ANSI/ASA S3.35-2010
(Revision of ANSI S$3.35-2004)

Reaffirmed by ANSI
May 21, 2015

AMERICAN NATIONAL STANDARD

Method of Measurement of Performance Characteristics of
Hearing Aids Under Simulated Real-Ear Working
Conditions

ANSI/ASA S3.35-2010

Accredited Standards Committee S3, Bioacoustics
I

Standards Secretariat
Acoustical Society of America
35 Pinelawn Road, Suitt [l uments

Melville, NY 11747-5177 ]
Document Sharing Hub

Full document details: ANSI ASA S3.35-2010 (2015)


http://www.avadocuments.com/doc/ansi-asa-s3-35-2010-2015
http://www.avadocuments.com/doc/ansi-asa-s3-35-2010-2015

The American National Standards Institute, Inc. (ANSI) is the national coordinator of
voluntary standards development and the clearinghouse in the U.S.A. for information
on national and international standards.

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

®)

Documents

Document Sharing Hub

Full document details: ANSI ASA S3.35-2010 (2015)


http://www.avadocuments.com/doc/ansi-asa-s3-35-2010-2015
http://www.avadocuments.com/doc/ansi-asa-s3-35-2010-2015

ANSI/ASA S3.35-2010
Revision of ANSI S3.35-2004

AMERICAN NATIONAL STANDARD
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Approved February 25, 2010 by:
American National Standards Institute, Inc.

Abstract

This standard describes techniques used to measure hearing aids under simulated conditions of real
ear use. The need for such a standard arises from the importance of including the acoustical
variations in the performance data that are caused when hearing aids are worn. For example, the
diffraction of the body and head of a hearing aid wearer on incident sound can significantly change the
input sound pressure to a hearing aid microphone. For the purpose of these measurements, a
suitable manikin and ear simulator are used to represent a typical hearing aid wearer. Acoustical
requirements of the test space as well as how the manikin is positioned with respect to the sound
source are given. Two methods are presented by which to control the level of the incident sound field
at the location of the hearing aid on the manikin during the testing. Procedures are provided to obtain
the insertion gain, or the amount by which the hearing aid changes the eardrum sound pressure in the
ear simulator of the manikin relative to that in the unaided condition. Procedures are also provided to
obtain the directional response of the manikin as a function of azimuth and elevation of the sound
source, with and without the assistance of a hearing aid, and to calculate the directivity index from the
directional response. The gains obtained with a hearing aid are distinguished by whether the unaided
manikin gain is included in (simulated real-ear aided gain) or subtracted from (simulated insertion gain)
the aided gain.
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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 representation from the technical community (manufacturers,
consumers, trade associations, organizations with a general interest, and government
representatives). The standards are published by the Acoustical Society of America as American
National Standards 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 procedures approved by
American National Standards Institute (ANSI)] is responsible for developing, voting upon, and
maintaining 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 concerned 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.
Consensus requires that all views and objections be considered and that a concerted effort be made
towards their resolution.

The use of an American National Standard 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.
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Foreword

[This Foreword is for information only, and is not a part of the American National Standard ANSI/ASA S3.35 —
2010 American National Standard Method of Measurement of Performance Characteristics of Hearing Aids Under
Simulated Real-Ear Working Conditions].

This standard comprises one part of a group of definitions, standards, and specifications for use in bioacoustics.
It was developed and approved by Accredited Standards Committee S3 Bioacoustics, under its approved
operating procedures. Those procedures have been accredited by the American National Standards Institute
(ANSI). The Scope of Accredited Standards Committee S3 is as follows:

Standards, specifications, methods of measurement and test, and terminology in the fields of psychological
and physiological acoustics, including aspects of general acoustics, shock and vibration, which pertain to
biological safety, tolerance and comfort.

This standard is a revision of ANSI S3.35-2004, which has been technically revised. The 2004 edition was
amended to include methods of measuring the directional response due to sound from various elevation and
azimuth angles of incidence, both in an unaided manikin ear and in a simulated aided real ear, and the calculation
of the directivity index from a spherical integration of the directional response. The directivity index is considered
to be of value in predicting the speech intelligibility performance of hearing aids in noisy situations. This 20XX
edition has been revised in Annex B to describe the directional arrays used to justify the directivity index
measurement method specified in this standard and to improve some graphics.

This standard is comparable to IEC/TR 60118-8:2003.

At the time this Standard was submitted to Accredited Standards Committee S3, Bioacoustics for approval, the
membership was as follows:

C.A. Champlin, Chair
D.A. Preves, Vice-Chair

S.B. Blaeser, Secretary
Acoustical Society of AMEIICA.............c.coiiiiiiii e C.A. Champlin
................................................................................................................................................... M.D. Burkhard (Alt.)

American Academy Of AUIOIOQY ........c.ccooouiiiiiiiiii e D. Ostergren
............................................................................................................................................... S. Gordon-Salant (Alt.)

American Academy of Otolaryngology, Head and Neck Surgery, Inc. .............cccoooiiiiiiniiiii e, R.A. Dobie
....................................................................................................................................................... L.A. Michael (Alt.)

American Industrial Hygiene Association..................cooooiiiii e T.K. Madison
.......................................................................................................................................................... D. Driscoll (Alt.)

American Speech-Language-Hearing Association (ASHA) .............ccccooiiiiiiiiiin e L.A. Wilber
...................................................................................................................................................... V. Gladstone (Alt.)
Belton@/GIN RESOUNM ...........ooooiiiiiiiiiie ettt e e e ettt e e e e st e e e e ste e e s srbeeaeesaeeeeanneeaesneneas S. Petrovic
Council for Accreditation in Occupational Hearing Conservation (CAOHC) ..............ccccevviieinnnenn. L.D. Hager

.......................................................................................................................................................... J.A. Mann (Alt.)

ETS — Lindgren ACOUSTIC SYSEMS .........oocuiiiiiiiii e S. Dunlap
........................................................................................................................................................... D. Winker (Alt.)
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Frye EIECIIONICS, INC. ...ttt e e e et e e e na e e e enbe e e e eneeeeeaee G.J. Frye
............................................................................................................................................................ K.E. Frye (Alt.)
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Hearing Industries ASSOCIAtION ..o e T.A. Victorian
......................................................................................................................................................... C.M. Rogin (Alt.)
National Electrical Manufacturers Association,

Signaling Protection & Communication Section (NEMA —3SB).................ccooiiiiiiiiiiiiicis J. McNamara
......................................................................................................................................................... R. Reiswig (Alt.)
National Hearing Conservation ASSOCIatioN.............ccc.ooiiiiiiiiiiiiii e T. Schulz
National Institute for Occupational Safety and Health (NIOSH)...................cccoiiiiiiiiniiiee M. Stephenson
...................................................................................................................................................... W.J. Murphy (Alt.)
National Institute of Standards and Technology................ccccoooiiiiiiiii e V. Nedzelnitsky
......................................................................................................................................................... R. Wagner (Alt.)
NationNal Park SEIVICE .........c...ooiiiiiiiiii ettt a e st be e e sbeeeanae s G.R. Stanley
.......................................................................................................................................................... K. Fristrup (Alt.)
Natus MediCal, INC. ..o e e e e e Y. Hekimoglu
............................................................................................................................................................ P. Becke (Alt.)
Ocean Conservation RESEAICH ..ottt M. Stocker
QuESt TEChNOIOGIES, INC......co. ittt sb e b et e e e M. Wurm
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Individual Experts of the Accredited Standards Committee S3, Bioacoustics, were:

J.R. Bareham A.J. Campanella H. Teder

A.J. Brammer K.D. Kryter L.A. Wilber

R.F. Burkard R.L. McKinley W.A. Yost
P.D. Schomer

Members of S3/WG48, Hearing Aids, who actively assisted Accredited Standards Committee S3, Bioacoustics, in
the development of this standard, were:

D. Preves, Chair
D. Warren, S3.35 Sub-group Co-Chair

O. Saltykov, Sub-group Co-Chair

J. Anderson A. Gebert G. Ravn

S. Armstrong A. van Halteren L. Revit
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Suggestions for improvements of this standard will be welcomed. They should be sent to Accredited Standards
Committee S3, Bioacoustics, in care of the Standards Secretariat of the Acoustical Society of America, 35
Pinelawn Road, Suite 114E, Melville, New York 11747-3177. Telephone: 631-390-0215; FAX: 631-390-0217; E-

mail: asastds@aip.org
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Introduction

Measuring methods that take into account the acoustical influence of the wearer on the performance
of hearing aids are important, particularly when the results are to be used to assist in the fitting of
hearing aids. The information obtained using this document is likely to be more relevant to the fitting of
hearing aids than that provided by specification documents such as ANSI/ASA S3.22-2009.

The methods specified in this document require a device such as a manikin to simulate the presence
of the wearer.
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American National Standard

Method of Measurement of Performance
Characteristics of Hearing Aids Under Simulated
Real-Ear Working Conditions

1 Scope

The purpose of this standard is to describe test methods which include the acoustical effects of a
simulated median adult wearer on the performance of a hearing aid.

Measurements made under simulated real-ear aided working conditions may be divided into two
classes:

e Direct simulated real-ear aided measurements, which determine the sound pressure developed by
a hearing aid in an ear simulator for a given free-field input sound pressure.

¢ Insertion measurements, which determine the difference between the sound pressures developed
in the ear simulator with and without a hearing aid in place.

Such measurements attempt to determine the actual acoustical assistance that a hearing aid gives to
a user.

The test methods described in this document are not intended for quality control.

The results obtained under simulated real-ear aided conditions may differ substantially from results
obtained on an individual person due to anatomical and physiological variations of heads, torsos,
pinnae, ear canals, and eardrums.

The methods recommended in this standard give information on the measurement of the following
parameters that are considered important for the evaluation of the performance of a hearing aid as
normally worn, and for which simulated real-ear aided conditions are considered essential:

e insertion gain

e real-ear aided output sound-pressure level for 90 dB input sound-pressure level

e directional characteristics.

Test methods described in this standard are conducted with hearing aids set in linear, non-adaptive,
mode.

2 Normative references

The following referenced documents are indispensable for the application of this standard. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.
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ANSI S1.1 American National Standard Acoustical Terminology

ANSI S1.6-1984 (R2006) American National Standard Preferred Frequencies, Frequency Levels, and
Band Numbers for Acoustical Measurements

ANSI S1.22-1992 (R2007) American National Standard Scales and Sizes for Frequency
Characteristics and Polar Diagrams in Acoustics

ANSI/ASA S3.22-2009 American National Standard Specification of Hearing Aid Characteristics
ANSI/ASA S3.25-2009 American National Standard Occluded Ear Simulator

ANSI S3.36-1985 (R2006) American National Standard Specification for a Manikin for Simulated in-
situ Airborne Acoustic Measurements

ANSI S3.42-1992 (R2007) Testing Hearing Aids with a Broad-Band Noise Signal

ANSI/EIA RS-278-B-1976 Mounting Dimensions for Loudspeakers.

3 Terms and definitions

Throughout this document, all sound pressure levels (SPL’s) are referenced to 20 pPa unless
otherwise stated. Physical quantities defined here are, in general, functions of frequency and
elevation and azimuth angles of sound incidence unless otherwise specified. The term simulated is
used to emphasize that these measurements are made on a manikin, which represents a median
human adult. The term unaided is used to indicate that the measurement is performed without the
assistance of a hearing aid, and further implies that the ear canal is unoccluded. For the purposes of
this document, the definitions given in ANSI S1.1 and the following apply.

3.1 ear simulator. Device which simulates the acoustic properties of the ear canal from the
aperture of the ear canal at the concha and including the eardrum. It comprises an ear canal extension
and an occluded ear simulator and consists essentially of a principal cavity, acoustic load networks,
and a calibrated microphone. The ear simulator design is such that the sound pressure at the
microphone corresponds approximately to the sound pressure existing at the human eardrum.

3.2 ear simulator reference plane. Plane perpendicular to the axis of the ear canal cavity, at the
junction between the occluded-ear simulator and the ear canal extension.

3.3 occluded-ear simulator. Device that simulates the inner part of the ear canal up to and
including the eardrum. The starting location corresponds to the reference plane of the occluded-ear
simulator. Refer to ANSI/ASA S3.25.

3.4 ear canal extension. Cylindrical tube that connects the junction of the concha of the pinna
simulator and the ear canal with the reference plane of the occluded ear simulator.

3.5 pinna simulator. Device that has the approximate shape and dimensions of a median adult
human pinna.

3.6 manikin. Simulator for the head and torso extending downward from the top of the head to the
waist and designed to simulate the acoustic diffraction and ear canal resonance produced by a
median adult human ear, head and torso. The head includes two pinna simulators and contains at
least one occluded ear simulator.
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Reference point (and top view of axis of
rotation). It bisects the line joining the
centers of the openings of the ear simulator
canals.

Axis of rotation ————=] Vertex

and test plane

Reference plane

Reference point

Axis of rotation and
plane of symmetry

Figure 1 — Manikin geometrical references

3.7 reference point. Point bisecting the line joining the centers of the openings of the ear canals
(at the junction between concha and ear canal). Refer to Figure 1.

3.8 plane of symmetry of the manikin. Plane passing through the reference point of the manikin
that divides the left and right portions of the manikin into symmetrical halves. Refer to Figure 1.

3.9 axis of rotation of the manikin. Straight line passing through the reference point of the
manikin and lying in the plane of symmetry of the manikin, and having a direction that is vertical if the
manikin is mounted in a position corresponding to that of a standing person and about which the
manikin can be rotated. Refer to Figure 1.

3.10 reference plane of the manikin. Plane perpendicular to the axis of rotation containing the
reference point of the manikin. Refer to Figure 1.

3.11 reference axis. Axis originating at the reference point following the line of intersection between
the reference plane and the plane of symmetry through the face of the manikin.

3.12 test point. Reproducible position in the test space at which the sound pressure level is
measured with the manikin absent and at which the reference point of the manikin is to be located for
test purposes.

3.13 test axis. Line joining the test point and the center of the sound source. Refer to Figure 2.

3.14 test plane. Plane perpendicular to the test axis and containing the test point, used for
measurement of uniformity of the free-field wavefront.

Full document details: ANSI ASA S3.35-2010 (2015)
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3.15 azimuth angle of sound incidence. Angle between the plane of symmetry of the manikin and
the plane defined by the axis of rotation and the test axis (Figure 2). When the manikin faces the
sound source, the azimuth angle of sound incidence is defined as zero degrees. When the right ear of
the manikin faces the sound source, the azimuth angle is defined as 90°. When the left ear faces the
sound source, the angle is defined as 270°.

3.16 elevation angle of sound incidence. Angle between the reference plane of the manikin and
the test axis (Figure 2). When the vertex points towards the sound source, the elevation angle is
defined as 90°. When the test axis lies in the reference plane, the elevation angle is defined as 0°.

3.17 reference position of the manikin. Position of the manikin in the test space in which the
reference point coincides with the test point and the angles of azimuth and elevation are both equal to
zero. In this position, the test axis coincides with the reference axis.

Azimuth angle of sound incidence
Range: 0°to +360°
Test Axis

Reference point and Sound source
test point

//
M\ -
\m“ﬂ&// ;

)
o et MY

_— (L | Elevation angle of sound incidence. Range: -90°to +90°

Reference plane

Reference point and
test point

Figure 2 — Coordinates for angles of azimuth and elevation

3.18 reference sound-pressure level. At a given elevation angle of sound incidence, the free-field
sound-pressure level at the test point in the absence of the manikin, due to sound emanating from the
sound source at that elevation, expressed in decibels (dB).

3.19 manikin unaided sound-pressure level. Sound-pressure level in the manikin ear simulator
with the hearing aid absent, expressed in decibels (dB).

3.20 simulated real-ear aided sound-pressure level. Sound-pressure level in the manikin ear
simulator produced with the assistance of a hearing aid, expressed in decibels (dB).
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3.21 manikin unaided gain (MUG). Difference between the manikin unaided sound-pressure level
and the reference sound-pressure level, at a single frequency or as a function of frequency, expressed
in decibels (dB).

3.22 simulated real-ear aided gain (SREAG). Difference between the simulated real-ear aided
sound-pressure level and the reference sound-pressure level, at a single frequency or as a function of
frequency, expressed in decibels (dB).

3.23 simulated insertion gain (SIG). Difference between the simulated real-ear aided sound-
pressure level and the manikin unaided sound-pressure level, measured at the same reference sound-
pressure level, expressed in decibels (dB).

3.24 full-on simulated insertion gain. Simulated insertion gain of a hearing aid with its gain control
at the maximum setting (full-on gain) and at stated settings of the other hearing aid controls,
expressed in decibels (dB).

3.25 simulated real-ear aided output sound-pressure level for 90 dB input sound-pressure
level (SREA90). Simulated real-ear aided sound-pressure level with the hearing aid at full-on gain
and a reference sound-pressure level of 90 dB, expressed in decibels (dB).

3.26 manikin unaided directional response (MUDR). Difference between the manikin unaided
gain as a function of elevation and azimuth angles of sound incidence and the manikin unaided gain
with the manikin in the reference position (0° elevation and 0° azimuth), expressed in decibels (dB).

3.27 simulated real-ear aided directional response (SREADR). Difference between the simulated
real-ear aided gain as a function of elevation and azimuth angles of sound incidence and the
simulated real-ear aided gain with the manikin in the reference position (0° elevation and 0° azimuth),
expressed in decibels (dB).

3.28 manikin unaided directivity index (MUDI). Directivity index, measured in the manikin ear
simulator with the hearing aid absent, expressed in decibels (dB). The manikin unaided directivity
index is calculated from a spherical surface integration of the manikin unaided directional response.

3.29 simulated real-ear aided directivity index (SREADI). Directivity index, measured in the
manikin ear simulator with the assistance of a hearing aid, expressed in decibels (dB). The simulated
real-ear aided directivity index is calculated from a spherical surface integration of the simulated real-
ear aided directional response.

3.30 simulated real-ear aided planar directivity index (p-SREADI). An estimate of the simulated
real-ear aided directivity index as calculated from the simulated real-ear aided directional response at
zero elevation only and assuming rotational symmetry about the reference axis, expressed in decibels
(dB).

3.31 average manikin unaided directivity index (AMUDI). Arithmetic mean of the manikin unaided

directivity index values, in one-third octave bands in the frequency range 500 to 5000 Hz, expressed in
decibels (dB).

3.32 average simulated real-ear aided directivity index (ASREADI). Arithmetic mean of the

simulated real-ear aided directivity index values, in one-third octave bands in the frequency range 500
to 5000 Hz, expressed in decibels (dB).
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