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The American National Standards Institute, Inc. (ANSI) is the na-
tional coordinator of voluntary standards development and the clear-
ing house in the U.S. for information on national and international
standards.

The Acoustical Society of America (ASA) is an organization of sci-
entists and engineers formed in 1929 to increase and diffuse the
knowledge of acoustics and to promote its practical applications.
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Abstract

This American National Standard describes procedures for measuring the performance of noise
discriminating and noise canceling microphones. The signal-to-noise ratio is measured at 1/3 octave band
intervals with the desired test source in a diffuse noise field. The noise canceling performance of the
microphone is defined as the noise canceling index (NCI), a weighted summation of the signal-to-noise
ratios. The NCI of the microphone under test can be compared to the required baseline NCI of a laboratory
standard pressure microphone.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited
Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and S12 on Noise. These committees have wide represen-
tation from the technical community (manufacturers, consumers, and general-
interest representatives). The Standards are published by the Acoustical Society
of America through the American Institute of Physics as American National Stan-
dards after approval by their respective standards committees and the American
National Standards Institute.

These standards are developed and published as a public service to provide
standards useful to the public, industry, and consumers, and to Federal, State,
and local governments.

Each of the Accredited Standards Committees (operating in accordance with pro-
cedures approved by ANSI) is responsible for developing, voting upon, and main-
taining or revising its own Standards. The ASA Standards Secretariat administers
committee organization and activity, and provides liaison between the Accredited
Standards Committees and ANSI. After the Standards have been produced and
adopted by the Accredited Standards Committees, and approved as American
National Standards by ANSI, the ASA Standards Secretariat arranges for their
publication and distribution.

An American National Standard implies a consensus of those substantially con-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity. Consen-
sus requires that all views and objections be considered and that a concerted
effort be made toward their resolution.

The use of American National Standards is completely voluntary. Their existence
does not in any respect preclude anyone, whether he or she has approved the
Standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw this Standard.

Standards Secretariat Acoustical Society
of America 120 Wall Street, 32nd Floor
New York, New York 10005-3993 USA

Telephone: +1 212 248-0373
Telefax: +1 212 248-0146

E-mail:
standards@acousticalsociety.org
Internet: http://asa.aip.org

© 2000 by the Acoustical Society of America. This Standard may not be reproduced in
whole or in part in any form for sale, promotion, or any commercial purpose, or any purpose
not falling within the provisions of the Copyright Act of 1976, without prior written permission
of the publisher. For permission, address a written request to the Standards Secretariat of
the Acoustical Society of America.
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Foreword

[This Foreword is for information only and is not an integral part of American National
Standard Method for Measuring the Performance of Noise Discriminating and Noise Can-
celing Microphones, ANSI S1.16-2000.]

Noise canceling microphones are used in numerous applications where improved
signal-to-noise ratios are important for speech communication and/or other audio
applications. Arrays of microphones connected together by hardware and/or soft-
ware can also improve the signal-to-noise ratio. This Standard addresses the
need to have a standard methodology to measure the performance of these types
of devices.

This Standard was developed under the jurisdiction of Accredited Standards Com-
mittee S1, Acoustics, which has the following scope:

Standards, specifications, methods of measurement and test, and terminology
in the fields of physical acoustics including architectural acoustics, electroa-
coustics, sonics and ultrasonics, and underwater sound, but excluding those
aspects which pertain to biological safety, tolerance, and comfort.

At the time this Standard was submitted to Accredited Standards Committee S1,
Acoustics, for approval, the membership was as follows:

G. S. K. Wong, Chair
T. J. Kuemmel, Vice Chair
A. Brenig, Secretary

Acoustical Society of America ... G. S. K. Wong

T. J. Kuemmel (Alt)
Air-Conditioning and Refrigeration Institute (ARI) ............ R. Comparin

S. R. Sanders (Alt)
American Industrial Hygiene Association (AIHA) ............. L. H. Royster

J. F. Meagher (Alt)
Audio Engineering SocCiety ... L. W. Sepmeyer

M. R. Chial (Alt)
Bruel & Kjaer Instruments, Inc. ... ... .. M. Alexander

J. Chou (Alt)
Information Technology Industry Council (TIC) v R. Lotz

W. H. Johnson (Alt.)
Larson-Davis Laboratories ... L. Davis

J. M. Carey (Alt)
Lucent Technologies ...t L. Marcus

J. Baummauer (Alt)
National Council of Acoustical Consultants ~ .................. G. Winzer
National Institute of Standards and Technology (NIST) ....... V. Nedzelnitsky

D. J. Evans (Alt)
SONEtroniCs, INC. .. R. T. Linderoth
U.S. Department of the Air Force  .......... ... oo, R. L. McKinley

U.S. Army Construction Engineering Research
Laboratories (USA-CERL) ...t P. D. Schomer
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U.S. Army Human Research and Engineering Directorate .. ... J. Kalb

L. Letowski (Alt)
U.S. Army Primary Standards Laboratory  (APSL) of the TMDE

SUPPOIt GroUP .ot J. R. Arrington
Individual experts of Accredited Standards Committee S1, Acoustics, were:

J. R. Bareham T. J. Kuemmel

L. W. Sepmeyer
S. L. Ehrlich D. L. Johnson P.D. Schomer
H. E. von Gierke
K. M. Eldred W. W. Lang G. S. K. Wong
W. J. Galloway A. H. Marsh R. W. Young

Working Group S1/WG15, Noise Canceling Microphones, which assisted Accred-

ited Standards Committee S1, Acoustics, in the development of this Standard, had
the following membership:

R. L. McKinley, Chair

J. Bareham J. J. Earshen R. J. Peppin
A. Campanella T. A. Heline G. S. K. Wong
R. Campbell A. H. Marsh R. W. Young

Suggestions for improvement of this Standard will be welcomed. Send sugges-
tions for improvement to Accredited Standards Committee S1, Acoustics, in care

of the ASA Standards Secretariat, 120 Wall Street, 32nd Floor, New York, NY
10005-3993, USA.

Telephone: +1 212 248 0373
Fax: +1 212 248 0146
E-mail: asastds@aip.org
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AMERICAN NATIONAL STANDARD

ANSI S1.16-2000

American National Standard

Method for Measuring the
Performance of Noise
Discriminating and Noise
Canceling Microphones

1 Scope, purpose, and applications
1.1 Scope

This Standard specifies the laboratory physical
measurement procedure, calculation, and results
reporting for quantifying the performance of noise
canceling and noise discriminating microphones in
a diffuse noise field.

1.2 Purpose

The purpose of this Standard is to describe proce-
dures designed to measure the noise canceling
performance of noise canceling and noise dis-
crimination microphones in a diffuse sound field.
This method provides a measure of merit, the
Noise Canceling Index, which can be used to
qguantify the overall performance of a microphone
in canceling or discriminating noise when com-
pared to a laboratory quality pressure microphone
meeting ANSI S1.12-1967 (R 1997).

1.3 Applications

The test method used in this Standard applies to
measuring the noise canceling performance of
noise canceling microphones, such as first and
second order pressure gradient microphones,
noise discriminating microphones, such as car-
dioid or shotgun microphones, and microphone
systems, such as array microphones.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this American National Standard. At the time of
approval by the American National Standards In-
stitute, Inc. (ANSI), the editions indicated were
valid. All standards are subject to revision, and
parties to agreements based on this American Na-
tional Standard are encouraged to investigate the
possibility of applying the most recent editions of

the standards listed below. Information on the re-
cent editions is available from the ASA Standards
Secretariat.

ANSI S1.1-1995 (R 1999), American National
Standard, Acoustical Terminology

ANSI S1.15-1997/Part 1, American National Stan-
dard Measurement Microphones, Part 1. Specifi-
cations for Laboratory Standard Microphones

3 Definitions

3.1 A Noise canceling microphone uses a
pressure gradient transducer to differentiate a sig-
nal having a high pressure gradient from noise
having a low pressure gradient.

3.2 A Noise discriminating microphone
uses only its directional polar response to differen-
tiate a signal arriving on the axis of greatest sen-
sitivity from a noise arriving from all directions.

3.3 Microphone system. A system consisting
of one or more microphones, elements intercon-
nected to perform a specific response function as
an integrated physical transducer.

3.4 Test volume. A volume, as in figure 1,
where a microphone device under test (DUT or
LS1P) can be placed to determine its noise dis-
criminating characteristics. This volume must be
free of reflections and must furnish a uniform and
diffuse acoustical noise field over the range of au-
dio frequencies at which the DUT will be evalu-
ated. This volume should be large enough to allow
positioning and securing of the microphone device
under test as well as an LS1P microphone, to de-
termine the test sound level. Test sound field gra-
dient and noise field should be present.

3.4.1 rho (radius vector ). The radius vector
from the source center, usually assumed to be at
the center of the lip ring, to the measurement po-
sition in the test volume.

3.4.2 theta (azimuthal angle ). The horizontal
angle from the normal to the lip ring plane to the
plane containing the measurement position and
the source position.

3.4.3 phi (elevation angle ). The vertical
angle from the normal to the lip ring plane to the
plane containing the measurement position and a
horizontal line through the source.

3.4.4 test fixture. An apparatus or jig which
maintains the relative positions of the source, the
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