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Abstract. This document looks generally at
the application of synthetic audio to video games and
presents some experimental results and analysis from
research in generating efficient synthetic sound for vir-
tual worlds. Dynamic sound effects for real-time use
in game worlds require far more careful thought to de-
sign than brute force methods employed where sound
is computed prior to delivery, not just in terms of static
computational cost, but in how they are structured and
behave when parametrised by world events. To make
synthetic audio a possibility for the next generation of
game audio compromises must be found that satisfy
several conflicting variables. Examples are presented
that demonstrate cost effective approximations based
on key physical parameters and psychoacoustic cues,
what can be called ”Practical synthetic sound design”.

1 Why the move towards synthetic sound?

Some may argue that synthetic audio has always been
a solution looking for a problem, that synthesisers were
just fashionable musical toys in the 1980s. Now a real
problem has arrived. That problem is how to provide
the colossal amounts of content required to populate
virtual worlds for modern video games. While graph-
ics technology has received an enormous investment
of money and attention sound, despite claims in de-
fence of the games industry [2], is still in the dark ages
in terms of technology. The reasons for a reluctance
to embrace progressive technologies deserves an entire
study by itself, which I will address elsewhere.

1.1 Generating content

Anecdotally, it seems as of Autumn 2007 many direc-
tors and project leaders in game development are real-
ising it is challenging to generate sufficient content to
populate worlds even with a full-time team of sound
designers. The size of games worlds and the number of
objects will continue growing. One solution for mas-
sively multi-player worlds such as ”Second Life” is to
rely on user generated content. Disadvantages to this,
are unreliability, inconsistency and lack of appropri-
ate control. In any case it is desirable to have de-
fault sounds for most classes that are overridden by

user content. Massively single-player models such as
”Spore” rely on procedurally generated content. There
are important differences between procedural content
and synthetic content which are subtle, and will be dis-
cussed later, but essentially synthetic audio is an exten-
sion of the ”massively single-player” approach applied
to the general case of virtual world sounds.

Growth The mapping between objects and their vi-
sual manifestation is one to one. Although many in-
stances of a particular object may be created, for each
instance there is one mesh and one set of textures that
defines its appearance. Regardless of the distance from
which it is viewed or the lighting conditions the same
data is used to represent an object. By contrast, sound
is an interactive phenomenon, so there is not a fixed
number of sounds belonging to one object. If you like,
the number of ”object views” is greater than for visual
appearance.

Relationships If we take the entity relationship ”col-
lides” to be unique per object pair then the growth
is factorial. Of course this is overkill, for the ma-
jority of relationships such as hammer->hits->bell

or anvil->hits->bell are indistinguishable. But the
number of realistic couplings that lead to distinguish-
able excitation methods and consequent sound pat-
terns is still large. An object may by struck in a
glancing fashion or impacted by a body that remains in
contact, it can be scraped to cause frictional excitation,
blown to excite an air cavity or shaken by a nearby cou-
pled source into resonance. These things can happen
in air or underwater affecting the speed of sound in the
medium, or while the object, observer or propagation
medium is in motion causing Doppler effects. Addi-
tionally, any sound object may be parametrised by a
set of continuous physical variables far more extensive
than the small number of vectors defining appearance.

Combinations Consider for example the case of foot-
steps in traditional game sound design. Conservatively
we might have 20 surface textures such as wood, metal,
gravel, sand, concrete and so forth. We must multi-
ply this by the number of characters that have unique
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footwear, perhaps 3 or 4, and again by several distinct
speeds of movement since a footstep sound is different
when the player creeps, walks or runs. We might also
like to factor in the weight of the player according to
personal inventory, and maybe adapt the footsteps to
reflect the work done ascending or walking on a level
surface. Taken as discrete states this matrix of possible
sounds quickly grows to the point where it is difficult
to satisfy using sample data. Difficulties arise with
consistency of level and quality as the data set grows.
We get to the point where processing is better deferred
until performance (play) where continuous rather than
discrete control is possible.

Access A further problem arises with the length of
play and arrangement of the audio data pool. Some
adventure games may extend beyond 40 hours of play.
”Heavenly Sword”, a recent PS3 title boasts over 10GB
of audio data. 10GB of data requires careful memory
management, placing data at reasonable load points
and forcing the flow of play to be over-structured. This
moves us towards a linear narrative more like a film
than a truly random-access ”anything can happen” vir-
tual world. From many points of view we are approach-
ing a situation where it may not be possible to continue
extending game audio content within the data model,
even with advanced storage like Blu-Ray or HDVD.
The storage requirements are dwarfed by data man-
agement requirements.

1.2 Parametrising content

Some variations of sound, traditionally handled by
blending loops of given states, are hard to recreate with
the data model. Composite objects such as an vehicle
engine or other machines may have many sounds that
are ascribed to the same source depending on continu-
ously variable parameters rather than events or states.
The sounds of an engine starting, accelerating, stalling
or misfiring are all different, yet come from the same
source. The sound of an engine close to the cylinder
block, inside the vehicle, at the rear close to the ex-
haust, or the sound of a distant vehicle speeding away
are all different manifestations of the same object. To
maintain a continuous relationship between all these
positions and states while keeping the components syn-
chronous for blending is difficult. Techniques devel-
oped for manipulating sample loops [10] are very poor
in comparison to synthetic methods and since this has
been a recurring complaint from players and develop-
ers alike we are keen to encourage developers to look
at embedding code for vehicle engine synthesis.

Dynamic and varied content ”Dynamic” in this case
does not refer to the range of loudness but to the ability

to reconfigure the DSP during performance, for exam-
ple to dynamically alter a filter as an object moves
around. Sample data intrinsically lacks dynamics, it is
a fixed recording of a sound. Research has been con-
ducted and articles written [15] on avoiding too much
similarity when using sample data. Many of these
amount to introducing random playback points, replay
speeds and filter settings. These can really only be
seen as temporary remedies or tricks. A major strength
of synthetic sound is introducing variations that mean
no two sounds from the same event need ever be ex-
actly the same. This is an inbuilt feature of subtractive
methods that use noise as the basis waveforms. No two
examples of the same impact using a noisy excitation
and material formant approach will ever have exactly
the same time domain waveform. Although the differ-
ences may be extremely subtle, or even immeasurable
by spectral analysis, the brain has a peculiar ability to
recognise that these sources have some ”live” quality
compared to exactly the same waveform replayed over
and over using sample data. Although I have no hard
experimental evidence to support the claim it seems
they are less fatiguing. Sometimes it is desirable to in-
troduce subtle variation into sound events that are very
similar but distinguished by a continuous variable. An
example is a dropped ball which sounds very slightly
different on each bounce as it loses kinetic energy to
entropy. Some objects like bells and tubes create dif-
ferent sounds depending on their state. A tube that
is already vibrating and is then struck in a different
location incorporates the new excitation into its vibra-
tion pattern to make a different sound than if it were
struck while at rest. This is mentioned later where we
consider the advantages of waveguide models, though
I would like to note here that it is not possible with
sample data because superposition cannot reproduce
it.

2 Synthesis Methods

Traditional approaches to synthesis tend to focus on
one method and attempt to use it universally. Here I
am concerned with efficient results rather than an at-
tempt to explore the theoretic limits of any particular
method. Theoretically the range of timbres obtainable
from each method is equivalent, but in reality there
are boundary conditions that limit each to a practical
range. For example, additive and subtractive methods
are complementary, each containing a special case that
is extremely expensive in one method while trivial in
the other. The practical approach is to use DSP built
from hybrid methods, to use all the tools in the box.
That means not being limited to spectral, physical, or
time domain waveform modelling, but rather to use
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each as it is appropriate. Physical and psychoacoustic
interpretations are also very important. They repre-
sent the end points in a synthetic facsimile, the cause
or production mechanism is rooted in physics, while
the effect is psychological and perceptual. Many solu-
tions in practical synthesis involve some kind of ”trick”
or efficiency. Some of these are undocumented, but the
majority are taken and used creatively from literature
on psychoacoustics [12].

2.1 Synthesis Implementation

Our synthesis methods are developed in Puredata.
While dataflow systems cannot express all idioms re-
quired to make any kind of DSP, for example it lacks
recursion and effective sample accuracy to implement
IIR filters, it is extremely productive, easy to to work
with and covers 90 percent of requirements for syn-
thetic sound design. Because games developers have
never adopted such a thing as a real ”sound engine”
(meaning a system capable of executing arbitrary DSP
graphs), it is currently necessary to rewrite code us-
ing Faust [17], STK [4] or hand craft the prototypes in
C/C++. Hopefully tool-chain improvements will soon
make it possible to write synthetic sound objects di-
rectly in dataflow for execution on game consoles. Nev-
ertheless, current design approaches must look ahead
as if such a path were already available, so many pro-
gramming techniques are used in anticipation of real-
time client-side execution. At all stages efficiency is
paramount. One constraint is to avoid the use of mem-
ory operations as much as possible. Wherever possible
an efficient computational solution is preferred to one
involving a lookup table. Most algorithms start with
one or more phasor blocks, an accumulator from which
other periodic functions can be derived. Sinusoidal and
cosinusoidal functions are efficiently calculated using a
truncated Taylor series approximation, or a reflected
4 term parabolic approximation. Noise is obtained by
linear congruential pseudo-random generation. Wave-
shaping operations such as Chebyshev tables can in
many cases be substituted by polynomial expansions
limited in range to the areas we are interested in. The
reason for avoiding memory table structures is to facil-
itate future execution with parallel threads across mul-
tiple processors where it is easier to manage numerical
code expressed in a purely procedural way without ref-
erence to shared resources. Simple FM and AM meth-
ods that do not require ”musical accuracy” are quite
effective for sound effect design. As given by Arfib and
LeBrun there is an equivalence between FM and other
non-linear methods. Hybrid non-linear synthesis meth-
ods that can be interpreted partly as waveshaping and
partly as modulation are attractive because they can
yield natural spectral evolution with great efficiency.

The disadvantage of these is that they must often be
designed specifically for a narrow class of sound ob-
jects, such as pipes, metal sheets, strings and so forth,
and are not easily programmable as general purpose
sources.

2.2 Physical Modelling

The disadvantage of waveguide methods [5] is their re-
quirement for memory in the form of circular buffers
for propagation delays and resonators. Mass-spring-
damper networks are efficient in terms of element cost
but require an extremely large number of elements to
approximate realistic sounds. Again, a practical com-
promise is to combine waveguide or MSD methods with
non-linear ones to construct hybrid structures which
take the best of both approaches while offering effi-
ciency. A waveguide tapped at critical points or MSD
oscillator comprising a small number of elements may
be substituted as the primary oscillator in a hybrid
system to add ”statefullness ”, by which the sound
of an object depends on its previous level of excite-
ment. This works well for struck tubes and bells and
”dropped” sounds where objects undergo a large num-
ber of collisions at different points on the body within
a short time interval during bouncing or rolling.

2.3 Granular approximation

Granular synthesis is appropriate for a class of sounds
that are heterogeneous extents. Examples are water,
waves on the seashore, rain and crowds of people. In
the case of crowds, one example investigated is ap-
plause. Individual clapping is easily synthesised by
carefully filtered noise bursts. Difficulties arise when
combining a large number of these. Statistical analysis
of density [14] can help with getting correct sounding
results but it is hard in practice to achieve a consis-
tent and realistic composition from summing individ-
ual claps efficiently. It was found that beyond a certain
density, about 20 claps per second, blending in gran-
ular noise with the correct spectrum in order to blur
the composite effect gave great results at low cost.

2.4 Dynamic DSP graph construction

An interesting advantage of the dataflow system given
by Pd is that instead of sending entire synthesisers as
sound objects to the client we can build new ones at a
low background cost by sending instructions to insert
and connect new atomic objects. This is a big advan-
tage over the previously proposed MPEG4.SA mecha-
nism for delivering synthetic sound to a remote client.
Instead of sending unit generators or entire synthesis-
ers we send procedural ”code to build code”. Unfor-
tunately it isn’t yet possible to do this on a ’live’ pro-
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cess. Ideally we would like to be able to construct
DSP chains dynamically, adding in unit generators or
new abstractions and crossfading these into the run-
ning sound once stable. Unfortunately a current lim-
itation of Pd, which is built on a doubly linked list
datastructure, is its requirement to rebuild the entire
DSP graph when new units are inserted which causes
clicks and audio dropouts. Some thought is presently
being given to this problem by Pd developers.

2.5 Voice management

The ability to abstract DSP operations and instanti-
ate parallel or cascade forms in a single operation is
powerful. Supercollider and Fausts DSP algebra are
both able to do this but neither replaces Puredata for
efficient real-time execution, the latter being an in-
termediate stage for producing compilable C++ code.
While it currently has some shortcomings Barknechts
[nqpoly4] unit is a powerful device for achieving sim-
ple parallel voicing for granular synthesis. Techniques
borrowed from music technology are quite appropriate
for most sound effects, which are either sustained or
one-shot decaying patterns. DSP code may be turned
off and deallocated once a sound has decayed beyond
a threshold value. Polyphony of can be handled by
voice stealing from least active or quietest instances,
or simply allocated round-robin from a fixed pool.

2.6 Dynamic level of detail

We wish for sounds to grow or diminish in detail with
proximity, atmospheric damping and occlusion as the
player or objects move around. In traditional game au-
dio technology such as the FMOD engine, simple at-
tenuation or low pass filtering is applied as a function
of distance. Synthetic sound wins out over data driven
sound as we approach the condition of large scale sound
scenes, between 100 and 1000 concurrent sources. Sam-
pled data retains a fixed cost per source, but the den-
sity of a typical scene has a limit, both in the practical-
ities of accurate summation and the psychoacoutics of
superposition. At around 100 signal sources the effect
of contributory sampled signals for their cost dimin-
ishes. On the other hand a synthetic solution can offer
variable cost per source. An example of this is breaking
glass where we model each fragment as it falls onto the
ground. A synthetic method can produce very realis-
tic results and still retain a high degree of audio visual
correlation by replacing the peripheral fragments with
single sine or noise granules while providing a high level
of detail for fragments that fall close to the player.

3 Examples

I have scores of examples of efficient real-time exe-
cutable sound effects at various stages of development.
Some of the more advanced synthetic sound objects
in development include animals such as birds (from
[16], [13], [11], [7]) and mammals, weather features
such as rain and thunder (from [9]), or particular ma-
chines such as cars or aeroplanes. Most of these have
specific features which are too detailed to discuss here
and I am constantly exploring innovative new ways to
parametrise them according to more detailed physical
interpretations. The five examples below are given be-
cause they illustrate one or more general features that
are common to other models or general principles that
have emerged during research.

3.1 Material and structure

Once class of sounds accounting for the vast majority
of incidental audio in any scene is excitations of fixed
structures. Dropped objects, bullet impacts, doors
closing and so forth. Noisy impulses applied to net-
works of parallel and cascade filters may be used to
approximate the static formants of almost all common
materials. In thinking about how to synthesise materi-
als generally it is necessary to consider the propagation
of energy within it. Ideally large MSD networks would
be used, but these are too expensive so we need to em-
ploy less expensive filters with data from spectral anal-
ysis and some heuristics. There is some correlation be-
tween bulk modulus, density and damping. The exact
damping of a material is not easy to predict from it’s
chemical composition, it also requires knowledge of the
microstructural composition. For example, wood and
cardboard are both cellulose fibres but have different
densities and arrangements of material. Textbooks of
physical and material constants are helpful in picking
numbers, but occasionally it is necessary to just exper-
iment with real materials and a spectrograph. Sound
file 1 gives metal plate, card, wood, glass and metal
formant modelling examples.

Propagation and damping Energy is reflected more in
elastic materials such as glass than in wood, with met-
als lying somewhere between. Data has been taken
from uniform excitation of plastic, cardboard, wood,
china, metal and glass with equal geometry in order to
create cheap filters that approximate these materials.
Of course it is not possible to separate geometry, and
eigenmodes of propagation, from the absolute frequen-
cies found in any sample. What matters is the ratios
of each frequency and the ratios of decay which are

1http://www.obiwannabe.co.uk/sounds/effect-
pmimpacts.mp3
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set by filter resonance. To a certain degree these sim-
ple formant filters can then be scaled to account for
larger bodies of the material. Formant filters of this
kind may be used as coupling materials to construct
composite objects. An common example from musical
instrument literature is to insert a virtual bridge be-
tween the string and sounding board of a violin, but
this technique can be used generally to create many
sound effects by considering the physical construction
of an object.

Telephone The example given is a telephone bell2.
What makes this sound effect work more than anything
else is the crude approximation to ”bakelite”, a ther-
mosetting resin used to construct old style telephones.
The bells alone, which are additive models, sound rea-
sonably good, but the sound comes alive when we add
a short noise burst to approximate the solenoid arma-
ture coupled to the body of the telephone. Compos-
ing sound by thinking about the physical coupling of
materials leads to coherence. The second example is a
creaky door3 which comprises two parts. The first part
is a squeaky hinge and the second part is the slam of
the door in its frame. In reality the hinge is attached to
the door, so it makes a sound that is strongly affected
by the properties of the door not just the hinge. By
making the squeaky hinge resonate through the same
filter as used for the door we bind these sounds into
something that is recognised as the same object.

3.2 Fire

Fire is great example used to demonstrate dynamic
level of detail4. The full model itself comprises a com-
ponent analysis of the physical processes during com-
bustion of wood. Different models are used for gas and
liquid fires, but the ”bonfire” example covers all of the
properties we are interested in. It is an example of
a heterogeneous or composite sound, comprising many
different sources that together create the desired effect.
These, (with the common English word used for the
sound in parentheses) are, fragmentation of fuel (crack-
ling), outgassing of water vapour and other gaseous
phase compounds (hissing), aerial conflagration of par-
ticles (fizzing), turbulence at the gas combustion front
(roaring), settling of fuel (clattering), quasi-periodic re-
laxation oscillation during outgassing (whining), and
low frequency air induction (woofing). In addition
we may consider some more processes such as stress

2http://www.obiwannabe.co.uk/sounds/effect-
oldphonebell.mp3

3http://www.obiwannabe.co.uk/sounds/effect-
doorcreak1.mp3

4http://www.obiwannabe.co.uk/sounds/effect-fire.mp3

caused by thermal expansion of fuel and nearby ob-
jects (groaning) and boiling of liquid phase components
(sizzling, bubbling). Each of these components may be
approximated with its own unit generator, the details
of which are too complex to consider here, but the
essential feature is that they are causally linked and
blend in a particular way according to the intensity of
the fire and the distance of the observer from it. The
example shows a simplified model of fire that would
be used at a medium level of detail. It contains the
hissing, roaring and crackling elements.

3.3 Wind

Wind is an example of implicit production. Wind
makes no sound at all, it is other objects in the path of
moving air flow that make the sound of wind. There-
fore every object in a scene has the potential to make a
sound caused by turbulent flow around it. This would
be impractical in a real scenario and raises the inter-
esting question of how to limit objects that have uni-
versal implicit production methods. The boolean qual-
ifier ”Can” might be applied to objects that Can_Burn,
or Can_Fragment. They represents a threshold qual-
ifier that is evaluated before investigating any degree
of combustibility, fragmentation or ability to howl in
the wind. Objects that Can_Howl might be telephone
poles and wires, rough surfaces of brickwork or large
rocks. So wind is a distributed extent that emits from
many objects in the location of the player. The key
to a good wind sound is to model this parallelism, of-
ten with just 4 or 5 sources within a certain radius of
the player. Wind sounds themselves 5 are extremely
simple, band-passed noise with a fair degree of res-
onance and a center frequency that maps to the air
velocity. Narrow objects like wires tend to emit higher
and more resonant sounds, they whistle. Large irregu-
lar objects like rocks form the unfocused rushing sound
of the wind. The psychoacoustic trick to really nice
wind is to recognise that although each emitter moves
in parallel there is a non-trivial propagation time as
the wind moves across the scene. If the wind direction
is left to right then a slight delay in the rise and fall of
sources on the right side relative to the ones on the left
produces the correct effect. This is achieved by simply
low pass filtering the control signal.

3.4 Water

Flowing water is a homogeneous extent, being com-
posed of many asynchronous sources that approximate
to a rising sine wave distributed across a surface. These

5http://www.obiwannabe.co.uk/sounds/effect-
wind2.mp3
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are the result of air resonating in small cavities pro-
duced as the surface is disturbed. The body of water
itself imparts some resonance to the sound and indi-
cates depth. The density of the sine wave components
is a good indicator of speed of flow. We can approx-
imate most bodies of flowing water with three vari-
ables, depth, speed of flow and impedance. The last
of these is a measure of how much obstruction the liq-
uid encounters causing irregular movement and cavi-
ties. There are several interesting ways of synthesising
water such as subverting noise reduction algorithms,
taking the FFT of noise and thresholding out all but
a few of the mid range components before resynthesis-
ing with an inverse FFT. A less expensive way is to
employ an additive/granular method which composits
many small bursts containing a rising sine wave. The
example given 6 is an efficient algorithm developed by
trial and error that takes the positive part of the first
difference of low pass filtered noise and uses it as a
frequency modulator for a sine oscillator.

3.5 Footsteps

This is an example which demonstrates the range of
real-time parametrisation possible 7. It is based on
an analysis of bipedal movement. Actor speed and
weight are combined with a footprint pattern to ob-
tain a ground response force (GRF) which approxi-
mates the pressure at each stage of a step. There
are three parts for each step, one for the ball of the
foot, one for the heel, and one for the outstep. On
each step the weight is transferred from the heel to the
ball in a pattern that depends on whether the actor
is accelerating or slowing down, moving uphill or on
the level, because different amounts of work are done
in different parts of the foot [3], [6]. As the player
moves between different speeds the phase relationship
of six parts, three on each foot, changes. Running in-
volves a quite different sequence than creeping. The
former maximises locomotion, the latter, which is a
feature of predators, minimises the change in GRF for
stealth. Walking is a compromise that trades off ef-
ficient locomotion against energy expenditure [8], [1].
These control cycles have been modeled using polyno-
mial approximations of the GRF curves and fed to a
simple granular synthesiser that gives reasonable dirt
and gravel surface textures. With a set of synthesisers
appropriate for different surface textures this arrange-
ment can replace many megabytes of sample data with
a few kilobytes of code while giving subjectively supe-
rior results.

6http://www.obiwannabe.co.uk/sounds/effect-
water1.mp3

7http://www.obiwannabe.co.uk/sounds/effect-
footsteps-gravel.mp3

3.6 Machines

Some machine sounds are ambient keypoints, from the
players point of view they are always running and al-
ways have been running. Noises such as fans, ven-
tilation blowers, refrigerators and generators are part
of the furniture in a world level to add a background
ambiance. In the simplest interactive case a machine,
weapon or tool always has at least one event hook to
”activate”. This is usually a boolean toggle and im-
plies deactivate. This immediately adds three other
considerations, a switch sound to activate/deactivate,
and start and stop versions of the continuous running
sound. It implies a transition between the two states,
one for starting up and one for stopping. Machines
that have higher degrees of control may require several
continuous variables, and of course these are unique
to the object in question and can’t be discussed here
generally. At least one will usually be some kind of
speed/intensity control. When speed or intensity of
a variable change there is often a secondary effect,
for example a machine acts differently under changing
load while the motor spins up than it does at a con-
stant work rate, so we often derive |dV/dt| as an auto-
matic continuous variable. The more interesting class
of machines are mechanical, because we can consider
real physics. Electronic machines are entirely from the
realm of fantasy and can have arbitrary sounds. It’s
worth noting that all machine sounds are a result of
inefficiency and friction. Perfect machines would make
no noise at all in theory.

Propeller Fans and propellers are modelled by a vari-
able slope pulse wave modulating a resonant filter and
short delay 8. Sound emits from the blades as turbu-
lence noise and is modulated in frequency by Doppler
effect from the fast moving edges. Where the listener
is perpendicular to the plane of rotation a more even
sound is heard, but as the blade edge reaches a rota-
tional velocity of 340m/s a chopping/snapping sound
is heard where the listener is in the plane of rotation.
The apparent position of the listener can be changed
by altering the attack slope of the pulse wave. This is
good for helicopter sounds or aircraft that move past
the listener.

Electric motors Motors are modelled by considering
their design, generally the brush and commutator type
which give a high pitched whining sound 9. Some
sparking, which is modelled by chirp impulses can be

8http://www.obiwannabe.co.uk/sounds/effect-
propellers2.mp3

9http://www.obiwannabe.co.uk/sounds/effect-
robotmotors.mp3
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added for good effect. One of the strongest characters
that affects a motor sound is the resonance of the hous-
ing and how it is mounted to a support. If a motor is in
a metal housing we use formant filters of short waveg-
uides to simulate the body resonance. A particular
subversion of FM is very helpful here, by modulating
the carrier and keeping the modulator fixed in a simple
FM block we can simulate the effect where the body
resonates at certain speeds. This is very effective for
starting and stopping sounds.

Switches Levers, switches, solenoids and relays are
all impact or friction excitations that can be broken
down into a simple series of clicks and resonances. The
fourth power of a line segment is usually good enough
as an exciter pulse to an allpass network or formant
filter built according to the materials involved. Ratch-
ets and cogs are simulated by repeating the excitation
in a regular way. Again, the greatest influence on the
sound is not that of the switch components themselves,
but the surface it is mounted on. A lever mounted on
a wooden board makes a clunk that is dominated by
the resonance of the wooden panel. The example given
demonstrates an alarm clock built from a synchronous
arrangement of contributory clicks that have a common
resonant body 10.

Mechanical assemblies Other components are mod-
elled on a case by case basis. Virtual gears, belt drives,
and reciprocating or pendulum mechanisms have all
been created as the components of man made mechan-
ical devices. The trick is to design each as a syn-
chronous component so that they can be plugged to-
gether to create more complex machine sounds. It is
easy to give a synchronous component its own clock
source to make it asynchronous, but not the other
way about. The example given is from the ”Machine-
Machine” 11, an early version of a general purpose mo-
torised device. It features a fan, noise source, gearbox
and switching sounds as well as an overdriven pipe res-
onance model to simulate petrol engine exhaust.

4 Conclusions

Efficient synthetic methods for game audio have been
demonstrated. No single synthetic method solves all
required cases and a mixture of approaches is required.
Issues like dynamic level of detail and cost manage-
ment have been examined and some approaches of-
fered. Much of the groundwork for specific elements

10http://www.obiwannabe.co.uk/sounds/effect-
alarmclock.mp3

11http://www.obiwannabe.co.uk/sounds/effect-
machines6.mp3

has already been done by researchers working on audio
synthesis. It has been built upon here and will continue
to be improved by the next generation of synthetic
sound designers. Like the field of computer graphics
the realism of synthesised audio will improve dramati-
cally once a serious investment is made in the technol-
ogy. With the appearance of multi-core processors the
deployment of synthetic audio in games is no longer
limited by resources. Programming problems such as
making good use of parallelism, managing a highly dy-
namic DSP graph in an environment with variable re-
sources, and automatically generating filter coefficients
from geometry eigenvalues still exist. Larger scale soft-
ware engineering issues allowing producers and design-
ers to work on sound objects ”in world” with appro-
priate tools should be a priority for practical use. A
reasonable and measured approach to commercial de-
ployment is to incrementally introduce the technology
alongside existing methods.

4.1 Future directions

I believe this is a unique project which attempts to
bring together the work of many researchers and add
new insights. The aim is to provide the full range of
synthetic sounds necessary for a complete video game
and control strategies to manage them. This will take
interactive sound far beyond the possibilities of cur-
rently used sample data. More work must be done
to make effective demonstrations, starting with small
games projects where the audio can be complemented
with synthesis. The final goal of hearing a real-time
generated fully synthetic game audio soundtrack using
a proper ”sound engine” is some way off. The remain-
der is advocacy and biding time for the opportunity to
assemble a team capable of attacking this task. The
next stage is to take this work in-house and evaluate
the ability of sound designers to work with the concept
of automatic generation, and using dataflow tools to
construct sound objects with dynamic methods.
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