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i ncluding the "Fol ey" technique of performng sound effects by manipul ation

of physical OobjMEISD OFY THEMINVENTRON'tS on a film Since the arrival

of digital audio, sound effects specialists have used conputers to edit and
process recorded sound effects using tools such as 25 digital audio
editors. Hardware and software designed primarily for nusical purposes

Sequencers) are al sd e BERSRGEuEnfiortrolalés QRS the Rl o} WiBrlive
media and sound production. In particular, it relates to the modeling and

10 production of interactive model-based sound effects, and a system which

can produce wide range of sound effects.
BACKGROUND OF THE INVENTION

15 Mechanical inventions for creating sound effects have been used for
centuries, for example, the metal thunder-sheet, and barrel+rope “lion’s roar”
used in theater. In the twentieth century, sound effects specialists such as
Russolo (The Art of Noises, 1916) pioneered the use of electromechanical
devices for producing noises in musical or quasi-musical performances.

20 The pioneefs of film created a plethora of techniques and tricks for creating
sound effects, including the “Foley” technique of performing sound effects by
manipulation of physical objects in synch with the events on a film.

Since the arrival of digital audio, sound effects specialists have used
computers to edit and process recorded sound effects using tools such as

25 ’digital audio editors. Hardware and software designed primarily for musical
purposes (hardware such as MIDI keyboards & slider banks, software such

as sequencers) are also widely used in the production of sound effects.



2 Spund effects are widely used in the traditional nedia such as film
television, radio and theater, as well as in the interactive nedia such as
conputer games, nultinedia titles, and Wrld-Wde-Wb sites. And while the
effécts are often produced in simlar ways, how they are used nmay differ 5
greatly depending on the nedium This is be@ause the sound effects remain
in afixed formin the traditional nedia while the interactive nedi a

requi re the sound ef Sound effectsare aidely disegl tnothe traditional meadia csuchAas dfilkmgl
effect inafilm for instance, renmains the sane fromone viewing to the
next; there is tefevisior| aadiooand) dheaten asewelluasl irethe interaoiivet inedid aweh. ag n
the case of the 10 interactive nedia such as conputer ganes, there are

mul tipl e possi beomputer gamésanbitimédiacities, and World-WideWels sites) nAnd 'while
user's actions at each nonment in time. Hence, both the vi sual and audi bl e

el ements nust ciheséffects eatel often produdde in sintitar wee) hoiv they m?ydmae
called upon if the user's experience is to be hlghly |nteract|ve

I n nost conput egrediiyRiepdnding 6h #ié iSO TS isbé sl thb%musewéctslrems
~are largely constructed from nodels, thus providing a high degree of .

o interactivity 'Eneéd figed FSrin ﬁi@’ﬁédlﬁﬂﬁ?orpédﬁwme fh%siﬁfbrb eﬂlé"ré dire te

froma prerecor Il mage In t hat t IS COﬂStI’UCt roma et o

paranet ers whi CoicPefiests 3b ¥ahfacédiing¥o™ given'ditiaflod" A SBINA teffett fPa flim,
for instance, remains the same from one viewing to thé next; there is no
interaction between the sound effects and the viewer. In the case of the

10 interactive media such as computer games, there are multiple possibilities or
“paths” through the production depending on the user's actions at each
moment in time. Hence, both the visual and audible elements must
constructed from an underlying model at the moment they are called upon if
the user’s experience is to be highly interactive.

15 In most computer games and virtual environments today, the visual
elements are largely constructed from models, thus providing a high degree .
of interactivity in the visual experience. A model-based image is different
from a prerecorded image in that the former is constructed from a set of
parameters which are adjustable; the later is fixed and cannot be easily

20 manipulated. For example, objecté move in the virtual space when
commanded to do so by the user, and the angle of view of a scene will
change as the user tums in the virtual space similar to how a person’s view
changes as he turns his head in the real world. This is possible even though
not all views have been pre-recorded. |

25 In the case of sound effects, however, today’s solution is generally to

retrieve pre-recorded audio segments which typically last from one second



20§.nanipulated. For exanpl e, objects nove in the virtual space when
conmanded to do so by the user, and the angle of view of a scene wll
change as the user turns in the virtual space simlar to how a person's

vi ew changes as he turns his head in the real world. This is possible even
t hough not all views have been pre-recorded 25 In the case of sound
effects, however, today's solution is generally to retrieve pre-recorded
audi 0 segnent s toiseeéral minuteis| yFordastancencongsideraofideo game whicly sinulates a
m nutes. For instance, consider a video game which sinulates a car in

not i on. \Whenevear tihemotionex Whemenars the eaerexpsiephesoan ceyend dwbicha wouldd

inreal life;, e.g., hitting an obstacle at a high speed, a pre- recorded
sound is playegpreduddra soundiineablifens.g.hitting an vbstacle aashigh spegsl, @aptey,
the relationship between the sound and the event, i.e., collision, is very

crude; that isreédrdedogodndf fseg_tay@deat rthe precise mhomaat ahet colisicsp exctuss.
the car, the material of the object it collides with, the angle of inpact,

or the T evegbergiicilycii RAaRdiship betvidert the suurcbandithg svert, d.e., dalision, s

~instance. ile’it 15 possible to take into account different factors by

playing differ 3@?’{ Bfie: Rat iSCHY SGshd effést @Rt takedntocacsouit tbe tspelieof

particul ar sit on at hand, 1t is inpractical or often inpossible to

coll Scéogsfgrg'@% Baf- b RtefiaP of #R%BBfbct Rollieel with B0 aedis &q.mpa%nwldth‘eo
reverberation characteristics of the surroundings, etc., for instance. While it
is possible to take into account different factors by playing different pre-
10 .recorded sound segments corresponding to the particular situation at hand,
it is impractical or often impossible to collect a complete continuum 'of
sounds that would precisely corres\pond to every possible scenario.
Producing sound effects by recalling pre-recorded sound segments
has the limitation that the existing sound segments cannot easily be
15 combined or manipulated in a seamiess manner to produce a variation of
the original sound segments which closely simulates the subtleties of the .
real-world conditions. This is because pre-recorded sounds are not based
on a model consisting of parameters of the sound-producing phenomenon.
So if one were to want to produce a sound effect which accurately models a
20 real-life event for which a sound segment is not available, a totally new
ségment of sound must be cumbersomely recorded; it cannot be produced
by combining or manipulating the existing segments.
Pre-recording of sounds is how virtually all sound effects are currently
produced in both the traditional and the interactive media. In the interactive
25 media, the main shortcoming of this method is the lack of realism as

discussed above. For the traditional media, the shortcoming is increased



Prqduci ng sound effects by recalling pre-recorded sound segnents has the
limtation that the existing sound segments cannot easily be 15 conbined
or mani pul ated in a seanl ess manner to produce a variation of the original
sound segnments which closely sinulates the gubtieties of the real-world
‘conditions. This is because pre-recorded sotinds are not based on a nodel

consi sting of parareters of the sound-producin henomenon,. So if
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event for which a sound segrrent is not available, a total]ly new segnent of
sound nust be capesiatisbretuld haverteedewi a pariowar sreng iutheddmhefuaigate Afchr
mani pul ating the existing segments. Pre-recording of sounds is how

virtual ly all srecor ef $etess ohastualfoetstep spunds dbawemen dien chaeses dai 49 &l
and the interactive nmedia. In the interactive 25 medi a, the main

short coni ng of whétherdnhadtuallyt walking korobangingi physieal @birals stegethssy e thabr
the traditional nmedia, the shortcoming is increased 4 | abor. For

exanpl e, ifBa sexdctly cuirrdsponsit tepwhat appeassdin theascenen thfassone geasen, the
speci al i st would have to view a particular scene in the filmthen create .
and record a segden® isichatged!frdm @ walkingsscemisto( amning sbene,ha oews recording o

whet her by actually wal ki ng or bangi ng physical objects together) that 5
exact |y correspsggsicr® wildd aveets bei coridueted émorder td produree foatsteps, which
correspond to the increased speed of the steps. It wouldn’t be possible to
produce realistic-sounding footsteps merely by manipulating the previously
10 recorded foqtsteps from the walking scene.
* One solution to this problem in the traditional media was to have a
collection of many samples, usually provided on CDs or CD-ROMs.
Although these collections can include thousands of samples, this solution
has still posed many problems. For one, it is inflexible: the samples cannot
15 be easily manipulated. In addition, it is often time consuming to find the
right sample, since a person needs to go through many samples and check .
for acceptability. But the most critical problem is that despite the high
number, it is still difficult the find the precise sample which fits the purpose
for which is sound effect is being used. given ihe infinity number of
20 variations in the sou'nd effects needed. Hence, it can be seen that there is a
great need in the sound effect industry to have a model-based method and
system for producing sound effects which can both capture realism as well
as save time and labor.
Although there exists several sythesis techniques, none meet the

25 needs described above. There are currently several distinct clusters of

technology for digital sound synthesis. One is dedicated synthesizers with



scene is changed froma wal king scene to a running scene, a new recording
sessi on woul d have to be conducted in order to produce footsteps which
correspond to the increased speed of the steps. It wouldn't be possible to
praduce realistic-sounding footsteps nmerely by mani pul ating the previously
10 recorded footsteps fromthe wal ki ng scéhe. One solution to this problem
in the traditional nedia was to have a collection of many sanples, usually
provi ded on CDspecializedrciveuitry andiogRSPheede whicheare dmserbéu hardwarr and/or

t housands of sanples, this solution has still posed many problens. For one,
it i's inflexibiseftware contrlless danreal-time genetationy apdhirnterastien. A second
addition, it is often tinme consuming to find the right sanple, since a
person needs t clugter isrgengrahpurposensoftwarensynthesizersocapaiye pefabiplementivg:
the nost critical problemis that despite the high nunber, it is stil
difficul't the fanyccdriveivable isyathesipaigoritimh They are igensralyobet raal-time,chut s
sound effect is being used given the infinity nunber of 20 variations in

the sound e$fGMewﬂeﬁindﬂmnﬂilihgmé)whwwhaes arsound filea great need
in the sound effect industry to have a nodel - based net hod and system for

produci ng sound ef f Sdraputeir Goupdnad ekperieided by hesstipeople isvproducedsasing i me
and | abor. Although there exists several sythesis techniques, none neet the

echl oy o 4 R o g o e .
methods are available and control is via the MID! protocol, with the host
GPU, another networked computer, or an external device such as a musical

10 keyboard, functioning as the controller.

There are three synthesis methods commonly used on today's
commercial soundcards, frequency modulation (FM), wavetable, and
waveguide (a kind of “physical modeling”). Whereas wavetable synthesis
typically relies on recorded material (e.g. notes of an instrument), FM and

15 waveguide synthesis are purely synthetic. Purely synthetic algorithms
provide more flexibility in the sounds they produce, but the imitations of
hatural sounds tend not to be as realistic as wavetable methods based on
recordings of the modeled sound source. Wavetable synthesis usually_
involves some manipulation of the recorded sounds during execution such

20 ‘as looping sections of the sound, pitch shifting, and adjusting onset and
decay times. These standard techniques provide the flexibility coﬁ*umonly
used in modeling a wide range of a musical instrument’s capabilities based
on only a small number of different recorded notes. Simple unprocessed
playback of prerecorded clips is only trivially “synthesis” but it is currently

25 the method most commonly used for generating sound effects within

software environments



5 gpecialized circuitry and/ or DSP code which are driven by hardware and/ or
software controllers for real-tine generation and interaction. A second
cluster is general purpose software synthesizers capable of inplementing
any concei vabl e synthesis algorithm They age generally not real-tinme, but
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shifting, and adjusting onset and decay tines. These standard technigues
provi de the fl aspdated withcthessnpgrameters an order of magnitude or two slower than
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the sample rate and still create the perception of smooth variation. Finally,

10 one can consider an event time scale based on the rate at which synthesis
algorithms (e.g. musical notes) are started and stopped.

The distinction between the  different time scales is somewhat

-arbitrary, and even inappropriate for certain synthesis paradigms, but it is

useful for many. The MIDI protocol is based on the distinction between

15 controller and synthesizer and has made the most of a common bus

architecture with a transfer rate of about 3K bytes/second. In the context of

the networked computers in which shared virtual environments and multi-

user games are commonplace, communication bandwidth is similarly at a

premium, while client computers are powerful and quite capable of

20 handling a significant amount of synthesis. If clients share a common library

| of synthesis routines, then an “event and control parameter” representation

of a sound is extremely efficient, puts a low demand on communications

bandwidth, and is capable of generating arbitrarily high sound quality

depending upon the capabilities of the client.
25 The considerations outlined above have led to present sound effects

modeling based on wavetable event pattems. The fact that individual



used in nodeling a wide range of a nusical instrunent's capabilities based
on only a small nunber of different recorded notes. Sinple unprocessed
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synthesis routine can usually be u&ezt ed with these_g ﬁrret ers an order of

magni t ude or t \@ynthetieeconsirictioneinstigppatten: eepsaseniali the gystem to
perception of snmooth variation. Finally, 10 one can consider an event tine
scal e basedbon mbee upttbeazurvmirtﬂe)gbﬁhfnem s algorithns (e.g. nusical notes)
are started and stopped. The distinction between the different tinme scales
i s somewhat ar bi trar§incana common rdasiktem configuraioncisclusies 8 \saungisprd with
paradi gns, but it is useful for many. The M DI protocol is based on the

di stinction betwswstable capabilities, so that many of the sound processing and mixing

operations are performed on the card, the h.ost is burdened W|_th sound
construction only at the event control rate. Even in a purely software
10 synthesis environment, the wavetable event-pattem technique is more
flexible and memory-efficient than audio playback, and more
computationally efficient than samplé-by-sample syntheéis. This is
significant when sounds are embedded in CPU-iniensive applications.
Besides efficiency and expressivity, the other advantage of a
15 modeling approach is the breadth of sounds that can be effectively
represented within its confines. There are no sounds that fall out of the
domain of sound effects, so generality is important.
The wavetable event-pattern representation falls between two
extremes. On one end is a single long event, which obviously does not
20 demonstrate the effeétiveness of the representation. On the other extreme
are large numbers of very short events. Granular synthesis is a general
technique capable of representing any time domain signal, but this end of
the spectrum does not achieve the desired reduction in computation,
bandwidth and memory that is desirable. It is preferred that the rate of
25 events and synthesizer commands be kept low (the sounds rarely use more

than 25 per second) to keep computation and bandwidth requirements.



15 scontrol |l er and synthesizer and has nmade the nbst of a common bus
architecture with a transfer rate of about 3K bytes/second. In the context
of the networked conputers in which shared virtual environnents and multi-
use¥ ganes are commonpl ace, comuni cation bandwidth is simlarly at a
premium while client conputers are powerfuB and quite capable of 20

handl ing a significant anmount of synthesis. |[f clients share a conmpn
library of syntmmabpgeable; igapeciallyewheR sexaral sgHade APeessesaigdlianing at
representation of a sound is extrenely efficient, puts a | ow demand on
comuni cat i ons @Rg&iViPAtthe ethar ihandathe ishoder dhe atemicngventhelemeants yarai dhe

sound qual ity dependi ng)_ypon the capabilities of the client. 25 . The
consi der at i ons mwore iflexibiltpove cany provide tin gondrolling theu sdurds. e Quitereffective
based on wavetabl e event patterns. The fact that individual 7 - events are

still based on intaractivity canuatien berchieved with evient pates @m theyendemaf dQ'sspern a
significant degree of the realismassociated with the playback of recorded
audi o and w&vet sddondspertsmaidseffénlt t he nove toward synthetic construction

. in the pattern representation allows the systemto 5 nove up the curve.in

- flexibility. Since aConsiden fosisicpsras anfexample) Theidesiredecorral anayltrivalven t h
. wavetabl e capabilities, so that many of the sound processing and m xi ng
the rate of walking or running, the weight of the person, the type of shoe (if
any) being worn and surface characteristics. The event rate is manifestly
low (though we actually use several events to represent a single step). The
10 number of wavetables is some function of the desired variability, but a
considerable amount of the variability can also be achieved with
combinations of standard wavetable parameters such as volume and pitch.
Other event-oriented sound effects which are naturally modeled this
way are applause, machine guns, and bouncing objects. Perhaps less
15 obvious are sounds made of faster discrete events. This category includes
card shuffling, certain bird chirping patterns, and some types of machinery
such as ratchets, jackhammers and engines. '
Another class of sound types that can be modeled with these
techniques is textured sounds. In this categbry are waterfalls, wind, room
20 tone, crowds, traffic, scraping, and rolling sounds. In most multimedia
applications today, generating statistically stable sounds is done by
creating loop points in a éhort récording. Unfortunately, the ear is very
sensitive to the presence of such loops, the detection of which quickly
destroys any sense of realism. Statistical event generating algorithms can

25 be effectively used in most situations where loops are currently used; they



operations are perforned on the card, the host is burdened with sound
construction only at the event control rate. Even in a purely software 10
synt hesi s environnment, the wavetabl e event-pattern technique is nore

flexi bl e and nmenory-efficient than audi o playback, and nore conputationally
efficient than sanpl e-by-sanpl e synthesi s. Ohis is si gni fi cant when sounds
-are enbedded in CPU-intensive applications. Besjdes efficjency an
expressivity, alg® @%ﬁ%@\?‘@ﬁﬂb@gs@(@% data to,a ainimym, Ht Gigcﬂoﬁlgrqﬁ'@ebtpgadt h
of sounds that can be effectively represented within its confines. There
are no sounds disiractinglloeping@ffeche domain of sound effects, so generality
is inportant. The wavetabl e event-pattern representation falls between two
extremes. On one en@aunds that@re peragivedeas single @vepls, (@0s @y IR SN R 8o
denonstrate the effectiveness of the representation. On the other extrene
are | arge nunbpencibfbreaking}icantaleo de modaledhwsing synchosoys; or avedapping
techni que capabl e of representing any time domain signal, but this end of
the spect rusn domgltiplet waveiable evieatsdwithr flexibilityubeingnthenptitepadvantgge over
bandwi dt h and nenory that is desirable. It is preferred that the rate of 25
events and synisimplezaudio playbatk, (meimopy usage could evambs greater thansa single

t han 25 per second) to keep conputation and bandw dth requirenents 8
' event recording). Sounds that are more difficult, but not impossible, to
model are those that do not have enough texture variation to permit
| undetected event changes (e.g. the whir of a drill). Sounds that are
10 impractical to model this way are those that have complex characteristic
temporal sequences across many attributes (e.g. speech). |
The range of sounds for which this wavetable event-pattern
representation is effective in terms of flexibility, memory usage and sound

quality, is thus very broad.
15

OBJECTS OF THE INVENTION

It is therefore an object of the present invention to provide a sound
20 effect system which responds to a user’s actions in real time.
It is another object of the present invention to provide a sound effects
system which can produce realistic-sounding sound effects.
It is yet another object of the present invention to provide a sound
effects system which can substantially save time and labor in creating

25 sound effects.



manageabl e, especially when several sounds processes are running at once.
On the other hand, the shorter the atom c event elenents are, the nore
flexibility we can provide in controlling the sounds. Quite effective
interactivity can often be achieved with event rates on the order of 10's
per 5 second per sound effect. Consider follsteps as an exanple. The
desired control may involve the rate of wal king or running, the weight of
t he person, the typdtds stilloyet( anothey)objectngf e presentsinveatien to provide a
characteristics. The event rate is manifestly |ow (though we actually use
several events methashard system Jonptaducingsinodehbagsed s effects. wavet ables i s
sone function of the desired variability, but a considerable anount of the
vari ability can al sdit sestilt hhethed objedt of dhbipresentrinveriticnt tohnprovidevayeiedivdd
paranmeters such as volune and pitch. O her event-oriented sound effects
whi ch are nat urand pysterreivbich Is aotvegnsiraineg toproducimgc i limiten igssaor sub-
bounci ng objects. Perhaps |less 15 obvious are sounds nmade of faster

di screte evént sclasdicf soureheffiecish) Gut delsichasah Prodidce 0. wider tarige [ofr sound
chirping patterns, and sone types of machinery such as ratchets, :

j ackhamer s andeffgtgg.nes. Anot her class of sound types that can be nodel e
with these techniques is textured sounds. In this category are waterfalls,
wi nd, room?20 tone, crowds, traffic, scraping, and rolling sounds. In nost
mul ti medi a applications today, generating statistically stable sounds is
done by creating loop points in a short recording. Unfortunately, the ear
IS very sensitive to the presence of such | oops, the detection of which

qui ckl'y SUMMARY OF THE INVENTION
10 |

The present sound effects system produces sound-effects which are
based on parameterized models of sound-generating phenomena such as
footsteps, earthquake, etc. The behavioral éharacteristi.cs of the
phenomena are taken into consideration when creating the models to

15 ensure realism. Because the sound effects are created from models, the
system allows a user greater flexibility and interactivity. By controlling a set
of parameters, the user can interact with the system in real time. The
system is versatile iﬁ_that it can prdduce a wide range of sound-effects, and
is not limited to producing any particular sound effects or a class of sound-

20 effects.

The system includes a central processing unit 1 is connected to
random-access memory (RAM), one- or more input devices such as
keyboard, mouse, joystick, MIDI controller; a visual display device; a sound
synthesizer; and audio output system including digital-to-analog converter

25 (DAC), amplifier, loudspeaker or headphone (or alternatively, a soundcard

integrating some of these individual devices can be used);' and a non-



destroys any sense of realism Statistical event generating algorithnms can
25 be effectively used in nost situations where | oops are currently used;

t hey 9 al so keep the anmount of stored data to a mninmum but do not
preduce the distracting |ooping effect. Soynds that are perceived as single
events (e.g. a gun shot or a pencil breakiﬁg) can al so be nodel ed using

synchronous or ovyerlapping 5 nultiple vetabl e events with flexibilit '
bei ngbt he pri né’oéﬁil}%n&;{)%;%m‘"%q rﬁﬁb éuwg‘laffs p$'§§'bac ,esenﬁﬁmwn%%em@xuéd
even be greater than a single event recording). Sounds that, are nore
difficult, but S¥Portifgsrele g¢ the eentig) Rlpment 0? M@W&Pnd ehttenagtive sosmgh
texture variation to permt undetected event changes (e.g. the whir of a
drill). Sounds efiegts eeraputer pragramt(SEX programy avhi¢ icgnwgs af @ sounsk effpgts
have conpl ex characteristic tenporal sequences across nmany attributes (e.g
speech). The r soffwase engines(SFX angine) endsopticnallibee geaptiealpysee interface
representation is effective in terms of flexibility, menory usage and sound
qual ity, is5thysograny (GUihd.In heOBEleTof operation MeEfitlgan %ei eplacedthy @ an
obj ect of the present invention to provide a sound -
controlling program which replaces the GUI. Also present is an operating
system program, such as the standard operating system of any personal
computer system.

The CPU executes the stored instructions of the programs in memory,

10 sharing its processing power between the SFX engine, the GUI or controlling
program, the operating system and possibly other programs according to a
multitasking scheme such as the well-known time-slicing technique. Under
command of the SFX engine, it delivers a stream of events or commands to
the sound synthesizer, which produces digital audio in response to these

15 commands. The output of the synthesizer is a digital audio signal which is
converted to an analogue form by the digital to analogue converter (DAC),
then amplified and delivered to the user by means of the amplifier and
loudspeaker or headphones. Optionally the digital audio signal may also be
delivered back to the CPU allowing it to be further processed or stored for

20 later retrieval.

The SFX enginé is controlled directly by means of the GUI, or from an
extemal controlling program such as a computer game or rarely by both at
the same time. When under control of the GUI, the user effectively interacts
directly with the SFX program, controlling it by means of one or more input

25 devices such as an alphanumeric computer keyboard, a pointing device, a

joystick, a specialized controller such as a slider bank or music keyboard



20, effect system which responds to a user's actions in real tine. It is
anot her object of the present invention to provide a sound effects system
whi ch can produce realistic-sounding sound effects. It is yet another
objsect of the present invention to provide sound effects system which can
substantially save tinme and | abor in creatﬂ%g 25 sound effects. 10 It
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but which can produce a wi de range of sound effects. SUVMARY OF THE
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are based on paraneterized nodel s of sound-generating phenonena such_as

foot st eps, ear tihfpmaationear: the status bk the, Saenging: inaluding t whichosountt effects

phenonena are taken into consideration when creating the nodels to 15

ensur e real bBsmmaédelsuare icureptiy rivvekddicthe structure aafetheseo souad emedels; cthe
settings of their parémeters, and other information. '

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, indexes into the bank wavetables the model

10 uses, and the event-generating code.

The sound model class hierarchy is shallow, with most sound
classes being derived directly from the base class. This structure is due to
the fact that there are many attributes and methods common to all sounds
(e.g. location, volﬁme), while.most other attributes are common tb one

15 model, or shared with other models that otherwise have little in common
(e.g. surface characteriétics of footsteps).

The models are based on some sound-generating phenomenon. |
Some examples of a phenomenon are footsteps, earthquake, running air-
conditioner, bouncing ball, moving car, etc. The phenomenon can be

20 virtually anything so long as there are some sounds with which it is
associated. Indeed, the phenomenon need not even necessarily be a real-
life phenomenon in the sense that it does not have to actually exist in the
real world.

The sound modeling process begins by identifying the behavioral

25 characteristics associated with the particular sound phenomenon which are

relevant to the generation of so_und. Behavioral characteristics can be



system all ows a user greater flexibility and interactivity. By controlling
a set of paranmeters, the user can interact with the systemin real tine.
The systemis versatile in that it can produce a w de range of
sound-effects, and is not limted to produgi,ng any particul ar sound effects
or a class of sound 20 effects. The systgﬁl i ncl udes a central processing

unit 1 is connected to random gccess JTenoy ) RAM. , | f

gevi Ices such asdpqwgoﬁf‘d,erﬁ%s‘g,prPBﬁg'Fﬁch"}épl(Elnl\%%ﬁgfﬁq%ér%gﬁvbgﬁéwe as

i spl ay device; .a ,souynd synthesizer;, and audi o output temi .udi
digital-to- anald!ﬁt"lgj-ﬂ%ﬂgethez§°“('%ﬂe,°t 3Fﬁﬂ‘i9tP'§F ,SOBBQdé é‘gﬁep{cﬁl}f 'ﬁaéﬂﬁ?ﬁ%e
(or alternatively, a soundcard integrating sonme of these :’ﬂ}&' vi dual (devi ces

can be used): amdich define howihchanges of gvalyes Ja\ieseorse o Aiftaremt Gonditionsese

conponents play a supporting role to the central elenent of the invention,
t he interactivd"mm@ﬂgém&-s conput er program (SFX program which consists
of a sound effects software engine (SEX engine) and optionally a graphical
user interfSce 5 prieyrsome of these| conglitionspdtdis disefif dpanalyze the meachaniesyef
repl aced by a controlling programwhich replaces the GU. Also present is

an operating symveithesogndris generatad from the phenomenssy. alsing {geistapsoas any
personal conputer system The CPU executes the stored instructions of the
programs in nerexample, the sound being generated from footsteps results mainly from two
separate events, the impact of the heel hitting a surface, then shortly after,
the impact of the toe hitting a surface. For footsteps of a normal person, the
10 totality of the sound generated results from the heel-toe action of one foot
followed by the heel-toe action of the other foot, and so on. As one walks
faster, the time interval between the sound produced from the heel-toe action
of one foot and heel-toe action of the other foot decreases. H_owever, it is
important to alsd realize that the time interval between the souhd produced
15 from a heel and then a toe also decreases in some relationship to the heel-
heel time interval.

Once the behavioral characteristics have been identified, some sound
samples are needed whlch will become the foundation for the many
variations. The sample may be obtained either by recording a sample

20 segment of actual sound found in a real-world phenomenon (or simply
taking a segment from some existing pre-recording) or by producing a
segment through well-known synthesis techniques, whichever is more
convenient or desirable given the particular sound effect being modeled.

The choice of the length of the sound samples depends on a number

25 of factors. As a general rule, the smaller the sample, the greater the

flexibility. On the flip side, the smaller the sample, the greater the labor and



10 ssharing its processing power between the SFX engine, the GU or
controlling program the operating system and possi bly other prograns
according to a nmultitaski ng schene such as the well-known tine-slicing

- techni que. Under command of the SFX engine, it delivers a stream of events
or commands to the sound synthesizer, whicHé4roduces digital audio in
response to these 15 commands. The output of the synthesizer is a digital
audi o si gnal whetharderibis/terachieveraalisamaf gpod rute of thumthis t bavaia sample
anal ogue converter (DAC), then anplified and delivered to the user by neans
of the anpli fi ewhigshdslasuldngeask possiblehwithiptibloss. ofpsefah fexkibility) ethdt is, twhere
audi o signal nmay al so be delivered back to the CPU allowing it to be

further processadsbof theqrerdeptaal £hge oft sonic possibilities of ke Shfivalanitrsourdl in
controlled directly by neans of the GJ, or froman external controlling

program such asreal lifergun be aghisvedr by ¥anfing the lsbh patarhéiers ofrthé nvodel.\Wihe
under control of the GJ, the user effectively interacts directly wth the

SFX progranmg cagticied bf the séurit sampies albo Uepents BN the bohdvidial dheradtefisticsh
as an al phanuneric conputer keyboard, a pointing device, a joystick, a

speci al i zed congfr tié %eﬁbﬁ‘fem 3o SSarfler ekl &nd "atsbC ol et disitationl of the
connected by neans such as the Musical Instrunent Digital Interface (MDl)

standard, or otfgandiy¥s. cal controlling nmeans. In this node of use, .the GU

Once the behavioral characteristics have been analyzed and the

samples obtained, it is necessary to select the user parameters, ie., the

10 parameters which are to be made available to a user of the model in order to
control the sound effects. Thé parameters represent the various factors
which need to be controlled in order to produce the modeled sounds.
Although the parameters can be structured in a number of ways to effect a
sound effect, for the preferred embodiment of the present invention, it is

15 useful to view the parameter structure as having three layers, top, middie,
and bottom.

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 parameters employed by the SFX engine, or simply referred to as

20 “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.

Each of the user parameters affects a combination of engine
parameters and synthesizer parameters, though, in simpler cases, a user

25 parameter may only control only synthesizer parameters or engine

parameters. Any combination of engine and synthesizer parameters is



pragram uses the display device to provide to the user with visual

i nformation on the status of the SFX engine including which sound effects 5
node!s are currently invoked, the structure of these sound nodels, the
setstings of their parameters, and other information. The sound nodels
consi st gf th](ca-i nterface functions, the paﬂ nmeters for external control,
private data for maintaining state while the process i s suspended.to s
GhU' T e, i ndesheoreiicaliy Ressiaiek NawRkasofls, Way rvaviieh 166y B-compinech vl °
event - generating code. The sound nodel class hierarchy is s aLI ow,, Wi.th
most sound cl adependeomdqayerthe cuseri patamster ris Aafined, ik light Qgé. ehghavioral
structure is due to the fact that there are many attributes and nethods
comon to all sbaredteristicg.oflaparticular phen@meNoNhi | e nost ot her attributes
are common to one 15 nodel, or shared with other nodels that otherw se
have little in conmiThe(usey.pasamitars aresdefinediin $enms; obther desirad: seynd gifect.
nodel s are based on sone sound-generating phenonenon. Sone exanples of a
phenonenon ®r e Fopdhstaape, iredhe hcasekof thenfootsieps,r thec viser tparametenso¢abi hg

ball, noving car, etc. The phenonenon can be 20 virtually anything so long -

as there are sqpationy niking ispeed] walkingistyles limp| ateight, hariness, sudace type,
phenonmenon need not even necessarily be-a real- |ife phenonenon in the

sense that it g@eesARRéudififesedparaimbisycarkbstdefinedhia vidaallpwany dnarher, siisnd

nodel i ng process begins by identifying the behavioral 25 characteristics

associ ated wi t yffshembaf Lsélil ¥ tHeyudifedtiyerstieen thie behavioralecharacteristics of a
phenomenon and the purpose for which the sound effect is being produced.

10 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 such as volume
control, pan, pitch, filter cutoff, filter Q, amplitude envelope, and many others.

15 which are well known to those skilled in the art.

When and how the middle and bottom layer parameters are combined .
is controlled by the SFX engine which takes into consideration the
behavioral characteristics of a particular phenomenon. Essentially, the
middle layer can be viewed as the layer which “models” the sound using the

20 basic sound manipulation parameters provided by the bottom layer.
Although the role of the middle layer parameters is complex, the parameters
can broadly be classified as timing, selecting, and patterning.

The timing parameters basically control the length of the time intervals
between triggering and stopping pieces of sound within a particular sound

25 effect, and time intervals between other commands sent to the synthesizer.

The selecting parameters control which sound samples are selected at a



relsevant to the generation of sound. Behavioral characteristics can be

13 defined as the set of properties which a naive |listener would perceive
as di stinguishing the sound effect from other sound effects, including
these which define how it changes or evolvq in response to different

condi tions inpinging upon it. For §one of these conditions, it is
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and heel -toe action of the other foot decreases. However; it is inportant
to al so reaPi z€anka Praficedie i nterval between the sound produced 15 from

a heel and then a toe also decreases in sone relationship ihe heel - heel
tinme interval . Once Althougbhgenerally dher B@h@\"PEtFB@TaﬁW@t'ﬁﬁeW' Jaave 1 seme
sone sound sanples are needed which will becone the foundation for the many

bearing on the choice of the synthesizer parameters to be used, there is 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
10 are many subtle variations, the study of the behavioral characteristics of a
phenomenon may not always reveal sufficient information to determine how
synthesizer parameters should be used for a given situation. Hence, some

empirical experimentation may need to be performed.

15
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is block diagram illustrating the preferred embodiment of the
p'resent system. | |
20 FIG. 2 is a functional block diagram illustrating the logical structure of
the present system. |
FIG. 3 is illustrates a graphic user interface showing user parameters
for the sound effects footsteps where the user parameters are represented
in the form of graphical sliders. |
25 FIGS. 4A through 4E are flow diagrams illustrating the various steps

the present system follows for various commands.



vari ati ons. The sanple may be obtained either by recording a sanple 20
segnent of actual sound found in a real-world phenonenon (or sinply taking
a segnent from sonme existing pre-recording) or by producing a segnent

t hrough wel | - known synt hesi s techni ques, whichever is nore convenient or
desirabl e given the particul ar sound effecfl7bei ng nDdeIed The choi ce of
the length of the sound sanpl es depends on a nunber of factors. As
general rule, the skl &illusiates the parametegr%wetemplpves! by the prefeFrq%e
flip side, the smaller the sanple, the greater the | abor and 14 the
“harder it is tembddiment obthie present system:ul e of thunb is to have a sanple
which is as long as possible without |oss of useful flexibility, that is,
where nost of the p&FIGSptBial 14 argetabless chattingoths tﬁaramemouseaiefoaécﬂntual ent:
sound in real |ife can be achieved by varying the user paraneters of the
nodel. The 5 ghahdanoflelshe sound sanpl es al so depends on the behavi ora
characteristics of the phenonenon to sone extent, and al so on the
limtation gf the paraneters. Once the behavioral characteristics have been
.anal yzed and the sanples obtained, it. is necessary to select the user
paraneters, i.e., the 10 paraneters which are to be nade available to a
user of the nodel in order to control the sound effects. The paraneters

represent the (BETNAEEFDPESCRIPTION OF THE INVENTION

SYSTEM CONFIGURATION
10
The overall system can be conceptualized as several layers, the top
layer being applications that will use the sounds. The 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
15 that encapsulate data and describe the sound behavior. The models
provide the interface which epplications use to control the sounds by
playing, stopping, and sending messages or by updating parameters.
Sound models generate commands and pass them at the proper time
to the synthesizer. The synthesizer is the back-end where the sample-by-
20 sample audio waveforms are-produced, mixed, and sent to the audio output
device. |
FIG. 1 is a block diagram illustrating the main elements of the
preferred embodiment of the present invention. A central processing unit 1
is connected to random-access memory (RAM) 2, one or more input devices
25 such as keyboard 3, mouse 4, joystick 5, MIDI controller 6; a visual display

device 7; a sound synthesizer 8; and audio output system including digital-



whi €eh need to be controlled in order to produce the nodel ed sounds.

Al t hough the paraneters can be structured in a nunber of ways to effect a
sound effect, for the preferred enbodi nent of the present invention, it is
15 *useful to view the paraneter structure as having three | ayers, top,

m ddl e, and bottom The top | ayer consists W the user paraneters which are
the interface between the user and the sqgund effects.system The m ddle

| ayer consists toranaleg senvedecRAGhH amplifier 19.eudspeakayiarheasphongpt§ (or
referred to as 20 "engine paraneters.” The bottom |ayer consists of the
synt hesi zer paraltarmativelyna seundeartkintegrating sne afthese ndividual, dgvigesfcame
current sound or nusic synthesizers. Each of the user paraneters affects a
conbi nati on of lkegdised);pand anenvalatile sstarages devicepsiicinat kard, diskol?;h, These
sinpler cases, a user 25 paranmeter may only control. only synthesizer
paraneters or eeghpengnis:play @& supporiingdols tethe ceotrakslgmentaotithey investioner
paraneters is 15 theoretically possible; however, the way in which they
are conbi ned withe intpractiven sbondt effects ecomputere peagram dSFX eprograrm) givhich
t he behavi oral characteristics of a particular phenonenon. The user
paraneters are curisiste ®f ianssurrdeffedts sbtwaes engihes(8F)X enfiine) 13 and optionally a
graphical user interface program (GUI) 14. In one mode of operation the GUI
can be replaced by a controlling program 15 which replaces the GUI. Also
present is an operating system program 16, such as the standard operating
10  system of any personal computer system. - |
The CPU 1 executes the stored instructions of the programs in
memory, sharing its 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 multitasking scheme such as the well-known time-
15 slicing technique. Under command of the SFX engine, it delivers a stream of
commands to the sound synthesizer 8, which produces digital audio in
response to these commands. The output of the synthesizer is a digital
audio signal which is converted to an analogue form by the digital to
analogue converter (DAC) 9, then amplified and 'delivered to the user by
20 means of the amplifi‘er 10 and loudspeaker or headphones 11. Optionally
the digital audio signal may also be delivered back to the CPU allowing it to
be further processed or stored for later retrieval.
The hard disk or other nonvolatile storage 12 provides means to store
indefinitely the following items:

25



5 For instance, in the case of the footsteps, the user paraneters can be

| ocati on, wal ki ng speed, wal king style, |inp, weight, hardness, surface
type, etc. Although these paraneters can be defined in virtually any
manner, it is often nost useful if they directly reflect the behavioral
_chalrjapteri stijcs gf a phenonmenon and the puﬂgose for which the sound effect
i s being produced. 10 e mddl e |l ayer [anet er or_engine ..
parameters, and the bott 818 1954, Programe ftse ,'nﬁﬁ'%glgzﬁh%sa%t@r an r%ﬁéf"é‘?t?,ns
work in combination to produce the sqund effects as deIined by the user
paranmeters. The bottom | fRiespaing M ?'B'ecsgr‘l'“prﬁff% mani pul ati on
techni ques such as volume control, pan, pitch, filter cutoff, filter

anpl i tude envel ope, and seHingstofparametergnand, ofher asiable epts 9’{1 SFX
skilled in the art. \Wen and how the mddl e and bottom|ayer parameters are
conbined is controll ed bpreg@nsrFX engi ne whi ch takes into consideration the
behavi oral characteristics of a particular phenonenon. Essentially, the
m ddl e | ayeS can be vi ewoptiopally;edigitakaugio autputofrems the gynthesizeru8iyndene
20 basic sound nmani pul ati on paranmeters provided by the bottom [ ayer.

Al t hough the role of thecontidl ef they@FX piogiam.ers i s conpl ex, the paraneters
can broadly be classified as timng, selecting, and patterning. The tim ng
parameters basically control the length of the time intervals between
triggering and stopping pieces of sound within a particular sound 25
effect, and tine i ntRHe'8FX bnginect8 (g bentrolledrdindstysbymeans bbthey GiLH et zarr .

The sel ecting paraneters control which sound sanples are ‘selected at a
from an extemal controlling program such as a computer game 15 or rarely

10 by both at the same time. When under control of the GUI, the user effectively
interacts directly with the SFX program, controlling it by means of one or
more input devices such as an alphanumeric computer keyboard 3, a
pointing device 4, a joystick 5, a specialized controller such as a slider bank
or music keyboard connected by means such as the Musical Instrument

15 Digital Intérface (MIDI) standard 6, or other physical controlling means. In
this mode of use, the GUI prograh 14 uses the display device 7 to provide to
the user with visual information on the status of the SFX engine 13 including |
which sound effects models are currently invoked, the structure of these
sound models, the settings of their parameters, and other information.

20 When the control is by means of a pointing device, the display device
7 also provides feedback to the user on the logical position of the pointing
device in the usual manner. By observing the display 7 and/or listening to
the audio output while manipulating the input devices 3 through 6, the user
is able to alter sound effects until satisfied with the results. This mode of

25 operati,on' is designed to allow the user to create specific sound effects

according to his/her needs from the generic sound effects models of the SFX



16 =gi ven nonent, including the order in which sanples are selected. The
patterning parameters control the relationships between these factors. By
appropriately adjusting these three classes of engine paraneter in
conbination with the synthesizer paraneter a large set of sound effects 5
can be produced. Although generally the beégvi or characteristics will have

sone bearin th hoi f th hesi 1 \ ,
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"Because sound i what defi b '
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characteristics of a phenomenon may not al ways reveal .sufficient

i nf or mat i on tomndﬁ.mﬂecﬂf&/\ﬁbmﬂm%gﬂ@d%r%ﬁ’e? PEachON®-d be used for a

gi ven situation. Hence, sonme enpirical experinentation need to pe
perfornmed. 15 BRI EF IDgiscaitemativeanodeiof speratiesthe §FX19H§%§| b3 s gingdgr Jhe
iIlustrating the preferred enbodi nent of the present system 20 FI G
2 is a funchi ocahtrol otan éxternahcontralling pragrgm: Hhs sushi asip camputer gang, thee
present system FIG 3 is illustrates a graphic user interface show ng user
paraneters program of a network-resident information site (website), a virtual reality

program, a video editing program, a multimedia authoring tool, or any other

program which requires sound effects. In this mode the user interacts with

the controlling program 15 by means of the input devices 3 through 6 and

10 the display device 7. The SFX engine 13 acts as a slave to the controlling

program 15, producing sound effects under its control. This is achieved by

allowing the controlling program to send data to the SFX engine 13, this data

being interpreted by the SFX engine as controlling messages. In this mode

" of operation, the SFX engine will typically not be visible to the user on the

15 display 7, and will be controllable by the user only indirectly via aspects of
the controlling program which influence the SFX engine. The manner and
degree of control which the user has over the SFX engine is entirely a |

function of the controlling program and is decided by the designer of the

controlling program.

20
LOGICAL STRUCTURE
The logical structure of the present system is shown in Fig 2. The

25 main elements are the SFX engine 1 which, as described above, may be

under control of the GUI 2 or, in the altemative mode of operation, under



for. the sound effects footsteps where the user paraneters are represented

in the formof graphical sliders. 25 FI GS. 4A through 4E are fl ow
diagrans illustrating the various steps the present systemfollows for
vari ous conmands. 17 FIG 5 illustrat esatlhe paranmeter structure enpl oyed
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nmessages or by updat.i nﬁ paraneters. . . . .
. 5 In the mode of operation where the invention is being used directly by

a user, the user controls the system by means of the GUI 2, which acts to
accept user input (such as keystrokes of the computer keyboard or
moverhents of a pointing device) and to inform the user both of the status of
the system and of the effect of his/her actions. User actions which affect the
10 production of sound effects generate control messages which are sent from
the GUI to the SFX Engine 1 in order to initiate, terminate, and control sound
effects. These messages are in a format determined by the SFX Engine and
known to the GUI. In response to these messages, the SFX engine 1 models
the behavior of the currently-active sound effects and generates a stream of
15 events or commands which are sent to the synthesizer 4, which in turn
generates the audio output. Certain information affecting the manner of ._
display to be used by the GUI 2 is contained within the SFX engine 1: for |
example the manner in which the control parameters of a sound effects
model should be displayed varies from one model to another, and the
20 information aboui 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 elicit display
information from the SFX engine.
25 In the alternative mode of operation where the SFX engine is being

controlled from a program external to the invention, the user interacts with



Sound nodel s generate commands and pass themat the proper time to the
synthesi zer. The synthesizer is the back-end where the sanple-by- 20

sanpl e audi o waveforns are produced, mxed, and sent to the audio output
dewice. FIG 1 is a block diagramillustrating the main elenments of the
preferred e(rjrbodi menfjI of "the present invent i%@n. A central processing unit 1
I s connected to randomaccess nenor RAM 2, one or nore, j t devices 25
such as keyboartte 3extesnrle cantrpliipgt iPEyQQ(@!“MI\)?[#‘ (%HPFBF?%rWB{,CRQI{% gg%pfgtely
di splay device 7; a sound synthesizer 8;_and audjio output system including
digital - 18 independary obihe inantionac)The carbipllinge pragram &&@Mﬁk&P"HPP
headphone 11 (or alternatively, a soundcard integrating sone of these '

i ndi vi dual devimessages tethe &FX eaginea Ininordsr:oi initiate.otarginaiey iapd §aBtoh
hard di sk 12. These conponents play a supporting role to the central

el ement of the souneneffects. SThese: niessagest arecins aufarmet fdaterminedn by dhepBFak am
(SFX program) which consists of a sound effects software engine (SFX

engi ne) 13 gnd Ewginezmd knowrytaihe comtralling progrant,sand fypicallynareceimilat 40, oh
one nmode of operation the GU can be replaced by a controlling program15 -
whi ch repl aces g gab&atl of thbse usedsiynthe GUirin dhe firsti modeyeft eperationr desarthed

such as the standard operating 10 system of any personal conputer system
above. In response to these messages, the main purpose of the SFX engine
1 is to model the behavior of the currently-active sound effects and generate
a stream of events or commands which are sent to the synthesizer 4, which
10  in tum generates the audio output.

The main internal elements of the SFX engine 1 are a set of
interactive sound effects models (SFX models) 5; an Application
Programmer Interface (API) 7; A Message Processor 8; a Parameter
Linker/Mapper 9; A Timing and Synthesizer Command Processor (TSCP)

15 10.

In the library or set of interactive sound effects models (SFX models)
5, each model consists of data and programmed instructions representing
the sound characteristics and behavior of a sound effect, or a class of sound
offects. These models may be invoked sequentially or simultaneously, so

20 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 SFX model is provided with one or more control
parameters which may be used to alter the sound produced by the SFX
model, and these control parameters may also be modified in real time to

25 produce audible changes in the output while the system is producing sound

effects. In certain cases compound sound effects models may be made up of



The CPU 1 executes the stored instructions of the programs in nenory,
sharing its processing power between the SFX engine 13, the GU 14 or
control ling program 15, the operating system 16 and possibly other prograns
aceording to a multitasking scheme such as_the well-known tine- 15 slicing
t echni que. Under conmand of the SFX engi ne23it del i vers a stream of
commands to the sound synt hesizer 8, which _ produces di P

response to theﬂzarcawmﬁ/dﬁectsr models prrangediima higrareiys ¢ ’é*"f's "!98 Gf%lnf"mber

audi o signal which is converted to an anal ogue formb he ﬂl
anal ogue conveofhvdﬁmsgnabmamarlw@ﬁ“&ﬁn naedel %éz Py tf?@“&BP"B’F"ZO

means of the anplifier 10 and | oudspeaker or headphones 11. Optionally the
di gi tal audi o of gimplenmyodels.o be delivered back to the CPU allowing. it to
be further processed or stored for later retrieval. The hard disk or, other

nonvol atil e storage The Applicalien ReogrammersinteriacentARl) i respivesdatavhishi isg
Itens: 25 19 - the SFX programitself including the data and

instructions rémterreted by thel SFXI enginenas «ohtrollingrmasisages, thase megsages
paraneters and other variable el ements of the SFX program
arriving from either the GUI 2 or the external controlling program 3. The API
decodes the 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

10 controlling messages, including starting and stopping particular sound
effects, Ioadlng 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 behavior, and
otherwise controlling the SFX Engine.

15 A Parameter Linker/Mapper 9 provides a means of endowing SFX
models with one or more alternative sets of control parameters or meta- .
parameters, where these meta-parameters are linked to the original control
parameter set of the SFX model or to other meta-parameters in a hierarchy
of parameters. It also provides means of applying mathematical

20 transformations to the values of control parameters and meta-parameters.
The Parameter Linker/Mapper is useful because the original control
parameters of a particular SFX model are not necessarily the most
appropriate or useful in every case, for example whén the SFX engine is
being controlled by an external controlling program 3 Which has its own

25 design constraints, or when the SFX model forms part of a compound SFX

model as described above;



5 =« - optionally, digital audio output fromthe synthesizer 8 under
control of the SFX program The SFX engine 13 is controlled directly by
means of the GJ 14, or froman external controlling programsuch as a
conputer ganme 15 or rarely 10 by both at the sane tinme. Wien under contro
of the GUJI, the user effectively interacts gﬂ'rectly wi th the SFX program
controlling it by means of one or, nore input devices.such as an -

al phanuneri ¢ conput ethkeViiBgq and Syshasizag &@W’BG"Q, lﬂ’zio?ﬁﬁﬁé’t" i §kSEP)a 10
speci ali zed control]ler such as a slider bank or nusic keyboard connected by
nmeans such as tPrevidesi asnumber of finations retatgd:tg timingeandde the propessingdef d
6, or other physical controlling nmeans. In this node of use, _the GU
program 14 usesevents andethegr cpmmands te bement teithe synthesizer4. Thernvertion is
information on the status of the SFX engine 13 including which sound

ef fects nodel s noterestricted loy anyvpadigularhmethod cofusyntbesishand details o dbiss |
the settings of their paraneters, and other information. 20 When t he
control is By relamenbfdapend significantlyi on, thehtypei apd agesigi afethie synthesizer.
provi des feedback to the user on the |logical position of the pointing

devi ce in the udowbvemiwegenéral firstionsmay be identifistly 7 and/or listening to
t he audi o output while mani pul ati ng the i nput devices 3 through 6, the user
is able to alter sound effects until satisfied with the results. This node
of 25 operation is designed to allow the user to create specific sound

tel;] 1; egtF ; accor di ng to1.hi s/Ties SFEdagihewperatesdsproducingLa étrehireof commnids of

such as MIDI commands which are delivered to the synthesizer in order to

10 produce sounds, and typically this process occurs in 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 they are required by the synthesizer, but this is liable to timing

15 disruption because the CPU hay be unable to process the complex
command stream of multiple SFX models quickly enough to avoid audible
disruption of the output sound. Hence a more sophisticated implementation |
can achieve greater consistency of timing by generating the commands a
short interval ahead of the current time, queuing them in a mechanism such

20 as a data buffer, and delivering .them to the synthesizer at the appropriate
time. The TSCP provides this function in such a way that the interval by
which commands are generated ahead of the current time may be adjusted
to an optimum value which may aiso be set differently for different SFX
models. The optimum is a compromise between the need to avoid timing

25 disruption and the need to make the system responsive to changes in its

control parameters.



20 system by selecting sound effects nodels, initiating or triggering them
to produce audi o output fromthe system adjusting the paraneters of the
nodel s, selecting elenents of nodels, and other actions. In the alternative
nmode of operation the SFX engine 13 is und the 5 control of an external
controlling program 15, such as a conputer me, the programof a
network-resident information site (website), a virtual reality program a
video editing program a nulti rredi a authoring tool, or any other program
whi ch requires sound effects. this mpde the user interacts w

control l'ing program2s byf mgi'ﬁsth%ﬁ opasSkX, pidel és; petive, oriif,a single EXd“!?de|
the display device 7. The SFX engine 13 acts as a _slave to the controlling
program 15, pr dﬁlﬂﬂm@]%omﬂeéﬁf%mdu?ﬂmfoduc@ meiipie | command; streamsewhichy
allowing the controlling programto send data to the SFX engine 13, this
dat a being int dnpsfebeddﬁwetrqg tordiftarenth ehasnelsnof dhei synthesizeryewherer aachs
node of operation, the SFX engine will typically not be visible to the user
on the 15 8i srsym}heslzm'mhanm? isbgetdtpriorereatendifferant sound siementsyofi thei saund y
via aspects of the controlling programwhich influence the SFX engi ne. The
manner and degreffects. dodypioal implementatians: théses channels areSEXimited mesoarce
entirely a function of the controlling programand is decided by the

desi gner of theambmustibe managey sarefally, L{6GeRampis Rilloteidd dynamically upon

demand. The TSCP acts as a synthesis channel manager.

10 As stated above, one purpose of the hard disk or other nonvolatile
storage (12 in Fig 1) is to provide a meahs to store indefinitely the settings of
parameters and other variable elements of the SFX program. Such
parameters and other elements may be saved while the system is in the
mode where it is being controlled directly by a user using the GUI, then

15 recalled when the system is in the alternative mode under control of an
external controlling program. This allows a user to experiment directly with
the parameters of the sound effects using the GUI, save the set of values of |

| the barameters found to be most appropriate to the applicatibn, then recall
this same set of values while the SFX engine is under control of the external

20 controlling program in order to have the system produce an identical or near-
identical sound effect. Saving and recalling a sound effect in this way differs
from saving and recalling a digital audio signal of the sound effect in that it is
entirely based on a model of the sound effect and may therefore by altered
after it has been recalled by means of changing its pararheters.

25 The sound models may be modeled closely on the physics or other

behavior of real-world objects so that the model produces realistic sound,



The- | ogi cal structure of the present systemis shown in Fig 2. The 25 nain
el ements are the SFX engine 1 which, as described above, may be under
control of the GU 2 or, in the alternative node of operation, under 21
- control of an external controlling program Al so shown is the synthesizer
4 which |leads to the audi o out put system ese elements are the sane as

e onn P i S fefs o, Bl GEGHl' it Gefles.
oDt oL O ot ST SRS oo By B AR A Y o S BB
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SFX Engine 1 in order to initiate, termnate, and,control sound effects.
These nessafes $quRd Qprwrﬁﬁﬂaﬂheaemn@n%ngmfﬂe@ﬂ his,getef Ba@metsis may
the QU . In response to these nmessages, the.SFX engine 1 nodels the
behavi or of t hdhelydecparamelers \unigur e ther particular Taedal Pasamegters that, are 15
events or commands which are sent to the synthesizer 4, which in turn
gener at es the genesicota gets. ofcsimilar mpodelss and parametarsithgt are genetis tofall
models of the system. For example a model of human footsteps might have
a parameter for walking style which would be unique to this model, another
10 parameter for walking épeed which would be common to all human and
animal footstep models, and other parameters such as volume or
reverberation depth common to all models.
The system can include models which are programmed .with realistic
simulations of naturally-occurring sound-producing entities, other sound
15 effects which are exaggerated in character for dramatic effect, and other
sound effects of a purely imaginative nature which have no counterpart in .
the real world. In the case of realistic simulations and exaggerations of real |
sounds, the sound effects models may be modeled to any chosen degree of
precision on the behavior of their naturally-bccurring counterparts, so that
20 the sound effects models will automatically provide accurate reproductions
of the sounds, sound-sequences or other audible characteristics of their
naturally-occurring counterparts.
The system dah also support “Compound Sounds”: these are sound
models consisting of a hierarchy of other sound models with any number of

25 levels in the hierarchy. Typically they may represent an entire scene

consisting of many sonic elements. At the top level the user can make



display to be used by the GJU 2 is contained within the SFX engine 1: for
exanpl e the manner in which the control paraneters of a sound effects nodel
shoul d be di splayed varies fromone nodel to another, and the 20

i nformati on about the currently-active sound effects nodels is held by the
SFX engine. Thus there is a need for infordtion to be returned fromthe
SFX engine to the GQJ, and this is achieved by al]low ng the SFX engine to
send di spl ay i rshanggsite the whale scenede-cu chandingd ithe axeralt yolume); buticepiral,

information fromthe SFX eng{i ne. 25 In the alternative node of
oper ati on wher eovendndividuah elaments lisialap possiblg, and these lowerdgvelnelementsal
to the invention, the user interacts with 22 the external controlling

program 3 in a camoplionaliycbe iisolatedp(listaned it degplefiowhenanaking adjustments. torhe
controlling program 3 sends control nessages to the SFX engine 1 in order
to initiate, tdhemate, and control sound effects. These nessages are in a
format determ ned by the SFX 5 Engine and known to the controlling
program an8 typi calThe system imclutlest genaric suppdrs éor ‘parametar linkingbin whichCUI
in the first node of operation described above. In response to these
messages, the rnrarametersanay bb linked36 comiginatioris iof otherrpattametérs dedvrding toof

the currently-active sound effects and generate a stream of events or
commands whi ch mathepedtical eelationshipshttis atlowd, forhéxample, high-level parameters
to be used to make broad sweeping changes in multiple lower-level
parameters, or to apply scaling to other parameters, or to make complex sets
10 of changes in several other parameters.
To make the sound as realistic as possible, the system can introduce
fluctuations (typically of a random or semi-random nature) into the sounds

produced in order to avoid exact repetition and achieve a natural effect.

Techniques for introducing fluctuations include:

15
- Altering the timing of commands or events sent to the
synthesizer
- Altering the values of parameters in the commands sent to the
synthesizer
20 - If the synthesizer is 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 synthesizer a
25 short interval ahead of the current time, this interval being set such that it is

long enough to overcome potentially-audible disruption of the sound output



10 -in turn generates the audio output. The main internal elenments of the
SFX engine 1 are a set of interactive sound effects nodels (SFX nodels) 5;
an Application Progranmer Interface (API) 7; A Message Processor 8; a
Paranet er Li nker/ Mapper 9; A Tim ng and Synt hesi zer Command Processor
(TSCP) 15 10. In the library or set of i nt%& active sound effects nodel s
(SFX nodel s) 5, each nodel consists of data and programmed instructions
representing t HehisBuveuldieectt ifdimecriisalpemmanss; were generated @t the smament 3
cl ass of sound effects. These nodel s may be i nvoked sequentially or ]

si mul t aneous| y,they are requirad, thul shost eneugh thatdhe systenp respandsgtosehanges in
effects in isolation or in conbination, typically after an inperceptible or
near - i nper cept i itd eontedl parametaers-afteriardimpargeptiblewrneardnpeseptibieddelays
provided with one or nore control paraneters which nay be used to alter the
sound produced by t HEhesE¥stemieprovides ttwesmodest oblriggeringet dn soneaynadie,othee
nodified in real time to 25 produce audi bl e changes in the output while

t he system Bs psauhdceffectsotypitatly fof @ sontinuous) egolvingg sars repatitive matar, rwill -
effects nodels may be nmade up of 23 ot her sound effects nodel s arranged

Lot Tl et o iy ol kpoads e atnrmode
the sound effects, typically of a short, non-continuous nature, are triggered
each time they are required, thus allowing precise synchronization with
visual events in a computer game, film, video production, or animation.

10 The system includes generic sound effects models in which the
behavior of a class of sound effects is encoded, and which provides a
method by which a user of the system can create specific sound models by
selecting options of the generic models, setting the values of variables of the

generic models to specific values, and providing the synthesizer with its own

- 15 samples.

SOUND EFFECTS SYNTHESIS TECHNIQUE

20 Sound Representation

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, indexes into the bank wavetables the model

25 uses, and the event-generating code.



of sinpler nodels. The Application Programrer Interface (APl) 7 receives
data which is 5 interpreted by the SFX engine as control ling nessages,

t hese nessages arriving fromeither the GU 2 or the external controlling
proggram 3. The APl decodes the nmessages in order to establish which type of
nmessage has been sent, and forwards the neégﬁges to the Message Processor
8. The Message Processor 8 perfornms actions as directed by the 10

control | i ng nessageshe reaundi maedal aelass ghierarchyo fshishallews t with| most oseund
effects, | oading and un] oading sound effects nodels from RAM applying the
ef fect of nodi f¢lassasoheings derivad direglly fram thesbase class sEiisnruature isgdlig §0 ng
settings of the SFX engine which influence its overall behavior, and

ot herw se cont ribeifaeigthah thegerarsmany atiributes and methads ieommonite ialr soundsr 9
provi des a nmeans of endowi ng SFX nodels with one or nore alternative sets
of control par deeg.closation,neolima)arwhite enest other atributes are copumaneterenair e
linked to the original control paraneter set of the SFX nodel or to other
met a- par ameber smodek ai shaxed Hwitho fotiper modets' that dtherwise ravey litlesinneamsnari
applying mathematical 20 transformations to the values of control

paranmeters and (ee).aupfaceohaedcteristivs dlfoatstdps). Li nker/ Mapper is usef ul
because the original control paranmeters of a particular SFX nodel are not

necessarily the nostThepoand imbdels havech omputeahioadcwirelow of timeawblich tdien
the SFX engine is being controlled by an external controlling program3

which has its qhe méchdismdy whithithay 8hare fHe GPEN Thie witdow sl bé différenfr t
of a compound SFX .
for different sound models, and is usually in the range of 100-300

10 milliseconds. The sound model process is called back at this rate, and
computes all the events up to the next expected callback time. The events
are time-stamped with their desired output times, and sent to the output
manager (for further details see FIGs 4A and 4B, and description provided
below).

16 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 with several different distinct
parameterizations. Rather than burden the developer with having to write

20 code to explicitly change each of perhaps many parameters, parameters
may be adjusted using the graphical user interface (“GUI") while monitoring
their effect on the sound, then stored as presets which can be recalled by
the application. Besides developer convenience, the advantage of
switching parameter settings in the application this way within a single

25 instance of a model rather than using two different instances of the model,



nodel as descri bed above. 24 The Tim ng and Synt hesi zer Conmand
Processor (TSCP) 10 provides a nunber of functions related to timng and to
the processing of events and ot her commands to be sent to the synthesizer
4. The invention is not restricted to any pagrticul ar nethod of synthesis,
and details of this 5 el enent depend signifY€antly on the type and design

of the synthesizer. wever two geperal fupctions, be ideptified: 1.
The SFX engi ne 18ibabtha Yenh aserating AIgentbEm(EPeSaK foristepst irans cRntiiie
commands which are delivered to the synthesizer in order to 10 produce
sounds, and typvitBeulbreakingstidess occurs in real time. Mst synthesizers
operate by producing or nodifying the output sound at_ the nonment an event
or command is recei vAROthar siepfesentation: isswet isotheyfnaead fortwen dliffrrent nd
therefore produce synthesizer conmands only at the noment they are required
by the synt hesi matuallyuexelusivemethosis| ef controhiongr meanyjisoungs. Sionseptually, t he
CPU may be unable to process the conplex command stream of multiple SFX
nmodel s qui clB y theta gre two difsrentddads ot parameters; dhose which the ppplication will
Hence a- nore sophisticated inplenentati on can achi eve greater consistency
of timng by geuss d0iintprate withmiien dsounds liow r teal-timesy, vand dhesel whichheelact rant
time, queuing themin a nmechani sm such
particular parameterization of the sound from the database. These two
groups may be different in different contexts for the same sound.
Consider a footsteps model. If a virtual environment application is
10 designed so that the view of the world is 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 is attached to visible feet, then the
individual sounds obviously need to be synchronized to a graphical event.
15 In the first case, there is no graphical event and it would be posing a
significant burden on the application to have to time and send a message to
the sound model for every step. In the second case, a rate parameter is
meaningless.
The present system provides for either or both methods of control. If
20 event-by-event control is needed, the model's standard play function is not
invoked, but the object provides a messaging interface which is used
instead. All the other support (e.g. statistical variability of successive
sounds, parameter control) is still available. For sound models that use rate
to control other attributes, a meaningful rate must be measured from the

25 event triggers.



20 -as a data buffer, and delivering themto the synthesizer at the
appropriate tine. The TSCP provides this function in such a way that the

i nterval by which commands are generated ahead of the current tinme may be
adjusted to an optinum val ue which may al so_be set differently for
different SFX nodels. The optinumis a com§10m se between the need to avoid
timng 25 di sruptionlg and the need to yake the Séstem rg&onswe to changes
inits control pararfdfQre complex igsue of ¢ontimlcan, withdan applayse ve,
or if a single SFX nodel is conplex, there is a need to produce nultiple
command st r eangM@Aelwh thforlﬁ(aﬂmbu'értécpq eoniraliegyia rf?a'cﬂlfaﬁdkﬂ"ig afpammeter
synt hesi zer, where each 5 {nt hesi zer channel is set up to create

di fferent soundoethensumberr ot elappetsdThe pasaretarweyldi tmlcaHYpSBﬁfeﬁt &, ibns

these channels are a limted resource and nust be managed careful ly, for
exanpl e al | ocatditvemyupio @alevel apuaspending . toThew pany peopleare ipytheheistual
channel manager. 10 As stated above, one purpose of the hard disk or
ot her nonvobat iausdience, xgmain 2t ithatHevellfor isomen timep there gradually sdecaysbacie to
indefinitely the settings of paraneters .and other variable elenments of the
SFX program  Sierb. plomeverecfor certhimtpurposéds;mant application mayenotvheed $ich
systemis in the node where it is being controlled directly by a user using
the GU, then intimate control. It may be preferable to simply specify the number of people

and an “enthusiasm” level (a “meta-time” parameter) that could in turn affect

the temporal envelope of the “number of people” parameter. The

10 application would only have to concem itself with the “enthusiasm”

parameter when (or before) the applause sound is initiated. The two

methods of control are mutually exclusive.

The applause example is different from the footsteps example
because with footsteps, both types of control discussed (individual footsteps

16 vs. rate) are real-time. The contrasting methods of control in the applause
- example are between a meta-time specification of a temporal trajectory,
and real-time control of the trajectory. We believe that the most useful way
to support these control choices is to record parameter trajectories created
by the developer using the GUI, and then use the trajectories during

20 playback after a trigger event from the application.

These control issues arise not from the process of modeling the sound
itself, but rather from the contexts in which the models are embedded. The
same issues must be considered for every sound model, but the

implementation of the different control methods depends heavily on the

25 sound representation.



15 vrecall ed when the systemis in the alternative node under control of an
external controlling program This allows a user to experinment directly
with the paraneters of the sound effects using the GUI, save the set of
values of the paraneters found to be nost appropriate to the application,

then recall this sane set of values while SFX engi ne i s under control
of the external 20 controlling programin order to have the system produce
an identical or M ' e8®und effect. Saving and recalling a sound

effect in this way differs fromsaving and recalling a digital audio signal
of the sound effect in that it is entirely based on a nodel of the sound
effect and may therefore by altered after it has been recall ed by neans of
changi ng its paranetBalew i a descriptioe whichy provides the siepsoios| the sosind vy
on. t he physics or other behavior of real-world objects so that the nodel
produces real i snodeling.prhcess. Zthasedsteps aya genericr imathes sensantitdicthey can be
predi ctabl e ways to paraneter changes. The sound effects nodels nay be
assi gned a Set usedctorprodugenaamide rrangecokedound t effeqis)r andt are nep plimited atoe
to the particular sound effect in question, these being closely related to

t he behavi oral prbducingesnigid particllar set.SHowever spethak thesegprieiplaseans nigrieng
nodel ed. This set of paraneters may include paraneters unique to the

D26 e o AR SR, o esnple il 8 roidnire, v khes
discussed for illustration purposes.

The present method and system produce sound effects which

10 simulate sounds associated with a certain phenomenon. Some examples of

a phenomenon are footsteps, earthquake, running air-conditioner, bouncing

ball, moving car, efc. The phenomenon can be virtually anything so long as

there are some sounds with which it is associated. Indeed, the phenomenon

need not even necessarily be a real-life phenomenon in the sense that it

15 does not have to actually exist in the real world. For instance, the
phenomenon could be a firing of a futuristic phaser gun. Although such a

gun may not currently exist (hence the phenomenon cannot exist), this fact ié

irrelevant so long as there is some perception about wha_t the sounds

associated with the phenomenon might be like or what might be acceptable

20 to the listeners. It is also useful to have some perception about how the

sounds would vary depending on vérious hypothetical factors. For example,

one may perceive the sound associated with the firing of the phaser gun to

become louder and sharper as the phaser gun becomes more powerful, and

for it to be followed by various kinds of “ricochet’ depending on what type of

25 object is struck by the gun’s beam.



nodel s of the system For exanple a nodel of human footsteps m ght have a
paraneter for wal king style which would be unique to this nodel, another 10
parameter for wal ki ng speed which would be comon to all human and ani nmal
footstep nodels, and other paraneters such _as volune or reverberation depth
common to all nodels. The systemcan inclu nDdeIs whi ch are programred

wth realistic simulgtions of natyrally-o sound r.ooduci n tltles
other sound 15 effebi® s\ﬂh‘ﬂgh"‘ﬁ%@ '@Qaeé)&eﬁ Q'H (,t%r'%ri Ing oiney yviqral
effect, and other sound effects of a purely inmaginative nature which have
no. count er part Gharasferisticg aggaqiated with the paricular seund pheromeREN Whighsakend
exagger ati ons of real sounds, the sound effects nodels nay be nodeled to
any chosen degrtelevant gocthesgener@tionhsf irawadi orBehavioral rchﬂiﬂgﬁeﬂﬁt@s ®Raruhe ng
counterparts, so that 20 the sound effects nodels will autonatlcally
provi de accur atdefinggr a8 dbeisstf qrropediesowhieh aserive-listenasnweuldopetaeive as
audi bl e characteristics of their naturally-occurring counterparts. The
system can &l sdistinguishing Cthep sound Seffeat Sromt otbee sounds efiects,inpiuding those
consisting of a hierarchy of other sound nodels wi th any nunber of 25
| evel s in the hikichrdefine Rgwiit ehanges ey exealveseipr responsartoadifferent Lonadiions
consisting of many sonic elenents. At the top |evel the user can nmake 27
impinging upon it. In many cases, they bear a one-to-one correspondence
to the terms a layman would use to describe the sound effect. In the case of
sound effects which do not correspond to an object or phenomenon which
10 actually exists in the real world, e.g., phaser gun as mentioned above, the
‘behavioral characteristics are properties which a naive listener might expect -
such an object or phenomenon to possess if it did exist.

For instance, in the case of footsteps, the behavioral characteristics
would include things such as speed, degree of limp and stagger, weight (of

15 the person producing the footsteps), surface type (e.g., cement, grass, mud),
location (i.e., position relative to the listener), 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 from a mad dash would be different from those produced in a

20 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 mechanics of
how the sound is generated from the phenomenon. Once again using
footsteps as an example, the sound being generated from footsteps results

25 mainly from two separate events, the impact of the heel hitting a surface,

then shottly after, the impact of the toe hitting a surface. For footsteps of a



changes to the whole scene (e.g., changing the overall volune), but control
over individual elenents is also possible, and these |ower-|evel elenents
can optionally be isolated (listened to "solo0") when nmaeking adjustnments to
them 5 The system includes generic support for "paranmeter |inking"
i n which paraneters may be |inked to conbi I ons of other paraneters

according to mathematical relatjonshjps; this allows, for, exanple,
hi gh- | evel par A1RSmal Parson dha datathy of thecsaund geuaraied rgsultsfraabthe haattog,
| ower -1 evel paraneters, or to apply scaling to other paraneters, or to nake
conpl ex sets 1cdctign of I?&WJQQtf) oweddy ed!ﬂé‘lm%af’ﬁ?ﬂ%%ﬁ@ othgr ?&P&eaﬂﬂé%ﬁﬁﬂd
as realistic as possible, the systemcan introduce fluctuations (tépically
of a random or Asane wallkiiastal thelimerntervalbetwaensthe seund groducedatiem the
avoi d exact repetition and achieve a natural effect. Techni ques for
i ntroduci ng f1 (haelkiee aston of angefool and| haalitag adgienteftheqotber fesindecreases.
events sent to the synthesizer -- Altering the values of parameters in
t he command® sdioweven fikissimportant Aoralgo realize that the time: indernshtbietweenr thes
one based on replaying sanples, randomy sel ecting.sanples froma
col l ection of soundapraducedoriromiemthiesl| andniblens aTioe ajsa aeoyeasesatiessoms
stream of commands to the synthesizer a .
relationship to the heel-heel time interval. At some point, the sound
produced from the heel and the sound produced from the toe actually
overlap and it becomes difficult to distinguish the sounds as being separate
- 10  and distinct.

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

15 far from perpendicular and the toe has a relatively long distance to travel
before it touches the ground. Thus, in the present method of modeling, the ‘
heel-to-toe time is the net result of both walking speed and “walk style”
(march versus long stride). The general principle is that the internal
parameters of the model may be influenced by many of the external or “user”

20 parameters in mathematical relationships of arbitrary complexity.

In certain cases, this knowledge about the mechanics of sound
generation is important for two main reasons when attempting sound
modeling. First, it allows one to vary the correct set of parameters so as to
produce the most realistic sound effect. For instance, in the footstep

25 example given above, the resulting sound effect would not sound very

realistic had someone varied the time interval between the sound produced



25 <short interval ahead of the current tinme, this interval being set such
that it is |ong enough to overcone potentially-audible disruption of the
sound out put 28 which would occur if time-critical conmands were
generated at the nonent they are required, gut short enough that the system
responds to changes in its control paranet@ s after an inperceptible or

near - i nper cepti bl e del ay. The stem pr.ovi des t nodes of triggering.. In
one mode, the HOMENRdeeHes action Joanater Witauitcalse Arasedionalaly YaRynd she
repetitive nature, will - once started - run contiguousl ntil explicitly
stopped. In thdmg jntervahhetwesn t Gd?ﬂ?cieﬂ'?‘ieél‘ﬂ% f‘OQ-yﬁf'&W?g’é# maigLeason for
non-conti nuous nature, are triggered each tinme they are required, thus
al | owi ng pr eci @8alygingtheh mashabiesvistthat, it Allowse paat Somea notiopnplithe sizenand
film video production, or anjimation. 10 . The systemincludes generic
sound ef fects RReepksoundparople that e ngeded. ber instanpe; again ysing ter taotsieps
encoded, and which provides a nethod by which a user of the system can
create spedfi exsmpieiabove itisdinpostiant to hgve independent cortrejafdhe heebsound
setting the values of variables of the generic nodels to specific val ues,
and provi di ng ahd thenodesundindividually,sandhtheréfors,aanseparate @anipleABEEach of
SYNTHESI S TECHNI QUE 20 Sound Representation

- the sounds is needed,; it is not enough to have a sample of the heel-toe

sound as a grouped pair.

Of course, there is a rather Iargé range of behavioral characteristics of

10 any particular phenomenon, and the choice of selection and the extent of the
analysis of these behavioral 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 generally true
that some identification and understanding of the behavioral characteristics

15 of any phenomenon is required to properly model a sound effect.

Once the behavioral characteristics have been identified, some sound
samples are needed which will become the foundation for the many
variations. The sample may be obtained either by recording a sample
segment of actual sound found in a real-worild phenomenon (or simply

20 taking a segment from some existing pre-recording) or by producing a
segment through well-known synthesis techniques, whichever is more
convenient or desirable given the particular sound effect being modeled.
For instance, in a case where a sound of a phaser gun is being modeled, it
may be more convenient to simply synthesize a sample, given than no such

25 phaser gun actually exists in the real-world. In the case of footsteps,

however, it would in most cases be easier to simply record the sound |



The- sound nodel s consist of the interface functions, the paraneters for
external control, private data for maintaining state while the process is
suspended to share CPU tine, indexes into the bank wavetabl es the nodel 25
uses, and the event-generating code. 29 ghe sound nodel class hierarchy
I's shallow, wth nost sound cl asses being aerived directly fromthe base

S R e e DO
ohera s nove ARG Bt % oo JEESER sl P il
e rechant o B AR i o EEE B OO b Ao o et
11 seconda. " PRESE yRt Rigidesiath sBund i4 BehidVali.) $inéi, recariing a sampleqfor
CommLt e 214 e ot Bt bRt e it
manager (for further details see FIG 4A and 4B, and descrii)tion provi ded

bel ow). 15 prevent\ibeainclusien «of seunds, Whigiqdare Mo, wiatedate dhe pamiculaten

phenomenon at hand.
The choice of the length of the sound samples depends on a number
of factors. As a general rule, the smaller the sample, the greater the
10 flexibility. On the flip side, the smaller the sample, the greater the labor and
the harder it is to achieve realism. A good rule of thumb is to have a sampie
which is as long as possible without loss of useful flexibility, that is, where
most of the perceptual range of sonic possibilities of the equivalent sound in
real life can be achieved by varying the user parameters of the model. For
15 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, this does not always mean that one neéds to record the
two sounds separately since the current editing techniques allow for splicing
20 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 overlap.
The choice of the sound samples also depends on the behavioral
characteristics of the phenomenon to some extent, and also on the limitation
25 of the parameters (parameters are discussed in detail below). Using the

footsteps example once again, it should be noted that some sound effects do



devel oped as a direct result of how nultinmedia applications devel opers need
to control them The first is paraneter presets. These cone fromthe
frequent need to use a nodel with several different distinct
paraneterizations. Rather than burden the devel oper with having to wite 20
code to explicitly change each of perhaps ﬁny paranmeters, paraneters nmay
be adjusted using the graphical user interface ("GJ ") while nonitorin
their effect ormolrequmadditionalsanpieswhile sareesos ke ipstadse, %Vﬂr&’daﬁlsiﬁeby
the application. Besides devel oper conveni ence, the advantage of sw tching
par armet er set t ioh@swalk, only theptiming needs e bevxaried, tandhhanee,ifisecam be dengnce
of a nodel rather than using two different instances of the nodel, 30 is
t hat the event witthanyt exigting ggamplen (Idowevekrto yarsithessurface opnwhich the

w t hout breaking stride. Another representation issue is the need for two
different and fdootstdpsyarex oiads \keisneasiet 4o simplynobtain @/ esampian wf Jooisteps on
Conceptually, 5 there are two different kinds of paraneters; those which

t he appl i cabi orachl|df the sutfacesitathecthan atterhpting toumanipulatean existing sanpleose
whi ch select a particular paraneterization of the sound fromthe database.
These two groupes simylatecthd dffedt.c For exanipld, ¢ wouldawi bexéasy o ptddrceaarsoandnd.

Consider a footsteps nodel. If a virtual environnment application is
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 rénge of sound effects one desires,
10 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 a means of simulating
the subtle, ever-changing nature of real-woﬂd sounds. For example, no two
footsteps are identical in real life, and a model which produces two identical

15 footsteps in succession is immediately perceived as artificial. With several
samples to choose from and a rule 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.

The second reason for collecting multiple samples is that a

20 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 versa), a “strength of laughter” parameter may be constructed by
collecting a set of laugh samples at different “degrees of hilarity”, then

25 selecting individual samples according to the setting of the “strength of



10 .- desi gned so that the view of the world is through the user's eyes, then
one of the natural controls of the footsteps sound would be a rate -
paranmeter. The faster the user noves through a space, the faster the rate
of the footsteps. If, however, the footstep sound is attached to visible
feet, then the individual sounds obvi ously Beed to be synchroni zed to a
graphlcal event . In the first case, there is no graphical event and it
woul d be posi n@%’!ﬁﬁﬁrﬂﬁ@ﬂlﬁ@" bayRisally thisntechpiquecisicasmbingdnwith the randamangd
send a nmessage to the sound nodel for every step. In the second case, a
rate paranet er Seleqtioardesaribed aboue. pr esent  system provides for either or
both nethods of control. If 20 event-by-event control is needed, the
nodel 's standard play function is not invoked, but the object provides a
nmessagi ng interface mhlch S used |nstead Al the ot her support- (e.qg.
statisti cal ; f MNE s, paraneter control) is still
avai l abl e. For sound nodel s that use rate to control other attributes, a
nmeani ngful $ate nust be neasured fromthe 25 event triggers. 31 A nore
conpl ex issue of control can be illustrated with an appl ause nodel which,

for exanple, is to @nethe behavioral roharadteristioss hageabpen aanalgzed oand hihe
nunber of clappers. The parameter would typically start at 0, be

samples obtained, it is necessary to select the user parameters, i.e., the

parameters which are to be made available to a user of the model in order to
control the sound effects. The parameters represent the various factors

10 which need to be controlle_d in order to produce the modeled sounds.
Although the parameters can be structured in a number of ways to efféct a
sound effect, for the preferred embodiment of the present invention, it is
useful to view the parameter structure as illustrated in FIG. 5.

In referring to FIG. 5, the top layer consists of the user parameters

15  which are the interface between the user and the sound effects system. The
middle layer consists of the 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.

20 As the arrows indicate, in general, each of the user parameters affects
a combination of engine parameters and synthesizer parameters, though, in
simpler cases, a user parameter may only control only synthesizer
parameters or engine parameters. Any combination of engine and
synthesizer parameters is theoretically possible; however, the way in which

25 they are combined will depend on how the user parameter is defined in light



driven up to a level corresponding to how many people are in the virtual 5
audi ence, remain at that level for sone tinme, then gradually decay back to
zero. However, for certain.purposes, an application nmay not need such
inttmate control. It may be preferable to sinply specify the nunber of
peopl e and an "ent husiasnt |evel (a "neta- 3%re" parameter) that could in
turn affect the tenporal _envel ope of the "nunber of people" paranmeter, The
10 appl i cati oPfvibaIkehavigrah sharadietigicsceha; padicular; pierRqraenen, Rgsshallibe
par aneter when (or before) the applause sound is initiated. The two net hods
of control are expaiaedjn iLbeleW. The appl ause exanple is different from
the footsteps exanpl e because with footsteps, both types of_ control

di scussed (i ndi vi dualhe userspasgmeters are defined)indeams géthe desirediround effect.
contrasting nethods of control in the applause exanpl e are between a
meta-ti me speciFarcinstaneeofinathecoase of theafaststeps, thendiserapatametersmarvibeof
the trajectory. W believe that the nost useful way to support these
control chobcedocatiany walkingdspeadawalkingt stylee timp;, iweaight, dwardoess; surtace type,
devel oper using the GUI, and then use the trajectories during 20 playback
after a triggeretevaitthotighithedeparapieters cam beTdefired: imvirkially ssyemananerdt isot
fromthe process of nobdeling the sound itself, but rather fromthe contexts

in which the nofignsmost usehutdfittiby dinectheareflact the belraviorbke characteistiod dbra

‘every sound nodel, but the inplenentation of the different control. nethods

depends heavi | phemohighotPand the Butpasedde whidh the sound effect is being produced.
In many cases, they are the obvious, easily-understood parameters that a

10 Iaymah 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 prbbably would not be useful for a phenomenon
such as earthquake, given that surface type probably has no meaning in the
context of an earthquake.

15 The user parameters can be represented in a number of ways so as to
give control access to the user. However, in the preferred embodiment, it is
represented in the form of “sliders” on a graphic user interface (GUI), 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 phenomenon footsteps, the walking

20 speed is increased as the slider is moved to the right. For the limp slider, the
amount of limp in the walk is increased as the slider is moved. To combine
the effects, several user parameters can be invoked at once. For instance,
by invoking both the speed slider and the limp slider, one can achieve any
combination of limp and speed. Some combinations are obviously not

25 desirable, though may be possible. For instance, one probably would not

combine the surface type “metal” with “marble”. In contrast, “leaves” might



32 sound Modeling Process Below is a description which provides the steps
for the sound nodeling process. These steps are generic in the sense that
they can be 5 wused to produce a wi de range of sound effects, and are not
linted to producing only a particular set. However, so that these

principles are nore easily understood, var AQus exanples wll be provided

and, at tines, discussed for illustration purposes. e present nethod and
syst em pr oduce Wallip@ cembiged wijh cﬁn’l@ achigye eﬁnee'g?ﬁirﬂ-ggogggﬂﬂﬁ G dRAvAS: Aver
certai n phenonepon. Sone exanples of a phenonenon are footsteps,
ear t hquake, rurﬂ'ﬁt-ng air-conditioner, bouncing ball, noving car, etc. The
phenonmenon can be virtually anything so-long as there are sone sounds wth
which it is associ atide middiedayex pargmelessngioengine Paramedersn amnsk thes hettomn be
a real-life phenomenon in the sense that it 15 does not have to actually
exi st in the rdayenparametersyorisynthesizer parametess,onerkdn aombinatien o preduag of
a futuristic phaser gun. Al though such a gun may not currently exist (hence
t he phenonebon tharsmndeeffects, as definedc by thei nset pasametars! dihe dottoherdayers
some perception about what the sounds associated with the phenomenon m ght
be 1i ke or whatparametersecamn dagiude! sodtd rmaniputations teohmigued tsuch as$ svolusef ul
to have sone perception about how the sounds woul d vary dependi ng on
various hypot heontrel, pang pitcls, filtep cutofia filtéieQ, amplitude envelope, and many others
which are well known to those skilled in the art.

When and how the middle and bottom layer parameters are combined

10 is controlled by the SFX engine which takes into consideration the
behavioral characteristics of a particular phenomenon. Essentiélly, the
middle layer can be viewed as the layer which “models” the sound using the
basic sound manipulation parameters provided by the bottom layer.
Although the role of the middle layer parameters is complex, the parameters

15 can broadly be classified as timing, selecting, and patterning. Although
these parametérs are defined here as being separate and distinct, it should
understood by those skilled in the art that these parameter representations
are conceptual tools to illustrate the sound niodeling process or techniques
employed by the SFX engine and need not necessarily exist as separate

20 and distinct components in the present sound effects system.

Now in describing the role of each class of parameter individually,
timing parameters basically control the length 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

25 selecting parameters control which sound samples are selected at a given

moment, including the order in which samples are selected. The patterning



one: may perceive 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 followed by various kinds of "ricochet" depending on what type of
25 » object is struck by the gun's beam 3 The sound nodel i ng process
begi ns by identifying the behavi oral chard% eristics associated with the

Benavi or al chabaERIRE Fadreline alelbRefiBn Beienn Test ERIR, iy APaBRiEfeln -

nai ve |istener woul.d rceive as 5 distinguishing the sound effect.from
ot her sound o PAIEING Ess, s Sasees O PAGCPARDTRISH in CATNAAGHSN OVita JBP o
In response to different condjitions inpinging upon it. In _man ases, _t hey
bear a one-t O-WLEQF?GPB@{HE?%% 2 dargRcsata #pupd caB heupthsliiced. ” The
descri be the sound effect. In the case of sound effects which do not .
correspond to e @andethe effediinf ranhnehthasecparametars will ihecemes clearar imdhe cal
world, e.g., phaser gun as nentioned above, the behavioral characteristics
are proper 9 esexamplesaas prordded belawsr ni ght expect such an object or
phenonenon to possess if.it did exist. For instance, in the case of
fooot steps, the behaletardingdodhafoatstepsiexample bace againjalascrihgd ahave were
speed, degree of |linp and stagger, weight (of 15 the person producing the
f oot st eps), sutheabehayioeall €hgracteristiest of doatstgpsmini)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
10 heel and the toe. Here, the user parameter (top layer) is speed. As the user
adjusts the speed slider {o increase speed, the time parameter is made to .
decrease the time interval between one heel-toe action to another, as well
as the time interval between the heel and the toe. This timing is also affected
by the “style” parameter as described above. However, the pattern or
15 behavior of the footsteps does not change as speed and style are altered. A
heel sound is always followed by a toe sound, etc.
if, however, the sound effect were that of a moving horse, then the
behavioral characteristics are more complicated, and hence, additional
parameters need to be involved. For example, consider the user parameter
20 “speed” for the sound of horse’s hooves.: As the speed increases, it is clear
that 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

25 the events change as the horse switches between walking, trotting, cantering



| ocation (i.e., position relative to the listener), 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 froma nmad dash woul d be different fromthose
produced in a 20 casual stroll; footsteps‘l?n hard marbl e woul d sound
differently than footsteps on wet nud. For saone of these conditions, it is
useful to anal yansl gedlopingaanfbe exadicpatiers, Aluerurse, Herdsatabe rdatetmined
phenonmenon. Once again using footsteps as an exanple, the sound being

gener at ed fr omemapirisalypusingdhethehpyiorabeharacteristics aban @stualthoredent s, the

I npact of the heel hitting a surface, then shortly after, the inpact of the
toe hitting a surfads therlasbexample, éf for the Jfootsteps: phanatmenon,hdhe ouset t y
of the sound generated results fromthe heel-toe action of one foot

fol | owed by t hepanamieteroweset swiacef types thehcthef only, class eb epginerparametearsks
faster, the tine interval between the sound produced fromthe heel -toe
action of ofie faffectadhdrenthoisetconcamedcwithf saleetion, since’ thet timing and geatteédning
However, it is inportant to also realize that the time interval between the.
sound produced dspeotsaddiact changd. Hderea dependintp orl ashatasiafacenoiscombination of

relationship to the heel-heel tine interval. At sone point, the sound
produced from tgupfabes!is ehdsém different! setsosfusarmiplbs anill thee sbleetett; thualthe timing
and pattering do not change.
For some of these examples, there may be instanceé where
10  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 response to the user parametér, weight (of the person making
. the footsteps), since typically a heavier person would produce footsteps
15  which are deeper in pitch, louder, etc. (though this may not always be true in
real life). Although generally, the behavior characteristics will have some
bearing on the choice of the synthesizer parameters to be used, there is no |
hard and fast rule as to how these parameters should be selected. Because
sound is somewhat defined by human perception and aiso because there
20 are many subtle variations, the study of the behavioral 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 'quality as the speed increases. The relationship
25 Dbetween tone and speed is not necessarily obvious. Hence, some empirical

experimentation may need to be performed.



overlap and it becones difficult to distinguish the sounds as being
separate 10 and distinct. In addition, the heel-to-toe tine is affected by
anot her paranmeter. Wen nmarching, the leg falls rapidly and perpendicul ar
to the ground, and thus, the heel-to-toe tine is very short. In contrast, a
| ong stride produces a |ong heel -to-toe ti A8 because the heel touches the
ground while the leg is 15 far from perpendicular and the toe has a

rel atively |ong di stighisthes ifusirate thapdneiples previdadahave, dhe lni@s. 6 through,
the present nethod of nodeling, the heel-to-toe time is the net result of
bot h wal ki ng spdearedables,ghaiting Jhe varions paramsterssthab were useddpr same agdual al
principle is that the internal paraneters of the nodel nmay be influenced by
many of the exitsoundmodelsydakingthe tableineller. & as andllustnativec examplestthefirst ps
of arbitrary conplexity. In certain cases, this know edge about the

mechani cs of scolumndists the usell paiamatersaplust‘candom fiudtuations? ojseevaloove for
attenpting sound nodeling. First, it allows one to vary the correct set of
paranmeters So aescriptiomw dor drandomfiuctuationsyt | Theosubiseduentt colimns heven e,
in the footstep 25 exanple given above, the resulting sound effect would

Lo e R RSP SIS, i ard e paariens) e
propor ti onat el vngine/pagniéters comprising the first three columns subsequent to the user
parameter column. The “X” in a box indicates that the parameter in that
column was used for the sound modeling for the user parameter found in

10 that particular row.

These tables show how changes in user parameters affect a) aspects
of event patterning, and b) different synthesizer parameters. Also (on the first
row of each table) they show which parameters are affected by the small
random fluctuations that are introduced to provide naturalness and variety in

15 the sound effect, even where there is no change in a user parameter.

In FIG. 8, the user parameters, Breék, Clutch, and Gas Pedal, control
two “intemal” variables, car speed and engine speed. 'I;he two internal |
variables are govermed by a 2-D differential equation with the Pedal settings
as inputs. The car speed and engine speed in turn control the synthesizer

20 event generation. The engine speed controls the firing of pistons, each firing
is a separately triggered event (many hundreds per second). The car speed
controls the “rumble” of the car strolling along the road.

In FIG. 14, the wind sound model consists of a very small number of
events. Most of the user parameters (and the random fluctuations) affect the

25 same set of synthesis parameters, i.e., volume, pitch, filter, etc., but they

affect them in different ways. For instance, “Strength” controls the mean



time interval between the heel and the toe. The second main reason for

anal yzing the nechanics is that it allows one sone notion of the size and
type of sound sanple that is needed. For instance, again using the footstep
5 exanple above, it is inportant to have independent control of the heel
sound and the toe sound individually, and #erefore, a separate sanple for
each of the sounds is needed; it |s not enough to have a sanp

heel -t oe sound Vé@ﬁa"ﬁﬂ"&ﬂ%@"mﬁs (SUP“gg'uW!%’ h@*’n@lgbef golam%tnﬁéh f"&ﬁ"g@ ?tﬁ‘fh-ge

of behavioral characteristics any particul ar phenonenon, and the
choi ce of sel edtheoiWigtla of N@r@ilpa npoatrolsri@eadmﬂqtmm from the: sease kefi ther aame
characteristics depend Iargel upon the potential uses of the sound
effects, the nparametsrs) ap nesgdeantrals fhe natesefehangedolither parasneters.

realisnlde3|red However, it is generally true that sone identification and
under st andi ng 6WindeStrehgih"oalﬂo clontrals dhesnumbet 5of dayersy (plgsnowmber | of
required to properly nodel a sound effect. Once the behavioral

charact eri sbi cSwhistlest)dnrthe deundf i ed, sone sound sanpl es are needed which
wi .1 becone the foundation for the many variations. The sanple may be

obtai ned either by recording a sanple segnent of actual sound found in a
real -worl d phenonmenon (or sinply 20 taking a segnent from sone existing
pre-recordi ng) Devélppaiend ehvironmentgent through wel | - known synt hesi s

t echni ques, whichever is nore convenient or desirable given the particul ar
sound effect being nodel ed. For instance, in a case where a sound of a
phaser gun is being nodeled, it may be nore convenient to sinply synthesize

a sanpl e, given thamyep daveldpment environment for embedding sound models into
10 applications needs to be richer than the traditional one where a recorded
sound is selected from a CD, loaded into the environment, played and
stopped. This is partly because sound selection involves more than
selecting a track, but rather ,involvés adjusting parameters. There is thus an
important role to be played by an interactive environment which is separate

15 from the target application. |

The developer's tool consists of two parts; the GUI, Figure 3, and the

SFX engine. Using the GUI, the developer browses the database of sound
models, chooses the sound models that will be used in an application, and
adjusts the sound parameters while listening to the sound in real-time.
20 There is no code-compile-listen cycle; sounds are chosen and adjusted by
ear. The parameters and their names are high-level intuitive, and related
closely to behavioral characteristics of the real-world sound which is being
modeled (e.g., “roughness” rather than “AM depth and regularity”). Once the
sound has been chosen and parameterized, the developer creates file
25 names where the customized sound models (i.e., as set by the developer

using the user parameters) will be stored. To then play and control the



25 sphaser gun actually exists in the real-world. In the case of footsteps,
however, it would in nost cases be easier to sinply record the sound 36
produced from actual footsteps, or to record the individual elenents of a
footstep (i.e., heel-tap and toe-tap recorded separately), or to record a
sinmul ati on of these elenents (e.g., by tap;ﬂ%g together different types of
hard objects until the desired sound is achieved). \Wen recording a sanple
for 5 use in t$aund gnodels fragywithinthe;appljeation thg At?e'tqaﬁﬁ dﬂﬁcﬂgﬁqjglelow [REe
sound, that is, to prevent the inclusion of sounds which are not related to
the particul ar WRchonenon at hand. The choice of the Iength of the sound
sanpl es depends on a nunber of factors. As a general rule, the smaller the
sanple, the greater the 10 flexibility. On the flip side, the snmaller the
sanple, the greater the labor and the harder it is to achieve realism A
good rul e of thApplicationdProgrammerdntertacei{APh i s as | ong as possi bl e without
| oss of useful flexibility, that is, where nost of the perceptual range of
sonic possibilities of the equivalent sound in real |ife can be achieved by
varying the user paraneters of. the nodel. For ‘15 instance, in the case of
the footsteps, if onBunetionst are\praovided o dhecapplication cfos initiatizinge thentaudio
speeds, it would be necessary to obtain a set of sanples including heel
sounds and t oe @mgindsioatiing $dunds; eseutingoa avapibetween application variables and

sound parameters, playing and stopping sounds, and sending user
parameters and messages to sounds.

10 Sounds can be loaded and unloaded from memory as needed. A
call to PLAY, FIG. 4A, will initiate the playing of the sound over the
computers sound system, and a call to STOP, FIG. 4D, will cause the sound
to cease playing. After a sound has been stopped, it can be played again,
unless a call to unload has been made, in which case the sound model is

15 removed from memory.

If no interactive control of the sound is desired, the PLAY and STOP
are the only routines that need to be called. Thus, sound models can be |
used exactly as digital audio files have always been used by applications.
Devélopers are confronted with nothing that forces them to deal with the

20 fact that sounds are beihg generated algorithmically in real-time rather than
being played from a file, other than that they may notice that sounds are (in
general) more natural and pleasing because they are not identical each
time they are played.

If interactive control of sound model parameters is desired, then a

25 call to an API function called SetParam (FIG. 4C) accomplishes the task.

Although some user parameters are common to all sounds (e.g. relative



above. However, this does not always nean that one needs to record the two
sounds separately since the current editing techniques allow for splicing
20 and other fornms of editing to separate a single recording into
mul¢iple sanples. But the splicing technique may be difficult or inpossible
for cases where the sounds overlap. The chdfe of the sound sanpl es al so
depends on the behavioral characteristics of the phenonmenon to some extent,
and al so on t hdogatian ef seundemittesrand)listenen,nand pthers are piatietoa pagtieas sed
in detail below). Using the footsteps exanple once again, it should be
noted t hat sonﬁowdncalleusebtp@r@netersaarenupdamjmr@uggdmei same base|saurnvhil e
sone do. For instance, to vary the style of a walk, only the tim ng needs
to be varied, alasshiunction:The Giliradditionally playsha®soyndxdaoumentatiomirele here
However, to vary the surface on which the footsteps are nade, it is easier
to sinply obt aiin thattheplagious parameteriB'som sbund acbepts vidthesAPl ave the same
than attenpting to mani pul ate an existing sanple to sinulate the effect.

For exanpl e5 i tasiihel mames displaeesiyalong withttheeslides® imtheoGUk f oot step on a
soft nuddy surface using only a sanple of footsteps on a concrete surface.

How many sanpl es ar eTyphedllyd the rapplicatiom will ccomioh @ soufd asing an dpphcatiorpn
the scope and the range of sound effects one desires, 10 and varies
greatly from onariable thet’HexCa rang@oPpessible values determined by its role in the
| application. On the other hand, the sound model user parameter has its
own range of possible values determined by how the user parameter is
10 used within the sound object. The range of the application variable can be
| automatically mapped on to the range of the user parameter with a call to .a
function called SetParamMap. This call only needs to be done once for a
given user pérameter. after which any call to SetParam will automatically
petform the proper mapping. Sound locations are similarly controlled by a
16 single call to a “mapping” function to establish the units, and “set” functions
to update the location of the sound emitter and receiver.

Finally, some sounds take trigger messages th_at can bga sent from
the application, FIG. 4E. Again, while the messages a sound accepts are
unique, ali call the same base sound method (which simply does nothing in

20 response to messages a particular sound does not handle). These
messages usually have the effect of immediately triggering some element
of a sound, such as a train whistle when a steam train sound is playing.
This messaging method is also the means by which event-by-event control
is implemented (e.g., triggering individual footsteps), and the way

25 parameter presets are switched.



In many cases, nultiple simlar, but non-identical, sanples are coll ected.
This has two purposes. First, it provides a neans of simulating the subtle,
ever-changi ng nature of real-world sounds. For exanple, no two footsteps
are“identical inreal life, and a nodel which produces two identical 15
footsteps in succession is inmediately peré® ved as artificial. Wth
several sanples to choose fromand a rule which selects randonmy froma set
of sinilar sanpDetailgiof implementation excl udi ng the same one being triggered
twice in inmedi ate succession), nuch of the natural ness may be sinul at ed.
The second reason for collecting nultiple sanples is that a 20 continuous
spectrum can often be sinulated by collecting points along the spectrum
For exanpl e, althougho illustrate thenimplementation details, BIG. siA1shows awhatshappens
technique for transform ng a quiet chuckle into a hearty |laugh (-or vice
versa), a "strengeém pldy isainifiated, ejtheniretresporsse tee acusert intaraeting thrmighettieo ng
a set of laugh sanples at different "degrees of hilarity", then 25 ,

33 oL Pl emetosSbin oy, rer applsio, bt et
random sel ecti o rfigabeér Wt dinftiadizatiorPotasks Miréhlding Haréqudst’ fort the tndcessary
synthesizer channels, the system picks up the current settings of the user
pérameters. It then generates a set of commands such as MIDI messages
which are sent to the synthesizer. It generates these a short way into the
10 future - a time [X + Safety Margin] which is long enough to ensure that delays
in the system will never result in gaps in the audio output, but short enough
that changes in user parameters cause results which are perceived as
almost immediate by the user. The system then initiates a system timer
which will callback (i.e. return control to) the SFX engine after time X. In the
15 meantime the computer is free to process other programs such as a game
which the SFX Engine may be embedded into. Time X is typically of the .:
order of 10 - 100 mS, and the Safety Margin is typically of the order of 5 - 10
mS. '
FIG. 4B shows what happens after time X. At this point the buffered
20 stream of synthesizer commands generated as described above is almost
empty (commands corresponding to an amount of time equal to the Safety
Margin is left before it underruns). The system first processes any changes
in parameters since the last call -these may include the internal results of
changes in any of the user parameters and (in some models) changes due
25 to the progress of time. Following this, it makes small random changes in

certain internal parameters in order to introduce subtle fluctuations in the



Once the behavioral characteristics have been anal yzed and the sanpl es
obtained, it is necessary to select the user paraneters, i.e., the
parameters which are to be nade available to a user of the nodel in order
to tontrol the sound effects. The parameters represent the various factors
10 which need to be controlled in order t&aproduce t he nodel ed sounds.

Al t hough the paraneters can be structured in a nunber of ways to effect a
sound effect, fesundnrethis dg sequired fooainatural Ir pleasing: steet. | ifiben iganerates s
useful to view the parameter structure as illustrated in FIG 5. In
referring to Flapotiser sieamopf commangsnfordhe following pedodpkr and tasranges for
which are the interface between the user and the sound effects system The
m ddl e | ayer camtherscalbackeafterthattimes Bhiglgenedateycallbackroyale yvilhesondinue
sinply referred to as "engine paraneters.” The bottom | ayer consists of the
synt hesi zer paruntibthe sysibinds stoppetk! | - known paraneters found in any of the
current sound or nusic synthesizers. 20 : As the arrows indicate, in

general , eaBh of th&liGsdC showsewhatshappens wherc onbi ofatheouserf pamgimeters is
paranmeters and synt hesi zer paraneters, though, in. sinpler cases, a user

paraneter may @hangednt rAd dedcribedntabevezerthpasystetrerincladesngi sephisticated
paraneters. Any conbination of engine and synthesizer paraneters is

theoretical |y paappihbeschenve whore t)eharige im a'serpatamdtiesamcause aargés
wi || depend on how the user paranmeter is defined in |ight

in any number of intemnal parameters of the model. (This is required in order

to ensure that the user parameter behaves in a way which corresponds well

10 with the behavioral characteristics of the phenomenon being modeled.)

This mapbing scheme also provides for both linear and hon-linear

transformations of the user parameter value, and these transformations may

“be distinct for each of the possibly-many mappings of user parameter to

internal parameters of the model. After mapping, the parameter changes

15 may also result in the immediate sending of one or more synthesiier
commands. In other cases these parameter changes are acted upon at the

next callback (see above).

FIG. 4D shows what happens' when a stop message is received, in

response either to a user interacting through the GUI, or a message arriving

20 from a game or other application program. The system first cancels the

pending callback. It then generates synthesizer commands into the future as

required to produce the desired ending to the sound (for some sounds this

may be an abrupt stop, in others it must be more gentle for a natural or

pleasing effect; in some cases, it may involve modifications of synthesizer

25 parameters). Finally it releases the synthesizer channels which were

granted when the sound was started, and performs a number of other



39 eof the behavioral characteristics of a particul ar phenonenon, as shal

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
uset paraneters can be 5 |ocation, walking speed, wal king 'style, |inp,

wei ght, hardness, surface type, etc Althodﬁ% t hese paraneters can be
defined in V|rtuaIIy any manner Is often nost useful if they directl
reflect the beriloanur fupstions o sQX%BP'Gf reseitig Jhensyntagsizen channels ean%r
whi ch the sound effect is being produced. In nany cases, they are the

obvi ous, easi | yarehlesobthe systemdeady fonyeruse bya Stﬁ?ﬁﬁﬁﬁem Blav ressage.
descrlbe the sound. For exanple, while a user paraneter such as surface
type mght be a useffipwshadndEeshpws whatphappensonhenoastrigger messageals y
woul d not be useful for a phenonenon such as earthquake, given that surface
‘type probably Heceivedirsitivengni respoase olet axuserf inderasting Hhmugh the GUI, or arhe
user paraneters can be represented in a nunber of ways so as to give
control accéss message Lexeiving-drony ea ,gamet br gtherf epplidatiorbopifogeam, | Trigger
-represented in the formof "sliders"” .on a graphic user interface (GUJ),

FIG 3, where tressegas are désigeed e plodiee basourd caffects|(ot partsaohi $oured of
the effect. For instance, for the speed slider for the phenonenon

footsteps, the effdcd)df fitiite foRGHT (typically recfove deeondd @rdesslewhich swpeof tiwit he
right. For the linp slider, the amount of linp in the walk is increased as

the slider is Wﬁ%cc‘&?dcﬁﬂﬁﬁ imdtidtion. efTfrRe! theys asebasicalhe Nikeaaa PRAyE Viths aih be
i nvoked at once. For instance,
automatic Stop, and this flowchart should be self-explanatory .in the light of

10 the descriptions above.
roc an

The process management is one function of the TSCP introduced
15 above and shown in FIG. 2. It mediates both commands destined for the
synthesizer and the process callback requests. The interrupts that system
timers generate for their decrement and test cycle make them an expensive
resource. If each of possibly many concurrent sound process were
_requesting callbacks from the system directly, servicing the interrupts could
20 significantly degrade performance. Ins;tead, a time sorted queue of
processes awaiting callbacks is maintained by the process manager, and a
system timer is engaged only for the next sound process to run.
A similar mechanism is used for commands sent to the process
manager time-stamped for output to the synthesizer. Although each sound
25 process generates commands in chronological order, when many

processes are running concurrently, the process manager inseris



by #nvoking both the speed slider and the [inp slider, one can achi eve any
conbi nation of linp and speed. Sone conbi nations are obviously not 25

desi rabl e, though may be possible. For instance, one probably woul d not
conbi ne the surface type "netal” with "marhle". In contrast, "l|eaves" m ght
40 wel | be conbined with "dirt" to achieve®8n effect of f oot steps on | eaves
over dirt. The mddl e |ayer paraneters, or engi ne paraneters, and the
bottom | ayer p#&ORNBARMS In @ sgrtad fuaue, anh salfebR & timas enly foe theinext iofe ¢ o
produce 5 the sound effects as defined by the user paraneters. The bottom
| ayer par anet ers¢hedulediteigaieulsound mani pul ation techni ques such as vol une
control, pan, pitch, filter cutoff, filter Q anplitude envel ope, and many
ot hers whi ch are welSomeogpmmandsosauctkias drteractivee cantroliaf snessagesovarene
m ddl e and bottom | ayer paranmeters are conbined 10 is controlled by the
SFX engi ne whi @ervicedimmediatehn rather thanqueued.bEhe baskend: isynthesizer disass of
a particul ar phenonmenon. Essentially, the mddle |layer can be.viewed as
the | ayer whi cthesedohwhands te duflubneei any triew levehts thadtberprocess ananager
paranmeters.provi ded by the bottom|layer. Al though the role of the mddle

| ayer par amet ersends, everpif éhe eventspeerenueured béfore the torashithyronght centrofiercd
as timng, selecting, and patterning. Although

update_. Thus, user parameters have a latency that can be as great as the
callback period for a sound process, but parameters that control the
synthesis have a shorter control-rate latency.

10 The process manager is also responsible for allocating synthesizer
resources to sound processes and interfacing with specific back-end
synthesizer APl's. |

The present invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The

15 presently 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 and all changes which come within the
meaning and range of equivalency of the claims are, therefore, to be

embraced therein.



these paraneters are defined here as being separate and distinct, it should
understood by those skilled in the art that these paraneter representations
are conceptual tools to illustrate the sound nodeling process or techniques
enptoyed by the SFX engi ne and need not necessarily exist as separate 20
and di stinct conponents in the present sourfleffects system Now in
describing the role of each class of paraneter individually, timng
‘paraneters basi€@4AMSontrol the length of the tinme intervals between
triggering and stopping pieces of sound within a particular sound effect,
and tinme intervals between other commands sent to the synthesizer. The 25
sel ecting paraneters control which sound sanples are selected at a given
moment , i ncl udi WjetGlaimar der in which sanples are sel ected. The patterning
41 paraneters control the rel ationships between these factors. By
appropriately adjusting these three classes of engine paraneter in

conbi nation with the synthesizer paraneters, a |large set of sound effects

can be proddcedi. TheArsoundafféctsisystéidor peddushuisoind bffects pnodeied afterwi | |
beconme clearer in the 5 exanples as provided below. Referring to the

f oot st eps eganmécurnirgenevating . phidponierizs dachofsale phehbmehaltrawing al set of
characteristics of footsteps in relation to speed. It was explained that
as-the speeg i ngsiRpicral chafctérRicsNs&it\wstdinicopfptisiite heel -
4 ~a computing apparatus for processing a model for each of the sound
effects, said computing apparatus including a central processing unit,

memory, input device, and display;

5
6
7 a sound synthesizer communicably connecte_d to said computing
8 apparatus, said sound synthesizer being under control of said computing
9 apparatus;

0

1 an audio storage means for storing sounds, said sounds being

11.  controllably accessed by said computing apparatus, said audio storage

12 means containing at least one sound sample which is associated with said
13 sound-generating phenomenon; and

14 an audio output .means for outputting the sound effects;

15 wherein said model of the sound effect is based on the set of

16  behavioral characteristics of said phenomenon, said sound effect being
17  produced from said sound sample by selectively coﬁtrolling a set of

18 parameters in accordance with said mbdel, said system being capable of
19 producing large classes of sound effects.

1 2 The sound effects system as recited in Claim 1 wherein said set of

2 parameters includes synthesizer parameters.

*x ¢ L M s x



toes action to another decreases, as well as the tine interval between the
10 heel and the toe. Here, the user paraneter (top layer) is speed. As the
user adjusts the speed slider to increase speed, the tine paranmeter is nade
to decrease the time interval between one heel-toe action to another, as
wel| as the time interval between the heel 58nd the toe. This tinming is al so
affected by the "style" paraneter as described above. However, the pattern
or 15 behali oB-of tHe seundelients gysien as resitachip Glainsewhetain said set ofr e
altered. A heel sound is always followed by a toe sound, etc. |If, however,
the sound e2f eqrarameterstineludes £nging paramaetors. t hen t he behavi or al
characteristics are nore conplicated, and hence, additional paraneters need
to be invol Ved.4.For Theaspuns effestsisystem pe recitad inClaimi2:-whemin sgiskeat off or

t he sound of horse's hooves. As the speed increases, it is clear that the
ti m ng par aget qparametarstinciydes¢inginecparameterhiat t he nean of the tine

I nterval s between the events becones shorter, reflecting the fact that the
time interval s Het wekhe soqrat effeqts systene as gesited incClaimi 2 whesainfsaitk becone
shorter on average. But, in addition, the patterning and ordering of 25

the events 2hanynttasizdrpdrametersindlade at lsdstone ofthsifolowingovolung, pan,
cantering 42 and gal I opi ng. The exact pattern, of course, needs to be

get erm ned gnpigitchafilter curoffilleh Q, ehplitude @hvelopeact eri stics of an actual
e i1 6. The sound effects system as recited in Claim 4 wherein said

2 synthesizer parameters include at least one of the following: volume, pan,

3 pitch, filter cutoff, filter Q, amplitude envelope.

i 7. The sound effects system a§ recited in Claim 3 wherein said engine

2 parameters include timing, selecting, and ordering.

1 8. The sound effects system as recited in Claim 6 wherein said engine

2 . parameters include timing, selecting, and ordering.

1 9 The sound effects system as recited in Claim 1 wherein said set of

2 parameters includes user parameters.

1 10. The sound effects system as recited in Claim 4 wherein said set of

2 parameters includes user parameters.

1 11. The sound effects system as recited in Claim 8 wherein said set of

2 parameters includes user parameters.

1 12. The sound effects system as recited in Cla_im 9 wherein said user
parameters are represented in a form of graphic user interface, said graphic
user interface allowing a user to control said parameters.

1 13. The sound effects system as recited in Claim 12 wherein said sound

2 effects are outputted in real time in response to a change in said parameters.

-—
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As the | ast exanple, if for the footsteps phenonenon, the user paraneter
were surface type, then the only class of engine paraneters 5 affected are
t hose concerned with selection, since the timng and patterni ng aspects do
not *change. Here, depending on what surface or conbination of surfaces is
chosen different sets of sanples wll be s&i&cted, but the tini ng and
patterning do not change. For sone of these exanples, there may be.

i nst ances wier el40 Himsounrd effectssysiam asJegited imGlaim; biyther copprising aner
in isolation or in conbination with engine paranmeters. For instance, still
usi ng t he f 8ot ARRNcaticn pregram nﬁerégmngg@iaﬂew amexiemalrrogram e coptoliseid
etc., need to be controlled in response to the user paraneter, weight (of

t he person Bakiparametemsoot st eps), since typically a heavier person would
produce footsteps 15 which are deeper in pitch, |ouder, etc. (though this
may not al wlys &3 t rithe sound effectsieystemiastrectied geGlaiml 1 whereib saidhavi or
characteristics will have sone bearing on the choice of the synthesizer
paranet ers o iphanomenaris a real-worldphenomerarst rule as to how t hese
paranmeters shoul d be sel ected. Because sound is sonmewhat defined by human
per ception 4nd #8.s0 Tersoww effects syStemmas neeited nuCldim 1 whesinmsaid t he study
of the behavioral characteristics of a phenonenon may not al ways reveal

suf ficient pnf q@henontendroisindica realewbridvphenbhetioner par aneters shoul d be
used for a given situation. For instance, it has been found that to produce

the best soyndifm effirFsolind effecteSyetdm @savcited in Sldi®l PWHersinasi® nidislt onal
quality as the speed increases. The relationship 25 between tone and speed
'S not necepsarihélided s plukality B éther TRGeIS Witdngedlin a hierarchy consisting of any

3 number of levels, said models in the hierarchy being capable of being

4 temporarily isolated and controlied independently.

1 18. A method of producing a sound effect modeled after a sound-
2 generating phenomenon comprising: |
3 identifying a set of behavioral characteristics of said phenomenon;
4 obtaining and storing at least one sound sample which is associated
5 with said phenomenon;
6 developing a sound model of said event based on said behavibral
7  characteristics;
8 manipulating said sound sample by selectively controlling a set of
9 parameters in accordance with said model to generate said sound effect;
10 and
11 outputting said sound effect.
1 19. The method as recited in Claim 18 wherein said set of parameters

2 includes synthesizer parameters.
1 20. The method as recited in Claim 18 wherein said set of parameters

2 includes engine parameters.

* I L 'l [ *



experinmentati on may need to be perforned. 43 To further illustrate the
principles provided above, the FIGs. 6 through 14 are tables charting the
various paraneters that were used for some actual sound nodels. Taking the

tabke in FIG 6 as an illustrative exarrpl e, the first colum lists the user
par aneters plus random fluctuations" (see S4bove for 5 descri ption for '
"random f| uct uations"). The subsequent columms have a heading at the top

showi ng t heleng@he aﬂ?ﬁ gathod g5 Feeitashingziain P whateir sgidsetefparamsters
conprising the first three colums subsequent to the user paraneter col um.
The "X' in & bdrcludas cngine pametdss.par aneter in that col um was used for

t he sound nodeling for the user paraneter found in 10 that particular row
These tabl ed st28v holhe methed as wedtad inpClaimet: whetdinsaid synthepizers of event
patterning, and b) different synthesizer paraneters. Also (on the first row
of each tabRe) pdrameiersiinclude lat teast onecfihe fellawingrvaldmsy pane pitchs | filterandom
fluctuations that are introduced to provide natural ness and variety in 15

t he sound e8f eciutoféfilier@eamplitude envelope. change in a user paraneter. In
FIG 8, the user paraneters, Break, Cutch, and Gas Pedal, control two

"internal” Yari2®l esthe aethod ad recitbcimClamsPeatierdih saldwynthesizes!
variables are governed by a 2-D differential equation with the Pedal
settings 2 parameters include at least one of the following: volume, pan, pitch, fitter
3 cutoff, filter Q, amplitude envelope.
1 24. The method as recited in Claim 20 wherein said engine parameters
2 include timing, selecting, and ordering. |
1 25. The method as recited in Claim 20 wherein said engine parameters
2 include timing, selecting, and ordering.
1 26. The method as recited in Claim 18 wherein said set of parameters
2  includes user parameters.
1 27 The method as recited in Clairﬁ 21 wherein said set of parameters
2 includes user parameters.
1 28. The method as recited in Claim 25 wherein said set of parameters
2 includes user parameters. | |
1 29. A sound effects system for producing sound effects for footsteps, said
system comprising:

a computing apparatus for processing a model for footsteps, said
computing apparatus including a central processing unit, memory, input
device, and display;

a sound synthesizer communicably connected to said computing

apparatus, said sound synthesizer being under control of said computing

o N O O » ON

apparatus;
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as knputs. The car speed and engine speed in turn control the synthesizer
20 event generation. The engine speed controls the firing of pistons, each
firing is a separately triggered event (many hundreds per second). The car
speed controls the "runble" of the car strolling along the road. In FIG
14, the wi nd sound nodel consists of a ver>5 smal | nunber of events. Most of
t he user parameters@é}nd the randomfl ctuatlons ffegt the i,same set
of synthesi¥ par anet@yaudip séoraggd'pgﬁgs of; $teHNg Seupgs, sag@§oung§, eiMby affect
themin different vvays For instance Stren th" controls the nean 44
val ue of tﬂm@ p&%ﬁf@l@b‘y %@Pﬁ%by ﬁﬂ'@&omﬂlﬁgmaf%@%ﬁ@ gydie storaget er Q
etc). The "Wdth of Variation" controls the deviation fromthe nean (of the
sanme par amd er dneansicontaining at least onersaund: samplg: whigh is asseciated with
par anet er s. Wnd Strength"” also controls the nunber of |ayers (e.g.,
number of $2 " fpotstapssandi n t he sound. Devel opnent environment The
devel opnent environnent for enbeddi ng sound nodels into 10 applications
needs to b#3richer tamcaudio@utputdneans fdr astputting the aound effdets fonfoudsteps;
selected froma CD, |oaded into the environment, played and stopped. This
is partly bécause sauheteixneﬁaidmmleliuhwmseundnffecisﬁarbasedm\tasgtaftrack, but
rat her involves adjusting paraneters. There is thus an

15 behavioral characteristics of said footsteps, said sound effects being

16 produced from said sound sample by selectively controlling a set of
17 parameters in accordance with said model, said parameters including user,
18 engine and synthesizer parameters.

1 30. The sound effects system as recited in claim 29 wherein said one of

the user parameters is walking speed, and said walking speed corresponds

W N

to engine parameter timing.

1 31. The sound effects system as recited in claim 29 wherein said one of

2  the user parameters is walking style,_ and said walking style corresponds to
3 engine parameter timing.

1 32. The sound effects sSrstem as recited in claim 29 wherein said one of
2 the user parameters is stagger, and said stagger corresponds to engine

3 parameter timing, and synthesizer parameters volume and pitch.

1 33. Asound effects system for producing sound effects modeled after a
2 sound-generating phenomena having a set of behavioral characteristics,

3 said system comprising:

4 a computing apparatus for processing a model for each of the sound
5 effects, said computing apparatus including a central processing unit,

6 memory, input device, and display;

/ .
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i npertant role to be played by an interactive environnent which is separate
15 fromthe target application. The devel opers tool consists of two parts;
the GQU, Figure 3, and the SFX engine. Using the GU, the devel oper browses
t he-dat abase of sound nodel s, chooses the sound nodels that will be used in
an application, and adjusts the sound par a® ers while Iisteni ng to the
sound in real-tinme. 20 There is no code-conpile-listen cycle; sounds are
chosen and 4dj ust ed &§ouad synthesizer saarauricably aonmectashiecsaid compyfing evel
intuitive, and related closely to behavioral characteristics of the
real -wor | d 8ourRPpasaits, saidoeoung sysdbesizer being undes egntrek of saidicamputingh " AM
depth and regularity”). Once the sound has been chosen and paraneteri zed,
t he devel op8r @pparatisiile 25 names where the custonized sound nodel s
(i.e., as set by the devel oper using the user paraneters) will be stored.
To then pl 349 and coran audiostoragesheans fior stotbg sounds; saidisoundsdeing
application, the APl calls described bel ow are used. Application Progranmer
I nterface (AP )contrallablyi actessed byrsaid ¢erhputing eppapalus: saidoaudiorstorage.
initializing the audio engine, |oading sounds, creating a nmap between
appl i cati om2vanheans sontatining at least one sound sample which is associated with said
13  sound-generating phenomenon; and
14 an audio output means for outputting the sound effects;
15 wherein said model of the sound effects is based on the set of
16 behavioral characteristics of said phenomenon, said sound effects being
17 produced from said sound sample by selectively controlling user, engine,
18 and synthesizer parameters in accordance with said model.
1 34. The sound effects system as recited in claim 33 wherein said sound-
2  generating phenomenon is a firing of a gun.
1 35. The sound effects system as recited in claim 33 wherein said sound-
2 generating phenomenon is a moving vehicle.
1 36. The sound effects system as recited in claim 33 wherein said sound-
2 generating phenomenon is applause.
1 37. The sound effects system as recited in claim 33 wherein said sound-
2 generating phenomenon is trickling of stream.
1 38. The sound effects system as recited in claim 33 wherein said sound-
2 generating phenomenon is droning of a machine.
1 39. The sound effects system as recited in claim 33 wherein said sound-
2 generating phenomenon is laughter.
1 40. The sound effects system as recited in claim 33 wherein said sound-

2 generating phenomenon is crowd cheering.
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sound paraneters, playing and stoppi ng sounds, and sendi ng user paraneters
and nessages to sounds. 10 Sounds can be | oaded and unl oaded from
menory as needed. A call to PLAY, FIG 4A wll initiate the playing of the
sound over the conputers sound system and a call to STOP, FIG 4D, wl|
cause the sound to cease playing. After a 8fund has been stopped, it can be
pl ayed again, unless a call to unload has been made, in which case the
sound nodel 1i s415 r dhesaund-effaciefystem as regitedinalaim 33 wharein saidosound:
sound is desired, the PLAY and STOP are the only routines that need to be
call ed. Thu2, genemtingiphenemanor isivdadexact|y as digital audio files have
al ways been used by applications. Devel opers are confronted with nothing
that forces themto deal with the 20 fact that sounds are bei ng generated
algorithmcally in real-tinme rather than being played froma fil-e, other
than that they may notice that sounds are (in general) nore natural and.

pl easi ng because they are not identical each tinme they are played. If
interactive control of sound nodel paranmeters is desired, then a 25 call to
an APl function called SetParam (FIG 4C) acconplishes the task. Al though
sone user paraneters are conmmon to all sounds (e.g. relative 46

%* [ L M -] *



| ocation of sound emtter and listener), and others are unique to a
particul ar sound, all user paraneters are updated through the same base
sound cl ass function. The GU additionally plays a sound docunentation role
here in that the various paraneter 1D s ﬁséound accepts via the APl are the
sane 5 as the nanes displayed along wt he sliders in the GJ.

Typically, the application will control a sound using an application

vari abl e that has a range of possi bl cABSTRACGEternmined by its role in the
application. On the other hand, the sound nodel user paraneter has its own
range of possible values determ ned by how the user paraneter is 10 wused
within the sound object. The range of the application variable can be

i call d ; [
o rezazafﬁa.?!ﬁg#g#’sﬁ%ﬁﬁ“"%%q o for o
er i PF ramw aut ona
a

gi ven user paraneter, a iC F&P tically
performthe proper nmapping. Soun?@g'!'gﬁo lgﬁ‘l larly controlled by a

15 single call to a "mapping” function to establish the units, and "set"

Lunct ons_ 10 U6 et oghiehbet" Syl rsdlis ol RER. Wi o

AT carl ' 1 noagarfoof Rarele oL mEob e el SROBRTRIR I DiRfffigha nodgr e

usual Ty havIORERS: panaRaken it T8 EhAVRIEL PRArEReh o R BBREREYE

mehon & Sl ekGh o205 SR ey iy %endll BB "
Because the sound effects are created from models, the system allows a user
greater flexibility and interactivity. By controlling a set of parameters, the user
can interact with the system in real time. The system is versatile in that it can

produce a wide range of sound-effects, and is' not limited to producing any

particular sound effects or a class of sound effects.

FIG. 1



Is +nplemented (e.g., triggering individual footsteps), and the way 25
paraneter presets are sw tched. 47 Details of Inplenentation To
illustrate the inplenentation details, FIG 4A shows what happens when pl ay
istnitiated, either in response to a user interacting through the 5 GU

or a nessage arriving froma game or ot he-”mpl I cation program After a
nunber of initialization tasks, including a request for the necessary

synt hesi zer channels, the system picks up the current settings of the user
paraneters. It then generates a set of comands such as M D nessages which
are sent to the synthesizer. 1t generates these a short way into the 10
future - atime [X + Safety Margin] which is |long enough to ensure that
delays in the systemw ||l never result in gaps in the audio output, but
short enough that changes in user parafeters cause results whichfare

percei ved as al nost i mredi ate by the uﬁer. The systemtherBinitiates a
systemtinmer which will callback (i rn control to) El'g SHX -engi ne
after tinme X In the 15 neantine er is free to @r

prograns such .as a ganme which the may be. enbed Time X
is typically of the order of 10 - d the Safety
typically of the order of 5 - 10
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FIG 4B shows what happens after tine X. At this point the buffered 20
stream of synthesi zer commands generated as descri bed above is al nbst enpty
(commands corresponding to an anount of tinme equal to the Safety Margin is

| eft before it underruns). The systemfirst processes any changes in
parameters since the last call -these nagyﬂ | ude the internal results of
changes in any of the user paraneters an I'n sonme nodel s) changes due 25
to the progress of tine. Follomnng this, it makes small random changes in
certain internal paraneters in order to introduce subtle fluctuations in

t he 48 sound - this is required for a natural or pleasing effect. It

t hen generates another stream of conmands for the follow ng period X, and
arranges for another callback after that tine. This generate-callback cycle
will continue until the systemis stopped. 5 FI G 4C shows what
happens when one of the user paraneters is changed. As described above, the
systemincludes a sophisticated mappi ng schene where a change in aguser
paraneter can cause changes in any nunber of internal parameters of the

. nmodel .. (This is required in order to ensure that -the user paraneté? behaves
in a way which corresponds well 10 wth the behavi oral characterrstlcs of
t he phenonenon bei ng nodel ed.) This mappi hg schene al so p ovi des f&r both

| i near and non-linear e o 2
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transfornmati ons of the user paraneter value, and these transformations nmay
be distinct for each of the possibly-nmany mappi ngs of user paraneter to

i nternal paraneters of the nodel. After mapping, the paraneter changes 15
may- al so result in the i nmedi ate sending of one or nore synthesizer
commands. I n other cases these paraneteraﬁi ges are acted upon at the next
cal | back (see above). FIG 4D shows what ens when a stop nessage is
received, in response either to a user interacting through the GU, or a
nmessage arriving 20 -froma game or other application program The system
first cancels the pending callback. It then t nt hesi zer conmmands
into the fut}
some sounds
for a natur
nmodi fi cati on}
synt hesi'zer 1
perfornms a ni
t he synthesi j . :
subsequent Pj i I er
nessage is ri
GQUJ, or a ?

FIG. 3
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5 nmessage arriving froma gane or other application program Trigger
nessages are designed to produce a sound effects (or parts of sound
effects) of finite length (typically a few seconds or |ess) which stop of
thetr own accord after initiation. Thus they act basically like a Play with
an automatic Stop, and this flowhart shqg’ be self-explanatory in the
light of 10 the descriptions above. Proc&sS Managenent The process
managenent is one function of the TSCP introduced 15 above and shown in
FIG 2. It nediates both comrands destined for the synthesizer and the

process cal |l back requests. H:a44nJﬁLupLs_LhaL_5¥sLenLLLmers generate for
their decrenent and test cyd e tﬁ.@gﬁg m\'mres purce. | f each of
possi bly many concurrent so d_g?ﬁggqq e || backs fromthe

systemdirectly, servicing the interrupts uld 20 significantly degrade
performance. Instead, a tinme sorted queue processes awai ting cal | backs
is mai ntained by the process manager, and systemtinmer is engaged only
for the next sound process to run. A sinila nechanismis used for commands
sent to the process manager tine-stanped fg output to the synthesizer.

Al t hough each sound 25 prfOTESS generates. comanas. rncnrpnol ogi cal order,
when many processes are rLrlnitialisationr:assign synthesizels manager inserts

channels, etc

Pick up and process settings of all
user parameters

Generate and send synthesizer
commands a short time (X + Safety
Margin) into the future

Program timer to call back after
time X

FIG. 4A



50 eommands in a sorted queue, and sets up a tiner only for the next one
schedul ed to go out. Sone commands, such as interactive controller
messages, are serviced i mredi ately rather than queued. The back-end

synt hesi zer uses 5 these commands to influence any new events that the

process manager sends, even if the event e queued before the "crash

t hrough” controller update. Thus, user ters have a | atency that can
be as great as the call back period for a sound process, but paraneters that
control the synthesis have a shorter control-rate [atency. 10 The
process manager is al so respFunuJn41J:m;_aLLnnaL¢JmL:QunJmas|zer resources to
sound processes and interfadqing wt |¢ -end sypt hesi zer API's.
The present invention may bg enhndlzr éf %ﬂb&gl)&;m fic fbrnms wthout

departing fromthe spirit or essential cha acteristics thereof. ‘The 15
presently disclosed enbodi nents are, thereffore, to be considered in al
respects as illustrative and not restricti e, the scope of the invention
bei ng i ndicated by the appended cl aims and aII changes mhlch come within

t he neani ng and range of ot L:IC A oimar.y o t=irey of ore; to be

enbraced t her ei n. Pro “c':e“s“scéhénges in parameters since
last callback

Make small random changes in
~certain internal parameters for
subtle variations in sound

Generate and send synthesizer
commands a short time (X + Safety
margin) into the future

Pregram timer to call back after
time X

FIG. 4B



51 €LAIMS W Claim 1 1. A sound effects system for produci ng sound
effects nodeled after 2 sound-generating phenonena, each of said phenonena
having a set of 3 behavioral characteristics, said systemconprising: 4

a conputing apparatus for processing a nodel for each of the sound 5

ef fects, said conputing apparatus incl udiama central processing unit, 6
menory, input device, and display; 7 a sound synt hesi zer '
comuni cably connected to said conmputing 8 apparatus, said sound

synt hesi zer bei ng under control of said conmputing 9 apparatus; 10

an audi o storage neans for storing sounds, said sounds being 11

control |l ably accessed by said conputing apparatus, said audio storage 12
means contai ning at | east on T ; flated with said 13
sound- gener ati ng phenonenon; | and WUser Parameter yajueut put] neans for
outputting the sound effects| 15 a¢] Sai d nodelf of the sound
effect is based on the set ot : lLstics of said
phenonenon, said sound effect being 17 prdduced from said sound sanpl e by
selectively controlling-a set of 18 parangters in accordance with said
nodel , said system being capable of 19 pragducing |arge classes of sound
effects. 1 2. The sound effects system recited in Claim1l wherein

sai d set of

Parameter mapping: modify internal
parameters of model, applying ranging, scaling
and transfer functions

Generate and immediately send
synthesizer commands as required

FIG. 4C



2 paraneters includes synthesizer paraneters. 521 3. The sound
effects systemas recited in Claiml wherein said set of 2 paraneters

i ncl udes engine paraneters. 1 4. The sound effects systemas recited in
Clarm 2 wherein said set of 2 paraneters includes engine paranmeters. 1
5. The sound effects systemas recited Z"@j aim?2 wherein said 2

synt hesi zer paraneters include at |east o f the follow ng: volune, pan,
3 pitch, filter cutoff, filter Q anplitude envelope. 1 6. The sound
effects systemas recited in Claim4 wherein said 2 synt hesi zer
paraneters include at |east one of the follow ng: volume, pan, 3 pi tch,
filter cutoff, filter Q arrplltude envel ope. 1 7. The sound effects
system as recited in C ai m 3p S eqet ers i ncl ude
timng, selecting, and order ng. StomeesEagespeoémedect 4 system as
recited in Caim6 wherein Sbi~c-aRg redude tim ng,

sel ecting, and ordering. 1 9. The sound ffects systemas recited in
Claim 1l wherein said set of 2 paranmeters | ncl udes user paraneters. 1

10. The sound effects systemas recited infCaim4 wherein said set of 2
paraneters includes user paraneters.

Cancel timér callback

Generate and send events to
create desired ending to sound
effect

Release synthesizer channels and
perform other cleanup functions

FIG. 4D



1 <11. The sound effects systemas recited in Caim8 wherein said set of
2 paraneters includes user paraneters. 1 12. The sound effects system
as recited in Caim9 wherein said user 2 paramnmeters are represented in a
form of graphic user interface, said graphic 3 user interface allowi ng a
user to control said paraneters. 1  13. 8@ sound effects system as
recited in Caiml2 wherein said sound 2 effects are outputted in real
time in response to a change in said paraneters. 53 1 14. The sound
effects systemas recited in Caim1 further conprising an 2 application
programinterfacing to all ow ol said 3
paraneters. 1 15. The soun Wsff.ects systemas recjitedq ifn Caim 1 wherein
said 2 phenonenon is a real {wdiig éﬁéﬁﬁ@ﬂe eceeqrie sound effects
systemas recited in Claimlfwherein said 2 phenonenon ifs not a real-world
phenonenon. 1 17. The sound eftecltsS systdmas recited tn Claim1l wherein
said nodel 2 includes a plurality of otherf nodels arranged in a hierarchy
consisting of any 3 nunber of levels, said nodels in the hierarchy being
capable of being 4 te ' ; ' pendently. 1

18. A nethod of producijg fnitialistisrheeissigaesynthesizer sqund-
| channels, etc

Pick up and process values of user
parameters

Randomize certain internal
parameters for subtle
variations in sound

Generate and send all synthesizer
commands required for this event

De-assign synthesizer channels and
perform other cleanup functions

FIG. 4E



2 génerating phenonenon conprising: 3 i dentifying a set of

behavi oral characteristics of said phenonenon; 4 obt ai ni ng and
storing at |east one sound sanple which is associated 5 wth said
phenonenon 6 devel opi ng a sound nodel of said event based on said
behavi oral 7 characteristics; 8 nq@ﬁnglating sai d sound sanpl e by
sel ectively controlling a set of 9 paraneters in accordance with said
nodel to generate said sound effect; 1 0 and 11 outputting said
sound effect. 1 19. The nethod as recited in Caim 18 wherein said set of
paranmeters 2 includes synghesizer paraneters. 1 2@. The nmethod as
recited in Claim18 wherei} said set of paraneters I ncl udes engi ne

par anet ers. 54 1 21. The method as recited in aim 19 erein said

set of paranmeters 2 includes engine paraneters. 1 |22. Theggnethod as
recited in Caim19 wherei§ said synthesizer 2 pargneters cl ude at | east
one of the foll ow ngkg vol uje, pan, pitch, filter 3 jcutoff |Iter

anpl i tude envelope.'n_ _ ”///}i

3!

Synth Param

/
/

Timing/Selecting/Patterning

‘User Param

|
- Synth Param

FIG.5
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1 23. The nethod as recited in O aim21 wherein said synt hesi zer 2

paraneters include at

filter 3 cutoff,

rectted in Caim20 wherein
sel ecting, and ordering.
sai d engi ne paraneters 2

The net hod as reci

The net 4'071

I nclude timng, selecting, and ordering. 1 26.
i said set of paraneters 2

one of the follow ng: volune, pan, pitch,
anpl i tude envel ope.
said engine paraneters 2 include timng,

1 24. The nethod as

recited in Caim20 wherein

i ncl udes user par
said set of parang
recited in daim 2
paraneters. 1 29.
footsteps, said 2
processi ng a nodel
central processing
sound synt hesi zer

sai d sound syntheg'

S

recited in Claim2l1 wherein
ers. 1 28. The nethod as
brs 2 includes user
5roducing sound effects for
h conputi ng apparatus for

i ng apparatus including a
b, and di-splay; 6 a

I conputing 7 apparatus,
hi d conputing 8 apparatus;

Synthesizér Parametar§ - — (,

Pan

FIG. 6
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55 9 an audi o storage neans for storing sounds, said sounds being 10
control |l ably accessed by said conputing apparatus, said audio storage 11
means containing at | east one sound sanple which is associated with 12

footsteps; and 13 an audi o out put neans for outputting the sound
effects for footsteps; 14 wher ei nq4sgMqge nodel. of the sound effects is
based on a set of 15 behavioral character cs of said footsteps, said
sound effects being_16 produced from said saqund sanple by selectively
controlling a set [of| &7 4lP aWeders n{ agcga e with sai.d nodel, said
par anet ers including'gsg;, 8 #ngin Andl S Esizer paraneters. 1 30.
The sound effects|sy efg as| r gcijt gd =i cliai wherein said one of 2 the
user paraneters i 4 wagkialg pgec, and faild ng speed corresponds 3 to
engi ne par aneter tin”ﬁgg‘l 3L. | The} sbupd Cts systemas recited in
cl ai m 29 wherein dai prome —P—1tHeoser1e ers is wal king style, and
sai d wal ki ng styl 4 cb&respo dE o |3 ENgi N fameter timng. 1 32. The
sound effects systlqsEsCHee) t ¢dii %] a| m| 24 fein said one of 2 the user
paranmeters is stag L ard kald stfaglgef ¢or bnds to engine 3 paraneter
timng, and synt hg® pFer—gearprpter-g—vpHh tch. 1 33. A sound
effects system for '3dQ§inE 504Ng ef f gctts ed after a 2
sound- gener ati ng pn_TEngra Myi g |aXe f yi oral characteristics,
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3 said systemconprising: 4 a conputing apparatus for processing a
nodel for each of the sound 5 effects, said conputing apparatus including
a central processing unit, 6 menory, input device, and display; 56 7

a seund synt hesizer communi cably connected to said conmputing 8 apparatus,
sai d sound synt hesi zer bei ng under contrqbnfs said conmputing 9 apparatus;
10 an audi o storage neans for storing sounds, said sounds being 11

controllably accessed by said .c uting apparatus,_said audi o storage 12

neans containing qt {lg¢asl ¢ng spund{sanple which |sias i pt¢d [wifthisaid 13
sound- gener ati ng phgBnghon; ang 4 an aud] o] &utgaut | mparjs [fo
Eg ' * Wk

out putting the soding pctis¢| x wher ei n shi el { of tihe ﬁpund
effects is based ¢n tg'l b e df [L6] Behavi oral chala @rﬁst c$ qf |sald
f § edriHb

f
ml Wi f dct ai i ot nd shnpl e by

7]

phenomenon, said

— O
—

be{ng 17 produced

sel ectively contr Hg—sg—t-epgtng, 18 and syn| hgsizef affetiers i n
accordance with s idégndﬁl. 1 B4y |The sound effpc %.systan1as rlecited in
claim 33 wherein $g|& DBund- |2 gEnJrating phenoWaQEQaf'Lringo a gun.
1 35. The sound gf‘ectF gyt em qs recited in cl Pg 3 mheréig sai g sound-
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2 g@enerating phenomenon is a noving vehicle. 1 36. The sound effects
systemas recited in claim33 wherein said sound- 2 generating phenonenon
is applause. 1 37. The sound effects systemas recited in claim 33
wherein said sound- 2 generating phenonenon is trickling of stream 1 38.
The sound effects systemas recited in Cbﬁpﬁl 3 wherein said sound- 2

gener ati ng phenonenon is droning of a na e. 1 39. The sound effects
systemas recited in claim33 wherein said sound-_2 .. generating phenonenon
is laughter. 1 40. |[THepsgfnd ef fects systema i ed i nf claijm|33
wherein said sound- 3 |®ngyat|i ghenonenon i's|cr hderj ng. 57 1

41. The sound effects mias| xpci ted in claijm erfein gaijd jsound- 2
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