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Abstract

This standard describes techniques for characterizing the steady-state performance of hearing aids with a
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ABSTRACT

This standard describes techniques for characterizing the steady-state performance of
hearing aids with a broad-band noise signal. The need for such a standard arises from
the importance of assessing the performance of hearing aids in environments more
nearly representing their real-world use. The noise test signal specified herein has
been employed by the National Bureau of Standards for over 20 years in testing hear-
ing aids. Among the tests described are noise saturation sound pressure level, noise
gain, frequency response, family of frequency response curves and output versus in-
put characteristic. Additionally, the appendix recommends use of the coherence
function to indicate the validity of frequency response measures and distinguishes
between use of random and pseudo-random noise and asynchronous versus syn-
chronous analysis.
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FOREWORD

[This Foreword is not a part of American National Standard ANSI $3.42-1992—Testing Hearing Aids with
a Broad-Band Noise Signal, ASA Catalog No. 103-1992.]

American National Standards have traditionally utilized pure tone signals to test hear-
ing aids. However, new types of hearing aids have been developed over the last few
years with increasingly complex and non-linear signal processing algorithms. The sa-
lient features of these devices are often not well characterized by pure tone measure-
ments. Thus, the use of pure tones to assess the performance of these newer hearing
aids is limited to quality control purposes. This document represents an initial effort to
develop a national standard for the measurement of hearing aid performance with a
steady-state complex input signal. The signal recommended herein is a random noise
that has been spectrally shaped to represent the short-term average speech spectrum,

in addition to addressing methods of expressing gain, saturation sound pressure level
and frequency response using the noise input signal, the use of the coherence func-
tion is recommended to validate the frequency response, and indirectly as an indica-
tor of the amount of noise and distortion produced by a hearing aid.

This standard has been developed under the jurisdiction of Accredited Standards
Committee S3, Bioacoustics, using the American National Standards Institute (ANS!)
Accredited Standards Committee Procedure. The Acoustical Society of America pro-
vides the Secretariat for Accredited Standards Committee S3, Bioacoustics.

Accredited Standards Committee $3, Bioacoustics, under whose jurisdiction this
standard was developed, has the following scope:

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

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

§. D. Royster, Chairman
). L. Fletcher, Vice-Chairman
A. Brenig, Secretary
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Audio Engineering Society, Inc. ¢ R. H. Campbell, M. R. Chial (A/

Bruel and Kjaer Instruments Inc. e . R. Bareham, G. C. Michel (A/n

Compressed Air and Gas Institute o J. H. Addington

Endevco Corporation ¢ K. T. Chandy

Exchange Carriers Standards Association e B. Kushler

Fastener Industry Noise Control Research Program e €. H. Toothman, J. C. McMurray (Aft)
Hearing Industries Association (HIA) @ H. Teder, C. Rogin (A#)

Industrial Safety Equipment Association (ISEA) e A. M. Bovi, R. Campbell (7st Alt), F. E. Wilcher, Jr.
(2nd Alt

National Hearing Aid Society @ W. F. S. Hopmeier

National Institute of Standards and Technology e £. D. Burnett, V. Nedzelnitsky (A/t)
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Power Tool Institute, Inc. ¢ ). L. Bennett, M. Brown (A/f)

U.S. Air Force o C. Nixon

U.S. Army Aeromedical Research Laboratory e ). H. Patterson, B. Mozo (A/)

U.S. Army Human Engineering Laboratory e B. Garinther, G. R. Price (A/f)

U.S. Army Medical Corps @ R. M. Atack

U.S. Department of the Navy, Bureau of Medicine and Surgery @ . Page, L. Marshall (A/y

individual experts of the Accredited Standards Committee 53, Bioacoustics were:

S. ). Barry ). C. Guignard W. Melnick
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mittee, $3, Bioacoustics, in the development of this standard, has the following mem-
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D. A. Preves, Chairman
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j. R. Bareham W. A. Cole B. Kruger

L. B. Beck G. J. Frye |. Leonard
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Suggestions for improvements in this Standard will be welcomed. They should be sent to Accredited Stan-
dards Committee S3 at the Standards Secretariat, in care of the Acoustical Society of America, 335
East 45th Street, New York, NY 10017-3483. Telephone {212) 661-9404.
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0 INTRODUCTION

The frequency response of electroacoustic systems
has traditionally been obtained with a swept pure tone
input signal whose level is held constant while the sys-
tem output is monitored over the frequency range of
interest. Heretofore, this has also been the method of
testing hearing aid frequency response. However, an-
other procedure has evolved for obtaining frequency
responses of electronic systems as a result of the recent
proliferation of digital spectrum analyzers which uti-
lize steady-state broad-band noise as one of their test
signals. A time-stationary, steady-state broad-band
noise, which is more typical of the complex input sig-
nals that hearing aids are required to process in non-
laboratory real-world environments, may be a more
suitable test signal for depicting performance, particu-
larly for those heaing aids with level dependent gain
circuity. However, to date, no standardized document
exists that denotes procedures for testing hearing aids
with a broad-band input signal.

For those hearing aids which do not have automatic
gain control (AGC) or other forms of adaptive signal
processing circuitry, or for hearing aids having such
circuitry but tested with input levels below their acti-
vation point, the same frequency response should re-
sult whether a swept pure tone is used or a broad-band
noise is used, as long as the hearing aid is operating
linearly and the signal-to-noise ratio is adequate. The
intent of the present ANSI hearing aid testing stan-
dard $3.22-1987 is to describe the frequency response
of hearing aids in their linear mode regardless of
whether automatic signal processing such as AGC is
incorporated or not. However, a method is needed to
demonstrate the change in steady-state frequency re-
sponse of AGC or other adaptive circuit action as a
function of input signal level because of the effect it
may have on the speech recognition abilities of hearing
aid wearers. Knowledge of such effects may be used to
provide a better selection of frequency-gain character-
istics for hearing aid fitting purposes. Care in selecting
the most appropriate methods for characterizing AGC
systems is but one manifestation of a growing aware-
ness in hearing aid measurements: the more sophisti-
cated signal processing techniques are employed such
as, for example, frequency-selective input or output
compression, the more the selection of appropriate
measurement signals and measurement techniques be-

comes crucial to realizing the goal of obtaining mean-
ingful performance measures.

Frequency response curves developed for hearing
aids with level dependent frequency response, or for
AGC hearing aids with frequency dependent compres-
sion threshold using swept pure tones at varying input
levels may not be representative of the response using
complex signals. This occurs with the swept-tone
method because only one frequency is presented at a
time and the control system responds to each frequen-
cy individually. In the case of AGC hearing aids with
frequency dependent compression threshold tested at
high input levels, compression may vary with frequen-
cy, producing a flattened frequency response curve not
representative of the response obtained with a complex
input signal.

For an input signal more representative of real use
conditions, such as speech, many frequency compo-
nents are present simultaneously. There is consider-
able precedent for testing hearing aids either with lin-
ear circuitry or with automatic sigpal processing
circuitry using a shaped, steady-state, broad-band
noise for an input signal. The National Institute of
Standards and Technology (formerly the National Bu-
reau of Standards) and the Veterans Administration
have historically used a broad-band, speech spectrum-
like noise input signal to determine performance char-
acteristics of hearing aids. The test signal specified in
this standard has spectral characteristics similar to
those of the short-term spectrum of speech but is not
representative of other important characteristics such
as the temporal nature and the amplitude probability
distribution of speech. With this signal, an AGC detec-
tor will respond to a single level, from contributions at
many frequencies, not to the individual frequency
components. Thus, with this signal, the individual fre-
quency components affected by an AGC loop will re-
tain their relative amplitude relationships.

Care should be exercised in interpreting measure-
ments made with a steady-state noise signal because
hearing aids whose frequency response is changed by
the dynamic characteristics of the input signal cannot
be fully characterized by this time-invariant signal,
e.g., hearing aids that have adaptive AGC time con-
stants based on the temporal pattern of the input sig-
nal.
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