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This booklet is designed to supplement the Phonak
Widern Focus “FM Systents for Children'. The figures and
relerences contaiined herein were selected to clarify the
P coupling options and fiting procedures presenied in
the video, and o direct interested readers 0 pertinent
literamre,

This booklet has been divided info § sections:

1. PM Syziems

2. Goals

3. Setting the FM System

4, Verification of FM System Performance
5. Inservice Training

FM Systems

One of the most effective methods of overcoming the
negative effects of noise, distance and reverberation for
individizals with hearing loss is the frequency-modulated
{FM) system,
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In seneral. FM systems consist of a microphone and trans-
rniter that are worn close 1o the walker’s mouth and a re-
ceiver that 1s worn by the listener. The signal is sent from
the transmitter 1o the recever by FM radio waves, The
receiver cun be coupled 1o the listener’s ear in a varely of
witys. The effects of noise and reverberation are reduced
because the distance between the talker's mouth and the
microphone is so shor. usoally 6 to 8 inches or less,
[Nhstance s no longer a factor because the talker’s voice
alway s reaches the listener’s ear at a level comparable 1o
what would be expected if that talker were standing right
nesk to the listener

A the videotape illustrates, there are a number of micno-
rhope and transmitter options available for use with FM
-watems. Lavaliere microphones include the transmitter
and microphone im a single case that is worn around the
neck. Lapel microphones are clipped to the talker's shin
and attached o a transmtter via a cord. Headworn
devices are designed 1o position the microphone very close
ter the talker’s mouth. In each of these arrangements. the
microphone remains close to the talker at all 1imes.
Another ype of microphone, which serves a slightly
different purpose, 15 the conference microphone, This
microphone usually is placed on a table and is designed
to pick up the voices of multiple talkers, Newer styles of
microphones have been designed (o be hand-held by the
user. allowing him/her to “'focus in™ on particular talkers
o groups of talkers. For some microphones, the degree
of directionality also can be manipulated by the vser. The
benefits and limitations of various microphone/ftransmit-
ter aptions are listed in Table 1

There also are 4 number of options available when
selecting an FM receiver o be worn by the lisener.
Personal FM receivers usually are worn in comjunciion
with personal hearing instruments via either dirget audio
mpui or a neckioop coupling. For direct audio mput. an

&

audio boot is attached 1o the hearing instrument and a
cord atcaches it 1o the FM receiver, To utilize a neckloop,
the hearing instrument must be equipped with a telecail.
The loop 15 placed around the child's neck and the hear-
img instrument is set o the telecoil or “T" positnon. The
signal is routed from the FM receiver to the hearing in-
strument using electromagneric induction.

Seli~contained FM receivers have internal controls that
allow adjustments for the vser's degree and configura-
tion of hearing loss, Although, they primarily are wom in
place of personal hearing instruments, it is possible 1o
couple them to hearing instruments. using direct audio
inpul or neckloops.

FM receivers can be coupled w lightweight headphones
or bone conduction transducers. They also may be used
in conjunction with a cochlear implant.

Recent advances in FM rechrology have resulted in min-
inturization of FM receivers, In one type of system, the
FM receiver is completely contained in a small audio boot
which s attached 10 the child's personal hearing instru-
mend. In other systems, the FM receiver and hearng
instrument are housed in a single carlevel unit. The
benefits and limitations of FM receiver conpling options
are listed in Tahle 2.
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Table 1. Benefits and limitations of FM System Microphone Options
Microphone Style Features Advantages Disadvantages
Lanralere = Microphone and transmilier = Singhe case may simplity use | = Weight of device around the
in ane casg = Mo need lor waistband or belt | neck may be uncomfortable tor
* Antenna extends from case to adtach o fransmittar SOME WSS
* Micropiana usually direcional = Singla case lor all componanis
* Warn arcund the nack may carmplicate troublashoating
| = Poor placement or head movement
miay attect signal
Lapse * Microphone and transmiter = May be easier ta froubieshoot | = Poor placement or head movemant
are saparabe because of separate may aftect signal
= aAntanna in cord of Epal COMPANants | Fit may be uncombartable
MiGropHane i" Sorme Denelil may be loal il worn
= Micraphone clips bo pel dilferently than recommended
of may hang around nack
* Transmither usually clips to
elt or waistband
= Microphoneg may be direchional
or pmnidirectional
Hepdworn = Microphone and transmittar * Headwom mecrephone = Poor placemenl may atect signal
ang separate improwvas S/ ratio = Fit may be uncomforaks
= Anternd o rnicrophong cond * May be aasier 1o troublashoot |+ Some banefit may be kost it wom
= Worn on headband or glasses | because of separala differantly than recommeanded
* Microphone usually directional | components
|Conderance * Microphane and transmitter * Mo nesd o pasa micropnone |« May ampiily othes, prwanied, Sounds
| are separate + ADde 10 PICK WP PUMEroUS in the room
+ Anlenna in base of maerophans | ke rom sagla micro. = Groater distancs of microphone from
= Migrophoene plaged in sngle phorss logation muouth of tatker, raducing 5/M ratio
lncaticon (usually labde lop) advarmage
* Microphone 15 omnédrectional
| * Wewest mocels allow selection |+ Parable = Listenar responsible for iransmitier

Hand-heid

of diffgrent levels of
directionality

* Usar holde microphone and
directs it toward talker

= Can point, rather (han pass,
micraphone, whan there are
muhiphe talkers

= Directsonal capabilites
aftenuate unwanted sounds
from sides and back

during use

« User or caregiver must understand
Appropriate use

= Dlistance af microphonss from mouth
ol talker grealar, raducing SIN ratlio
advantage
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Coupling Optiens

Advantages

Tabie 2. Benelits and Limitations of FM System Coupling Options

Disadvantages

Sat-Corkainad Unils

Direst Audin Inpud

are nol aperahonal

nshrument is nat irmeolvesd

opticns avdilabia on mos! units

amplification nol aiecied by orealation
and dislance

Desinad Iequency respanse may oe mane

Far haaning irsinmenls with weak mecois,

= May be bass complicatad 1o set whan a heanng

Fhi anty and FR plus arsionmantad microphong

» Can recewe FM sigrial when Basnng insiuments |+ Fraquency responss not as fesible

| # Frequancy response msy ditfer inom that of the pasonal heamg
instrumenl
= Tradmeonal sysbams mol cosmeticaly apgealing

Dasirad Irequency mspanse more easly oblaned) « Mofe lialihood of breakage

= FI only and FM plus emvionmental microphans opfion may nat
b svailame

+ Separate coms ard baols must be in stock by each sludants
FM syamam

= Amplcalion vanes wilh orentation and distance

+ amptécation limeed by sirength of elecail

= Frequency respanss may diffar fram that of HA slone

= Aflecied by eleciromagnelic interlenance

= FM only and FM plus erarcnments! microphons cplions may
nal ba availabe

* Odign produces higher hasmonic dstariion and mtemal noss
= Changes in HA sulpul may oocur with mosvament of silhausitta

= My b practical as full-ime ampification lor

Mackleops = Cosmatically appealing
= Liss chanse of bragsags
.
|asiy cbigined
Silhouste = Cosmetcally appealing
.
provdes a stronger signal
| Mon-Decluding # Chidd afle 1o manibor pwn voece pnd hear
| Headphanes classmates
# Ear canal rasonance wel not ha kst
= Mixy b move cosmetically appeaing
Eaturid-Tha-Eae = May be more cosmetically appaaing
Hearing Instrameny |« Feceiver ol ea level may be more practical
FM Recansar far @ variety of situalions
= May be praclical as full-tme ampihcalion
Far mary Lgars
FM Reocanar = May e more ccamenically appasing
im an Ado Bl * FHecaiver at aas levwel may ba mare practical
far wvariety of Situalions
MY LSETS

* Can be used with a variety of differen HA models

= CanBe Ral ar sthedwss dnesmiomabie
& o nat aesily adjus o all head sizes, resulling inoan urstab e fit

* Absanca ol “low battery” and “no FA lighls

+ Large easleveal racenar may not fitwell on some ears
* Hhanar transnissien range than body-shyls syshams
+ Heoaiviar anlenna may braak or heocame loose

+ Ansanca ol “law hatary” and “no FRC lights

= Shomer ransmission range than body-style syslems

» Cumently only avedable lor Use with HA's

s Durabslity unkniown cue te recenl mtraduchon o makelplace
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Goals

An important factor in the selection of an appropriate
FM system is an understanding of how the system will
ba used throughout the day. The general goals of an
EM systern fitting are:

1. 1o allow the child to hear the primary talker (usoally
the teacher) at a level that is consistently audible above
background noise.

o allow the child o monitor histher own voice.

1o allow the child to hear the voices of others who are
not wearing the FM microphone.

b

I is important that all amplified signals be comtortable
and [ree of distortion. The extent to which each of the
goals can be achieved will be affected by the degree and
configuration of the child’s hearing loss, the coupling
option that has been selected and the listening environ-
ment in which the system will be wsed. [t may not be
passible toachieve all three goals in all situations. In many
cases compromises will be necessary and the goals will
need 1w be priovitized,

FM systems generally provide up to three options for the
micde of operation in a given situation: FM microphone
only, FM plus hearing instrument or environmental mi-
crophone (EM), and hearing instrument or EM only.
Depending upon the situation, the child/teacher/parent
will select the operating mode (hat is appropriate for that
listening environment.

In the FM only mode. the FM microphone is active bui
the EM 15 de-activated. This option provides the maxi-
mum 5N ratio advantage for the FM. However, since the
EM is not active, the child wearing the receiver will not
b able 1o hear others who are not using the FM micro-
phone or monitor hisfher own voice. The FM only mode
5

of operation is most appropriate for listening situations
where there is one primary talker, such as a lectuner.

In the FM plus EM mode, both the FM and environmen-
tal microphones are active simultancously, This option
allows the person wearing the receiver o hear the teacher,
hear others not wearing the FM microphone and monitor
hisfher own voice. However, the degree 10 which the
teacher’s voice is amplified above background noise s
compromised by the addition of signals entering the EM,
The FM plus EM mode 1s most appropriate For situations
such as u classroom discussion where it is important to
hear the teacher, other students, and one’s own voice.

In some situations, the input to the FM system may come
from an auxiliary device such as a television, tape
recorder or compater, Decisions abow whether and how
to couple the auxiliary device to the FM transmitier o
the receiver will vary depending upon the device and other
lisening requirgments,

Footnote

Them |cr(:p|‘su|1|: nfa'pt:r}mnul he::lring wnstriisent o4 dn Fiy receiver his
been refered to a2 the hearing instrims2nt microphone, the local micro-
phane or the cnvironmental microphone. Foe the remainderof this book-
let, that microphone, throwgh which the user monisors hisher own voice
and hears the veices of others, will be refermed weas the envirommental
microphone (EM ).
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Setting the FM System

To determine how well each of the three listening goals
can be achieved. the FM system should first be preset in
a standardized 2-cm" coupler. A range of signal levels
should be used w represent the different inputs 1o the Fiv
and envirenmental microphones {Table 2 Ata minimum,
these should include levels to represent the primary
talker’s voice, the child’s voice and the voices of othars
mol wsing the FM microphone,

Table 3, Input Levels to FM and Environmental Microphones

FM Microphone

Chest level = B0-85 dB 5PL
Heachwam = 80-05 dB SPL
Confarenca = 6070 dB SPL

Environmental Microphone

Cwn volca at ear evel = 75-80 dB SPL

Cwn voice at chest level = B0-85 dB SPL

Cram voice at waist leved = nat recommended

Othar, rasad voices, af approxmately 1 meter = 70 dB SPL
Cribar veicas af avarage conversation kwvel al approximeately
1 meter = 65 dB SPL

Crher, goftar voices = B0 dB SPL

o

When senting the FM system, itis imporiant to begin with
the target gain values for the child's personal hearing
instrument. The process of hearing instrument fitting with
young children is addressed in detail in the companion
videotape “Pediatric Hearing Instrument Fiting”™ in this
Phonak Video Focus series.

For children, the Desired Sensation Level (DSL)
approach, developed by Richard Scewald and his col-
leagues. is often used because i was designed specifi-
cally for this population. However. the principles involved
in setting an FM system can be applied 1o any prescrip-
tive fwing procedure. Since the FM svstem will be
measured with a varety of inpuat levels. it 1s most appro-
priate to make measurements in dB SPL rather than gain,
In this way. direct comparisons regarding output of the
system with different input levels can be made.

Step 1. Hearing instrument gain, in a 2-cm’ coupler.
is ser 10 maich preselected targer values. Generally,
measurements are made using 60-70 dB 5PL input lev-
els to represent average or raised voice at one meler. These
measures then are converted to dB SPL to allow com-
parisons to measures made with the FM system. For all
measurements other than maximum output, 1L is recom-
mended that speech shaped signals rather than constant
level signals be used to represent speech inpul 1o the
imstrument micrephones, The maximum output of the
hearing instrument also is ser o match target values. This
measurement is made using a 90 dB SPL swept pure wone
inpLt.

Step 2. The FM microphone is placed in the calibrated
position in the fest box sound chamber. The hearing
instrument, coupled o the FM receiver. is amached o the
2-cm coupler, and placed at least 60 centimeters from
the ransmitter (Figure 1). In the case of un FM system
coupled via a neckloop, festing should he performed with

1
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the neckloop placed on the wser and the hearing mstru-
ment, attached to the coupler, held at ear level o simulate
actual wse (Figure 2,

Fig. 1: Physical arrangement for coupler measures
of an FM system in the FM mode of operation.
(Adapted from Frye Electronics, 1993, Used with
permission)

Fig. 2: Physical arrangement for conpler measures
of an FM system coupled to a personal hearing aid
via a neckloop. (Adapted from Frye Electronics,
1993, Used with permission)

12

The FM system output is measured using an mput level
representative of the microphone location during use
(Table 31. These results are compared to the output of the
hearing instrument alone of to preselected targets, lde-
ally, the output of the system in the FM mode would be
equal toor slightly higher than the ongimal targets for the
hearing instrument to ensure audibility of the FM signal.
In practice, however, the desired relationship between the
output of the two may vary depending upon the FM sws-
tem circuil characteristics and the child’s hearing loss.

Step 3. The output of the EM is evaluated when the FM
system is set 10 the FM plus EM mode. Tt is imponant o
cnsure that the signals the child receves through the
EM remain awdible in all modes of operation (Figure 3),

g = & B
L IE5 A i P |
i

SO0UND PRESSURE LEVEL (4B SPL)
£ &
X TrT

=4
=]
T

z
T

[ ek naal i PR S R |

250 1004
FREQUENCY {Hz)

Fig. 3: Coupler oniput of an FMV system in the FM
and EM modes of operation.

When the FM and environmental microphones are active
simultaneously. itis desirable for the FM output (usually
the teacher’s voice ) to be 5100 dB hagher than the volces
of these not wearing the FNV microphone inorder o pre-
serve the S/N ratio advantage. The extent o which this
can be achieved depends. at least in part, on the degree of
hearing loss, the characteristics of the FM system and the
available coupling options {Table 4). 13
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Tabie 4. Sefting Oulput in FM and EM Modes of Operation for Different FM Systems

Goal

EM Settings

FM Settings

Comments

Systems wih
automatic fixed
EM redustion in
EMEM mada

Systams with
Fbd precedance

The: goal is o
mamiain approxi-
maltaly a 10 B
differance bateoan
the FM and EM
signal when both
are active.

The goal |s ta
madnkain appeoxi-
mately a 10 dB
difterance babwasn
the FM and EM
slgral when both
are atlive, In actual
use, the preca-
dence circuit will
prowide a further
restuction of the EM
=agnal beyond what
= measured
alectrogoouslically

Sat o OEL targets using
a 70 dB 5PL speech
webghted (SW) aignal,
LUse DEL targets to et
e maximurm culpat uging
a 90 dB SPL swapt pure
tane (SPT] signal

S fa DSL targets wsing
a 71 dB 5W signal. Lkse
DEL targets o set

he maximum outoul esing
a 80 48 SPT signal

Sel o DSL lagels + 0o
10 8 using an 80 dB 5w

signal. Drocument
maximum output with
a 90 dB SFT signal

Set to DSL targets + Olo

10 dB with 80 dB S
signal. Document
rmaximum sutput with
a 90 dB 5FT signal.

The amaunt 1o which the FM can ba
sat above targets may e limitad by
treer egree of hearing oss,
maxirmum autput of the system,
AGE in the teacher's mic, and the
method of output limitation waed
[e.0. poak clipping wa. comprassian)

The amount 1o which the Fid can be
=al above Largals may be limited by
thie dagras of hﬁ;ring kss,
raxmim oulpull of the systam,

AGE In the machars mic. and the
mateod of oulpul limitation used
{e.g. peak cipping vs. comprassion).

Systems without
FM precedence ar
automatic EM
reduction in FRM/EM
moda

The goal is to
miaintain approsi-
matehy @ 10 dB
dilerence betwesn
the Fi and EM
signal when both
are active. For
some dagreas o
hearing loss il may
be necessany 1o
reduce the EM gain
balow DSL lagels.

Set to within 0 to -5 dB of
DSL @rgets using & 70 92
SW signal. Use DSL
targeds 1o sl the
mExirm output using

a B0 dB SPT signal

Set to D5L tangsis + O to

10 dB with B0 dB SW
signal. Documant
maximum output with
a 20 dB 3FT signak

The amount to which the Fid can be
set above targets may be lmited by
the degree of hearing loss,
maxirmum culput of the systarn,
AGC in the ieachar's mic, and the
rmedhod of culput limdation used
2.9 peak clipping vs. comprasgion).
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Step 4. The maximum output of the FM sysiem is
evaluated. These measures are made for all modes of op-
eration, using a 90 dB SPL pure tone input. Results are
compared (o targets to ensure that the signal will be com-
Fortable and safe in all modes of operation (Figure 4,

b} I L] T T T T 1T 1 T g o T T T 1
5 130 SEPLAD of FM in FM and EM Modes ve Haorng Insirument £
m -
= i} N £
i I B
Ll |- ) =
o} £
1. o i |
1 4
w sor [t JEA: ]
E 0 — 00 d8 SPL [Heoring [rslrumenty ' = |
[ 80 4B SPL [EM)

o - o0 4B 5P {FM) 1
§ 60 | i

L O N O T | | i O |
“ 250 1000 4000

3
RAeaquire usa of the mdviduel's own real-esr to 2-crn® coupler dif-

OR
Raquira use of average values and comaction factors te astimate
farenca walues to ba addad to 2-cm vaiues to pradict real-ear SPLs

thé desirad real-aar 5PLs

Require user o be cooperalive, st and have sar canals free of
al

CETEMEN
already demonsirgtad 1o provide satistaciory pedomance in the

real aar

Typically do nod provide informadion en hermonic distoriion
Require acoess to o prote-lube microphons system

Require access to e 2-om* coupler and analysis sysiem

FREGQUEMCY (Hz}

Fig. 4: Coupler SSPL%0 of an FM system in FM and
EM modes of operation compared to a hearing
instrument.

Verification of FM System Performance

Benelits

Once the FM system has been set in the coupler, verifica-
ton of results can be completed using one of three
methods: raditional probe microphone messures, cou-
pler measures in conjunction with individually measured
real-ear-to-coupler differences (RECD) or coupler

Table 5. Benafits and Limilations of Verilication Methods

MUt el comparabla te thass at the FM micre- | Requirg the 2-cm? couplar values for a baaring instrumant

Can cvaluste the amplification recetved by the user
atinput kevels ocomparabls o hoss at the FM micre-

fahwtane:

Gan defing requeency resoonse quickly and com-

prehansialy

Can defing hequancy response quickdy and oom-

PFrovide inkaernation about barmaonic distortion
prahansivehy

Provide irformaticon abeul maximum culpul
Gan evaluate amgddication received by the user at
Pmovide information concaming maximun owput

Do ot régquing e wiar 1o He pragant

phane

measures in conjunction with average RECD values.

Benefits and limitations of cach method are listed in
Tuble 5.

Method

Frobe Microphane
Measures

2-om? Coupler
MdEasires
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When evaluating an FM system wsing traditional probe
microphone measures, the first step 15 o calibrate the
system. Onee calibration is completed, the FM micro-
phone is placed in the calibrated position. This is done o
ensure that the input level to the FM microphone is simi-
lar to levels expected in actual use. A probe tube then is
placed in the child's ear and the FM system is coupled (o
the ear. The child is moved as far away from the probe
microphone system loudspeaker as possible (Figure 5).

) ) 'L!"_l P

Fig. 5: Physical arrangement for probe microphone
measures of an FM system in the FM mode of
operation. (Adapted from Frye Electronics, 1993,
Used with permission)

This is especially important if the FM and environmental
microphones are active simultaneously. Measurements are
made at the same input levels used during coupler mea-
sures, The saturation response of the FM sysiem is tested
using a 90 dB SPL pure tone input. It the FM system is
coupled o a hearing instrument or the FM sysiem has an
EM. probe microphone measures also should be com-
pleted in the FM plus EM mode of operation. For mea-
surements of the EM portion of the system. the child is
moved to the calibrated position near the loudspeaker of
the real ear mepsurement system. As with coupler mea-
sures, when evaluating EM portion of the FM system,
input levels should be used 1o represent the levels ol olher
voices reaching the rmerophone as well as the level of
the child’s own veoice.
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A slightly different appronch is used when venilying per- FREQUENCY (in Hz)
1nrn14r.|r.:: r.Tr an FM .\}'.ﬂtm Ll-ll..lr!ll_’d. 11.1 hghlwe_lg.ht .hu:acl- 125 250 500 1000 2000 4000
phones for a listiener with normal hearing. In this instance
the goal is 1o maintain the level of the teacher’s volce atn : % ! ' e '
level comparable to what would be expected if hefshe et
were alwiys standing close ta the listencr, No additional ol i
amplification is necessary. Thus, when performing probe
microphone measures, the goal is to achieve unity gain
{output equal 1o input), This ix the only instance when
FM Svstem meesirennents are mede in gain rather than
output. Fiest, an ear canal resonance is measored using
an 80 dB SPL input signal. The set-up for esting the FM
system is the same as shown in Figure 5.

—— FM {BOD 4B SPL}
o= 0 EWM {70 dB SFL) -
Using an 80 dB SPL input signal to the FM microphone, n R Eﬂ }x g E;H -
an attempt 15 made to match the FM curve as closely as

possible o the ear canal resonance curve.

SOUMD PRESSURE LEVEL (B SPL)
I
1

When coupler mensures are used in conjunction with in- 0= =
dividually measured or average RECD values, the child
need not be present during the FM system evaluation.
The FM system is evaluated in the hearing instrument Fig. 6: Real ear sound pressure level measures of an
test box and the RECD is udded to thase values 1o predict FM system in the FM and EM modes of operation
for an individual with & moderate to severe hearing
loss.

output in the child's car (Figure 6).

Measurement of the RECD is covered in detail in the
companion videotape “Pediatric Hearing Instrument Fir-
ting”™ in this Phonak Video Focos Serjes. A summary of
the procedure can be found in the booklet accompanying
that videotape.

For testing. input signals and levels are chosen (o repre-
sent the various inpuis to the FM and environmental mi-
crophones. Test box measures re completed in both the
FM and EM maodes.

Sefected Keferences
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Inservice Training

Whenever an FM system is recommended for classroom
use. it is important o provide inservice for educational
personnel in addition to the student and his/her family,
The staff, and the child as appropriate, should be able to
perform a daily hstening check to ensure proper func-
tioming on i daily basis. Anyvone who is osing the system
should undersiand which of the different modes of op-
eraton are appropriate throughout the school day and be
able to change modes as needed, If the system is not used
appropriaely, the child may not receive the intended ben-

efi. If the FM microphone is active when the teacher
is not talking to the student, the result may be confusion.
It the EM is not active when the student needs 1o hear
himself or others., important information will be lost. In
some cases, interferenee from outside sources may affect
the performance of the FM system, Theretore. the gual-
ity of the signal may need to be evaluated throughout the
day to ensurc that it is clear and undistorted whenever it
is being used. Performance in the classroom should be
monitored on an ongoing basis to ensure that the system
is functioning adequately. Changes in the sysiem may be
needed as listening needs or hearing status changes,
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