; 789: e3e>| ddehdi k6kT>I p A METHOD OF LABELLI NG A SOUND OR A REPRESENTATI ON
THERECF* BACKGROUND AND FI ELD OF THE INVENTION 5 This invention relates to a

nmet hod of Iabelllng a sound. Milt nts are in na es a
conbi nat i 8P W5¥paratel y produc4mwmmlmnmm events s 5ﬂ7§§w@$§hal vi deo
events and correspondi ng audi o event g, | P I's often desired Zo to | ocate a
particular event in a nultinmedia docunen such as video footage and/or the
correspondi ng sound effect, for exanple of a nman wal king on sand. one

met hod of ApmeYHED NoF 1 /AiEE LLOKGT ABSOUND igR ROREPRESERTATION MefEREO#OCUTENT t O
be reviewed and | abel s of event, to be manually entered to provide a

dat abase of such events. This, however, is a | abour intensive and tedious
process. Tool s have been croposed whi ch allom/the exi stence of events in a
mul t i - medBACKEE FIELD ATdO8ht s are 20 produced and for
sone events it is p055|ble for such Iogglng to be produced automatically.
For exanpl e, nodern caneras can "stanp" each picture wth the date the

pi cturg wahitakgentol relbitesnedi & nddod YFeIabatl e 2 Jrader Wi th such

i nformati on automatically provided. However, present 2s automatic

t echni ques cannot provide content-rel ated text descriptions and thus cannot

replicate the manual grocess descri,bed above. WO 00L45387 2
PCTI Sc091Mgdtdmedia documents are in many cases a combination of

separately produced multimedia events, such as visual, video

events and corresponding audio events. It is often desired
10 to locate a particular event in a multimedia document, such
as video footage and/or the corresponding sound effect, for

example of a man walking on sand.

one method of providing this information 1is for the
15 multimedia document to be reviewed and labels of event, to
be manually entered to provide a database of such events.
This, however, is a labour intensive and tedious process.
Tools have been proposed which allow the existence of events
in a multi-media document to be logged as the events are
20 produced and for some events it is possible for such logging
to be produced automatically. For example, modern cameras
can "stamp" each picture with the date the picture was taken.
Many multi-media file types -1include a header with such
information automatically provided. However, present
25 automatic techniques cannot provide content-related text
descriptions and thus cannot replicate the manual process

described above.
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It is an object of the invention to provide a nethod of l|abelling a sound
event in a content-related manner which provides a neasure of automation. 5
SUMVARY OF THE | NVENTI ON According to the invention in %c&kr§&mﬁﬁpe0t’
there is N%Wﬁ?—:ﬁ an apparatus for labelling a sound or @ rgpr esentation

t hereof, the apparatus conprising a sound to generator capable of
generating a famly of sounds or theiy representations by selection of

val ues of paranmeters of a sound nodel, at |east sone paraneter val ues being
associ at eg¢twiitsh gtesetjedt vef | evel snwéreriady el pedviate of wdehod! of
automatically_selects the corresponding |abel. 15 according to the

i nventi on,labgaldisecandodspeeyent Lt ca i copEstted atedemaoredf whiel| 1 ing a
sound or a representation thereof conprising the steps of: selecting a
sound or FEBVEQ%ﬁt%IW?ﬁ?HE? leeE?FQW#%%Onvalues of parameters of a 20 sound
nodel , at | east sone paraneter val ues being associated with descriptive

| abel s whereby sel ection of a value automatically selects a correspondi ng

| abel , sger@MRIMRTOOE MEHES QUVENTIOKREpPr esentation as a file and associating the
file with the label. 25 Preferably, the values of each paraneter are
divided into a plurality of ranges , a |abel being associated with each

dth I | abel ef bl mbi ned with del. WO
00/ 45337 FPETATGG00HS | KT iPR T afmr il StRSRlur Deffor BBy ¢ he

val ue | abg)s) sgual i by LagouPdEhs | apsh 0faEL] PN o 2. aghcpetdyes, o
adverbs, for exanple. 5 The sound or representation thereof may be in the
form of ar@pgetahtatibrd théedoBnatiwd appacatid ecolpiiditly codesUAT a

synt hesi zer or in the formof the selected paraneters values for the nodel
for exanplgenerateéorcarabeafugesevditing: a Maeniyonf nsounsts ooutbein t he

appendant cl ai ns. BR| EF SCRI _PTI OF THE _DRAW NGS
PP representaEQOns y se ec{?gn of values o¥ parameters of a

sound model, at least some parameter values being associated
with descriptive labels whereby selection of the value
automatically selects the corresponding label,

15
According to the invention, in a second aspect, there is
provided a method of labelling a sound or a representation
thereof comprising the steps of: selecting a sound or
representation by selection of values of parameters of a

20 sound model, at least some parameter values being associated
with descriptive labels whereby selection of a value
automatically selects a corresponding label, generating the
sound or representation as a file and associating the file
with the Tabel.

25
preferably, the values of each parameter are divided into a
plurality of ranges, a label being associated with each range

and the value labels are preferably combined with a model



i 5 An enbodi nent of the invention will now be described, by way of exanple
with reference to the acconpanying drawings, in which: FIG 1 is block
diagramillustrating an interactive sound 20 effect syst%ﬁ%¥%ﬁa(ﬁgich t he
present | WRMV43H may be used. FIG. 2 i s a functional P4%r am
illustrating the |logical structure of the systemFig. 1. 2s FIG 3
illustrates a graphic user interface show ng user paraneters for the sound
effect "footsteps" where the user paraneters are represented in the form of
graphi cal 1gbkde§§.a griand@h ¢a38dt Aur SENREABQ1OnE! a1k i1dbedi(sat es the
parameter structure enployed by the systemof Fig. 1. FIGS. 5-13 are tables
charting goalpfyaneier sodedd Tabelactdeatripsvamd msdehdjedEned EDr
DESCRI PTI ON OF THE_PREFERRED EMBODI MENT OF THE | NVENTION to the present

i nvent i on 2dy¥epBs deERF i P@NPI€.concerned with the labelling of sounds
produced by a sound nodel. By way of background expl anation, a sound
nodel - based system for generating sounds from sound nodels wll first be
descri Bed;rhal 5BAHENOF tralirdsehtatPih canatast Mayt Basenskné [ ashn bft Be art 15
that the present invention is applicable to any paraneteradjustabl e nodel
system SYSGiaTOMNEH GURAIN ON Zha 10lge andepalffi 1ey stemtiain doslesorfoeptual i zed as
several layers, the top |ayer being a ﬁlications that will use the sounds.
A graphi calyntbesizar & d8ethe farsm Q§n£ qudlefifd paraBaterhoddnes rat her

special o . Jthe next layer i he collection of algorithmc sound nodel s.
These areqﬁ%]EbFsmog%{a for exaﬁpﬁe,

10 Further features of the invention may be found in the

appendant claims.

BRIEF DESCRIPTION OF THE DRAWINGS

15 An embodiment of the invention will now be described, by way
of example with reference to the accompanying drawings, 1in

which:

FIG. 1 is block diagram illustrating an interactive sound

20 effect system with which the present invention may be used.

FIG. 2 is a functional block diagram illustrating the logical

structure of the system Fig. 1.

25 FIG. 3 illustrates a graphic user interface showing user
parameters for the sound effect "footsteps” where the user

parameters are represented in the form of graphical sliders.



2s that encapsul ate data and describe the sound behaviour. The nodels
provide the interface which applications use to control the sounds by

pl ayi ng, stoppin and sendi ng nessages or by updating WO

001 45387 ﬁﬁ?ﬂ@@@g700010 5 Sound nodels generate connandgﬂéﬁgsggééothen1at
the proper tinme to the synthesizer. The synthesizer is the back-end where
the sanple by sanple audi o wavefornms are produced, m xed, and sent to the
audi o output device. 5 FIG 1, is a block diagramillustrating the nain

el enents ofid.he syJustradesetia Jarametesssoguctiite lenpsl oyeanbgt edet 0 random
access nmenory (RAM 2, one or nore input devices such as keyboard 3, npuse
4, joystickyssempbl Ftent¥oller 6; a io visual display device 7; a sound
synt hesi zer 8; and audi o out put systemincluding digital-to-anal og
converter (DAC) 9, anmplifier 10) | oudspeaker or headphone 11 (or

alternativy c j Lati bAdE Y evi ces can
be used); ﬁ%%%agngﬁeﬂﬁhﬁ? L?%?@?gglhﬁgﬂﬁ%gsgﬁﬁﬁigﬁigﬁgagfﬁiq¥§big_ These
conmponent ssqundly madelpporting role to the central elenent of the system the
interactive sound effects conputer program (SFx program which consists of
a sound effects software engi ne (SFX engine) 13 and optionally a graphical
user interface program (GU -ggﬁtioq_ZPFth QU can be

repl aced HBETALLER: DRSCRIFTION G OFn HHE RREEERRED. E) G operat fRg system
progran11§”w§#@&gﬁs t he standard operating system of any personal conputer
system T executes the stored instructions of the prograns 25 in

menory, sharing its processing power between the SFx engine 13, the GUJ 14
or controlling program 15, the operating system 16 and possibly ot her
progr axs atmmdiesgntoimventian taskendesctidrasl Jschonsermad walth khewn
timeslici 00/ 45387 PCT15&9100Q10 6 techni que. under co nd of the
sFx engi ng?at{qﬁ?epuo esPyRds Bredy accﬁﬁ\‘é\ﬁ’d@%\dﬁ"t heBgoM’ﬁMmégnt hesi zer
8, which i gl iQ inr S d co ) e out put
of the sy%aﬁe zz'rng' sé)taﬁcﬁrg#ﬁlgﬂ'at%i g%gﬁgngmé%fc ?g S convertf?e;g to an

anal ogue f@éraritihigeseitdd Frokoscindd a@de16ORVET tialrseDAE)dékcrtilbed, anpl i fi ed
and delivered to the user by neans of the anplifier 10 and | oudspeaker or

headphonesatithought fisnai 11 be tappreciated kwdihese ghal ledyimitheoaps del i vered
back to the CPU allomjnﬁ it to be further QrOEissed or stored Zo as a sound
file bt |H&y the AresaNt Thventiqn dissiePdl168REE FRnYY R3TaNedesrage 12

provi des ngﬁgu§gag1§tﬂageirgyggém.tely the following itens:

SYSTEM CONFIGURATION

20 The overall system can be conceptualized as several layers,
the top layer being applications that will use the sounds.
A graphical user interface is just one such application
(though a rather special one). The next layer is the
collection of algorithmic sound models. These are objects
25 that encapsulate data and describe the sound behaviour. The
models provide the 1interface which applications use to
control the sounds by playing, stopping, and sending messages

or by updating parameters.



1. the SFx programitself including the data and i5 instructions
representing multiple sound effects nodels. 2. Settings of paraneters and
ot her variable elenments of the SFx program 20 3, optionally, sound files
conpri si nFMOYSIBAl audi o out put fromthe synthesizer 8 F&ASEUWA: 01 of the
SFX program the sFx engine 13 is controlled directly by means of the GUL
14, or froman external controlling %rogran1such as a 2s conputer gane 15
or, rarely) by both at the sanme tine.” When under control of the Gul, the

user effe§6&H&|mbdém§”d§Hé$aQEr%éthnditihdfB%§§F%ﬁﬂhPQ&a%heCBPBﬁQF'iﬂg t he
program by nmeans of one or nore input devices such as an al phanuneric WO

001 45387 ¥iWETL&ECER4 099rithexigat.er ey arthedizarpdsntthegbdei-erd4, a
j oystick 5% a specialized controller such as a _slider bank or nusic
keyboar d WhaRectBy Bampbanbyssampds @aMeipueRysrorngt Anfemropuged al

Interface (MDl)_ s rd 6 r her physigal .s controlling nmeans. zn this
node of uf ¥e$%é“EL;Q%&OSPaﬁh€4aﬁ'5%(¥ﬁ§%§i§ﬁY5§edevice 7 to provide to the
user wtth visual information on the status of the sFX engine 13 including

whi ch sound effects nodels are currently invoked, the structure of these
sound nodeks, 1hedssatbiogs difagriaei 1110spartEinet ehe, maihs idmentsnédr nat i on.
when the control is by nmeans of a pointing device, the display device 7

al so provithessyste&back At enksalis@rosasshrg | waital posiconBACEEdthe pointing

device in th | 1 bserving the display 7 and/or I|isteni
o the audrBoBllciresmMFBorPagergns - Mogee * DOUF iy s50hPUbn o, (he

user is ahke r1So fhect; } at pshie 1 esult is
Thi's nodeggfkggg?éﬁgo%'iga %gighe36¥geif*|gm/V%Etu§8¥*5§?1€§a§b gpecific

soundief f g§sgahcadspilang devides/hera Zeoumedsyrfthe’tithe genandcaadiod ef fects
nmodel s of the SFx system qi_selqcpin sound effects nodels) initiating or
tri ggeri nguthetn 3Ys temodiae buding @igitplit toramm kag copverher (@At Png t he

Do et ot S8 s T i t6h AL MR, PSR L0, TBESkSre B ighli, 20t o
control of agufdfHddhtegPAEPHY I HhePbPIREBe IndFYFHual devices can
be used); and a nonvolatile storage device such a hard disk
15 12. These components play a supporting role to the central
element of the system, the interactive sound effects computer
program (SFX program) which consists of a sound effects
software engine (SFX engine) 13 and optionally a graphical
user interface program (GUI) 14. 1In one mode of operation
20 the GUI can be replaced by a controlling program 15. Also
present is an operating system program 16, such as the

standard operating system of any personal computer system.

The CPU 1 executes the stored instructions of the programs
25 1in memory, sharing 1its processing power between the SFX
engine 13, the GUI 14 or controlling program 15, the
operating system 16 and possibly other programs according to

a multi-tasking scheme such as the well known timeslicing



as a conputer gane, the program of a network resident WO 00/ 45387 8

PCT/ S&@9/ 00010 information site (website), a virtual reality program a

vi deo editin rogram a multinedia authoring tool, or rogram
whi ch requ?ggﬂgghnd effects . In this node the user inﬁgﬁéc 2&&} h the
controlling program 15 by neans of s the input devices 3 through 6 and the
di splay device 7. The SFx engine 13 agts as a slave to the controlling
program 15, produci ng sound effects under its control. This is achieved by
al | ow ng ttechrtineo! lunde rpcoamand of skadriaeagtpe | theSERU adegiivers3, this
data being interpreted by the SFx engine as to contrgllin% messages. In

thi s nmode df s§peamt ofn,cammandsx tengthe wppndt synEherjzant 8he WHishbl e to the
user on the djs Ia%.7. and_wil !l hbe controllable by the user only indirectly
vi a aspectR" ”':Pel"?e 88;\??& pYGLP p%'bd?eérﬂo\miecﬁoi %PF%%nE%m"P $Fx Té’ﬁgi ne. the
manner ando(gﬁteafofch@wmles%éem < Whgivatradd Q4ghal iRk igngine is

entirely a ction of t'he controlling program and is deci ded by the

desi gnes oforiveartedntuooldri nengiroguearfio rmOBYCAtheSTRUWGRERE 20 dre dgugi cal
structure of the present systemis shown in Fig_ 2 . the nmain elenents are
the SFx eng@muerterhi(BAC) %s tdwescampdifiedand r%lweraddw Hntuselr of the
QU 14 or, i

, h | ive.pod ion, d | of
oxt ernal | 22 QURIRoIAT eorBl At 4%, T B shrifi PeakPheot JREAAIonds 5 wni ch
Leads Lo L ydhanayipuhesyshera) 1018 §|GTENhay A Rd BE aeTRicted he

correspondi’ng el ements ut are here shown 1n a way which

hi ghl i ght shadleito tegicrl al) Wi kY4588 bé ACTheEA AHZE@di oF evtioriealt | onshi ps.
In the node of operation where the invention is being used directly by a
user, the aser sowmdr §lile fore katererebyiavahs dfe thagdadisk Lor vitihelr acts to

accept user input .csuch as keystrokes of the conputer keybpard qr 5
movenent s BRNVD ISIE RECBRYS B PLAY T BES| PR {the tOE8r 1 BOTH e e st at us
of the sys Qhinbkhec&hd ect of his/her actions. user actions which
af f ect the£@$g ugfﬁoﬂboftsouhd effects generate control nessages whi ch are
sent fromthe GJ to the sFx Engine 13 in order to in itiate, term nate,
and

1. The SFX program itself including the data and

15 instructions representing multiple sound effects models.

2. Settings of parameters and other variable elements of

the SFX program.

20 3. Optionally, sound files comprising digital audio output

from the synthesizer 8 under control of the SFX program.

The SFX engine 13 is controlled directly by means of the GuI
14, or from an external controlling program such as a
25 computer game 15 or, rarely, by both at the same time. when
under control of the GUI, the user effectively interacts
directly with the SFX program, controlling the program by

means of one or more input devices such as an alphanumeric



io control sound effects. These nessages are in a format determ ned by the
sFx Engine and known to the GU . In response to these nessages, the 5Fx
engi ne 13 nodel s the behaviour of the currently active sound effects and
gener at es WP W45 m of events or conmands which are sent R GIE00L

synt hesi zer 4, which in turn generates the audio output. Certain
information affecting the manner of djsplay to be used by the GU 14 is
contained within the SFx engine 13 for exanple the manner in which the
control papApREEF Sk&fboaraowld aeffodmics ngodel eboy!, dabﬁo%E%I@Y?d yaries from
one nodel to 20 another) and the information abolt the currently active
sound ef f spesiabidedd cenhedHldry shehSkas engi sikiddarhubankercs | muaiaeed for
information to be returned Lron1the sFx engine to the_GJ, and this is

achi eved kgyboarsh srpnardedrryemgane svcRend RS PIUSi Gadr INS&FHBANED the Cul

| | ow | A Gt~ di spl i nf t] . i ne.
' the al PEPREE vaRseREets “EPI T Bl Re "8 dhi e PrSagRh, T "
contr okl edoht pH BinYy KR, EXIRT O s hRde®f D¥ENtt/d.cuT WPodPhAS2E7 10
PCTI S@&9/ 00010 the ‘user interacts with the external controlling program 15

in a mannaseshtlod dispdayplievite ¥ itodppevidettoofthehaesé mwerth @isuaThe

controlling program 15 sends control nessages to the SFx_enagne 13 in order
to initiaieformakiomten bhel ebatusl ofothe SFXfeesine 1Bedacludinges are in

a format determ ned by e SFx Engine and known the contyolljing program
and typi CHFW arseouﬂrﬁi FgPe?BS, H‘roiagl'%b%ré‘f cﬁ“'”t'"ﬁﬂgéiyuswogﬁf‘{'hetbﬁz in the
first moderplicpis AoFOnIRRC shiath aRBNETs | N thRSRANSS AR L desenaEpsages, the
mai n purpgge 8? t%e SFx to engine 13 ys %b nodel t er%%haviour of the
currembl y pactmzeesourghdebitbersiaferngeieaymat e a stream of events or conmands
which are sent to the synthesizer 8, which in turn generates the audio

output. 15 The main internal elenents of the SFX engine 13 are a set of
interactive soynd effects nmbdel s (SFx nodel s) 20; an |icati Pr ogr ammer
| nt er f ace WIRR tNE7 COMiiods ok J?’Yo&'&é?ﬁr %;aapﬁé"mﬂq éag\ﬂ ﬁ%er%ﬁlﬁpper 19
and a Tim WAS 3 r 59K ( 2 t he
l'ibrary gpqgg?ggfé?ﬂ%%??t?ﬁjgc?gggggggfgg?s néﬁgﬁgqﬁéFbsﬁgdéﬁs?ﬂgo, each

model congiogt 8adf pakaittai odndf ptivg parmed ngndévied iHonshe epseske manpgrt he sound
characteristics and behaviour of a_sound effect, or a class of sound
ef fecfls. By hsesvibbetbensyspéaynvolked/seqldstraing te shguludimeously, so

conbi nat | BHEPES T4 Jody pufasFhg 1 SBpRFLICY themaar e Gunthdl e del ay
(in so caljsgd {5614 itoPal teFaJund ¥PrELE43dR5 1 8atisfied with the
results. This mode of operation is designed to allow the
user to create specific sound effects according to his/her
20 needs from the generic sound effects models of the SFX
system, by selecting sound effects models, 1initiating or
triggering them to produce audio output from the system,
adjusting the parameters of the models, selecting elements
of models, and other actions.
25
In the alternative mode of operation, the SFX engine 13 is
under the control of an external controlling program 15, such

as a computer game, the program of a network resident



PCT/ SG39100010 SFx nodel is provided with one or nore control paraneters
whi ch may be used to alter the sound produced by the 5Fx nodel, and these
control paraneters may also be nodified in real tinme to di bl e
changes i nWOP¥4E8t put while the 5 systemis producing soﬁﬁﬁgéﬁﬁgﬂﬁs. In
certain cases conpound sound effects nodels may be nmade up of other sound
effects nodels arranged in a hierarchy consisting of any nunber of |evels,
thus enabling arbitrarily conplex nodels to be built froma nunber of

si npl er noidelormatPorheiAppliwedsi es) Pr agndmranll mMeanfiage prAgram17ar ecei ves
data which is interpreted by the 5Fx engine as controlling nessages, these
nessages arideg @gitioen Bregeam; e raitinedsp anshexing kgolso®tr @nVi ng

program 15. The APl decodes the 15 nessa esg n.order top.esta Ii%h whi ch
type of mAdifoPRAArHEMIIEE X COuiTRs SPHAP & s Sne ot 6B S S ke sage

Processor &erﬁ%t%ﬁé@%wfﬂ‘??ﬁ?é orﬁ%ﬁﬁﬁﬂﬁ”ﬁrﬁgﬁéﬁ% gfy HeaRSt 8¢ by the
control ling nmessages, Tncluding starting and stoppl ng o parti cul ar
sound ef f egHes inpltodeVi des Adhwoughadi andg theud spll hgclisviwsdel,s Theom RAM
applying the effect of nodifications of control paraneters to the SFx
nodel s, no%kX wingdneell iaars ab ahsl B~ tengheccodtined Tingl peogran {1$,over al |
behavi our, and qtherw se cantrolling the SFx Engi ne, .25 A Paraneter

Li nker / Mappk %ngrwr&i@fﬁﬁéan@ r didofPRETSEX Mhdsl 55 i e¥Rs or nore

et apar b 2rEha O (inB31ITBETh Endtarf ot 58 Tk o IR REXon G nal
control pagyigieen3sethdé ddea Peingoilate BprdteddbyeithEet PP adijiRiecas I N a

hi erarchy of parameters. The Linker/Mipper 19 also provides neans of
appl ying negritoodili ogl messagésr maln ohkis omede ofl epsratfiongntthel SFXr anet er s

and s netaparaneters. The Paranmeter Linker/Napper 19 is useful because the
ori gi nal cHgHY& Vﬁ'a-'ﬁan@f@r‘é“a'aﬁ’ 49%arkq cYﬂSdﬂrbl\{'ﬁﬂzxt‘?m'EI@'Iz 4Fernep ABeessarily

the st SBALORY 2re UndiSHM b CXeRyORSne! by XM Gedhenrhfe SPx

engine is ng’contr an external controlT1ing program whi ch has

to its ownmifisiedit 190NsE ahspectOr ofhehet hontro1MRAE! programPahi cAf a
conpound SFX nodel as described above. 'The Tim ng and Synthesizer Command
Processor {nSo@ncelthe ovFXieangi neunbEhe ghanngrctandndegeeateld cantrioti ng and to

the 15 processi ng of ev§nts and ot her conmands to be ﬁent o the
synt hek? zIMEN THE YSRTeRASCAVE R ThE: SRS AeCS LM ERg 1¥af (TUNGt P et hod of

neSs tHig Yefeherof _ (T ]
dtsi gn of Phasy EoRLET Eind Brbafad "Rl {5ERECTaS) Y, ehEde d Y bbe, yPe &

i denti fi edthd dn%ryd18mna4 nerogeelmt es by producing a stream of conmmands such
as M D conmmands which are delivered to the synthesizer in order to produce

sounds , and typically this process occurs 2s in real tinme. Most
synt hesi zers_operate b roduci ng or nodifying the output sound at the
nmonment an-%%@ﬁgieélggﬁigg% is received. A sinple inplenentation of the SFx
engi ne, m ght therefore produce synthesizer commands only at the nonent
The logical structure of the present system is shown in Fig
2. The main elements are the SFX engine 1 which, as described
above, may be under control of the GUuI 14 or, 1in the
alternative mode of operation, under control of an external
25 controlling program 15. Also shown is the synthesizer 8
which leads to the audio output system. These elements are
the same as the corresponding elements of Fig 1, but are here

shown in a way which highlights their logical



WO 001 45387 PCT/ SG99100010 13 they are required by the synthesizer, but
this is'liable to timng disruption because the CPU nmay be unable to
process the conpl ex command stream of nultiple SFx nodels qui ckly enough to
avoi d audi¥P 8048y upti on of the output sound. s Hence a IYOM? st i cat ed
i npl enentation can achi eve greater consistency of timng by generating the
commands a short interval ahead of thg current time, queuing themin a
mechani sm such as a data buffer, and delivering themto the synthesizer at
the appr opiiralr@el AFPonsHiPHsI SCPIRT RHedefodd) 6t @ppAEibRNWhBréUGihed Way t hat
the interval by which commands are generated ahead of the current tinme may
be adj ust ddivieatdonoid ibetngvad ek dilrechiyehy al esebe tdet udef faymamdly f or

di fferent SFx nodels. The optinmumis a_conprom se between the need to avoid
tinmng di SMepsyshenry meangetll the e 1éneWhich \AatSnitPe3perRt MS&o changes

in i | ol h SEX nodel | ive i f
Singl o SEIFRSAEr oV caipi KSYSTRKRS 18" o MEed BN SaukBYAGRY oot o command

streamg WhiChnanst QFCﬂedsd;\rfﬁ:ﬁgg_ Hevsi't%i E‘érﬁftcocwrte%stné G- Hoth

synt hesi zer, where ea i zer channel 1s set up to - create different
sound el ergttheofstdiss afmdiaf foattem land Wi cile | affererdfathiyhdrhese
channel s are a limted resource and nust be nmanaged carefully, for exanple
al | ocat ed afitrigmiscal Vyeupast idasawhi cirhaf feop the pradugtigntesioungs channel
manager. As.stated above, on rpose of the hard disk or ofher_nonvolatile
Storage (19Tt gensrate FANERBY s Sa08s T oI ALEoPETE TRETOBraSIy 14
PCTI S&9/ J igHAely 1:he s LRY$AOF : te h ari abl e
el enents o 'gﬁ'eé gggp@%?’gmﬁsﬁé‘hg{g?g@?eﬁEﬁgﬁmﬁt h{é(?re entfabtrft ?nrfd\éy be
saved Whi | @rtheisysdu | effectdie myteseheres saigess dr&i ngncantforaad directly
by a use rusing the Guz , then s recalled when the systemis in the
al t er nat i vdetregtnd ng@dddry chet r 9FX oEnghnexasdnknowonttool thengGYE ogr &M Thi s
allows a user to eéﬁfrinent directly with the anane%grs of .t he sound

: ar

ef fects usiSPARE theste Messages s ofthfa Sfds E9iNke & Mheund to be
gt e ™ _ . AR
st B W0 L0 Aoy B R O v

whi |l e the SFX engine is under co I hg program

in order t® BaveahhefSysy@mPr oducconmanddenvhted aFenesdnd deotiwal sound
effect. saV|n%E?nd recalling a sound effect in this way differs from saving

and recal | $ynthesdizgirt 41, addich sirgnedrn sgenenatessoihred addiactodeputhat it is
tirely based on _a nodel . of t d effect and therefaore by altered

after it H G TOEMREIoD, AhEaoihl THEANET (& JArSHEbers. Bhe sound

model s m"‘)éu% %Shé%f'ﬂs%ya%‘t& PWithin eﬁ%isp%@eng@ﬁe% fal i stic

sound, and resp s inTrTealistic and/ or predictable ways to paraneter
changes. Téaamiiendhefianier imdelichtliebeormaslgpadanetets of aosdurd

par anet ers deened
effects model should be displayed varies from one model to
20 another, and the information about the currently active sound
effects models is held by the SFX engine. Thus there is a
need for information to be returned from the SFX engine to
the GUI, and this is achieved by allowing the SFX engine to
send display information to the GUI or allowing the GUI to

25 elicit display information from the SFX engine.

In the alternative mode of operation where the SFX engine is

being controlled from a program external to the invention,



nmost inportant or appropriate to the particular sound effect in question,
these being closely related to the behaviour 2s characteristics of the

sound generatin henonenon bei ng nodel | ed. This set of may
i ncl ude pa?@H@@%?g uni que to the particul ar nodel, paran@?gggg@ﬁgﬁ are

generic to sets of simlar nodels, and paraneters that are generic WO
001 45387 15 PCTI SG91 00010 to all nodgjs of the system For exanple a nodel
of human footsteps m ght have a paraneter for wal king style which would be

uni que to thésus@deinteractbewi trraneextetrnal Wedht md 1Spgegrabran ¥pul d be
common to all human and ani mal footstep s nodels, and other paranmeters such

as vol une an a easneerwhicnideganp edetyni ndependengdef stheThaveyttam can

oceur 11 ng B R ANAP LGB AN foi SEndb (R rod B S9BLE8 BRE e

exagger at egnh‘?nghﬂ' 30t §Fdé Pl ATRE A e Sldihina?BY ﬂ&%on%?ﬁmdsaﬁr{@cm of a

purely imaginati vé nature whi ch have nb counterpart 1n the re world. In

the case obkffeets stiTheddniedishgas and txagoRimidoetermi el Bputts, the
sound effects nodels may 15 be nodell ed to any chosen degree of precision

on the beh&FXowEngifnet hahd rienawnal k9 odheur congrodlinn@r puwogsamso antht t he

sound effects models will, gutomati cal | rovi de accurate reproduyctions of
the sounds EYBHEAM % Gfiferfidd 18F BOhcoT ok Y1SE T I0Sr AOSFI UEPA<ERT thahei I

naturally ueLl cagmnter S.~.20 v St S por t+ . Conpound
sounds": tﬁgger‘gr eq:g‘s,eo(tjfkrlll Sﬁrzog'gqs? coo@ns?é%}i%nta%g} e%gﬁrbgbc%y%gg'ot hIenr sound
nodel s wi t pegpynseinBer thkskevRksagls | hehbi elaanciBurpbyli oF |thd hewx may
represent an entire scene consisting of many sonic z5 elenents. At the top
| evel the epgineal3 rigkdochadgésthe hehaviboreotcte qurregtlycaatitveng t he
overal | vqune),FQgt control over individual elenments is also 50 si ble, and

these | owefOHRYcpTERGHR MR N ICo Ral T e 0o eXEBES (PIsFR W
00/45387 18n3i8R! frd MG OIS AThES) JERLS, WhiLReM FITH gEREFPOL0

the audio output.

15 The main internal elements of the SFX engine 13 are a set of
interactive sound effects models (SFX models) 20; an
Application Programmer Interface (API) 17; a Message
Processor 18; a Parameter Linker/Mapper 19 and a Timing and
synthesizer Command Processor (TSCP)21.

20
In the library or set of interactive sound effects models
(SFX models) 20, each model consists of data and programmed
instructions representing the sound characteristics and
behaviour of a sound effect, or a class of sound effects.

25 These models may be invoked sequentially or simultaneously,
so that the system is capable of producing sound effects in
isolation or in combination, typically after an imperceptible

or near imperceptible delay (in so called "real time"). Each



The generator includes generic support for "paranmeter |inking" in which
paranmetérs nmay be |inked to conbinations s of other paranmeters according to
mat hemati cal rel ationships; this allows, for exanple, high |evel Raraneters
to be used"Pd"#@%%e broad sweepi ng changes in nultiple | oheFSEENPAN
paranmeters, or to apply scaling to other paraneters, or to nmake conpl ex
sets of changes in several other par ters. to To make the sound as
realistic as possible, the systemcah”introduce fluctuations (typically of

a random QexSaRHal ARHORFHM d)wi tH Cord1€q S YL &rﬂdrlbqeg)sarﬁm%@g& to avoid

exact repetition and achieve a natural effect. Techniques for 1

i ntroduci whithumhvabeonsednebuddtet. tAkt aound bplreduced nbyotheosrrnds or
events sent to the synthesizer._2. Atering the values of paranmeters in the
comands 8edel, and tihasee copErabshaamgtenshmayyal seshe dtodifigdeinased on

| ayi d | [ I f | ectii f siml
but non- | GEAT biTe et gauda Rl A3 RRE: i EnbOLoft AHIgE Ehfrands 1o
the 2ssSyQyaeshZfy prodfielhg! Ui/ drrabead A cehaii! e80ds tdofBouhll! S
interval berng set 'such that 1t 1s Iong enough to overcone potentially

audi bl e dissurfit effiedts tnhriedgumdyobepmhdahiuphofostite ©osBind fefifiedscri ti cal
commands were generated at the WO 00/ 45387 17 PCTI SG9/ 00010 nonent they

are requi medelpuarearged citouwghierarchiiecopsi svineforady treimbesingés in its
control paraneters after, an i rcepti.bl e or npear inperceptible_delay. s
The syst oleRros: du whahdtag BRI see TSR ReBISaES a8 uSabnd o f oct s
, typicalkyoﬂfaanﬁmgggQHﬂgqu1gy0%¥3é¢k or repetitive nature, wll once

t

started run continuously untfl explicitly stopped. In the other node, the
soundigffects, typically of a short, non-continuous nature, are triggered

The Application Programmer Interface (API) 17 receives data
which is 1interpreted by the SFX engine as controlling
messages, these messages arriving from either the GUI 14 or
the external controlling program 15. The API decodes the
15 messages in order to establish which type of message has been

sent, and forwards the messages to the Message Processor 8.

The Message Processor 8 performs actions as directed by the
controlling messages, including starting and stopping
20 particular sound effects, Toading and unloading sound effects
models from RAM, applying the effect of modifications of
control parameters to the SFX models, modifying settings of
the SFX engine which influence its overall behaviour, and
otherwise controlling the SFX Engine.
25
A Parameter Linker/Mapper 19 provides a means of endowing SFX
models with one or more alternative sets of control

parameters or metaparameters, where these metaparameters are



to each tinme they are required, thus allow ng precise synchroni zation wth
visual events in a conputer gane, film video production, or animation. The
system i ncl udes generic sound effects nodel s in which avi our of
a cl ass oﬁ”gg%ﬁﬂgeffects i s encoded, and which providesggﬁﬁ%$%@@n%y which a
user of the system can create specific sound nodels by sel ecting options of
the generic nodels, setting the val ugs of variables of the generic nodels
to specific values, and providing the synthesizer with its 20 own sanpl es.
SOUND EFFBGhke&Yidr bihel &riidicdll Qokt Solpdrmptes esdtabifoth SFkhmodelind nodel s
consist of the interface functions, the parameters for external control,
private d&rate srthedi netana inpedessel Wd hderaechy efeparamettrmpentle’l to share

CPU tinme, . K[)?§I4538i8P | SG99/ 00010 18 in exei Lnto the bank ve tabl es
or synt hedii@XGE{MRRRET B SQBEQV LGRS MRaNS AhAPRINLPGMAtEePBEECa The sound
nodel s ar Ny ODjrREt i eat o hi | many
sound cl a?s%ggzggﬁgtﬁ?rsﬁvgg Jgilﬁrgecﬁw%?rgdnﬁ t%ﬁrz‘a@e B?gﬂ&‘%hsl \é\hﬁs(?ruct ure is
due t ost henefraphrah@ternsher eTive epamamet@irt niibkieegmappereitods asefioh to all
sounds (e.g. location, volune), while nost other attributes are common to
one nodel bespushathel aiiitgi ned hepnterikiparangters of erpardd chdas SFXtle in

. : f h teristi f _footst .th d d
ave 8 coMSUEd AR GnREaaear ) Y PuE REOTRGT RGN SREBy Tl o tho

nodel shar, e t I i-Rdo di r for di f t sound
nodel s, a%&e?g_usua’ly?Pﬁ %%gm%g%ggh@$013§?36%5ﬁi?PP%@%OJ%%.Bgﬂﬁgsound
nodel procemtrbyled! bedabadtcernallhicont pd Bl hrasyhawt a5 ahichhragvents up
to and slightly beyond the next expected callback tine. The events are

ti me- stcanpds ewo dediginy caostexintsg ot when ttheeSFXanadekftorms paet out put

manager. several asp%fts of ﬁo¥nd del.r%%re entati on have been devel oped
as a dire@ PAeSAMPOYIY REX ORI ndtli deSiIiPeCafPBYE - devel opers need to

control them The first is parameter presets. These cone fromthe frequent
need to use a nodel 25 Wth several different distinct parameterizations.
Rat her t hameburiieing hande\ssinepes ikt h deamand tr-odesisercotes@Rpl2Titly to
change each of perhaps many paraneters, paraneters may be adjusted using

t he graphird@videerajminheraed functions related to timing and to the

15 processing of events and other commands to be sent to the
synthesizer 4. The invention 1is not restricted to any
particular method of synthesis, and details of this element
depend significantly on the type and design of the
synthesizer. However two general functions may be

20 identified:

The SFX engine operates by producing a stream of commands
such as MIDI commands which are delivered to the synthesizer
in order to produce sounds, and typically this process occurs
25 1in real time. Most synthesizers operate by producing or
modifying the output sound at the moment an event or command
is received. A simple implementation of the SFX engine might

therefore produce synthesizer commands only at the moment



WO 00/ 45387 PCT/ SG9/ 00010 19 ("GUI ") while nmonitoring their effect on the
sound, then stored as presets which can be recalled by the application.
Besi des devel oper conveni ence) the advantage of sw tching paraneter
settings iWOnN3sPpplication this way within a s single i RST/SGRO0P a nodel
rather than using two different instances of the nodel) is that the event
generating al gorithm (consider foot stgf}ps) can continue w thout breaking
stride. to Another representation issue is the need for two different and

nmut ual |'y Lusi.ye .hoeclf n SQURPS.: GPPH?R{ |1y, there
are two d%&ék% [;IEQE%S 0 b_artg'(ra}e gﬁél?g%/%esrg’amtc%wgewapp Ica ;J%n w |l use
to i nteraatiningh diBeupetow berdpd tTHemEPUaﬁlﬂ?'t besandb € e é ep @sde 3
particular is paraneterization of the sound fromthe database. These two
groups nmaythee atinfpflexecomnandi 6teeamt o€omudkisld 0$FX hmodelhe quinikdy Consi der

a footsteps nodel. If a virt a}IP envi ronment ao_application is designed so
that the ANONIBF thea¥®id davd1R]R oddRArYRE APt s thPe LULIMEN DS t he

natural_ coptrQl s ofd Qgﬂﬁpﬂﬁéﬁ%ﬁ ?rﬂb'ﬂg?%ﬁ:‘gftq otﬁe?:ﬁ@ ! gctthpgrﬁaﬁe?rg fThe

faster the user foves rough a space, aste oot st eps

: |f,_hOVVQ‘)(ﬁfsrisitEﬁch_@FFSttﬁﬁﬁﬁ@UW 'éerﬁatrta%hﬁd the Zomflanide! & faRInt then the
i ndi vi dual sounds obviously need to be synchronized to a graphical event.
In the firgtterasd, abead o0f rahegraphream tvmeai @ueuingworHesh MOaD0I 45387
PCTI SG99100010 20 be posing a significant burden on _the application to have
to tine afPd@ndsh RHSR A% a datde byblian, ntbidelgvesiagythemto (the he second

case, a rate paraneter, i Lngless. .s.The pre syste rqvi des for
either or DOt eﬁﬂgﬁ&éto%eggﬁpksah?fe _evgﬁt' b@"ee\sl'gﬁp E%ﬂng%gi 1r'lt'e_eded, t he
model ' 5, staMEHi$nPHAY sLEACAT QA | Sh Ot VYHRGVaIUbyt NRT O] EstmdHRVi des a
massagi ng interface which is used instead . All the other support (e. g.

stati sti cadresayeneiraltetlyabéad uct edsd vaurtrensoaride, magr beehdjucad il ) i s

still available. For sound npdels that use rate to control other
attribut esn aOREHMIMmgvalue atdIghsmaye atexsubed setorftfiferensdy tharggers. A

nore conpl ex.4 ss con C be illustrated with an i | ause nodel
whi ch, for&eﬁfzfrl;ﬁ%g, %:;:%( ﬁgﬁéﬂbo?\ﬂ?%ﬂ% M4 r15alaf[ icl%'pﬁg?‘?'@e gb%l@&aﬁ?et er for
the numberypf r@leapesraf»voitmiﬁaﬁgﬂ&wumwndahupm@h{@@ﬁar.‘fna@é e be driven
up to a level corresponding to how many people are i1n the virtual audi ence,
remai mat $ysteml respons dve storechanges, ihhets ge@athirall Ipayaslecays back 20 to

zero. However, for certain purposes, an application may not need such
intimate control. It may be preferable to sinply specify the nunber of

peopl e an n "ent husi asni' el "metatine" paraneter .thgeta ldin
turn affegf Mg e %}acf"een%/'?/o %ée?)‘f Hweac‘tjrﬁ)’rﬁjerorof{%e%p%e“g rdifeter. The
a5 appl i cahddun YWRUESIETEYY, RA¥Pe 15 GOREEA td hPEHEC NN iR e” €t asnt
par anmet er when (or before) the applause sound is initiated. The two nethods
af contr ol sareamsutvbath ymesdc lbesdetivered to different channels of the
20 synthesizer, where each synthesizer channel 1is set up to

create different sound elements of the sound effects. 1In

typical implementations these channels are a 1Timited resource

and must be managed carefully, for example allocated

dynamically upon demand. The TSCP acts as a synthesis

25 channel manager.

As stated above, one purpose of the hard disk or other non-

volatile storage (12 in Fig 1) is to provide a means to store



WO 001 45387 21 PCT/ S&9/ 00010 The appl ause exanple is different fromthe

f oot st eps exanpl e because with footsteps, both types of control discussed
(individual footsteps vs, rate) are realtine. the contras‘;tsji /Frﬁi(pods of
control i nYPR¥43¥pl ause exanple are s between a netatime ﬁsg%? ation of a
tenporal trajectory, and real tinme control of the trajectory. It is
believed that the nost useful way toj,gupport these control choices is to
record paraneter trajectories created by the devel oper using the Guz, and
then use timidfiajieelprties sendingsplodypackmatées dwd othdrggerriapdat fromthe
application. these control issues arise not fromthe process of nodelling
the sound e¢ltesents ft ¥hea hefX f poegrta cosuekt paramekees and wsbers are

mbedded. Th ' t i dered far 15 d model , but
e ol erRARAAOnTSY Rbca0iey HREAE Lahi D MotHod URaRIE HBAUPIy on e

sound repr tat{ an. | ol e I d i ption

whi ch provﬁzgg t {e@tcgﬁg"l?g}&@t)%g rselgggé%r%?eﬁﬁfﬁ}%ﬁgg\ggg%&rhgggﬁsteps are
generi o i nrddag led@nsmehh@het Bgyremni Heinsehle t 81 e athicieed midde uhdege of sound
effects, and are not limted to producing only a particular set. However,
so that thewenodi ofi phesxteenabreorgaoillyngnpeegrarnd, T8 svarlilows exanpl es

w Il be provided and, at ti Hes, d.iscus ed for iIIustrat%\%egurgoaes. t he
present IR0 TANEXRSSMEAT AEREE B SIAE Ehe RAranGTess © 48887
PCT1S®99/ 0 2 Sd ate,s ds ?Eﬁ&fc e it hea rtai h menon.
Sone exarrp?oggseg aégp@no%rﬁ%o%%gl’e 00 s;tg;%s?ségar?ﬁqu\éagegr tr]onfﬁl ﬁgg

ai rcondi t i gieime te@yNFoined bal lbe WOYt NgpF@iprigite. tbheh@hspinirRaAgA ofgn be
virtually anything so long as there are s sonme sounds with which it is

associxt edthemdaeed]) 1t bl preamemsatno heeall vast winide theeSPardrigineeia real life

phenomenon ip the sense that it does _not have to actual | y exist in the
real worl d‘.”‘{;‘d'r GoR&fq c@% ?lPu% %@fdﬁén&ﬁ"&?ﬂﬁﬂﬁ% Rregramgnorreerut uri stic

phaser gun., AH\{)E?% S%i%}{efhh?)g'gpgg? TN 5“8&nf%51er64 yngeﬁgjn;itde%@Eg? the

phenorrenon cann eXil I's Irrelfevant so as there is sone

per cepti onsalilteffaat . t heasPdncRSeRaNa A W SbuideePhatoiRneRigl ght be
| i ke or what m ght be acceptable to the listeners. It is also useful to

have sone wr ddfifeos Gtmusaningtared segadding awlilod tadr yudieperidnag on
vart oulss hyg)fpttq‘eet Is((:)alndfgﬂ:géts R nF?:La%X?{rp'!se’en%qer'e%ybased on a model
of the sound effect and may therefore by altered after it has

been recalled by means of changing its parameters.

The sound models may be modelled closely on the physics or
20 produces realistic sound, and responds 1in realistic and/or
predictable ways to parameter changes. The sound effects
models may be assigned a set of control parameters deemed
most important or appropriate to the particular sound effect
in question, these being closely related to the behaviour
25 characteristics of the sound generating phenomenon being
modelled. This set of parameters may include parameters
unique to the particular model, parameters that are generic

to sets of similar models, and parameters that are generic



percei ve the sound associated with the firing of the phaser gun to becone

| ouder and sharper as the phaser gun becones nore powerful, and for it to
be foll owed by various kinds of "ricochet" dependi ng on_what %ﬁ@F of obj ect
is struck WRO4¥7s gun's beam The sound nodefing procedSTHEIHEY,y
identifying the behavioural characteristics associated with the particular
sound phenonenon which are rel evant &g the generation of to sound.

Behavi oural characteristics can be defined as the set of properties which a
naive |istgngniwaghe PesEotne 5 tamst | Repi sRaMEN & he mtend off eanf rom ot her
sound effects, WO 00/ 45387 PCT/ SG9/ 00010 23 incl udi ng those which define
how it chdogesteps embgheshaver asparaeeterdifbiemaikiogndityilensvhiiepi ngi ng
upon it. In many cases, the characteristics bear a one to one .

corr espon®eHde g% YA UCetAstil 3 Apden » wauPEhers ParamgEeE o waki8aund

effect. s |In the ¢ f; SRUN fects i,eh do _nat an obj ect
or phenpnéﬁgﬁbvﬁm:ﬁivﬁ%t]gl 8# Sdf"@gnsftg ?ﬁt'ﬁ'@"% eé‘!ngmsﬁf@ifsﬁ’%ggfeghasey gun
as_menti ORRdedy0Vend Hﬁe*ﬂePﬁﬂaMé}Js GHRhA&E SJd THhleCE r F & RN bAS Whi ch a
nai ve l'i stener m ght expect such an object or phenonenon to possess if it
did to exidepthFeommosttnad,] modehs. case of footsteps, the behavioura
characteristics would include things such as speed, degree of |inp and
stagger) weight (of the person producing the 15 footsteps) , surface type
(e. g. ..cenment , grass, ati,.on (i.e., position relative to
the 1 Dsi oiTtl® Sram el nins TR  red€E cunfeh {28l o BRERNDRE WS wt ed ¢ hat
t hese charagheri-sti fdidf st F%fupg]ﬁ r £4 :candi tions.
For i nst anr%(eé,]qtyﬁz&s%ﬁnn‘ggaﬂargau%g rom fgo?g%@gg' H%H%‘)?ﬁ%ﬁgftonaéﬁgsh woul d
be di fifper enitifcien, t s mr oomekd eiffieatsasthdichstaod | exhggeraepd dn hard
mar bl e woul d sound differently than footsteps on wet nud. For some of these
condi t i onsshaimacteruter ramatigaeffect heamt arheraspynd ot ffrats ioF dound i s
generated from the phenomenon. once,agai n_using footsteps as an, exanple,

: Bs g g e

the sound RISy d&a ?5?2&V?r?ﬁﬁ%ﬁ9ofgﬁ XE NP sCOMTRRPAN W ks epar at e
events, t Wrrpﬁﬁhﬂ’f Hhe hpel é‘#é! Y aréﬂ{?ﬁﬁ: Et?ﬁH]at'}/g?\QO/aﬁ’ﬁ?’m 24
fhe of the

PCT/ S&@9/ 00010 shortl y after, i npact toe hitting a surface .

For foot steafgeirations nef peds@ouridig tthieakbuyd oéf féets modkIgemayat ed
results fromthe heel -toe action of one foot followed by the heel -toe

acti orisof henemodadied odo, amy shosen. degreeynefwarnesisioneront Hdetine

i nterval Rhetween the_sqund rodUCfg,fron1the heel -t oe acti on qf one foot
and heel -t QQEPPSnOBf{hq4§ BFB@Fa bOCGHEF A0S SOUNKERBALES 30 &3ty or t ant
to also regld a6uhlateidids! nBBel OLA 119buRBhUEPERTTIF pPBUTMe PAQAHERE from 2
heel and then a toe al so decreases in sone to relationship to the heel -heel

ti e interm@rodiictions goithe, sdumissosodngrsadueadet ronotther agdibArd t he
sound produced fromthe toe actually overlap and it becones difficult to

di sti ngui sthamstesinticasobaihey rsopibsati vrereigtiingccounterparts.

20
The system can also support "Compound Sounds": these are
sound models consisting of a hierarchy of other sound models
with any number of levels in the hierarchy. Typically they
may represent an entire scene consisting of many sonic

25 elements. At the top level the user can make changes to the
whole scene (e.g., changing the overall volume), but control
over individual elements is also possible, and these lower

Tevel elements can optionally be 1isolated (listened to



15 zn addition, the heel-to-toe tinme is affected by another paraneter. when
marching, the leg falls rapidly and perpendicular to the ground, and thus,
the heel-to-toe tinme is very short. In contrast, a long stride produces a

| ong heel -V8W488% i ne because the heel touches the grourd MfiPA%h the Ieg
is far from perpendi cular and the toe has a relatively long distance to
travel before it touches the ground, ;thus, in the present nethod of

nodel ling, the heelto-toe tinme is the net result of both wal ki ng speed and
"“wal k styl"golomrghery aiduihg abdjustients toThbetieneral principle is 2s that
the internal paraneters of the nodel may be influenced by many of the
external or "user" paraneters in mathematical relationships of arbitrary
conplexit%: WO 00/ 45387 25 PCT/ S9/ 00010 In certain gases , this

know edge WSoufeRREATRIChAMCIYABE SORMRT §enSURPPER | EOF npAAF3METEEr two main
easons WhARKIhhETPh! I 8 BT $inkdd @ 'QMpARiLRsVary the

i
correct set of paraneters so as tokér@gﬁce the nost realistic sound 5
effect 5 FQF bﬂﬁéﬁgfaﬁ”am'elﬁet'b%édKﬁdShgptGWﬁNe@laﬁﬁltﬁm rdlmg onsRepsesul ting
sound effect would not sound very realistic_had sonmeone varied the tine
i nterval bdtiseanlowe, sbundexampdesetiitholevet paramatersadtoi be usednot her

w t hout al so proportionately varying the tinme ipterval between the heel to
and the (G0 MHKE SBEBRY SHERPYBISSAENGES arkh y@vﬂ*@m‘@e hewernileyels that it

al l ows on i o t j type o e at .1s needed.
For insta @%, 6§?%’d§?ﬁ%)t 132§???2gge¥§n%€ée§ oveﬁﬁﬁgpf$ %Ep%?tant to
have i ndepgykderbmpPek rsdtOlbfl RRaRges FPWead bBRet Ofa EMETErd _

i ndividually, and therefore, a separate sanple for each of the sounds is
needed;0 it is not enough to have a sanple of the heel toe sound as a

gr ouped pairh@gf cgurse, here is .a rather Iarﬁﬁ range of behavi oural 20
char act er i 1§ iMakegft Sn?oﬁﬁét§%Lﬂ%ﬂ'1§ﬁéﬁoﬁ§n89§5 e + Hec $yiSE8MofaBel ect i on

and the ext t n ' . behavi haracteristics depend

| ar gel y ué&ﬁ?@ﬁgzﬁoten ngxébgggﬁgﬁpﬁgq¥éﬁﬂg t?ﬁ%@%g?_§%@1ﬂg¥ﬁﬁ@ of the

sound prodiaiung) PHeRgNMRARN soaRbs dpgbaaced fiRabirgardesi aedidHawgyer, it is
repetition and achieve a natural effect. Techniques for

15 introducing fluctuations include:

1. Altering the timing of commands or events sent to the
synthesizer.
2. Altering the values of parameters in the commands sent

20 to the synthesizer 1if the synthesizer 1is one based on
replaying samples, randomly selecting samples from a

collection of similar but non-identical samples.

The system generates the stream of commands to the
25 synthesizer a short interval ahead of the current time, this
interval being set such that it is Tong enough to overcome
potentially audible disruption of the sound output which

would occur if time critical commands were generated at the



25 generally true that sone identification and understanding of the

behavi oural characteristics of any phenonenon is required to nodel a sound
ef fect properly. WO 001 45387 26 PCT/ S&9/ 00010 Once the behavi oura

char act er i@ P¥4538ave been identified, sone sound sanpl esPQOYSEHPAWIO
procedural |y generated sound is needed which will becone the foundation for
the many variations. The sanple may be obtained either by recording 5 a
sanpl e segnent of actual sound found'in a real world phenonenon (or sinply
taking a sRAEREt thépnasOEediired,"Buk ShEFP Ehé\Wgh Ofhdly theodysiram a segnent
t hrough wel |l known synthesis techniques, whichever is nore convenient or
desi r abl e rgispends hecopachdngdsar isound efdreotolbeparameiiid eaft&@o Bor

i nstance, in a case where a sound of a qaser gun is being nodelled, it may
be more cdfPeRFERtiRlenary "t%"s?ﬁ?ﬁé%?&"e‘pté & &IRY¥: given than no such phaser
gun actually exists in the real world. In the case of footsteps, however,

it would in nost cases be easier sinply to record the sound 15 produced
from agt uglhef %%%ﬁp?ro@fdéso thiRf Hodleshe fi @dﬁg$@mg el efeiyrie ¥lodad,f oot step
(i.e., heel-tap and toe-tap recorded separately), or to record a sinulation
of these ahensouad(effects byrymipailng bfgeat kentinddes cnevd ey ,oforhar d
objects until the desired sound is achieved). when recording a 20 sanple
for use imepetdtiypenatiunepdeii]1ienges sgartpd] |RHHEPNET NUeUs BO|Utd 1t he sound,

h is, . i ncl usi f d [ d h
par 1 cul alSHanbkonCaRPHEna Lrod i, SBAE: oty “Prd Foll ¥ Gi¥ke sound
sanpl es deRgA¢a19yY afﬂgngﬁérﬂf ﬁ&?i&fnsc-inﬁauéf F&’B&Fé‘,‘ ard Crriidifaregal | er the

sanple, thé greater l'exibility. on the Ip side, the smaller the
sanpl a0 t headly eatiee t kbelabawe amedquiieethar denus t al WwiGl) 4588€i2é

PCTI SG9/ b010 is to achieve realism. A good rule of thunb is to have a
sanpl e whisomahsoadzatirp &8 tho¥isur b ayantsuln| dLPmputesesame § Ifadimi i ty,

that is, wheye nost Qé.the erceptual range of sonic possibilities of the
equi val entV ' 45enRTPHYE h"ﬂiréaEAﬁa 18R achi eved by varying the user
paraneters of the nodel. For instance, in the case of the footsteps, if one
were to want to produce footsteps of different speeds, it would be

necessary the ghtaen imciadesf geweriesound|affiers sheede bodmndehdeil tthee sounds,
for the reasons provi ded above. However, to this does not always nean that
one nedds hehavdesrdof he ¢lasssofnaeundpeftaclsy isi epsodnd, cand atichidi ting

techni ques_al l.ow faor spligcin nd .ot her for f edifing to separate a
single rec%rrq}f'rqﬁsi ﬁ‘_t8eﬁb?§i?)‘?e“ﬂya%laéé{s%ufﬁfﬁgesBY?t?'ﬂgC?récqrﬁo e may be
difficult gediTAeSSoRhE MBHeTaSBy “RPEELidY SPLHBHS lor OMR | ddheric

models, setting the values of variables of the generic models

to specific values, and providing the synthesizer with its

20 own samples,

SOUND EFFECTS SYNTHESIS TECHNIQUE

Sound Representation

25
The sound models consist of the interface functions, the
parameters for external control, private data for maintaining

state while the process is suspended to share CPU time,



The choice of the sound sanples al so depends on the behavi oural
characteristics of the phenonenon to sone extent, and al so on the
limtation of the paraneters (paranmeters are 20 di scussed in detq}l bel ow) .
usi ng t he Y88¥48¥ps exanpl e once again, it shoul d be notf&d’¥H¥EI e sound
effects do not require additional sanples while sone do. For instance, to
vary the style of a walk, only the tiging needs to be varied, and hence,
this can be done with any existing sanple. 2s However, to vary the surface
on whi ch tihgekestmiPeharkani@daveitablesedsi SyntHesSisThYa Aeainbdel sanpl e of
f oot steps on each of the surfaces rather than attenpting to mani pul ate an
exi sting saepl and othe myeste geherattrrtcodéer exanple) it WO 00l 45387 2B
PCT/ S&9/ 00010 woul d not be easy to produce a sound of a footstep on a soft
muddy surface using only a sanple of footsteps on a concrete surface. How

Tany samls aenieRIRd1Lohrg ShuShANOTENA e GPLRERgIERELS On the

scope and range of sound™ s ef varies greatly from

one sound pRkk-GPENY O RNEM NRANY | Sl Y TSRS BBAldd Richivatndiaectiyt
non-identical sanples are collected, this has two purposes. First, it

provi des Ifarom tkarnsase cdamsl atThig sheustbré eis euer thathg Mfactathat of real
wor | d sounds. For exanpl;% no two footstegs are identical _inreal life) and
a nodel whherepprEaURRRY t 3Bt idurtes: ands Bataedy scomman, tPeadilofoH8AS mmedi at el y

perceived as artificial. w ve amles h . and_a rule 15
whi ch sel € 'g'rgﬁﬁg 1§Lfr§%bgm§2t %6%%$n533? SEﬁSFege?f}%pﬁé§|§p%|so

excl udi ng dohfoR2N® OBRe DHoM@ 1L M itICERArEN 68 thh d¥HERAI RddeBICEREEI ON), much
of the natural ness may be sinmulated. 20 the second reason for collecting
mul ti ploe ammelrwsse haveal i et bonhi conmen §pegt raumfaaer didracteeisitiut at ed by
coll ecting points along the spectrum For exanple, although there is no
known synttfefpetsEeBolund processi ng technique for transformng a quiet
chuckle into a hearty laugh (or vice 2s versa) , a "strength of Daughter’
paranmeter may be constructed by collecting a set of |augh sanples at

di fferent 1hHdeqpaRd AbdE4 Hdve/'a dofiPlteChREAd NG AdBl \Ufd4ameS ARPERS
according to the setting of the "strength of daughter" paraneter. WO

001 45387 HGT/t3@0 Meahah0 s@9byyphiah| het hodel eshareuthé sCRonbi mbilswi t h t he
randoqkfeuﬁ%bgancgﬁsggig$ fé&gﬁglfor different sound models, and is
usually 1in the range of 100-300 milliseconds. The sound
model process 1is called back at this rate, and computes all
the events up to and slightly beyond the next expected
callback time. The events are time-stamped with their
20 desired output times, and sent to the output manager.
several aspects of sound model representation have been
developed as a direct result of how multimedia applications
developers need to control them. The first is parameter
presets. These come from the frequent need to use a model
25 with several different distinct parameterizations. Rather
than burden the developer with having to write code

explicitly to change each of perhaps many parameters,

parameters may be adjusted using the graphical user interface



Sound Model ling Paraneter Structure 5 once the behavioural characteristics
have been analyzed and the sanples obtained) it is necessary to select the
user paraneters, i.e., the paraneters which are to be made avail able to a
user of tMOPEHA? in order to control the to sound effecREI/SCPHBIOL anet ers
represent the various factors which need to be controlled in order to
produce the nodel | ed sounds. Althougggthe paraneters can be structured in a
nunber of ways to effect a sound effect, in this system it is useful to
view the paggfre efh$lé UnbkH €oring | thSty adefbdt) dp th& sBundD BRERITing to
FIG 4, the top |layer consists of the user paraneters which are the

i nt erf acesheredaas tfreseser wanch tden eumecafiftedt sy syhst eapplticatiodd! e | ayer
consists of the 20 paraneters enpl oyed by the 5FX engine, aqr sinply
referred Beshdes cAQYREORR fRNVEN] encepe thSt Pdhvanipae ednswdtshdnat he

synt hesi zer paraneters, which.are wel |l known.paranpeters found in any of the
current sBﬂﬁgm% erfmg?ity)'ﬁﬁ h&Y; %QFs,ap?éUﬁétﬂﬁQ Fowd'@ndf EXT Y #n gener al ,
each of tRenyPeri REEAEY S adlbBel S ratROFPERA | Y Y SROIAFFRREAFEL €TSS and
synt hesi zer paraneters, though, in sinpler cases, a user paraneter nay
control onhytagtedesifzethparueler sier gt neche V\ov&¢ 4 5mérad®ing

PCT/ S&9/ 00010 paranmeters. Any conbination of engine and synthesizer

par anet er 8198ri Hbr@ONSANRY TRPLSUSPS) GaeSat i nugewiibliouth bieakinghey ar e
conbined wi 11 depend on how the user paraneter is defined in |ight of
behavi our 3tT&H8r act eri stics of a s partscul ar phenonenon , as shall be
explained in detail below . The user paraneters are defined in terns of the
desired sound effect. For instance, in the case of the footsteps , the user
par amgber ano@heberépeaddrvationl kspgespsethe waddd NEprstiee diifFelrerp, wei ght,
hardness, surface type, etc. Al though these paraneters can be defined in

vi rtual | yaadymuewably eéxclusivetmethads afssonitrpl every minvesoupdsef| ect t he

behavi | ch ti f h d th f which th
cound of f CENFECRE] Ny pIATGo@se RHOndA) ' agat. KimGy & Parmetsrbbyi ous -
easi 1y ””%B%ORﬂiEﬁr BHEL gps1 Ol o WITRNLSE 9l i‘f&‘”ertaEtd%ﬁ‘Eh't *Eﬁgt he sound.

For exanple) while a user paraneter such as surface type mg a usefu

par anmet er sbohdt He pheronein) foaad stepse whiphokabbytwaulghrdicubaruseful for
a phenonenon such as earthquake, given that surface type 20 probably has no
meani A§ i Parpweteni ki ar oAnthar seuidkieromridey databaseneTdesec swobe

represented in_a nunper  of_wa S0 as to give control access to the user.
roever . SopRs cmay cBE TRt 35, B3 £EReint ncdRERHh F05 T8l SdBP: on & 25
gr aphic u§%hnppterface (GQUI), FIG 3, where the user can slide the slider
bar to control the magnitude of the effect. For instance, for the speed
slider for the phenonenon footsteps, the wal king speed is increased as the
slider is
consider a footsteps model. If a virtual environment
20 application is designed so that the view of the world 1s
through the user's eyes, then one of the natural controls of
the footsteps sound would be a rate parameter. The faster the
user moves through a space, the faster the rate of the
footsteps. If, however, the footstep sound 1is attached to
25 visible feet, then the individual sounds obviously need to

be synchronized to a graphical event.

In the first case, there is no graphical event and it would



WO 00/ 45387 31 PCT/ S&9/00010 noved to the right. For the linp slider, the
anmount of linp in the walk is increased as the slider is noved. To conbine
the effects, several user paraneters can be invoked at j nst ance,
by i nvoki n‘ﬁoB‘lﬂsﬂs"t he speed slider and the linp s slider %ﬁsgggg({rﬁ"dachi eve
any conbination of |linp and speed. sone conbi nati ons are obviously not
desirabl e, though may be possible. Fgg instance, one probably woul d not
conbine the surface type "nmetal™ with "marble". In contrast, "leaves" m ght

wel | be ceebpbetingid 3igdii ficano Antedvenathelfdppdticatisn todaskeeps on | eaves
over dirt. The mddl e | ayer paraneters, or engine paraneters, and the

bott om | ayidmepandneend sa nessage Hesither spundnpode s, Fatordveiry 688D nation to

produce the sgund efffcts as _defined by the uyser gara ters. the bottom
| ayer par afeff8PsSEEMNG fASTde as6BRE PRIAMSRSSt 16n™E_EHHS is such as

vol ume control, pan, pitch, filter cut off, filter Q anplitude envel ope,
and many others which are well known to those skilled in the art. when and

how t hg nitg@l ¢ rardnbokyoten ayedvitkisaRireres thiee o0 Gothi meghbdscefitrol I ed by
t he sFx engi ne which takes into consideration the behavi oural

char act er icniteo 1 of I6 puent chy aevemienoontrn). s waded, | ythet model dsll e | ayer

can be viewed as the |layer whjch "nodel s" .t he sound usi t he .basi ¢ sound
mani pul at i(FANGAFdn s EHBGHIRT B5 tIRE baPYekeq eyt s81ey PRARGR the rol e

f the m . Sl > . [ broadly b
Classi 11 e oy MRS pRRE BTG et Lo e 1 R A A Ee ot br s

are WO Q3G (ppdrPCleSgRo100819 flell nesh-ndriaiay e naiczeraigge and
distinct, it should understood by those skilled in the art that these
par amatoer soeymdss empRaAmensr acentomtepl salstiddl avadlablest Faresphadsound
nDdeIIinglﬁrOﬁess or techni ques englqyed by the SFX quy e
odels that use rate t ontrol other attributes, a

meaningful rate must be measured from the event triggers.

A more complex issue of control can be illustrated with an
15 applause model which, for example, is to be controlled -in
realtime using a parameter for the number of clappers. The
parameter would typically start at 0, be driven up to a level
corresponding to how many people are in the virtual audience,
remain at that level for some time, then gradually decay back
20 to zero. However, for certain purposes, an application may
not need such intimate control. It may be preferable to
simply specify the number of people and an "enthusiasm” level
(a "metatime" parameter) that could in turn affect the
temporal envelope of the "number of people" parameter. The
25 application would only have to concern itself with the
"enthusiasm"” parameter when (or before) the applause sound
is initiated. The two methods of control are mutually

exclusive.



s and need not necessarily exist as separate and distinct conponents in the
present sound effects system Now in describing the role of each class of
parameter individually, timng paraneters basically cont ngth to
of the tim2PYP® val s” between triggering and stopping pil;ecgllelssés’g ooggund
within a particular sound effect , and ti ne interval s between ot her
commands sent to the synthesizer. Theisel ecting paranmeters control which
sound sanpl es are selected at a given nonment, including the order in which
sanpl es arghel appthasé akanple patdeffaregtpéronetisr Fooesteps dxwmple

rel ati onshi ps between these factors. sy appropriately adjusting these three
cl asses ofbenagisge Withanbe@tstepsconbotiat itypeni Of teentadk hdtseussashr anet er s,

a large seégrg. S unﬁl effefts can be produced. the role and the effect of
each of theddi¥ddyalndPaFSteRT| YeconkE 8 eardh® i e ideanpl e ™S provi ded

bel ow. Ref j .0t step |5 e L d i ove were
t he behaviﬁjﬁﬂaﬁ&gécﬁgga@tggﬁ?ﬁié:fss 0 oot s"?]egg%i ﬁﬁggh{r}% a )i%%ﬁrﬁﬁdas%ged. I t
was exp aipeavdenata aethbemspepeci fidaddws oft e tempBralt erypéchmtyyeen one
heel -toe action to anot her decreases) as well as the tine 1nterval between
t he heel aant triealtvine lkongroi hef dder tpajectary. (Topi s hedipved thawd 00/ 45387
33 PCT/ SG9100010 speed., As the user adjusts the sg?ed s|lider, to increase
speed, thethe MOSTaltiseEHer WRY HRJRURRP He € CORETPI nEhOHERY Vi Wet ween one
heel -t oe ' r . .as i j he heel
and the t?géé"o’{%g'"?ﬁg%%ﬁ tsraﬁig\ﬁ’gkhgg %'#e%gcédeggbélﬁ]% ﬁ%ﬁgf’??%ﬁ% aneter as
descri bed ghoe, Hon@vaien LUBe PRé teFdy RitoPeBaVdwrinPhTaBaERd BicaPs does
not change as speed and style are altered. A heel sound is always followed
by a toe saurtlggetceveotzfromowe appltibatsound ef fect were that of a noving
horse, then the behavioural characteristics are nore conplicated, and
hence, additional paraneters need to be involved. For exanple, consider the
user parangter " ] n f 'S Ves. ed
i ncr easesftﬁ]ii?;% sC%gl%gg? {%ﬂé?grﬁgg S?%fn%%gﬁgn%fée)?esﬁs’egcﬁﬁ?%gﬁ]eﬁ%j ust ed
such that ¢he JlRMa eksbite, thie datrRir &#r-embehdeaihddi@ seVANWR| BeGHES
shorter, reflecting the fact that the ti ne interval s between inpacting of
t he hoovesmodes girecemseddexte Bbeosams hicsiues onsbver agesiBatrediforaddi ti on,

the patterning and ordering of the eyenfs 2~ change as,the_horse sw tches
betwee1=15vva13‘1k¢rg , SQYNGs NOH&?’CEHFthﬁg"% RN Y353 PAg O Tt ﬁBeeEé% et ern) of

char act er 1 EgnS o MesBLE dRiRsT FRaULEF 0 eHE' P TBTREKNER R,

f oot st eps phenonenon, the user paraneter were surface type, then the only
cl ass of engine paraneters affected are those concerned with sel ection,
si nce the soundchgomled Ipagt Brocess aspects do not WO 00l 45387

20 Below is a description which provides the steps for the sound
modelling process. These steps are generic in the sense that
they can be used to produce a wide range of sound effects,
and are not Timited to producing only a particular set.
However, so that these principles are more easily understood,

25 various examples will be provided and, at times, discussed

for illustration purposes.

The present method and system produce sound effects which



PCT/ SG91 00010 34 change. Here, depending on what surface or conbination of
surfaces is chosen different sets of sanples wll be selected, but the
timng and gatterning do not change. s For some of thes%m:/ ’%ﬁ@y t here
may be i nsVaA¥EB Where synt hesizer parameters will have 't oked
either in isolation or in conbination with engine paraneters. For instance,
still using the footsteps exanple, thg synthesizer paraneters, pitch,

vol une, etc., need to be controlled in to response to the user paraneter)
wei ght (ofsimb@apersaundsalaisegcifted adittdt @pgprtai mgshdnomenanl.y soheavi er
person woul d produce footsteps which are deeper in pitch, |ouder, etc.

(t hough t lexamahgs ok aalphgpemaeon rare ifipotsirpsi f @3rthquakeugrugeieg al |y, the
behavi our characteristics, wll haquﬁqne 15 bearing on the chojce of the

synt hesi 2@ "HAPAHEIUIRY +t o PRUNGERY BEldre MOVABINATH andtfast rlf1® as to how
t hese par 0 : u LS,SO t fined by
human per?@gb?@%ngﬁdagfSQ§HZ§Q§§§q?hgﬁgQg?§Sn%gyﬁgﬂgtfg ggg?gt?gﬁs, t he
study ef tshmebedmmdsurd tiRowhheh adtteri st iagsoef atedphenorduad ,mayh@ot al ways
reveal sufficient information to determ ne how synthesizer _paraneters
shoul d be pheadmenon a nfeden nott uevermn. nek@ssandiyncee ia wealbedhfé ound t hat
to produce, the best sounding effect far rse's hooves, pf ul

h it |
change. t h@NEBRUENSR TiaThe ySertsq rihatnddy oS, dRSedavenso, aCkHRbRLhi p

bet ween t ng.s ' ec rid Vi .Eggggﬁ o] irical
experinenggﬁﬁgng%ﬁgﬁﬁggi tgBtéHbéﬁﬁzﬁggg¥n9Qv[£@€/p ?gﬁPg§V§££9100010
To illTustnRta Fheiny iofchpFetulisvicdpHasdpvgud ur hhendudhes udhGa. gémt hrough 23
are tables charting the various paraneters that are used for sone actua

sound wepdelaysnot Tekinegtil feextdit dhencEl the Dhenomenph| caninadt ex@stkanpl e, the
first colum lists s the yser parangters p "random fl uctuations" (see

|
above for %§cfﬁ6¥ib5n rdi€ "evantion? f 1Mt dat itg;ge)?sﬁ%“esl!i’.ﬁé"éaﬂé?\?"col ums
have a heagi g %?Eh%é OQOMW%QOEHSFSHQW%% idfehbh’ mPgheTeL er' s,

t he engi ne paraneters conprising the tirrst ree col ums subseguent to the

user parangt @fkeodtimhatt Midhe be'acceplabbx tddiheal ¢stémais t herppg aneter in
that colum was used for the sound nodelling for the user paraneter found

in that parlisiocwsgfulowo hawee soall @ersrpli dowaboahghewi thessoupds anet er s

affect a~ i5 sgects of e ent(Pattenning an&yﬁé dHff rent synthesizer
par ang®er ¥OUAAs YarydeRengding o ¥ArdpusabKPe N hd G CERER whieh
par anet er ff y the small random fluctuations that are
introducegngﬁﬁg?bvﬁﬁéqﬁlturalness and variety in the sound effect, even

wher e thergriceine thangsundl aisBoai ased wiatharheefi rimg FdfGthé, phhsekiser
parameters, Break, Clutch, and Gas Pedal) control two "internal " variables
car spearai® begbme touder andhehanpernaerthkg phasebloas hesoweverned by a

é~ differential 2s ation.with the, Pe setfings as inputs. the car
speed more powerfu'l, and for {k to be ¥%41oweJ:Bygvar1ous Q%n S0

"ricochet” depending on what type of object is struck by the

5 gun's beam.

The sound modefing process begins by identifying the
behavioural characteristics associated with the particular
sound phenomenon which are relevant to the generation of
10 sound. Behavioural characteristics can be defined as the set
of properties which a naive Tlistener would perceive as

distinguishing the sound effect from other sound effects,



and engi ne speed in turn control the synthesizer event generation . The
engi ne speed control s the firing of pistons , each firing is a separately
triggered event (nany hundreds WO 001 45387 36 PCT/ S&9/ 00010 per second).
The car sp¥@@y/#8¥trols the "runble" of the car strollingP@I’¥FRYPHE road. In
FIG. 13 , the wind sound nodel consists of a very small s nunber of

events. Mdst of the user paraneters %%nd the random fl uctuations) affect
the sane set of synthesis paraneters,”7i.e., volune, pitch, filter, etc.

but t hey \3/ifr{c‘1%h'¥|ae%h5§edivﬁ€f‘ie&‘éf'}’\‘?é/%ovfofti%u‘ﬁcjge’of'hl\éﬁ%h"incon”m S

t he nean val ue of “the paraneters (stronger w to er vol une,

pitch, filntegpoRseete)dififee-ehwi dbmddtiomy Habli AG1 ng Agoroli% .t hen dearyat i on from
the mean (of the sanme paranmeters) and "Dustiness” controls the rate of
change of aas@spathfeckaracrerisdissrbagrha ariesdoconer obEreseondanse of

| ayers (e. g., number of "whistles") in the sound. 15 LABEL NERATI ON Fr om
t hg abO\(/e,tqgithW T8 aaé%’é’?‘%'ht“’%ﬁat&ﬁléos EFER DS %éBPBEo‘?fCFgeecrkr ating a

plural ity Of el IBEeNbroouife dffltcs géemhgagehbe EBPFLs Mihd oG On O

par anet'er val ues o at nodel. 1n order to providé con omatic

gener at i orpbjfectoot giieniotlenbl dvhidoadaUA DTy d8&Gishi AaHe geatnaeid ,sound,
text | abel elenents are associated with different ranges of values of the

par amet er .90 ,t h@ghaserecgiron asf aepdi aned eralkevesal gbew behanitamali cal |y
sel ect an Egﬁéiate.descriptive | abel e]enment. -The_l abel elenents are

t hen conbi KTSTHEREATS DBOPCELERENYNTD b MATVRe 1 A SRBIRE & d | abel .
WO 00/ A538e7xp°é7ctPg[(cﬁGga%l Q)Q%JeQ:t or phenomenon to possess if it did

10 exist.

For instance, in the case of footsteps, the behavioural
characteristics would include things such as speed, degree
of 1imp and stagger, weight (of the person producing the
15 footsteps), surface type (e.g., cement, grass, mud), location
(i.e., position relative to the Tlistener), surrounding
acoustic, etc. It can be easily appreciated that these
characteristics define the sound for a particular set of
conditions. For instance, the sounds produced from footsteps
20 from a mad dash would be different from those produced in a
casual stroll; footsteps on hard marble would sound

differently than footsteps on wet mud.

For some of these conditions, it is useful to analyze the
25 mechanics of how the sound is generated from the phenomenon.
Once again using footsteps as an example, the sound being
generated from footsteps results mainly from two separate

events, the impact of the heel hitting a surface, then



the sound label nmay be associated with the sound it describes in accordance
with any suitable neans but preferably in accordance with the MPEG 7 or
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the toe actually overlap and it becomes difficult to

distinguish the sounds as being separate and distinct.

15 In addition, the heel-to-toe time is affected by another
parameter. when marching, the 1leg falls rapidly and
perpendicular to the ground, and thus, the heel-to-toe time
is very short. 1In contrast, a long stride produces a long
heel-to-toe time because the heel touches the ground while

20 the leg is far from perpendicular and the toe has a
relatively long distance to travel before it touches the
ground. Thus, in the present method of modelling, the heel-
to-toe time is the net result of both walking speed and "walk
style” (march versus long stride). The general principle is

25 that the internal parameters of the model may be influenced
by many of the external or "user" parameters in mathematical

relationships of arbitrary complexity.
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the heel toe sound as a grouped pair.

of course, there 1is a rather large range of behavioural
20 characteristics of any particular phenomenon, and the choice
of selection and the extent of the analysis of these
behavioural characteristics depend largely upon the potential
uses of the sound effects, the nature of the sound producing
phenomenon, and degree of realism desired. However, it is
25 generally true that some identification and understanding of
the behavioural characteristics of any phenomenon is required

to model a sound effect properly.
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desirable given the particular sound effect being modelled.
10 For 1instance, in a case where a sound of a phaser gun is
being modelled, it may be more convenient simply to
synthesize a sample, given than no such phaser gun actually
exists in the real world. In the case of footsteps, however,
it would in most cases be easier simply to record the sound
15 produced from actual footsteps, or to record the individual
elements of a footstep (i.e., heel-tap and toe-tap recorded
separately), or to record a simulation of these elements
(e.g., by tapping together different types of hard cbjects
until the desired sound is achieved). Wwhen recording a
20 sample for use in this type of model, it is generally better
to isolate the sound, that is, to prevent the inclusion of
sounds which are not related to the partiéu]ar phenomenon at

hand.

25 The choice of the Tength of the sound samples depends on a
number of factors. As a dgeneral rule, the smaller the
sample, the greater the flexibility. on the flip side, the

smaller the sample, the greater the labour and the harder it
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sonic possibilities of the equivalent sound in real 1ife can

5 be achieved by varying the user parameters of the model. For
instance, in the case of the footsteps, if one were to want

to produce footsteps of different speeds, it would be
necessary to obtain a set of samples including heel sounds

and toe sounds, for the reasons provided above. However,

10 this does not always mean that one needs to record the two
sounds separately since the current editing techniques allow

for splicing and other forms of editing to separate a single
recording into multiple samples. But the splicing technique

may be difficult or impossible for cases where the sounds

15 overlap.

The choice of the sound samples also depends on the
behavioural characteristics of the phenomenon to some extent,
and also on the 1imitation of the parameters (parameters are
20 discussed in detail below). Using the footsteps example once
again, it should be noted that some sound effects do not
require additional samples while some do. For instance, to
vary the style of a walk, only the timing needs to be varied,
and hence, this can be done with any existing sample.
25 However, to vary the surface on which the footsteps are made,
it is easier to simply obtain a sample of footsteps on each
of the surfaces rather than attempting to manipulate an

existing sample to simulate the effect. For example, it
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would not be easy to produce a sound of a footstep on a soft
muddy surface using only a sample of footsteps on a concrete
surface. How many samples are needed for a given phenomenon,
of course, depends on the scope and the range of sound
5 effects one desires, and varies greatly from one sound effect

to another.

In many cases, multiple, similar, but non-identical samples
are collected. This has two purposes. First, it provides
10 a means of simulating the subtle, everchanging nature of real
world sounds. For example, no two footsteps are identical
in real T1ife, and a model which produces two 1identical
footsteps in succession is immediately perceived as
artificial. With several samples to choose from and a rule
15 which selects randomly from a set of similar samples
(typically also excluding the same one being triggered twice
in immediate succession), much of the naturalness may be

simulated.

20 The second reason for collecting multiple samples is that a
continuous spectrum can often be simulated by collecting
points along the spectrum. For example, although there is
no known synthesis or sound processing technique for
transforming a quiet chuckle into a hearty laugh (or vice

25 versa), a "Strength of Laughter' parameter may be constructed
by collecting a set of laugh samples at different "degrees
of hilarity”, then selecting individual samples according to

the setting of the "Strength of Laughter" parameter.
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Typically, this technique is combined with the random

selection described above.

sound Modelling Parameter Structure

once the behavioural characteristics have been analyzed and
the samples obtained, it is necessary to select the user
parameters, 1i.e., the parameters which are to be made
available to a user of the model in order to control the
10 sound effects. The parameters represent the various factors
which need to be controlled in order to produce the modelled
sounds. Although the parameters can be structured in a
number of ways to effect a sound effect, in this system, it
is useful to view the parameter structure as illustrated in

15 FIG. 4.

In referring to FIG. 4, the top layer consists of the user
parameters which are the interface between the user and the
sound effects system. The middle layer consists of the
20 parameters employed by the SFX engine, or simply referred to

as "engine parameters." The bottom layer consists of the
synthesizer parameters which are well known parameters found

in any of the current sound or music synthesizers.

25 As the arrows indicate, 1in general, each of the user
parameters affects a combination of engine parameters and
synthesizer parameters, though, in simpler cases, a user

parameter may control only synthesizer parameters or engine
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5 particular phenomenon, as shall be explained in detail below.

The user parameters are defined in terms of the desired sound
effect. For instance, in the case of the footsteps, the user
parameters can be location, walking speed, walking style,
10 Tlimp, weight, hardness, surface type, etc. Although these
parameters can be defined in virtually any manner, €t is
often most useful if they directly reflect the behavioural
characteristics of a phenomenon and the purpose for which the
sound effect is being produced. In many cases, they are the
15 obvious, easily understood parameters that a layman might use
to describe the sound. For example, while a user parameter
such as surface type might be a useful parameter for the
phenomenon footsteps, it probably would not be useful for a
phenomenon such as earthquake, given that surface type

20 probably has no meaning in the context of an earthquake.

The user parameters can be represented in a number of ways
so as to give control access to the user. However, in this
system, it is represented in the form of "sliders" on a
25 graphic user interface (GUI), FIG. 3, where the user can
slide the slider bar to control the magnitude of the effect.
For 1instance, for the speed slider for the phenomenon

footsteps, the walking speed is increased as the slider is
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might well be combined with "dirt" to achieve an effect of
10 footsteps on leaves over dirt. The middle layer parameters,
or engine parameters, and the bottom layer parameters, or
synthesizer parameters, work in combination to produce the
sound effects as defined by the user parameters. The bottom
layer parameters can include sound manipulation techniques
15 such as volume control, pan, pitch, filter cut off, filter
Q, amplitude envelope, and many others which are well known

to those skilled in the art.

when and how the middle and bottom Tlayer parameters are
20 combined is controlled by the SFX engine which takes 1into
consideration the behavioural characteristics of a particular
phenomenon. Essentially, the middle layer can be viewed as
the layer which "models" the sound using the basic sound
manipulation parameters provided by the bottom layer.
25
Although the role of the middle layer parameters is complex,
the parameters 1is can broadly be classified as timing,

selecting, and patterning. Although these parameters are
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individually, timing parameters basically control the length
10 of the time intervals between triggering and stopping pieces
of sound within a particular sound effect, and time intervals
between other commands sent to the synthesizer. The
selecting parameters control which sound samples are selected
at a given moment, including the order in which samples are
15 selected. The patterning parameters control the relationships
between these factors. By appropriately adjusting these
three classes of engine parameter in combination with the
synthesizer parameters, a large set of sound effects can be
produced. The role and the effect of each of these
20 parameters will become clearer in the examples as provided

below.

Referring to the footsteps example once again, described
above were the behavioural characteristics of footsteps in
25 relation to speed. It was explained that as the speed
increases, the time interval between one heel-toe action to
another decreases, as well as the time interval between the

heel and the toe. Here, the user parameter (top layer) is
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However, the pattern or behaviour of the footsteps does not

change as speed and style are altered. A heel sound is

always followed by a toe sound, etc.

10 If, however, the sound effect were that of a moving horse,
then the behavioural characteristics are more complicated,
and hence, additional parameters need to be involved. For
example, consider the user parameter "speed" for the sound
of horse's hooves. As the speed increases, it is clear that

15 the timing parameter needs to be adjusted such that the mean
of the time +intervals between the events becomes shorter,
reflecting the fact that the time intervals between impacting
of the hooves to a given surface become shorter on average.
But, in addition, the patterning and ordering of the events

20 change as the horse switches between walking, trotting,
cantering and galloping. The exact pattern, of course, needs
to be determined empirically wusing the behavioural

characteristics of an actual horse.

25 As the Tast example, if for the footsteps phenomenon, the
user parameter were surface type, then the only class of
engine parameters affected are those concerned with

selection, since the timing and patterning aspects do not
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synthesizer parameters will have to be invoked either in
isolation or in combination with engine parameters. For
instance, still using the footsteps example, the synthesizer
parameters, pitch, volume, etc., need to be controlled in

10 response to the user parameter, weight (of the person making
the footsteps), since typically a heavier person would
produce footsteps which are deeper in pitch, louder, etc.
(though this may not always be true in real 1ife). Although
generally, the behaviour characteristics will have some

15 bearing on the choice of the synthesizer parameters to be
used, there 1is no hard and fast rule as to how these
parameters should be selected. Because sound is somewhat
defined by human perception and also because there are many
subtle variations, the study of the behavioural

20 characteristics of a phenomenon may not always reveal
sufficient information to determine how synthesizer
parameters should be used for a given situation. For
instance, it has been found that to produce the best sounding
effect for horse's hooves, it is helpful change the tonal

25 quality as the speed increases. The relationship between
tone and speed 1is not necessarily obvious. Hence, some

empirical experimentation may need to be performed.
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fluctuations that are introduced to provide naturalness and
variety in the sound effect, even where there is no change

20 1in a user parameter.

In FIG. 7, the user parameters, Break, Clutch, and Gas Pedal,
control two "internal” variables, car speed and engine speed.
The two internal variables are governed by a 2D differential
25 equation with the Pedal settings as inputs. The car speed
and engine speed in turn control the synthesizer event
generation. The engine speed controls the firing of pistons,

each firing is a separately triggered event (many hundreds
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per second). The car speed controls the "rumble” of the car

strolling along the road.

In FIG. 13, the wind sound model consists of a very small

5 number of events. Most of the user parameters (and the
random fluctuations) affect the same set of synthesis
parameters, 1i.e., volume, pitch, filter, etc., but they
affect them 1in different ways. For instance, '"Strength"
controls the mean value of the parameters (stronger wind has

10 higher volume, pitch, filter Q, etc). The '"width of
variation" controls the deviation from the mean (of the same
parameters) and "Gustiness" controls the rate of change of
the parameters. "wind Strength" also controls the number of
layers (e.g., number of "whistles") in the sound.

15

LABEL GENERATION

From the above, it will be apparent that the system is
capable of generating a plurality of different sounds from
20 a generic model by selection of parameter values of that
model. In order to provide concurrent automatic generation
of content-related information describing a generated sound,
text label elements are associated with different ranges of
values of the parameters so that selection of a parameter
25 value will automatically select an appropriate descriptive
Tabel element. The label elements are then combined with a

model label element to form the complete sound label.
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The sound 1abel may be associated with the sound it describes

in accordance with any suitable means but preferably in
accordance with the MPEG 7 or MPEG 9 standards and the label
may be attached to a specific time location in any media, for
5 example a movie, where the sound that the label describes is
used. The Tabel may be associated with any representation
of the sound. For example, the label may be associated with
the actual sound either in digital file form or analog file
form. Alternatively, the label may be associated with a file
10 of the control codes provided by the model control system or
controlling application to the synthesizer. There may also
be circumstances where the actual model used to generate the
control codes for the synthesizer would be available where
the sound 1is to be reproduced. For example, a multimedia
15 document may have access to a database of sound models (or
references thereto), so that the sound can be specified
simply by the particular selected parameter values of that
model, with the sound Tlabel being associated with those
selected parameter values and used to search the database for

20 the required model.
The structure of a model can be viewed as:

1. An object and/or event represented by the model name;and
25
2. A T1ist of attribute/value pairs represented by the

parameter name and setting.
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5 element with a specification of attributes of the root

specified by the value label element(s).

As an example, consider the label “Small dog barking loudly”.
The grammatical structure of the label of the sound and the
10 structure of the sound model can be seen to be similar. The
model-related object/event (dog barking) is easily
identifiable, while the description’s adjective and adverb
(attribute specifications) typically encapsulate a model
structure’s attribute/value pair (“Toudly” might be
15 expressed in the model structure as volume=1l (on a scale of
0-1), and “small” (on the same scale) might be expressed as

size=.2).

The adjectives and adverbs that constitute the attribute
20 specifications in a label can be expressed using a structure
that is closer to the model structure attribute/value pairs.
The example noted above could be restated as: “Small sized
dog barking with high volume.” while lacking eloquence, the
model structure can be viewed more clearly (size = small,
25 volume=high) since the attribute and values are both
specified in the text description. The degree of
explanation/eloquence 1in a label 1is a matter of design

choice.
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segments or ranges, and eac range is given a name e val

label element is then produced by combining the range name

5 with the parameter name, using the range as a modifier for

the parameter.

consider as an example a model of footsteps with speed as a
parameter. The allowable range for speed, say 0 - 12 km/hr,

10 is divided into three equal parts the first being labelled
“slow”, the second “medium” and the third “fast”. The
footsteps model with the speed parameter set to .5 can now
generate a description of the sound it generates as
“Footsteps at medium speed”.

15
For some label elements, it is necessary only to specify the
range name as the label element. Using again the footsteps
model, if a surface is specified, for example "concrete",
there may be only two ranges, specifying no concrete surface

20 or the sound of walking on a concrete surface. Wwhen the
latter range 1is chosen, it 1is sufficient for the Tabel
element simply to be referred to by the range name, 1i.e.

"concrete".

25 Another component of the label translation allows certain
parameter value settings to prevent the parameter from
participating in the sound label. Consider a footsteps model

that has a “l1imp” parameter. One might have labels for
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The model description elements are also customizable. There
are many parameters that are common across a wide range of
sounds (eg “speed”), and the range segments might be given
useful default text Tlabels. However, new models often
10 require unique parameters, or else a standard parameter name
like “speed” might require model-specific labels (speed for
walking, trains and cars might use “slow”, “medium”, “fast”,
while speed for a wind might more usefully be translated into
“gentle” and “strong”). Customization of specific labels
15 for specific parameters is preferably provided, therefore,

by user-defining label elements and the corresponding ranges.

Referring to the footsteps model, the graphical interface for
which is shown in Fig. 3, an example of construction of a
20 Tlabel from the parameter settings of the model will now be
described. only some of the parameters are used in this
example and the parameters used to form the Jlabel are a
matter of choice depending of the information required in the
Tabel.
25
The root (model label element) is "footsteps". The parameter
values are divided up into ranges and a text label element

is associated with each range depending upon the information
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desired.

As noted above, it is desirable to suppress reference to a
parameter if that parameter falls within a certain range, for
5 example if the effect is not or is only slightly invoked in
the sound produced by the model and a value represented by
<N.A> below is associated with such a range. The parameter
values Tie between 0-1, except for "weight" and "1imp" which
extend from -1 to 1. Each label 1is used for a range
10 commencing with the adjacent value up to the next value/label

pair, or the top of the range, if appropriate.
Root: Footsteps

15 Param = Speed

0 <N.A>
0.25 Slow
0.6 Fast

1 Running

20

pParam = Style

0 <N.A>
0.3 Heel to toe
0.6 Normal Style

25 1 March
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Param = Limp

-1 Limping left leg
-0.4..0.4 <N.A>
1 Limping right leg
5
Param = Stagger
0 <N.A>
.5 Unsteady
.8 Drunken
10
Param = Weight
-1 <N.A>
-0.5 Light weight person
0.5 Average weight person
15 1 Heavy weight person
Param = Concrete
0 <N.A>
1 concrete
20

Param = Creaky floor
0 <N.A>

1 creaky floor

25 Param = Deck
0 <N.A>
1 deck
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5 Param = Grass

0 <N.A>

1 grass

Param = Gravel

1o 0 <N.A>
1 gravel
Param = Leaves
0 <N.A>
15 1 leaves
Param = Metal
0 <N.A>
1 metal
20
Param = mud
0 <N.A>
-6 muddy
25 Param = Sand
0 <N.A>

1 sand
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Param = Snow

<N.A>
1 snow
Param = Tile
0 <N.A>
1 tile
Param = wood
0 <N.A>
1 wood

The text elements are put together using a model-specific
"template" description which is a 1list of control codes,
character strings and parameter names that define how the
text components from the model and its parameters are strung

together into a sentence-like description of the sound.

The template <contains a place-holder for the text
corresponding to the root and each model parameter, as well
as quoted strings that "glue" the text chunks into a psuedo-

sentence. The heart of the footsteps template is:

<<speed>> <<style>> <<stagger>> <<weight>> <<root>> ||{1imp}
"with" <<Timp>>]|| "on" <<mud>> <<concrete>> <deck>> <<wood>>
<<creakyfloor>> ... other surfaces

where:

10% U
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in the description (in turn determined by the parameter
value), then the rest of the data enclosed in || || is
expanded into the description. Here this applies to the
<<1imp>>, with the conjunction "with" being conditionally
10 added if <<limp>> is to be included. It is assumed that a
surface will always be specified, so "on" is not conditional

in this example.

Thus, if the footsteps model were generating sound with the

15 following parameter settings:

Speed = .3 = STow
Stagger = .9 = drunken
Mud = 1 = muddy
Concrete =1 = concrete

20 [weight =-1 and the rest = 0, hence N.A. = blank]

Then the following label of the sound would be generated:

"STow drunken footsteps on muddy concrete".

25
In practice, the parameter ranges and respective labels, as
shown above, for the "footsteps" model, are stored in a file.

The same file also stores the template. To generate a label,
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5 The embodiment described is not to be considered 1imitative.
For example, although the label has been shown constructed
in an intuitive, grammatical way, this is not essential. For
example, the 1label may simply comprise label elements
combined in a semi-grammatical way or even as a selection of
10 grammatically separate descriptive elements which together

form the defined label.

The present invention may be embodied in other specific forms
without departing from the scope thereof. The present
15 disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of

the invention being indicated by the appended claims.
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being associated with descriptive labels whereby selection

of the value automatically selects the corresponding label.

i0 2. Apparatus as claimed in Claim 1 wherein the values of
each parameter are divided into a plurality of ranges, the

labels being associated with respective ranges.

3. Apparatus as claimed in Claim 1 or Claim 2 wherein the
15 value Tabels are combined with a model label indicating the

identity of the model.

4. Apparatus as claimed in Claim 3 wherein the value and
model Tlabels are combined 1in a grammatical or semi-

20 grammatical structure.

5. Apparatus as claimed in Claim 4 wherein the value labels

qgqualify the model label.

25 6. Apparatus as claimed in any one of Claims 3 to 5 wherein
the value and model Tlabels are combined using a template

defining how the labels are combined.
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5 template specifies text to be used between labels.

9.

Apparatus as claimed in any one of Claims 6 to 8 wherein

the template includes conditional statements for inclusion

of a label and/or text.

10

10.

Apparatus as claimed in any one of the preceding Claims

15

20
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wherein the parameters include values not associated with any

label.

11. Apparatus as claimed in Claim 10 wherein said values not
associated with any label 1include values for which the

parameter has little or no effect on the generated sound.

12. Apparatus as claimed in any one of the preceding claims
wherein the sound or representation thereof is in the form

of a digital audio file.

13. Apparatus as claimed in any one of claims 1 to 11
wherein the sound or representation thereof is in the form

of an analog audio file.

14. Apparatus as claimed 1in any one of claims 1 to 11

wherein the sound or representation thereof in the form of
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as a file and associating the file with the label.



