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| NTRCDUCTI ON

VWl come to the field of Speech Pathol ogy and Audi ol ogy.
Most sinply, audiology refers to the science of hearing and
the study of the auditory process. The audiologist is
concerned with the devel opnent, anatony, physiology and
pat hol ogy of the auditory system Audiologist deals with the
eval uation of hearing and rehabilitation of heari ng
di sordered person. Wereas, speech pathology, the study and
treatnment of all aspect of functional and organic speech
defects and disorders (Wod k.§ 1971). One who carries out

these functions is known as speech pat hol ogi st.

This field is newy devel oped and rapidly devel oping in
all the areas like clinical, training and research. 1In
clinical work, to arrive at diagnosis one has to use 2 types
of testing nmethods. (1) Subjective and (2) (bjective. Speech
pat hol ogi st and audiologist have relied heavily al nost
exclusively on their trained ears for judgenments. Based upon
careful listening, clinicians often would mnake inferences.
But auditory processing often does not |eave the Iistener
with a conscious awareness of the acoustic details that have
conbined to generate a given perception. W nmay not know what
actually giving rise to these conditions. EX. Per cei ved
hypernasality may be the result of abnormal velar timng,

rat her than inadequate vel opharyngeal cl osure.



bj ective test excludes subjective factors. Cbservation
and neasurenment nmade by objective method has significant
advant age over unai ded perceptual judgenent. The advantages
are:

1) Increased precision of diagnosis wth nore valid
speci fication of abnor mal function t hat require
nodi fication.

2) More positive identification and docunentation of
therapeutic efficacy both for short term assessnent and
| ong term nonitoring.

3) Expansion of options for therapy nodalities. Most
nmeasur ement techniques offer a nmeans of denobnstrating to
the patient exactly what is wong and they can usually
provi de feedback on the degree of his success in nodifying

the fault.

Nowadays, speech and hearing centres are equipped with
sophi sticated and highly versatile indigenous and inported
i nstrunents. Such as clinical audi onet er, i mpedance
audi onet er, brai n-stem evoked response audlonmetry for
audi ol ogi cal evaluation and instrunents such as spectrograph,
vlsipitch, PM pitch analyzer, hi gh frequency resolution
anal yzer, expirograph, vocal-I1, electroglottography for the
pur pose of diagnosis and treatnent to individuals having

speech di sorder.

In all the newly developing centres for speech and

hearing, apart fromconduction indepth training prograns, a



conprehensive diagnostic and therapeutic services to the
speech and hearing handi capped are being provided. Wth the
professionals of an inter-disciplinary team consisting of
speech pathol ogi sts, audiol ogi sts, psychol ogists, ear nose
and throat specialists, paediatrician, neurologist etc. Apart
from these training centres, there are various speech and
hearing centres as a separate unit or as a part of ENT
department in various nedical college and hospitals, where
facilities are provided to speech and hearing inpaired
i ndi vidual . Many private centres are also comng up. For the
services in rural areas - nany speech and hearing centres are
seen in district rehabilitation centre (DRC), and regional
rehabilitation training centre. So, there is increased
awareness in different profession and |ayman, give rise to

nore and nore speech and hearing centres in India.

According to Ashish Kumar Purwar (1981) done survey and
found that 37.8% (N=42) of the total nunber of hospitals nade
speech and hearing services available. Qut of 42 hospitals,
36 were located in teaching and only 6 in non-teaching
hospi tal s. Speech and hearing services were found nore in
nunber in the state government hospitals (52.4% N=22) next
in order were private hospitals, central governnent and

Quasi - gover nment hospi tal s.

Many professions requires help of speech and hearing

profession for their di agnosi s and further treatnent



procedure. Like an otologist need to have preoperative
audi ol ogi cal evaluation to know whether the patient can
undergo operation and postoperative evaluation to find out is
there any inprovenent after operation. CQiteria of cure for
otitis nedia is the return of hearing to nornal level and it

can only be known by audi ol ogi cal eval uati on.

Many screening prograns are done in schools, rural areas
to know whether the people have any problens concerned to
speech and hearing. To do this, one requires different types

of equi prent.

There are nmany places where, no speech and hearing
centre is present and now one wants to establish speech and
hearing centre. Those people do not have nuch of experience
regardi ng what, how and where to buy the equi pnent to set up
speech and hearing centre. So, there is a need of such
handout to help such people for the purchase of diagnostic
and rehabilitative equipnent for the purpose of objective
eval uation and diagnosis and treatnment for those with speech
and hearing Inpaired. And the research oriented centre needs

nore sophi sticated equi pnents.

This  project serves as a guideline for t he
admnistrator. The admnistrator nmay be of other profession
or a layman. Ashish Kunmar Parwar (1981) 65.7% of speech
pat hol ogi sts and audi ol ogi sts were involved in admnistrative

work. 60%in evaluation and further referrals. 45. 7% pl anni ng



and ordering for purchases of equipnment. 20% in preparation
of budge. They may not know what to buy and what not to buy.
They may not know what are the fornalities to be done in a
newly setup centre. One may not know the procedure of

procuring the equipnent.

This project serves as a guideline and gives infornation

regarding :

1) The Inportances of instruments in speech and hearing
centre.

2) What to buy? and what not to buy?

3) What information one should have prior to purchase of an
I nstrument ?

4) How to buy (procedure of buying the equipnment both
i ndi genous and inported one).

5) @uideline for the purchase of equipnent.

6) What accessories should be bought along with instrunent?

7) Wiere to buy the equi pment?

8) What is the estimated cost of the equipnent?



H STORY OF THE SPEECH AND HEARI NG | NSTRUMVENTS:

HOWN TI ME HAS MOVED FROM PAST TO PRESENT | N SPEECH AND HEARI NG

In the famly of science, audiology and speech pat hol ogy
are young. In India born about two and hal f decades ago. As
the infant grows up you can find lots of changes in hiniher
sameway, lots of changes from old to nodern can be seen in
this field. A nost every one is aware of the technol ogi ca
revolution of the last 2 or 3 decades. It has changed our
honmes, our ways of conducting business, our preferred
recreations. It has revol utionized research |aboratories and
advanced nedi cal practice inquantum | eaps. The devel opnment of
technol ogy has also had its effect on our ability to observe
speech and hearing behavior. Early clinicians and researchers
commonly had to spend hours obtaining data about speech and
hearing system function and their primtive (by today's
standards) instruments were often incapable of giving thema
clear picture of the variable being evaluated. |In nmany
instances this is no longer the case. Instrunentation today
tends to be nore reliable, nore valid, nuch easier to use,

| ess esoteric and nore readily avail abl e.

In the 1920s it took several hours of work to produce a
record of fundanental frequency characteristics of just a few
seconds speech. The process involved is generating a record
of the "speech waveform on noving film developing the film
projecting it and neasuring the wavelengths by hand,

tabulating the results and deriving the sumrary means, wave



to wave variations and other neasures of interest. Today,
with several instrunent, neasuring fundanmental frequency and
obtaining a record of its changes during speech production

can be done while the patient is speaking.

In audiology various tests has been devel oped ranging
from the crude watch-tick and coin-click tests to the
extensive quantitative measurenents nade possible by the
devel opnment  of  puretone, speech audi oneters. | npedance
audi onetry, BSERA etc. Between these extrenes fall such tine-
honored tests as the spoken - and whispered - voice test and
the various tuning fork tests. The developnent of the
audi oneter, like many other scientific advancenents, cannot
be wholly attributed to any one man of genius. It has been
said that inventions seens to invent thenselves when the
culture is ripe for them and the audioneter and other
instruments are not exceptions. It could only have been
devel oped when all the pieces of an acoustic and electronic
jig-saw puzzle fell together at a point of tine when nedical

needs denanded such as instrunents.



| NFORVATI ON PRI OR TO PROCURE AN | NSTRUMENT

The task of buying an equipnment or for that matter any
speech and hearing equipnent often evokes apprehension and
sonmetinmes anxiety in prospective purchasers. |In npbst cases,
the buyer has to live with the instrunents chosen for many
years, and no one wants to be responsible for a poor choice,
but in a new set up the buyer has to make purchase decision
taking into consideration a nunber of factors.

A good purchase is a result of pl anning and
mul ti di mensi onal busi ness  deci si on. The four cirtical
el ements that should be included in purchase decision making
are:

1) Technol ogy: This defines the testing capabilities,
applications and |ife expectancy of the equi pnent.

2) Capital budgeting: Equipnent purchases are an investnent
and the conom c consequences of investing in the equipnment
must be closely eval uated.

3) Conpetitive advantage: Equipnment purchase can provide the
hearing health professionals with significant conpetitive
advant ages. Equi pment can reinforce or help build a
professional or high technical imge. A client gets
i nporessed by the use of conputers and conputer based test
equi pnent, video nonitor that displays test results and
conputer print outs of test neasurement allow the client
to beconme nore involved in their own health care and

facilitate custonmer educati on.



4) Resource Requirenent: The acquisition of new equipnent
often had unexpected costs, tinme, fund change. These costs
nmay be associated with the installation or actual use of

the equi pnent. One should plan for these costs.

The person asking for equipnent should have an up-to-
date know edge in that field. As the person asking |nstrunment
in thi3 field should have know edge about audiology and
speech pathology one nmust know where do you get the
instrument. Wether it is indigenous or inported . This can
be done by going through the advertisenents in the [eading
magazi nes, journals of this field. Usually the new equi pnent
that is put into the nmarket will be advertised in such a
manner that the person purchasing the instrunent should wite
to the concerned firm and asks for nore detail of that
equi pnent called as catalogs or nmanual of the equi pnent.
Best tine to get information regardi ng new new equi pnent or

products is in the beginning of the year i.e., January.

Before buying any instrument one nust know about the
cost of that instrunent. So, one nust collect invoice of that
instrument. Such information is collected before requisition
for budget is nade. One should get information regarding the
technical details of that instrunent. Whet her , we can
calibrate if or not. If not, where we have to send it for
calibration. Details about the accessories required with the

I nstrument. How often w have change it. Estinated cost of the
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accessories is also collected. One should know about the
procedure of buying the equipnent both indigenous and

i nported one.

It is wse not to risk buying an equipnent from
manuf acturers who are new coners in the field as one never
knows if they will survive. Select well established conpanies
and priority may be given to those from whom sone other
equipnent is already purchased and in working to ones

sati sfaction.

It is often advantagenous to try to define the |ongterm
goals of the facility. If expansions of a facility's service
Is a serious possibility, equipnment to be purchased should
have broad enough capabilities to neet further needs and to
be able to interface effectively with any future purchases. A
close examnation of a facility wll help identify its
strengths and weaknesses and enable planning for future
growth. It is inportant to define needs, goals, patient
popul ation, physical plan and staff capabilities before hand,
to avoid costly mstakes that can result from hasty

deci si ons.

Preferably obtain information about a particular piece
of equi pnent which you wish to buy from other professionals
who have worked on it and learn about their experiences
regarding reliability of generated data, ease of use, service

history, availability of inservice and support fromthe
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manuf acturer and/or special instrunent distributor who sold
it. One place to start such an inqury is wth forner
I nstructors, enpl oyers or classmates. These are often
individuals who wll provide a candid assessnment of their
experi ences. However, one should not permt a single
assessnent to guide a purchase, an individual nmay have had a
bad experience with a piece of equipnent, that generally, has
a good track record. Seek out nore than one opinion to avoid

getting biased.

Shop around: After speaking to a variety of instrunent users,
it may be advisable to see the various pieces of equipnent.
e nay get an opportunity to handl e these equi pnents during
exhibits in conferences, semnars etc. This not only gives a
first hand opportunity to watch the working of the equipnent,
it also enables one to obtain necessary literature and

technical specifications for |ater study.

After making a check list and arriving at a tentative
decision regarding the purchase of the equipnent in
consultation with other professionals, the next step would be
to contact the special instrunent distributors (SID).
Besides the manufacturer, the role of the SID is equally
I mportant in decision nmaking process . It therefore becones
essential to choose a SID whose reputation and work is well
known and respected. The manufacturers provide information on

who distributes the specific instrunent of interest.
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Functions/Rol e of SID:

1) The SID not only sells instrunents but also installs and
usual |y warrantes the equipnment for the manufacturer.

2) They tend to repairs of equipnent when necessary. As nost
of the ERA equipnments are purchased from foreign countries,
it is not feasible to ship themto the nmanufacturers in case
of repair. It is here that the SID cones to the rescue.

3) The SIDs provide ongoing support during the tine of first
working with the new instrunent.

4) The SID generally goes through the needs |ist prepared by
the prospective buyers and suggests the specific piece of
equi pment best suited to neet the individual requirenent.

5) Besides technical specifications the SID also keeps the
custoners budget in mnd. |If there is a fixed anount to
spend, certain prices of equi pnment nmay be outside the budget.
In short, a SID and specifically, the instrunmentation
consultants should be able to help define, refine and target
the equipnment needs. They should advice on financing the

equi pnent and arrange for its installation and inservice.

BUYI NG A USED EQUI PVENT
Wien considering the purchase of used equipnent, the
foll owi ng questions should be asked:

- |Is the product still is production?

Can you get parts for it? _
Was 1t manufactured by a reputable supplier?
| s the manufacturer still around?

Does Vour | ocal SID service that product?
How ol d is the equipnent?
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Exam ne the service record, consider why this equi pnent
was traded in? why is it being sol d?

e of the nmain advantages of purchasing used equi prent
Is the cost factor. |f used equi pnent is purchased through a
local SID, there are chances of the equipnent being
reconditioned and depending on the condition wll carry a
limted warranty. |If the equipnment is to be purchased froma
private party, it is recomended that the product be shi pped
to a reputable dealer/distributor for evaluation. Wthout an
el ectroni cs background, thorough exam nation of a product to
determne if it is in good condition or not is difficult.
Normally, a distributor will evaluate used equipnent for a

nom nal fee.

Even if the piece of equipnent that is running snoothly
I's purchase, consideration should be given to who can be

call ed when service is required.

The effective life of used equipnent is less. As a
buyer, determnation nust be nade as to whether the |oss of

those yars will be worth the savings in |ost.
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HOW TO BOY OR PROCEDURE OF BUYI HG AN | NSTRUVENT
Before buying any equipnment one nust have detailed
information regarding that instrument as nmentioned in
previ ous chapter. Such information is collected before making
budget . In sonme of the institutes the budget proposals are

made annually or quarterly.

The person should be ready with the list of instrunents
with he/she wants to buy in that departnment. The need of the
departnent or institute depends upon the type of function
carried out in that institute. It can vary fromclinical
training to research need. The equi pnent asked for should be
suitable to meet all these needs. For ex: In the clinical
setup one requires instrunent both for assessnment and
treatnment. As in audiology the professional needs audi oneters
suitable for the diagnosis and in speech pathology needs
speech trainer for training. If <clinical, training and
research all the functions are carried out in the institute
one need nore sophisticated equipnent. This again depends
upon area of research or current interest that develops in
that departnent. The equipnent is listed on priority of use.
VWhat should bring first and what should bring next. Urgent
needed instrunment are listed first in the list. Once the I|ist
is prepared, followng type of detailed information regarding

the instrunment is made;

1) Nane of the instrunent as given by the conpany.

2) Estimated cost of the instrunent.
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3) Accessories that mght be required along with this
i nstrunment.

4) Accessories that may have to be replaced frequently once
the instrument put into the use.

5) Justification of the use or need of that instrunent in
t hat departnent.

6) Invoice should be collected before requisition is made to
the higher authorities for the acquisition of that

i nstrument.

| nvoi ces are supplied by manufacture or conpany wth
gives the cost of the instrument and accessories including
sales tax and mail charges depending upon the type of
delivery nmode of this equipment. The cost nmentioned in the
invoice is only an estimated, need not be sanme as the
equi pment is actually delivered in the institute. This is
because there may be variation in the price of that equi pnent
over the time and hence, if there is gap between the period
of asking for equipnent and finally receiving the equipnent

there may be sone price differences.

As the next step the equipment list is referred to the
commttee concerned which either approve it or rejects it
dependi ng upon the sanctioned budget from the mnistry or
sanctioning authority. Also, the conmttee approves only
equi pnent which are needed wurgently depending upon the

budget .
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Quotation: |If the equipnent is approved quotation are
called from the firm with nmnufacture that particular

equi prrent .

Quotation can be <called for non proprietory equipnent
(redimate), not for proprietry one. For proprietory
equi pmrent. One has to nake one proforma regarding what
actually you wants and send it to the concerned conpany.
Conpany w Il send invoice and catalogs regarding that

equiprment. If it is approvedthen buy it.

Quotation need not be called for proprietory equipnents
(i.e., not ready nmade). If the equipnment is manufactured by
only one conpany, then one need not call for quotation, one
can directly buy it. If the same equi pnent is nmanufactured by
3 or 4 conpanies with slight difference in quality quotations
have to be called. A specific date will be given in the
advertisenent for quotation or directly informed to the firm
concerned and the firm wll have to send invoices and
detailed information to the institute before the last date
given in quotation. The information will be sent in a scaled

cover.

pening of the Quotation: Once the last date for receiving
guotation expires, the office persenate of the institute
opens the quotation i.e, scaled cover of quotation in the
presence of people from the respective conpany and head of

the institute. This is done to avoid cheating in the process.
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The lowest quoted figure or cost of the equipnment given by
the firmis accepted and the equipnent is ordered fromthis
particular firm |In a government setup there are fornalities
to be perforned. In the official procedure it is required
that at least 3 quotations be called for a purchase of an
equi pnent . Sonetines high cost equipnent also can be
purchased depending wupon quality. The reason has to be

menti oned why |ow cost equi pnment is not purchased.

Spot Quotation: Sonme tinme one cannot call quotation due to
energency, urgent need of instrunent. One has to buy the

instrument directly fromthe firmwth out quotation.

Paynment: As the equipnent is delivered fromthe nmanufacturing
conpany, paynent is done either through bank or paying
directly fromthe organization to the manufacturing conpany.
Wsually in CGovernment setup 90% of equipnent cost is paid
soon after the delivery of the equipnent and 10% paid |ater
after assessing the performance of the equipnent over a
period of tine. This is a precautionary neasures taken by the
organization to see if the equipnent is right wthin the
guarantee period promsed by conpany. Al ong wth equi prment
accessories are also purchased and sonetine extra nunber of
accessories are purchased in order to avoid delays that m ght
occur if the equipnent goes out of order and there is delay
in purchasing the accessories. Wen the equipnent 1is

delivered through the organization the technical person who
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requested for this equipnment approve the bill and equi pnent

only after checking the functions of equi pment thoroughly.

This checkup is sonetine done by electronic engineer. In
this period the manual supplied the conpany is referred to
nmake thorough checkup. The paynment is done only after this

approval is given by the technician.

Purchase of the equipnment can be done with in the
country or outside the country.
1) Indigenous equi pnent - above all the steps can be followed
for the purchase of indigenous equi pnent.
2) Non-1ndigenous equipnent - for the inport of equipnent
sone additional step have to be followed along wth steps
followed in the purchase of indigenous equipnent. Before
purchase of equipnent from foreign manufacturers one has to
get NOC (No objection Certificate) from DGID (Drecting
General of Technical Devel opnent) and NM C (Not nanuf act ured
in India Certificate) has to be taken from departnent of
conmmer ce. This is a directory this keep information about
all the nmanufacture conpanies in India regarding all the
techni cal equipnents that there conpanies nanufacture. The
DGID sees that the requisition nmade by the Institute is for
an equipnent which is not really available with in the
country and only then if gives approval. Another approval,
OCCP (custom clearance certificate) is obtained from CCE&

(Chief Controller of Export and Inport). This is done to nmake
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way for equipnent wthout any problem at the custom (Ex:
Al SH has issued a pass book for inports of equipnment (from

Address. No. 40).

This pass book wll be wvalid for particular tine
I nterval, then we have to issue fresh one. Werever we need
to buy any equipnent we have to wite in this pass book a
brief description of itemto be inported, OF value in Rupees
and whether consumable or other itens. This pass books is

given only to Covernnent Institute not in private one.
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QU DE LINE FCR THE PURCHASE OF ACCESSCRI ES

Accessories are sonething subordinate or additional but
contributing to the principal cause of producing general
result. For exanple ear nmold is an accessory of the hearing
ai d. Each instrunent have some accessories. St andard
accessories are those which are conpul sory, where as optional
accessories are those which depends upon once needs. It is
not conpul sory to have these optional accessories.

Purchase of accessories are as inportant as purchase of

i nstrument foll ow ng poi nts shoul d be t aken into

consi deration while purchasing the accessories.

1) While purchasing the instrument are should check whether
the instrument has accessories or not. If it has then
whether it is standard or optional one.

2) If the accessories are indigenously available, then it is
better to purchase indigenously than inporting it because
it is cost efficient.

3) One should find out how often the accessories are needed
to be replaced for a particular instrunent. If it has to
be replaced frequently, then one should have stock of such
accessories so one need not wait till it comes fromthe
conpany. OmMng to frequent hike in price one may purchase
t hese accessories in bulk.

4) \While purchasing it, one should see whether it is
according to the standard specified.

5) Better to get the accessories along with equipnent it self

and from the sane manufacture.
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DI AGNGCSTI C | NSTRUMVENTS
AUDI OVETER

Def : f87éﬁstrunent for the Measurenent of hearing acuity (IS:

Audi oneter can be divided into two types:
1) Manual Audioneter: A pure tone audioneter in which the
signal presentations, frequency and hearing |evel selection
and recording of the results are perforned manually (IS
1979). This is nost often used audi oneter for the screening,

di agnostic and clinical purpose.

2) Automatic recording audionmeter: A pure tone audioneter in
whi ch  signal presentations, hearing |evel variation,
frequency selection or (for Bekesy type) frequency variation
and recording of subj ect responses are inplenented
automatically (1S 1979).

The purchase of audioneter not only depends upon the
budget but it also depends upon the setup.

If it is a paediatric setup, one may give inportance to
the BOA (Behavioral Observation Audioneter). Therefore only
screening may becone inportant. Test battery contains reflex
i nhi bition audi onetry, visual reinforcenent audionetry (VRA),

peep show audi onetry, TROCA etc.

In an otological setting, one nmay need to know the type
and degree of hearing loss, whether it is conductive, SN
Cochl ear/ Ret rocochl ear. For that one needs to have a

di agnostic audi oneter with speech audi oneter and sone of the
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special test facilities like TDT, STAT, ABLB, M.B, SISl etc.

Immttance audionetry nmay al so be required.

In a neur ol ogi cal set up, audi ol ogist work for
evaluating the hearing of the patients wth neurol ogical
synptons as well as to differentially diagnose the case based
on the site of the lesion. For this one may need to have
BSERA, immttance audionetry along wth a diagnostic

audi onet er .

In an industrial setup, di agnostic audioneter is
sufficient, but chances of pseudohypacusis cases are nore in
I ndustrial area when conpared to other areas. So, one should
have facilities for the tests of pseudohypacysis in the

audi oneter |ike stenger, DAF etc.

In a research oriented setup, one nmay require nore
sophi sticated instrunments |ike clinical audioneter having all
nost all the facilities for testing. For ex: Anplaid 455,
Madsen OB822, GSI-10 etc. (ne may al so have a dual channel FM
tape recorder as an accessory to the audioneter for
presenting stinmulus, depending on the need. Gher instrunents
like immttance audioneter (Mdsen 20741), instrunment for
measuring ABR, MLR LLR etc (like N colet).

Al these instrunents have standard specification as
given by different standards like IS, ANSI, 1SO IECetc.
The specification for puretone audioneter by IS Standards is

given in Appendi x- A



PO NTS FOR CONSI DERATI ON

1) If a battery operated audionmeter is purchased, sufficient
funds nust be available to nmeet the recurring expenditure.

2) If you intend to inport the audioneter, it is a time
consumng process. In order to get the custons duty
exenption, you have to get the inport licence, NMC etc
ot herwi se custons duty will be heavy.

3) One can buy anplifiers and | oudspeakers separately for use
w th audioneters that have facilities for free field
testing (Speakers: 5,9, 23,11-16, 30).

Note: To know the addresses of the manufacturers refer to
Appendi x- L.

4) A 2-room situation is required to carryout speech
audi onetry using nmonitored live voice and for free field
testing.

5) Calibration or repair of inported audiometer is difficult.
It has to send to the manufacturer concerned or to the
I ndi an deal er for the manufacturer.

6) Purchasing audioneter for testing older people or drug
i nduced hearing loss patients one needs to have high
frequency range like 6K to 12KHz or one can purchase "Hi gh
frequency audi ometry"”.

7) Autonmatic audionmetry - Ex Bekesy audionetry. Audioneters
that wutilize an oscillator with a range from 100 to
| O OOHz may be used. The tone may be either automatically
pul sed or presented continuously. One should |ook at the
frequency, intensity range, attenuation rate, chart speed,

maski ng noi se etc.
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8) Conputerized audi oneters - A conputer nmay be progranmmed to
control all aspects of admnistering pure tone air and
bone conduction stinuli, speech stinuli, masking, analyse
t he subject's responses in terns of threshol d
determnation criteria, and present the obtained threshold
values in an audiogram format at the conclusion of the
test. The instrunent should be m croprocessor controlled
which allows it to be renotely operated by a conputer.

10) Insert Earphones - A nodern alternative to conventiona
headphones cal |l ed as Tubephones. the pocket-sized covered
by foam material (to fit snugly into ear canal)
el ectronic device is connected to audionmeter just l|ike
typi cal head phones. One can test threshold in noisy area
also, AC masking is needed less frequently and it is
confortable.

11) In the digital system audioneter if display facilities
are avail able one needs to have AC room (It is necessary

for indigenous audi oneters than inported).

12) One should see whether the audioneter has built in
calibrator or not.

13) Sonme of the audioneter have option for the connection to
the conputers. So that one can record results (audi ogram
intoit.

14) For children's testing following facilities are

avai |l abl e:
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Peep-show audionetry - can used along with the audionetry.
One should look at the specifications like digital selection
of frequency, attenuation, light stinulation, frequency, tone
and light stimulation, sound source, (loudspeaker) etc. It

Is avail abl e indi genously.

Vi sual rei nf or cement audi onetry - It uses Vi sua
representation of pictures while testing hearing threshold

It can be <connected directly to the patient response

connector of the audiometer. One should look at the
specifications |ike audionmeter interface, video output,
noni t or type, power suppl vy, operating environnent,

accessories etc. Qher facilities are also available |ike
puppet in the window illumnation test, conditioned oriented
audi onetry (COR) etc.
Infants hearing test unit - available at 5, 49, 108.
Cost of the Audioneter (Indigenous audioneter):

Screening - 4000 to 10, 000

D agnostic - 15,000 to 40, 000

Ainical - 40,000 to 70,000

Technical specifications for the different types of
audi oneters are given in Appendi x-B. Minufacturer 1, 2, 3, 5,
7, 9, 11, 12, 13, 14, 15, 16, 23, 26, 33, 49, 54, 60, 77, 78,
80, 82, 101, 108, 125 and 138.
Cali bration of the Audioneter:

Use of calibrated equipnent is a pre-requisite. for an

accurate audiological evaluation. Failure to calibrate the
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instrument at appropriate intervals may be a major cause of

unreliable test results.

Thr ee par anet ers need calibration in  puretone
audi onetry:
1) Intensity,
i) Frequency, and

iii) Tine.

Summary of the equipnents used for the calibration of

audi oneter are given in Appendi x-C.

The purchase of the equipnments used for the calibration
of audi oneter depends upon (i) type of audioneter - for ex:
Calibration of the screening audioneter requires |ess
instruments than diagnostic or clinical. If one has a
portable audioneter with only AC facilities, then it 1is
better to send it to the manufacturer or place concerned for
the calibration, because it is not economcal to purchase
instrument for the calibration. | nstrument required depends
upon facilities available in the audionmeter as given in
Appendi x-c. Sone of the audi oneters have in built calibrator,
so one need not have any instrunents for calibration. (ii)
Type of earphone and ear cushion - different types of
audi oneters may have different types of earphones |ike TDH
39, TDH 49 etc and different types of ear cushions |ike
ci rcunaur al and supraural. Artificial ear cannot be

connected directly to the all the types of earphones and ear
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cushions. Sone of them have to be connected with the help of
the adapter For ex: QG rcunaural ear cushion needs adapter for

connecting it with the artificial ear.

ARTIFI A AL MASTA D
A device that sinulates the nechanical inpedance of the
human mastoid process. It is used with a SLMin calibrating

the | evel produced by bone vibrator.

Replication of the nechanical inpedance of the hunman
head is difficult with an artificial nastoid. No comercially
avai | abl e mastoid neets the nechani cal inpedance requirenments
of the ANSI (1972) or IEC (1971) standards. However, both
standards are being revised to conform nore closely to an
artificial nmastoid which is available. Wile purchasing the
artificial mastoid one should ook at the specifications I|ike
frequency range, charge and voltage sensitivity to
acceleration and force, adjustable static force, calibration

surface area, inertial mass etc. It costs around 80, 000.

ARTI FI O AL EAR

A device consisting of a 6 c.c. coupler and a m crophone
for the neasurenment of sound |evels produced by an earphone.
The m crophone, coupler, weight and cathode follower may be

purchased col |l ectively as an "artificial ear".

The 6 c.c. coupler was originally chosen because it was

thought that the enclosed volune under an earphone for a
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human ear (Corliss, 1933). But the 6 c.c. coupler doesnot
replicate the inpedance of the human ear, it cannot be

considered a true artificial ear.

| EC uses the IES 318 coupler. But even of this couplers
| npedance characteristics are also not exactly those of the

real hunman ear.

But ANSI standard currently accepts only the NBS 9-A
coupl er (NBS-National Bureau of Standards).

Despite these difficulties the 6 cc coupler has been
accepted as a standard device for measuring acoustic output

fromthe audi oneter through an ear phone.

It is inportant to make sure that the condensor
m crophone fits snugly into the coupler. This is rarely a
problem if conponents are purchased from the 3ane
manuf acturer. Wile purchasing the artificial ear one should
|l ook at the specifications |ike mcrophone (1" or 1/2"),
preanplifier, coupler, mnaxinmum force applied to the top of
acoustic coupler etc. Costs around 80,000. Manufacturers 2,
11,16, 29, 30, 85, 94, 106, 108.

D stortion neter: Used for accurate distortion neasurenent
for frequency. Wile purchasing one should look at the
specifications like range, filter characteristics, accuracy,
distortion introduced, neter indication etc. Mnufacturer -
10, 45, 47.
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QG her instrunents required like mc, SLM OFS, Piston
phone, frequency counter, oscilloscope, AF analyser and GLR

have been discussed in the chapter Noi se Measurenent.

2) Calibration of the |oudspeakers: Should be checked in an
anechoic chanber so that precise frequency response
characteristics can be obtained. |Ideally, sweep frequency
oscillator, condensor mcrophone and G.R are used to check
the frequency response curve of a |oudspeaker. Harnonic
distortion neasurenments can be done with a distortion neter
or other device, as discussed in conjunction wth earphone

cali bration, should be used.

3) Calibration of the automatic audioneter (Bekesy): Begins
w th frequency, intensity, cross-talk and other aspect

descri bed for manual puretone audionetry.

The attenuation rate can be neasured with a stop watch.
To neasure pulsed stimulus duration one can use electronic
counter i.e. frequency counter speed of interruption can be

nmeasures with the help of oscill oscope.

Sone of the above nentioned instruments nmay be purchased
as a single package, as well as by individual conponents, for
ex: one can purchase an "artificial ear" which wll include a
mc, a coupler and a SLM which nmay be used with the
"artificial ear". But other equipnents I|ike oscilloscope,
GLR, frequency counter, AF analyser etc are nore costly and

| ess used one. So it becones difficult for a single person
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to purchase all the equipnents. These equi pnent can be
shared with other audiologist in the area. (Qherw se one can
send the instrument it self for the calibration to the
manuf acturer or place concerned. Sonetine one can call a
representative from the manufacturer or place concerned wth

equi pnent for the calibration.

OTQACOUSTI C EM SSI ON ( QAE)
This is one of the objective noninvasive technique to
screen for hearing loss even before the age of 8 nonths when

the ability to localize sound is used.

QAE is separated into 2 categories

QAE Not at i on Stinmul us used Response
Measur ed
by

1) Spont aneous

em ssi on SQAE None Mc
2) Evoked

em ssi on
a) Transiently

evoked TEQAE d i cks/ +one brust Mc
b) Stinulus

f requency SFQAE Cont i nuous pure tone Mc

c) Distortion _
pr oduct DPQAE 2 continuous pure tones Mc

TEQAE is clinically established one for neonatal
screening. DPQAE has potential of getting threshold of

hearing but still it is in the experinental stage.
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The whole instrument is progranmed in mcroconputer and
a probe is used to stimulate and neasure the response (ear
phone and mc). For this testing one need not get air tight
seal, but sound proof roomis nust. Mst of the QAE neasuring
instruments are in experinental stage.
Manuf act urer: | ndi genously not avail abl e. Commerci al |y

avai | abl e I LO 88 devel oped by G odynamcs |imted.
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| MM TTANCE ACDI OVETRY

Today, there are nore inpedance instrunment nanufacturers
then ever before. |In addition, the inpedance instrunents
availability are quit€ diversified.

Armed with a list of general inpedance instrunent
requi rements, the hearing care professional next should
consi der nmeasur enent (di agnosti c) needs and  out put
(reporting) needs. For exanple: If the majority of a hearing
care professionals referrals is from a |ocal paediatrician
whose primary interest is whether or not fluid is present in
the ME sapce, that person's diagnostic priority may be quite
different (screening) from a hearing care professional whose
referrals conme largely from an otol ogi st seeking detailed
site-of-lesion diagnosis and appropriate treatnent of nore
conpl ex pat hol ogi es.

In evaluating output needs, one nay have to look at a
variety of factors.

- Is a hardcopy printout of test results necessary?

If so, what formate should it take.

Strip chart or 8 1/2"x 11" standard paper?

WIIl it be desirable to save the data to conputer?

WIIl it be useful to integrate inpedance findings wth

other test results in a conbined reports?

WIIl it be necessary to review and anal yzer the data in

ways other than it was obtained and recorded after the

patient left?
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The inportant step is to learn about the technol ogy
used in inpedance instrunents because all | npedance
i nstrunment have sonme common capabilities. For ex: inorder to
perform tynpananetry all inpedance instrunents have the
ability to change air pressure. How they do this can be

I nportant.

Wien sel ecting an inpedance instrunent, it is beneficial
to organize the information, so a purchase selection can be
made easily. Wth in the category of inpedance testing, the
instruments can be divided into categories according to the
mar ket segnents they service:

A) Screening instrunments
B) Ginical instrunents

C) Research instrunents for advanced research applications.

A) Screening inpedance instrunent:

The primary goal of screening tynpanonetry is to provide
early identification of ME conditions that nay be provided as
a result of identification.

- Screening inpedance instruments incorporate the basic
function of tynpanonetry often with pass/fail approach of the
testing.

- Some screening inpedance instrunent also include the
capability to test acoustic reflex responses normally,
occuring wth in 85 to 95dBHL.

- Certain immttance screening devices also include

screening audi onetry capabilities. Ex GSI 28A
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- Some screening instrunents have display but sone may not
have di splay of the tynpanogramat all (Ex. GSI37). They nmay
be manually operated. The neasuring instrunent nust be
sensitive and artifact free enough to reliably detect the

response.

B) CLIN CAL | MPEDANCE | NSTRUMENTS

dinicalk mddle ear analysis is conplete, highly
accurate and sophisticated mddle ear analysis may be
performed with clinical instrunents today. Wile they often
contain screening like capabilities (since it is a subset of
their total capability), their enphasis is upon full
mani pulation of the test configuration, nore types of
testing, nore thorough testings and nuch nore flexibility
wth the display and manipulation of the data after it is
acquired. Wthin the category of clinical instrunents, a
further division can be nade into instrunents that are anal og

and instrunents that are conputerized or digital.

1) Anal og | npedance Instrunents - are those that do not store
the data as it is recorded. They record the wave formresults
in real time on paper. The recorder tradionally used has
been a plotter. These instrunments are sinple to use and
understand and give a straight forward approach to testing.
Ex: Virtual nodel 201.

2) Conputerized |npedance instrunments - can be separated into

2 categories;
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a) Those wth a conputer designed into them (Conputer
Integrated), and
b) Those which use an external conputer to control the

testing (stand al one conputers).

| npedance instrunents in both of these categories can
offer high flexibility of neasurenent paraneters, extensive
data manipulation and formatting and at the sane tine short
test procedures. Measurenents are made under the direction of
the conmputer in chip formor stand-al one wave forns and ot her
measured values are digitized and shown on a display, rather
than being recorded in real tine on paper. By doing this,
nore data can be recorded and then selective parts of it can
be printed for a hard copy record. After acquiring the data
and storing it in the conputer nenory, the data can be
mani pul ated, which perhaps is one of the nost powerful

features of the conputer-based instrunent.

A clinical mddle ear analyzer, should contain all of
the capabilities necessary for performng a standard m ddl e
ear test battery. CGenerally test capabilities of clinical

i npedance instrunents include:

Di agnostic tynpanonetry

- Reflex threshold

- Refl ex Decay

- Eustachian tube function for intact and perforated eardrum

- Screening tynpanoraetry and reflex for fast mddle ear
analysis of difficult to test patients.
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Testing nmay be performed (a) Automatically - or (b)
manual |y whereby the operator has full control of the test
situation. Some inpedance instrunments nay be operated only
manual ly for ex: Anmplaid 720, Midson ZS331 and sone nay be
operated automatically for ex: Madsen ZS331, GSI 28A Auto
Tynp. 770 and sonme nay be able to operate both automatically

and manual ly. For ex: GSI-33 ME anal yzer, Massen ZS77MB

CONTENT AND REQUI REMENTS FCR TYMPANOMETRY

The basic equipnment wused in a mnmanually operated
tynpanonetry consists of an electro-acoustic bridge, a head
set with earphone and probe unit, and a graphic recorder or
bal ance neter for manual recording, variable electronic
manonet er .
i) Probe tone frequency:

It has been observed that nost of the inpedance
audi oneter use |ow probe tone. But tynpanonetry can al so be

performed using high probe tones.

Probe tone frequency selection in tynpanonetry is
| npor t ant in determning sti ffness/ nass rel ati onshi p.
Acoustic inpedance audioneter shall be capable of generating
or producing at |east 220Hz and 660Hz. Mbst of the tine probe
tone frequency of 220Hz is used and it is quite significant
di agnostically. But |ow frequency probe tone al one nay not be
opti nal for the differential di agnosis  of somre ME

pat hol ogi es.
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Acoustic reflex testing using a probe tone of 1KHz al so
has been shown to be highly effective in eliciting acoustic

reflexes in infants.

| npedance audi oneter should al so have a selector swtch

to select different probe tone frequency.

Accuracy of probe tone frequency: The accuracy of probe tone

frequency shall not increase nore than 5%

Harnmonic distortion: Total harnmonic distortion of each probe
tone shall not increase nore than +1% These distortion
val ues shall be measured acoustically on an acoustic coupler

or artificial ear.

(i) Ar pressure punp:

Acoustic inpedance audionmeter should be capable of
producing wide range of air pressure with the help of
electronic or manually driven air pressure punp. It should
have safeguard stop at maxi num pressure values as well as

pressure range limts.

Punp should be solid state pressure transducer for |ong
life reliability conplenented by the self-adjusting zeroing
(Auto zer o) circuit, provi di ng driff-free pressure

nmeasur ement s.

D fferent degree of pressure produced by the nmanonetric

shall be displaced on manoneter, indicating max and mm air
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pressure with 20m H2O subdi vi sions. Rate of pressure change
should be linear. |Inpedance audioneter shall provide air
pressure ranged +300mm H2O to -700mm H2O with accuracy of +5%
full scale deflection. Some inpedance audi oneters provides
choice of sweep rates including fast (600/200 dapa/sec) or a
very slow rate (of 12.5 dapa/sec) which allows nore accurate
definition of flaccid tynps is available. Start pressure
(positive or negative) and nornmal or w de pressure ranges

al so are sel ect abl e.

(iii) Probe Tip:

For tynpanonetry pressure has to be raised in the
external audiotory neatus. There should not be any pressure
| eakage. The manufacturer should prove suitable probe tips
along with the instrunents. The probe tips should satisfy the

foll owi ng requirenents.

- The probe tips should not be nmade of materials which
may cause irritation, and shall be resistance to skin oil,
hair oil and ear wax. The nmaterial shall be noi sture-proof,

heat resistance and col d- proof.

- The nmaterial to be used to make probe tip shall not be
danmaged readily wunder normal handling and its strength,
hardness and el asticity should be suitable for the purpose it
Is to serve.

- The probe tips shall be nmade of naterials that are

capabl e of being cleaned and sterilized.
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- It shall not absorb or anplify frequency so that it

af f ect s neasur enent s.

- It shall be easy to insert and renove w t hout causing
any harmto external audlotory neatus. It shall be elastic to
the ear canal, and shall be designed so as not to give
unconfortable feeling to the wearer and not to fall off

easily fromthe ear.

- It shall be provided in different sizes, so that all
age popul ation can be covered. The probe tip shall be
provided in follow ng sizes. Very snmall, Small, Large, very
|arge, extra large. The size differences between any 2

consequcl ve size shall be constant.

- Different probe tips nay be colour coded for easy

i dentification.

- Spring head bands w th adjustnent provisions shall be

provided to hold tips in conveni ent position.

- Al probe tips should have fixed dianeter for proper

i nsertion in probe.

- The probe tips shall pass the cleanability test, air

pressure test, danp heat test.

The manufacturer shall provide instruction for

cl eaning the probe tips.
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For clinical accuracy, the probe should be I|ight weight
(for ease of obtaining and maintaining a 3eal) and should be
self supporting to reduce novenent artifact. |nnovations have
occurred in probe design and in the use of insert earphone
transducers which offer benefits regarding collapsible ear

canal s and inproved noise and interaural attenuation.

Recording: In nmanually operated the graph has to be plotted.

On x-axis pressure and on y-axis conpliance manual ly.

In automatic the tynpanogram nay be displayed on LCD.
It is possible to display on a CRT a conpensated (base |ine)

tynp or unconpensated tynp.

QGOWPLI ANCE MEASUREMENT

Static conpliance is also a neasure of ME nobility. The
manuf acturer shall provide a conpliance scale calibrated both
in cubic centinmeters and acoustic ohmranging 0.2 to 5cc and
200 to 5000 acoustic ohm Scale shall be equally divided with
one division equal to 100 acoustic ohm A rotating swtch
shall be provided for noving the needl e on conpliance scale
to indicate different conpliant values at di fferent

pressures.

Conpl i ance scale shall not deviate nore than 5% of the
I ndi cated conpl i ance val ue and actual val ue.

The inpedance audionetry should also give information
about physical volune and gradient (If it is automatic it

shoul d be di spl ayed) .



41

REQU REMENT FOR | MPEDANCE AUDI OVETRE FCR REFLEXQVETER OONTRA
AND | PSI REFLEX

The i npedance audi oneter shall be capable of generating
or producing at least 8 tones of frequencies of 250, 500,

1000, 2000, 3000, 4000, 6000 and 80CC0CHz.

| nportant frequencies for reflexonetry are 500, 1K 2K
and 4KHz. |npedance audioneter shall provide m ninum upper
limt of intensities as listed in Table-1 for different

f requenci es.

Fr equency M ni nrum Upper Limt HIL
contra reflex | psi reflex

250HZ 110dBHTL | GQdBHTL
500Hz 125dBHTL 115dBHTL
1KHz 125dBHTL 115dBHTL
2Kha 125dBHTL 115dBHTL
3KHa 125dBHTL 115dBHTL
4KHz 125dBHTL 115dBHTL
6Khz 110dBHTL —

8KHa 110dBHTL -

Hearing | evel control

of each tone shall

t hroughout the full

| evels for different

hearing | evel dial.

Attenuator linearity

range.

(Attenuator):
be adjustable
range of

frequenci es shal l

- shall

Accuracy of tone frequencies

shall be constant and accurate to within £3% t hroughout the
presentation. Preset controls to readjust the frequency when

deviated fromtheir specified value nay al so be provided.

In steps of

i nstrunent .

The frequency of

The sound pressure |evel

5dB or

indicated on the

be within one dB over entire

The maxi mum

each tone



Harnmonic distortion: For

settings listed In Table-I
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the nmaxi mum

harnmonics relative to the fundamental

not exceed the values given in Table-11.

the frequencies and hearing |evel

| evel

of the test tone shall

D stortion shall

neasured at the hearing level listed. For air conduction
distortion shall be listed acoustically or an acoustic
coupl er or acoustic ear.
TABLE-11: Maxi mumperm ssi bl e distortion
Frequenci es Al r Conduction
250- 8KHs 500- 6KHZ
Hearing | evel (dB) 90 119
Second Harnoni ¢ 2% 2%
Third Harnonic 2% 2%
4th & each higher 0. 3% 0. 3%
har moni ¢ _
Al'l subharnoni c 0. 3% 0.3%
Total Harnonic 03% 03%

Noi se required for reflexonetry:

Acoustic inpedance audi oneter be capable
producing followng type of and m nimum upper |imt
Manuf acturer shall also provide the value for per dB Cctave
cutoff.

M ninumupper limt in SPL
R IR
Wi t e band noi se 125dBSPL 110dBSPL
Low pass noise with cutoff
frequency of 2600Hz 125dBSPL 110dBSPL
H gh Pass noise with cutoff
frequency of 2600Hz 125dBSPL 110dBSPL
Nar row Band noi se:
250Hz 110dBSPL 110dBSPL
500Hz 125dBSPL 110dBSPL
1KHz 125dBSPL 110dBSPL
2KHz 125dBSPL 110dBSPL
4AKHa 110dBSPL 110dBSPL
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Accuracy of noise level: The level of the noise produced by
an earphone shall not differ fromthe indicated value by nore
than 5, -3dB. The neasured difference in output between any 2
successi ve designations of noise level shall not differ from
the indicated or 1dB. Wichever is snaller. Masurenent for
conformty with this requirenment may be nade acoustically or
electrically at the input to the transducer wth the
transducer attracted to a coupler. Alternatively the
transducer may be replaced by a dummy load with sinulates the

transducers inpedance at that test frequency.

Sel ector Switch:

1) Acoustic inpedance audioneter shall provide a selector
switch for different stimuli used to eliciting reflex like
pure tone, high pass noise, |ow pass noise, narrow band
noise. It shall be easily operable with clear indicated
stimli.

ii) It shall also provide a selector switch for contra and

I psi reflex neasurenents.

Interrupter switch: It shall be provided with an interrupter
switch for the presentation of the test tone to the subject
by the operator and its operations shall be such as to
establish and elimnate the tone w thout producing audible
transients or extraneous frequencies. Switch shall be easily
oper abl e.

Rise and Decay tinme: O stimulus used for reflex measured

shall not exceed 50nmsec. Duration of stinmulus presentation
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nmay be nanually or autonatically controlled at 2 fixed
timng that is for reflex nmeasurenent 1.5nsec and for reflex

decay test (Andersen, 1974) 10sec.

Stimulus Indicator: The manufacture shall provide a neans of
indicating, in inpedance audioneter, whether stimuilus is
active or not nay be using lanp with glows as stinulus is on

and puts off as stinmulus is stopped.

Sensitivity switch: It shall be provided with a sensitivity
switch wth nay be able to increase or decrease the

efficiency of neasuring acoustic reflex.

Acoustic reflex testing using a probe tone of 1000Hz
also has been shown to be highly effective in eliciting
acoustic reflexes in infants. Non-acoustic reflex testing
also may be acconplished for patients wth ear cana
abnornmalities, wher e traditional t est met hods are
| nappropri at e.

Recordi ng of Refl exes:

It shall be provided with nechanism for detecting
presence or absence of acoustic reflex as by neans of
deflection of needle or by neans of electric lanp or
graphi cal recording. Manuf acturer shall clearly define
criteria for presence of reflex for both contra and ipsi
stimulus presentation. If it is graphical recording constant
and paper shall be calibrated in order to neasure onset,

duration and decay tine of acoustic reflex.
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C) RESEARCH | MPEDANCE | NSTRUMENTS

The market for research inpedance instrunent is small.
For the nost part, these instrunents are constructed as one
of a kind instruments wused to support some particular
investigation and are not comrercially marketed. The user
interface may not be polished, and the testing tinme required
would not support wuse in a clinical environnent. User
docunentation is often sparse and this contributes to the
difficulty in working with the instrunents. |n specialised
cases, however, when commercial instruments can be used to
conplete nmeasurenent and only sonme custom software is
involved to control the instruments, investigator nmay share
software and procedures. Rarely does this type of
instrumentation becone wdely used or effective in the
general narket. Refer to the Appendix-D for the technical

speci fication.

Manuf acturers: 2,3,5,6, 23, 60, 78, 80, 82, 83, 85, 91, 108 and 138.

CALI BRATION OF THE | MM TTANCE AUDI OVETER

Fol lowi ng paraneters needs to be calibrated - (1) Ar
pressure, (2) Probe tone frequency (3) Probe tone intensity,
and (4) Reflex onset, duration and decay tine.

One should see whether immttance audioneter has in-
built calibrator or not. If it is presents, one need not have
any instrunent if not then one may need 2.cc. cavity (nost of
the tinme supplied by the mnanufacturer along wth the

immttance audioneter) SLM frequency counter and nanoneter.
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ACQUSTI C REFLECTOVETRY  ( ACQUSTI C OTOSCOPE)
Provi des infornmation about the ME pathol ogy, which

Use -
and which could be used reliably

didnot require an ear seal

even without patients cooperation. Can be used as a screenor

along W th screening audi oneter.

It is a hand held instrunent which transmts, receives

and anal yzer sonar signals.
Principle - The sound wave
strikes the tynpanic nenbrane.
the anplitude of reflected signals wll

in the ear canal wll be
In a clear

be
be

reflected when it

ME space (normal),

mnimal, where as in fluid filled ME nore signals wll

reflected. Even a snmall amount of fluid can be detect ed.

Stimuli - Intensity of 80dB
Tone - Sweeps from 2KHz to
m crophone is located in the probe tip.

4KHz over alOOMsec

LED D splay scale ranges from O to 9. Reflectively

D spl ay:
val ue over 5 are highly predictive of effusions.
0
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ERA

The task of buying an EAR equipnent or for that nmatter
any speech and hearing equipnent often evokes apprehension
and sonetinmes anxiety in prospective purchases. |In nost
cases, the buyer has to live with the instrunents chosen for
many years, and no one wants to be responsible for a poor
choice, but in a new set up the buyer has to nake purchase

decision taking into consideration a nunber of factors.

Since the advent of the first evoked potential system
nore and nore comercial response averagers are being
introduced in the market and the clinician has a wde array

of instrunents fromwhich to choose.

Sone of the basic questions which need to be considered
before procuring an EAR system are:

"Whiat will be the present and future applications"?

The answer to this question wll vary a lot from one
clinic to the other, but it nmay be useful to extend the
question in to the followi ng detailed area:

a) Is the EAR equipnent mainly for clinical or research
pur pose? In case of the forner the clinician would be
satisfied wth facilities available for diagnosis and
differenti al di agnosi s of vari ous ot ol ogi ¢/ neur ol ogi c
disorders. On the other hand if research applications are to
be taken in mnd, it would be of help to have nany other

options which nmay not be essential in routine testing. For
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ex: |In certain clinical settings nass data storage of the
information may not be essential, however it would be a pre-

requisite for research purpose.

b) Wio will be operating the EAR systen?

The Cdinician, an engineer, nurse, technician etc. In
this case one nay have to opt for an equipnment which is easy
to handle especially if it is to be operated by technicians
or nurses. Also facility for data storage or print out for
anal ysis of data at a |later stage by the concerned speciali st

may be needed.

c) Wiere is the systemto be installed?

In a shielded or non-shielded room wth or wthout a
silent cabin installation, together wth other audiologica
instruments or alone, in noisy or quite environnent etc? For
ex: in Case of noisy environnent, an EAR with a high common

node rejection ratio wuld be preferable.

d) How is the engineering capacity?

In certain setups who do not have an engi neering section
to deal with repairs or calibration problem the necessity of
help from local agents or service engineers is a nust. Mst
of the EAR equipnents are purchased from foreign countries
and it is not feasible to ship it to the manufacturers during
times of crisis, hence in case there is no engineering unit
to take care of the problem it is wse to chosen only those

equi pnents who have the distributors or service engi neers
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| ocated nearby. Also it |Is essential that the spare parts of

the equi pnent be easily obtained in case of danage.

In such cases one may need to enter into a service
contracts or snooth naintenance of the equi pnent sonme of the
aspects of a service contract could include are travel or
shipping costs, service costs (parts and |abor) preventive

mai nt enance, annual certification energency service.

Many organi zations such as schools or clinics prefer to
pur chase service contracts because they can put the cost into

the budget and not be forced w th an unexpected expense.

Because of the care equipnent receives under a service
contract, longer product |ife can be expected. However, nost
of today's ERA equipnent are of high quality and do not

breakdown often enough to justify the contract cost.

e) How nmany investigations have to be perforned each
day?

In this case attention needs to be given for the display
section. Mst systens are able to display either the ongoing
activity or the averaged results during the averaging
procedure and sone systens can display both sinultaneously.
It is inportant to be able to watch both the input and the
results throughout the averaging simultaneously. Sonme system
offer the feature of a display and print out section with

its own nenories, totally separated fromthe averager nenory.
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This feature saves a lot of tine in the daily use of the
system and would therefore be an assist in case of heavy
patient load in the particular set up.

f) What are the financial resources?

It is certainly a heavy investnent to procure an ERA
system The cost of the ERA equipnent is about 10 to 20 tines
as nmuch as a good clinical audioneter. The individual who
w shes to buy the ERA equipnment nmay therefore require to
justify the need to purchase it especially in a governnent

set up or private or semprivate organizations.

Making a prior list of the facilities that are needed
will aid the individual in arriving at an appropriate
deci sion on the purchase of the equi prent.

Only if one is conpletely satisfied with his/her buy
will he/she be in a position to guide others as well in their
choi ce of equi pnent.

This satisfaction stems from nany things:

1) The equi pment roust performto specifications in a reliable
and dependabl e manner.

2) Its capabilities should allows the user to perform al
types of tests which the particular facility wants to offer.
3) The equipnent should fit the physical constraints of a
facility.

4) The instrument should be easy to naster.

5) Adequate inservice 3hould be available during thelearing
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6) The instrument wusers nust feel confortable wth the
equi pnrent and nust have absolute confidence in the results.
Appendi x-E gives information about the different ERAs
manuf acturers all over the world and their product

capabilities.

Speci fi cati on:
a) Stinulus frequency specificity:

The choice of stinulus depends primarily on the test
objective and the AEP to be used. For any AEP a click
stimulus mght be wused for obtaining average behaviour
thresholds in the 1 to 4KH3 range. In testing slow cortical
responses, the problem of frequency specificity does not
arise. Here long tone bursts with gradual (10 to 20ns) rise
time can be used. For carrying out MR testing, frequency
specificity wusing tone pips wth relatively long rise
time (5nms) woul d probably be adequate. For the ABR and ECochG
where long stinulus rise times can degrade AEP devel opnent
due to loss of neural synchrony, frequency specificity in a
maj or i ssue.

b) Another factor of inportance is stinulus repetition rate.
The repetition rate has a major effect on the nunber of

averaging runs which can be carried out in a given test run.

In ERA, the nmain objective is to denonstrate AEP
presence or absence, so the rate should be chosen to nake

these decisions as efficiently as possible. Sone equi pnents
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nmay provide only 2-3 options in repetition rate change eg
11.4/s, 22.4/3 while others nay provide a w der range where
one can use a stimulus repetition rate as slow as 1/s to as
fast as 90/s. This facility is probably considered in
research oriented set ups where one would wish to find out
the changes in latency, anplitude and waveform norphol ogy
with increasing repetition rate and aid is differentiating

retrocochl ear pathol ogy from cochl ear pat hol ogy.

c) Calibration system Since one of the best way of achieving
a proper and correct calibration is the subjective
psychoacoustic method (plutchik) it should be possible for
the ERA equi pnent user to calibrate the systemhinself in an

easy way and preferably w thout any use of tools.

Al existing ERA systens include a circuit for
calibration of the auditory system The relatively new ERA
systens include a digital calibration with a nenory back-up
for storage for all the calibrations of the various types of
stimuli. This calibration systemoffers the feature of being
very easy to use by turning a key-locked calibration swtch

on the front panel.

Common Mbde Rejection (CVR): The inportance of OMRin ERA is
that it suppresses anbient and unwanted el ectr o-physi ol ogi cal
noise. ldeally the OW should not be less than 106dB (~
2,00,000) which neans that noise is suppressed with the
factor 2,00,000. |If the OWRRis snaller, it will require too
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many averagings to obtain the necessary sufficient noise free
result and especially if the system nust operate in a

nonel ectrically shielded room

Nunber of data channels: One or multi-channel input depends
on the type of investigation to be perforned. In nost cases
one channel wll do, but a feature of two channels nmay be
convenient for certain |latency measurenents. Both ipsilatera
and contralateral recordings can be obtained sinmultaneously
with 2 channels instruments. Sone systens offer 4 channels of

i nput .

Besides the differences in technical details, al |
existing ERA systens may be divided in 3 nmain groups

according to their general structure.

G oup-1: Dedicated digital units with pushbutton controls and
rotary switches but wthout any facility for connecting an
external data system This systemis usually sufficient for
use of ERA in daily clinical work and sonme limted research

wor K.

Goup-11: Conputer based systens which are purely keyboard
operated via nmenues on the nonitor screen and having facility
for an optional or built in data interface to be connected to
an external data system The "nenues" offer a lot of
facilities including fully automatic prograns and storage of

results via internal or external nmenory and data systens.
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Such type of systens are excellent for research work but may

appear rather conplicated in daily clinical routine.

Goup-111: The group IIl systens offer all the advantages of
Qoup-1 and Il systens and enable the user to firstly invest
in a limted group-1 like system and then later extend the
systemwi th all the features of group-1I1, when required.

Manuf acturers: 1,2, 3,6, 23, 66, 80, 85; 90, 91, 108.
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REHABI L| TATI ON
HEARI NG Al D

A hearing aid is an electroacoustic device which
increases the intensity of sound energy and delivers to the
ear wwth as little distortion as possible.

Types of Hearing aids: (1) Individual (2) Goup
| ndi vi dual :

a) Body level hearing aid (BLHA)

b) Behind-the-ear hearing aid (BTE)
c) In-the-ear hearing aid (ITE)
d) In-the-canal hearing aid (ITC

e) Eye glass hearing aid

The different types of hearing aids for a patient is
detem ned by his/her needs, desires and factors of physical
conforts such as the ease of adjustnent. Despite the patients
preference, clinical judgenent may have to prevail. |If the
hearing loss is severe and satisfactory gain cannot be
achieved by ITE hearing aid, then other hearing aid has to be
choosen. Even though the patient would like the eye glass
hearing aid, if he doesnot wear eyelass consistently
t hr oughout the days.

Appendi x-F gives information regarding what are the
different controls available in different types of hearing
ai ds.

Hearing aids are also classified based on the output
gain like mld, noderate and strong classes. It is prescribed
dependi ng upon the degree of hearing loss. But one should
note that strong classes of hearing aid has nore battery

drai nage, than noderate and mld classes. So, it requires
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frequent replacenent of batteries. Specification for the body
| evel hearing aid for mld, noderate and strong categories of
hearing aids is given in Appendix-G Even there are other
national (like ANSI) and international (like IEC) standards
for the specifications of the different types of hearing

ai ds.

Wi | e purchasing the hearing aids one should | ook at the
technical specifications |ike max saturation SPL, full-on-
gain, high frequency average full-on-gain, frequency range,
ear phone or receiver, current drain, AVC or Pc tel ephone coi

sensitivity, distortion, dinensions etc.

MARKI NG CF CONTROL SETTINGS ON HEARI NG Al DS
The markings should preferably be in easily readable
characters and aimng pn a ready identification for the

various control settings.

SI. Control Functi on Mar Ki ng
ND.
1 Battery Switch GF 0
ON 1
2 | nput Sel ect or M cr ophone M
Pi ck-up coil T
M c+Pi ckup coi l MT
3 Tone Sel ector Norrmal or No enphasis. N
H gh frequency enphasis H
Low frequency enphasis L
4 Qutput limting No limting None
sel ect or Aut omati c vol unme control Av/ AVC
| [ndi cat ef by nuber, hi gher grETy
5 @Gin Contro | ndi cate nunber, hi gher
No. indicé%e hi gher ga?n.
| ncrease hei ght of Z\ ¢:::j

| ncreasi ng vol une
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Note: The martking of the "ON' position isused only when the
hearing aid 1s provided with a separate battery swtch.

Controls: ONVOFF swich, gain and volune control, tone
control etc.

ACCESSORI ES
1) POMR SUPPLY:

Unless other wse specified by the manufacturer the
hearing aid shall be so designed as to be capable of
operating from a battery of nomnal voltage 1.5V (IS 10775:
1984). Voltage drop and the life of each cell can be shown

graphically as bel ow

Zink aircell is used coimmonly in alnost all the hearing
ai ds.
Si ze:
Hearing aid Cel |
1) Body level Hearing aid Pentorch cells or pencil
cells.
2) BTE; ITE, ITC Button cells.

Voltage: Al the types of hearing aids needs 1.5 volts to
works. Wen the cell voltage goes below 1.2 volts, the cell

has to be repl aced.

Rechargeble cells also can be used for hearing aid (N -
cd-cell). It is recommended for both pentorch cells and

button cell s.
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Cost :
Type of Cell Cost of the Cost of the Cost of the
Oidnary cell Rechar gabl e Char ger
cel |
Pentarch cell 6- 7r upees/ cel | 25/ - 200/ -
Button cell 30- 40/ cel | 100 to 180 200/ -

- A cell should be recharged for 8-12 hours.

- It lasts for 12-18 hours depending on hearing aid user

- It can be recharged for approximately 500 tines.

Manuf acturers (Rechargeable and ordinary) 2, 5, 26, 45, 64,
82, 85, 100, 108, 110, 126.
2) Cord:
Three types of cords are used in hearing aids.
1) Scord or single - for nonoaural anplification
2) Y-cord for pseudobi naural anplification.
3) V-cord for pseudobi naural anplification.

Length of the cord is 50cns and it has either 2 or 3
pins in which one is thicker and other is thinner. Wile
purchasing cords should be checked for any breaks along its
length and for its length. Cords are used for body |Ievel
hearing ai ds.

Cost: S- Cord - 10to 15/-; Y - Cord - 20 to 35/-;

V- Cord - 20 to 35/-

Manuf acturer: 5, 9, 11-16, 26, 60, 85, 108, 1109.

3) Tubing: is used for BTE, spectacle (AC) instead of cord.

Pl astic tubes are used.
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4) Ear tips and ear nolds: GCenerally ear tips are supplied

with hearing aid. It is plastic nmade used to fit receiver

into the ear. Earnold has to be purchased from an earnold
| ab.

Cost: Earnold: Varies fromplace to place. The ordinary nold

rangs from40 to 100/- (a pair of nold for both ears).

Ear tips: 1 to 4/- per ear tip.

5) Wax guard: It prevents cerumen from mgrating down the

tubing and entering the receiver of the hearing instrunents

used in the ITEITC hearing aids. It contains no renovable
conponents to repair or replace and can be cleaned daily by
usi ng brush or soft tissue.

Manufacturer: 1, 54, 82, 83, 85, 108.

6) Receiver: Types: 1) Air conduction (2) Bone conduction

(Bone vi brator).

- Sone receiver should be purchased as recomended by
the manufacturer i.e., the inpedance should be natched
between the receiver and hearing aids.

- Washer on the receiver should be intact to avoid
| eakage of sound ener gy.

Manufacturer: In India, No manufacturer makes receiver,all

are inported. 1, 51, 54, 59, 73, 82, 85, 108, 122.

7) Volunme control: - Smooth rotation of the volune contro
wheel should be there, - Nunbers should be marked on the
volune control wheel for easy adjustnment of the volune
control .

Manuf acturers: 1, 54, 82, 85, 108.
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8) Mcrophone: Mc shall be so nmounted and housed as to
mnimze (a) mechanical transfer of housing noise to the mc
(b) acoustic, magnetic or nechanical coupling between

earphone and mc giving rise to the feedback.

M c pl acenent Type of aid

Mc can be at the top or on the lateral sides. BTE

Mc is either at top or bottomof the pinna. Top BTE
| ocation gives better reception of sound.

| nside the pi nna enhances sound of 1.5K to 4KHz | TE, |ITC
by 5 to | dB.

Sonme of the hearing aids have option for the connection
of the external mc called direct input. It can be used as an
audiotory trainer. This is availablein indigenously (A ps
-Auditory trainer, Arphi - PPVT).

Manuf acturers: 1, 30, 54, 82, 85, 108.
Cost of the hearing aids:

Types of Hearing aid3 Appr oxi mat e Range
Body |evel hearing aid 600 to 2500

BTE 2500 to 6500

Spect acl e 5500 to 11000

| TE 5000 to 10000 or nore
| TC 5000 to 10000 or nore

Accessori es:

1) External Mc - 200 to 300
2) Bone conductor w th head band 600 to 1200

Manuf acture (of the different types of the hearing aids): 2,
5 9, 11-16, 26, 33, 49, 54, 59, 60, 67, 77, 81, 82, 83,
85, 96, 99, 101. 102, 103, 105, 107, 108, 121, 125.
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CRDER NG HEAR NG Al DS

After the evaluation of hearing threshold it becones the
job of the audiologist to provide the client with an
appropriate hearing aid for the loss. This can be done by
placing order with a conpany for the purcahse of different
kinds of hearing aids. There is an advantage to using only a
smal | nunber of manufacturers, they will get to know you well
and will be nore helpful. In addition, you will be eligible
for bul k purchasing, especially helpful if the programis a
small one which will not be ordering a |arge nunber of aids.
But a particular conpany may not have all varities required.
For this audiologist has to ordr from different conpanies.
The audiol ogist will have to eval uate patients popul ati on and
determ ne which types of aids are needed and then investigate
about their availability.

One shoul d have choice of at least 2 to 3 nanufacturers
for any types of hearing aid purchase. (One should investigate
about delivery tinme of aids after ordering, time for repairs,
if bulk purchases are done then concession are avail able,
paynment plans. |If the conpany accepts the "trial period" use,
it so for how long and it the aid is not useful then does it
r ef und. It could be also helpful to contact other
audi ol ogi st to get their view about different manufacturers.

The ordering of hearing aid can be done in different ways:
1) The different types of hearing aids can be purchased in
bul k and stocked. Wenever dispensed they can be replaced

fromthe stock.
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2) Another nmethod could be to stock only those that are
used for hearing evaluation, once a hearing aid is
recommended it can be ordered. However, the comonly used one

can be kept in stock and di spensed when required.

3) One need not have any stock of aids, can select the aids
for each client after hearing evaluation. Useful for snal

clinics.

In order to determne which ordering option is nost
appropri at e, it 1is necessary to evaluate each clinic

i ndi vi dual |y.

GENERAL GUI DELI NES

1) Before purchase, the user nust have a trial with different
types/nodels of hearing aids to choose the one that gives
hi ml her the optimm benefit.

2) Because of the cosnetic value or inportance, it should not
out wei gh the consideration of anplification needs.

3) Purchase of the hearing aid, that is nore powerful than
the one actually required nust be avoi ded.

4) It is always better to purchase indigenous hearing aids
than inported one because (i) It is preferable to purchase
an aid after a hearing aid trial. (i1) Hearing aid required
periodi cal servicing and replacenent of spares which may be
nore difficult to procure for the inported hearing aids. And,
the spares of these hearing aids may not be available

i ndi genously.
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4) It is not wse to buy hearing aids by mail. D rect
personal contact with the dealer is nost desirable. Near er
the dealer, better for the inspection and trial of a hearing
aid and also for the repair and repl acenent services.

5) Prior to purchase or after purchasing, all the hearing
aids should be checked for structure and function to findout
any defect. The electroacoustic characteristics of the
hearing aids should be sane as recommended by the
manuf act urer.

6) Many of the hearing aids |ike body level hearing aid, BTE
have directional m crophone facilities.

7) Even sone of hearing aids have high frequency enphasis or
low frequency enphasis facilities (Hgh frequency extended

hearing aids).

CROS:
Ceneral specification and control adjustnents are sane

as for the BTE hearing aids. BTE hearing aid designed for use

wth an external receiver either air or bone conduction

Type of air receiver or bone receiver, its inpedance,
gain, output, frequency range should be specified by the
manuf act urer.

Cords: Length should be specified.

Sonme of the BTE have CROS capability: Ex: Miico2ll -
Utra cardiod directional hearing instrunent.

Even they can be connected to virtually any type of

auditory training system presently in use in the school.
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Additional capability exists for direct hook-up to TV, radio,
tape recorder etc.
Co3t: 10,000 to 15,000
SERVI CE AND REPAI R

If one has the equipnents (including spare parts) and
known to repair he can repair the hearing aid. Qher wise it
can be repaired by the manufacturer concerned. Requirenents
for the repair of hearing aids are:

- Signal injector - It is a oscillator produces 1KHz
tone. Battery operated. Cost around 75 tol OO -.

- Solding iron, cutter, watch screwdirver set, forceps
of different sizes, battery holder, bruSh, cotton, spirit.

The whole set cost around 500/- or nore. Hearing aids
repair kits are available at 26, 85.
D G TAL/ PROGRWABLE HEARI NG Al DS

Dgital nethods of signal processing offer substantia
advant ages over conventional anal og techniques, and thus, it
IS not surprising that the recent developnent of a digita
hearing instrunent has net wth considerable interest and
hi gh expections. Programmability in a hearing instrunent can
provide solutions for many practical problens in hearing
Instrument fitting. It provides the advantages of
1) Real ear neasurenent - It mnimzes the fitting error.
Because the fitter can nake precise adjustnents to the
initial fitting, the hearoing instrunent becones a
sophi sticated ear-level master hearing aid; which the wearer

can wear hone.
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2) Programmabllity - one can adjust a hearing instrunent by
programm ng, rather than using a nechanical adjustnent (screw
driver). The instrunment also can be reprogrammed on-site to
suit the clients changing needs.

3) Miltiple nenories - Conventional hearing instrunents can
be adjusted to one program at a tinme, the fitter and the
wearer mnust conpromse on the bal ance anmong several fitting
goals; anplification to fit the hearing loss, [listening
confort, intelligibility and reduction of back ground noi se.
Achieving thes goals simultaneously is difficult. But with
the help of programable hearing aid one can achi eve several
different fittings, selectable by the wearer in the field.
The instrunments includes 8 nenories, each of wth acts as an
| ndependent hearing instrunent.

4) Datal ogging nenory: Datal ogging represents a new concept
in hearing instrument fitting and adjustnment. The hearing
instrument is loaded in up to 8 nenories, and the wearer
sel ects anong these nenories, choosing the one with the best
characteristics for the current listening condition. As the
wearer switches nenories, the hearing instrunent records
these selections tabulating the nunber of tiroes each nenory
Is selected and the duration for which it is used. Based on
this information, the fitter can tell whether the programm ng
of the different nenories is effective for that particul ar
wearer, W thout having to nmake assunptions about the criteria

whi ch the werarer may value for hearing instrunent



66

adj ust nment . Dat al oggi ng information hel ps determ ne how the
programm ng should be redistributed to give the wearer the

greatest value fromthe instrunent.

m

Today, in the market programmable BTE and |TE hearing
aids are avail abl e.

Manuf acturer: 2,5, 26, 27,54, 82, 83, 85, 90, 101, 108, 115.

AUDI TORY SPEECH TRAI NER

Used for the training of the deaf childrens while
purchasing audiotory speech trainer one should consider
foll owi ng points.
1) Portability - whether it is portable or desk type?
2) Mode of working - Mnophonic or storeophonic
3) Qutput power level - as given by the manufacturer.

Cenerally it is upto 130dBSPL.

4) Volume control - 2 independent controls or one conbined
control .
5 Filters - |Is these any option of high and |ow pass filter?

6) Wether connection facilities for external devices |ike
tape recorder etc is available or not?

7) Power supply - Battery operated (how nmany batteries and
voltage should be specified by the manufacturer) or mains
suppl y.

8) Accessories - Headphone, set of batteries AC mains cord

Duster d ot h.

Costs | ndigenously - 3500 to 10, 000
Manuf acturer - 5,11-16, 33,77, 121, 125.
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| NSTRUMENTS USED FCOR THE MEASUREMENTS OF ELECTROACOUSTIC
CHARACTER! STI CS (EAC) OF THE HEAR NG Al DS

EAC - It is the performance characteristics of hearing
aid i.e., the changes effected in a signal as it 1is

transduced fromacoustic to electric to acoustic energy.

EAC can be neasured in lab or fee field, in anechoid
chanber or hearing aid test box. Instrunments used to neasure
EAC specifies to one or nore standards (ANSI, IEC HAIC IS
etc). Fonix is the only instrunment specifies to | S standard.

After purchasing the hearing aids, one should neasure
its EAC, to see whether it specifies to the specifications as
per the manufacturers. Because, sonetinmes one nay receive
mld or noderate categories of hearing aids instead of
strong. Wile purchasing the hearing aid anal yzer one shoul d
|l ook at the technical specifications |ike -test standards,
acoustical device frequency, test |evel range, neasurenent
range, battery current tests, total harnonic distortion, ACC
test, video nonitor types, built in plotter, power supply,
envi ronnmental condi tions.

Acessories - Standard - Recording papers, set of pens,
dust cover and user's nanual etc.

optional - hearing aid test box, color or nonochromne
nmonitor, foot switch, data interface, service manual etc.

Specifications for HAT box - frequency range, dynamc
range, anbi ent noi se i nsul ati on, nmeasuring region,
distortion, loud speaker, accessories like test mc, 2 cc

coupl er, adaptor etc.
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It costs around 3,00,000 to 3,50, 000
Manuf acturers: 2, 3,29, 30, 66, 80, 90, 91, 108, 138.

ASS| STI VE LI STENI NG DEVI CES

The terra ALD conprises of all systens which are nmeant to
i nprove the conmmunication ability of hearing inpaired persons
or to neke them aware of the presence of the environnental
sounds (Kaplan (1987).

ALD can be divided into:
A) Systemthat uses auditory node:
1) Hard wire system Refers to an auditory trainer which has
a mc and an anplifier attacted to the teachers desk and hard
wires run from the teachers desk to the student desk, wth
has the volume control knob and head phones. This can be used
I n school situation.
2) Loop Induction system This can be used in classroom
situation. It consists of a mc for the teacher, an
amplifier, one inpedance matching device and | oop nmade up of
copper wire in the classroom for this systemthe child needs
to have "T" or "M™ position in the hearing aid (matkin and
O sen, 1970). The acoustic gain varied between 30-65 db
depending upon the loop induction device. It works on the
principle of the el ectromagnetic induction.

Manuf acturer: 2, 9, 23, 54, 60,66, 85, 91, and 108.

3) FM hearing Aids: Speech signal 1is superinposed on a

carrier wave with has an ultra sound.



69

The FM systemconsists of 2 parts:

1) Transmtter and (2) Recei ver.

The transmtter and receiver should be tuned to the sane
carrier wave. It should be noted that the Iicenced
frequencies nay differ in different nations. In Anerica the
FCC has admtted carrier wave bands 72-76 Mz should be used
by schools for FM transmter. At this carrier wave one can
have as many as 32 bands. 32 different classes can be taught

si mul taneously in a school.

In FM receiver one can have nonaural, binaural or

pseudobi naural anplification dependi ng upon ones need.

The FM receiver nay also be hooked up directly to BTE

audi o i nput hearing aids.

Now days, Stero hearing aid with built-in FMreceiver is

al so avail abl e.

Extended high frequency anplification is also possible
in FM hearing aids personal FM systens are usually conbi ned
in teleloop or direct audio input coupling configuration for
those who desire to conbined FM system with BTE hearing
I nstrument s.

Technical Specification: Technical specifications for FM
hearing aids - nodel, FM receiver section, receiving
channel s, receiving sensitivity, squelch, acoustic gain, nax

output, frequency range, noise level, AVC tone control,
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ear phone, power supply, etc. For transmtters power supply,

transm ssion channel, field strength, mc, oscillator etc.

Assessories - Antenna, earphone cord, earplug, screw
dirver, w nd screen, adaptor, carrying case etc.
Points to be consi dered:

CGener al manuf act urers adverti se audi o I nput
capabilities, but not all <conpanies clearly explain
selection of FMonly or FM plus mc choices for the
different coupling options. So, one should see that
manuf acturer are explained about different types of Fm
recepti ons.

- A greater input for FM system is required than
ordinary hearing aids.

For exanpl e:

| nput Gin Qut put
Hearing i nstrunent 60dB 40dB 100dBSPL
FM system 80dB 20dB | OQdBSPL

_ It is inportant to have conpatible cords and boots for
each FM and hearing instrunment configuration. D fferent
cords and boots nmay cause signal transmssion problens.

- One should see whether facilities are available to
connect FMreceivers to the tactoid, TV, radio, tape etc.
Manuf acturer: 2, 3, 5, 23, 45, 54, 56, 60, 66, 85, 98, 99,
106, 108.
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KCBTI LS APPARATUS

Used to train deaf childrens. It transms signal through
auditory, visual and tactile nodes. It consists of 5 parts -
SAFA, friction indicator, intensity indicator, nasality
i ndicator, and vibrator. 8 children can be traived at a
tine. It has frequency from 105 to 9600Hz, divided into 26

channel s.

| NFRASED TRANSM SSI ON SYSTEM

Acoustic - Electrical - light - electric - acoustic

si gnal signal s si gnal si gnal si gna

It is of 2 types: 1) Personal and (2) G oup.
REQUI REMENT

Sound transm ssion is based on sem conductor components.
They posses optinum properties of transm ssion and reception

in the range of intrared.

As intrared light speads inside the class-roomw thout
penetrating into adjacent roons, each group can use the same
frequency for i nt er communi cati on. Thus receivers are
i nt er changeabl e.

1) Transmtter - Should have controls like |evel indicator
and nonitoring |oudnspeakers connection socket for teachers
mc, also it possible for external sound sources such as tape
pl ayer, cassette recorder or radi otuner

2) Infrared receiver: It can be BTE receiver. Receivers

shoul d have vol unme control and frequency control.
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TECHNI CAL DATA:

Max out put SPL

Transmtted M-band w dth

Har noni ¢ dostortion factor in rated operation.
| nfrased wave |ength

Modul ation type FM Max. devi ati on.

Accessories: Mcrophone, floor stand, ceiling stand, head

phone, rechargeble batteries and charger, overhead projector.

It can al so be available in 2 channel s.

Now days there is a new infrared renote control water
resistant BTE hearing instrunent. It can be used by noderate
to severe hearing | oss cases and also it has AGC0 control.
Manuf acturer: 2, 5, 23, 49, 54, 60, 66, 85.

e can look at the foll ow ng advantages whil e purchasi ng:

System Advant ages Conpari son
FM Loop Infrared Hardw re
1) Easy to use + + +
2) Portable +
3) Flexible to type of |oss + +
4) | ndoor s/ out doors + +
5) Installation easy + +
6) Little interference + +
7; Cost efficient per
I ndi vi dual + +
Overal | +
83 Maintain SN ratio + + +
9) Wse with other Av
equi pnment s + o +
10) Sounds stay within walls + +

Note: * Sone systens only.
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(B) VI SUAL MODE
a) GOscillograph & Cat hode Ray:

Speech wave form displayed on it screen. Useful in
children with high frequency hearing loss and articulation
difficulty (for detail of oscilloscope purchasing see page
Nb. 83)

b) Intensity Indicator

c) Frication indicator

d) N Indicator

e) Laryngograph

f) Spectrogram

g) Vocal -2, PM 100, Visipitch

h) Speech enphasi s indicator

TV for the hard of hearing: Captioning in TVs under the
picture inorder to teach deaf children

Two types: (1) Cose captioning - W required a specia
decoder in order to be able to see the captions, but in our
country we donnot have close captions.

(ii) Qpen captioning - can be seen by any body.

Tel etext: Deaf child can get indication in this about who is
speaking, bigger letters for stressed words, different
captions available for adults and children, also one can get
background information about the program that is going on.
Ohe can get discription of wunfamliar words and also
di scription of the style in with a person is talKking.

Manuf acturer (Decoder, Sound anplifier and VCR with decoder)
20, 30, 85, 98.



74

c) Tactile aids:
1) Vibrator - See Kostic's appraratus
2) M ni -phonat or
3) BC-receiver
4) Nuvox sentinel - it alerts an individual to the ringing of
a tel ephone or doorwell or other sounds. The electronic unit
is activated by turn on a lanp or a chair or bed vibrator
Cost: More than $ 135.00
Manuf acturer: Hal - Hen Co.
6) Elctroalarmclock - Uses vibrator
Cost: Mre than $ 90.00
Manufracturer: Hal -Hen co.
7) Snoke detector - Photoelectric or nonradi oactive detector
can be connected by which a deaf-blind person can be alert of
the snoke or fire in the hone.
Cost: Mre than $ 95.00
Vibrotactile devices are also available at: 5, 23, 30, 85,

104, 106.

TELECOMMUNI CATI ON AI DS FOR THE DEAF

a) Telecoil - "T" position in the hearing aid.

b) Built in anplifier - Amplifier built into the tel ephone
itself to anplify the speech. Minly for severely and
profoundly deaf individuals,

c) Portable amplifier: Battery operated, slips over the

tel ephone headset.
Manuf acturer: 2, 3, 20, 30, 85.
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G her devices which makes use of visual display are:
d) Teletype witter: Acoustic couplers are used. One person
dials the nunber of another person, other person places the
receiver in a special coupler and waits for other person to
respond, and 1st one places the mc on a coupler and begins
to type. Sinmultaneously the sane words are printed out by
other type witter.
e) Electronic Handwitter: Does not require typing skills.
Electronic witing equipnment is wused to send/receive
handw i tten nessages across distance.
Manuf acturer (d&e): 2, 20, 30, 85.
(f) Acoustic couplers - 2, 30, 85, 99.
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NO SE  MEASUREMENT

Sinply, noise can be defined as unwanted sound or not
wanted by a recipient (the wong sound in a wong place at a
wong tinme). Noise has been identified as a major health
hazard. The danger lies not only in accunulative danaging
effects leading to tenporary or permanent hearing |oss, but
also can produce signs of stress, physical fatigue and

di sconfort.

To control noise, one has to neasure noise. This
requires the use of appropriate instrunents.) Hence, precise
neasurenent of noise is a nust which can be fulfilled by
preci se instrunents. The sophistication of instrunents varies
rather crude portable SLM and octave band anal ysers to real
tine spectral analyzers coupled to digital conputer. The
portable ones are used for field neasurenent. The el aborate
measuring system in conjunction with a tape recorder for
field data are used exclusively for diagnostic purposes. The
I nstrument which are used for noise neasurenents are listed
bel ow.

M cr ophone:

It is inpractical to <construct a mc wth all

characteristics. Thus we have different types of m crophone

that would fulfill certain requirenment nore.
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Types of M crophone :

Table-1: Indicates the type and cl asses of m crophone and
their characteristics in ternms of the directivity
Type of Mc Mc that belongs to Type of response
the cl ass pattern
Pressure - Carbon m crophone _ _
m cr ophone - Condensor m crophone Non directiona

- Dynam ¢ m crophone
- Prezo elecric mcrophone

Vel ocity R bbon m cr ophone Directi onal
Pressure and Not avail abl e D rectional
vel ocity

m cr ophone

Though various types of mcrophone are available the
nost commonly used m crophone is the pressure mcrophone, for
reasons such as:

- They are used for calibration of the audi oneter and
t he ear - phone.

- They have the nost uniform frequency response when
closely coupled to the source.

- They are used for noise neasurenent with a noving
sound sour ce.

The nost comonly used m crophones in noise nmeasurenents

are: condenser, electret, piezo-electric mcrophone.

As stated earlier, it is not possible to construct a
mc wth all characteristics, so that it can be used for al
the types of neasurenents in all the situations. Each
m crophone varies wth their specification such as

sensitivity, frequency response, tenperature and humdity
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range etc under which it can be used. M crophones al so cones

indifferent sizes like 1/2", 1" etc.

e should also see that the same mc can also be used
to other purposes |like for the presentation of speech stinmuli

I n speech audionetry, for the recording of speech sanple etc.

SOUND LEVEL WMETER

A SIM is generally a conbination of a mcrophone, an
anplifier with controlled frequency weighting and a detector
- indicator with controlled time weighting characteristics

(1S 1981).

Purpose : 1) Used for the accurate neasurenment and eval uation
of sound and noi se | evel s.

2) Calibration of audioneter.

iforpes: ) Commercially available SLMs are designed- to neet
specific needs. They nmay be classified as (according to IS,
19779- 1981).

TYPE O - It is for use as laboratory reference standard.

TYPE 1 - This is for use in laboratories and in field where
t he acoustic environnent can be controlled/is specified.

TYPE 2 - It is designed for general field application.

TYPE 3 - Used for noi se surveys.

Buying a SLM
Two points need to be considered:

1) To what extent is the SLMto be used?
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If one has no extensive noise problens, although
problens do occur from tine to tinme. He/she may need to
neasure noise once or twice a year. ne need not buy a
precision SLM and octave band analyzer of the highest
quality, it is neither sensible nor economcal. A portable

SLM woul d be adequate for such neasurenents.

If noise problemis extensive, the noise control officer
may be using a SLM al nost daily. For such neasurenent one can

buy precision SLMwi th octave filter and sone accessori es.

2) How nmuch can you af ford?
Dependi ng on the budget and the need, one can either buy

portable or precision SLM

Ohce it is decided to purchase a particular type of SLM
i.e., type O, 1, 2 or 3, then the buyer nust decide whether

he would l|ike to purchase SLM manufactured to neet the
specifications of a particular national (ANSI, ISI etc) or
I nt ernati onal (IEC specifications. Then the buyer nust

refer to the l|atest available technical specifications as
t hese specifications may be revised fromtine to tine. So, a
reference nmay be nmade to organization such as Bureau of

| ndi an Standard, ANSI, |1SO |EC (Addresses-8, 32).

It is very inportant that the buyer keep in mnd the
fact that the SLM m crophone, filter set are used in
conbi nation. So the buyer nust ensure that the equi pnent that

he i ntends to purchase can be used along wth equi pnent/
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instrunent that he already has or intents to purchase at a
future date when it is feasible economcally or the needs of

t he buyer change.

Sonetines the instrunent have to purchase in a group, SO
that the instrunent may be put in use fully. For ex: If one
has decided to purchase type 0 SLM the availability of
tripod, suitable mc, piston phone or acoustic calibrator etc
is a nust. If the instrunents are to be used for outdoor,
nmeasurenents then purchase of accessories such as w nd-
screen, nose core, rain cover etc are necessary. It would be
desirable for buyer to have a discussion wth the
manuf acturer representation regarding the purchase of other
accessories such as adaptor, extension cable etc.

e should see that the SM is nmarked with the
followi ng information.

- Nane or trade - mark of the manufacturer.

- The type and serial nunber.

- Indicating of the range of SPLs that it is designed to

nmeasure with each wei ghting.

- The angle of incidence for which the apparatus is

cal i brat ed.
- Power supply requirenents and

- Country of nmanufacturer.

he should look at the technical specifications which

should include neasuring range (for all the weighting
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networks), frequency response, neter, external filter,
| nherent  noi se, cal i brati on, tenperature and humdity
range under which it should be used, batteries etc.

Manuf act urers: 4,7,11-16, 29, 34, 38, 41, 44, 55, 62, 69, 70, 111,
128, 137.

Power supply: Require frommnain or it is battery operated. |If
it is battery operated, battery life should be nore than 8
hours. MNunber and voltage of batteries are as specified by
t he manuf acturer.

Service and repair facilities - while purchasing the
| nst r unent one should make sure that service and repair
facilities are available. One should find out whether it is
avai |l able indigenously or not. If it is inported then user
roust make sure that the nmanufacturer provides repair and

service facilities.

Accessories generally required along wth the SLMare
| nput adaptor, tripod stand, rain cover, adaptor, nose cone,
random i nci dence corrector, w nd screen, extension connector,
carrying case, calibrators, preanplifier, and de-humdifier.
One should see that all these accessories, can be used al ong
wth the SLM which you are planning to purchase. For ex:
Pi stonphone it should be able to calibrate the SLM whi ch you
are purchasi ng.

If one needs to do detail analysis (such as frequency
anal ysis) he can purchase instrunments |ike spectral analyzer.

It comes in two types.
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1) Constant percentage band width (Octave, 1/3 octave, 1/10
octave band etc).

2) Constant or fixed band wdth (heterodyne and digital
type). Recently, real-tine analyzer (29, 69, 70, 90), using
digital filtering systens often in conjunction with tape-
recorder can be used for detail analysis. The constant
percentage band wi dth analyzers are portable one and can be
used for the field neasurenent. Wil e purchasing the spectra
anal yser one should | ook at the technical specification which
shoul d include frequency range (selective and |inear), band
pass filter, input and output inpedance, batteries, inherent
noi se, tenperature and humdity range under which it shoul d
be operated and accessories required.
Manuf acturer: 19, 29, 37, 55, 68, 69, 70, 106, 136.

If one needs to do frequency analysis at different
neasurenent position and needs to have pernmanent record of

the results of the neasurenent, then one can purchase G aphic

| evel recorder (GLR). It is a device which display, store, a
pen and ink record of the history of sone physical event. Two
types-desk or bench nodel and portable nodel. Technical
speci fications for G.R-frequency range, sensitivity,
resolution, witing speeds, witing system paper drive,
paper speed, types of recording witing pens/style, recording
papers, external drive facilities etc. Accessories provided
with the G.R are ink kit, chain drive, flexible shaft, gear,
mechani cal extensor connector, response test unit, t wo

channel selector (Manufacturer: 29,55, 69, 70).



83

Anot her recorder is X-Y recorder wused for the graphica
recording of the relationship between two vari abl es.

Manuf acturer: 96.

Read out devices: |If one wants to have display in
graphical form then he <can purchase instrunents |I|ike
GCsci | | oscope. Today, t here are nor e osci | | oscope

manuf acturers then ever before. Even in India there are nmany
manuf acturers mnakes oscilloscope right from 5M&z to 100MHz.
For our field i.e., for noise neasurenents and calibration
pur pose oscilloscope of 15 to 20Mfa is sufficient. Types -
dual trace, digital and portable oscilloscope. One should
|l ook at the specifications |ike vertical axis, frequency
response, horizontal axis, sweep node, trigger facility,
di spl ay node, Z-axis, voltage, tenperature and humdity range
etc. It costs around 11,000 to 16,000/-(for 15 to 20 MHz) .
Manuf acturer: 28, 29, 30, 44, 45, 47,57, 61, 69, 70, 76, 97, 137 .

El ectronic counter or frequency counter: This is used to
neasure frequency, period and tine relationship of the
electrical signals. It can be available with the only
function of frequency counter or frequency and time counter.
e should look at the specifications |ike frequency range,
gate tinme, resolution, gate indicator, read out, accuracy,
di splay etc.

Manuf acturer: 10, 44, 45, 47, 61, 136, 137.
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MAGNETIC TAPE  RECORDER (29, 69, 70, et ¢) ( For det ai |
I nformati on see page -92

Dosinmeter: Used for noise neasurenent. It integrates the

sound energy over a period of time, it given the overall idea
of the noise which varies in terns of tine and intensity. It
cones in 3 types - Stationary dosineter, ear born dosineter,
and pocket siaed dosineter. Pocket sized dosineter is a
mniaturized dosinmeter which is of the size of the hearing
aid and which can be placed behind the ear with the mc at
the entrance of the ear canal. Oie should l|ook at the
specifications like mc wused, frequency range, anplitude
wei ghting, sound |level range, display, tenperature and
humdity range under which it can be used and power supply
etc.

Manuf acturers: 3,23, 29, 30, 45, 54, 60, 69, 70, 85, 106, 108.

The instrunments required for noise neasurenents are
m crophone, SLM and other instrunents as described above can
be used along with the S.M for detail analysis. Wile
purchasing it, one should keep in mnd that SLM shoul d
provide connection for all these equipnents directly or
indirectly ie., with the help of adaptor. A so one should see
that it can be used for other purposes |ike calibration of
the audioneter etc. So it should be able to connect to the

artificial ear, artificial nastoid etc.
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EARMOLD

Earnmold lab way or may not be attached to a speech and
hearing centre. Werever such a lab is attached then the
earnold materials and equipnment have to be procured, the
pur chase procedure such as calling for quotation & opting for
| onest quotation (unless there are strong reason for not
accepting the lowest quotation) are to be observed. Wenever
it is an inported item the additional steps as described

previ ously have to be gone through.

Bul k purchase can be nade to take advantage of any
concession that bul k purchaser permts. However, it nust be
in mnd that not all materials required for the earnold |ab
have good shelf-life. Those item which have shorter shelf-
life would have to be purchased in snmaller quantities and
shorter interval. Before purchasing one nust collect
information from sources like talk to the people who have

experience, discuss with other earnold |abs etc.

Requi renments of material depends upon types of ear nol ds
one wants to nmake (hard or soft mold). List of materials
required are given in Appendix-H |nstrunments/equipnrents
required for earnold broadly can be divided into 2 parts: 1)
dinical purpose and (2) Research purpose. M ni mum equi pnents
required are (for clinical purpose):

Dental flask with clanp nmade up of gun netal wused for

the flasking of the inpression and clanp is used to nmaintain
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the pressure during curing. Dental lathe is a notor used to
trim drill and polish the ear nolds. It has speed of 1500
rpm and 3000 rpm (rate per mnute). It requires accessories
i ke silicon sand paper for trinmmng, Carborendom disc, Drill
bit to nake base hole of the ear nold, cotton polishing brush
to polish nold etc. Hanging Mtor used for mnute trinmmng
and to nake sound bore. 2 types (1) Hanging notor with
straight handpiece. The notor and handpiece is separate.
Speed varies between 12,000 to 20,000 rpm (ii) Mcronotor -
notor is present in handpiece itself. Speed varies between
1,000 to 25,000 rnp. It requires accessories |like cutter for
trimmng the nold, burs of different size to nake bores.
Rubber bow - of different si2es are used to mx inpression
material. Only rubber bow s should be used. Electric stove or
oven for curing - Instead of electric stove gas stove with
vessel can also be used. Hydraulic press used for the nmanua
pressing of the flask, when the flask is filled with earnold
material. Ear nold rings available in 2 form - plastic and
netal. Life of the netal ring is longer than plastic. Plastic
rings are generally used with childrens. Qher stainless
steel equipnments used are plaster spatula to mx inpression
material in the rubber bow, plugger to insert cotton, wax
carver to scoop inpression nmaterial from plaster cast,
pl aster knife, probes, excavator, cenent spatula. Hammer is

al so required.
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Equi prents used for research purposes are injectgun,
syringe used when silicon-nonshrink material is used, GCelomat
to nelt the gel, hearing aid analyzer for the neasurenent of
t he el ectroacoustic characteristics W th ear nol d

nodi fication etc.

Sone of the earnold |labs takes additional care |ike use
of vibration isolating nount to reduce the noise, use of
equi pnrents which absorbs dust or air curtons to keep
envi ronment dust free. Above nentioned nost of the equipnents
are avail able indigenously, which can be purchased from the

dental depot which is nearer to your place.

Manufacturer: 25,43,52,71,121. Further nodifications |Iike
acoustic horns, tubing, tubing adaptor, venting kits and

syringe etc are available at 2, 11-16, 26, 82, 85, 96, 108.
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SPEECH PATHOLOGY

Selecting instrunent today can be a challenging task.
Wth the proliferation of specialized instruments and recent
advances in electronics technol ogy, the sinple instrunment has
evolved into a sophisticated tool capable of nuch nore
sophi sticated operation. Wen it is time to replace an aging
I nstrunent or to purchase a new one, several points should be
kept in mnd which can help nmake the sel ection process a bit

easi er.

In the field of audiology, there are standard techni ques
clinically used for the examnation of the auditory function.
The sane techniques are used all over the world. But this is
not the case in speech pathol ogy, various nethods have been
proposed and used by many clinicians and researchers all over
the world. None of the techniques have been standardi zed on
an international basis. Instrunments used in speech pathol ogy
Is not as nmuch as in audiology. Speech pathologist have
relied heavily al nost exclusively on their trained ears for
judgenents. Based upon careful listening, clinicians often
woul d nmake interferences. But auditory processing often does
not leave the listener wth a conscious awareness of the
acoustic details that have conbined to generate a given

perception. So one may need to buy instrunents.

Instruments used in speech pathology can be divided

under the foll ow ng headi ngs:
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Speech | nstrunent

| .
Acousti cs

Produtt i on Percebtion

Vi sipitch Synt hesi zers
PM 100 Tape recorder
Vocal I etc

S i ndi cat or

N-i ndi cat or

Fo- i ndi cat or
Met r onone

Her et r odyne
Spect rogram

St roboscopy etc

Aeroéynanic

Expi r ogr aph
Nasonet er
TONAR

Aer ophone
Spi r ogr aph
etc

Physiolbgical

EEG

Pal at ogr aphy
Articul o-

gr aphy

EMG
Bi o- f eedback
etc
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system Qher neasurenents like vital capacity, nean air flow
rate to see whether there is any respiratory problem So one
nay require instrunents to neasure the above nentioned

par anet er s.

In a neurological setup one nmay expect cases |ike
aphasia, CP, MR dysarthria etc nore frequently. Not nuch
instruments are available for these types of disorders other
than standardi zed tests and instrunents used for augnentative

conmmuni cati on.

For the voice neasurenents |ike fundanental frequency,
intensity, frequency range, and other many neasurenents (but
if the need is only this), then one can buy either visipitch
or PM 100 or Vocal-1l1. One should look at the frequency
range, frequency accuracy, intensity range, distortion etc of
the instrument which is of interest while purchasing it. Al
of the these three equipnents are equally good. However ,
i nstruments can al so be purchased on the basis of appearance,
bul ki ness, availability and cost. In the appearance vocal -1
and PM 100 appears better than visipitch. Msipitch is
portabl e type than Vocal -11 and PM 100.

Manuf acturer: Visipitch - 72.

Vocal -11 - 9,80
PM 100 - 139.

If one needs the neasurenents of Fundanental frequency

alone, then Fo neter or Fo indicator can be purchased
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(manufacturer, 53,61), sane way one can purchase intensity-

neter (manufacturer, 53), for the neasurenent of intensity.

O should see, whether the instrunents provides
connections for the tape recorder, EGG etc for the analysis
purpose. PM analyzer is actually a nodular system D fferent
prograns can be plugged into the sane housing to offer a
conbi nation of functions (much in the way that any

m croconput er i s expanded).

Along with the frequency, intensity neasurenents, if one
needs ot her neasurenents |ike formant frequency, VOI, speech
characteristics analysis - one can purchase spectrograph or
i f one wants to know harnonics, HN ratio and ot her | aryngeal
nmeasurenents like SQ OQ Shimer, Jitter etc one can
purchase EGG As the technology is becomng nore and nore
conplex, the instrunents are also noving from analog
spect r ogr aph to digital spect r ogr aph (manuf act ur er
spectrography 2,23, 30, 72,85,108. EG5 53,139 and Laryngogr aph
Ltd.)

Het er odyne anal yzers: It is a constant band w dth narrow band
frequency anal yzer covering a particular frequency range (B8K
2010 - 2Hz to 200KHz) wth selectable band w dths. The
anal yzer al so contains a beat frequency oscillator (BFO, the
frequency of which is synchronized with the tuning frequency
of the analyzer. Used to find natural frequency of the vocal

tract and optinmum frequency. Cne 3hould look at the
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specifications |ike frequency range, sensitivity, accuracy,
constant band wdth filters, frequency read out etc.

(Manuf acturer, 29, 69,70, etc).

Motion analyzer or atroboscopy: It is wused to study the
vibratory pattern of the vocal fol ds. Speci fications
frequency range, flash characteristics (Flash rate, duration,
life, intensity, type), phase deviation range, power supply,

accessories etc. One should see that it has the facility for

the connection of the other instrunents Ilike mc, SLM
frequency anal yzer, si gnal generator etc for further
anal ysis (Manufacturer, 29,30, 69, 70, 135). Refer to

Appendi x-H for the individual capabilities of the equipnents.

TAPE RECCRDER

Tape recorder has becone an indispensable tool in
diagnosis and therapy and an invaluable aid 1in the
mai nt enance of adequate client records.
Two cat egori es:
1) Tape deck: Provides systemwth for recording playing back
and erasing the tape but donot anmplify the output and
external speaker has to be used.
2) Tape recorder: It has its own power anplifier and a built

in set of speaker.

Better recording quality is obtained in tape deck which
freed fromthe necessity of providing power anplifier, can be

optimzed for best possible record and reproduce functioning.
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Anplifier that are built in the tape recorders are unlikely
to offer the quality obtained in free-standing anplifiers and
high-fidelity speakers cannot be built into a tape recorder.
Recorder are of two types:
1) Spool type : (i) Spool recorder - has power anplifier.
(ii1) Spool deck - does not have power anplifier.
2) Cassette type ((i) Recorder and (ii) Deck In |ast several
years the popularity of the cassette tape formate has grown
enornously. It offer convenience. (ne needs to have spool
recorder when the best possible fidelity is needed or when
data recording demands recorder flexibility, such as high

tape speed that cassette units cannot deliver.

The quality of recording is good in spool type than

cassette one.

Cassette tape widthis - 1/8"

Spool tape width is 1/2" and 1/4"

Functional Cassification

1) Amplitude nodulated (AM: Instantaneous anplitude of the
recorded signal is related to intensity of the stored
magnetic field, is called direct or AMrecording.

Moreover generally used tape recorders are AM But an
attenpt to record DC by AM is failed. Many physiol ogical
signal s (airflow, ai rpressure, hear t beat etc).
Characteristics have very low frequency and some cone very
close to the DC. AMrecording will not work for them

Dynam ¢ range - 36 to 60dB.
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2) Frequency nodulated (FM recording: In FM a waveform
(called carrier) is mnmade to vary in the frequency in
proportion to the anplitude of sone other signal. Even DC
signals can be recorded. But it is nore costly and conpl ex

than AMrecording. Dynamc range - 36 to 78dB,

Wth the current advances in technology, the difference
between high fidelity cassette and spool tape recorders is

getting snaller.

There are several considerations in selecting and using
t ape-recorder. The nunber of channels avail able for recording
wll depend on the nunber of signals to be recorded
simul taneously. Usually, these vary from 1 to 4. It is
preferable to have at |east 2-channel recording capability.
The nunber of tracks will also determne quality of signal. A
full track spool type will provide a one-channel high quality
recording of the signal. A half track recorder provides upto
2-channel s and a quarter track up to 4 channels. The greater
t he nunber of tracks, the poorer is the quality of the signal
recorded. Recording speed is another factor. Wile this is
not an option on cassette recorders whose speed is set at
3 34 ips (inches per sec), the spool type offer 1 7/8,
3 3/4, 7 12 ips and in some cases 15 ips. The faster the
speed of the recorder, the wder the frequency response.
Wsually a half tract 2 channel, spool tape is preferred for
high quality of recording. For the mninum specification of

t he tape recorder refer to Table-A
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Wth the availability of the digital - Audio tape (DATs)
recorders, none of the above considerations becone that
inportant. |In DATs which provide for 2-channel recordings,
the signal of interest is usually digitized using a 16 bit
anal og-to-digital converter, wth a fairly high sanpling
frequency 48 KHz - standard one. W& may require 24KHz or
36KH2, DATs offer recording quality that are superior to
either spool or cassette recorders. It may cost around
30, 000 rupees (deck).

Manuf acturer: (digital): 93, 127.

TABLE-A:° M N MM SPEC FI CATI ONS FOR TAPE RECORDERS
Speci fication Reel - To- Reel Cassette

Frequency Response:

7.5 ips 30- 20KH2 + 3dB Speed not usedg
3.75 1ps 40-14KHz + 3dB Speed not used
1.875 1ps B 0- 15KHz * 3dB.
Signal / Noi se rati o: _ _

Wt hout Dol by 55dB or hi gher 55dB or hi gher
Wth Dol by 60dB or hi gher 60dB or hi gher
WOWN and flutter:

Unwei ght ed 0.15% or |ess 0.15%or |ess
Vi ght ed 0.10%or |ess 0.10 or less
Stereo, Separation 50dB or hi gher 40dB or hi gher

(Signal |eakage from
Lt to R channel or
vi ce versa)

O oss - Talk (Signal 60dB or hi gher 60dB or hi gher
| eakage from between
adj acent tape tracks)

For the training of the voiceless /s/ sound one nakes
use of Sindicator, and for training nasalization - N

indicator. One should see it has got a mc (inbuilt for the
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S-indicatbr and nagnetic contact type for N-indicator), |anp
or deflection of the niddle to show the presence of response,
facilities to connect special equipnments like electric toys,

vi brator etc (manufacturer-53).

Stamrer suppressors portable, battery operated can be
carried easily in the pocket, used to prevent stuttering by
occluding the sound of the patients voice from hinself by

means of |ow frequency (manufacturer-18).

DAF - used for treating stutterers. Specifications tine
delay (25 to 220nsec), frequency and intensity range, etc
(Manufacturer,98,99). Qher instrument used for treating
stutterers is nmetronone (36). There are other many equi pnents
used are mni-fonator for speech training of deaf person
(113-117), speech enphasis Indicator (9, 80), pitch conputer
used to teach prosodic features of the Ilanguage (53),

manophone to neasure air pressures in speech cavities (53).

Artificial larynx - used in the rehabilitation of the
| aryngectony. Two types pneunmatic and el ectrical type.
Manuf acturers: 17, 24, 35, 46, 74, 79, 86, 88, 114, 121.

For the aerodynam c neasurenents like vital capacity,
means air flow rate one may need equi prent |ike Expirograph.
It is water sealed instrunent, so the anount of water has to
be specified by the manufacturer and other parts |ike bell ow,
single way value, pulley unit wth chain, breathing unit,

D vider, nouth Piece, nose clip etc (129-133)-
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Instrunents wused for the nasality measurenents are

accel eronetry, TOVAR nasoneter etc (72).

Today, there are nmany instrunents available that can be
used for alternate or augnentative comunication |ike vois

160, canon communi cator Metc (Manufacturer, 34,50, 98,99,),

There are nany nore other instrunents used for the

di agnosis and rehabilitation by the speech pathol ogi st.
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COWPUTERS I N THE SPEECH AND HEARI NG
Speech pathol ogi sts and audi ol ogi st have i ncorporated
new technologies into their clinical practice when they felt
that doing so would benefit those whom they serve
professionally. A recent technol ogy which involves the use of

conput ers.

A conputer is a tool. It is an electronic instrunent
that accepts information, stores information, processes
information, and gives out processed information. There are
different types of conputers: main franes, mniconputers, and
m croconputers. Mcroconputers - which are the snallest and
| east expensive type, are the conputers that speech
pat hol ogi sts and audi ol ogi sts have used nost often. These
sonetimes are referred to as hone conputers or personal
conmputers (PC). dinical software of interest to speech
pat hol ogi sts and audi ol ogi st has devel oped for a nunber of
such conputers including the Apple-I1, the Apple Mcintosh
the commodore 64, the Radio Shack TRS-80, the Radi o Shack
color conputer and |IBM personal conputer or conpatible

conput ers.

The choice of conputer system is the nost difficult
decision. There are several here that could be purchased
depending in part on budget. The discussion here is confined
to mcroconputers because they are very common, very
I nexpensive and fairly adequate for clinical and research

pur poses.
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Not long ago only 8 bit conputers were used for quite a
long tinme. Based on this the conputers were standardi zed as 1
byte conputers. However, recent days have seen the birth of

16 and 32 bit or 2 and 4 byte conputers.

Appr ox. cost
PC 8 bit 30, 000
PCXT 16 bit 40, 000
PCAT 16 bit 70, 000
PCAT 386 32 bit 100, 000
PCAT 486 32 bit 160, 000

For clinical purpose one can nmake use of PCAT which is a
16 bit conputer. The 286-based PCs are 16-bit conputers
whereas the 386 based PCs are 32 bit conputer. For the
research purpose, one can rmake use of PCAT 386, which is a 32
bit PC nuch faster and provide nuch higher performance. The
32-bit PCs have enough power to run nost speech analyzes
prograns fast enough for a nunber of applications.

Bef ore purchasing one nust collect information fromthe
reliable source like other professionals (particularly other
speech pat hol ogi sts and audi ol ogi sts) who have conputers for
doing tasks simlar to those for which you want to use
potential source of data. Another potential source of them
are a informations is persons who sell conputers. |If
possi bl e, discuss your needs w th know edgeabl e consults from
several dealers. |If their recomendations are simlar and
intuitively make sense to you, this should increase your

confidence that you are sel ecting appropriate conputer.
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Conmputer can be used to replace all instruments in
speech pathol ogy. The findings of various tests done on the
client can be stored permanently. It can also be used for

efficient record nai nt enance.

Anal og signals are representations of the physical word,
and are usually represented as continuous signals. In the
conputer, the analog signal is digitised ie., analog signals
are represented in terns of a sequence of discrete nunbers.
The process of converting analog signals into discrete or
digital signals is called analog-to-digital (A/D) conversion
and device is called as A'D converter or interface unit.
There are several inportant considerations in the choice and

usage of an A/D converter given in Appendix-J(a).

Filters and | ow pas3 filtering:

In order to prevent aliasing during the process of
converting an analog signal into digital formon a conputer,
the analog input signal is first lowpass filtered before it
is send to the A'D converter. This is done by a separate
filters device outside of the conputer and the A/ D card,
al though recent A/D cards have an option for a filter card to
be attached to them to alleviate the need for a separate
external filter. Low pass cut-off frequency of interest nust
be set at the highest frequency of interest. Certain
specifications of a lowpass filter mnust be taken into

consi deration as given in Appendi x-J(b).
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Speech output and signal generation (speech synthesis)

The conputer is an ideal device for generating signals
(and speech) because it provides a high degree of precision,
flexibility and stability. These discrete signal from the
conputers are given to DA converter which takes the discrete
values and generates a continuous or analog output that is

lowpas filtered and results in the actual analog signal.

Consi derations discussed in the A/ D converter are
equally applicable to the DA converters. But there are sone
additional considerations. Wen Ilistening to any audio
signal, if the onset anplitude is quite high it introduces
unwanted clicks at the beginning of the signal. (One way to
elimnate these clicks is by use of an on-board deglitcher.
In the absence of the deglitcher, the output signal nust be
ranpled through software i.e., anplitude in first few
mllisces during the onset of the signal nust be allowed to
grow gradual ly. The output fromthe DA converter is |owpass
filtered and snoothed and results in the output analog
waveformin an electrical form The signal can be passed into

an anplifier and then into a | oudspeaker or headset.

PC s are available indigenously. Purchase of it depends
upon the use i.e., clinical or research oriented. For the
clinical oriented one may require m ni nrumof 150, 000/- rupees
i ncluding other conponents to be used. For a research |lab
mni num of 200, 000/- required. Follow ng are the m nimum

requirements for the clinically oriented centre.



102

PCAT with:
CPU - Intel 80386 as MP or Intel 80387 as NDP

Speed - 25MHz for clinicsl purpose
33MHz for research purpose

Memory - 2MB RAM (0 wait state)

128K Coche memory
Fl oppy Drive - 1x 1.2 MB 5 1/4"
1x 1.44 MB 3 1/2".
Hard Di sk Drive: 150MB HDD/ 300MB HDD
Monitor - VGA Card wth VGA col our nonitor (VGA-Virtua

graphic nonitor) or Soft white

Key Board - 101 keys

Ports- 2 series and 2 parallel ports.

SIU (Spinterface unit) 12 bit - Speed - 50KHz for clinical

pur pose

16 bit high speed 100KHz - for research purpose

ADC and DAC card nulti point antialaisingfilter 72dB/ Oct can

be purchased and 96dB/ Cct for research purpose.

Opt i on:

Printer - 300Cps 24 Pin, 136 Colour Dot matrix printer is

must. 300 DPI post script |laser printer can be optional.

O her requirenents are - conputer should have connection for tape
i nput, tape output, mc input, speaker and head phone output etc.
Regar dl ess of the type of conputer chosen, there are enough options
in the market today to satisfy a wide range of clinicians and
researcher with very different needs.

Manuf acturer: 28, 45, 95, 123, 141, 142, 143).
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SPEECH SOFTWARE

The nost critical part of the instrunentation for speech
research is the actual speech software itself. There are
several different speech analysis software packages wth
vastly varying capabilities and flexibility. Appendi x-K(a)
gives information about the basic capabilities of the
different softwares. Appendix K(b) gives information on

har dwar e requirenents of speech anal ysis software.



104

Bl BLI OGRAPHY

Ashi sh Kumar Purwar (1981): "Technical facilities avail able
for the speech and hearing handi capped in hospitals in
India - A Survey", Unpublished Master's |ndependent
Project, Mysore (1981).

Ashok Kumar Sinha: "A draft for ISl specification for

el ectro-acoustic | npedance audi oneter”. Unpublished
Master's | ndependent Project, Msore (1980).

Baken, R J. (1987): "dinical neasurenent of speech and
voi ce". Taylore and Francis Ltd. London.

Bell H Lewi s and Associates (1982): "Industrial Noise
Control" Fundanental s and Applications Edited by

L.L.Fall kgrer and S.B. Menkes, Marcel Dekker, Inc. New
Yor k and Basel .

Bernard Sohn and Dorinne Davis,: "Acoustic reflectonetry: A

new tool for ingedance screening". Hearing |Instrunents,
Aug. 1991, Vol .42, No.8, 26-27.

Bess, H Fred, Hunes,E Lary (1990): "Puretone Audionetry" in
Bess. H F. "Audiol ogy the fundanental s", Chapter-4,
WIllians and WI kins, Baltinore, Hong Kong.

Bfrck D. Jonathan and Deborah L. Stewart,: "Selecting an

| npedance instrunent". Hearing |Instrunents, Aug. 1991,
Vol . 42, No.98, 11-14.

Drectory, Hearing Instrunents, My 1991, Vol.42, No.5, Page
12-19.

Duerden, C. (1970): "Noise Abatenent". London Butterworths.

I ndi an Standard: Specification for Body Level Hearing A ds".
|S.. 10775-1984.

I ndi an Standard: Specification for Hearing Aid3". |S: 4482-
1967.

I ndi an Standard: Specification for pure tone audi oneters".
| S: 9098-1979.

U Ve (SR8 Mpun Sl et &5t N Rl JNRESS 505 40 depler &



Lansbury-Martin, B.L., Wiitehead, ML. and Martin, G K

(1991): "dinical Applications of Goacoustic Em ssion,
J.SHR, 34(5), 964-981.

Latha, J. (1986): "Question and Answers on Instrunents and
| nstrunentation”. Unpublished Master's | ndependent
Project, Mysore (19860).

Laura Ann W1l ber (1985): "Calibration: Puretone, Speech and
Noi se Signals" in Jack Katz - "Hand book of i ni cal
Audi ol ogy" 3rd Edition, Chapter-7, Page No.116-150,
WIllians and W1l kins, Baltinore, Hong Kong.

Mani negal ai R (1982): "A manual for Noi se Measurenent".
Unpubl i shed Master's | ndependent Project, Msore.

Martin, N Frederick (1986): "Audioneter” in Martin, N F.
“Introduction to aduiology, 3rd Edition, Prentice-Hall,
Inc., Englewood Aiffs, New Jersey.

Pol | ack C. M chael and Ron Morgan (1980): "Earnold Technol ogy
and Acoustics". In MPollack Amlification for the
Hearing Inpaired Ed. 2 Chapter.3, 91-141, Qune and
Stratton, New York.

Read, C, Buder HE , Kent DR (1990): "Speech analysis
systens, A Survey", J.SHR, 1990, Vol.33, 363-374.

Silverman, H Franklin: "Mcroconputers in speech-| anguage
pat hol ogy and audi ol ogy". A Prinmer Prentice Hall, Inc.
Engl ewood A iffs, New Jersey".

Suchita V.S.: "A Quide for the Hearing Aid User". Unpublished
Master' s | ndependent Project, Mysore, 1990.

Snman C. Gorin,: "Special features of Inmmttance equi pnent -
then & now'. Hearing Instrunents, Aug.1991, Vol. 42,
No. 8, 15-17.

Vi yayal akshm Basavaraj (1990): "Introducing the project

"SAFA for the Hearing Inpaired. In Test-the |SHA
battery". Editors - Santosh K Kacher and Vijayal akshm
Basavaraj, 1-9.

Wod, K S. (1971): "Term nol ogy and Nanmencl ature" in
"Handbook of Speech Pat hol ogy and Audi ol ogy, Edited by
Lee Edward Travis, Chapter-1, 3-23.



APPENDI X- A
SPEQ FI CATI ON FOR PURETONE AUDI OVETER
| ND AN STANDARD (1979)

Requi renents of Audiometer for AC neasurenent:

Frequencies - 8 tone frequencies 250, 500, 1K, 2K, 3K, 4K 6K
and 8KHz. Additional tone frequencies
(optional) 125, 750, 1.5KHz.

Accuracy of tone frequencies - + 3%

Harnmoni c distortion - For the frequencies and HL settings
listed in Table-1 the nax | evel of the
harnmoni cs relative to the fundanental
of the tone shall not exceed the val ues
given in Table-2. D stortion shall be
nmeasured at the HL listed or at the nax
H. setting on the audi oneter, whichever

Is | owner.
TABLE-1: Qutput |evels
Frequency (Hz) Maxi mum Upper Limt of HIL
Ar dB Bone dB
125 70
250 90 30
500 100 50
750 100
1K 100 50
1. 5K 100
2K 100 50
3K 100 50
4K 100 50
6K 90
8K 80

TABLE- 2: Maxi mum per m ssi bl e harnoni c distortion

Frequency (Hz) AC BC
125 250& 500 to 250 500& IKto

8000 6K 750 4K
HL (dB) 75* 90* 110* 20* 50* 60*
2nd Har noni ¢ 2% 2% 2% 10% 5% 5%
3rd Harnonic 2% 2% 2% 506 2% 2%
4th & each hi gher
har noni ¢ 0.3% .3% .3% 2% 2% 2%
Al subharnoni c - .3% .3% —
Tot al har noni cs 3% 3% 3% 12% 6% 6%

* - or relevant max output |evel for the audioneter,
whi chever is |ower
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Note: 1) Due to limtations of the acoustic coupler,
artificial ears and nechani cal coupl ers, neasurenents
of harnoni cs occuring at frequencies above 4KHs naynot
accurately describe the nonlinear properties of the
system
2) These distortion val ues donot necessarily apply to
i nsert transducers; for such transducers, electrica
determnation of distortion should be nade.

Hearing Level control - SPL of each tone shall be adjustable
in steps of 5dB or |ess.
(At t enuat or) The maxi mum [ evel for AC and BC shal |
ge :ndicated on the hearing |evel
i als.

Tone switch: The audioneter shall be provided with a tone
switch of nornmally Of type for the presentation of test
tone by operator and its operation shall be such as to
establish and elimnate the tone w thout producing audible
transients or extraneous frequencies. Facilities for | ocking
device nmay be provided to keep the tone switch in continuous

"CN' position.

Wen the tone switch is "ON' position, the tine taken
for the SPL produced by the earphone to attain -1dB relative
to its final steady value shallnot exceed 0.2sec fromthe
instant of operating the switch. The tinme taken for SPL to
rise from -20dB to -1dB relative to its final steady val ue
shall not be less than 0.02sec. At no tine during the build
up or decay of the tone shall the SPL produced by the
earphone attain a value exceeding zldB relative to its steady
value in the "ON' position.

Wen the tone switch is noved to the "CFF' position, the
tine taken shall not be nore than 0.2sec and I|ess than*
0. 02sec.
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Sound Source: Each audioneter shall be provided with 2
ear phones. Each earphone shall be equi pped wi th earcushion or
supra aural type and shall be provided with suitable spring
head band having adequate tension to hold the earphone
against the ears to provide a satisfactory seal with a force
of at least 4N It shall be possible to obtain accuracy of
positioning. The |eft earphone shall be nmarked bl ue and right
red. Note- It is desirable that the ear cushion be of a kind

whi ch can readily be cl eaned.

Range of SPL - By the earphone shall extend fromthe standard
reference equivalent threshold SPL to a higher value, which
shall be atleast that given in Table-1. An extension bel ow

the standard reference equivalent SPL is optional.

Accuracy of the SPL and vibration |evels:

The acoustic neasurenment for the accuracy of SPL
produced by the earphone should be carried out at 1KHz and
at 60dB. At other settings of the attenuator only the
el ectrical neasurenents should be carried out. The difference
between the actual SPL of a tone at 2 neighbouring settings
of the attenuator scale shall be within =IdB or by not nore
than 1/ 10 of dial separation of the difference between the
scale readings at 2 settings which even is larger. The
di fference between the actual SPLs of a tone at each pair of
settings of the attenuator scale shall be within +2dB of the

di fference between the scale readings at the 2 settings.
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Devi ation between the actual SPL a tone, set up by the
earphone in an artificial ear, at each setting of the
attenuator (at 60dB) and the standard reference equival ent

threshold SPL, should not exceed the follow ng val ues.

Nom nal frequency of the Maxi mum per m ssi bl e devi ati on
test tone (Hz) (dB)
125 +3
250 +3
500 +3
750 +3
1K +3
1. 5K +3
2K +3
3K +3
4K +3
6K 5
8K 5

Note: It nore than one channel for signals and/or noi se can
be connected simnultaneously to a single transducer the
output level of either signal (or noise) fromthe
transducer with both channels connected shall differ b
| ess than I dB fromthe |evel obtained when the channe
Is connected for 125 to 4KH2 and + 2dB hi gher
frequenci es.

Requi renents of audioneter for BC neasurenents
Test tone frequencies - 6 tone frequencies. 250, 500, 1K, 2K,
3K and 4K Accuracy - within +3%

Constant Area of bone vibrator - Plane circular contact area
of 175 £. 25m®

Head band: To connect bone vibrator and to exert a static

force of 5.4+0.5N The headband shall permt the sinultaneous

use of one of the air conduction test earphones as a source

of maski ng noise to the ear not under test.

Calibration: The bone vibrator shall be calibrated according

to the normal threshold of hearing BC using the nmechani cal



110

coupler. The zero setting of the audioneter hearing |evel
dial for AC shall apply also for BC for a stated pl acenment of

t he bone vi brator.

GENERAL REQUI REMENT

1) Warmup-time: Should be specified by the manufacturer and
shall not exceed 10 m nutes when the unit has been stored at
room tenperature. The performance requirenents of this
standard shall be met after the stated - warmup tinme has
el apsed.

2) Stability with respect to variation in the environnental
conditions: The audionmeter shall be capable of operating with
the specified requirements at tenp. +15 to +35°C, Humdity -
30 to 90% checking shoul d be made at 70dB - 1KHz.

3) Battery level indicator: Shall be provided to ensure that
the battery voltages are within specified limts.

4) Housing: Protector cover shall be provided with suitable
w ndows where necessary.

5) Carrying nmeans: A suitable carrying neans shall be
provi ded.

6) Unwanted Acoustic Radiation

Extraneous sound of electrical origin from the earphone:
Shall of such a magnitude that SPL is any 1/3 octave band is
at least | QdB bel ow the signal fromthe "ON' earphone.

Unwant ed sound froma bone vibrator: At any test frequency of

4KHz or lower and at higher test frequencies where provided,



the bone vibrator shall not radiate sound to such an extent
that the sound reaching the test ear by AC through the
unoccluded ear canal maght inpair the validity of the BC
neasurenent. As judged by an otologically normals the sound
radi ation fromthe bone vibrator shall be heard at a |evel at
| east 10dB bel ow the level with the vibrator generates the BC

when in contact wth the head.

Unwanted sound from an audioneter: Any sound due to the
operation of audioneter controls during the actual |istening
tests, or to radiation from the listening test, or to
radiation from the audioneter, shall be inaudible at each
setting of the hearing level dial upto and including 50dB,
The test for this requirenment shall be nmade by an
otologically normal subject wearing a pair of disconnected
earphones and |ocated at the recommended test position, the
electrical output of the audioneter being a absorbed in a
resistive load equal to the inpedance of the earphone at
1KHz, where the BC facility is available, the test shall be

repeated with one ear only occluded by an earphone.

Maski ng source: Audi oneter shall provide broad band wei ght ed
or narrow band nmaski ng sounds for the given puretone signals.
Audi oneter shall consists of an "QVCFF' switch for the

maski ng sound.

Harrow band noise: Shall be centred around the test tones.

The recommended band I|imts for the masking sound are given
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in Table-3. The mninum attenuation rate out side the pass

band should be at |east 12dB/Oct ave.

TABLE-3: Narrow band Maski ng sounds (upper and | ower
frequency limts at the 3dB points of the spectral

density)
Cbntr?l ?requency Lower limts (Hz) Upper limt (Hz)
Hz
Maxi mum M ni num M ni nrum Maxi mum
125 105 112 140 148
250 210 223 281 297
500 420 445 561 595
750 6 1 668 842 892
1K 841 891 1120 1190
1. 5K 1260 1340 1680 1740
2K 1680 1780 2240 2380
3K 2520 2680 3370 3570
4K 3360 3560 4490 4760
6K 5040 5360 6740 7140
8K 6720 7120 8980 9520

Note: These band limts correspond to 1/3 octave as a m ni mum
and 1/2 octave as a max. These bands are w der than the
critical bands and thus require approximately 3dB nore
energy than critical bands for effective nasking.

Bor ad- Band Noi se: It shall have a spectrumpressure |evel, as

neasured in the acoustic coupler or artificial ear, which is

uniform with in +5dB relative to the 1KHz level over the

frequency range of 250Hz to 6KHz.

Maski ng sound:

Intervals - nmasking level dial should have only one
scale and a fixed index point. The masking |evel shall be
adjustable in steps of 5dB or |ine.

Reference levels - For NBN, the level control shall be

calibrated in decibels of effective mnmasking. The masking
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noise in each 1/3 Cctave band centered at the frequencies
specified shall have a SPL equal to the corresponding
ref erence equival ent threshold |evel +3dB at the frequency of

t he puretone about which the band is centred.

For other noises, the nasking level control shall be
calibrated in SPL or in effective nmasking as neasured wth

t he earphone on an artificial ear or acoustic coupler.

Specification of nasking effect: For each type of audioneter
and ear phones conbi nation, the nmanufacturer shall supply data
showing the nasking effect for each test signal and the

corresponding SPL on the coupler or artificial ear.

Accuracy of the masking |evel: Earphone - +5 -3dB. Measured
difference in output between any 2 successive designations of
masking level shall not differ from the indicated or |dB,

wth ever is snaller.

Maski ng | evel range:

Frequencies (Hz) M ni mum | evel (dB)
250 60dB
500 75dB
1K to 4K 80dB

The overall output SPL of masking noi se shall not exceed

125dB.
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APPENDI X- G
IS (10775-1984)
SPECI FI CATI ON FOR BODY LEVEL HEARI NG Al DS

Characteristics ' Requi r enent

Mld dass Mderate dass Strong d ass

Max saturation SPL 115dB 125dB 135dB (Mot e)
Average OBPL 90 105-114dB 115-124dB 125-134dB
Full -on acoustic gain 45dB(mn) 55dB(m n) 65dB( m n)
Hf - aver age _ _ _
full-on-gain 40dB(m n)  50dB(m n) 60dB( m n)
a) Basic frequency

response
b) Conprehensive Measured results shall be recorded

frequency response

Frequency range Shal | be between 250Hz to 3150Hz

Ef fect of gain
posi tion frequency
response
Measured results shall be recorded
Ef fect of tone control
on frequency response

Effect of full-on
acoustic gain of

variability of battery Shall not exceed |QdB
vol t age

Total harnmonic distortion Shall not exceed 7%

I nter nodul ation disotortion Measured results shall be
/difference freqg.distortion r ecor ded

Ef fect of variation of Shall not exceed 10%

battery on distortion

Internal noise from hearing

aid interns of equivalent Shall not exceed 30dB( SPL)
I nput noi se | eve

Batery current SNVA 10NVA 15MA

Note: Hearing aid with max SSPL greater than 135dB are likely
tg dan?ge the ear. Hence their use should strict nedica
advi ce
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Characteristics

Requi r enment

MIld dass Mderate dass Strong d ass

| nduction coi l
sensitivity (in
appl i cabl e)

ACG characteristics
(if applicable)

a) Steady state

| nput / out put
characteristics

b) Dynam c out put
characteristics

The measurenent val ue of the coupler

SPL shall be within +6dB of the val ue
speci fied bel ow
100dB 110dB 120dB

Wth the neasured and specified curves
mat ched at the point corresponding to
70dB input SPL, the measured carve at
50 and 90dB input SPL shall not
differ in output SPL fromthe curve
specified by the manufacturer for the
nodel by nore than + 5dB.

The attack and recovery tinmes shall
each be within +5nsec or £50% whi ch
ever is large, of the values specified
by the manufactures for the nodel
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APPENDI X-H
EARMOLD MATERI ALS

EAR HOLD MATERI ALS:

1)

2)

3)
4)
5)

6)

7)
8)
9)

Lucite plastic (Acrylic): Chem cal name - Methyl
raethacrylate - hard nold material. Available in 2 form
liquid (nmonomur) and powder (pol ynur).

Special acrylic (super alerite) for hard nold. Non-
allergic material.

Et hyl methacrylate - Soft nold material.

Pol yvl nyl chloride (PVC) - soft nold material.

Pol yet hyl methacrylate - Acrylic body, vinylcanal, ie.,
hard body and soft canal.

Speci al acrylic body, vinyl canal - hardbody and
sof t canal .

Vinyl (thernoplastic) - Soft nold material.
Silicone - Soft nold material.

Pol yet hyl ence - Mderately soft to sonme what hard. Usefu
for severe allergic cases other naterials used are.

10) Plaster of paris to nmake plaster caste of the ear

11)
12)

13)

14)

I npressi on.
Al ginate materials - to take inpression of the ear

Cold nold seal - used to coat the plaster cast before
packing it with earnold material to avoid reaction

Pum ce powder - also called polishing powder used to
polish the nold.

Vasi |l ine - Pectroleun1jel|y - used in coating inner
surface of falsk for easy deflasking of the ear nold.
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APPENDI X-J
(A A DCO\NVERTER

There are several inportant considerations in the choice
and useage of an A/D converter.
1) Resol ution:

Resolution is specified as the nunber of bits on the A/D
converter. For ex: 12 bit or a 16 bit A/'D converter. This
resolution of the A/D converter is a function of nunber of
bits of the A/D converter raised to the power of 2. Thus, a 1
bit converter provides only 2 steps of resolution (2'=2).
3-bit provides 8 levels of resolution (23=8) and so on. For
speech signals, a 12 bit converter is acceptable, providing a
resolution of 1 in 4096 parts.

2) Sanpling rate:

Sanpling rate refers to the rate at which the A/D
converter sanples a signal for digitization. The selection of
the sanpling frequency is dependent on the frequency range of
the signal used. In order to represent any frequency
conmponent in the input signal, there are mathematical rules
that govern the nunber of sanmples required for this purpose
(Nyquist theorem). The sanpling rate nmust be at |east twce
t he hi ghest frequency contained in the input signal. Usually,
the input signal is Jlowpass filtered such that no
frequenci es higher than the highest frequency of interest are
contained in the signal input to the A/D converter. However,
due to the Ilimtation of the A D converters and |ow pass

filters, a higher sanpling frequency is used. For the speech



clinic one may require sanpling frequencies of 16KHz to
20KHz. Because sone consonants (like /s/) have energy in the
hi gher frequencies around 6 to 8 KHz a higher sanpling
frequency of about 16KHz is desirable, while the |ower
sanpling frequency of 8KHz is adequate for nost vowel sounds.
Most nodern A/ D converters provide sanpling frequencies up to
150KHz. Anal yses of infant speech, fricatives and fenale
speech require sanpling frequencies greater than 10KHs. If a
sanpling frequency lower than 2 tinmes the highest frequency
of interest is wused, parts of the original signal are
represented as being lower in frequency than they really are
resulting in distortion of the real signal. The introduction
of lower frequencies that do not actually exist in the
original speech signal is referred to as ALLASING and the
distortion as alias frequencies. Thus it is inportant to use
a high sanpling frequency.

3) Triggering options:

Triggering is the process which signals the AAD board to
commence conversion or digitizing. Mst A D boards provide
for either internal or external triggering. In the external
triggering, the A/ D conversion can be started when the
external triggering is applied. |If there is no external
triggering then the card nust be informed through software as
to when to begin the conversion usually based on detecting
sone specified point on the voltage rise of the 1ncomng

si gnal .
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4) Nunmber of channels: Mst A/ D converters provide nore than
one channel for converting signals. That is, nore than one
signal can be digitized at the sane time. These channels are
provided as either single -ended (SE) or differential input
(D). Typically, A/ Dcards provide 16SE or 8D channels. In
SE input, there is one comon signal ground, and the signal
is the difference between the input signal and the conmon
ground. In D node, 2 channels are used to convert a single-
signal input. The difference between the 2 channels is used
to represent the signal to be digitized. Wen nore than one
channel is being converted, the A/D rapidly steps through
each of the channels successively. The converted signals are
stored as one continuous stream of nultiplexed signals. The
advantages of multiplexing is that when there is a need to
digitize nore than one channel, as in research on speech
physi ol ogy, where the speech signal is sanpled sinultaneously
w th various physiological neasure, a single card can handle

several simultaneous conversi ons.

5) Input voltage range: It should be + 5 volts or £ 10 volts.
Val ues exceeding this range may destroy the A/ D card.

6) Direct-nmenory Access (DMA): Wien data is acquired at fast
rates (greater than 10KHz), it becones essential to wuse the
DVA node of conversion where in the converter directly
deposits the sanples into sonme nenory |location in RAM
(Random Access nmenory), entirely by passing the CPU (Central
processing unit of the conputer). If a non-DAM node is used,

each sanple converted by AD has to be noved fromthe



registers in the converter by the CPU to a nenory location in
the RAM before the A/D can begin its next conversion, for
hi gher sanpling rates, this beconmes too denmanding on the CPU
and there is a possibility of losing some of the origina

input signal. A nunber of manufacturers also provide soft
ware (called drivers) that automatically transfer the data
from the AD to hard-disk. This is limted by the speed
capabilities of the hard disk, disk controller and disk
driver. For nobst speech research purposes, direct-to-disk
A D conversion is available for sanpling frequencies upto
100KHz, or even higher. There is a major drawback of this
process. |If this option exist, then data can be acquired or
digitized for an unlimted time interval, constrained only by
the nenory available on hard disk. If this option do not
exist, then the duration of the input signal that can be
digitized is limted by the available RAM on the conputer.

The above nentioned considerations to be taken into
account in the selection of an A/D converter card.

(B) Filters and | ow pass filtering:

Certain specifications of a lowpass filter nust be
taken into consideration:

1) Programmabl e cut-off frequency:

Programmable filters are preferable to and much nore
expensive than fixed frequency cutoff filters. 4.8KHz,
7.5KHz, and 9.6KHz (used along w th sanpling frequencies of
10KHz, 16KHz, 20KHz respectively) are the nost commonly used

cut-of f frequenci es.



2) Roll-off frequencies:

There is sone amount of |eakage of frequencies beyond
the cut-off frequencies i.e. unwanted frequencies do pass
through the filter. The anplitude of this unwanted
frequencies is indicated by the roll-off, which indicates how
much attenuation occurs in the frequencies beyond the cut-off
frequencies. A very steep roll-off (about 96dB/octave)
indicates that frequencies beyond the cut-off value are
present only at mnimal anplitudes. For purposes of speech, a
mninum of 48dB/Octave is typically used, although 96dB/
octave is preferable. The steeper the roll-off frequencies,
the nore expensive the filters tend to be.

3) Input voltage range: Sane as that of A/ D converter
4) Active or passive filters:

Active filters contain an anplifier along wth the
filter, they have a wde dynamc range, good linearity,
provi des selective anplification. Al active filters require
power source. Passive filters do not require power source
They wusually work by cutting out the anplitude of the
unwanted frequencies. Mst of the active filters provides a
much higher role-off rate (around 96dB/octave) than passive
filters. Ether type of filter 1is accepted in speech
research

These are only sone of the inportant considerations in

the choice of a lowpass filters.



APPENDI X- K( a)
BASI C CAPABI LI TI ES

CS

speech

CSRE

| LS PC Mac

speech

MSL  SSL

A) Waveform acquisition and display:
Initial capture of signal:
Recordi ng: No.of channels

Di spl ay: Max. no.of channels
Capacity (disk nmenroy limt)
Recor d/ pl ayback

Moni t or di spl ay

Zoon Scrol |

Ti me readout

Ampl i tude readout

Amplitude resolution (max. bits)

H
<<Qo

=<<N
o

<N<<O R

=<
o

16

RZ2Z2N<<0

=R

P <<N<<

N

<<ZRrpP

=<<N
o

N_<_<C NN
wm

= =<
N

B) Waveform operation (Subsequent to initial capture):
View & play sel ected segnent

Splice

Rel i cate

Taper ends

Savel/retrieve

Label segnent

Er ase

< << << <<

<Z<zZ<<<

<<< << <=

<Z<zZ<<=<

Z22<Z2Z2=z<

<<<Z<<=<

C) Spectral & pitch anal ysis:
Spect r ogr am

Formant tracing in spectrogram
Readout tinme, frequency, anplitude
Spectrum FFT

>

LPC

Water fall

Readout frequency, anplitude
Cepstrum

Voi ce perturbation analysis
Pitch extraction

<<Z<<<<ZZ=

<< Z << << << <

<Z<Z<<<=Z<~<

<ZZ<Z<<<<<

<ZZ<XzZzZ<ZZ=

>

<<Z<Z<<<<<




CS CSRE ILS-PC Mac MSL  SSL

speech speech
D) O her functions:
Speech synthesis N Y Y N N Y
Dat a i mport/ export Y N N N N Y
Stinulus presentation utils Y Y N N N N
Si mul t aneous di spl ay:
Wave form and spectrum N N Y Y Y Y
Wave from and spectrogram N A N Y Y NA Y
Spectrum and spectrogram N A Y Y Y NA Y
Spectra: FFT and LPC Y N Y Y NA N
Fo & Wave form or spectrogram Y Y Y Y Y
94 42 118 120 1X0

ADDRESS:

Note: 1 = Can mark and save any continuous option
In signal ABC, can mark B and Play AC, but cannot save ACin a file.

O her soft wares programes used with PC are

1) Speech work station (with DSP board): Cost = $ 4715 to $ 5996 - for anal ysis;
Manuf acturer - 124,
2) Real tinme speech lab - for anal ysis:
Manuf acturer - 109.
3) APRLS (Acoustic phonetic research) - for analysis and synthesis.
Manuf act uerer - 75.
4) Hypersignal plus - for analysis: Cost: $ 1000
Manuf acturer - 63.




APPENDI X- R( b)
HARD WARE REQUI REMENTS OF SPEECH ANALYSI S SOFTWARE

Equi pnment CSpeech CSRE | LS- PC MAL SP. VBL
Conput er PC/ AT, PS/ 2 PC AT PC/ AT Maant osh |1 PC/ AT
Mat h, coprocessor Requi r ed Requi r ed Requi r ed N A Not used
Menory (Kb) 512 640 640 2000 19L

Di sk Space (Kb) 720 503 6000 133 360
Printer (s) | BM EPSON HP PRINTJET NOTE | MAGE/ LASER | BM EPSON
Di spl ay graphics C.E.V.H E GE V.H Maci nt osh C

Mouse Opt i onal Opt i onal Not used Requi r ed Not used
A/ D, DA Board(s) Requi r ed Requi red Requi r ed | ncl uded | ncl uded
Audi oequi pnent Requi r ed Requi red Requi r ed | ncl uded | ncl uded
| nput/ Qutput filters Requi r ed Requi red Requi r ed | ncl uded | ncl uded
Price (in Jan 90) $1800 $350 $1000 $4990 $2010

Di splay graphs - GE,V = IBM CCA EGA, VGA graphic standard and H = Hercul es graphic standard.

Price: To each price,

add the required conputer

system and ot her hardwar e.
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2)

3)

4)

5) ALPS Intl .,

6)

7)

Ph.
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APPENDI X- L ( ADDRESSES)

Acoust i c- Medi cal

| nstrunent | nc.

2127, Research Dr. #13,
LI ver nore CA94550,

Ph. 415- 455- 6185
Fax-415- 455- 6187

Advanced el ctronic

i nstrunent Co.

Rm 910 Wi Sang House
655 Nat han Rd,

Kowl oon Hong Kong
Ph. (852) 3913836

Fax (852) 3912534

Al M | nstrunentation
5232 | rm nst,

Bur naby BC Canada
VBJ 1

Ph. 604- 438- 3033

Fax 604-438-7755

I,_Al(l;red Peters and Sons
td. ,

Weak Lane, Dronfield
Sheffiel d,

6DH, Engl and, U K
Private Ltd,
B7/ 10 Saf darjung

Encl ave,

New Del hi -110029

| NDI A

Ph. 609370, 6862940

Ampl ai d SPA

Via R panonti 129,
20141 Mlano Italy
Fo ZSI T™M

(02) 5691903
Fax 2/5391734

laid U S A Inc.
545, West @l f Road
Al lington Heights
| L- 60005, USA

9) Aparna Meditronics Private
Lt

B- 301 Mbunt Banj ar a,
Rd No.12 Banjara Hills
Hyder abad- 500034

I ndi a
Phone - 229798

10) ApPIied El ectronics Ltd.,
Apl ab House _
A-5, Wagle Industria

estate
Thane - (Mharastra)
Ph - 591861-2-3
11) Arphi Electronics Pvt.Ltd.
Prabhadevi |ndustria

Est at e.
VS Marg, Bonbay-400025.
4225292, 4220839

| ndi a
Ph:

(Deal er for Alfred Peters
and Sons Ltd).

12) Arphi Electronics Pvt.Ltd.
247 Borewel | Road,
Wiite field

Bangal or e- 560066
T.08112- 2386

Arphi Electronics Pvt. Ltd.
21/ 2F Monohar Pukur Road
Cal cutta 700029

Arphi El ectronics Pvt. Ltd.
2/5 Si vagnanam Road

Pondy BaZ2ar, T-Nagar
Madr as- 600017

Ph- 440575

Arphi El ectronics Pvt.Ltd.
203 Magnum House

Nazaf garh Conmerci a

Conpl ex, Karanpur a,

New Del hi - 110015

Ph. 5412759

13)

14)

15)



17)

18)

19)

20)

21)

22)

23)

24)

Artificial Speech A ds
Pneunati c Type

Red Wod Ward

3132 Waits

Fortworth; Texas 76109
USA

Associ ated el ectronic
Engi neers

166, 17th Cross,

Mal | eshar am

Bangal or e- 55

Associ ated 1 nstrunent
manuf acturers Pvt. Ltd.
Nai nex House

A-8 Mbhan Cooperative
I ndustrial Estate

Mat hur a Road,

New Del hi -110044

AT & T Nati onal
Needs center,
2001 Re 46 Ste. 310,
Par si ppany NJO7054
P- 800- 233- 1222

ATLAZ Technol ogi es
127/ T.V. Industri al
Estat e

S. K Ahire Marg,
Bonbay- 400025

T- 4923094

ATLAZ Technol ogi es
28- A, Krishnaswany
| yer Avenue,

Luz Church Road,
Madras - 600004
Ph. 73174, 77427

speci al

Audi o el ectronics I nc.

7313 Ashcroft # 210,
Houston Tx 77081
713-774-4832,

Fax- 713- 774- 6459

Aur ex Cor porati on
337 South Franklin
Street

Chi cago,
I'l1inois-60606, USA

139

25) Bangal ore Dental Corp.
320, Al bert Victor Road,
op. Bangal ore Medi cal
Col' | ege, Bangal or e- 560002
(I'ndi an Deal er of Kavo)

26) Beltone H ectronics Corp.
4201 WVictoria St,
Chicago IL 60646
Ph- 312- 583- 3600
Fax- 312- 583- 3980

27) Bernafon, Inc.
P. O Box. 35127
Edi na, M nnesot a- 55435
P-1-612-897-3630

28) BPL-1ndia, BPL-Centre,
32, Church Street,
Bangal ore - 560001
Ph-52321/ 52322

29) Bruel & K aer
Naer um Hovedgade 18,
Naer um Denmar k- 2850
P- 42800500
Fax- 42801405

30) Bruel & Kjaer Instrunents
Inc., 185 Forest St,
Mar | bor ough MA- 01752
Ph- 508- 481- 7000
Fax- 508- 485- 0519.

31) Brel Precision Conponents
1621 University Pkwy,
Sarasota FL 34243
Ph- 813- 355- 9791
Fax- 813- 355- 1530

32) Bureau of Indian Standard
Manak Bhavan,

9 Bahadur Shah Zafar Marg,
New Del hi - 110002

33) Callpsonic "Deepavali"
G ound Fl oor, S.V.Road,
Andheri, Bonbay-400058
Ph-578717
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34) Canon Inc,
Audi o&Vi sual Center, 7-1,
N shi - Shi nj uku 2- chane,
Shl nj uku- ku, Tokyo 163,
JAPAN

Ph-81- 3-348-2121 _ _
45) El ectronics Corporation
35) Cardwel | Associates Inc, of India Limted,

44) Hectronic (Sales
Corporation, Electrical
Mar ket, Chandni Chowk,
P.B. No. 1174, Del hi
Ph. 233215/ 238842

P.Q Box 1135, EC L Post office,
Torrance Hyderabad - 500762
Cal i fornia 90505 Ph. 850131

36) Communi cati on 46) Hectronics Ltd,

94 Deshbandhu Apartnents
(Near Deshbandhu col | ege)
Kal kaj i ,

New Del hl - 110019, IND A

At ma Ram House(7th Fl oor)
1, Tol stoy Marg,

New Del hi - 110001

Ph. 3820001- 2- 3

37) Conputer Engineering Ltd Electroni & Scientific
Wal 'ance Way, Hi tchin, Devi ces,
Herts S&4 OSE, U K 100 U.B. Jawahar Nagar,
Del hi - 110007
38) Cosonocrd Ltd, Ph. - 2911520
E eaner O oss Road
Wal t ham Cr oss, El ectrotech Corporation
Herts, QK D76, Industrial Estate
Mohal i , Panj ab.
39) Dahl berg Inc.
4101 Dahl berg Dr, El kon Private Ltd,
Gol den Val |l ey M\55422 1203 Prasad Chanbers,
Ph. 612- 520- 9500 Qper a House,
Bonbay- 400004, | ND A
40) Departnent of Science Ph- 8112838
and Technol ogy,
Departnment of Education ES- Rehatec. FErik Spanow
t echnol ogy, Bhawan Aps.
New Del hi, 110016. Po. Box. 132,
Christian Shusvej 6
41) Dawe International Pvt.Ltd DK- 2970, Horshol m
Wstern Avenue Acti on, Dennar k.
London, UK
Euro Sonlt SRL
42) Prof. Donal d Jan eson Via Principle Eugenlo 13,

Speech Conmmuni cati on
Labor at ory. _ _
Dept . of Comruni cati on
D sorders,

University of Western

20155 Mlano Ita
Ph (02)33.10-16-5
Fax (02) 33.10.33.72

52) Eveready Pl astics

Ontari o, London. Ontario Post Ofice Box 566
43) Dreve-Qopl asti k GrbH. Forest Park,
max- Pl anck- Star Be 31 CGeorgia 30061- 0866

D~4760 Unnal Ger many
Tel ex 8229296.



53)

54)

55)

56)

57)

58)

59)

60)

61)
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FJ HE ectronics E | ebuenzl 62) H -Tech Instrunents &

DK- 2950 Vedback Control s
Denmar k 23,111 floor, Parsn Conpl ex
T-0289 14609. 600 Mount Road,

Madr as 600006
Fraser |Instrunent Co.

412 37th St 63) Hyperception

Bi rm ngham AL 35222 9550 Skill man

P- 205-591- 4279 LB 1255, Suite 316
Dal | as, TX 75243

Ceneral Radio 214- 343- 8525

300, Baker Avenue
Concord, Massachersetts 64) | norchem Power Systens

MA - 01742, USA Private Limted,
11-B M (H, Sanj eevar eddy
Quj arat Communi cations & Nagar, Hyderabad-500038
El ectronics Limted, Ph- 262036/ 895274
Anurag Commerican Centre _
Race Course 65) Instrunment techniques (p)
Baroda - 390005 Lt d,
Ph- 324514/ 324495 B-2, Cooperative Industrial
Estat e, Bal anagar,
Hawl ett - Packard I ndi a der abad- 500037, | ndia.
Pvt. Ltd. Ph. 262521, 262532

Neel am Centre, Unit No. | _
"B'" Wng, Hnd Cycle Road 66) Instrunmentation Assocs Inc

Worli, Bonbay-400019 Trolly Orossing office
Ph- 4934722 Park, 8116 Caaenovia Rd,

Manl i us NY 13104
Hearing Ald Centre P- 315- 682- 4840

Bank Road, G vil Lines,
Ludhi ana- 141001, INDA 67) Johari Hectro Medical Co
Ec-1, E ectronic Conplex

Hearing Ald Centre LI A, Jodhpur-342003
Kai | ash G nenma Rd, Raj ast han, |India
Gvil Lines Ph. 34683
Ludhi ana- 141001
I ndi a 68) Joseph Leslie Agencies
Ph. 91- 161- 50658 Pvt. Ltd. _
11/ 12, Apeejay House,
Hearing Aid Service 4th Fl oor, P.Q Box 668,
6008 Bl ue Boy Mansi on, 130, Apollo Street
Jal an Tong Shi n, Bonbay - 4000001
50200 Kual a (Dealer for Quest Elect.)
Lunpur Ml aysi a
Ph. (03) 2488939 69) Jost's Engg, Co.Ltd,
Fax- 603- 2488939 19 Kenp Road,
Bangal ore
H ndust an | nstrunents (Deal er for B&K)
719 Bel | Lane, _
Qop. Bonbay Uni versity 70) Jost's EnF%g, Co. Ltd,
Bonbay 400023, 60, Sir I roaeshah Meht a

Ph. 273961 Rd, Fort, P.Q Box-243,
Bonbay 400001



71)

72)

73)

74)

75)

76)

77)

78)

79)
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Kavo' El ectr ot echni sches,
Veérk GrbH.

D- 7970, Leutklrch In

Al | gau

Vst - Ger many.

80)

Kay El enetrics Corp.

12 Mapl e Ave,

P. O Box. 2025,

Pi ne Brook NJ 07058-2025
P-201- 227- 2000

Fax-201- 227- 7760

81)

82)

Knowl es H ectroni cs Co.
73 Victoria Rd,

Burgess H Il Wst Sussex
RH 15 9LP Engl and

Ph- 022 46 5432

Fax-044 46 48724

Dr. Kubn & Co. GbH
Gstermer hi mer street,
198, D-5000 Kol n 91
(Merheim) West G amany

83)

84)

Laboratory M crosystens
450 doud Dr.11

Larsen & Toubro (L&T)
Goul d Limted,

P.Q Box 13
M/sore-571186

85)

Lot us Acousti cs

5/ 177 "Jyot hi "

Next to Wadal a Church
Wadal a, Bonbay-400031 86)
Ph- 4110605

Lucas Grason-Stadler Inc
537 Great Road,

P. Q Box 1400

Littl eton, MAOL460

Ph- (508) 486- 3514

87)

Lum naud,
P. Q Box 257,
7670 Acaci a Avenue

88)
Ment or, Chi o-44060

D v Mdical

Madsen El ectronics A'S
20 Vesterl undvej,

2730 Herlev, Denmark
Ph. +4544 946000

Fax. +45 44 946240

Maheswari Enterprises
17/ 2 Daul at Gang
| ndor e- 452004 ( MP)

Maci o De Mexico SA DE CV
Puebl a # 163-B

Col Romm,

06700 Mexi co
Ph-915-525-72 31

Maci o Hearing Instrunents
I nc,

7375 Bush Lake Road,

M nneapol i s,

M nesot a 55435

Ph- 1- 612- 835- 4400

Medi t roni x Cor poration

M. J. Mat hur,

Post . Box. 9937

Del hi - 110051

(I'ndi an Deal er for Servox)

MED- TEC

Tec.
3 Ochard Ave,
Vatkins d en NY 14891
Ph- 607- 535- 9327

Fax- 607-535- 4990

| nc,

Menacon,
Pres. Kennedy Laan
P. O Box. 56.

263,

Vel p 6200, Net herl ands,

Mcro H ectronics
Dr.V.S. Instroni c Estate,
Ti ruvanroi yur,

Madr as- 600041

Ph- 413893

Neher Artificial Larynx
Conpany,

103 6th Street, S WKasson
M nnesota - 55944



89)

90)

91)

92)

93)

94)

95)

96)

97)
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N col et Bl onedi cal

Dv 98) Phonic Ear Inc.
5225-4, \erona Road, Torvat 1, Box. 72,
P. O Box. 4287, DK-3400, H Il erod Dennark
Madi son, W 53711. Ph- (+45) - 42267788
Fax(+45) 42266125
N col et

| nst runent Cor p.
5225-4 Verona Rd,

Madi son W53711- 0287
Ph- 608-271- 3333

Fax- 608-273- 5067

Nor t heast ern

Technol ogi es G oup Inc.
40 den St,

d en Cove NY 11542
Ph-516- 671- 4800

Fax- 516- 674- 3507
Gican A/S

58, Strandvej en,
DK- 2900, Hell erup
Dennar k

Ph. +45 39177100
Fax. +45 39401440

Panasonic
(ne Panasoni ¢ Wy
Secaucus, CA 90502

M. Paul M enkovic (Prof)
El ectrical & Conputer
Engi neering, University
of Wsconsi n- Madi son

1415 Johnson Drive

Madi son, W 53706

Ph- (068) 262- 3892

PCs Data general
Limited,

E-1l Panchshila Park,
New Del hi 110017

Ph- 6428098, 6428099

India

gfleg r chft li_??ii, cs and M\ 55416

Med Svst Dept

No3 Haddons Rd,
Madr as- 600006, | NDI A
Phi i ps Sout hern
Regi onal Ofice,

99)

100)

101)

102)

103)

104)

105)

Oconot nowoc

Phoni c ear Ltd
7475 Kinbel St,

M ssi ssauga Ontari o Canada
L5S 1E7
Ph-416- 677- 3231

Fax-416-677- 7760

Power Packs Private Ltd.
394/ 3RT,

Sanj eeva Reddy Nagar,

Hyder abad- 500038

Pradl p El ectronics,
Jay Krishna Road,
Pat na- 800009,

Ph- 42039

Prefect El ectronics(lndia)
171-E Kanml a Nagar,

Del hi 110007

Ph- 2522870

Priya Al ds,

11, 4th Main Road,
Raj a Annanal ai pur am
Madr as- 600028

Quadrant |nstrunents
14 Railway Crescent,
Croydon Victoria

Austral i a- 3136,
Ph-03-725-5100
Fax-3-725-7874

Qual i tone
4931 W35 St.

M nneapol i s

Ph-612-927-7161
800- 328- 3897

Fax-612-927-0976

106) Quest El ectronics,

510 S.Worthington St,

No3, Haddous Road, W -533066
Madr as- 600006 Ph-414-567-9157



107)

108)

109)

110)

111)

112)

113)

114)

Raj Hearing Aid Centre
122, Egnore H gh Road,
Madr as- 600008.

R on Co, Ltd

20-41 H gashi - Mot or oa
Chi  3- Chone,

Kokubunj i, Tokyo 185
Japan

Ph- 0423-22-1133

Fax- 0423- 25- 8318
Robert Morris System
Engi neeri ng

Mac Kenzie Bid. Rm 377
Carieton University

Gtawa Ontario
KI S 5B6, Canada.

LSaOtl) N fe Power Systens
td,
No. 8- 2- 268, Road No. 3,
Banjara H || s,

derabad 500034
Ph- 36779/ 36301

Sanjay Enterprises
14,15, 16 Lal bahaddur
St adi um

Hyder abad- 500001
(Relpr esentative for
Anpl aid USA

Scientific Mes-Technl k
Pvt . Lt d.

B-14 I ndustri al
| ndor e- 452003
Ph-31777-78

Estat e

Si enens
Akt i engesel | schaft,
Medi cal Engi neeri ng

lqlreoup,

earing I nstrunments
D vi si on,

Gebbert strasse 125,
D- 8520, Erl angen.

Si emens Cor por at i on,
186, Wod Avenue,

| selin,

New Jer sey- 08830

ol et a,
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115) Siemens Hearing
I nstrunents Inc.

685, Liberty Avenue, Union
New Jersey 07038 (201)
US A

116) Sienens India Ltd.
Head O fice

132- A Anni e Besant h Road
Wrli, Bonbay-400018

117) Sienens India Ltd.
J%/ot hi mahal , 68,
t . Mark's Road,
P. Q Box. 5212
Bangal or e- 560001
(I'ndian deal er for

Sienmens Hg. I nst. | nc. USA)

118) Signal Technol ogy I nc.
120 Crenona Dr.
P. Q Box 1950
CA 93117
(805) 968 - 3000
1- 800- 235- 5787

119) Sintron E ectronics

9-Bl ackers Rd,

Mount Rd, Madras-600002
| ndi a

Ph-833669; 833859

120) Software Research Cor p.
3939 Quadra St.Victorl a,
B.C. V8X 1J5
(604) 727-3744

Soni k Ai ds

52, 7th G oss Road,
S. P. Extn,

Bangal or e- 560003
Ph- 363049

122) Sonotone Intl Inc
209 Mbss Rd, Wnter
ring FL 32750
Ph-407- 323- 4960
Fax-407-327-5030

121)

123) Sparrow E ectronic. Pvt. Ltd
168, 18th B Main, 4th O oss
Kor amangal a, 6t h Bl ock,
Bangal or e- 560034

Ph- 531568



124)

125)

126)

Spectrum Si gnal
Processing Inc
460 Totten Pond Road,

Wl tham NMA 02154
Ph- 800- 323- 1842

SS Audi o El ectronics
Pvt. Ltd.

LI DO Bui | di ng, 1st Fl oor
JUHU Road, Santacruz(?)
Bonbay- 400049

Ph- 545318

Tam | nadu Al kal i ne
batteries Limted,

D-23, Industrial Estate
Anbat t ur

Madr as- 600058

P- 652838/ 652857

127) Teac. Co.

128)

129)

130)

131)

132)

133)

7733 Tel egraph Rd,
Mont ebel I 0, CA 90540

Tel edyne Ray I ndustri al
El ectronics

“Srikunj" 4th Fl oor,
238 B.J. Road,

Cal cutt a- 700036

Ph- 528176

Toshniwal | nstrunents
and Engi neeri ng Co.
10-A, Shivaji WMarg,
New Del hi - 15.

Toshni wal Bros Pvt. Ltd.
198, Janshedji Tata Rd,
Bonbay 400020

Toshni val Pvt. Ltd.
Round Tana,

Mount Road,

Madr as- 2

Pvt . Lt d.
85-A, Sarat Bose Road,
Cul cut t a- 700026

Toshni val

Toshni val Pvt. Ltd.
6- 2- 940, Raj Bhavan Rd,
Hyder abad- 4.
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134)

135)

136)

137)

Austin,

| ncor por at ed,
Tracor Lane,

Texas- 78721,

Tr acor
6500,

USA

Unitec HE ectronic
Devel opnent Laborat ory,

6/3 Kirti Nagar,
| ndustrial Area,
New Del hi - 11015

Unitron Limted
1-Industrial Area,
Nl T, Fari dabad,
Har yana- 121001

Yegakit Pvt.Ltd,

| nstrunment Di vi si on,
62, Rajesh Buil ding,
| Floor, Qpp.Police
Stati on,

339, Lanington Road,
Borrbay- 400007

138) Virtual Corp.

139)

140)

141)

142)

521 SW 11th Ste 400,
Port!l and OR 970205
Ph-503-226- 3000
Fax- 503- 228- 2666

Voi ce Indetification Inc,
P.QBox 714, Sonerville
NJ. 08876

T-(201) 526-3408

Voi ce & Speech System
53, Grlnivas, Tenple Rd,
13th Cross, Malleshwaram
Bangal or e- 560003
Ph-361019.

Wopro | nfornation
Technol ogy Limted,
5th Floor, S.B. Towers
88 MG Rd. Bangalore-1

Zenith Conputer Limted
19 Red O oss Rd, Sadar,
Nagpur - 40001

Tel - 533671

143) Zenith Conputer Limted,

Zeni th House, Chakal a

Juncti on Andherl gE%
Bonbay- 400099, T- 6366030- 2





