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1. INTRODUCTION

The evaluation of car sound systems ls usually done both by means of objective measurements
(frequemy response. distortion. ac.) and by listening tests. The letter are particularty long and difficult
because It Is neoefiary that the abject seats on each oarand tide": to a pro-defined music sa'nple,
played though the sound system. Furthermore, it is difllcult to take Into account the noise due to the
engine and tyres. because It would be required to oonductthe tests with the car running on a test track or
inside a specially equipped laboratory. Actuallythe large nunber of subledlve tests are made with the
engine not running.

By employing the aulelization tachnlque. It is possible to prepare sound samples for making comparative
sublecttveteets oi the sound system of different cars: the sound tracks need for the subjective tests are
not recorded inside the ear mpenments: instead they are reconstructed by oomotving the original
signal (a music sample taken from a oommerctal CD) with the btneurel impuse responses previously
n1eawredforeachchanrlelottliemndsystem.ar1dadcfingthe mfenolee.alsosjnthesieedonthe
badsofacperimental measurement ofthe average noise spectrum.

The mmhmque levery fast to implement. does not require errpenslve instruments or tools, and makes
It possible to conduct the lletenlng tests everywt'lere requiring simply a notewk computer. thls vay a
reasonable number of significant results were collected in a very little time. with minimum coat. and with

thecena'ntythattheresuttaerenotblasedoytheknwledgeoftliemI’emakerorbynonemuetical
afiede dueto the runimie of the car or to other oontorHelated topics.

The details if the apertrnantal technique and of the signal proofising ernptoyed for the auraligtion were
already published. (Farina [1]), and here they are recalled only briefly. The main goal ofthis paper I: to
present the first sublective results. and the analysis of them which enables to perfect the goals of the
research In oouree.

Altheum adetailed analysis of subjective results usually requires advanced statistical tests (Herman [2]),
onlybestcdatarnamglng schemesmemployedhert rlevetthelese.sornevery evideiitomelatinns
mammfrunmtdrproperdeeignontedambededum.bothtortheeoumeystemarflforthe
oompertmenttroatmem.

Anothervery Important point covered by this paper is the selection ofthe members ofthejudging panel:
a prelirrinary listening test. conducted on alarger number ofvolunteere, revealed that there Is a certain

amber of subjects who give inconsistent responses, If these sublects are lndudeo in any test, their
'mrm'reeponaeeoertalnlydegredethemeralodiemnoedtfedota. andoflenthespreedcen been
Mghthatnowidentoorretatlm lsrormarmngthe responses. The estectlon ofrhelieteners reveeted to
be a very promising tedmique, for transforming the whlective test technique from an ‘apprordmate’
diagnostic tool to an exact measurement.
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2. MEASUREMENTS

2.1 Mmmmemoflhe Wround noise

lneadlofmescarsuuermprelininarynwasuremenladhalnheflormlse,alveflousspeeds.we

www.mieslswemadeonmHgl-may.alllnll1meapeedeaf90,1203nd140hflh,

ABnnlElqaerrriaoplmlypeMBfiwasmoumadmatmmsimulalor. placedonmeaealallheeida

ofmedmer.ltmsm.umghaB&Klypem1sammalMeier.ma DATreoormrSONY

OTC-190. A prallm'nary 94 dB. 1kHz calibration signal was Included on each tape. AZO-ninules sound

aarnplemsremtdedfweodncarjleedzspeed,

“www.meDATmflla-Igswereptayed tackandanalysed lhruughaBfiKtype 2133 real-lime

mammemmmmmedlodlskmmmmmaspmm.

Flgl’eldmsu‘neofmemeasumdspeclmatthespeodofsomm.

The backgrwm noise readings were not used directly for mlxlng with the auralised signals: instead,

they were usedas shaping filler: for the creation of an artificial backgmund noise. having the required

spectrum. I: it will be explained at chapter 3.
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Fig.1—Backgmlmrlolwat90hflh

2.2 months system'n impulse responses

Foraqiuen poultionofthe listener. 4inpu1:e responsaMIR) hmelabe measured. as it Is depicted lnfig.

2zflumuchdmvelloeamearofthe iaenersheaci.

Ammlsmmmmmsewmedmamsym.almighthe
MUrear

uhamalsarenunllyslmplyacopydlhemfm oncen’ilsrequiredanywayIimsetsof

"mini-rents on such can. one «am only line [rental speakets. and the sewnd wl‘lh lhe complete

system inserted.
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The IR measurement was made employing a
software MLS genelator, and a software
deoonvotver for recovering the IR from a
recording of the rrIIcmptmne Sign“, both
runningatasampltng frequency (144.1 kHz.
Tlissystemlsbdngpresentedonasepfle
paper (Fadna [3]). The stand. earring from
the outpm of a 164m sound board
inoorpomtedlnanotshodtPC.waefedtothe
sound system by means of an
eledrumagnettc coupler. inserted In the
cassette playeroteamcar(SONY CPA-1).
This coupler was found to Introduce an
uneven frequency respu-iseJutltmaasy
to equaliseflnenm'mttresltsthmugh
apruperlmerwfllter.ranwingflisefiect

A binaural dummy head was used for recording the signals (Sennheiser MKEZOOZ). piaoed at the drivers
Mon, and the miczuphone slgnals. property pre-arnplified through an home-made pre. were sampled
thrwgh the tine-in port of the notebook PC. Fig. 3 shame the dun'my head inside a carmpam'hent.

  

FIgZ-aimectflielanspeelta’e-eersmguicfims

 

Fig.3-11Iedurmnyheedlnfldaacar

Ashttismsefl-neabeolutedelayardgaindwm,relutivetotheuttusdsinpurtantthe
WWW rnadeoonnectinga sings maophonetothe PCngMcharu-Iel input. mllethe lat
channel Input was dlleolty varod to the sign: wtpm; in this way. each Item IR matured oontalns
always the Same electric Ioopbsm signal on the ten channel, with madman unpllmde and constant
detey. and onthe fight channel the measured IR, with properdelay and relative a‘npiitude. After stripping
may the left channel information. the 4 measured le were packed Into two Ilereo (binaurai) IRS. and
saved in .WAVIu'rnat.
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Fig. 4 Slimsthe binaural IR of the leit and right channels ot a car.  
Fig.4—Bineweiirmleeresponsesofacarawiosystem(Astra)

3. SIGNAL PROCESSiNG

Thedgnai processing is made at three different steps: convolution. noise superposition and presentation

to the noted: .

3.1 Aureitzation ofthe aomd field

1119 that step Is accomplished maidng use of a new software oonvolver (also presented in Farina [3]).

which allows forthe simultaneous convolution of a stereo cn'ginei signal vvilh two separate stereo IRs: so

ti1ewhoieproceesistaetandreiiabie.arldtheresuncanimmediatelybeli
slened. orsavedinanew

.WAV file.

11ie original signals were samples of various kinda of music. digitally transiened licm oommeru'al CDs to

the herd disk. Typimlly. the sound samples chosen for the tests were long between 30 s and 1 minute.

3.2 Background noise simulation

AM the mutation we done. an equivalent background noise was generated. making use of the

fiend-d teaturfi of the sound editing program CoolEdit (also used for the other audio tasks already

explained): we started with the generation at a “spatial-etereo' brown noise, and then we applied a proper

frequency littering. until the calcdaled 1n octave spectrum approached within +I- 1 dB the rneaeuted

At ltil point the mottled dune! was nixed with the background noise. laidng into account the weiall

eignfl amplitude. in ouch a way that the absolute Equivalent Sound Prefiure Level oi‘the music d the

maintewa adjusted to DO dB-lln. whilst the background noise was perceived with the same

SFL as measled inside the car. This level adjustment revealed to be the most time concurring and

deluxe pointotlhewhoie signal mowing.

This was aieo due to the fact that. listening to the reconstructed signals. it seemed that the background

nolee was too high compared with the music: the capabilities at our bran to concentrate only on the

music when driving at a car. and neglecting the environma'ltai noise. make so that anyone remembers
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hls listenan expedenoes on real ears with much lower noise than the reality. For discovering flais palm,
andassuringthepmperlevel cdlblaflon.someDATremrdingsweten\ademlaplaylngaCDMmme
oarnmning onlhe mad: lsnenlng at such DAT recordings, lha same Mainly high badcgroum noise
lsuudiblemmileilmmtWeddwinglhemwmlng.mfactisonedfliamkpdnhonhem
mimmlediflqm,hmuseflcameslsymwaficwaeflfirdedmmmedfeadme
haekammdndsemunparedmflnsubjecfiveaipefiemempofledmndflvhglmdea.

3.3Hmsym -
Tommmmmmagnaismmembiem,mmm unemawereempiwad:
mefimlslmdspedH-hmdmiesewndmakesuseofheadphmes. Eaehuflhunnoedslube
equalised.formaldngllnulnfluunmniemmflszformehaadphmfinlaskhmnplldaedsimplyby
mdvlrighedgnflnleamearwimapmpa-equallslng FlRfilter.M1ilslll'leloudspeakampmdAmim
syslsmraqulresdsclmlkcanoellaflm schemela'amldingthaltl'leelgnelooningfmrnlhelefl
apeskerarflvesalmmhflnga-a-flvioe—versa.

The details oflhese inns-ea equalisalione were already presented in other papal! (Farina [1]. Farlra [3]),
aid someyale not explained here.

3.4mmeiestingaystem
Forwlnmalinglhepruoessalplaylngmeswnd namplesandexpwlngihewbjeoflveludgemeiflsfor
maritime-n, aneuaanmrehool wasdevelnped. It has .WAV player.equlpped Mihagmphlcal
inteflaceforcoleclinglheresponsnsloesetolpredeflnedquewmBommiddmAvflesandal
wummmmlnmllfiles.wmmeeanepmgranwnbauaadfordflerem
whjecilveiesis. ‘

Eadiquedlmlsuprensedaaamupledmuma-pusedtsm(wd139PLEAsmT4JN .
mmnmmbumammmmamweSommis
WedbyamnutvflmmndngbehmlfldllumismeMflthmls
malppmprlated);3nmllflllheleepurmialnlhemlddie

   
Fig.5-Usei’simerfaoeufth9m9ethelestman

Theulercand-iangeatmyiimeme sample being played. pause lhe playbackorslarl Regain. come
ham and change some responses finer listening al other samptee and he is left complelely free lo Helen
again at the sound samples. or to change the responses. unlil he is completely salisned. Obviously he do
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mmmmatwemwundflmplerefers.norhamcmsmatmfignalsalearfificianypmduced.

Almostmommedmlhedgndswemmmwmdediwdemnmngcars, butsome

mmpfainedaboutflnnoise‘mobud'.Flg,5repmsmemarlrmfm¢mewbyewveledlrgpmgm.

4‘ SUBJECTNE TESTS

Twowbleoflvetestswaemnduded:meflmonehadflngoflddmflndingmlistenersfnrlhe

seem-sore.UmynnselmenerswmMamaminmmflmmwaadmmwthe

wbwquent oomparisan‘est between cars.

4-‘1Flaliminmylzest
memmmmmmimmwmmawummmeww

Waughsoftwaremaripdafim.1?eflstenerhadmrespondpmpefly.mddnghdawflmhemafleof

mmmgtlwquesfionsmdMlooatingflwarfifidalefiadssddedmtheslgnd.

For the preliminary test. these sound samplaswe presented

 
mmmmm.5.mumuwwgmmmnmmm

Wmdmmm.AsRManlnng.wgmmmmewmm

any13d40wbjedswebelaum1mmdmusmyflunmarfluywmmewbwuufi

mparafiveiea.
I
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m "-15 M has ans «as an no
mundane:

 

ma—wmdmmmmm

42WNWWB
9mmemployedfcrthlsccmparaflvatest.mmmmmammmalnalmas
delNeiedbymemaMawtar.

Sommaflvetastlnvolvedmewnpafisundssomusamples.aleforeaanw.Adiflere1nmmic
planewasusedlnthlsmemfmlmgthwm). lqmdwflwmmmflnuwmwymmlo

redueememraqmrad tormfiefingthequesflonnalra.

9WmmhmmM$mehalfll...)m

 

Inthlsmaaadloflhe13mmmucedanmd811mmslatgeumwnddamms
Whammmmmmmmwmummmmmuw
canothquuesflons.mwlwdngmemobtalnedformquestlmmmmnmm
Hiawathamostpleasamlsflwjudgmlent
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Loddnganhetahlemcanbeobsewedhuwmeovemfl pleasanmassrenldnglsmalmedwmemhe:

Mam .

Fumldnedearel'mesematlonsfllspossiblewrrakepldsofmelmetdeperdermofpalrsof

mmmng.7mnndagm.mmrelmmmmm ,andflis

damn-anoint:lelsdeaflynagafivetymlaiedmmmmmqmmyAnneammflsavldan

madmescats.mmmamlsme-1fimmmvuymemmbulnevenheiew

doasmmeapmpodmnyldgh qualiiyjudgemant Prubaflyfafilsmroflu’wbjedivapammeters

mmsignlflmflianhadtgwndnoiselnuplaimngmewaaflqmmym

323.! 3,8

Madam—mem W.W(1)-Nuull.m(5)

 
Fig.7—Omaleflmbetweenaveragerespamesai FIgB-canelaflonbetwemavemgemspm

macaw”. aquesflonsnmas.
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3.5
maywmm manna-mnmmm)  

HgQ-Wmmmmm Fl9.10-00ndaflmbetwamavuagerasponseset
Wmfiandfla wmnmn.

Omerln‘etdepemedesaresMnonfigg. 8. 9.and10:uwyrepmsmemsmjeofiverespomes
validamemaledemulobdpdaeme.muhermMediverespamlnstead.gave
pooreonelaflunmthlt

ngmmmmmlwmsmaymmmmm.mnamnm
hmmmmmnamMmmmmmmmaq‘mm
llneamydflnuatamng.10talalesflzepmofbasshaquendasmagmwwmm
themMInMcaseflnspveadlsmflteMthnHaceseamdlmwenaflm
mmmnmlnmmmmemmmmumlseWMHmwwaMW-mmw
Iyemamullnewmuemewmmmgmpedmanupperllnezmlsmmaldotbmls
WMMWWWBNQHJU'WWK . . ,. ,,

Wmem4memnmlmwmmlnlmmmflnwm pvefetenee:
veevaIMmdmemumalefleddmlsWNeomymanmwedstaflsflmlmchnlqmme
Musmlydsflieflnanlfl),mlchlnflflscasewasmtapplledyet

Nevenhdees. the above lnfovmaflon ls enough (or deducian some lrnetesum umdusim. and for pllcfing
theMan ofme resemch.
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5. CONCLUSION

Amannflnmymdmwbjeoflvemsmushowsmmaumluaflmmmwemmnposlbieto
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canpamnem. bydiglini filtering of the "weaned impulse responses. for definlng the most pretend
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MWmemmdmmueslgnunaia.mdldanandsfulonmlse

WhammmammmmumMMdemw

“MmdwmmmmmeIWMuWaMmmflmm

Wmmmmmmemmewvem.appueumaaeleaedpawwsubjects.Is
aqumfltafivewolmwgwesssnsiflveremns.alsolfihenumberofsubjedslsm.

Thereseamiivnilpmsewielncreasingmepaneiofwbieas, and performinganexhausflvesmfisflcai
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'bestu'aystsm'z mmuaaotuaenewvirtualaoousficswnlque presemed in me parallei paper

-(Fatimlmmvfiflhepmuetomeatemabestsystemlnsideanyw.
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unmadeflnirupmpefdedgnMicropumizingmesubjediveiypemeivedsound qualflyoi‘car

mom
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