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Subjective reactions to any given sand or noise can
measurement of that sound or noitn under a very limited range of circumstances. Forexample. all other things being eqtfll. the average reported aversiveness or annoyanceresponse to road traffic noise increases with average nohe level yet individual responsesdepend very much on other factors such change in exposure. the nature of

only be predicted from physical

information content. such as speech or music. the n
influence response becomes very large indeed. While considerable efforts have been madeto develop physical dacrlptors that oon-elate with average subjective reactions. there will

this case. the problem usually
environment for the most approp

W

Subjective meat using blnaural headphone presentation has become a useful alternativeto test track appraisal in the field of vehicle interior noise. The sound of the engine andrunning gear and any aerodynamic noise make an Important contribution to the way inwhich potential cutomerl feel about any car they are considering purchasing, and this isreflected in the efforts made by the manufacturers to produce an 'acceptable' sound.Tests have shown that the overall 'A' weighted noise level is not the most importantfactor in determining the acceptability of the noise of a car running along the road.

The first stage in determining vehicle interior noise acce
in which the lntedor nohe for different driving oondl
until more is known about the subtle effects which make a car sound pleasant orunpleasant. the application of laboratory band subjective tests is twofold. Firstly, aprogram of raearch can be canted out to determine the factors which contribute to thequality of the noise and. secondly, laboratory based tests and demonstrations can allowmanufacturers to appraise the effects of modifications or new designs without the relativelneonvenlence of road trials. Recorded sounds allow direct A—B blind comparisons whichare not possible with road trials and test track appraisal.

ptabillty is neoesarily a road test
tions can be amassed. However.

Al was dlscussed in the introduction. one im
Includes experiment is the method used for
stimulus. initial trials were carried out with a single microphone ming high qualityanalogue recording equipment. 0n the recording side. this technique was fairly limitedsince fairly low recording levels had to be used in order to obtain enough headroom toaccommodate the high transient levels which occur as the car passed over an irregularityin the road surface. This resulted in unacceptably high levels of background tape noise

ponant factor in the design of subjective
both the recording and the playback of the
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on reproduction at the correct praentatlon level. Playback w through I tetrahedral
array of wide bandwidth loudspeakers. normally used for the mm of the
performance of indmtrlai hearing protecton. Thle type of plantation one judged to he
unrealisticduetothe'onedimenaional'feeloftheround.andalaekolrouroe
localisation cues. The recent availability of high quality digital audio recorden has
eliminated the background noise problem. but not the source ldentifleItion problem.

Thesoundofacartnvelllngalongaroadismdeupofanrnnherofmajornoine
sources in addition to the engine and gearbox. The hint frequeney portion of the
road/wheel noise comes from the window Adjacent to the pndthn of the ohrver and
windnohefmmpointsontheeaterioroftheoar‘dteretm‘hlflenoohmup. Thelow
frequency portion of the road/wheel noise comes iron: the underneIth of the a! and any
rearaxlenoiaefromtherear. Theenflneand'euhoxnoheappeantoeomefrom
approximately straight Ihud although any body panels or interior Hm reloaatlng In
sympathywillchanntheapparentdtrectienofthirnoiaeaomee. lnoddltinn,theenr
hodywinhavenumemmmoduruonaneeevhkhwifldmnieaflydtertheepeenimlde
from those expected entitle theW compartment. in summary. the two dimenrional
sound field has many components Ind rhould therefore he presented an arch.

W

There are two methods of murmer pruentin' I too dimensional sound field to I
listener positioned in the cenn'e of that field. The lint it to the I multiphonle amy of
at leasttwomicrophonee.dependlngontheaeeuney qutdred.endaeoneeponding
number of Ipproprlateiyorierthtedloudlpelhnforflayheh. Theaeooudmethodhto
makethereeordingIttheeIrpeeitionrwlthInritahIednmmyintheoberverpoeition.
andthenmrephytherereoordhpthrou‘hmmthatlheflnenerhin
acoudeauytheumepodtionuthatoeeupiedhythodrmmyvhenmreeordinpm
made. There Ire. homr. I number of problems oith this Ilmpier approach, some of
whiehhaveimmaflateaolutionaandeomeolwhlchdonot.

1r.

The single ear ha: I certain amount of directional hearing eIpahlllty at high frequendee.
cannefldhytherhapeandrineftheplnnrndennaeetotheauditorymeam.
Clearly, the position of I recording microphone is fairly erltieal for this directionality
effect to he reproduod accurately. For this reason, developmental work carried out at
anmwtuxmvuahcwmmmmmmhm)rm‘
recording purpoeu (Figure l). Thi- mannlhin. find with Zvllllocfl open eurlmuhm
andBnreitheerhalflnchmlerophonesnthneardrmpodflonI.providuahavenn
maleorfemalemndardrefmneereeordh‘micrephonepodtionferthhm. Then
ofthhmnnikindoeshoweverinuodwefimherpmflemhtheiomoftheextemaleu
umlrmmnce.

The Bruel & Kjaer Head Ind Torso Simulator type 4128 to: I almliar type of open ear
simulator. whereas the HEAD acoustic AACHEN head uses I microphone reference
positionjlntdmminaldetheeucemlentr'anee. Itlanothrownatpruatmvhat

extent high frequency localisation effect: are oompromherl by using I non-urdrurn position
microphone in the dummy head, althoth minlIture microphone recordinp at the entrance
to the ear canal on real ear: produce apparently good remlta.
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The amplitude response of an open ear canal located in a uniform diffme sound fieldexhihlte a resonance which has a peak of approximately ISdB at 2.7KHz. The shape and

wehawayastoensurethatthesound
bleet is the same as that which was 'heard'
rmed. There are two ways to set up the
is to carry out frequency analysis over a

't was recorded and as it plays backw the headphone: to be used or the experimental presentation In the eardrum
The difference In lrequeney response between the two

the required characteristics tor the equalisation
on an adjunan equaliser and the stimulus

itontoaseenndtaperecoroer. Inthis‘nytheearcanai
thednalandanydéfleiendeslnthefrequeneyresponseot‘

. Admpkrmethodol'earryingouthoththse'phh'nnhthrmrfllthehfldphnneatotheuvdrummimphonesof
the equaiher to obtain a flat frequency response

re-reoorded in the same way
Itimulumaterialcanthenbe

don.

 

The frequney «Inflation is carried out much that the mannildn listening, through theheadphones. to the equilind stimuli- material 'hean' the same sound that it ‘heard' whenthe reeordhu or carried out. As was mentioned above. the mannikin provides anaverage open ear canal and In any equalisation can-led out for this average ear canal willnot he enetly correct for the ears of the test subject. Clearly it wuld he much toocumbersome to carry out separate equaliaation for each individual test subject and giventhe vnrlahn in monanoe at diflerent points along the ear canal“) it would also be verydifficult. even using appropriate probe microphone techniques. It should also he notedthat analog: eqmlhen have limitations in respect of phase response although this can beovercome (in theory) by using digital filters with the latest available technology.
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Di ' n

One of the manna {or using the mannlfln for the binaurnl reeordlng m to Include the
effuuoftheptnna Indeucnnnlintheruonmretlonolthndirecflnnumpomeofthe
single car. When the our subject listen: to the recording played hock following
equalintion helshe Ia drecnvdy lktenlng wlth
rutherthnnthosewhichhellhebuodtn.
weakness In the pruentttion method Ind
extract the location] Information contained
lntheumewnyutheyvouldthelrown.

W

the
This

portion of the response In particular.
mdhenoethehudphonetenflonnndthenythnplnnnhmwudafilm
mterlnloIthe'phone. Anhthhuncauolnleenndsllnathn
outonthemnnlflnwhlchwlllhelfllhtlydlfleruttomhlnflvldnu

 

themethodoloumdvnneeriomcomldenflnnhdmtheflnndeulh.

Wm

An important element of the loulhndon process. In which
identified. lathe-why oftheflntenatomnvehhhud.
identify Imethernaound emmdngfromeperfleuhrphee
fieldhuiulouuonlnhontoforhdflndthnlm. 1t

themdonolatormdonthevertieunfls. Whlhtthese E
todeterminehowthheflectdeuacufmmtherulhuofthepmenutlon

helium

Whilst headphone praenuflon ls cenn-nl to this pruenuthn method. It
sense of Inolntinn exemnflfled by the Inch of any external reference film
Incomparethesoundlnquutlon. AllthereaeuchdonentBV/Rhn
using closed hack headphones. In order to ohuIn the hen poulhlo frequency rup’onne.
thl: has been found to eminent: the problem.

Mm

E5
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of motion mind by visual cue. The 'nnine only' form of presentation names a
certain m a! wry deprivation naming the illusion, for some unenen. tint the
Itinnlll mil is too heavily ion“ with low frequency wind at cm In some cues
Ihntitdoanntevenuoundlihlmi Funberlnvutigntionneedswbecaniedoutm
mwmmfedingunbeovemmhythemofwmflndolmhted
viintion Mot vim! stint-Ilia. in addition to thin. the visual implct of a type at car

A number 01 detailed comparisons have been made It 15“: between track test Ippminh
bin-uni headphone liming limuintinnu over a ring: of vehicle: and operating
flea.

them torthoflcidmnhnwdpodoondnflonfl’lgmh. Rankorderud
cmlmhmflthonlhwmhmhhemuthehigherendmnmdsduew

nlthnnylhelowunpeedsmpruenled (he. long period: at
. lmpomntiy.hshouldhenotedthnlthew

.e. annoying) did not have the lowest
an“) Innm lent bath for the field Ind tor the llhontnry presentation methods.

(I) EVIL-non. 'A survey 01 the loud. field within the occluded u: canal'.
may of the [mucus of Ana-mica Autumn Conference, Window". 1979.
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