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| NTRODUCTI1 ON

Hearing aid is an electroacoustic device wused for
the anplification of sounds. Hearing aid is a boon to the
i ndividual with hearing |oss who cannot be hel ped by either
medi ci ne or surgery, and who experience difficulty in one
or nmore of the daily activities either vocational |y,
educationally or socially. This anplification system nerely
increases the intensity of the sound reaching the ear and
the min purpose of anplification is to wutilise t he
individual's residual hearing to t he full est ext ent
possi bl e. The advancenment of hearing aids mniaturisation
and quality inprovement has, not only | ed to nor e
satisfaction on the part of the «client, but also nore
contentment on the part of the clinicians. Many hearing aid
manuf act uri ng conpani es have conme up with different types of
hearing aids of mld, noderate and strong categories. Hence
it is very essential for the clinician to have information
regarding the electroacoustic characteristics and t he
measurenment of these in order to prescribe suitable hearing

aids for these clients.

El ectroacousti ¢ neasurenents

VWhat is el ectroacoustic neasurenent ? The hearing
aid converts acoustic energy into el ectri cal ener gy,
anplifies it and then converts it back into acoustic energy.

The study of changes taking place in the hearing aid



as energy 1is transduced is known as el ectroacoustic

measur ement .

The term el ectroacoustic neasurenent includes the
generation and reception of sound wave through electro-
mechani cal system or transducers. The oper ati ona
characteristics of any electroacoustic device measur ed
precisely wll define its nature and per f or mance to
di sti ngui sh the make and type fromthe other. During recent
years, therefore many neasurenent standards and practices
have been established, and many types of sophisticated rea
time conputerised instrunents have been developed to carry

out these neasurenents.

El ectroacoustic measur enent s of heari ng aid
basically constitute a variety of neasurenents including
saturation sound pressure |evel, gain, frequency response,
etc. These neasurenents give an insight about the quality of

t he product being produced and used.

Pur pose of el ectroacoustic nmeasurenent

The primary purpose of neasuring electroacoustic

characteristics of hearing aids are;

1. Electroacoustic neasurenents help us to conpare

the characteristics of different hearing aids and



thus help us in selecting a suitable hearing aid

for an individual.

It hel ps us in knowi ng t he per f or mance
characteristics of a hearing aid and to see
whet her the hearing aid is performng according to

t he manufacturer's specification.

El ectroacoustic neasurenments helps in categorising
the hearing aids into strong, noderate and mld
categories. Electroacoustic neasurenents help us
in confirmng whet her t he el ectroacoustic
characteristics are according to the recomended
standards. This helps us in detecting whether the
di fferent paraneters exceed the wvalue which is

recommended in national standards.

El ectroacoustic measur enment s noni t or t he
performance of the hearing aids after repair.
After the repair, measurenents of the electro-
acoustic characteristics, can be nmade to check

whether it is performng as it was supposed to.

It nmonitors the performance of the hearing aid,
that is, helps in the neasurement of paraneters
whi ch changes with use. For exanple, distortion

may increase with use.



6. It helps in studying the effect of acoustic and

el ectronic nodifications in the hearing aid.

7. El ectroacoustic characteristics can also be used

for the quality control of the hearing aid.

| nstrunentation for electroacoustic measurenments

The ability to accurately neasure the performance of
a hearing aid is inportant to the manufacturer, clinician
researcher and consuner. To satisfy all of these groups with
a single neasurenent system is a desirable goal but the
i ncreasing conplexity of hearing aids (Hecox and Mller
1988; Levitt, 1987; Mehon, 1989) present several obstacle
i ncl udi ng noi se reduction technique (Weiss, 1987, Preues,
1990) lack of standard for signal processing, etc. However
it may be pointed out that it still needs a lot of talent
and insight to translate the objective results into
subjective domain. It is recognised that the know edge of
the el ectroacoustic performance of the hearing aid systemis
essential to understand . each specific heari ng ai d
capabilities. Hence, for this purpose, neasurenents need to
be carried out in a proper environnent as specified in the
national or international standards in order to ensure
reliable or valid measur enment . The el ectroacoustic

measurenent instrumentation includes anechoic chanber and



appropriate associated electronic i nstrunents. Certain
vari ables like tenperature,relative humdity, reverberation,
at nosphere presure,etc. affect electro-acoustic neasurenent.
Appropriate levels of electric and magnetic fields also act

as influencing factors in the neasurenents.

The purpose of this Independent project is to
provide guidelines on the electroacoustic measur enent,
el ectroacoustic characteristics, the wvarious instrunents
used, variables affecting electroacoustic characteristics
and also to conpare the el ectroacoustic characteristics when

different standards are used.
Hi story

During early period of electric and electronic
instrumentation there was a total |ack of standardisation of
performance paranmeters, how to neasure and report them
Romanow (1942) and Carlisle and Mundel (1944) produced anong
the earliest extensive reports on hearing aid electro-
acoustic neasurenents. Then a -Commttee of the Anmerican
Hearing A d Association conpiled a tentative code for
measur enent of performance of hearing aids (Kranz, 1945).
But this was not very conprehensive and widely accepted in

the industry.



The International Electrotechnical Conmmssion (IEC
in 1959, publ i shed their recommended nmet hods for
measur enent s of el ectroacoustic characteristics of
hearing aids. Later this was nodified and adopted by the
American National Standards Institute as Anerican Standard
S. 3.3-1960, "Electroacoustical Characteristics of Hearing
Aids" (ANSI, 1960). The Hearing A d Industry Conference
(HAIC, 1961) adopted the Hearing A d Industry Conference
standard nethod of expressing hearing aid performance. Later
this Hearing Ald Industry Conference (HAIC) standard was
nodi fied and was adopted as ANSI standard S. 3. 8-1967,
Met hod of Expressing Hearing Aid Performance (ANSI, 1967).
So fromthe standards it 1is seen that the Internationa
El ectrotechnical Comm ssion and Early ANSI st andar ds
descri be how to neasure performance while the Hearing Ad
| ndustry Conference and |ater ANSI standards specify not
only how but what to neasure. As Berger (1974) states
"advertising slogans were the rule rather than statenents

based on scientific fact".



CHAPTER 1
| NSTRUMENTATI ON  ON  ELECTROACOUSTI C MEASUREMENTS

The nmeasurenent of electroacoustic characteristics
of a hearing aid is a conplicated and confusing task
especially for the beginners. Hearing aid characteristics
are nmeasured in a 2 cn? hard walled coupler or Zwi sl ocki

coupler or in a KEMAR
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Slide 2: |1 GOHAT 1500

Slide 3: FONI X 6500C

Slide 4: Audiotest
station

Slide 5. Hearing aid
test box

Slide 5: Hearing aid
( REPEATED)

Focus on the
hearing aid

Slide 6: Couplers
HA1 and HA2

Now we make use of the conputerised

real time equi pment s for the
measur ement s of el ectroacoustic
characteristics. The instruments

used are Madsen | GOHAT 1500 and
Foni x 6500C and audi otest station.
Wth the availability of automatic
conmputeri sed i nstrument, the
measurenments are carried out just
with a button press.

Heari ng aid t est box is an
anechoi c space which is free from
reverberation and variation. The
instrument included in hearing aid
test box are: hearing aid, mc,
2 cc coupler and preanplifier. The

hearing aid test box also contains
| oud speaker which transduces the
si gnal .

The hearing aid to be tested is
placed in a hearing aid test box.
The m crophone of hearing aid to be
tested should be placed within the
test space at a position <close to
reference recommended. The hearing

aid m crophone should be placed in
a position so that it faces the
sound source. The tone control
should be at "N position and

volume is adjusted to RTG position
or full on position based on the
characteristics to be measured.

A coupler is a cavity of pre-
determ ned shape and volume which
is used for el ectroacoustic
measur ement of ear phones in
conj unction with a cal i brated
m crophone adopted to nmeasure the
pressure devel oped wi t hin the
cavity. 1S 10776 (part 1) (1984).
Commonly used couplers for the
el ectroacoustic measurenments are
the HA1 and HA2 couplers. HAl is
used for t he el ectroacoustic
characteristic measur ement of

hearing aids with earnolds and HA2
wi t hout ear nol ds.



System cal i bration In order to obtain an accurate
measurement of the hearing aid in
the test box, the output of the
measur enment system  should be
adjusted so that the system gives
the sane reading as that of the
output level of the calibrator.

Slide 5: M crophone There are mainly two m crophones in
( REPEATED) the test space. One m cr ophone
which nonitors the input SPL at the

Focus on the hearing aid m crophone and anot her
m crophone receives the input fromthe hearing
aid via 2 CC coupler. Wth regard

to t he t est m cr ophone and

reference m crophone t here are
mai nly four met hods for t he
el ectroacoustic neasurenent. These
met hods are substitution method,
conmpari son nmet hod, pressure nethod
and sinulated in situ nethods.

Substitution nethod
This is a nmethod of neasurenent in

which the hearing aid and t he
m crophone enpl oyed to nmeasure the

Slide 7: free field sound pressure are
Substitution nethod placed alternatively at the sane
Conpari son net hod point in the soundfield. | S: 10776
Pressure net hod (part 1) (1984).

Sinmulated in situ
nmet hod Conpari son net hod

This is a method of measurenent in
which the hearing aid and t he
m crophone enployed to neasure a
free field sound pressure are
pl aced si mul t aneously at t wo
different points symetrical wth
respect to the axis in the sound
field. I'S: 10776 (Part 1) (1984).

Pressure met hod

This is a nethod of neasurenment in
which the input sound pressure
level is controlled close to the
sound entrance opening of t he
heari ng aid by a pressure
Calibrated controlling microphone,

thus substantially eliminating the
diffraction effects from the hearing
aid.1S:10776(Partl) (1984).



Block 6 & 7 of Slide 1:
Loudspeaker and
conpression anplifier

( REPEATED)

Block 9 of Slide 1:
Anal yser ( REPEATED)

Bl ock 10 of Slide 1:
Recorder/ Di spl ay
( REPEATED)
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Sinmulated in situ nethod

This is a nethod of neasurenent in
which the hearing aid 1is nounted
upon an artificial head and torso
in order to sinulate the acoustical
effects of an average adult wearer
| S. -10776 (Part 1) (1984).

The electrical signal from the
oscillator drives the | oudspeaker
in the test box to produce an
acoustic signal. The regul ating
m crophone system neasures the SPL
in the test space and if t he
oscillator conpressor is activated,
a constant input I ntensity S
mai ntai ned irrespective of t he
frequency changes.

It anal yses the output of the
hearing aid in terns of the sound
pressure level (SPL) at different
freuenci es.

The results of the analysis can be
di spl ayed on a video nonitor and/or
can be recorded.
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CHAPTER 2
ELECTROACQUSTI C CHARACTERI STI CS

The changes seen in a hearing aid as the sound is
transduced from acoustic to electric to acoustic energy are
known as electroacoustic characteristics. The  various
el ectroacoustic characteristics discussed here are t he
saturation sound pressure level 90 (SSPL 90). Full-on gain,
reference test gain, frequency response, frequency range,
harmoni ¢ distortion, equivalent input noise, induction coi
sensitivity and current drain. Coming to each of the

parameters one by one.

Slide 8: Saturation Saturation sound pressure |level 90
sound pressure is the maxinmm of sound pressure
| evel 90 |l evel, a hearing aid can produce

regardl ess of t he gain and

intensity of the input signal. Wen
there is an increase in the input
signal, the output also increases
l[inearly upto a point. Beyond this
particular |evel of the input, the
out put remains the same. Usually in
nost of the hearing aids at an
input level of 90 dB SPL saturation
occurs. This output is known as
SSPL 90 curve.

Slide 9: Full-on gain Gain of the hearing aid is the SPL
di fference between the input and
the output I|evel of the signal. For
eg. If the input is 50 dB and
output is 80 dB, then the acoustic
gain is 30 dB. The gain neasured
with the hearing aid at full on
position is called the full-on
gain. For linear hearing aids, the
[evel of the input is 60 dB but for
AGC it is 50 dB.

Slide 10: Reference Ref erence test gain setting S
test gain established using an input sound

pressure level of 60 dB. Here the

gain control is adjusted such that



Slide 11:

Slide 12:

Frequency
response and
frequency
range

Har noni ¢
di stortion
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the average of 1 kHz, 1.6 kHz and
2.5 kHz gain value is equal to (HFA
SSPL 90-60 dB-17 dB) + 1 dB. The
reference test gain position gives
a nore realistic approxi mation of a
probabl e use setting. The rationale
behind this neasurenent is that the
average sound pressure level is
60-65 dB. But there are peaks in
these curves. The peaks in speech
will be 17 dB above the average
sound pressure | evel (ANSI ) .
According to Indian Standards (I19)
it is 15 dB.

The sound pressure |level devel oped
at different frequencies in the
acoustic coupler by the hearing aid
for a constant input level, is
expressed as a function of
frequency and the output intensity.
There can be a series of curves for
a nunber of input |levels. These

curves reflect the I nput / out put
characteristics of the hearing aid.
Thi s i's t he basi c frequency

response. A famly of curves can be
got by changing the input |[evel.
This famly of curves represent the
conprehensive frequency response.
From the basic frequency response
curve, find out the average |evel
of 1 kHz, 1.6 kHz and 2.5 kHz. Mark
this value on the Y-axis. Then
subtract 20 dB fromthis and nmark
anot her point on the Y-axis. From
this point, drawa line parallel to
the X-axis. This line intersects
t he basic frequency response at two
poi nts. The frequency point tow ads
the left of 1 kHz is the Ilow
frequency cutoff and towards the
right is the high frequency cut off
of the frequency range of t he
heari ng aid.

Wen the output 1is not an exact
replica of the input, the signal is
said to be distorted.

/
' /P‘2?+P§+...
Total harnonic = / RSC BN Sttt
di stortion /P4 p§ + ...



Slide 13:
| nt er nodul ati on
di stortion

Slide 14: Equival ent
i nput noi se
[ evel

Slide 15: | nduction
coi |

Slide 16: Current drain
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wher e,
P1 - Sound pressure of fo
P2, P3 - Sound pressure of harnonics

Thi s harnonic distortion occurs due
to the presence of harnonics along
with the fo in the output for a
particular input frequency. It can
be expressed in dB or in %

If nmore than one frequency is given
as input, the output wll have
additions and subtractions of these
frequencies given. This is also
expressed in deci bel s, or in
per cent ages. | nt er nodul ati on
di fference frequency di stortion
arises due to the non-linearity 1in
t he hearing aid.

It is the nagnitude of the interna
noi se generated by the hearing aid
even when there is no input given
to the hearing aid. Equi val ent
i nput noise is neasured to see if
the internal noise affects t he
out put when there is an input.
The hearing aid is placed in a
1 kHz alternating nagnetic field
with a field strength of 10 mA/m
after putting the hearing aid in
"T" position and volune control to
full on.

The current drawn by the hearing
aid from a cell is the current
drain. The magnitude of current
drai n depends on the category of
the hearing aid. A strong category
hearing aid draws nore current and
a mld category hearing aid draws
| ess current. Thus the life of the
battery is lesser with a strong
ca&egory aid than a mld hearing
ai d.



Slide17: Condensed outline of tests on electroacoustlccharacteristics

Characteristic Input SPL Frequency Gain control Presentation Tolerance
(dB) re20uP, (H2) setting requirements
SSEL90 (saturation) 9 200-8000 Full on Curve Basic test equipment
tolerance
Maxi mum SSP90 e Any frequency Full on Number (dB) Mfr. to state max. value
between for model
200 & 8000
Average SSPL90 9% 1000,1600,2500 Full on Number (dB) +4dB
(3 freg. average)
Average full-on gain 60 or 50 1000,1600,2500 Full on Number (dB) +5dB
(state which) (3 freq. average)
50 for AGC
Reference test gain 60 1000,1600,2500 Set gain control back to give output 17 +1 dB
control  position SPL 17 dB less than average SSFL90,
or full on for low gain aids
Frequency response 60 (linear) 200, 5000 or to Reference test Curve Low band + 4 dB
50 (AGC) 20 dB below position High band +_6 dB
3 freg. avg.
Total harmonic 70 500,800,1600 Reference test Number (%) Mfr. to stage max. value

distortion

position

for model

_-V'I: -



Slide 17 (Coatd.)

Characteristic Input SPL Frequency Gan control Presentation Tolerance
(dB) re20uP (H2) setting reguirements
3
Equivalent input 65 1000,1600,2500  Reference test Number(dB~  Mfr. to stage max. value
noise level, L. (avg. to get L) position Ln = Lp(Lav60) for model
Telephone pickup 10mAmrms 1000 Full on Number (dB) Within £6 dB of mfr's
(induction coil) magnetic field specified value
Battery current 65 1000 Reference test Number(dB) Not to exceed mfr's
Input-output curves 50 to 90 2000 - Full on Curve specified maximum for
(AGConly) input-abscissa themodel
output-ordinate
Attack and release Abrupt 2000 Full on Numbers Qg To be within + 5 msec, or
times (AGC only) 55 to 80 + 5% of values specified
80 to 55

by mifr.

*

Reference test gain control positiori for AGC aids is full an.

**

\
L2, is the noise reading in the coupler with the input signal.

_9'[ -
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CHAPTER 3

VARI ABLES AFFECTI NG ELECTROACQUSTI C CHARACTERI STI CS

Slide 18:
Slide 19:
Slide 20:

Slide 21:

Slide 22:

Test
envi r onment

Loudspeaker
azi nuth and
di st ance

Ear nol d
nmodi fication

Sti mul us
(type and
| evel)

Di stortion

MEASUREMENTS

An Audi ol ogi st should have an
i nsi ght about where to make the
measurenent. A roomw th |ow noise
level and few reflective surfaces
w | be an i deal condi ti on.
Hum dity, tenperature and pressure
shoul d be wthin the speci fied
range.

The exact location of the |oud-
speaker relative to the hearing aid
I s anot her vari abl e. Most  of the
manuf acturers recommend 0° or 45°
azimuth. The effects of head
diffraction and body baffle changes
as the signal source noves from O0°
to 90°. But the changes in electro-
acoustic neasurenents due to |oud-
speaker azinmuth are restricted to
frequenci es above 2 kHz.

Earnold acts on t he del i ver ed
output of the hearing aid receiver.
The changes in el ectroacoustic
characteristics depending upon the
earnold configuration is shown in
t he slide.

Stimulus can be sweep frequency
pure tones, warble tones, clicks,
wi de band noi se, narrow band noise
or speech noise. Mst of the wunits
can deliver signal s from the
| oudspeaker over a 50-90 dB sound
pressure |level range. Signal |evel
depends on t he pur pose of
measur enent .

If a high input sound pressure
level is given, then distortion
occurs. Noise in the hearing aid
along wth t he ot her factors
contribute to distortion if it is
nore than the specified [imt.



Slide 23: Body baffle
and head
diffraction

Slide 24: Battery life

Slide 25: Real ear to
coupl er
di fference
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Wen a hearing aid is worn on the
body its response gets changed by
t he body cl ot hi ng and head
diffraction (reflection and
absorption of sounds).

Wien a battery is newy put there
is an overshooting effect (the
input will be nore)

Batery capacity
Battery life =

Battery current drain

| f you consider this ratio, it is
seen that based on the requirenent
the battery life changes. As the
out put of t he heari ng aid
i ncreases, the battery drain also
increases. As the age of t he
battery increases, t he battery
capacity reduces. This affects the
hearing aid performance or t he
out put .

Anot her inportant variable which
has to be Kkept in mnd is the rea
ear to coupler difference. Even-
though it also contains a vol une of
2 cm there is a difference between
the sound pressure level devel oped
in real ears and couplers. This may
be because the acoustic conpliance
is nore in a coupler conpared to
real ear. The figure shows the
di fference bet ween t he sound
pressure |evel developed in the
real ear and Zw sl ocki coupler.
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