relocate to
LTC to reduce care responsibilities from their families. Sensory perception in these facilities is unfamiliar: light, sound, temperature,
and smells may be strange. Unfamiliar sensory stimuli add to residents’ anxiety and annoyance, making them agitated and disturbed and
decreasing their sleep quality. Designing a pleasant and personalized soundscape helps reduce BPSD (behavioural and psychological
symptoms of dementia) and improves sleep quality. This study employed a sound system that uses a customized algorithm to play
sounds at prescheduled moments throughout the day. The soundscape is composed according to the resident’s daily activities and is
delivered in their room, using familiar sounds like bird sounds and raindrops. The goal is to implement soundscape into the design of
LTC facilities to enhance the quality of life for residents and their caregivers.
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Session 2aAB
Animal Bioacoustics, Acoustical Oceanography, and Underwater Acoustics:
Whitlow Au Memorial Session I

Kelly Benoit-Bird, Cochair
Monterey Bay Aquarium Research Institute (MBARI), 7700 Sandholdt Road, Moss Landing, CA 95003

Marc Lammers, Cochair
Hawaii Institute of Marine Biology, 46-007 Lilipuna Rd., Kaneohe, HI 96744

Wu-Jung Lee, Cochair
Applied Physics Laboratory, University of Washington, 1013 NE 40th St., Seattle, WA 98105
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Chair’s Introduction—8:20

Invited Paper

8:25

2aAB1. Launching underwater bioacoustics in Asia by Whitlow W. L. Au. Tomonari Akamatsu (Ocean Policy Res. Inst., The Sasa-
kawa Peace Foundation, 1-15-16 Toranomon, Tokyo, Minato-ku 105-8524, Japan, akamatsu.tom@ gmail.com)

Whitlow W. L. Au combined biosonar science with engineering. His studies influenced so many students in Asia no matter what
their specialities, such as physiology, morphology, and physics. The epoch-making book “The Sonar of Dolphins” is an ideal example
of his interdisciplinary approach. Whit educated young researchers in various ways even he did not notice. He led discussion among sci-
entists that motivated current and new generations to conduct underwater and terrestrial bioacoustic research in the lab, in the forest and
in the ocean. Quite a few attendees were from Asia at the series of biosonar symposiums in 1991 Moscow, in 1994 Harderwijk, and in
1998 Algarve, but the symposium held in 2009 Kyoto accommodated nearly 200 international specialists and half of them were Asian.
An example of his influence was the towed and fixed passive acoustic monitoring in the Yangtze River, China, which revealed a range-
wide distribution of finless porpoises collaborating with an international team. These techniques were applied later in India, Thailand,
Malaysia, Nepal, Taiwan, Hongkong, and many other areas including Japan for the impact assessment of offshore wind farm develop-
ments. We owe him all the outcomes of underwater biosonar studies in Asia.

Contributed Papers

8:50

2aAB2. Tribute to Whitlow Au. Ronald A. Kastelein (Res., SEAMARCO,
Julianalaan, 46, Harderwijk 3843CC, Netherlands, rk@seamarco.nl)

Whitlow Au has played a large role in my life both as a friend, as editor
of manuscripts I submitted to JASA and a book on bycatch of harbor por-
poises, as co-authors of manuscripts we submitted together to JASA, as
author of manuscripts Whit submitted to sensory system books of which I
was a co-editor. Whit also proposed me as a Fellow of the Acoustical Soci-
ety of America. We collaborated on several research project, which were
conducted in pools at the cetacean rehabilitation center of Dolfinarium Har-
derwijk, the Netherlands, in a large floating pen at Neeltje Jans, the Nether-
lands, at the Hawaii Institute for Marine Biology, Oahu, USA, in a large fish
pool at Jacobahaven, and at the Netherlands and at SEAMARCO Research
Institute, Wilhelminadorp, the NL. The publications in Whit and I are co-
authors are used as points of departure of the talk. The studies are described
in chronological order, and the gist of each study is given.
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9:05

2aAB3. Spatio-temporal patterns of blue and fin whale sound production
identified in National Oceanic Atmospheric Administration-National
Park Service Ocean Noise Reference Station Network recording sites in
the Pacific Ocean. Emma Pearson (Univ. of Colorado Boulder, Boulder, CO
80309, emma.pearson@colorado.edu) and Carrie Wall (Cooperative Inst. for
Res. in Environ. Sci., Univ. of Colorado, Boulder, CO)

The ability of sound to travel long distances, especially in lower fre-
quencies, makes it an effective way for organisms to communicate in marine
environments. Passive acoustic monitoring (PAM) is an essential method to
study low-frequency sound in marine ecosystems. The NOAA-NPS Ocean
Noise Reference Station Network (NRS) project is a long-term study that
utilizes PAM to monitor low-frequency (<2kHz) soundscapes throughout
the U.S. exclusive economic zone. While these data have been analyzed to
understand large scale patterns, assessment of specific sound sources is an
area where these datasets can provide new insights. This study used a call

182nd Meeting of the Acoustical Society of America  A73



energy index (CEI) to assess blue whale and fin whale sound production
from three NRS recording sites in the Gulf of Alaska, off the Olympic coast,
and near the Channel Islands between 2014 and 2020. We present the diel
and seasonal patterns detected for both species and compare them to the
decidecade bands assessed for the recording sites. Understanding the song
production and migration patterns for endangered blue whales and fin
whales is essential for effective conservation efforts. By utilizing PAM and
efficient detection methods such as CEI, researchers gain the ability to pro-
cess large amounts of bioacoustic data and better understand the migratory
behaviors of endangered marine species.

9:20

2aAB4. Bottlenose dolphin whistle repertoires: Size and stability over
time. Julie Oswald (Univ. of St. Andrews, Scottish Oceans Inst., East Sands,
St. Andrews, Fife KY16 8LB, United Kingdom, jno@st-andrews.ac.uk),
Peter Sugarman (Humans and Dolphins Talking, LLC, Bellevue, WA), Eliz-
abeth L. Ferguson (Ocean Sci. Analytics, San Diego, CA), Sam F. Walms-
ley, and Vincent M. Janik (Univ. of St. Andrews, St. Andrews, United
Kingdom)

Bottlenose dolphins possess vocal learning abilities that influence the
development of individually distinctive signature whistles. While signature
whistles have been studied in detail, little is known about other whistle types
in bottlenose dolphin communication or the size of their whistle repertoires.
We made 24-hour acoustic recordings from a group of 13 bottlenose dol-
phins at Oceanografic (Valencia, Spain) for two months to determine the
whistle repertoire size of this group and investigate whether learning leads
to changes in existing whistle types over time. We extracted fundamental
frequency contours from 50 randomly chosen whistles per day (n=3,119
whistles) and categorised them using ARTwarp (96% vigilance level),
resulting in 701 whistle types. The whistle type discovery curve did not
plateau after two months, indicating that we did not capture the entire reper-
toire. Three analytical methods were used to estimate repertoire size (curve-
fitting, a capture-recapture model, and the coupon collectors method). These
produced repertoire size estimates between 888 and 1358 whistle types.
Whistle types appeared and disappeared over time; however, exact random-
ization tests showed no significant differences between the observed pat-
terns of appearance and disappearance and time-randomized permutations.
Our results suggest that these dolphins possess a large whistle repertoire that
is stable over time.

9:35

2aABS. Assessing intra-individual consistency in humpback whale song
production using animal-borne acoustic recorders. Julia Zeh (Dept. of
Biology, Syracuse Univ., 107 College Pl, Syracuse, NY 13210, jzehO1@syr.
edu), Marc Lammers (Hawaiian Islands Humpback Whale National Marine
Sanctuary, Kihei, HI), Adam Pack (Departments of Psych. and Biology,
Univ. of Hawai‘i at Hilo, Hilo, HI), and Susan Parks (Dept. of Biology, Syr-
acuse Univ., Syracuse, NY)

Studying individual variation in vocal behavior can provide insight into
its functions, stability, and mechanisms. Collecting such data at the scale of
the individual can be facilitated using animal-borne tags. Here, we use
archival suction-cup acoustic recording tags to investigate intra-individual
variation in male humpback whale song production. Humpback whale song
is a complex and hierarchically structured vocal sequence of 4-7 repeated
phrases that are comprised of different units. Repeated songs are termed
song sessions. To investigate how consistent song production is within the
song session of an individual whale, we deployed suction cup-attached
acoustic recording tags on humpback whales in the Hawaiian Islands Hump-
back Whale National Marine Sanctuary during the 2018-2022 breeding sea-
sons. We analyzed tag data from nine whales to assess intra-individual
variation in song structure and syntax as well as differences in the acoustic
properties of song units across each song iteration. Each tag contained
between 4 and 24 song iterations, and song session recordings varied
between 45 minutes and 5 hours. Across individuals, the most variable song
iterations occurred at the beginning of a song session. All individuals
showed variation in syntax and unit production throughout a session; how-
ever, some singers were more consistent than others.

9:50-10:05 Break
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10:05

2aAB6. Integrating acoustics and video imaging to illuminate life in the
mesopelagic. Kelly Benoit-Bird (Monterey Bay Aquarium Res. Inst.
(MBARI), 7700 Sandholdt Rd., Moss Landing, CA 95003, kbb@mbari.
org)

The complementary strengths of acoustic and in situ visual sampling for
understanding ocean life have been evident from the earliest days of each
technique. The “deep scattering layer,” for example, was discovered using
military sonars in the 1940s. This layer, thought at first to be the seafloor,
was confirmed to be biological via in situ visual observations. This early
example of combining these two powerful approaches highlights their com-
plementary strengths (and weaknesses). Since then, acoustics and imaging
have made great advances in both technology and application. Yet, they
have been used together to address biological questions only infrequently,
noting substantive contributions by Whitlow Au. Building on this founda-
tion, we have been integrating acoustics and imaging to understand life in
the mesopelagic. Used in a synergistic fashion, these tools allow us to
describe the behavioral responses that animals exhibit to platforms and their
lights, to measure the species-specific broadband “acoustic signatures” of
pelagic animals needed to interpret remotely collected data, make measure-
ments of animal size with a single camera, and examine how animal distri-
butions are affected by the environment. In combining acoustics and
imaging, there is power to observe biological phenomena in the ocean not
fully resolvable with either technique alone.

10:20

2aAB7. Cetacean acoustic monitoring across the Hawaiian archipelago:
Building on Whitlow Au’s legacy. Marc Lammers (Hawaiian Islands
Humpback Whale National Marine Sanctuary, 46-007 Lilipuna Rd.,
Kaneohe, HI 96744, lammers@hawaii.edu), Eden J. Zang (Hawaiian Islands
Humpback Whale National Marine Sanctuary, Kihei, HI), Anke Kiigler
(Univ. of Hawai’i at Manoa, Honolulu, HI), Jonathan Martinez
(Papahanaumokuakea Marine National Monument, Albuquerque, NM),
Karlina Merkens (NOAA Fisheries Pacific Islands Fisheries Sci. Ctr., Hono-
lulu, HI), and Leila Hatch (Stellwagen Bank National Marine Sanctuary,
Scituate, MA)

The Hawaiian islands are home to more than 20 species of cetaceans
and are the principal breeding ground of the north Pacific humpback whale
population. The archipelago stretches more than 2500 km from Hawaii
Island to Kure Atoll, creating a significant challenge for monitoring the
occurrence and distribution of cetaceans across such a vast range. To meet
this challenge, the National Oceanic and Atmospheric Administration and
the U.S. Navy have been engaged in a three-year effort to monitor the ma-
rine soundscape of the Hawaiian archipelago known as the SanctSound Pro-
ject. Bottom-moored acoustic recorders were deployed at multiple locations
across the Hawaiian Islands Humpback Whale National Marine Sanctuary
and the Papahanaumokuakea Marine National Monument to examine the
occurrence of humpback whales and odontocetes based on the relative prev-
alence of their acoustic signaling. Anthropogenic sound sources were also
studied to understand how these co-occur with cetaceans. Substantial spatial
and temporal variability was observed in the prevalence of whale song and
dolphin acoustic activity across locations with high cetacean presence some-
times overlapped with elevated anthropogenic activity. This work helps
expand our understanding of how cetaceans use the archipelago and builds
on the legacy of Whitlow Au, who pioneered cetacean acoustic monitoring
in Hawaii.

10:35

2aABS. Insights into acoustic behavior of false killer whales. Pina Gru-
den (Cooperative Inst. for Marine and Atmospheric Res., Hawai‘i Inst. of
Geophys., 2525 Correa Rd., Honolulu, HI 96822, pgruden@hawaii.edu),
Yvonne Barkley (Cooperative Inst. for Marine and Atmospheric Res., Hon-
olulu, HI), and Jennifer L. McCullough (NOAA Fisheries, Pacific Islands
Fisheries Sci. Ctr., Honolulu, HI)

The Hawaiian Archipelago is home to three distinct populations of false
killer whales (Pseudorca crassidens), including one currently listed as
endangered. These delphinids are known to interact with fishing gear, lead-
ing to whale mortality or injury. Hence, it is critical to assess the abundance
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of these populations typically achieved through visual-based sighting sur-
veys. However, these surveys are complicated by a number of biases and
uncertainties specific to this species. Passive acoustics could aid in monitor-
ing of their population status, but the knowledge is limited about the pat-
terns in their acoustic repertoire and behavior, which hinders our ability to
derive reliable acoustics-based abundance estimates. Here, we discuss
insights into the acoustic behaviour of false killer whales in the wild, gained
by simultaneous tracking of both narrowband whistles and broadband echo-
location clicks from towed hydrophone arrays. The results indicate a diverse
acoustic behaviour between different subgroups within the same encounter,
where 23.8% of subgroups (N total=408) only echolocate, 18.9% only
whistle, and 57.3% emit both types of vocalizations. Such increased under-
standing of false killer whale vocal behavior can contribute information
from passive acoustic data for management and conservation purposes.

10:50

2aABY9. Autumn acoustic behavior of right whales in Southern New
England waters. Susan Parks (Dept. of Biology, Syracuse Univ., 107
College Pl., Syracuse, NY 13244, sparks@syr.edu), Julia Zeh (Dept. of
Biology, Syracuse Univ., Syracuse, NY), K. Alex Shorter (Mech. Eng.,
Univ. of Michigan, Ann Arbor, MI), Heather Foley, Lisa Conger, and Dan-
ielle Cholewiak (Northeast Fisheries Sci. Ctr., NOAA Fisheries, Woods
Hole, MA)

North Atlantic right whales (Eubalaena glacialis) are an endangered
species of baleen whale found in high human use areas off the East Coast of

TUESDAY MORNING, 24 MAY 2022

the United States. Conservation efforts for this species include the use of
passive acoustic monitoring to detect sounds produced by right whales to
determine when they are present in areas of interest. Right whale acoustic
behavior is known to vary by age, sex, and behavioral state, with differing
call types and call rates found across different habitats and seasons. There
are currently plans for development of offshore wind energy installations
off the East Coast of the United States, including lease areas south of Mas-
sachusetts in areas known to be frequented by right whales. These develop-
ment plans necessitate a better understanding of right whale acoustic
behavior in this region to best inform passive acoustic monitoring efforts for
right whales. In this study, we analyzed ~38 h of data from eight suction
cup archival acoustic biologging tags attached to North Atlantic right
whales in October 2021 in Southern New England waters south of Nan-
tucket. The call types and call rates by behavioral state will be discussed
with the primary observed behaviors including foraging and social surface
behaviors.

GOVERNORS SQUARE 14, 8:55 A.M. TO 12:00 NOON

Session 2aBAa

Biomedical Acoustics: New Developments in Lung Ultrasound I

Libertario Demi, Cochair
Information Engineering and Computer Science, University of Trento, Via Sommarive 9, Trento, 38123, Italy

Marie Muller, Cochair
MAE, North Carolina State University, 911 Oval Drive, Engineering Building III, Raleigh, NC 27606

Chair’s Introduction—8:55

Invited Paper

2aBAal. Relating lung pathology to ultrasound imaging: An experimentally validated simulation approach. Oleksii Ostras (Bio-
medical Eng., Univ. of North Carolina at Chapel Hill and North Carolina State Univ., Chapel Hill, NC), Igor Shponka (Dnipro State
Med. Univ., Dnipro, Ukraine), and Gianmarco Pinton (Biomedical Eng., Univ. of North Carolina at Chapel Hill and North Carolina State
Univ., 116 Manning Dr., Mary Ellen Jones Rm. 9212A, Chapel Hill, NC 27599, gia@email.unc.edu)

Lung ultrasound (LUS) imaging can be highly sensitive to disease. However, lung imaging depends on reverberation that occurs at
the lung interface, which is complex and upends the conventional time-space relationship in delay-and-sum beamforming resulting in
images that require the interpretation of artifacts. Establishing a clear link between ultrasound images and underlying alveolar or fibrotic
state of the lung could improve the diagnostic accuracy and clinical deployment of lung ultrasound and potentially establish LUS as a
gold-standard imaging modality. Here, it is shown how histology-derived acoustical maps of the lung, Visible Human maps of the
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abdomen, and Fullwave simulations of ultrasound propagation can accurately model the multiple scattering physics at the lung interface.
Lung B-mode images are generated based on the first principles of propagation and multiple scattering and they are compared to clinical
imaging. In silico modifications of the aeration/porosity and the fluid-to-tissue ratio in the lung parenchyma are related to the corre-
sponding changes in B-mode images. Additionally, the patterns of superficial/subpleural air inclusions were analyzed and mapped to
corresponding B-mode image markers (white lung, single and multiple B-lines, A-lines). This establishes a validated framework for
quantitative imaging of lung disease and the development of LUS-specific beamforming.

Contributed Papers

9:30

2aBAa2. Investigating the link between intensity of lung ultrasound ver-
tical artifacts and penetration depth of ultrasound waves, in silico study.
Federico Mento (Dept. of Information Eng. and Comput. Sci., Univ. of
Trento, Via Sommarive, 9, Povo, Trento, Trento (TN) 38123, Italy, feder-
ico.mento@unitn.it) and Libertario Demi (Dept. of Information Eng. and
Comput. Sci., Univ. of Trento, Trento, Italia, Italy)

Lung ultrasound (LUS) is nowadays widely applied for lung surface
evaluation. In particular, LUS is often based on the analysis of vertical arti-
facts, which correlate with various pathologies but whose genesis is not
fully comprehended yet. To better understand the phenomena causing these
artifacts’ appearance, numerical simulations can represent a powerful tool.
Specifically, we present a simulation study (k-Wave MATLAB toolbox) that
investigates whether a link exists between the intensity of these artifacts and
the penetration depth of ultrasound waves through the lung parenchyma.
The size of the simulated numerical domain is 4 cm x 2 ¢cm, with the simu-
lated lung surface located at a depth of 2 cm. Different alveolar structures
were modeled by varying the alveolar diameter (from 40 to 800 um), the
inter-alveolar axial-spacing (from 40 to 790 pum) and inter-alveolar lateral-
spacing (from 10 to 100 pum). For each configuration, Gaussian pulses (with
bandwidth equal to 0.5 MHz at —6 dB) having different center frequencies
(from 1 to 5 MHz) were transmitted without focusing (plane wave imaging).
Results highlight how the artifacts’ intensity seems to be independent from
waves’ penetration depth.

9:45

2aBAa3. Ultrasound vibro-elastography for assessing water content in a
lung sponge phantom model. Xiaoming Zhang (Mayo Clinic, 200 1st ST
SW, Rochester, MN 55905, zhang.xiaoming@mayo.edu) and Jinling Zhou
(Mayo Clinic, Rochetser, MN)

Pulmonary edema is common in patients with congestive heart failure.
Extravascular lung water (EVLW) correlates to the disease prognosis but
the assessment is challenging. The current standard method, computed to-
mography (CT), poses a significant logistic burden and exposes patents to
ionizing radiation. Non-invasive lung ultrasound (LUS) is introduced to sub-
jectively evaluate B-lines for EVLW but results in significant inter-observer
variability. We have developed ultrasound vibro-elastography (USVE) to
safely measure lung surface wave speed quantitatively. In this abstract, we
presented the technique for analyzing water content in a lung phantom
model. A sponge is used as the lung phantom. Twelve water contents were
injected in the phantom for different EVLW values. The mass density of the
phantom was measured for each water content. Wave propagation was gen-
erated at five frequencies between 100 Hz and 300 Hz in the phantom, and
the surface wave speeds were collected. The viscoelasticity was derived
from the wave speed dispersion with frequency. The obtained surface wave
speeds showed no clear correlation with different water content. The elastic-
ity and viscosity, however, were found increased with water content. This
research pinpoints the likelihood and possible direction for USVE to assess
EVLW for patients with pulmonary edema.

A76
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Invited Papers

10:00

2aBAad4. Investigating response to treatment of pulmonary fibrosis in rats using ultrasound multiple scattering. Roshan Roshank-
hah (Mech. and Aerosp. Eng., North Carolina State Univ., Raleigh, NC), John Blackwell (Surgery, Univ. of North Carolina at Chapel
Hill, Chapel Hill, NC), Hong Yuan (Radiology, Univ. of North Carolina at Chapel Hill, Chapel Hill, NC), Stephanie A. Montgomery
(Pathol. and Lab Medicine, Univ. of North Carolina, Chapel Hill, NC), Thomas M. Egan (Surgery and Biomedical Eng., Univ. of North
Carolina at Chapel Hill, Chapel Hill, NC), and Marie Muller (MAE, North Carolina State Univ., 911 Oval Dr., Eng. Bldg. III, Raleigh,
NC 27606, mmuller2@ncsu.edu)

Lung alveoli constitute a complex distribution of strong ultrasound scatterers, leading to multiple scattering (USMS). Conventional
ultrasound cannot be utilized to produce images that would accurately render lung structure. Pulmonary fibrosis affects lung microstruc-
ture by thickening alveolar walls, which changes wave diffusion and scattering patterns by modifying the distribution and size of scatter-
ers. We present a method for the quantitative approach of structural changes in lung parenchyma based on diffusion of ultrasound
waves, relying on measurement of the scattering mean free path (SMFP). We quantify severity of lung damage due to bleomycin-
induced fibrosis in rats, and to monitor response to Nintedanib treatment by comparing the SMFP in 6 control (normal) lungs, 6 fibrotic
lungs, and 6 fibrotic lungs from rats treated with Nintedanib. We observed significant differences in SMFP among control lungs
(483 = 50 pum), fibrotic lungs (1433 = 612 um), and lungs from Nintedanib-treated rats (835 = 149 um) (mean = sd). Strong correlations
were observed between SMFP and fibrosis severity score on inflated ex vivo CT lung images (p=0.076, r=0.43), as well as between
SMFP and modified Ashcroft score of inflation-fixed lungs stained with H&E and Sirius red (p=0.008, r=0.61). This suggests SMFP
may be useful to monitor response to treatment of pulmonary fibrosis.

10:30-10:45 Break
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10:45

2aBAaS. In vivo assessment of pulmonary edema and fibrosis in rats using separation of single and multiple scattering contribu-
tions and quantitative ultrasound. Theresa H. Lye (Riverside Res., 156 William St., Fl. 9, New York, NY 10038, tlye@riversidere-
search.org), Roshan Roshankhah, Aidan Turnbull (Mech. and Aerosp. Eng., North Carolina State Univ., Raleigh, NC), John Blackwell,
Thomas M. Egan (Surgery and Biomedical Eng., Univ. of North Carolina at Chapel Hill, Chapel Hill, NC), Marie Muller (Mech. and
Aerosp. Eng., North Carolina State Univ., Raleigh, NC), and Jonathan Mamou (Riverside Res., New York, NY)

The application of spectral quantitative ultrasound (QUS) and envelope statistical methods to lung ultrasound is complicated due to
the presence of multiple scattering (MS). In this study, the relationship between QUS assessment of lung disease and scattering regime
was explored by applying QUS to lung ultrasound data, where the single scattering (SS) and MS components were separated. Data were
acquired by a Verasonics Vantage ultrasound scanner from 15 healthy rats, 19 edematous rats, and 20 fibrotic rats. SS and MS compo-
nents of the data were separated by a random matrix theory approach. Spectral QUS and envelope statistical parameters were then esti-
mated from the SS and MS data separately. Initial results were obtained using the healthy and pulmonary edema data, where the
extracted QUS parameters were correlated to the wet-to-dry (W/D) weight ratio, a gold standard measurement of edema. Several QUS
parameters were significantly correlated to W/D ratio for both the SS and MS data, and the highest correlation coefficient was 0.53 using
the SS data and 0.48 using the MS data. These results demonstrate the utility of QUS for assessing lung disease and provide further
insight on the effects of SS and MS on spectral QUS and envelope statistical parameters.

Contributed Papers

11:15

2aBAa6. Localizing pulmonary nodules for surgical resection using
ultrasound multiple scattering. Roshan Roshankhah (Mech. and Aerosp.
Eng., North Carolina State Univ., 1840 ENTREPRENEUR Dr., Raleigh,
NC 27606, rroshan2@ncsu.edu), John Blackwell, Thomas M. Egan (Sur-
gery and Biomedical Eng., Univ. of North Carolina at Chapel Hill, Chapel
Hill, NC), and Marie Muller (Mech. and Aerosp. Eng., North Carolina State
Univ., Raleigh, NC)

Using conventional ultrasound to image pulmonary nodules is elusive
due to multiple scattering in highly heterogeneous lung tissue. It is possible
to leverage multiple scattering as a source of contrast between nodules and
healthy lung parenchyma, because lung nodules do not contain air-filled
alveoli. We developed a method based on the separation of multiple and sin-
gle scattering using singular value decomposition. When combined with a
depression detection algorithm, this allows us to render a map of the regions
exhibiting less multiple scattering, associated with the presence of nodules.
These techniques allowed for localization of 55 out of 59 nodules placed in
ten lungs, as small as 5 mm diameter. In this study, we are demonstrating
the feasibility of the method to locate nodules with respect to a surgical
stapler by merging the rendered nodule map with a B-mode image of the
surgical device. Using Verasonics Vantage scanner with array transducer,
inter-element responses matrices were acquired from ex vivo pig/dog lungs,
in which artificial nodules were implanted. We show that the relative posi-
tion of nodule to the stapler can be measured. By measuring the distance of
the nodule to the surgical stapler, it is possible to resect the nodule with safe
margins.

11:30

2aBAa7. Quantifying severity of lung fibrosis in rodents using random
matrix theory. Azadeh D. Cole (MAE, North Carolina State Univ., Eng.
Bldg. III (EB3) 3141, Raleigh, NC 27695, adashti@ncsu.edu), John Black-
well (Surgery and Biomedical Eng., Univ. of North Carolina at Chapel Hill,
Chapel Hill, NC), Stephanie A. Montgomery (Dept. of Pathol. and Lab.
Medicine, Univ. of North Carolina at Chapel Hill, Chapel Hill, NC),
Thomas M. Egan (Surgery and Biomedical Eng., Univ. of North Carolina at
Chapel Hill, Chapel Hill, NC), and Marie Muller (MAE, North Carolina
State Univ., Raleigh, NC)

We investigate random matrix theory (RMT) as a tool to detect and
quantify pulmonary fibrosis in rodents in vivo. Highly scattering structures
such as lung alveoli result in specific characteristics in the distribution of
singular values of the inter-element response matrix (IRM). When multiple
scattering dominates (healthy lung), the distribution of singular values of
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the IRM is expected to follow a quarter circle law. However, when single
scattering regime dominates, the singular values distribution is closer to a
Henkel distribution. We propose to exploit this feature to detect pulmonary
fibrosis and quantify its severity. Two metrics are defined to describe the
singular value distribution: the expected value E(x), which is the weighted
average of all singular values, and, the singular value with the highest prob-
ability. A 128-element linear transducer operating at 7.8 MHz and a Vera-
sonics scanner were used to collect IRMs from 6 normal and 18 rat lungs
with bleomycin-induced fibrosis in vivo. Significant correlations were
observed between E(x) (r=—0.46, p=0.02) and (r=0.52, p=0.01) with the
severity of fibrosis independently assessed by histology. These preliminary
results show the potential of RMT metrics E(x) and to quantify structural
changes in the lung parenchyma.

11:45

2aBAa8. Using ultrasound multiple scattering to determine severity of
pulmonary edema. Thomas M. Egan (Surgery and Biomedical Eng., Univ.
of North Carolina at Chapel Hill, 3040 Burnett-Womack Bldg., Chapel Hill,
NC 27599-7065, thomas_egan@med.unc.edu), Roshan Roshankhah (Mech.
and Aerosp. Eng., North Carolina State Univ., Raleigh, NC), John Blackwell
(Surgery, UNC at Capel Hill, Chapel Hill, NC), Hong Yuan (Radiology,
UNC at Chapel Hill, Chapel Hill, NC), Stephanie A. Montgomery (Lab and
Animal Medicine, UNC at Chapel Hill, Chapel Hill, NC), and Marie Muller
(Mech. and Aerosp. Eng., Biomedical Eng., North Carolina State Univ., Ra-
leigh, NC)

Conventional ultrasound (US) cannot quantitatively evaluate lung tissue
because of US multiple scattering (USMS). Pulmonary edema causes verti-
cal artifacts -B-lines- which provide qualitative information about alveolar
flooding. We showed that Scattering mean free path (SMFP), a measure of
the density of air-filled alveoli, is longer in edematous than normal lungs.
Here, we show that SMFP correlates with wet:dry weight ratio of lung tissue
(W/D) and CT-scan assessment of edema. Ischemia-reperfusion injury (IRI)
was created in lungs of anesthetized rats. The left lung hilum was clamped
for 20, 40, or 60 minutes (n=6/group) then reperfused for 60 minutes before
ligating the apical portion of each lung to measure W/D, removing inflated
lung blocks, then measuring SMFP and backscatter frequency shift (BFS)
with a Verasonics scanner and L11-4v US probe. Six lung blocks were
removed from healthy rats as Controls. Inflated lung blocks had ex vivo CT
scans, followed by inflation-fixed histology. By logistic regression, there
was a correlation between SMFP and W/D in 18 edematous and 12 Control
lungs (*=0.27, p<0.004) and a significant correlation between edema
extent by CT and SMFP and W/D. BFS was larger, and histology confirmed
edema in IRI lungs. SMFP may be useful to quantify lung edema.
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Session 2aBAb

Biomedical Acoustics: For a Few Bubbles More: Recent Developments in Medical Ultrasound I

John S. Allen, Cochair
Mechanical Engineering, University of Hawaii Manoa, Holmes 302, 2540 Dole Street, Honolulu, HI 96822

Mark Borden, Cochair
Biomedical Engineering, University of Colorado, 1111 Engineering Drive, Boulder, CO 80309-0427

Chair’s Introduction—9:00

Invited Papers

9:05

2aBAbl. Applying ultrasound phase-change contrast agents to guide therapeutic intervention in type 1 diabetes. Richard K. Ben-
ninger (Bioengineering, Univ. of Colorado Anschutz Med. Campus, Denver, CO, richard.benninger@cuanschutz.edu)

Ultrasound is a widely deployable and cost-effective clinical imaging modality. However, conventional microbubble contrast agents
are restricted to the vasculature. Sub-micron nanodroplet (ND) phase-change agents can be vaporized into micron-sized bubbles, serving
as a microbubble precursor. In principle, the enhanced permeabiltiy and retention effect can be used with sub-micron NDs to detect
injured tissues. Methods to detect typel diabetes (T1D) progression prior to clinical diagnosis are needed. T1D results from autoreactive
T-cells infiltrating the islets of Langerhans, destroying insulin-producing beta-cells. Overt disease takes years to present and at diagnosis
there is substantial beta-cells loss. Therapeutic intervention to preserve beta-cell mass is hampered by an inability to follow pre-sympto-
matic TID progression and tracking whether therapeutic interventions are impacting disease progression. We will present ultrasound
imaging of phase-change nanodroplet (ND) contrast-agent accumulation within the islet. ND accumulation is dependent on immune
infiltration, therefore tracks pre-symptomatic T1D development and progression to diabetes. Measurement of ND accumulation detected
pre-symptomatic T1D earlier and with greater sensitivity compared to existing measurements of circulating autoantibodies. This pro-
vides an opportunity to guide early therapeutic treatments to prevent T1D.

9:30

2aBAb2. Ultrasound-stimulated, drug-loaded bubbles for cancer therapy. Naomi Matsuura (Biomedical Eng./Mater. Sci. & Eng.,
Univ. of Toronto, 164 College St., Rm. 407, Toronto, ON M5S 3G9, Canada, naomi.matsuura@utoronto.ca)

Non-invasive, focused ultrasound in combination with microbubbles have previously been used for targeted drug delivery. Focused
ultrasound-stimulated microbubbles can increase local tumour blood vessel permeability such that co-injected chemotherapeutics can
diffuse preferentially into tumour tissue. Focused ultrasound and microbubbles have also been used to initiate other local bioeffects, for
example, to damage tumour vessels for mechanically induced vascular disruption therapy, which can profoundly increase the efficacy of
a variety of anticancer drugs. In this talk, the development of new acoustically-active bubbles that are capable of carrying and releasing
therapeutic concentrations of hydrophobic and hydrophilic chemotherapeutic drugs will be introduced. Agents that are entirely com-
posed of FDA-approved components are preferred as they may permit expedited translation into clinical use. Trade-offs among size, sta-
bility, drug-loading, and in vivo performance between bubble variants will be overviewed. Challenges and opportunities identified
through recent efforts towards achieving cancer therapy potentiation in small animal cancer models will also be discussed.

9:55

2aBAb3. Acoustic droplet vaporization and gas embolotherapy. Joseph L. Bull (Biomedical Eng.eering, Tulane Univ., 6823 St.
Charles Ave., Lindy Boggs Ctr., Ste. 201, New Orleans, LA 70118, jbull@tulane.edu)

We present an overview of our research group’s work in acoustic droplet vaporization and gas embolotherapy, including bubble and
droplet dynamics, bioeffects, targeting of droplets, localized drug delivery, and selective occlusion of blood flow to tumors. In these
applications, transvascular liquid perfluorocarbon droplets are injected intravenously and, subsequently, vaporized with ultrasound to
selectively form vascular micro- and nano-bubbles that are used for therapy. The resulting bubbles are approximately 125 times the vol-
ume of the droplets from which they originate. Embolization of tumors with this methodology involves droplets that are sufficiently
large to produce bubbles that will lead to occlusion. Drug-loaded droplet may be used without occlusion if they are sufficiently small.
We have used a combination of theoretical, computational, and experimental approaches to elucidate the behaviors and mechanisms
involved in acoustic droplet vaporization. In a murine model of hepatocellular carcinoma, we have demonstrated that the combination of
gas embolization and chemotherapy can result in complete tumor regression.
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10:20-10:35 Break

10:35

2aBAb4. Bubble-based propulsion of engineered particles for drug delivery and immunotherapy. Wyatt Shields (Chemical and
Biological Eng., Univ. of Colorado Boulder, Jennie Smoly Caruthers Biotechnology Bldg., 3415 Colorado Ave. #D218, Boulder, CO
80303-1904, charles.shields@colorado.edu), Andrew Goodwin, Taylor R. Ausec, and Jin G. Lee (Chemical and Biological Eng., Univ.

of Colorado Boulder, Boulder, CO)

Biological barriers, such as mucus and cellular endothelia, obstruct the transport of drugs to diseased tissues. In this talk, I will high-
light our recent work to overcome these barriers using engineering particles that undergo bubble-based propulsion in response to ultra-
sound. I will focus on two innovations. First, I will share our collaborative effort to synthesize hydrophobically modified mesoporous
silica nanoparticles (MSNs) stabilized with phospholipids that entrap hydrophobic drugs. When insonated with high-intensity focused
ultrasound, the MSNs undergo cavitation to rapidly propel through dense media and release drugs. Second, I will share our effort to fab-
ricate microparticles with arbitrary three-dimensional shapes using two-photon lithography. These microparticles are capable of entrap-
ping air bubbles of a defined size, leading to their efficient, frequency-dependent propulsion when stimulated by ultrasound. By
modifying the surfaces of these particles, they can robustly attach to epithelial cell layers and release small molecule drugs for extended
durations. By way of outlook, I will discuss how these technologies have potential to stimulate immune cells against tumor progression

and to abate inflammation in auto-immune diseases.

Contributed Papers

11:00

2aBAbS. Biomimetic lung surfactant nanodrops for ultrasound imag-
ing. Mark Borden (Biomedical Eng., Univ. of Colorado, 1111 Eng. Dr.
UCB 427, ECME 245, Boulder, CO 80309, mark.borden@colorado.edu),
Alec Thomas, Kang-Ho Song, Awaneesh Upadhyay (Biomedical Eng.,
Univ. of Colorado, Boulder, CO), Virginie Papadopoulou (Biomedical Eng.,
Univ. of North Carolina, Chapel Hill, NC), David Ramirez, Richard K. Ben-
ninger (Bioengineering, Univ. of Colorado, Denver, CO), Matthew R. Low-
erison (Elec. and Comput. Eng., Univ. of Illinois, Urbana, IL), Pengfei Song
(Elec. and Comput. Eng., Univ. of Illinois Urbana-Champaign, Urbana, IL),
and Todd Murray (Biomedical Eng., Univ. of Colorado, Boulder, CO)

Nanodrops comprising a perfluorocarbon liquid core can be acoustically
vaporized into echogenic microbubbles for ultrasound imaging. Packaging
the microbubble in its condensed liquid state provides some advantages,
including in situ activation of the acoustic signal, longer circulation persist-
ence, and the advent of expanded diagnostic and therapeutic applications in
pathologies, which exhibit compromised vasculature. One obstacle to clini-
cal translation is the inability of the limited surfactant present on the nano-
drop to encapsulate the greatly expanded microbubble interface, resulting in
ephemeral microbubbles with limited utility. In this study, we examine a
biomimetic approach to stabilizing an expanding gas surface by employing
the lung surfactant replacement, Beractant. Lung surfactant contains a suite
of lipids and surfactant proteins that provides efficient shuttling of material
from bilayer folds to the monolayer surface. We hypothesized that Beractant
would improve stability of acoustically vaporized microbubbles. To test this
hypothesis, we characterized Beractant surface dilation mechanics and
revealed a novel biophysical phenomenon of rapid interfacial melting,
spreading, and re-solidification. We then harnessed this unique spreading
capability to increase the stability and echogenicity of microbubbles pro-
duced after acoustic droplet vaporization for in vivo ultrasound imaging.
Such biomimetic lung surfactant-stabilized nanodrops may be useful for
applications in ultrasound imaging and therapy.

11:15

2aBAb6. Effectiveness of 3 MHz ultrasound in ex vivo scleral delivery of
macromolecules of different sizes. Hanaa H. Almogbil (School of Eng.
and Appl. Sci., George Washington Univ., Sci. & Eng. Hall, 800 22nd St.
NW, Washington, DC 20052, Hanaa@gwu.edu), Fadi P. Nasrallah (Retina
Consultants, Washington, DC), and Vesna Zderic (School of Eng. and Appl.
Sci., George Washington Univ., Washington, DC)

Therapeutic ultrasound offers a novel approach for enhancing scleral
delivery of macromolecules for treatment of various ocular diseases. Our
previous in vitro diffusion cell studies showed that 3 MHz ultrasound could
enhance scleral delivery of Avastin (MW: 149 kDa). We tested similar ultra-
sound parameters in an ex vivo whole eye rabbit model by using
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fluorescently labeled FITC-dextran of various sizes (40, 70, and 150 kDa) to
mimic the sizes of the current macromolecules drugs for treatment of retino-
pathies. 3 MHz ultrasound was applied for 5 min on the sclera of the eye
submersed in a macromolecule solution, and then the eyes were left in the
solution for another 55 min while in the 34.6 °C water bath. Ultrasound was
not turned on for the sham-treated group. Temperature modeling was per-
formed to assess the safety of 5-min ultrasound application in the eye. The
fluorescence intensity values of FITC-150 group were statistically different
(p <0.05) between the ultrasound-treated (1809.4, n=8) and their sham-
treated group (1185.8, n=8). However, the FITC-70 and -50 groups lacked
any appreciable difference between their ultrasound-treated (1313.6, n=38)
and (1646.3, n=0), and their sham-treated groups (1431, n=8) and (1121.8,
n=06), respectively. Thermal simulations demonstrated a temperature rise of
4.6 °C, while experimentally the maximum temperatures was 4.4 °C.

11:30

2aBAb7. Feasibility of cavitation nucleation in the crystalline lens. Alice
Ganeau (LabTAU - INSERM U1032, Lyon, France), Maxime Lafond (Lab-
TAU - INSERM U1032, 151, cours Albert Thomas, Lyon 69424, France,
maxime.lafond@inserm.fr), Olfa Ben Moussa (Laboratoire de Biologie,
Ingénierie et Imagerie de la Greffe de Cornée (BiiGC), Université Jean
Monnet, Saint-Etienne, France), Charles Mion (LabTAU - INSERM U1032,
Lyon, France), Sylvain Poinard, Frédéric Mascarelli (Laboratoire de Biolo-
gie, Ingénierie et Imagerie de la Greffe de Cornée (BiiGC), Université Jean
Monnet, Saint-Etienne, France), Stefan Catheline (LabTAU - INSERM
U1032, Lyon, France), Gilles Thuret, Philippe Gain (Laboratoire de Biolo-
gie, Ingénierie et Imagerie de la Greffe de Cornée (BiiGC), Université Jean
Monnet, Saint-Etienne, France), and Cyril Lafon (LabTAU - INSERM
U1032, Lyon, France)

Presbyopia is the age-related stiffening of the crystalline lens, reducing
near vision. We propose ultrasonic cavitation to interact with the lens struc-
ture and restore its flexibility. Here, we present early results on the feasibil-
ity of the technique. First, the cavitation threshold was determined: the
focus of a 4-elements transducer was placed in the lens nucleus in a porcine
eye, and signals emitted in the focal area were acquired using an imaging
array and reconstructed using frequency-domain passive cavitation imaging
(PCI) with Richardson-Lucy deconvolution. Inharmonic emissions inside
the lens were calculated, and we evidenced two distinct populations: low
and high amount of signal inside the lens, when cavitation was absent or
present, respectively. Peak negative pressure of 23 MPa for 20 us pulses at
1.1 MHz provided a clear chance of nucleating cavitation with our system.
Exposures were performed after 10 s of cavitation using a PRF of 250 Hz.
Cavitation clouds were clearly visible in B-mode images for both 6-months
old and 3-years old porcine eyes. The absence of cataract was confirmed on
transparency images, and histology revealed no damages to the lens struc-
ture. These preliminary results are encouraging towards the application of
cavitation in the crystalline lens.

182nd Meeting of the Acoustical Society of America ~ A79

=
<
w
=
-
«
N




11:45

2aBAb8. Optimization of cavitation-mediated mRNA delivery to cancer
and non-cancer cells in vitro and in vivo. Alexander Martin (Inst. of Bio-
medical Eng., Univ. of Oxford, IBME, Old Rd. Campus Res. Bldg., Oxford
0OX3 7DQ, United Kingdom, alexander.martin@eng.ox.ac.uk), Cameron
Smith, Robert Carlisle, Robin O. Cleveland (Inst. of Biomedical Eng., Univ.
of Oxford, Oxford, United Kingdom), and Constantin Coussios (Inst. of Bio-
medical Eng., Univ. of Oxford, Headington, Oxford, Oxfordshire, United
Kingdom)

The use of mRNA provides several compelling benefits. Cavitation-
mediated delivery of mRNA has yet to be fully explored, especially in the
context of achieving delivery of non-encapsulated, “free” mRNA. We
present data that explore the relationship between cavitation and the trans-
fer of, and protein expression from, free, fluorescently labelled mRNA.
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The protein expression exhibited in various cell lines in vitro was further
tested in vivo, using sub-micron sized cavitation nuclei and the effects on
transfection efficiency and expression time were examined. Acoustic ex-
posure parameters were carefully selected, using a focused 0.5 MHz ultra-
sound transducer: pressure was varied from 0.3 to 2.1 MPa and 100-
50000 cycles at 5% duty cycle were used to achieve different cavitation
regimes. A difference in expression time and transfection rate was
observed between different cavitation nuclei and acoustic parameters. A
luciferase reporter gene assay was used to characterise events in vitro.
Expression due to cavitation-mediated delivery was further examined in
vivo using the In Vivo imagining system and quantified using excised
homogenised tumour tissue. These results provide us with a measurement
window for maximum expression, exploration of how time points change
across cell lines and lay the foundations for cavitation-mediated delivery
and transfection of