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The printed version of Noise/News International (NNI) and its Internet supplement are
published jointly by the International Institute of Noise Control Engineering (I-INCE) and
the Institute of Noise Control Engineering of the USA (INCE/USA).

I-INCE

The International Institute of Noise Control Engineering (I-INCE) is a worldwide
consortium of societies concerned with noise control and acoustics. I-INCE, chartered in
Zürich, Switzerland, is the sponsor of the INTER-NOISE Series of International Congresses
on Noise Control Engineering, and, with the Institute of Noise Control Engineering of the
USA, publishes this quarterly magazine and its Internet supplement. I-INCE has an active
program of technical initiatives, which are described in the Internet supplement to NNI. IINCE currently has 46 Member Societies in 39 countries.

INCE/USA

The Institute of Noise Control Engineering of the USA (INCE/USA) is a non-profit
professional organization incorporated in Washington, D.C., USA. The primary purpose of
the Institute is to promote engineering solutions to environmental noise problems. INCE/
USA publishes the technical journal, Noise Control Engineering Journal, and, with I-INCE
publishes this quarterly magazine and its Internet supplement. INCE/USA sponsors the
NOISE-CON series of national conferences on noise control engineering and the INTERNOISE Congress when it is held in North America. INCE/USA Members are professionals
in the field of noise control engineering, and many offer consulting services in noise control.
Any persons interested in noise control may become an Associate of INCE/USA and receive
both this magazine and Noise Control Engineering Journal.

NNI Internet Supplement
www.noisenewsinternational.net

• Links to the home pages of I-INCE and INCE/USA
• Abstracts of feature articles in the printed version
• Directory of the Member Societies of I-INCE with links, where available, to the Member
Society Profiles and home pages
• Links to I-INCE Technical Initiatives
• Calendar of meetings related to noise—worldwide
• Links, where available, to NNI advertisers
• Links to news related to the development of standards
• Link to an article “Surf the ‘Net for News on Noise,” which contains links to noiserelated sites—worldwide
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President’s Column
A Vision for INCE/USA

S

erving as the INCE/USA president for 2004 is
an honor and a privilege, and while it involves
“some” work, the job is made easier by the
many dedicated volunteers and staff whose hard
work ensures that the Institute runs smoothly.
INCE has over the last few years gone through a
transition phase which is now well behind us. The
infrastructure of INCE/USA is back to being well
established, and we can now focus on the future.
Last year, a vision was established for INCE/USA to
better serve its membership and the noise community
at large. There are four main tasks that are deemed
to be necessary to meet our vision. These are:
• To be the “primary and premier” noise control
organization in the nation.
• To organize “must attend” conferences in noise
control engineering
• To publish “must read” articles in our Noise
Control Engineering Journal.
• Enhance membership services and the value of
Board Certification.
How do we go about making INCE/USA the
“primary and premier” noise control organization
in the USA? The best answer I can come up with is
to increase participation and to provide significant
benefits to the membership. Only then will noise
control engineers see the need to be part of INCE/
USA. I recently changed jobs and moved from
academia to industry. The change itself was not as
dramatic as I originally expected, perhaps because
the division I work for is heavily oriented towards
applied R&D. However, the philosophy is definitely
different. INCE/USA, in general, does a good job
at attracting people from academia and consulting,
but there are many more noise control engineers
working in industry, and relatively few are members
of our organization. Industry must see a value to
encourage its noise control engineers to be part of
INCE, and engineers have to see enough benefit
with which they can convince management that it
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is important to belong to such an organization and
attend its meetings. Present membership must be the
nucleus to start this change.
Part of making INCE/USA the “premier” noise
control organization is participation. Participation to
me implies the sharing of knowledge and basic noise
control principles that can be applied across different
problems. This leads to next two goals in the INCE/
USA vision, “must attend” conferences and “must
read” articles in NCEJ. I want to encourage all to
submit papers to NOISE-CON and INTER-NOISE
meetings, and to NCEJ. If it is not possible to
submit papers and present at conferences, plan to
attend, help in organizing special sessions, provide
topic suggestions, and attend our seminars. Your
participation will help us to meet the needs of noise
control engineers.

Joseph Cuschieri
2004 INCE/USA
President

Finally, what is necessary to enhance membership
benefits? To me the two most important benefits are
access to knowledge and certification that recognizes
an individual’s achievements. With regard to
recognition, we have Board Certification. Should
INCE/USA have other membership levels?
To share knowledge—being able to scan through
archives of proceedings and papers in noise control
to find what others may have done to solve similar
problems—is of great value. Last year, the on line
availability of conference proceedings in electronic
format was announced. If things move as planned,
we may have a demonstration at NOISE-CON 2004
in Baltimore. One more reason why you should not
miss NOISE-CON 2004.
These are my thoughts on how we can make INCE
better. You may have other ideas for improving
INCE/USA. Send your comments, ideas, and
suggestions to president@inceusa.org. NNI
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Editor’s View
Now and Then

I

n late May and early June, I worked with Courtney
Burroughs, General Chair of NOISE-CON 04 and
co-editor of the proceedings, to prepare the CDROM of the conference proceedings for replication.
Most members of INCE/USA are aware that this is
not the first conference proceedings that I have done;
it is quite interesting to compare now and then—the
current modus operendi and earlier procedures.

George Maling
Pan-American Editor

In many respects, life then was much simpler. Paper
abstracts were received, and there was no “one by
mail, one by fax, and one by e-mail” sorting out
of duplicate abstracts. Authors used blue-lined
manuscript paper and sent in a four-or six-page
papers, the requirement being an even number of
pages. The editor had a limited ability to make
changes in the manuscripts—although I recall
that the late John Snowden collected a bank of
typewriters with different fonts so he could make
neat editorial changes to the INTER-NOISE 74
papers.
One critical element was the pagination of the
proceedings—done with columns of page numbers
on sheets of papers. Once that was finished (with no
errors!), the job of producing page-numbered heads
and pasting them on the papers could be turned over
to someone else.
NOISE-CON 00 was the first year when only a CD
was produced. Pagination becomes an option in the
sense that authors can number their papers beginning
with 1. Courtney Burroughs decided to number the
NOISE-CON 04 pages consecutively in order to
provide a proper reference to each paper, and that
turned out to be quite a task—with just over 1000
pages in the proceedings.

table of contents and the author index is a timeconsuming procedure.
Benefits now? The biggest benefit, in my view, is
that papers can be longer, and do not have to be an
even number of pages. In reviewing the NOISECON 04 submissions, I am greatly impressed by the
effort that authors have put into their papers, and it is
clear that, given the opportunity, many authors will
produce manuscripts ten or more pages in length.
Another significant benefit is the use of color—not
feasible then because of cost. Photographs and
graphs benefit, and the visualization of source
strength using color for the different levels produces
outstanding results.
The opportunity to put multiple proceedings on a
single CD is a very large economic benefit to those
who attend the conferences and those who purchase
the CD post-conference. The paper NOISE-CON
Proceedings for 1996, 1997, and 1998 were
scanned—as was the SQS 98 Proceedings. The result
is that this year’s CD contains nine proceedings
volumes, and there will be space for one more next
year. Being able to search the CD for a string of text
is also a very valuable benefit.
Bottom line, the required editorial work has changed,
but is still time-consuming. However the benefits of
longer papers, the use of color, multiple volumes on
one CD, and the ability to search make now a much
better time than then. NNI

Unlike then, it is easy to edit Word files, and
that requires time. Limited editing can be done
on Portable Document Format (PDF) files as
well. Experience shows that it is best to resist the
temptation.
Extra effort now? The linking of the papers to the
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Some noise reduction strategies
are simpler than others.

SoundPLAN makes it easy to predict noise from
transportation, industry and leisure sources.
Use SoundPLAN to develop and test noise
reduction strategies. Then prepare professional
graphic representations of these strategies
using the many graphic tools.
SoundPLAN conforms to standards in the E.U.
Environmental Noise Directive and fulfills 30+
other national and international standards.

Special features include:
 E asy to repeat or modify any job at any time
due to unique data structure
 C omplex industrial noise calculations from
inside to outside, integrated in one process
 N
 oise barrier optimization second to none
 S uperior graphic modeling

…the powerful tool for sound management
(Available in English, Asian & European languages)

Call today +1-360-432-9840
www.soundplan.com
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Member Society Profile
INCE/Europe

I

NCE/Europe is a not-for-profit organization
incorporated in England and elected a Member
Society of the International Institute of Noise
Control Engineering (I-INCE) at INTER-NOISE
2003 in Korea. The purpose of the organization is to
assist individuals and groups working on the effects
and control of noise and vibration.
INCE/Europe was formed in 1999, following
discussions with Board Members of I-INCE,
having the primary goal of aiding the exchange
of information about all aspects of the discipline
with a dual emphasis on engineering and Europe.
An important secondary aim is the promotion of
specialist meetings on topics not readily covered in
large international congresses.
At a meeting in May at EuroNoise 2003, INCE/
Europe became a Sustaining Member of the
European Acoustics Association (EAA), a move that
promises to be beneficial to both parties. At the same
congress EAA and INCE/Europe also became joint
organisers of a Technical Committee on Noise.
INCE/Europe also maintains pages on the
Internet, which may be found by going to
www.inceeurope.org. News items on this site are
accessible to all visitors and it is intended that
these will cover such aspects as events, standards,
advances in technology, instrumentation and
software.
As a measure to foster the development of INCE/
Europe, individuals who work in or around the
field of noise and vibration, its production, control
and effects are invited to participate by becoming
Affiliates Without Fee of INCE/Europe, using a form
which may be found at www.inceeurope.org/join.
htm
The activities of INCE/Europe are guided by a
Board which presently comprises Jean Tourret,
President (France), Bernard Berry (UK), Per Brüel
(Denmark), Gerhard Hübner (Germany), Geoff
Leventhall (UK), Patrick Luquet (France), Kari
Pesonen (Finland) and Michel Vallet (France).
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The day-to-day management of INCE/Europe is
in the hands of Roy Lawrence, who was organizer
of INTER-NOISE 96 in Liverpool, and Cathy
Mackenzie, who was Secretary of the UK Institute of
Acoustics for 18 years.
The organization has been involved as co-sponsors
of the Low Frequency Noise meeting in York, UK,
in September 2002 and also the September 2004
Low Frequency Noise meeting at Maastricht, the
Netherlands. INCE/Europe acted as organizers for
the meeting on Sound Insulation of Windows and
Glazing which was held immediately before INTERNOISE 2001 in The Hague. INCE/Europe has also
been involved as a sponsoring organization for the
3-day meetings on Developments in Materials for
Noise and Vibration Control in July 2001 and Fan
Noise in September 2003, both events taking place at
CETIM in France.
The Board are currently involved, along with EAA,
in the planning for the next EuroNoise Congress
which is scheduled for 2006. INCE/Europe has a
number of meetings that are presently in the planning
stage including Accuracy in Acoustic and Vibration
Measurements in 2005, Guidance on the European
Noise Directives for the Accession States to be held
in one of the 10 accession countries at the end of
2004, and The Role of Urban Noise Monitoring
Stations in support of the Environmental Directive,
in Lyon, France in October 2004.
The address for correspondence is
Riverside House
4 Oakland Vale
New Brighton, Merseyside CH45 1LQ, UK
Telephone: +44 (0)151 638 0181
Fax: +44 (0) 151 639 5212
email: inceeurope@cmrl.demon.co.uk. NNI
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FIRST Announcement
NOISE-CON 2005, the 2005 National Conference and
Exposition on Noise Control Engineering, will be held
jointly with the Acoustical Society of America (ASA)
on Monday through Wednesday, 2005 October 17-19
in Minneapolis, Minnesota, USA at the Minneapolis
Hilton. The ASA meeting will continue on Thursday
and Friday. General Chair for NOISECON will be Dan
Kato and NOISE-CON Program co-chairs are Patricia
Davies and Stuart Bolton. Peggy Nelson will be the
General Chair for ASA.
The program will feature all areas of noise control
engineering and related session in architectural
acoustics. The meeting also will include what we
expect to be the largest ever NOISE-CON exposition.

NOISE-CON 2005
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ACTIVE 04

Williamsburg, Virginia, USA
2004 September 20-22

THE 2004 INTERNATIONAL SYMPOSIUM ON
ACTIVE CONTROL OF SOUND AND VIBRATION

Symposium
Information

General Information
ACTIVE 04, The 2004 International Symposium on Active Control of Sound
and Vibration, is being organized by the NASA Langley Research Center, and
is being sponsored by the Institute of Noise Control Engineering of the USA.
The Symposium will be held on 2004 September 20-22 at the Williamsburg
Hospitality House, which is surrounded by the eighteenth century elegance
of historic Williamsburg, Virginia, USA. Plans call for 3 days of technical
presentations with one or two plenary speakers on each day reviewing
topics of special relevance.

The Symposium is a continuation of the biannually-organized meetings on
Recent Advances in Active Control of Sound and Vibration, which were held
at the Virginia Polytechnic Institute in Blacksburg, Virginia, USA in 1991 and
1993, and the International Symposium on Active Control of Sound and
Vibration, which was held in Tokyo, Japan in 1991. ACTIVE 95 was held in
Newport Beach, California, USA in 1995, ACTIVE 97 was held in Budapest,
Hungary in 1997, ACTIVE 99 was held in Fort Lauderdale, Florida, USA in
1999, and ACTIVE 02 was held in Southampton, United Kingdom, in 2002.

2004 June  
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ACTIVE 04
Technical Program
The objectives of ACTIVE 04 are to review the current research and
application areas in the active control of sound and vibration and
to highlight future directions for this technology. Papers have been
invited in any area of active sound or vibration control including
but not limited to:

Fulop Augusztinovicz
Budapest University of Technology
and Economics, Hungary
Dennis Bernstein
University of Michigan, USA
Alain Berry
University of Sherbrooke, Canada

•

Active Control of Sound in Vehicles

•

Active Control of Outdoor Sound

•

Active Control of Architectural Acoustics 	

•

Active Control of Audio Environments

•

Active Structural Acoustic Control

•

Semi-Active (Adaptive) Control

•

Active Vibration Control

•

Active Vibration Isolation

•

Feedforward Control

•

Feedback Control

•

Hardware for Active Control

•

Transducers for Active Control

•

Smart Materials and Structures

•

Active/Passive Systems

•

Commercial Applications of Active Control

Ingo U. Borchers
Dornier GmbH, Germany
Kenneth Cunefare
Georgia Institute of Technology, USA
Stephen Elliott
Institute of Sound and Vibration
Research, UK
Francesco Franco
University degli Studi di Napoli
“Federico II”, Italy

110 abstracts have been received for presentation at ACTIVE 04,
and are being considered by the program committee. Paper titles
will be published on the Internet when the papers have been
accepted. Go to http://www.inceusa.org and look for a link to
ACTIVE 04 information.

Steven Griffin
Boeing-SVS Inc., USA
Yang-Hann Kim
Korean Advanced Institute of Science
and Technology, South Korea
Kam W. Ng
Office of Naval Research, USA
Christopher Park
ESI Group/Vibro-Acoustic Sciences,
USA

Plenary Lectures
There will be four plenary lectures held during ACTIVE 04.
These are:
Active Control of Fluid-Structure Interaction
Professor Robert L. Clark, Duke University, USA
Distributed Control of Sound and Vibration
Professor Stephen J. Elliott, Institute of Sound and Vibration
Research, United Kingdom
Current and Future Industrial Applications of Active Control
Professor Colin H Hansen, University of Adelaide, SA 5005,
Australia
Engineering Applications of Active Sound and
Vibration Control
Dr. Joachim Scheuren, Müller-BBM GmbH, Germany

50

Scientific
Committee

M. Alain Roure
Laboratoire de Mécanique et
d’Acoustique du CNRS, France
Hisashi Sano
Honda R&D Co., Ltd. Tochigi R&D
Center, Japan
Scott Sommerfeldt
Brigham Young University, USA
Ian Stothers
Ultra Electronics, UK
David Swanson
Pennsylvania State University, USA
Norbuo Tanaka
Tokyo Metropolitan Institute of
Technology, Japan
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Active Control of Sound and Vibration
Important Dates
Paper Submission: July 2, 2004
Early Registration: August 19, 2004

Accompanying Persons Program and Registration
There is no single accompanying person fee. Accompanying persons are
welcome to attend the two social events that will be offered at ACTIVE 04. These
events have the following per person costs.
• Virginia Air & Space Center Reception
Monday, 2004 September 20: USD 35.00
• Colonial Williamsburg Tavern Dinner
Tuesday, 2004 September 21: USD 45.00
Because of the wide range of activities available to accompanying persons in
the Williamsburg area, no specific tours or other activities have been arranged.
Some of the attractions in the area are listed below. Please check with the hotel
desk for additional information.
Williamsburg is an ideal location for those with an interest in American
history.   Jamestown is the site of the first permanent English colony, Colonial
Williamsburg has a diverse program on colonial times, and programs at nearby
Yorktown relate the last major battle of the American Revolution. Further,
many sites relating to the pre-Civil war and Civil War period are also in the
area, with four James River Plantations serving as examples of the former and
Richmond, as the Confederacy capital, along with many area battle sites serving
as examples of the latter.
The Mariners Museum in Newport News and Nauticus in Norfolk relate different
aspects of America’s maritime heritage. Other major attractions include the

Symposium Registration
A conference registration form is
available at http://www.inceusa.org.  
The registration fee for ACTIVE 04 is
• 395 USD ($345 for students)
before 2004 August 20
• 450 USD
on or after 2004 August 20
The conference registration includes:
• Program and CD-ROM of the
proceedings
• 3 light continental breakfasts—each
morning
• 3 lunches—each noon
• Conference dinner in Colonial
Williamsburg
• An evening at the Virginia Air and

Army Transportation Museum in Newport News, the Casemate Museum at Fort

Space Center (includes travel and

Monroe in Hampton, the Botanical Gardens in Norfolk and the Virginia Living

“heavy” hors d’oeuvres)

Museum in Newport News. Finally, Williamsburg is itself a major shopping
destination with many outlet stores on Route 60 west of the city.

Travel to Williamsburg
Symposium attendees can reach Williamsburg through the Newport News/
Williamsburg International Airport (PHF) about 20 minutes away, or through
either the larger Norfolk International Airport (ORF) or Richmond International
Airport (RIC), both about 50 minutes away. Limousine service and rental cars

Social Events (included in the
registration fee)
• Conference dinner at an 18th
century tavern, staffed by
costumed servers
• An evening at the Virginia Air and
Space Center (http://www.vasc.org)

are available at each airport. Amtrak service is also available to Williamsburg;
the train station is about two blocks from the hotel. Williamsburg is about 120
miles from Washington, D.C., and is 28 miles from Hampton, Virginia, home of
the NASA Langley Research Center.

2004 June  
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Hotel Information
The 2004 International Symposium
for Active Control of Noise and
Vibration (ACTIVE 04) will be held at
the Williamsburg Hospitality House,
located adjacent to the Historic
Williamsburg Area and the College
of William and Mary, Williamsburg
Virginia, USA

Foreign Exchange
Norfolk Airport offers a currency exchange service, Newport News
Williamsburg Airport does not. The local branch of SunTrust bank can
exchange money, but the process has to go through the Richmond office
and can take several days. The bank does have an ATM to use a credit

The Williamsburg Hospitality House

card to get cash. The hotel does not offer any currency exchange, nor

415 Richmond Road

does Colonial Williamsburg. Major credit cards are widely accepted. For

Williamsburg Virginia 23185-3536

obtaining cash, money should be exchanged at the port of entry. Also, ATM

Telephone: 800 932 9192 or
+1 757 229 4020
Fax: +1 757 229 0731
E-mail: reservations@williamsburg
hosphouse.com
Internet: http://www.williamsburg
hosphouse.com

money machines are widely available.

Williamsburg Information; Sightseeing and Touring
Williamsburg, Virginia is not only one of America’s major conference
destinations, but is also a very popular tourist attraction. The hotel is
within easy walking distance of the shops and restaurants in Merchant’s
Square, and the Duke of Gloucester Street—the main street through the
historic area of Colonial Williamsburg. Visitors can walk freely through the

For reservations, refer to the contact

district and enjoy food and drink in colonial-style taverns, or can purchase

information above and be sure

tickets at the Visitors Center for entry into the various historic buildings

to identify yourself as being with

that line the streets in the area. Williamsburg is also a major shopping

the ACTIVE 04 Symposium. The

destination with many small shops and outlet stores available to visitors.

room rate is USD 99/night + tax.  To
ensure this rate, reservations must
be received by August 19, 2004. All
reservations must be accompanied
by one night’s deposit. Deposits are
refundable provided that a notice of
cancellation is received by the hotel

Together, Jamestown, Yorktown, and Williamsburg form the Historic
Triangle, and are connected by the Colonial Parkway system. Jamestown
offers an indoor museum and outdoor displays related to the site of the
first permanent English colony established in America in 1607. Visitors to
Yorktown can tour the Revolutionary War battlefield where the American
Revolution ended.

at least 72 hours prior to scheduled

Other areas of interest in the area include Richmond VA, the confederate

arrival.

capital during the Civil War, Norfolk VA the home of the world’s largest
naval base and the beautiful wide sandy beaches of Virginia Beach

Weather

VA. A trip to this area can easily be combined with a separate visit to

September in Williamsburg is

Washington DC. The WEB sites listed below for Colonial Williamsburg, the

pleasant. The typical temperature

Williamsburg area and the State of Virginia offer a great deal of additional

range is from a low of 68˚ F to a high

information.

of 80˚ F. The average rainfall in
the month of September is
about 100 mm, so showers are a
possibility.

Cancellation Policy:

Official Colonial Williamsburg Information: http://www.history.org
Williamsburg Area Tourist Information: http://www.williamsburg.com
Virginia Tourist Information:  http://www.virginia.org

A refund of the registration fees less a USD 75 processing fee will be granted if requested before
2003 August 19. After that date, the processing fee will increase to USD 125. No refunds will be granted to registrants
who fail to cancel within 72 hours prior to the opening of the conference. If you are unable to attend, you or your
52organization may send another person in your place.
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Conference Calendar
Below is a list of congresses and
conferences sponsored by International
INCE and INCE/USA. A list of all known
conferences related to noise can be found
by going to the International INCE page on
the Internet, www.i-ince.org.

When it’s versatile,

reliable, portable,
and easy to use...

2004 July 12-14
NOISE-CON 2004
The 2004 National Conference and
Exposition on Noise Control Engineering
• Baltimore, MD, USA. Contact: Institute
of Noise Control Engineering, INCE/USA
Business Office, 210 Marston, Iowa State
University, Ames, IA 50011-2153. Tel.
+1 515 294 6142; Fax: +1 515 294 3528;
e-mail: IBO@inceusa.org. Internet: http:
//www.inceusa.org.
2004 August 22-25
INTER-NOISE 2004
The 2004 International Congress and
Exposition on Noise Control Engineering •
Prague, Czech Republic. Contact: INTERNOISE 2004 Congress Secretariat, Technicá
2, 166 27 Praha 6, Czech Republic. Tel. +420
224 352 310; Fax: +420 224 355 433; e-mail:
internoise2004@fel.cvut.cz. Internet: http:
//www.internoise2004.cz.
2004 September 20-22
ACTIVE 2004
The 2004 International Symposium on
Active Control of Sound and Vibration •
Williamsburg, Virginia, USA. Contact:
Richard J. Silcox, Mail Stop 463, NASA
Langley Research Center, Hampton, VA
23681. Tel. +1 757 864 3590; Fax: +21 757
864 8823; e-mail: r.j. Silcox@larc.nasa.gov.
2005 August 06-10
INTER-NOISE 2005
The 2005 International Congress and
Exposition on Noise Control Engineering
• Rio De Janiero, Brazil. Contact: Prof.
Samir N.Y. Gerges, Mechanical Engineering
Department, Acoustics and Vibration
Laboratory, University Campus - Trindade,
Florianopolis, SC - CEP 88040-900,
BRAZIL. Tel. +55 48 2344074; Fax: +55 48
2320826: e-mail: samir@emc.ufsc.br.
2006 December 03-06
INTER-NOISE 2006
The 2006 International Congress and
Exposition on Noise Control Engineering •
Honolulu, Hawaii, USA. Contact: Institute
of Noise Control Engineering, INCE/USA
Business Office, 210 Marston, Iowa State
University, Ames, IA 50011-2153. Tel.
+1 515 294 6142; Fax: +1 515 294 3528;
e-mail: IBO@inceusa.org. Internet: http:
//www.inceusa.org.
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...you GO with it.
The Norsonic 121 is a full-featured environmental
noise analyzer with capability of simultaneous
vibration and sound measurements and 8000-line
FFT. This portable, 1- or 2-channel instrument is
also a complete, self-contained building acoustics
analyzer for ASTM and ISO standards.
• Records all events for further analysis or
identification
• Parallel A, C, F, Fast, Slow, Impluse, Max,
Min, and Leq measurements and flexible
report structure
• Floating trigger, event-driven reports, and
measurements
• Real-time frequency analysis (0.1–20 kHz) in
octave and 1/3 octave bands
• No PC needed for operation; has its own
internal hard disk and standard PC card for
storage and retrieval
• Export data via PC card, RS-232, or
Centronics parallel port
• High dynamic range—optional 120 dB
• Full-size graphics display with backlight

Sound and vibration
instrumentation and engineering
7060 Suite L, Oakland Mills Rd., Columbia, MD 21046
Tel: 410.290.7726 • Fax: 410.290.9167
Go to: www.scantekinc.com or info@scantekinc.com
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Sound design of machines from a
musical perspective
Hugo Fastl, AG Technische Akustik, MMK, TU München,
Arcisstr. 21, D-80333 München, Germany
E-mail: Fastl@mmk.ei.tum.de

Introduction

In this article, relations between sound
quality engineering and musical acoustics
are presented. First, the concept of musical
consonance proposed by Terhardt, based
on the seminal classic work of Helmholtz
is discussed. In particular, the view of
Helmholtz on modern psychoacoustic
magnitudes important in sound quality
design such as fluctuation strength and
roughness are illustrated.
The application of Terhardt’s concept of
sensory pleasantness in sound quality
engineering is discussed, and advantages
and disadvantages are shown. The concept
of virtual pitch, i.e., a pitch sensation,
which has no direct correspondence
in the spectrum, is traced back to the
concept of “basse fondamentale” put
forward by Rameau in the 18th century.
Characteristics of musical keys as
advocated by Kirnberger and Schubart
are displayed in view of the sound quality
of the interior sound of passenger cars.
Musical dynamics from ppp to fff are
contrasted to current category scales
for loudness scaling and the relations of
loudness and tone color. Finally, examples
of audio-visual interactions in speech and
music as well as sound quality rating are
given.

consonance. The concept of harmony was
developed for musical sounds, whereas
the concept of sensory consonance can be
applied not only to musical sounds, but
to all categories of sounds, e.g., sounds
usual in sound quality engineering.
Nevertheless, the concept of harmony
also can have an impact with respect to
sound quality. A basic result of the work
of Helmholtz2 was his discovery that the
hearing sensation called roughness strongly
influences sensory consonance. In modern
terminology (e.g., Zwicker and Fastl,3), the
concept of Helmholtz would be expressed
as fluctuation strength and roughness being
mainly based on interactions of spectral
components of sounds. Figure 2 gives an

TONAL AFFINITY
(octave-, fifth-,
and fourth-similarity)

COMPATIBILITY
(tolerability,
exchangeability)

illustration of the concept of Helmholtz
in musical notation. In Fig. 2, the unfilled
notes represent the sounds played, e.g.,
on a piano. The filled notes indicate
harmonics. In example 1, the musical
interval of an octave is displayed. The
sounds played are c2 and c3 as indicated
by unfilled notes. In addition to c2 the
harmonic c3 (filled note) is audible, which
gives a perfect match to the presented
(unfilled) note, c3. This means that in the
musical concept, the octave c2-c3 represents
a perfect consonance without beats
because the second harmonic of c2 (c3) is
identical to the higher note c3. In contrast,
example 2, which consists of the notes c2
and b2, represents a dissonance because the

ROOT RELATIONSHIP
of tones or
sequences of tones

ROUGHNESS
(rapid sound
fluctuations)

HARMONY

SHARPNESS
of the tone

TONALNESS
(in contrast
to noisiness)

SENSORY CONSONANCE

MUSICAL CONSONANCE

Figure 1: Concept of musical consonance according to Terhardt (1984).

The Concept of Musical
Consonance

The concept of musical consonance as
advocated by Terhardt1 is illustrated in
Fig. 1. Musical consonance depends on
two features, namely harmony and sensory
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Figure 2: Interaction of spectral components in musical notation according to
Helmholtz (1863).
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presented note, b2, is a semitone apart from
the second harmonic, c3, of the note c2. A
similar argument holds for example 3.

1:2, 2:3, and 3:4 are considered as perfect
consonances because they show no
fluctuation strength or roughness.

Examples 4 and 5 of Helmholtz again
show consonant intervals, which is easily
seen in example 5. The notes played are
d4 and a4, which form the musical interval
of a fifth. The second harmonic of d4 is
d5, and the third harmonic a5, whereas
the second harmonic of a4 is a5. Since
the second harmonic of a4 and the third
harmonic of d4 coincide, the interval of
a fifth is considered to be a consonance.
This reasoning is described in more
detail in Fig. 3 from Helmholtz, where
he illustrates the roughness of different
musical intervals. The intervals considered
always start with c4, and the magnitude of
the peaks indicates the magnitude of the
roughness of the respective interval. As
is easily seen in Fig.3, the octave, namely
the interval c4-c5, represents a perfect
consonance and no roughness is visible.
Also for the fifth, c4-g4, Helmholtz displays
no roughness values. On the contrary, the
roughness of musical intervals reaches,
according to Helmholtz, a maximum for
one musical semitone (c4-cis4) or for eleven
semitones (c4-b4). The results, displayed
in Fig.3, clearly show that the concept
of musical consonance is based on the
absence of the psychoacoustic magnitude
roughness, which we use today in sound
quality engineering. In line with classic
music theory of Pythagoras dating back to
500 BC, the musical intervals of octave,
fifth and fourth with frequency ratios of

Based on the classic findings by
Helmholtz2, Terhardt and Stoll4 proposed
the concept of sensory pleasantness, which
is illustrated in Fig. 4. As expected from
the classic works of music theory, sensory
pleasantness decreases with increasing
roughness (Fig. 4a). Also, in line with
data from Helmholtz2, Fig. 4b shows
that sensory pleasantness decreases with
increasing sharpness. Figures 4c and 4d
indicate that sensory pleasantness increases
with increasing tonality, but decreases with
increasing loudness.
While the results displayed in Figs. 4a, 4b,
and 4d are well known in sound quality
engineering and sound quality design,
the results displayed in Fig. 4c must be
considered in more detail. It is clear that in
a musical context, as displayed in Fig. 1,
sensory consonance and hence sensory
pleasantness increases with the tonal
character of a sound. However, in noise
control engineering, exactly the opposite
behavior may occur! In many standards,
tonal components of sounds are “punished”
by tone penalties. For example, in the
German standard for noise immissions
from industrial noise sources (TA Lärm),
for sounds with clearly audible tonal
components, a tone correction of up to
6 dB is added to the measured A-weighted
sound level. Calculations for tone
corrections are also proposed in German

Figure 3: Roughness of different musical intervals according to Helmholtz (1863).
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relative pleasantness

1
fm=500Hz
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0.6

∆f=30Hz
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a

0
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0

0.2

0.4
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rel. roughness

∆f=1kHz

b

0.8

1 0

0.2

0.4

0.6

rel. sharpness

0.8

1.4

relative pleasantness

1.2

1

“meaning” of C-major. In music theory, it
is explained that the notes g4, c5, and e5 are
considered to be the third, fourth, and fifth
harmonic of a common root. As shown
in Fig. 5, the first harmonic, which fits
the chord displayed by filled notes is the
unfilled note c3, and the second harmonic
is the unfilled note c4. The frequencies of
these notes form the ratio 1:2:3:4:5 and
hence correspond to the musical intervals
octave, fifth, fourth, and major third. As we
have seen, up to the fourth, these intervals
have, since ancient times, been considered
to be consonant. The major third received
more and more acceptance as a consonant
interval in the 17th century, but was a
little suspect to older music theorists like
Pythagoras.
Rameau’s concept5 of “basse
fondamentale” has its modern counterpart
in the virtual pitch theory of Terhardt,6
which is illustrated in Fig. 6. In the
example displayed in Fig. 6, a harmonic
complex tone with a basic frequency of

1.0
0.8
0.6
0.4
0.2
c

0

0

d

0.2

0.4

0.6

rel. tonality

0.8

1

2

7

14

loudness

28 sone

Figure 4: Concept of sensory pleasantness according to Terhardt and Stoll (1981).

standard DIN 45681. This means that,
in a musical context, tonal components
usually have a positive impact, whereas in
noise control engineering generally tonal
components should be avoided.
An interesting example in this context
comes from Japan: A manufacturer
of wire matrix printers controlled the
sequence of the wires in such a way that
the printer played well-known tunes.
When this feature was introduced, it was
very welcome by the users because of its
novelty. However, after few days it can be
quite annoying if a printer plays the same
tunes over and over again.
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Figure 5: Illustration of the
concept of “basse fondamentale” of
Rameau (1750).

Roots of Musical Chords and
Virtual Pitch

It is well known in music theory, that
musical chords represent a specific
tonality, frequently called the “root” of
the chord. This means that the “root”
represents a suitable bass note and further
can be responsible for the tonality of a
piece of music, e.g., that a tune is written
in C-major. As displayed in Fig. 1, this
relationship belongs to the concept of
harmony. It dates back to the 18th century
and is described in great detail by the
famous French music theorist, Rameau.5
In musical terms, the notes displayed in
Fig. 5 illustrate that the chord g c e has the

frequency of spectral components
100

200

400

harmonic number

800
3

1600 Hz 3200

4 5 6 7 8 910

spectral pitches
coincidence of
subharmonics
1:8 1:6

1:4 1:3

100

200

1:2

1:1

•• • • • • •
•
1:8
1:4
1:2
1:1
•• • • • • •
•
1:8
1:4
1:2
1:1
•• • • • • •
•
1:8
1:4
1:2
1:1
•• • • • • •
•

50

400

virtual pitch

800

1600 Hz 3200

Figure 6: Illustration of the concept of
virtual pitch of Terhardt (1974).
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200 Hz is considered, from which the
first two harmonics (200 Hz and 400 Hz)
are removed. In essence, the concept of
virtual pitch predicts that from the spectral
pitches of each harmonic, subharmonics
are calculated by integer ratios (1:1, 1:2,
1:3, 1:4, etc.). The number of coincident
calculated subharmonics gives an
indication of the virtual pitch perceived.
As becomes clear from the example given
in Fig. 6, virtual pitch has some ambiguity.
Terhardt’s model calculates the virtual
pitch of the incomplete complex harmonic
tone near 200 Hz, but also pitches one
octave lower or one octave higher are
candidates. This ambiguity is in line with
the musical concept shown in Fig. 5,
because the “root” of the chord displayed is
represented by c3, but c4 is also possible.
a

d

b

c

bb

d#

Character of Musical Keys

It is a long-standing debate, whether
musical keys can represent a specific
character. In particular, Kirnberger7 and
Schubart8 related different keys to different
emotions or moods. Experiments by

Kunkel9 as well as our own experience
showed that with equal temperament it is
essentially impossible to correlate different
emotions with different musical keys.
However, in well tempered intonations,
i.e., a tuning put forward in particular by
Werckmeister10 and used by the famous
composer Johann Sebastian Bach,
characteristics of musical keys may be
perceived by experts.
Since a famous German manufacturer of
passenger cars insists that a luxury car
has to be tuned in minor and not in major,
Fig. 7 gives (more as a curiosity) the
characteristics of minor keys in English—
translated from the original German.
The original German text is shown in
Appendix A.

e

g

f

For sound quality engineering, the concept
of virtual pitch, which is based on the
musical concept of harmony, plays an
important role: the sound of a product can
produce a pitch sensation in a frequency
region where no spectral components are
present! When assessing sound quality by
physical means, such as spectral analysis, it
always has to be kept in mind that audible
tonal components can be virtual pitches,
which show up in the spectrum only by
higher harmonics.

g#

c#

f#

Characteristics of Minor Keys
by Schubart

First Category

A – minor

Pious womanhood and softness of character

(Womanhood and
gentleness)

E – minor

Naïveté, the innocent declaration of love by a young girl, clothed in white, with a
rose-red bow on the breast

B – minor

Melancholic womenhood, obsessing about something

D – minor

Sound of patience, of quiet waiting for their destiny, and of surrender to the divinely
foreordained

Second Category
(Oppressive
sadness)

#
C # – minor
G # – minor
F – minor

E

b

– minor

Dark tone
Repentant lamentation, the sigh of unsatisfied friendship and love
A grumbler/misery, a heart pressed almost to suffocation, a lamentation that sighs
into the Double Cross (?), a difficult battle; in short, the color of this key is everything
that is very hard and laborious
A feeling of disquiet for all the deepest compulsions of the soul; of inwardly
brooding despair, of blackest gloom, of bleakest morale

Third Category

G – minor

Dissatisfaction, uneasiness, resentment, listlessness

(Hopeless
sadness)

C – minor

Lamentation of unhappy love

F – minor

Deep gloom, the lament of the dead, miserable moaning and the yearning for death

B

Moaning, reproaches against God and the world, preparation for suicide

b

– minor

Fig. 7. Characteristics of musical keys in minor according to Schubart (1806). English version of the original German given in
Appendix A1. The (?) indicates difficulty in translating the exact sentiment. (Many thanks to Aaron Hastings, Rajani Ippili and
Eckhard Groll, Purdue University, for this translation.)
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The upper panel shows a five-step category
scale, the lower panel a seven-step
category scale. It is interesting to note that
there is good correspondence between the
symbols of musical dynamics and loudness
rating. However, for the middle category
(mezzoforte, mf, in musical notation), the
interpretation is a little different between
sound quality engineering and musical
acoustics. In sound engineering, the
category neither soft nor loud is just in the
middle between the category soft on the
one hand, and the category loud on the
other hand. In musical notation, however,
mezzoforte means a little loud or half
loud, and therefore is not centered between
soft and loud, but closer to loud. Despite
these small differences, category scalings
with five-step scales or seven-step scales
have proven successful in sound quality
engineering.

From all the keys given in Fig. 7, only the
first two—namely a-minor and e-minor—
may be useful for sound design because all
the other keys represent feelings of sadness
and despair. However, according to the
results displayed in Fig 7, a-minor should
have a religious, feminine character, and
e-minor should be related to the love of a
naïve girl. Although this author has studied
music, it is not easy to detect the character
of these keys in a minor key. How to
tune the interior sound of a car in a minor
key, whether this is a-minor or e-minor,
seems to be the secret of the German car
manufacturer.

Musical Dynamics

As is well known from music theory,
musical dynamics range between very soft
(pianissimo pp) and very loud (fortissimo
ff). For extreme values of loudness the
musical notations piano pianissimo (ppp)
and forte fortissimo (fff) are used. Fig. 8
enables a comparison of musical dynamics
with category scales frequently used for
sound quality engineering.

When discussing loudness, two important
influences for musical acoustics as well
as sound engineering must be discussed.
As an example, Fig. 9 shows the loudness

pp

p

mf

f

ff

very soft

soft

neither
soft or
loud

loud

very loud

ppp

pp

p

mf

f

ff

extremely
soft

very soft

soft

neither
soft or
loud

loud

fff

very loud extremely
loud

Fig. 8. Musical Dynamics and Category Scales.
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patterns for the musical note f4 played
by a horn in a reverberant chamber at
the musical dynamic pianissimo, pp, and
fortissimo, ff. As becomes clear from the
loudness values N in sones as well as
the areas of the loudness distributions,
for fortissimo the loudness is about a
factor of eight larger than the loudness
for pianissimo. However, in addition, a
considerable shift in spectral distribution
can be seen. While for pianissimo the first
harmonic near 4 Bark is dominant, for
fortissimo the second harmonic near 8 Bark
takes over. This is related to the blaring
sound of a horn when played at fortissimo.
Similar interactions of loudness and tone
color are well known from sound quality
engineering. Therefore, for modifications,
not only the differences in level, but also
differences in spectral distribution have to
be taken into account. Loudness patterns as
displayed in Fig. 9 represent a valuable tool
to evaluate differences in loudness, and at
the same time in tone color. Figure 10 again
illustrates that at same level, for sounds
with different spectral distribution, the
perceived loudness can differ considerably.
For the same A-frequency weighted level
of 85 dB, the left panel shows the loudness
pattern of a piccolo flute, the right panel of
a pipe organ with full registers. Because of
the larger bandwidth of the organ sound,
at same level, the perceived loudness is
about a factor of two larger. These effects
of bandwidth of the sound source are well
known in music and assessed by conductors
as well as sound recording engineers. They
also can play an important part in sound
quality engineering and design.

Audio-Visual Interactions

The last example illustrates audiovisual
interactions, which can play a role both
in musical acoustics and sound quality
engineering. Figure 11 shows a simplified
floor plan of a concert hall and its stage.
A speaker S is placed on the stage, and
speech is recorded at different postions—
1, 2, and 3—in the concert hall.

Figure 9: Loudness patterns for the note f4 played by a horn in a reverberant chamber
at the musical dynamics pianissimo pp (a) or fortissimo ff (b).
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Figure 10: Loudness pattern of a piccolo flute (a) and a pipe organ (b) at same
A-frequency weighted level of 85 dB.

The rating of speech quality is done either
by just presenting the sound recorded at
positions 1, 2, and 3, or by the additional
presentation of the correlated visual image.
The corresponding ratings of speech quality
are given in Fig 12. Unfilled symbols
represent ratings with acoustic presentation
only; filled symbols indicate ratings for
acoustical plus visual presentation.
The data displayed in Fig. 12 show that for
the acoustical presentation alone, speech
quality is rated to be fair. If, however, in
addition to the acoustical presentation, a
photo of the situation in the concert hall is
presented to the subjects, the speech quality
rating may be influenced—despite identical
acoustical input. At position 1, with the
additional presentation of the visual image,
the rating gets poorer. At position 2, the
visual image has no influence on the rating,
whereas at position 3, the rating improves
with the visual image. These results may
be interpreted as follows. In position 1, the

S
1
2

source is very close to the receiver, and
therefore with the visual image the subject
expects a very clear sound, which does not
occur for speech in a concert hall with a
reverberation time of about two seconds. At
position 2, the visual image shows a larger
distance to the source, and therefore the
subjects seem to accept some compromise
with respect to sound quality. Interestingly,
at position 3, the presentation of the visual
image improves the rating. This may be
due to the fact that in the visual image, the
subject realizes a large distance between
source and receiver, and feels that—given
that adverse situation—the speech quality
can be considered as good.
Another effect of audio-visual interaction is
well known to sound recording engineers.
If a musician inadvertently hits his music
stand with his instrument, the audience in
the concert hall hardly notices the related
impulsive sound. However, when recorded
on a CD, the same noise is definitely
unacceptable. Because, in the concert hall,
the visual information can explain the reason
for the noise, it remains largely unnoticed.

Similar audio-visual interactions were
reported by Suzuki et al.11 with respect
to the sound quality of noises. They
showed that when the sound of white
noise is combined with the image of a
waterfall, the rating of the sound quality
improves. Likewise, Hashimoto and
Hatano12 demonstrated that visual images
can influence the rating of car sounds
considerably. In an experiment with
semantic differential, they measured the
rating of the interior sound of passenger
cars for acoustical presentation alone,
or for the combination of an acoustical
signal plus visual presentation of the
moving car. Compared with the acoustical
presentation alone, the rating of the
adjectives “pleasant” or “quiet” improved
by one step of the seven-step scale with
the presentation of the corresponding
visual image. For many adjective pairs, the
improvement in rating with the addition
of the visual image corresponded to a
decrease in sound pressure level by as
much as 10 dB! Patsouras and Böhm13
reported that the influence of a visual
input on the rating of interior sounds of
cars increased with the complexity of the
visual presentation. In addition, Patsouras
et al.14 reported that the loudness rating for
train noise may also be influenced by the
additional presentation of visual images.

Conclusion

The few examples described in this paper
indicate that sound quality engineering and
musical acoustics have several aspects in
common. In addition, it is interesting to
note that tools used today in sound quality

excellent
good
fair

3

poor
bad

Figure 11: Schematic plan of the ground
floor of a concert hall with indications
of the source S and three positions 1
through 3 of the receiver.
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1
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3

position

Figure 12: Rating of speech quality in a concert hall at positions 1, 2, and 3
for acoustic presentation alone (unfilled symbols) or acoustic plus visual
presentation (filled symbols).
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engineering, were first developed for
musical acoustics. For example, dummy
head recordings were used in the 1960s for
evaluations of the sound quality of concert
halls. Despite the fact that dummy heads
still are used in a musical context, the
majority of today’s instruments are used in
the context of sound quality engineering.
On the other hand, the analysis of radiation
patterns has gone back and forth between
musical acoustics and sound quality design.
In the 18th century, Chladni15 illustrated the
radiation patterns of musical instruments by
putting small seeds on them, showing the
distribution of regions with large or small
vibration. These days, laser vibrometers,
which enable a very detailed analysis of
the vibration pattern of products, are very
helpful tools for sound quality engineering.
However, they are also used to measure the
vibration patterns of musical instruments.
Despite all of this modern equipment, the
mystery of the superb sound quality of old
Italian violins has not yet been revealed.
This means that although we have achieved
a high standard both in sound quality design
and musical acoustics, many open questions
still wait to be solved.
References to a large number of papers on
noise, psychoacoustics, and music may be
found on the Internet.16,17
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Appendix A. Original German version of Figure 7.
d

a

e

g

h

c

Charakteristik der Molltonarten

fis

nach Schubart

cis

f
b

dis

gis

1. Klasse

a - Moll

Fromme Weiblichkeit unt Weichheit des Charakters

(Weiblichkeit unt Sanftmut)

e - Moll

naive, weibliche unschuldige Liebeserklärung vergleichbar mit einem
Mädchen, weiß gekleidet, mit einer rosaroten Schleife am Busen

h - Moll

schwermütige Weiblichkeit, die Spleen und Dünste brütet

d - Moll

Ton der Geduld, der stillen Erwartung seines Schicksals und der Ergebung in
die göttliche Fügung

2. Klasse

fis - Moll

finsterer Ton

(bedrückende Traurigkeit)

cis - Moll

Bußklage, Seufzer der unbefriedigten Freundschaft und Liebe

gis - Moll

Griesgram, gepreßtes Herz bis zum Ersticken; Jammerklage, die im
Doppelkreuz hinseufzt; schwerer Kampf, mit einem Wort, alles was mühsam
durchdringt ist dieses Tons Farbe

es - Moll

Empfindungen der Bangigkeit als aller tiefsten Seelendrangs; der
hinbrütenden Verzweiflung, der schwärzesten Schwermut, der düstersten
Seelenverfassung

3. Klasse

g - Moll

Mißvergnügen, Unbehaglichkeit, Groll, Unlust

(hoffnungslose Traurigkeit)

c - Moll

Klage der unglücklichen Liebe

f - Moll

tiefe Schwermut, Leichenklage, Jammergeächz und grabverlangende
Sehnsucht

b - Moll

Moquerien gegen Gott und die Welt, Vorbereitung zum Selbstmord

Figure A1. Characteristics of musical keys in minor according to Schubart (1806).
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Scantek Calibration Lab is Accredited
Scantek, Inc. is pleased to announce that the Scantek Calibration Laboratory (SCL) has been granted accreditation
by National Institute for Standards and Technology (NIST)
under the national Voluntary Laboratory Accreditation
Program (NVLAP). Designated as Laboratory Code 200625-0,
Scantek is accredited for ISO 17025 and ANSI/NCSL Z-540 for
the Scope of Accreditation that includes microphones, calibrators, sound level meters, dosimeters, sound and vibration FFT
and real-time analyzers, filters, and preamplifiers. In addition
SCL calibrates tapping machines, accelerometers, vibration meters, and other instruments.
As a NVLAP accredited laboratory, SCL offers traceable, high
quality, and prompt calibration for many instruments of all
brands. SCL has applied for accreditation for accelerometer calibration and expects approval shortly.
Scantek, Inc. is a distributor for multiple sound and vibration
lines, including Norsonic, RION, CESVA Acoustical Instrumentation, Castle Group, KCF Technologies, Metra Vibration Transducers, DataKustik and RTA Technologies software, and BSWA
Transducers. Scantek is committed to providing quality customer
repair service and calibration for sound & vibration instrumentation and engineering needs. For more information, call (800)
224-3813 or visit www.scantekinc.com.
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Asia-Pacific News

................................................................... Marion Burgess, Asia-Pacific Editor

Australia
ICA 2010

ICA 2010
to be held in
Sydney

During 2003, the Australian Acoustical Society
undertook a review of its activities and membership
services. One outcome from a “Future Directions”
planning session in June was a member survey. The
results of the survey were published in Acoustics
Australia, 2003 December. The top three “products”
for the members were identified as; The Journal
(Acoustics Australia), National Conferences, and
International Conferences. Actions and support for
the first two items were well in hand so Council
resolved to bid for an international conference.
Sydney was chosen as the preferred location. The
first opportunity to bid for a conference in our part
of the globe was for the International Congress in
Acoustics (ICA) in 2010. While this seems a long
way away, the three-year cycle for the ICA requires
such planning. A bid was prepared for presentation at
the ICA in Japan in April. Against strong competition
from other countries in our region the AAS won
the honor and challenge to host the ICA 2010 in
Sydney. To highlight acoustics in our region, satellite
conferences are planned for Singapore and New
Zealand. In the intervening time other associated
meetings in nearby countries will be encouraged.

Register of Members

Another finding from the survey was that the
top three services to be provided were Graded
membership system, Register of Members and Code
of Ethics. The first and third had been in existence
since the formation of the Society. However it was
agreed to reproduce the code of ethics annually in
the journal. The demand for a Register of Members
identifying their areas of competency had been
acknowledged but had been placed in the “too hard”
basket for some years. In part this had been because
of concerns about resources necessary to assess
competency and legal aspects. A solution to theses
issues has been the decision to establish a register
which will be publicly available via the web and
which will clearly state that the listing is not based
on any independent assessment. Members have the
opportunity to their nominated areas of competence
for the register. To reinforce the responsibilities

of self-nomination the accompanying declaration
provides a reminder that all members need to abide
by the AAS Code of Ethics.

Academy of Science Policy

The Australian Academy of Science has recently
released “Policy Statement on Research and Innovation in Australia,” which was prepared in response to
the many reviews that have taken place over recent
months. There are 13 key recommendations which
the Academy hopes will influence the decision and
policymaking process underpinning Australia’s innovation system. The statement is available from
www.science.org.au/media/ria.pdf

JAPAN
ICA 2004 in Kyoto Closed is
a Success

The 18th International Congress on Acoustics (ICA)
was held at Kyoto International Conference Hall
on 2004 April 4-9. As was expected to this season,
cherry blossoms were nicely in full bloom in Kyoto
city and all participants enjoyed cherry blossom
viewing as well as the congress. According to the
report of the organizing committee, the total number
of registered persons was 1449 from 48 countries,
including 95 accompanying persons. The number
of technical papers was 1037 and 250 were presented
in the sessions of noise and vibration control. The
congress was well organized from the opening to the
closing ceremony. The participants received the final
announcement that encouraged them to attend the
next ICA in Madrid, Spain in 2007.

INCE/Japan Free-Style Discussion
Meeting

The second meeting in free discussion style was
organized by Prof. H. Tachibana, the University
of Tokyo, and was held at Tokyo Institute of
Technology on 2004 April 23. The theme for
discussion given to the attendance was “Why
is noise a minor issue in the area of recent
environmental conservation?” In response to
this question, one engineer said, “Environmental
problems such as air pollution, water pollution,
excessive noise and vibration were major issues to

continued on page 68
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................................................................. George Maling, Pan-American Editor

USA
The History of Acoustical Standards
in the Past Eighty Years
This is a lay-language paper by Tony F.W.
Embleton, Paul D. Schomer, and Susan Blaeser. It
was prepared for the 75th Anniversary meeting of
the Acoustical Society of America in New York, NY
in 2004 May.—Ed.

Regulations to control community noise existed
as long ago as 600 BC in the Greek city of
Sybaris and at about 100 AD in Ancient Rome,
with an increasing pace of activity in the past
century. Technical acoustical standards specifying
procedures, instruments and terminology came into
being about 80 years ago. International meetings
were held during the 1920s that sought agreement
on terminology. It was during that time that such
basic terms as the”bel” and “decibel,” named
after Alexander Graham Bell, were defined and
quantified.
At the second meeting of the Acoustical Society
of America, in December 1929, a “Committee on
Acoustical Standardization” was appointed and
this is the predecessor of our present-day ASA
Committee on Standards. The first chair of this
committee was H. A. Frederick of Bell Telephone
Labs. The committee limited its task to standardizing
the terminology used by members of the Society,
because they thought that other organizations might
want to use different definitions. The January 1931
issue of the Journal of the Acoustical Society listed
160 definitions of acoustical terms, which fell under
seven headings.
Within a year it was apparent that these definitions
needed to have broader application, and at the
request of the Acoustical Society what was then
called the American Standards Association initiated
a project to standardize acoustical measurements
and terminology. The new committee, designated
Z24, was assigned to the Society with the scope:
“Preparation of standards of terminology, units,
scales, and methods of measurement in the field

of acoustics.” A standard on terminology and units
was published in 1936, the ancestor of our current
S1.1, and also a standard on sound level meters, the
predecessor of our current S1.4. Formal publication
of standards remained relatively infrequent. In
1942, the scope of Z24 was expanded to include
mechanical vibration and shock. During World War
II, there had been many advances in measurement
methods, instrumentation, materials and structures.
By 1948 this new knowledge was ready to be
embodied in standards. The pace of standards
development grew rapidly. Between 1949 and
1957, at least twelve new standards were published.
In 1954 an important report was published that
substantiated for the first time the relationship
between hearing loss and exposure to loud sounds.
This report, called Z24-X-2, had a major influence
on the course of acoustics for several decades.
By 1957, the work of Z24 had expanded so much
that it was split into three committees. These were
called S1 Acoustics, S2 Mechanical Vibration
and Shock, and S3 Bioacoustics. The letter S
designates Sound. Standards committee S4 was
created at the same time and was assigned to the
Audio Engineering Society. By 1981, when a new
committee was formed to focus on the effects of
noise on humans, until then jointly under the
aegis of both Sl and S3, the next available
designator was S12. This too was assigned to the
Acoustical Society.

A history of
USA standards
development

Until 1969, the standards committee Z24 and then
later the several S-committees were administered by
the USA Standards Institute, and ASA’s Executive
Council was the body to approve acoustical
standards. The council did this upon the advice of the
Standards Advisor to the Executive Council. Starting
in 1970 and extending over the next several years,
major administrative changes took place. In 1970,
the American Society of Mechanical Engineers
asked the US Standards Institute to be allowed to
take over the work of S2 Mechanical Vibration and
Shock ASME’s rationale was that they developed
the US position on ISO standards and this cost a

continued on page 67
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. .......................................................................................... Bernard Berry, European Editor

Europe

A strategy for
noise mapping

The practice guide below will be of interest
to readers of NNI. The purpose of this article
is threefold. Firstly, to draw attention to the
existence of the Guide, secondly, to provide a
brief summary of the contents and thirdly, and
most importantly, to invite your comments on
some of the difficult issues that are raised in
the Guide. Note that comments are due by 2004
September 30.—Ed.

A Good Practice Guide for Strategic
Noise Mapping and the Production of
Associated Data on Noise Exposure
John Hinton, Birmingham City Council and Chair
of EC Working Group – Assessment of Exposure
to Noise. • Alan Bloomfield, Greater London
Authority and member of EC Working Group
– Assessment of Exposure to Noise.

1. INTRODUCTION
In 2003 December, the European Commission’s
Working Group on the Assessment of Exposure to
Noise (WG-AEN) produced the first version of a Position Paper entitled “Good Practice Guide for Strategic Noise Mapping and the Production of Associated
Data on Noise Exposure” (the Guide). This document
can be downloaded from a Commission web site1.
The purpose of the Guide is to assist member states
(MS) and their competent authorities to undertake
noise mapping and produce the associated data as
required by a directive relating to the assessment and
management of environmental noise2 (commonly
referred to as the Environmental Noise Directive
and, hereafter, referred to as the END).
The Guide mainly addresses those requirements of the
END associated with the first round of strategic noise
mapping, which must be completed by 30 June 2007.
A significant challenge that WG-AEN faced when
preparing the Guide was to consider how much guidance should be provided. WG-AEN has attempted
to find an appropriate balance between the need for a
consistent approach across Europe and the flexibility
required by individual MS to develop noise-mapping
programs that meet their own national needs.
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The Guide contains discussions on the general
issues and specific technical challenges that MS
may encounter in relation to implementing the first
round of strategic noise mapping and provides
recommendations for dealing with such issues and
challenges. It also provides options for dealing with
a number of the technical challenges—in the form of
a series of toolkits.
The current Guide is merely a first version of the
document. WG-AEN will produce revised and
extended versions as appropriate.
2. SUMMARY OF CONTENTS OF THE GUIDE
General Issues
In Chapter 2 of the Guide the following general issues
and specific technical challenges are addressed:
2.1 Strategic noise maps (and mapping). The
acquisition of input data required for noise
strategic noise mapping and the limitations of
such a strategic noise mapping exercise.
2.2 Assessment methods. The limitations of using
noise measurement methods for strategic noise
mapping purposes.
2.3 Most exposed façade. The definition of such a
facade.
2.4 Assessment point (grid spacing, contour
mapping and reflections). The anomalies
concerning the location of assessment points.
2.5 Assignment of noise levels to residential
buildings. The possible methods of assigning
these levels.
2.6 Assignment of population to residential
buildings. The possible methods of assigning
the population.
2.7 Assignment of noise exposure levels to
population. The possible methods of assigning
these levels.
2.8 Dwelling. The inconsistent use of the terms
“dwelling, “dwelling units” and “ buildings.”
2.9 Determination of the number of dwelling
units per residential building and population
per dwelling unit. The possible methods of
determining these levels.
2.10 Agglomeration. The lack of a clear definition
for an agglomeration.
2.11 Area to be mapped. The determination of
the extent of the area to be mapped alongside
major roads and railways and around major
airports.
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2.12 Area outside area to be mapped. The
determination of the area outside the boundary
of an agglomeration in which noise sources are
likely to have an affect on noise levels inside
the agglomeration.
2.13 Places near major roads, major railways
and major airports. The determination of the
places where action plans need to be drawn up.
2.14 Quiet areas in an agglomeration and in open
country. The lack of clear definitions for such
areas.
2.15 Quiet façade. The lack of a clear definition for
such a façade.
2.16 Relevant year as regards the emission of
sound. Clarification on what is the relevant
year.
2.17 Average year as regards the meteorological
circumstances. Clarification on what
constitutes an average year.
2.18 Reviewing strategic noise maps. The
determination of criteria for reviewing maps.
2.19 Special insulation against noise. The lack of
a clear definition for what constitutes special
insulation.
2.20 Action plans. The development of detailed
action plans from the results of a strategic
noise mapping exercise.
Toolkits for Source Related Input Data
In Chapter 3 of the Guide the following toolkits of
solutions relating to specific challenges posed by the
requirements of the END are provided:
Toolkit 1 Road traffic flow.		
Toolkit 2 Average road traffic speed.
Toolkit 3 Composition of road traffic.
Toolkit 4 Train speed.		
Toolkit 5 Sound power levels of industrial sources.
Toolkits for Geographic Input Data
Toolkit 6 Building heights.
Toolkit 7 Obstacles.			
Toolkit 8 Cuttings and embankments in the site
model.		
Toolkit 9 Sound absorption coefficients αr for
buildings and barriers.
Toolkits for Meteorological Input Data
Toolkit 10 Occurrence of favorable sound
propagation conditions.
Toolkit 11 Humidity and temperature.

Toolkits for Demographic Input Data
Toolkit 12 Assignment of population data to
residential buildings.
Toolkit 13 Determination of the number of dwelling
units per residential building and the
population per dwelling unit.
Toolkits for Miscellaneous Issues
Toolkit 14 Determination of agglomerations.
Toolkit 15 Area to be mapped.
Toolkit 16 Area outside the area being mapped.
3. IDENTIFICATION OF AND DISCUSSION
ON DIFFICULT ISSUES
Chapter 2 of the Guide provides a series of
recommendations regarding the practical
implementation of strategic noise mapping to
meet the requirements of the END. In doing so, a
number of issues where difficult choices must be
made between accuracy and practicality, or in the
interpretation of the words used in the END are
raised. Comments are invited on all aspects of the
Guide. WG-AEN would be particularly interested
to receive comments on the suggestions made
regarding the most difficult choices and the Guide’s
recommendations.

Difficult issues
need to be
discussed

WG-AEN considers that the most difficult issues
arise in the following sections of the Guide:
Section 2.3 ‘Most exposed façade’
Section 2.4 ‘Assessment point’
Section 2.7 ‘Assignment of noise exposure levels
to population’
Section 2.14 ‘Quiet areas in an agglomeration and
in the open country’
A full explanation of the issues and the reasoning
leading to the Guide recommendations is contained
in these sections of the Guide. The key points can be
summarized as follows:
2.3 ‘Most exposed façade’
According to the END Annex I (1), the most exposed
façade will be the external wall facing ‘onto and
nearest to the specific noise source’. This is a geometric rather than an acoustic definition. Where, for
example, a façade is exposed to the noise from more

continued on page 66
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Where is an
“assessment
point”?

than one road it may have the highest noise level for
that building but it may not face onto or be the closest façade to any of the roads in question. To avoid
confusion, the Guide suggests that the acoustic definition should be applied, i.e., that “the most exposed
façade should be taken to be the façade exposed to
the highest noise level from the specific category of
noise source under consideration (e.g., road traffic).”
2.4 ‘Assessment point’
Here the difficulty arises in that the END uses
different descriptions of the assessment point. The
Guide lists these descriptions in full. Briefly:
(i) ‘at the most exposed façade’ is used in Annex I
(1) and ‘on the most exposed façade’ is used in
Annex VI (1.5);
(ii) but in this same section of Annex VI and also in
(2.5), for ‘a quiet façade’, the position is to be
‘two meters in front of the façade’;
(iii) finally, a further complication is that noise
levels at grid points must also be calculated for
purposes such as producing noise contours.
The difficulties are compounded by the issue of
reflections from a façade at which an assessment
is to be made – for the ‘most exposed façade’ (i),
reflections from the façade itself are to be ignored;
for assessments two meters in front of the ‘quiet
façade’ (ii), it is unclear whether or not reflections
from that façade should be included; and, for grid
point calculations (iii) - which by their nature are not
generally linked to any particular façade - either all
reflections (as far as computing power allows), or (in
a simplified calculation) none, should be included.
The consequence of these difficulties could be that
three sets of calculations might have to be made
to cover situations (i), (ii) and (iii).
To avoid the complication and confusion which
could arise from making three sets of calculations
(in particular, when presenting the results, which in
some cases could show different values at the same
façade, to non-specialists), the Guide recommends
that grid point calculations should be made,
including reflections from all façades, but that for
assessments of the noise exposure of people living
in dwellings, and for determining quiet façades, 3
dB should be subtracted from the grid point façade
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levels to estimate the noise immission levels.
However, the Guide does offer advice if the more
complex alternative of calculating different sets of
maps for each situation is preferred.
2.7 ‘Assignment of noise exposure levels to the
population’
Assigning noise values to the façades of buildings
may result in a multi-occupied residential building
having a range of values at its various façades.
Unless precise information is available on the
position of each dwelling unit within the building,
it will be necessary to derive an estimate of how
many people are exposed to each noise value
affecting the building. Where this happens, the
Guide recommends estimating the proportions of the
building envelope (i.e., the sum of all the façades
around the building) which are exposed to each 5
dB(A) band of noise. The total population of the
building is then assumed to be exposed in the same
proportions as the building envelope (e.g., if 40% of
the envelope is exposed to a given band of noise, it
is assumed that 40 % of the population is exposed to
that band).
2.14 ‘Quiet areas in an agglomeration and in the
open country’
One other area where considerable difficulty still
remains is in the definition of ‘quiet areas’ both in
agglomerations and in open country. WG-AEN
believes that further research will be required before
the Group can make firm recommendations in this
area (in a future versions of the Guide). Nevertheless,
WG-AEN would still welcome comments in
particular on quiet areas in agglomerations, which
need to be addressed in the first round of END action
plans in 2008.
4. CONCLUSIONS
WG-AEN invites comments from all potential
stakeholders on the contents of the first version of
the Guide and in particular on the difficult issues
identified and discussed in Section 3 of this article
in order to assist in the development of the Guide.
Comments from noise mapping software specialists
on the technical solutions that may be available, in
particular in relation to the issues raised in section
2.4, would be most welcome.
Please send comments to: John Hinton,
Environmental Protection Unit, Birmingham City
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Council, 581 Tyburn Road, Birmingham B24 9RF,
UK. Or e-mail comments to: goodpracticeguide@ds
l.pipex.com.
Please note that the deadline for such comments is
2004 September 30.
5. REFERENCES
1. http://www.europa.eu.int/environment/noise/
home/htm
2. Directive 2002/49/EC of the European Parliament
and of the Council of 2002 June 25 relating to the
assessment and management of environmental
noise.

UNITED KINGDOM
Merseyside Noise Study

In April 2003, the five Merseyside Local Authorities
and Merseytravel commissioned one of the most
wide-ranging and intensive investigations into
environmental noise in any region of the UK. The
main purpose of the Merseyside Noise Study was to
address the lack of good quality information about
environmental noise and its effects on people’s
quality of life. The study included a major survey
of public perceptions of noise, with nearly 1200
interviews carried out across all the 117 wards in
Merseyside. Alongside the perception survey, noise
levels over 24hrs were monitored at 90 locations
representative of different situations e.g., near busy
roads, city center, residential suburbs etc.
The Merseyside Noise Study will tell us whether
environmental noise is a problem for people in
Merseyside, how significant or widespread such
problems are, what sorts of noise cause problems
and what effects it has on people. The study has paid
particular attention to transport-related noise.
The findings of the Merseyside Noise Study were
presented at a seminar on the 2004 June 22 at the
Merseyside Maritime Museum. Invited speakers
from Defra and NSCA took part. The conference
was be opened by Lord Whitty, Parliamentary Under
Secretary of State, DEFRA, and the discussion
session was chaired by Geoff Kerry, President of the
UK Institute of Acoustics.
For more information on the seminar, please contact
Mrs. Michelle Langshaw, +44 (0)151 934 4224, michell
e.langshaw@technical.sefton.gov.uk

Pan-American News continued from page 63
lot of money. On the other hand, the Acoustical
Society approved, and received the revenue from
sales of, the national standards generated by S2 and
this made money. The technical work was similar,
and often the same people were involved. Both the
Society and ASME agreed that the same organization
should deal with both, but the Society argued
successfully that the work of S2 was just as much
a part of acoustics as was Sl and S3 and should not
be separated. In the end, ISO work was assigned to
the Acoustical Society. With the increased workload
of the international standards, and an increased
financial and personnel commitment by the Society,
the society’s standards activities were restructured.
In 1972 Avril Brenig became the Society ‘s first
Standards Manager, in charge of the Society’s newly
created Standards Secretariat.
Shortly afterwards, the US Standards Institute
underwent a reorganization, with new mandate. It
became the American National Standards Institute
(ANSI) and it possessed the authority to approve
all national standards. Meanwhile, the Society was
assigned the responsibility to develop national
acoustical standards and to administer development
of the U.S. position on international standards for
both ISO and IEC.

What are the
effects of noise
on the quality
of life?

With all these changes, the Society no longer needed
a Standards Advisor to the Executive Council. So,
in 1978 Henning von Gierke became the Society’s
first Standards Director. The Standards Director
is an officer of the Society and is a member of the
Executive Council. Also in 1978, the Society created
a new Committee on Standards to be chaired by
the Standards Director. This committee provides
oversight of the work of the four S-committees,
and the work of the Standards Secretariat that both
administers the S committees and serves as their
interface with ANSI.
This has been a quick tour of the Society’s history
in standards, but most important are the actual
standards that have been developed. The main
purpose of ASA is to “increase and diffuse the
knowledge of acoustics and promote its practical

continued on page 68
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Reflections
from noise
barriers may not

application. “ The Standards Program of the Society
is a primary means by which it fulfills this mission.
The early standards on terminology, measurement,
instruments and the important Z24-X-2 standard on
hearing loss were mentioned above. Recently, the
Society published the very important ANSI S12.60
standard that sets criteria for adequate classroom
acoustics. Between these two reports has been a
host of standards on a broad range of topics such as
environmental noise assessment, audiometric testing
and equipment, and sound power and sound intensity
measurement. These 110 standards support society
and the American public, and they certainly increase
and diffuse the knowledge of acoustics and promote
its practical application.

be important
Asia-Pacific News continued from page 62
be solved in the 1960s to 1980s. Due to a progress
in anti-pollution technology, the problems were
almost settled. During the 1990s the meaning of
the environment conservation is transformed to
be global environmental conservation regarding
to such phenomena as global warming by green
house effect, the ozone layer depletion and marine
pollution. These global problems are generally
regarded as major in comparison with local one like
noise pollution at the moment.” This may be the
right answer. A university professor said, “Acoustics
is also becoming a minor subject in education.
In fact, students are not taught sound wave even
in a beginner’s course of science.” At last, one
impressive opinion was given saying, “Noise control
may be minor, but noise quality control will be
major.” No response was presented to this opinion!

Zealand Standard 6809:1999 Acoustics Port Noise
Management and Land Use Planning. In new
initiatives to resolve the problems of incompatible
land uses being in such close proximity. Applying
the polluter pays principle, the Port company will
purchase properties within defined sound exposure
levels and pay for acoustical isolation of others. A
liaison committee will administer the scheme and no
new noise sensitive developments will be permitted
close to the port.

Road Traffic Barrier Demolished

New Zealand’s largest continuous road traffic noise
barrier was recently demolished. It was also the
first significant barrier made from non-traditional
construction material being metal-skinned with a
foam core. It had been erected to protect a regional
botanical garden. The Environment Court ordered
its demolition after proceedings in which some
acoustical consultants were criticized by the Court,
and in which the residents concerns about the barrier
reflecting traffic noise across the motorway and into
their previously less traffic noise-affected suburb
were upheld by the Court. While the acoustical
grounds for the failure were not clear-cut, the case
provides valuable lessons for acoustical experts
where public reaction is articulate and serious and
overlooked by experts. The case also provides a
lesson how failure to install an absorbent-faced
barrier in the first instance can justify later criticism.
—Vern C. Goodwin

Post script: The objective measurements after the
barrier was removed showed that the change in
noise level at the main complainant’s house was
negligible - hence the suspicion there were effects
other than noise in the complaint.

—Kohei Yamamoto

NEW ZEALAND
Port Noise

Port Chalmers near Dunedin in the South Island is a
major New Zealand port for bulk and containerized
cargo for up to 4100 ships. Noise problems led to
civil unrest and many Environment Court cases
through the 1990’s have culminated in a new
interim decision of the Court which applies New
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International Representatives
Below is a list of international contacts for the advertisers in this issue. The telephone number is followed by the fax number where available.
In cases where there are several telephone numbers per location, or several locations within a country, a bullet (•) separates the telephone
number(s) from the respective FAX number. Advertisers are asked to send updated information by e-mail to: IBO@inceusa.org.
India: B. A. Dadachanji & Company

ACO Pacific
China including Hong Kong: Gelec(HK)

+91 22-6518768 • +91 22-6415747
dadachanji@vsnl.com

Limited
852-2919-8383 • 852-2591-0548
ed@gelec.com.hk

India: Structural Solutions

Korea-South: ABC Trading

Italy: S.C.S. Controlli e Sistemi S.R.L.

82-2222-63161 • 82-222-67383
abctrd@abctrd.com

G.R.A.S.
Austria: LB-acoustics Messgeräte GmbH

+91 40 2763 6433 • +91 40 2763 6435
magaffar@stsols.com
+39 049 9200 975 • +39 049 9201 239
g.m.amadasi@scs-controlsys.com

Japan: Marubun Corporation
+81 3 3639 9881 • +81 3 5644 7627
tsaito@marubun.co.jp

+43 1 25 93 444 4400 • +43 1 25 93 444 3400
office@lb-acoustics.at

Japan: Riko Associates

Austria: Ing. Wolfgang Fellner GmbH
+43 1 282 53 43 • +43 1 280 41 97
fellner@schallmessung.com

Malaysia: INFO-TRAX SDN BHD

Belgium: Akron N.V. - S.A.
+32 16 23 01 03 • +32 16 23 26 96
info@akron.be

Mexico: Christensen, S.A.

Brazil: SIGNALWORKS Com. Imp.

+81 45 935 6995 • +81 45 935 6993
yas-riko@mars.dti.ne.jp

+603 4270 6085 • +603 4270 6054
faisal@infotrax.com.my
+52 56 832 857 • +52 56 556 156
christen@terra.com.mx

Spain: ALAVA Ingenieros S.A.

+34 91 567 97 00 • +34 91 570 26 61
alava@alava-ing.es

Sweden: Acoutronic AB

+46 8 765 02 80 • +46 8 731 02 80
acoutronic@acoutronic.se

Taiwan ROC: Samwell Testing Inc.
+886 2 2692 1400 • +886 2 2692 1380
samwell@ms48.hinet.net

Taiwan ROC: IEA Electro Acoustics
Co. Ltd.
+886 2 2795 5908 . +886 2 2794 0815
Iea888@ms71.hinet.net

Ltd.
+886 2 8792 6266 . 0886 2 8792 6265
Sac.tw@msa.hinet.net

United Kingdom: AcSoft Ltd.

Norway: Norsonic A/S

United Kingdom: Campbell Associates
+44 (0)1279 718 898 • +44 (0)1279 718 963
info@campbell-associates.co.uk

Denmark: G.R.A.S. Sound & Vibration

P. R. China: Landtop Technologies
CO., Ltd
+86 10 6802 5665 • +86 10 6801 8063
landtp@public.bta.net.cn

Larson Davis, Inc.

France: OROS France SAS

+33 1 69 91 43 00 • +33 1 69 91 29 40
orosfrance@oros-signal.com

Germany: Synotech GmbH

+49 2462 99 1910 • +49 2462 99 1979
info@synotech.de

P. R. China: PCB CHINA
+86 10 6494 5682 • +86 10 6494 5724
pcbchina@pcb.com
P. R. China: S & V Samford

Instruments Ltd
+85 228 339 987 • +85 228 339 913
sales@svsamford.com

Russia: OCTAVA
+ Company
For more information,
contact:
+7 (095) 799 90 92 • +7 (095) 799 90 93

Germany: Bertram Schapal - AVM

+49 (0)6152 56176 • +49 (0)6152 53590
bertram.schapal.AVM@t-online.de

Germany: Schmeisser, Handelsvertretung
+49 8131 8 02 90 • +49 8131 8 02 70
handelsvertretung.schmeisser@t-online.de

info@octava.ru

Singapore: Sound & Vibration Control

Pte Ltd
+65 6742 0722 • +65 6742 6009
wupsj@singnet.com.sg

Malaysia: Asean Saintifik SDN, BHD
Netherlands: Tech 5 BV
31-184-615551 • 31-184-615451
info@tech5.nl
(also Belgium, Luxembourg)

+1 440 779 0100 . +1 440 779 4148
sales@gras.us

+33 5 62 18 95 95 • +33 5 61 83 98 31
alain.guillen@01db-stell.com

Korea (South): KTM Engineering
82-23413-2002 • 82-23413-2222
sales2@ktme.com
603-7877-2797 • 603-7877-291
pgan@pc.jaring.my

Portugal: MRA Instrumentacão, S.A.

France: 01dB - Stell

Japan: Toyo Corporation
813-3279-0771 • 813-5205-2030
miyazaki@toyo.co.jp

U.S.A.: G.R.A.S. Sound & Vibration

Canada: Novel Dynamics Inc.
+1 613 598 0026 • +1 613 598 0019
Stan@noveldynamics.com
+45 45 66 40 46 • +45 45 66 40 47
gras@gras.dk

Ireland: Environmental Measurements

Italy: Spectra SRL
39-039-613321 • 39-039-6133235
spectra@spectra.it

Canada: Novel Dynamics Inc.

+351 21 421 7472 • +351 21 421 8188
mra@taguspark.pt

India: AIMIL Ltd
Naimex House
91-11-26950001 • 91-11-26950011
hemantshiv@aimil.co;
hemantshiv@yahoo.com

Taiwan ROC: Systems Access Company

+886 2 2756 7581 . +886 2 2756 7582
purtek@ms13.hinet.net

+44 (0)1296 682 686 • +44 (0)1296 682 860
sales@acsoft.co.uk

+47 32 85 89 00 • +47 32 85 22 08
sbohn@norsonic.com

30210-6630-333 • 30210-6630-334
iachel@acci.gr

LTD
353-1-4034-300 • 353-1-4034-399
kevobrien@proscon.com

The Netherlands: AcouTronics B.V.

+1 519 853 4495 • +1 519 853 3366
metelka@aztec-net.com

Greece: Industrial Acoustics Hellas

Taiwan ROC: Purtek Interprise Co., Ltd.

Export. Ltda.
+55 11 5501 5310 • +55 11 5505 5682
info@signalworks.com.br

+31 (0)162 42 44 21 • +31 (0)162 42 56 52
mailbox@acoutronics.nl

Great Britain (UK): Proscon
Environmental Ltd.
011-44-1489-891853 • 011-44-1489-895488
drpclark@proscon.com

Australia: Davidson Measurement Pty
Ltd
Phone: 613-9580-4366 • 613-9580-6499
info@davison.com.au

New Zealand: Machinery Monitoring

Austria: LB Acoustics Messgerate
GMBH
431-2593-444 • 431-2593-44-3400
office@LB-acoustics.at
(also Bulgaria, Croatia, Czech Republic,
Hungary, Slovak Republic, Slovenia, and
the former Yugoslavia)

Russia: Oktava+

Brazil: Grom Acustica and Automacao
55-21-2516-0077 • 55-21-2516-0308
comercial@grom.com.br

South Africa: Environmental
Instruments
27-21-910-3403 • 27-21-919-7883
env.inst@iafrica.com

Chile: SI (Enertest)
562-696-0031 • 562-696-9665
enertest@instrumentation.cl

System Ltd
649623-3147 • 349623-3248
mamos@clear.net.nz

7095-799-90-92 • 7095-799-90-93
info@octava.ru

Singapore: Spectra Instruments Pte Ltd
65-6747-8857 • 65-6747-5873
spectrainst@pacific.net.sg

Spain: Vertex Technics S.L.

3493-223-3333 • 3493-223-2220
carlos.suarez@vertex.es

Singapore: SHAMA Technologies (S)
Pte Ltd
+65 776 4006 • +65 773 5056 • +65 776
0592
shama@singnet.com.sg

China: PCB Piezotronics, Inc. Beijing

Representative Office
(86) 010 6848 2613 • (86) 010 6848 2611
pzuccaro@pcb.com
(also Hong Kong SAR)

Sweden: PCB Europe
46 8 444 3870 • 46 8 444 3875
pcbeurope@pcb.com
(also Denmark, Norway)

Instruments Ltd
+85 228 339 987 • +85 228 339 913
sales@svsamford.com

South Korea: SV Corporation

Colombia: Urigo Ltda, Division Bogota
571-288-1813 • 571-320-0475
gerenciamcamacho@urigo.com

Switzerland: Ing Bureau Dollenmeier

India: Adams Technologies Pvt. Limited

South Korea: Fam Tech Co., Ltd.

Finland: Novotek Finland Oy
358 19 871 1376 • 358 19 871 1300
info@novotek.com

Taiwan: Samwell Testing Inc.
886-2-2692-1400 • 886-2-2692-1380
info@samwells.com

South Korea: SEVIT Tech

Germany: Wölfel Meßsysteme ·
Software GmbH + Co
49 931 49 708 500 • 49 931 49 708 590
wms@woelfel.de

Thailand: Executive Trading Limited

Greece: Paragon LTD

+30 210 2220008 • +30 210 2220019
paragon1@otenet.gr

Hong Kong: S & V Samford

+91 44 2817 3711 • +91 44 2817 2676
ganeshhv@adams-tech.net

India: AIMIL Limited

+91 22 2261 5654 • +91 22 2261 7524
aimilltd@bom2.vsnl.net.in
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+82 31 501 4030 • +82 31 501 4032
jyjoo@svdigital.com
+82 55 265 3730 • +82 55 265 3732
sales@famtech.co.kr
+82 2 2617 8740 • +82 2 6091 1310
sevit@sevitkorea.com
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Scantek, Inc.
Mexico and South America: Ik’ Atl,

S.A. de C.V.
52 5547 4678 • 52 5547 4678
ikatl@hotmail.com

SoundPLAN LLC
Australia: Marshall Day Acoustics

+61 39416 1855 • +61 39416 1231
noelmorris@marshallday.com.au

Brazil: GROM Acustica & Automacao
+55 21 263 0792 • +55 21 263 9108
comercial@grom.com.br

Norway: Delta Acoustics & Vibration
+45 45 20 12 00 • +45 45 20 12 01
JKL@Delta.dk
Poland: PC++ Software Studio S.C.
+48 602 228317 • +48 58 677 1847
koniarek@interecho.com

Portugal: AAC Centro de Acustica
Aplicada SL
+349 45 298233 • +349 45 298261
alberto@aac.pt-alava.es

Singapore: SHAMA Technologies (S)

Spain: AAC Centro de Acustica

United Kingdom: Technical

Sweden: Sveriges Provnings-och
Forskningsinstitut
+46 33 16 53 40 • +46 33 165 420
Andreas.Gustafson@sp.se

USA: Navcon Engineering Network

Taiwan: Purtek Engerprise Co Ltd
+886 2 2769 3863 • +886 2 2756 7582
purtek@ms13.hinet.net

TEAC

Aplicada SL
+349 45 298233 • +349 45 298261
alberto@aac.pt-alava.es

Pte Ltd
+65 6776 4006 • +65 6776 0592
shama@singnet.com.sg

Development & Investigation
+44 1206 762617 • +44 1206 762617
tdi.ltd@ntlworld.com

+1 714 441 3488 • +1 714 441 3487
Forschner@navcon.com

Japan: +81 422 52 5016 • +81 422 52

1990

Germany: +49 611 7158417 • +49 611

7158392

Canada: Navcon Engineering Network
+1 714 441 3488 • +1 714 441 3487
Forschner@navcon.com

China: BSWA Technology Co., Ltd

+86 10 6200 6160 • +86 10 6200 6201
chenfeng@bswa.com.cn

Czech Republic: SYMOS s.r.o.
+42 2 57 22 56 77 (78) • +42 2 57 22 56
76 (79)
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+45 45 20 12 00 • +45 45 20 12 01
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dpramas@hotmail.com
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India: Foretek Marketing Pvt. Ltd.
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Acoustical Measurements

Precision Measurement Microphones

Acoustical measurements are only as good as the mic. ACO
Pacific’s Type 1 & Type 1.5™ “Alternative” family of mics,
ACOustical Interface™, Simple Intensity™ Systems rank
with the best. The PS9200KIT, SI7KIT, 7052SYS (ICP™(PCB))
offer complete measurement mic system solutions.
“Very Random”™ Noise Generator, and the new Specialty
Preamps including the RA and RAS right angle versions.

ACO Pacific, Inc.

2604 Read Ave., Belmont, CA 94002 USA
Tel: (650) 595-8588  •  FAX:(650) 591-2891

www.acopacific.com  •  e-mail: acopac@acopacific.com

ACOustics Begins With ACO™
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Congress Venue and
Sponsorship
		

INTER-NOISE 2005, the 33rd International Congress and Exposition on Noise Control
Engineering, will be held in Rio de Janeiro city, Brazil on 2005 August 6-10. The Congress
is being sponsored by the International Institute of Noise Control Engineering (I-INCE) and
the Brazilian Acoustical Society (SOBRAC). The Congress will be organized by SOBRAC.

Congress President
Congress Program

Samir N. Y. Gerges
The congress will include courses, keynote presentations, workshops, papers and posters
sessions covering all areas of noise and vibration.

Exposition of Noise
Control Engineering
Social Program

An exhibition of acoustical equipment, materials, software and hardware for noise and
vibration control, measurements and diagnosis will be organized during the congress.
An attractive social program for participants and accompanying persons will be organized,
including; opening ceremony, welcome party, accompanying person program, congress
dinner, closing ceremony, and day tours.

Congress Secretariat

Brazilian Acoustical Society, Federal University of Santa Catarina (UFSC), Mechanical
Engineering Department (EMC), University Campus – Trindade – Florianópolis – SC, CEP:
88040-900 – Brazil

Contacts

Tel.: 55-48-234-4074/331-9227/331-7095, Fax.: 55-48-233-4455/234-1519
E- Mail: sobrac@mbox1.ufsc.br • gerges@mbox1.ufsc.br

Internet

http://www.internoise2005.ufsc.br
http://www.sobrac.ufsc.br
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Product News

Modeling sound
fields in aircraft
cabins

Test Improves Accuracy of Acoustic
Aircraft Cabin Model
Boeing Commercial Airplane has used test-based
methods to improve the accuracy of an acoustical
model of an aircraft cabin that can save engineering
time by predicting the acoustical properties of
new cabin configurations prior to physical testing.
Physical testing, the traditional method for evaluating
aircraft cabin acoustics, is expensive and means
that designs cannot be finalized until well into
the prototyping phase—when changes are very
expensive. On the other hand, virtual prototyping
using acoustical modeling tools makes it possible
to quickly and inexpensively explore cabin design
alternatives well in advance of the prototype phase.
Boeing uses acoustical models coupled to structural
methods to predict low frequency noise caused by
engine vibration and other sources. The problem has
been that there was no way to accurately determine
the boundary conditions for the acoustical model, the
amount of noise absorbed by the air, seats, and cabin
surfaces. Consequently, the results could be used to
predict trends but not whether a design would meet
noise specifications.
Experiments performed by Jim Johnescu, Senior
Specialist Engineer for Boeing Commercial Airplane,
generated accurate boundary conditions in an
aircraft cabin using a calibrated source, making
it possible to calculate more accurate acoustical
results using an acoustical model.
Boeing embarked on this project because the
company wanted to improve its ability to predict the
low frequency acoustics of aircraft cabins using
finite element analysis. Finite element analysis
represents the ideal tool for low frequency acoustics
because it explicitly models the entire solution
domain, providing a better representation of the
system dynamics. The cabin design can have a big
impact on the noise levels during flight. The objective
is to be able to predict the acoustical characteristics
of a specific cabin design during the conceptual
phase so that any needed design changes can be
made prior to the development of the initial prototype.
Obviously, if the design is right the first time, there is
a reduction in engineering and prototyping expenses.
But, in order to use finite element analysis results for
optimizing the performance, weight and cost of an
aircraft, critical to have confidence in the accuracy
of the model.
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Low Frequency Sources. Regulations on aircraft
interior sound are still in the process of development.
The Occupational Safety and Health Administration
(OSHA) and the European Community have proposed
rules which limit the amount of time a worker can
be exposed to certain levels of sound. Another force
that is driving sound levels lower is competition to
provide a quieter, more comfortable aircraft.

One of the major sources of low frequency noise in
the aft cabin of a passenger airliner is shock cell. It
is caused by the interaction between the stationary
disturbance field of the shock cell structure and the
large-scale turbulence in the shear layers of the jet.
The shock cell pulses propagate onto the fuselage
and have a typical energy content at frequencies
ranging from 50 to 2000 Hz. Another major source,
engine vibration related noise, is a structureborne
tone that emanates from the engine. N1 and N2,
the two major engine shaft tones, are typically at
40-100 Hz and 100-200 Hz respectively, generating
vibrational energy that goes through the wing
and into the fuselage—which couples with cabin
acoustic modes. Because of this coupling, the entire
aircraft needs to be modeled in order to understand
the effects of engine vibration related noise. The
cabin design plays a critical role in the acoustic
design by determining how the acoustic energy is
distributed through and dissipates in the cabin. For
example, cloth seats generally absorb more acoustic
energy than leather seats.
Predicting cabin acoustics often requires the
interaction of several different analytical models. A
finite element model that focuses on rotor dynamics
is used to generate the excitation for engine vibration
related noise. This model is coupled to a structural
model of the entire aircraft. The propagation of noise
and vibration into the cabin is predicted using a
sidewall system based on Biot’s theory for modeling
acoustic propagation in a porous and elastic medium.
This makes it possible to connect the structural
model to an acoustic model.
SYSNOISE from LMS International is believed to be
an ideal acoustic modeling tool, primarily because
it simplifies the process of coupling to a structural
model. One advantage is that it provides a robust
coupling method that does not require that the nodes
of the structural and acoustic models coincide
with each other. The frequencies of interest in this
problem are 200 Hz and below, corresponding to a
wavelength of about 2 meters—which is used to
determine the density of the acoustical model.

www.inceusa.org • www.noisenewsinternational.net • www.i-ince.org  

2004 June

The first step in the process is calibrating the
acoustic volume velocity source. For the sake of
robustness, source calibration experiments were
conducted in both a reverberation chamber and an
anechoic chamber, using a reciprocity measurement
and direct power measurement, respectively. This
calibration identified the source strength (Q) for a
given driver current (I).
An acoustical model of the reverberation room was
constructed, replicating the source, microphone
locations, and source amplitude. Through iterative
solutions, the optimum surface absorption is found
by adjusting the surface absorption of the interior
walls to match the sound pressure level (SPL) with
the physical experiments. The results are curvefitted and compare well with the room calibration
data shown in Fig.1. For an additional validation, the
anechoic room is modeled with a free field prediction
at 2.6 meters using measured current and derived
source amplitude. The model shows good correlation
with the experimental results from 60 to 200 Hz. See
Fig. 2.
The next step was to perform an aircraft test to
measure the cabin acoustic transfer function.
Acoustic transfer functions are calculated from

Fig. 3 Dodecahedron noise source in aircraft
cabin.

Fig. 4 Aircraft cabin vertical array measurements
for three different vertical positions.

the calibrated source volume velocity and seat
microphone acoustic responses. A dodecahedron
source, Shown in Fig. 3, was placed at a center cabin
location, offset from the center of the aircraft by
about one-eighth of the length of the aircraft in order
to avoid a nodal line. Acoustical responses were
measured with microphones located throughout the
cabin.
Fig.1 Reverberant room surface absorption.

One microphone was placed at each seat location
and a vertical array of microphones was placed
at a center seat to evaluate variations from
floor to ceiling. The results of the vertical array
measurements show that the SPL is constant from
the floor to the top of the seat through 100 Hz, which
is logical considering that the maximum wavelength
is greater than the height of seat. See Fig. 4. This
finding helped to validate Boeing’s approach of not
incorporating the seat geometry in the acoustic
model at lower frequencies. Eliminating the need
to explicitly model all of the seats and cabin details
substantially reduces the time required to perform
the analysis.

Fig. 2 Free field SPL validation.
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Product News continued
Creating the New Model. The next step was
creating an acoustic finite element model of the
airplane cabin in SYSNOISE using two different mesh
densities. A 50-centimeter mesh with 6,940 degrees
of freedom (DOF) was used through 100 Hz and a 25centimeter mesh with 25,490 DOF was used through
200 Hz. Lavatories and galleys were modeled as
cutouts. A spherical source was located at the same
point that was used in the physical tests and field
points were positioned at the same locations in the
model where microphones were located in the tests.
See Fig. 5.

The cabin and surface absorption were altered to
achieve the best fit between the test and the finite
element analysis. Acoustic transfer functions were
determined between the excitation at a given cabin
location and the acoustic responses at the seats,
based on the experiments and tuned the numerical
model to match.
The last step was to use the model results to
calculate air cabin surface absorption and effective
cabin air absorption at frequencies from 50 to 200
Hz. It is important to note that the derived absorption
values are dependent upon the cabin configuration,
which are generally airline dependent. Relative
configuration items include types of carpet, seat
coverings, and placement of dividers, galleys and
lavatories. Thus, these results are only valid for
cabins with similar configurations and additional
testing may be required for different configurations.

Fig. 5 Two FE model mesh densities (top), field
point mesh (bottom).

Fig. 7. Aircraft cabin surface absorption (left) and
effective cabin air absorption (right)

Figure 6 shows the test data always fall between
the boundaries set by the hard wall and anechoic
predictions. Note the peak at the source and rapid
fall-off in the anechoic model due to the lack of
reflections while the hard wall model demonstrates
strong modal behavior with multiple peaks. A similar
calibration was done for the cabin. The derived air
and surface absorption are shown in Fig. 7.
Model Results. While a good match was achieved
overall, some imperfections can be noted. The
source is not being driven loud enough at very
low frequencies, which can be traced back to
inaccuracies in the physical measurements used
to create the calibration curves that drive the
analytical model. Previously, boundary conditions for
the acoustical model were inferred, now validated
numbers can be included in a finite element model
for any aircraft with similar absorptive features.
The acoustical model can be used to design a new
aircraft, evaluate new engines for existing aircraft
or evaluate other low frequency noise problems. An
acoustical model can be coupled to and excited by
a structural model of the entire aircraft, making it
possible to evaluate the effect of various options—
such as moving the position of the lavatories and
galleys, in much less time and at a far lower expense
than would be required for physical experiments. It
is also possible to obtain more complete information
from the model, such as the SPL at any location
in the cabin, than can normally be obtained with
experimental measurements.

For more information on this project, contact LMS
North America, 1050 Wilshire Blvd., Suite 250, Troy,
MI 48084. Phone: (248) 952-5664, Fax: (248) 952-1610.
E-mail: info@lmsintl.com, Web site: www.lmsintl.com

© Copyright by The
Boeing Co. Printed with
permission by Noise/News
International.

Fig. 6 Longitudinal measurements vs. analytical
predictions.
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