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ABSTRACT

The objcctive of this paper is to do a coumparative
analysis of three of the present "State of the Art® high
noise level nmicrophoues. They are the n-87/A1C and
M-87/A1C+ (EV 693) both made by Electro-voics anda the HNL
bone conduction micropaone wmadc by SETCOM Corporation,

The advantages and disadvantages of Using a Dbone
conduction microphone over a bhoom mounted microphone are
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also investigated.
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I. INIRODUCIIUM

The cnangirg wnission objectives and regquirements plus
new weapons system concepts have gencrated the néeed to j
recvaluate presont forms and functions of aviator's personal.
equipnent. Man is being called upon to perform gmultiple
roles of increasing comlexity while airborne and these roles
mnay iapose conflicting requirvments in personal egquigment.
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The VTAS (Visual lacget Acyuisition Systea) concept applied
to 4air ccapat panuvering requires substantizl change in the
pilots protéctive helmet to peaet systen requirenents.

_—

oy

Tradeoffis hetween impact and eye protection, sound

E attcnuation, size, weignt, communication efficiency, 4

E

: starility and peripheral visual =ricld are imposied on the %
. : T, . . i

E tlight kelret in the Vigs role [Ref.1]. Changes in the

oxygen sask and wicroplone systen are under develoepment to
meéet tne systecn prioritics.

. Sl o

A piesent day problem has been tne inability of the
helicopter cirew nemher to heve Leliable coumunication with
the pilcts during ViaTREP (Vertical Replenishment) arnd
hoisting operations duc to very high outside ambicnt noise. :
Inproved cozpnanication from and within  aircrait; ]
; specrzrically, study of iatelligibility of present aquipuwent
botih  for helicepter to ground and heliicopter to helicopter
waz recomnended to the Navy by CHABA (Committe¢ on Hewriny, E
Bioacoustics aud Biomecnanics) {Refo2].
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A evaluation of an inteyrated microphone configuration
incorporated wituiu tue helwet shell was undertazeu, with
the Zcercgocang ViAS, VExYLEP and hoisting proupleams in  wind.
An  intcgrated awacrophone would be uselul wheny palk qad
inconveniece of a wovm microplone would wawetiact frow or
prevent wpission performance or where slipstfeanm or rotel
dewnwask cticets would render conveational air couuuction

goptoducnd from
est available copy.
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tranducers unusuabilie, Fotenost considératioh uééw;ﬁethéf -
Bant's petiorwance would woc enhanced or deygraded with
integrated personal eguipment.

The evaluation procedures used in this study are
esseutially a play oif betweca an experimental bone
conduction aicrophone and a standard military air counduction ) )
microphone.

The experimeuntal microphone selected tfor tne comparison
evaluation was the HNL (High Noise level) bone microphone as
supplied by SETCO#4 Corporation of San Jose, Califcrania.
This microploue was descrived by the manufacturer as a high
noise level Lkone conduction microphone that is designed to
“feei" the wvibrations or tane head when a person speaks and
to respond minimally to all other sounds. <“he manufacturer
also states that clear transmissions wvwith ¢good voice
recognition and signal~to-noise perfurmahce are possible in
noise 1levels as high as 115 dba [Ref.3]. Yne LNL was a
developed rodc)l o©f an earlier stancdard bone conduction
micropnone of the saue manufacturer [Ref.b]. The HNL
aicropnone was mounted in the center of a circular crown
sizing pad of an APH-6D flight nelmet modifiea in accorxdance
with the manufacturer aicself. See figure 1-1. Fiaqures 1-2
thur 1-4 shov in greater detail the manufacturers patented
pethoed c¢f wcunting the microphune in a helnet. the

a7y RRT I

- manufacturer clearly points out that the HNL microphone is a
vibration sensitive bon® conduction tranducer and [freaap

e ey

combinaticn. - ;

SETCCHM does a lot of frequency shaping in its preawmp to
overcome the loses iu  the higher freyuewncies (see Chapt.
fi.D.) so that its output .Loo0ks uuch the same as that of

THRRPT L5 Vi

the M=-87/A1C picrophonc. Tais simularity is shown in figqure
1-9% and 1-6. 1These figures atrce the results of playing two

different tape 1recorainygs into a “bruel Jaer Typce 3347
Real-Time 1/3 Octave Pand Analysises®, rhe first recording
(figure 1-5) Lad the word “tveaty" recorded on it by the
M-87/AIC and the uNL microphone. the second reccrding
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(tigure 1-o) was made up of « list vi e¢ight difrerent wotds
reccrded twice, ouce with each aicropuone. both recordings
were make ipnside a HU-1 helicopter with all the doors
closed, The amount of shaping 1is Company Confidential and
SETCOM would not release this infocmation for print in this
paper.

The HNL microphone vas compared with a standard E~87/AIC
bocm mounted dynamic lip wmicropuone. The YKreul Et Al
lodified Rayne Test" word list [Ref.5 ] wds used to evaluate
the intelligibility of both systems while beiny exposed to
the interior ana exterior helicopter noise as the evaluoation
criterion.

The H=-87/A1IC microphone (Fsu 5905-755-4043) was
developed as a noise caucelling dynanmic microphone for the
Unaited states Air Force and it is currently being used by
all the Aruwed Forces as their primary aircraft micrcphone,
The M-87,AIC is manufactured by Electro-voice, Inc.
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Figure 1-1, HM Micruphone Mounted in an APH-6L
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Figure 1-2, Side View of Patented Mounting
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Figure 1-4. Dctailed View of HNL hicrophoue
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11. PROBLENS 4ITH JOICE COfNU

A, SPEECH INTELLIGIBILITY

Coamand control of Navy saips and aircraft depends to a
pmajor wxtent on the efiectiveness of their coawvnications
systeuas. Desands on these systeas incrcase as naev weapons
systems and tactics are introduced and ambient noise Jlevels
baecoae higher. 200 otten, voiceé intelligibility is only
parginal to say the least. The factors that affect specch
intelligikility can Dbe broken down into four major
categories; those associated with (1) the pcrcon sending the
message, (2) his eguipsent, (3) his environuent, and (4) the
messaqge ccentent [Ref.9].

1. Berscpal

Eerscanal tactors known to degrade speech
anteiliqikality include regional dialects, poor enunciation
or vocal articulation habits, and inadequate training in the
special procedures and phraseologies associated with the
eguipaent or the mission.

2. Eguipwent

The design features of present day egquiprent are
known to degrade intelligibility by creating noisc and
distortion. This plus the requirements of aininun bandwidth
does not lend itsaif to good message transaissions.
Reducing noise and increasing bandwidths are expensive, and
tradeoffs lketuwecen expense and iutelliyipilicy are a serious
consideration. Distortion often ' results froa speech
processing scheses waich ar2 introduced to overcome noise or
to sake more cificienct use of available power. distcrtion

of another sort is created by litc-support eguipzent
necessdary for high-altituade tlight, such as the oxygen mask
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worn by adxicraft <¢rew amenmbers. This enclosure over the
mouth and nosge creates an uanatural cavity ia vhich to talk.

3. Jnyigonment

Environwental conditions known to degrade
intelligikility arz ambieat acoustic and electrical nolse,
which create diversions froa assigped tasks (like flying an
aircraft) and puts more unwanted stress on the perforaecr.

4. Hessage Congeat

Message rparawceters which degrade intelligibility
include large vocabularies, reports of unusual events with
seldom-used words or phrases, and short vords or phrases
vice grammatical sentences and polysyllabic vords.

This study will only address the equipment (sainly
micropnones) and environmental portions of this critical
probleun, specifically, those transmissions between crevw
menbers cf helicopters over the ICS (Internal Communication
Systen).

B. HIGH NOISk ENVIROHJEND

The frisgary [froblem with comrmunications in ailitary
vehicles is the high poise environment which they operate
in. Sece Table 1. A3 an example Figure 2~1 shows soame
typical spectra for two types of ailitary aircraft. The
exterior noise  spectrum  for che OV-1IA twin-turbine
surveillance aircraft shous that in this case the greatest
anbient and also the greatest ear damade risk occurs at low
froguenciesr. However, rfor the CH~47A helicopter at cruise
power the p[predoninant ambient nolse occurs in the nid to
high freguancy region, An estimated envelope of maxiuunm
military noise exposurcv level was obtained by combining the
data for the two aircraft { Ref.10].
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A Vs 4 v

IXPICAL BOISE LEVELS (dbAl

. §

gggtlinq leaves 10 : 3
ver ;
0ffide backround noise gg 3
Conversation 38 .
Street with moderate traffic 3
Police walvstle/vacuuas cleaner 80 ;
Five-ton truck 87-181 :
Sticet with heavy traific 0 i
aotorcxclg/gas lawvn amcwer 100-120 :
CH=-47 helicopter/oV-1 Hohawk 102-111 ;
kock music baad . 105-111 .
Arnored_ personnel carrier (4113) 111 X
460 tamk (not the gun) . 114 4
Jet runway/carcier"flight deck 138 i
o845 calibcr pistol (30 f£cet avay) 14 1
40sm grenaae iauacher U7 5
K16 rifie 154-158 1
3.5-inCh rocket 171 ;
81ar mortar ]80 :
90ra tank gun 172-186 :
105 howitzer 185191 ;

NOTE: The threshold of ﬁhysicdl pain
is apout 120 to 140 dbA..

P T S S

P U S I T

Table I i ;
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The Walsh-Healey Crlterioa as applied Ly the Departmeat
of lLabor i3 dircected at an eight hour exposute determined by
the length of a typical working day. The Army Surgeon
Geueral has stated that an 85 dbA (equivalent) level is more
appropriate for military perscnhel because on the average
the exposure duration will probably be greater than eight
hours., 1he estimated noise spectrum liszits for this crition
are also shown in Figure 2-1.

The problem of high interior noise levels in aircraft is
not just peculier to the 4Army's inventory, but it 4is also
found 4in all of the Armsed Porce's aircraft. In the
helicopter this problez is compounded with very high
exterior ambient noise caudased by the rotor systeam and other
related effects (rotor downwash, slipstream, etc.). One of
the nain reasons that tuils 1s a serious problem to tae
helicopter coanmunit; is thne @missions (VEk1REP, hoisting,
3 etc.) that they are tasked with. Comaunication between crew
menbers is essential to tae successful completion of these
uissions. Ppuring these missions at least one crew aealker is
! always e¢xposed to the outside amhient noise. This noise
é lavel usuvally exceeds the design limits of his noise
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cancelling microphone thus making communication difficult if
nct impossible. The seriousness of this problem is well
known to every helicopter pilot and crev member plus it |is
also on file at the Naval Safety Center, Norfolk, Virginia
in the form cf aircraft accidents, incidents, and ground
accident reports ([Rerf.6]}. This Jinability to Lave reliable
ccanunication in the envirounment which helicopters work has

cost many Jlives and dollars tharoughout the history of
aviation.
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This cowsunicatiou problem is also present with aircraft
ground handling crews (taxi dircectors, all aircraft carrier
fligut deck personnel, vwtc,) of all types of aircraft.
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C. MICROPHONE HISTORY IN AVIATION

Throughout the history of aviation there have been many
attenpts to btuild maicrophones or a complete communication
. system tc resolve this problem oL communicaticn in high
E | aahient ncise. Por the crev wmember of a helicopter the
; greatest portion of the eaxterior ambient noise is wind

noise,

Y. [Fipst Generation Vibpation microrhones

f Air poving over a standard lip micrephone is one of
: the vorlds best "White Noise" generators thus wpaking

filtering almost impossiovle. The next concept devised wvas
; to shield the microphone f£from the ambient noise. It vas i
then detexnmined that an easy way to shield the nmicrcphone i
from the wind was to build one that was not pressure ' ]
sensitive., From tnis 1idea came the vibration sensitive
nicrogphone. After performing sound surveys of the hunan
skull it was deteimined that the throat gave the strengest
vibration s3ignal, but it did not have a flat freyuency
response. As a result of this survey and the principle that
®the most must be the best", the throat microphone came¢ into
being in the late 1940's, Ais with wmost nev designs the
faults in the systen are alvays noted after it's built and
the throat mwicrophone was no exception. The ¢two Dbiggest

L

N e s b pa ¢ e o e L, -

: drawpacks were; first, it became uncomfortakle to vear for
? lorg peracds of time because it had to be held tight against
‘} the thiroat in order to operate properly and the seconrd was
: due to the uneven frequency response of the nicrophone (no
high frequency rvesponse) which made it hard to understand
the speakex, In human speech the lips is whebte you get the
§ final rforwming of words therefore, the further the microphone
b ' pick up is from the lips the more unnatural and unclear it
is going to sound.

3 23
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2. Second Generatiop Vibration dicrophbgnes

During the developnent of the second generation of
vibration microphones it was noted that the heed provided a
harder bone structure which in turn provided a better high
frequency response than the throat, but the intensity of the
vibrations sas wmuch less. The best fieguency response was
found to ke from the cheek bone,

These second generation vibration microphones acguired
many different names such as "Top of the Head 1Tissue
#iicrophone", "Bone Knockers", "Head Contact Microphone®", and
“"hone Conduction Hicrophone", for the remainder of this
paper they all will be referred to as bone conduction
microphones.

D. BORE COHLUCTIUN MICKROPHONES

Bone conduction microphones were first jpatented 4in the
early 1950's by General Dynamics and are now being prceduced
in all shapes anéd sizes by numerous cospanies such as Dyna
Magnetic Levices, Inc. and SETCOM Corporation.

Bone Conducticn microphones operate from energy
generated by auditory vibrations of the bones in the head.
The microphone transducer is generally a sensitive, low nass
acceleronmeter in intimate contact with the head to pick up
the bone vilrations and generate output signals responsive
to the auditory vibrations. In many epplications the
micropkone i& used by persons who requizre the use of both
hands and in relatively noisy eanvironments. Hormally, in
such environment the microphone is used in conjunction with
some tyre of head gear such as industrial hard hats, fire,
wotorcycle, riot and police helments.

The early bone conduction unicrophones had serious
lizitacions 4in such applicatioans. They were advelsely
arfectad by ambient noigse transmitted through the air or
through the head gear from whicn they supported. Their sive

24
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and shzpe wvake it difficult and often impossible to aount
the transducers in the head gear and so in nmany instances
wvhen nmounted render the head gear uncomfortable. In soae
instances transducers mounted in the head gear are bazardous
ia that a hard blow to the hecad gear may drive the
transducer into the Lead and cause 4injury. The audio :
guality is 4n general, poor because the transducer is not : f
held in intimate contact with the head with sufficient | '
pressure to pick up high frequency vibrations whereby high 1
frequency sound is not effectively reproduced. Y

NAS4, prior to the Apollo Program, did an extensive
study cn bone conduction wmicrophones. They had planned to
use this type of microphone in one of the early space suits.
The reason it was not used is that the test results showed
that the nicrophone would not pick up the %s" sound (high
freguency) and that there was very little volce recognition.

In May of 1971 the Navy did a comparative
intelligikiiity evaluation with a pone conduction microphone
made LYy Dyna Magnetic Devices, Model D551-100 and a standard
Navy noise cancelling dynamic M95A/Uk lip wmicrophone [Ref.
. 71. The results of this report showed that the bone
b conductior microphone intelligibility was about thirteen
. per cent pcoretr than that of the standard lip aicrogphone.
This repcrt, in the discussion section, also pointed out,
“Rhile the particular prototype microphone chosen for
cengarative evaluation diad not offer imgroved
intelligikility, further trials of deveiopmental transducers
should be undertaken. An integrated contact microphone
ofters considerable operational appeal for certain
applicaticns such as VIAS, if communications perforpance is
at least cgqual to, if not improved over current Navy dynamic
picrophcnes",™




III. EXPERINENIA
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Following the recommendaticns of Ref., 7, a comparative
evaluaticn wac conducted between the HNL bone conduction
microphone, made by SETCOM Corporation of BSan Jose,
California, and the Arned Forces Standard noise cancelliag
Dynanic U-87,A1C 1lip nicropnonc , made by ilectro-vVoice,
Inc. The M~87/AIC vas tested with and without a foam wind
screen ccver.

The evaluation was carried out in accordance with the
procedures get torth by the Anerican Standards Association
[Ref£.8)] with exception that the "Kreul Et Al Moaified Rhynme
Test" was vused in place of the PB-50 word list. This
modification was done buwcause the conclusions ofRef.9 stated
the Modified Rhyme Test of House,el al, was found to ke the
most acceptable speech dintelligibility test for nmllitary
aircraft. A copy of this word list can be seen in Figure
3«1. There arc two reasons for Lhis change; first it takes
for less time to train the participants and sgecond a shorter
time to ccnduct the actual test,while the 1results provide

. the same accuracy of the PbB=-50 word 1list. The test

procedures bacically consists of two parts: the recording
phase and the listening phase,

A. RECORLING PHASE

1. 3gst Conditiops

Twe conmparative microphone teet conditions were
avaluated: (1) the microphone cxposecd to outside ambient
noise in fcrvard flight and (2) the microphune uvxposed to a
very guiet cenvironment,
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a. Cutside Ambient Noise

The conditions of high exterior noise levels wvas
acheived Ly having the taikers secured by a safety belt in
the after station of a UH-1 helicopter with the side door
opet, This was done so that Lis head and torso could project
cut intc the airstream and rotor downwash during fcrward
£light, simulating conditions that crewmen experience during
hoisting and VERTREP operations. See Pigure 3-2. TLuring
this test condition the Lelicopter was operated at 88
percent g[powexr, 60 to 65 knots forward speed at 1000 fecet
altitude, The outside noise level was 110 dtLa. The
exceptence Sound Level Surveys for the HU-1 helicopter
conducted by Patuxenut River Test Center are shown in Talble
I and Tatkle III.

L. Guiet Environment

The second condition, a quiet environment, was
acneived Lty usinyg a vacant classroon tor the talkers to do
their reccrding.

2. Japing

The word 1lists were recordea on a Hagnavox Model
1v9011 tape recorder operated at 3 3/4 per second. An
adapter was fabricated to connect the microghone directly to
the "pic" input of the tape recorder. This direct
connection was used so that cialy the micrephones Were being
evaluated and not the entire communicatioas system o0f tne
aircraft,

3. Jalkers

Iwo talkers (A and B) were usud durinyg both cf the
environment conditious. 7Talker A always ured word lists 1,
2, and 3 while talker B always used lists 4, 5, and ¢, but
they did not always use thew in that order. The exact order

in which they were used 1is shown in Table IV. It also
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1isténing phase. The talkers were séléctéd and trained 1in
accordance with Ref. 8. The carrier phase vhich was used
with each of the woxrds on the Modified Rhyme Test vas
“Nuwber ___, would you circle the word ___ now." The
phrases were said at a rate of 15 phrases per mninute.

Bo LISTENING PHASE

The listeners were made up of ten people aged 24 through ‘ é

33 wvwith a mean age of 27.1 years from all walks of life and '

of both sexes, All subjects were judged to have bilaterally

normal hkearing in accordance with Ref.8. Each [ferson !
- evaluated the talkers in both of the environments by '

listening toc the tape recording on MX-2508/AIC head set as i

it was played back on the same tape recorder that was usad

in the taping phase, im a quiet environment. The i

MX-2508/AIC head set is the standard Armed Forces head sot '

used by pilots in aircraft where helmets are not regquiced ' E

and by wmaintenance {Avonics) persconnel for testing

compunication equipment. The evaluators were given modified

copies of Figure 3-1, see Figure 3-3, to circle their

answers chn.
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EXHIRIT 10: KREUL ET AL MODIFIED RHYME TEST ANSWER SHEETS.

AN CAR, bATE
NODIPIED RMYME WEARING TEST ) 18T
[ 1. I IS & 3.
. efag 1. elt 4. Jeok  J. shook 2. veet 6 tent 6, 5430 3, hid 3. putt 2. puft
ity [ A 2Rt &, cook 2. toek 1. oest &, test 4, kit 1. king b, pud 1. pun
. 819 5. slck 3. Mok 1. book 3. best 3. wvent 1, kith 5. ufes ). pup 4, pug
[ 1, [ K
1. (is 1. g 3. totl P K13 ] 3. rust 4, sust v
6. tit 3. 11k 1. fot) [ T3 2. just 3. gust . Sone
1. 0111 A, flee 1. cotl 4. efd b, dust 1. bust ashe
1. 1. 13, ; |
2, vt 8 Mt 1. cams 1. cape 3. held 6. eold S. asse L. wap 3. ssle 6. pals
et 5 une 3. rene A, eahe G o4 5. gd [ ] D meth 4, man 1. gale &, bale
3 f1c 1. Rt 3. cave 4. casw 1. told . sd 6. nad__ 2. mat |2, male ), sl
1, ". 1. 20,
$. rent 3 vam 3. pace 3. pale 3, came 4. gome 4 W ) e}
1. dent 6, sent 1. page 4. pay 4 tane 1, fome 6, dun 1. duck
4, tent 2. bene 6. pove 2. pane _i, sape 5, teme 2. dud 3, dug
. T D 25,
€. il 2.l 6. pon 3. pang S, heed ), pest 2. bus 1. bun
L TN { 31 1. will A pad 1. pans 2. teel &, &l A, il 3. buckh
3. alll &, 1511 2. pat 3. path 3. tead 4, heel L_l_‘ LI} J. bue |
T . . 30. )
1. neatr 8. gun 2. sun . tick &, pick 3. euff &, eup
4. heave |. fun i, sun 3, sfeh 5, wick 3, cud 2, cub
3. heal Bk bun 4. fun 2, Lick |, hick $. cuss 1. ewt ]
n. n. ", 35,
b resce 3. den 2. pan 4, seat 3. beat 4, &y 3. ntp
6. peach 3. hen o, nen I. meat 3, hest 2, rip L. sip
2. ton $. then 2. feat §, neat 6. 1p 3. tip
18, ». ». 40.
2. ¢y [N sud 6. sun A, pig I, pt3) 3 fed 3. ted
4, die 3 . sung 3 aup 3. pin 2, pich 2, shed 6. vad
f.é4tg 3. 4 L1 swd 1. sun 3. ptp 6. pit 4 b 1. 1ed
. at. 'Y ] ™ a3,
4. aep & o Jedeh 3, best 3. sang &, hang 1. seep 4, seed
1. tep IS . hewn 6. beak 3. gang 4. bang 3. et ), seathe
N . tOp 3 . _l-:_;._i____t_: beam i, rang _.1. (nn_L 2. seen 6. fevh
™ TS B 0.
S, park 2. 1. tah 4, rang 6. bath ), bhack 1. het 3, vot
3. watk 6. 2. taa 3. ten I bat 3. ban $. tot 1, got
4, datk L. [ 3 v b. tep A, bass 2, bad 3. ot &, pot

Reproduced from
best available copy.

Figure 3-1. Kreul Et Al dodificed Rhyme Test
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GROUND IOLE UH-1

CIRCLE
RADIUS ANGULAR PGSITION DEGREES
FEET 0 30 60 90 120 150 180
12.5 110 112 NeCo N.O, NeOs 115 119
25 107 111 114 115 113 115 116
50 102 109 109 109 110 111 113
100 103 104 105 111 110 105 10¢
200 7 97 100 103 102 101 10)
50* HOVER UH-1
CIFCLE :
KAD1US ANGULAR POSITICN DEGREES
FEET 0 30 60 90 120 150 180
12,5 106 105 105 106 108 108 108
25 105 105 103 106 104 108 113
50 102° 106 108 107 106 107 105
100 103 103 104 103 163 102 105
200 101 97 98 104 103 102 102
Jable 1II. HU~1 Eaternal doise iuvels at
Goodnd 1daie and 50' Hover (db)
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50 HOVER
FREQUENCY  PILOT  COPILOT FLT ENG CREWMAN
OVERALL 102 102 102 102
3 20-75 91 90 94 96 g
_ 75-150 96 96 92 92 P
: 150-300 9% 9% 92 93 P
g 300-600 94 9 9% 94 : P
; 600~1200 93 93 92 91 <
: 1200-2400 93 93 92 91 |
: 2400~4800 93 93 95 93
f’ 4800~10,000 83 84 83 83
i; L}
g |
E MILITARY RATED PCWER ‘
; FREQUENCY  PILOT  COPILOT FLT ENG CREWMAN i
; OVERALL 95 95 . 100 10¢
* 20-75 a5 84 88 90 j
75150 86 86 86 87 5
] 150-300 84 g8 87 88 ]
300-600 84 B4 68 88 :
600-1200 84 83 90 8¢ i
1200-2400 84 84 92 90 g
2400~4B00 88 90 S4 95 :
4800-10,000 77 77 83 84 !

Table YII., HU~-1 Internal Noise Levels at
Military Rated Power and b0'Hover (db)

.
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TALKERS TALKERS
IN IN
NOISY 90157
ENVIRONMENT ENVIRONMENT
- (AMircraft) (Clas3aroom)
;
E KIckorHONE| & B A B
3 M-87/A1C 1 5 2 6

a

H-87/A1C+2 2 4 3 5
HNL 3 6 1 4

1 M=-87/AIC with Foam Wind Screen

Takle 1V. Randon Word L.ist Order 4
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"~ EXHIBIT 10: KREUL ET AL MODIFIED RHYME TEST ANSWER SHEETS. 4
: WOLPLED ATIE REARING TESY | sss 3
T 7. ] 3. i, 3. b
4 ’ sing o took shesk vest reut il k¢ putt pott H
, sin il tonk tool. "ot [l At Ring pub poa { E
otp [T ook book J best . wene | Ntk kiss " pop i :
i i T 3. 1. 4 1
fin g tel bot} rubt aust s s sane save : 3
113 ({1 toil soil Sunt gust wig big { sane 1
il o fias cosl ol ] dunt bunt 3is tig seke 3
k i1, {L
1 m M cold . E
k. e wit id ;
; f1¢ kit
; is.
EL v
; v thay 2
- Jav lov k
he— amsnns -
.
ahe reve
ray Tate i
'l_l. taes 3
[T
[ 11) heat
beave hear
. hoal L. _heep
N,
poace ook ]
pesth peet
'n_l__ . peas
S
@y i
b ée e 4
E g an E
E T
b s shp
tep up
. W SO 3
; e
4 patk dant 1 i
< wath L¥T]N
5 . l_bl‘i N I.u!:_- °
Eoproduccd from
est availsble copy.
' ¥igure 3-3 Tust Answel Shect ]
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IV. GCONGLUSION

The results of the comparitive tests, Table V, shows
very clearly that tneAa-87/AIC+ picrophone turned out to be
the best nmicrophone because of its high mean score and a
ssall standard deviation in bPboth the quiet and noisy :
environpeat. : y

The foam windscreen of the ¥-87/A1C¢ cuts dovwn on the ! ‘
turkulent airflow cver the microphone thus reducing a large
amount of the ambient nolse while smoothing out the pops and
other harsh sounds of the talker and the wind.

The idea of using a foam windscreen over a microphcne to
reduce outside ambient noise (mainly wind noise) is not
original. 1t has Leen used by the motion [icture industry
and TV corpanies in their outside wvork for many years.

The M=87/BIC+ microphone is in the supply system under
EV 693-8417, ¥SN 5965-181-0213 and can be ordered from the
Defense Electronics Supply Center, Dayton, Chio. The name
M=-87/AIC+ is not the offical name of this uicrophone, but
the results ot het.11 proves- that the EV (Electro Voice) 693 g
microphone is the sawe as the M-37/AIC plus a foan ?
windscrecen, thus the author case up with the nick nape of '
M=B87/8IC+.

The EV 693 (N=-87/A1C+) costs approximately $12.00 while
the H#-87/AIC only costs $7.00. A M-87,/A1C can be easily
convert«d to a EV 693 by simply putting about 50 cents worth
of foam rulkber over the M-87/AIC. This process will save
cver $4.50 per copy.

The results of this test also shows that the HNL
micropnone remained almost constant during both phases of

.
1
H
i
;
.
i
{
H
!

this test and it's wean in the noise environment wag only
34 less than that Oof the 6=87/A1C, but the S.D. was alwost
? cne percent ygreater, The closcuness of these rasults




indicate that further coaparative stulies and analysis
should be preforzed on the HNL micrephone because theé¢ bone
conduction wicropaone has many advanges over the staandard
boom type nmicroghone as alrcady stated 4in the earlier
sections cf this paper.

It is further recommended that these further tests be
operation type tests and that all the evaluvators (listeners)
be pilcts or aircrew members because they are aore
accustomed to listening to message traffic in this type of
environnent and at a faster rate than what the normal ferson
is use to hearing.
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TALKERS

USING A

M=-87/A1C
MICROPHONE
CLASSROCM A1RCRAFT

TALKERS
USING A
M-87/A1C+
MICKOPHONE
CLASSROOM AIHRCRAFT

TALKERS
USING A
HNL
MICROPHONE
CLASSRCONM AIRCRAFT

A 8 A 8

A e A 8

A 8 A 8

aesé $6 | 92 | 96 100} 98 96 100} 92 94 90 %4
G4 88 | 92 90 100| 96 94 56 86 82 82 G2
94 S4 $2 96 98 100] 96 98 82 68 88 g6

3 9¢ 1 92 8é 100] %6 54 94 94 94 | 84 G2
98 sS4 92 90 100} 100} 94 94 94 2 88 96

Sé S4 $0 90

100 98 Ye G4

X 100] 66 62

Sé $6 | 94 92

100y 98 94 96

68 94 94 cé6

7] 96 ¢2 | 96 80 98 98 9¢ 88 92 92 86 96

gl se 96 g6 99 100} 100} 98 94 Sé S8 92 sS4

9| 9¢ | s2 92 90 100] 96 96 96 Q4 S4 g2 58
R—

MEAN295 1| MEANSYL T MEAN=Y8 .8 |MEANS95., 0| MEAN=91 . 7] MEAN=G L .4

SeLe22:047]SeDem2085]5eDe21e51]|SeDe=22.47]SeDem4e74]S.0434,45

SeD. = UNBIASED ESTIMATE GOF THE TRUE STANDARD DEVIATION

Table V. The Ten Listeners (0-9) Scores (in perceat)
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1.

2.

3.

4,

5,

6.

7.

8.

9.

10.

11.
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