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A R~'TKACI': Thi$ paper deal . with ..... " r. 1a.!""' l>"rth" uPI'licul;on nf e<>rnputc r rnndcllin g in mom .. ...""I'Cdesign in ol\lcr «, pro mo,e
~ nder,;tand i ng of In;. de, ign 1001. The fir" , ,,,,, ,,m " r Ihc P"pcr dcs<;ri~. the rc, ulb of th<:Ih,."..,international round mhm t....l~ "r the
. ~lid; l ~ lind lim'lalions of eu"",,! cornru, ....",odcll i nlll~'Chn j'l""~. n.. ...-cood and la.! ""cli,,"< arc ~"n"ern<lll with tnr validity of compulcr
m..okl hng and au",1il al lOn lOrlhe predL<lion arlhe 3o:(lu~l ic qual ity of two Cnncen halls in Au" ",li a. Th. imr~r1 "n.." " fa "ign ing . " ;Iahl,,
.-aJU(1O of diffusion COClfOCKnb 10 oblJin n:liabl~ pt~dic.i"n results, and lh~ ~al ida ljoo of eOO1 pu l~r generaled au,. li'.l i, ,,,, compared with
",. Jl'KOI'dcdmu<icin",--ru.al halb • •", . l..., invn lig.t ed

I. INT ROD UCTlO:,\

Room "Collslie cornpeter mode lling has ocve loped greal ly

smcetbe first trial by Krokstadet al. ( I J and hasbe....... ", ide1y

adoptedinhothre~earch .nd eon,ult iol! "'ori . l>c,pile sewT1l1

adva ntage s of compuler modd~ over physical mOI.k ls, suc-h

as k ing flexible and cos t and time effective . tbcre are some

problems with ,",urrent computer modelli ng techni que s aod

the selection of ' uilahic input values t<>r lhe-e mode ls. These

result in unrelia ble predi clions which ha, 'e tx..,n report ed in

inlem aliona l,erillcal ion lesls (2, 3,41·A notheriss uee onccm ing

com puler modclli ng is lhe ,alid ,tionofauralintion techn iqucs.

lf thc prediction n.esuhs of eornpu tcr m...delseompa rcd with

measure ments arc wilhin the subj<.......tiw difference limen,

men aurahzation is likely t... be a rehable prediction 1001 for

delelTTlining the acoe stic qua lity or a n........ Th ere fore, the

vahd ation of com putet gene rated sound s compared with real

recorded sounds in . ctual h.ll s is imfIVrtan t for thc asse-ssment

ofcurrent au ralization tc,<;hniques . Sue-h an assessment docs

not appear to ha~e been ca rried out pre ~i "usly

T his papcr dcal. w ilh scveral aspcc!s of currem eornputer

modelling lechniques in roo m acousti c design and prcsent~

a guide to the so llwarc U s~ r, on ho", to ach ie ~c reli ahle

predi ction rcsults. The main issueseow rcd in lhe Jollow ing

Feed back lrom three internat ional rou nd robin

The impo l1anc eo fa ssigningsultab ied ilfusio ncoeffieie nl

\'aluL"'S.

The comparis onof c·o mputerge .....rated auralizati ons wijh

recorded sou nds .

2. THREE I,,"TERNATIO NAL RO Ul\D
ROll iN 0 ' ROO.\! ACOUST ICAL
CO:\f PUT[ R 1\1OI)ELLlf'liG

The accura cy oh 'ari ous C<.lfI1p"lerlllt..lcls has been etc-cked ,

inindc1'Cndffit \leri lieat ionlCS ls, lonaminc thcir n:liability

and reprod ucibility. In this sectioo . the les1ing procedure and

finding s of' thrcc international mund rob in. on roum acoust ical

eompu ler mod ellin g [2, 3, 4], whieh were undertalen

by the Physika liseh·Te<:hnisehe Bundesansrah (PTB) in

Braunschweig. Germa ny. arc briefly summarized

The first inlernali onal round rubin was carried ou t " n

lhe PT B lec ture hall (1,800 011, 274 sea ts) hy sixtee n

partic ipant s from sev en countries in [99 3 - 94 [2] , Eight
acoustical pararnctcN were eo nside rcd: rc,emeralion time

(T )0)' early dccay lime (E LlT, whi<:his a 60 dB decay time

extrapolate d from the nest 10 dB uf the impulse response.

corres pondinll t<l a subjec tive impressio n ofrevcrbc....nee):
strength (G . which enmpan'SoIhe sound pres sure le\'e l of an

omnidireclional source , al some distance in the room. to Ihal

of .he~me ,.,.un'C at 10 m in eeec hoic conditio nsuc teriry

(ClIO' which is Ihe bala nce uf c.arly « 110ms lto lale (>110ms)

sound energy in the impulse respo nse ); dcutl iehkci t (I) so­

also known as ' deflnhien ' , which is similar to cl arity and is

relered lU speec h intell igibility); centre lime(TS . the centre

of grav ity of the Slluared imTlUlse resp<)nse); and ea rly lalera l

energy fract ions (LF and LFC, which arc ratios oflateral to

omnidirection alsound energy inth c Iirst 80ms of the impulse

respo nse).Thescwen: caJcula tcdin lhe l klfz octav c band for

ten differ en t com binations of two source p oskions end Ji ve

receivcr p osinuns. The-se para meters arc defined in ISO J JI\2
[5], key a'Pl~IS of which arc repmdueed in ASfNZS 241lO(0)
~ mCllsureme nls werc thenca rried out by sc\Cn d i t1erc nt

tea ms for the comparison .....ilh the calculated dala

·1'Tncn'odd""o:.·......,ryof Ardlil<Cl"~. Kcimy'"'g U~"":... ,ry.
lOOO Si.... ,. tlmIl.IJoJ_-G... (}..."P-'-7lU-7<l I. K""'''-
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The \CSt was carr ied OUt in tw u pha..cs. The firsl phase

lesledwilh lheinf"rm ali" ""n lhe nll llllgeo.lme lry da u and

surflll.'\: ma ter ial desc riptions give n in w" rds. ,;0 Ihal lhe

particfpems had III ~...lilfl3le ahsnrpl ion eoe lTtcienls based on
tbei r expe rieecc and d ill in ac"u ..liu . All er the me:l.<.. remmlS

in lhe PT O lecture hall ~ been~. am..JrJMioo and

d iffll-s,onooo:ffocicntsortbc ha ll"c«(SIIOUlIN lnd disuibulC'd

IOthejWticipanlS. ln lhel«Ofldpha..:.I"eSlm.. lll iom. .. ere

rrpe:l1ed usins t hew n urnated IbsorpIion and d,ff.Non dau.
1lle r'e"U1ts shooaed ll\II sma ller dIIT~-n."IIC'CS t.."""ttt!tho:

meas.uml .nd (aIcu..lCddata"'CTe ...incd in l!le SCQ(JD(l

pha..: (wit h eqimalCd input data )lhan in the fiN plusc

(" llhoul ntimalCd input dWI ), but the d,ff~ .. ere still

larJ e C'OmpOlred wit h lhe !<tIndarddni..rion of the "Wl'llgc
lTEb urcme nl moulls ..nd ", ilh lhe j u... " "I M:e ah le dtff.:re~

(J~Dlfortheeight ..COU'olica IJ'llnlmel~. Il ...as f(ll,lnd thal

oo lythree partie ip.mlS ...rn:ahlctoj!. ivertliahleprtdicrion

resu ll\ lha t ...ereaprro~ilTllIlely wit hin l hesuhj~..:t ive d , ffrn:nce

Hmcns. Some plIr1ie iJ'llnts gav e :5-6 times higher pmJi et ion

errors than the su bject ive limen. 1<...TS. EDT and C. Furth er

inform at io n on the averaged pred i, li,," erro rs relat ive 10 the:

subjecli\ e di ffe renct limcns f"r the eighl ao;oust in l par:lmeters

ca n be seen in [2]. 1',692. Figure 4. The ma in "", '>Onfor this

al'f'C3n:d 10 he thl diff usion effects n~·,:dcd 10 be u ken ink.

ecco unt in tho:simulation program s. II . lso.ppeaKd th.ollhe

. t\o:nuati<"ln o f 'lOlUtld al llrvjn g inc idcRf,:cal lhe .udk 1ll.-e SC' lS

shou ld be implemlmted in the simulltlOrt JOttv.'. n: if good

..grecmcnl .. ilhmo:aslll"nT!I."OlS .. ,... ic be sc hiev ed

1bc s........nd round mIl,n 1....1"lSearri~od lltlt in the EL~lI"

mUllipurJll)loC' ~11 (1 1,000 m~. 1.100 Kilt)) in J,.. ki, >ing .

S...-rocn, in 1'Ntl - 'IS (l ]. "Therewe~ thi n een part icipa nts

from ninc coe nl rin in lhe .....:on d lest , Nine ""-"OlISlical

parur>ct~'n ""fcrn:d10in ISO llS2 (TJo' H >T, 0 scr ( ' . TS , G.

LF. Lf C and lACe). .. en: ....Ir.-U.. ted in ~ix ......"ta~e bandsC l 25

H~ - " kH~ 1 f<>r t.. elve diffo:renl combi n.llium o ft...o scerce

P'J'5ihOOS and ~'Il !lUi>'CTpoloilioos. "" CC is tbt absol ..te

val.... m&'um um e«lTlC1Cnlofthe nuorm;aIiZ<.'d mlcr·aural cross

COfT'rilIli<wo funttion (~sed us ing btl!-limes .. ithin ~ I m:s.,

.. hidli~roughl) lhc limediff,..-cncc:bctwC'Ct> thearri\a1atthe

l>mo:anofa"'I,ltfrorntheright sideorkft)idc:ofthch!tadl.

tnl:a) um:l u.mll: I mo,j,el o f a huttWt head (1]. Hence. lACe

..'oC1>........ lhe d iffltn:no:eho.1.. ecn thesoundal lh!ttwo ears.and

has bee e relatcd maspects of aooi tory '!""lial i mprcs~ ion .Thit

mlta..un:mcnt~ wltre then carried <1111 by three lea rns for thc

comp anso n with Ihc calc usue d da ta.

Like nie liNI ro und m hin, the Ic, 1 had two pha ses . T he

firs t phase u f mndelling was und ertaken whh g~"" mclrieal

and de~ript ivedala f<>r the h a n (e .g. l'h"lnglll phs. drawings

. nd vcrb<ol desc npuons of the sutta ce m" le-ria ls ) 10 exa mine

tho: in l1uo:ncc ofwftware qua lil)' and user's ski ll {)II !hit
ca lCIIll lion n:-wllS. T'he...ooond phne .....s undcrta"~'1\ ", ilh

gi\.:n absorptIOn and dtffu.sioa vailln. fro m the urpn;lItr. that

Iud bc:cnltSIimalcd from room mtasurcmmts. kI find out 10
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wha l eXien tlhedifferett l software approachcs in l1ucl\, ed the

....., .. raey oft hc el !culalions

The rc...ull . aga in ,h<,..·cd thai sma lle r pred ic li" n cm>f!l

.. ltre oblainedintlto:..,...ond pha~ ( ",ith '"'t imal,.,ji n rul dala)

chan in the fin l phl se (.. irhoul cstim at.:d inpul dall). The

pn..,jidlon em.n .. ere ..ppro\ ima lely 2-l lilTIO htghcrthan

It>itsubj«1i>e di tf<'fCfK'l: limrns [!oCC rd. Il), p_9S3, Fi, Wl:

II ). One reaKlll for llul was due 10 measun:mo:n l em" ..
rcponedin(Sj bill lhc lNtin Jet,son "'as alrnosl: ", ..ttai nty do.oo:ll.
therompukT~Iand theassociatcd inputdala. Ovcta ll,
the n:Sl.Ilts ofthe .a:oad ruund robin .. en: nu;h improved

(>II lhose C\flhe ti~ rt'Undtobin. bul st ill syuemic: em""doc
10 ee (a lcu lal ion .l gofilluns ga ve unrel iable pn.-doctoons,
lt~l1y in the I2S111frequmcy band

l1>c lh ird round n obin .. "" carri ed ou l in the I'TB music

reco.mling studio (4410m!) by I...lmly--ol"le partic:iJl3nl~ fmm 14

rou nlri,... m IYIN . 2002 14J.Nincllooust,ca l paramelcf l (T\II'

EDT, nSl~ ell" TS. G. I.F. LFC and IACCj Were calculated
in si ~ ""IlI\ C bund. ( 12:5 11,, ·4 kH7) for .i~ co mbination s

nf IWO sou rce "",i li" M and thre e receiver p.. sitions, TIle
mCllSun:mcnts .. ,re Ihen ca rried out by five learns I'"lhe

oon tpari"' ''' \lIith lhc eak tt lakd tlata

The 1e,1 " a.s ea rrkd oot in three plt.asc s. In tbe fin l phase.

the stud ll' "a. s mud d led III ha ~e seven plain .. ..llll ,,' ~ h all

g~1ffiClri", 1 data an d abso rpno n and diffus io n \'alues gi\en

(wi thoul meas uremenl). In the SI'O.>nd phase. the ITlCPUrcd

ab. o rpl i" n " nd d 'ffusion ~'OC11idents " ere gt\'Cn wilhout

changi ng lhc S......meuy. ln lhc thi rd ph.lsc• • ll lk-Jign d..'llIils

..nd su.rfao.-egromctOCoit data .. en: a.Jdcd into lhe: mock lling .

The aim of lhi~ ptut"" .. n 10 find out .. lIo:tOO~Ilng

de tailed geo.'me ll'ieal data for room lttoOde\ling imr r",,,,, tho:

ca leulaliomurdo:cn:aso.... lhc .......uracyofthe rn..de l.

The c.kttl..ted mults of lhc second pha....,OOI'I\J"IlmJ \1,.

lhe rtlI:a-'>Un:mmb for I Fand l " CC at !iOIIn.~ J'O"'uion A I and

recri\erposition I c:anbc:so:cnon the PT8 .. cb!.ilc( bap :J1www

plb.del CD"orgI lJ_mdell.btm l. Jl,,(xlt !hal although the Inti,,!!:

.ndanaly1.ilfor lhclhirdlOWldrobinha>ebcenwmplctcd,.

onl) • f..... ddaill .. f the n:su 11Shav e been published in ~f

[4 ). Therefore, the res.ulu. n:fcm:d to hen: In: dtl'1:(1ly from

the PTO",-.:bl; nlt...hen: tunhcr delliJcd informalionalllllll the

th ird round ro bin can be found. The brge!.tdillen..,.,....,."bco:.. 'een

the me ....ured and cefcnta ted resu llS ,, 'c:n: fo und in the 12S lb .

frequency band le~dud i ngonc pa r1ici panlrt!ou ll .. hi<:h show~

very high l Fv alucs con ,pa n:t "olhersl Thc d i ff"ren~-ebet.. ~-en

the mca n mellsurement ~alu cs and the co mp uted value s was

belw een 10 and 2WIo , The d ifferences bcrwee " Ihe eak ulaled

and mcan me asure d values in the 500 H~. I kil l 11(1<.1 2 kl l ~

frequency hands .. e re abi 'ul HO/. which .... 1 more Ihan lhe

~ub;.:s1i\'e diff e rence limen . Inlc rc.. ting1y, the variali"..." in Ihe

rnca.\ un-mcn l res ullS .. e re abou t the sa me as in theea],;u l.l!o..,j

dotd. The ,.......,Its agai n demonstnlk.-d the impo rta lll..... of the

rerroouci t>o lily "fm<3SlJreme nlS to the eva luation of computer

mo>dels. A . imt lar umd wasobtatocd for t ho:IACC cakutlltiorl
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rcsults, althou gh the diffe reo'c s between measured data aod
calcu lated values wn e smallcr thun those Ii'r Lf. lInwever,
considering that (he subjective di n;~ren~-e limen for lACe is

0.01;, thc ddl crcuccs were still large, especia lly those in the
500 HJ, I kHr.und 2 kJlLl;-c'lllen eyhands, which are critical

octave hands for this mcusurt.'. It wus ul" , ("und lh"l well­
defint.'d roum gCt,mctriealdat a didn ut improw dlhe aeeuraey

ufl heprcd iclioort' sulls.
The limitationso fe urrent rooma com licalco mpulcrmudcls

rcportcd io the three internationa l round robin evalu auons cun

be summanzed as follow s

There are problem s with the calc ulation ulgm ithms
especi ally when dea ling wilh cu rved surfaces and

ditlTuction ell c.:ts onflnite surfuccs;

The selection of suitable values of input parame ters is

prublernalie, csp<..-.;ially difTusion coe llk ienls for surfaee

mutcriuls: und

There has been nu ' '' li,fac lury valhta tiun of cumpiHer

generated numilz ation s - no comp arison of com puter

genemtt.'dso nnds wilh recorded sounds in re<ll rooms

3. Til E Ir"ITI.m :j'Ir;CE OF l>1I' FUSIOS
COEI-'FIC IENTSON I'R EUICTIO:"S

Comput er modellin g results arc strongly dependen t on the

sel ection or input parameters. in particular mom surlaee

pn 'peniCs. ( )l'lho-e input parUl1lclers thepartkub r irnl'nrtancc

oflls signing suilal1le value s M diffusion coeffi cients for room

surfaces. In achieve reliable prediction results. has been

rep orted in the imcmauona l Olund rubin test. . A1l1Klugh
there are sla,l<1anl rnea.,uring methods I,,. surface di lTusinn
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~~lCm~i~nls d~v i-ed by h....l <Jin i:n:nt groups ( 1 11l.· l n l~malion31

Sta ndard s Organization (ISO l and lhe: Aud i" Engineeri ng

Sodcly (AliS )). ex perienc e in the U<iC of' suitable VHIIJiS of

dfffusion ~'tle fficic nts in wmJlu l~' r mude ls is ra ther limited. As

a IT''ult. lhe findings from " l>y, ic;lI mod d mca remc:nts. e,g.

0.1 fur the .mooth "nd " la in surfae~"I and 0.7 I tlte lU\Igh
surf:l( CSwc:hiLSaudicllI.'e lllCali.hneb«'nwidl'lyadt'Jllai in

cornpcter modds (9j.
lnthis sc:<.1 ion . lhe inn uc r...:e: of d i lfu-. ion ~ftie ienl" on

the pn....lic ti" n ~ul~ i~ ~"" netl on. T", o e" ne." halls in

AUSl~ lia. n: fCTTt'dto ... ll alli\ (a la rgc vo lumo:luoll) and Hal1

R (a modenle ' olumo: hall ). "'rn: used for the inw~igalion

and 1Tll:l<k1k:d usin g tbc Odct Y.6,O 'ltl l\"' "n: ( 10). The

3D moddling of the 1"0 ball, based (>II dn.. ings and

phoIograptll,. Some li mplilica tit for the: audi~~ seats.

lhe c~iling!l and the pIp" Il'll.an were mad.: in the compu ter

model s o f the ","0 halb The ahsoopl lOO .'Ol.'Oicienu "'LTl.'

scleaed fn..,. the rnatmal hlnry P"t" iti.:d '" ith the prograrll.­

A' dc:w.Tibo...t pre..i....sl y. lhe &SSumpiions from ph)"Sic:a1
modd~lS "'m: uoed (or ""';gn,,,& the di ffusioo

coetTlCN:nhin th i, 51udy. The cakulalit_ ...eee INdo: ....ng

12%6 rays f<.>r Hall A and 9774 13}'>O for 11. 118 . n...: lr.Jn§ition

onI.... l thc nllmbo... ofr.:I10:0.1ion. rnodo:"''<iu, ing IIle: ima ge­

socece mnhl>d• • ftn ...h ich l3y traci ng ;s mcd) ""M s.o,.1 a1 I

(Of hOfh hal ls. The c:alc:u lal<.'d lmpu l..: n:sp.......ckngth "' 35~5.....,
Fit:UJ'l.' I sbooYo~ the pmiiction ,"",Iu (Of RT. lOOT iIDdG in

the I kH~ fn.-quenc:yt-nd"'hcndiffi.Tl.'ntdttru,.jonooefflCienl i

for thc aud i~ al"l'.in the t.. l>lullsiU\:LISO.'d.ThereMllts.t

three receiv er posui ...... (10m,20mand2S mdistan.:efn'm

lhe C1.'OIrc uagl.' ." u n'l.'l in the ualls In eac h of tht: "' ·0 hall,
art prew'flled . The nnal lOlU in lhe: pmiic1ion rn.u lts dcpmd
on the: lull anJlhe scat pos ilion . Ownll, lal'JeT di lT.:n:nresare

~'I\ in Hall H than in 11.11A end for the more diuanl.cab.

The \'arial;oo in parameter va lues at • pa n i<:ular sea l seems

FiI Ul\' 2. AVf'.~e . "hj« ti"e pre!",,,,",:,,,> " b,alrl•..J from
rec:ordfd mu, ic Ind cumpulC1' lo"""a red auralila lion •• •
fur.:tiunor_",.. il "",intho:"'.o""IIs. llallA(left)~ llall

B (righl). S<>Ic: thal .....lylhcn:wlts r.... ti"CSI'alJlO"it""'. in
tac h hall ",hi~h .rec:om""", for rt.c. UI.Ii_ ion and m:ord.,..J
mu.~ic tv.! ull1 '..n••re pl"l1Cd

22 - Vol. 33 Apr . 120051No. 1

to be an almost random funcli" n " f the: lltlili cllI.'e ditfu~ion

CllCflidc m used . Th is is\ uc requrrcs fu rt....... inn...tigation

In Ha I I A ch"nging d i l1 u ,ion eocmc ien~ i n ll>c aud iL"'L'l.' an:a

infl uenced tbe RT and un prcdi ct i" " t\..,.uh •. The predi ct ion

\ariations an: greate r than a subjec tive d itli:ren cc limen "I'
0,05 s. The prc:dicledG 'al"..... a re varicd wi th in a iu bjcc tive

dilTerencehmcnof l ,OdH ,uccpt lorooen:c".;vl.'l'p" ..ili,.....t

25 m from the sou rce. The pn.'d ic:lal G va lue at this POSlllon

ii hig ....... than Ihe OIhen ""hen a d ilTu.sion ClocfTlCienl of 0.1
isa.sipll.'d to lhc audlenec area . More sign ilie.nt pral it.1ion

nrial ions(or RTand El>rarcfound fur l la ll II. partic uLorly in

IhelWon.-.:ei\·Cfp;>lilionsat20mlnd 25m fwlI1 thcsoun.-.:.

/u.'>lgning a d ilfu,.i<.. ~vetTlCiI.-nl of 0.1 In the audience: . fT.

mul1!.iolargern:dit:1ion ..arialiocuf.... (j .lthc 25m~·

rccci\erdistanel:posilion

4. CO\l Pun :R G£ 1\[IU Tt:I >
AUR,\Ul...\T I():" S CO\l p,\ H,t:n WITII
RF.COw.m:n soux n s

A receerde- elopmmt of the cornput Cf IIlI.ldelllllg IL"Chnique ;5
aunliz:otion. The ICTm-auJ1I li7::al ion~ ClIIIbc d.: fincd.."fol lQ",s;

wA/J,.J!Cai i_ Ii ,11...fW"'CY'" of,. .,.J,,'rl"1: .-J,bI~. hy plrp N
or Iflat it..--UK.J "' c>Jd /", g. 11k-....-J {trlJ <J/<l SlNrn' in a
Jpac:r. in . .....h Q "'fl." <D '0 fi"'lJf",~ ,'" bi...." rol l iJtnl il/1I
~.""g'''C''pmJlion i'' '"...-J.·IIl'J.p<JN'~ (II I.
The aural ia lioo IJIllCCM can be ...mmari7Cd ;n the (ol.... ing

5Il."pS. The Room Impu lw R~ IRI Ri ) for ">Un:C: and

receiver pos;11oPs In a mom an: UlcuL.led us ing compu ltl'

~imulilions. The: liiroaul3l Room hl1f'Ul!IeR~ t HRl1U 1

are thm CI>mputai u~ing • Head RcI.la1 Tramofcr FWlClion

t HRT F),,·hic:hiinonnallylalr.e nfrom .dummyhead,F inalt y.

lhe: oola incd HRIRs afT wn"o lvcd ""Ilh arw:<:hoic-r«<>nlcd

mus ic:or~h. The: .unli7allion fnIIlh Ire pmocntcd to IIlc:
wbjert~.i.eithc:rheadphoocsorfn:c(lCldn.-pn>du.."IM",u~inll

lood spealcn "' ilh cn lS5!all coml"", ..lion [ I I J
AllhulIgh . un 1i13Iio n has lhc ",IImtia l for u...:Ill . tool for

roomacol"tic "ua lilye\'a luatiof!, lhcv. lldi tyof the lec hn i"uc:

is still unce rta in duc to the limi tations of wmput~r mndcl hng

and sound repnodocl ion , No intemationa l round f\ll>i n on lho"

c:omparison.s of lu~hnltion .y..tcm~ in CUm pUItl' fI1OdL·l. hn

hcc ncarricduut yel ThissectionfTl"'rtson a pa rt;,tlulidation

of computer generated aur . lil a lio ns u,; ng d umln y he ad

l\' corded su unds in actu al hall s

A subjective a'"",,~mellt of music e~ccrpt'l WD~ u n dcnal~n

10exa mine whether co mputer l ura lil.tl ion. g ive similar rating'!

for scats and ha lls ai judgements based on rec...>«10.... music .II

the sam e scalli and ha lls . The n......~,rdcd mu sic Ilam" I.... were

made at ....'~ l t s in the hall s refcm: d to in lhe pre vious sect ion.

Hall A and 11.111 B. Anco;hoic: reco rded m usic signals [ 121 were
pro vided from a two channe l recorder (AL ES IS . Master link

ML 9600 ) .nd emillai by IWO 1000dSJICllkcrs, 3' Soundsphere'
Ioud..pc:a lr.tl' (!\"nic s}'>Otems. mode l 22 12- 1) com bined wi th

• bus 10 wL-.peak Cf inita llcd wtl h two ... h",ouf~... d ri, e r'S, Iij



inch dia~cr !lOOWP-AudlO P l llf.kl2241) . The musrc signals

obta inw hu m a du mmy ~ad micror hon to tfl&K bead and

!or.;o simulalor(HATS) I)·pe 4 1211C) Wl·n:lhe nd igilally SloreJ

00 I ha rd disk (Al FS IS. AOAT 111>2.4) Impu lse n....j1I>n'C

and other ~"lIrm1CllIS ( for omn"h~lional . dum my 11c'nd.
I nd B-f"rrnat micmphonn) " 'm: obtaillC'd using tbe .....me

!i)~cm. The com pull'l"mode ls of l~ NIlnt' halls ...ere~ 10

~lCTale: computer IUrJI l i7"'l ion~ aI the -.arne SCI !lJ u. inll l~

Odc:onV,f1.0 sofho,'lre 110). Thclurali atioo llfO('Cdurein Ihc

c:om pulCf mudcl s WI!> tho:same IS dc\(nbcd prc~iously. 111.:
URIT s uo.o:d f"r the: oomruulion of the DRIRs "ere lhose of

tho:: KE'4 AR dummy hea4(supplto:d . ilh the:Odconprugnml.

Alltlough lhe: same t)p.:ofdummy head for rcronkd and

rompulCt" gmnatcd _nck should hc uso:d ror tho:ad«juale

c:omrari..-.n. 'h isoouldnol:bcU1ldmakl'l1b..~ Il Il.IT,

from HATS was 001 suprlied with the:PfOI!ranIused in Ihis

~udy.

fli naural pla) bad. IOCIvl~lirn lo <qllllduce lhe ....und

that ..{as ~"l'dlt in-ar mi<::ropbono.'$ _ tho:: lj)ln>l"f·s

ean. and IS mdI lhe}' prcMoX I Iod of (..x lity 111J"I«l.C

f<Jl" l....pirica l ~in... Arn-ic-w oflhac:-lCl;lvliqucs Ind
their limitalion . " Ji\~ h)' M.. 1crI IJ). The: 11lf,"" roml1lf,lfl

. pproIIICh.... hichi' -.indi ,·idua lizcd bi... unll'qlfUduetion

(i.c. nol:\lsinglhc:li~C'M1" ' , IIIU ",), yic:ld!. loo;...huliooc:mn,

.. ith frun l.ll sound )<>un:n l}pical ly form ing aud'''-''Yima~

Ihme: or ho:hind the: li,1e1ICT in~ n:r ro.tu.:1;"n

Alt!sough the pn:5C'Dl.. ortr. .. al don.: using this awn--h.
Azz:llin.I.(1 4)h ..tom:mtly sho-. ... t...t non-ind i.id'-LIliLed

binaun l reprod~l i"n u.i ng a CTm'\-tl llr. rompc:nsat ion

IOChniqllC.. ilh d .. ..:ly~ Io.IU(hPlClkc-n(known.,, · eeeo

dl polto·lyoddsmorc reahSlic WlUndima~"l'Y f.... audJlorium

simulati"lIlI.

Two JC'~ of . " bjc:dive joogcmcn" bu n l 00 T'C'C'l,)flkd

mu. ic and ~'''lJI!""h:r g"'''''h.l~..J aunlit.lions wm: carried 001.

Twelve sealS (mai nly In Ille ~Ialls and "' lfd.~ or ga lkr;""'1 in

each hall ...e:n:se lc:c:lc:d fOf assc:ssing the lubjcc:livej udg:~-mcn1$

' ''ing record~ music, NO( I II of twelve 'Ci l posi t ions

("nl y lh ", 'Cals in \:,Md. hall l ....ere used fvr the .ubjcclive:

judgemenl s u. ing compu ter go.'r",,.all..J aura liU lill"s Allh"ugh

f<:'\\-'e:r.call"'sitilln. ......re u'iCd in thtosub jc:d ive judjlelnt' nlS

Ilsinll e:omputer ge:neralw aura lizalinn s. lhe: rC'SuJIll sull

....<r'f"'l v......

IIT ~=",------ -- -e..._
- M..~ e. k .. ""'"

<!al. " " .

'" "~) 2 110 1,0'1, 2.U.\' J :l9 .

~DTl."''''''f''"l1 I HJo 2.1". ",. I ' ".10

" H o~ JJ dl< 7.J dll ,,~

o, ·H dll I 'd" "'/oaR l oa R

N OI~ : ll\c ......... ;..;.1""ran"I~" "'~'e ."~ml:'..t lil t.... alllr .:"u".><y
hands.(125 Ib _4 kHzJ

cou ld be used 10 examine \1I\:' rd iatllllly of lh.. ca mpu l..-r
g:..n.cratcd aumhzalion s fl'l' l11alch ing SCt! cr sear posi tions

Ifof more delails "n the ... perimenral dc,i gn of lhc suhjccti \'C

jUllgement ' ..."I:' l SI, Table: 1 1'rc-...:llIs lh"' ..H..-ag"'VMI...... " f

lhe mea . ured and calculaled ltC('U51icl l pa raflJC{en al five
com m"n<;l'al l"" ili('ns in\:'ach llall

T1>c: subjc:c:the Judg~menls " l.'fC l>h!JI illC'd u. ing I I.....

I lIernali~cforcwch"iccc:>.JI("rimcllt a lok.iltn. hghtsuhJ«ls

I~oed ho:l"'~"'TI 20 and 40 ilk ntil1c-4 ....hich (If\C n f eech J'lIir

nfrcct...-d ings l~y ~fc:n-N i n l~011s "f t",,"ac<MJ"'i..,. . The:

wbjccb "m: I lIm" w 10 lislen 1<> lhe mu. ic: pa irs lIS oil""

IS they wi5hc:d bcfilll: giving their judge:mrnl• . lbc: mu.ic

smtl"ln. 10 s of so lo l..:110IWebc-r' . ' h ;m c l. " en: rn.....:nll:d

VD I e n player t l)enun Uf'O.('6:Wl and llive:n 0":"""""

hcadphooc:s (Smnhc~,. II DOOO ) in an " ne\:t.,j c rocm .

The pii)e:hoIogICa11oCak:s of o. ·tonll prefm:nc-e, ba....d 01"1

1he:""bja;1i\-C ~pvrt'ln to lhe ltt()rdnJmU!iic: l nd ~'Ufllrul<..r

gen..·.ltlal aunl lin liom in lhe I" o b.all.. were OOLoi". :d lISin;

dlemdhod ofTh~'1 e lse: v [16. 171. Scale unil. o f

~fl'f'mCe an: SIIndard dct. uhOlls of l ~lIy dlstribu tcd

probabilityd.:Il>ityfu"",'iofl.AX!lnIofgoodness"ffilsho-.c:d

1Iwlh<:~malri,had sill"i flClnt ink.'f1I.II C<.""i,,~....,:-y.
maning that lho::rewlllnll raunp wm: .,gn,ficanlly dttterent

'" .-dom 'C'b:lion [ Illl- Tbc: I'en~.....t J'«'f.:n:nc rs of lhe:

to,!-ht sut;.x1sfor scat j1IlSili.. "" in Iho::lWo lwlls an: plou c-4 in
filtW"o:2. The:pttfel'ml:'O:~ht-cdOll_do:dmu~ic

show !bat mo>I!iClIb in l b ll B a~~ lIiShly ran ~w in te-rms
...f the:ir arou "icli lhan (hi: oeal. in Hall A The: ptt fc:n:no...:

jud,.:mo:nbbasc:doorompull'f Jl'1"Il'rJIkdlun.li"" l ionsllho...

simib r n lings for thl: samc-sc-alSin lhc l"o h.1lJsu for ihe

rcconkd m~ in lho: t.amo: halll : the: Ii>.lo:ncr< had ~ F.-tn

preference for scalS ;n lI all R dian th._ in Hall A. Higher

prl'r"crcrlo:e rorso:ats in tbclWo ha lls ....a. obtained from co mputer

~~-d aUf1f l iJ:;u;un:"lhann.'1."OrdnJ musicre31 .ha ll sl imul i

This may he p.:1rlly bo:l;.-u-.: of . ..~ing morc l'C31 I"",il iun~

ftlr 1110: 1tll bjo:l.' i,o:jud¥cmo:n~ u~inil r«ort.kd m....ie: than the

judgemen ts u. ing n .... puler gc'ffC'f1t!w S<MJo<h , The ~II" of

prefere nce jU<lgo:menlSma.k u"inll cnm ru l<:r aura li, .alioos an:

inllgrwmo.TlI ", i lh pn: fcr\:'lI<...: jUlltr~"""oI.''-'''Un rl'l;ordw

mu~ ic: al malching Sl:alS.TIle 10.. ' subja:u.to r.llInjtSfor r.<:alS in

Hal1A are: in agn:o.'rncnt wilh mu:;ieian_a!il>CSiiCdn. ling. of lhc

act llal hl lls l 19] and e:VtTIwilh anc:c:dulI l cvidc nce hy o:on\:'~rl·

gce rsin AIlSlralia.

Tho:indin:c:1suhj«tivcoomrari", ,",,nfe:ompule:rg cne:ralw

aura li,al ;,,,,,, " i.h record ed "O" l1,JS Ii" lhe C\'ahmli" n "f

1110: ecoosues of the IWO hall ~ wm: carried 'MJI because

of lhe limita lion uf using dilr'TCnl type.. " f dummy head
The: pn:f",n:nce jUllgcmo....'" h.1"",,J 00 com l'Ulo:r g"'TICral~"l.I

. uralil aliuns lIivtosimilar rJlnl "rokl"ing nf'Clll" ..nd llalls as 1110:

jUllgcments madC'usinllm:ordnJ!iOUfI<I Tht:re is c" idl:ncc(21 1

10 "u~ Illal even IIllMJgh Ihcn: an: un in oomputa liona l

,.."hniq ucs. ilml y ",d1hc l"_ih!t:l o u<;l'su,:hlo:ch nlqu.n; \tI

make:judllcmcnb ..bwllhc arou>IlCSof (oocnt halls .
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5. CO/,\CI.USION
Wilh the tlevd"f'lTlcni ofcompu. er nlOlklli oi! l""h niqUl.-S,

" , p...:iJ lIy as a resu lt of the feetl....ck of lh!\'t' inlemalional

roundruhi n evaluat ions. il is nuw pu.... ihlelO u!oC lhem Isa

loolin ro<lm lll:,ltl sl ics oksi g:n,l l<lwe \'er l hcn: a re sl ill ~veral

uoctrlainll("s a",.......,ialed ",i lh Ihis I~..:h n ill llt: and there is a

need f", any U.....T 10 ga in pr.t~1 ica l cs pericno.:c in ar.signing

suiu llle inpu' va lucs for w rfa.x ITllllcrillla.

Somct hong Ih.ll 1M cornpu ltr m..deUinll can not do on ils

own.even w ilh a.u.",liD tio'l k·..:hnillues. il lOpredict tho:o\trall

arousl ic qua lily<lf. IJ*.-e, unlC's.'lI.Ubjccti \c judgcrnenll.~

ca.rrit."tl ou t Jr 1M co mpulcr mode lling is 10 be rd i.lhlc, i.c

if it is h' llivC ll... ><t . lUWrno:nl ", ilh 1TM:. ....""n..-nlSOf even
jusl. &ivc tbc~ITM:r.lllk ..rdtrinll nf subj«liv... ll-...o;c;' mcnt s a.

in act ua l ha lls modelled. lhen 'ltWM .>I....T 1«hniquc , such as

1lC'Ilr.>1 ntI...'oO; ana.l) sis 120). t:<>tIld be U>oCtl in conju....-tion

.. i\h doc compu ler .....>dtIhnll lo obca.in pn."tl;..-tioRo of~

ha ll acoustic qua lity.

'\CK~OWL[DG' I ['TS

Thc . ul"""' ....oo ld likelt) aclnovo led~ Pro f.F~ R. Fridc.

a' Uni\ cf"S'ty of S)' d~, .. ho>t cnormot1l cnooun~1

. nd in\'a.luablcath·icr hclptdbring this .. ork. lo a. s\>..'tt»ful

conc],ni. .... 10 lha nk10 tht 1lCUlNM:lP\>up al Uni\ 'rmtyof
S)dnt) fill' ,...... hall meaw.n:mrn15. and 10 thank grad ualt

~udrnlS in the aud>o *"'1" CC>Unt: aI Uniw nJ ly of Syd~

and col~ ...ho vol\lllta:n:d lol>c:llIlIbj«ts
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