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This document has been compiled to assist in the preparation of wave field synthesis scene files for the

Game of Life wave field synthesis system.

Definition: A !scene file" is the set of instructions that ties the sound files to spatialization information in a

wave field synthesis.

Preparation:

Before creating your WFS (Wave Field Synthesis) scene for compatibility with the playback engine of the

Game of Life system, please pay attention to the following requirements:

1) Sound file requirements:

a. Every sound source appearing a given WFS scene should be a saved as a separate

Mono file. (If the same sound appears more than once in a scene, it is only necessary to

have one copy of that sound file in the sound file folder).

b. Sample rate should be saved at 44100 as either .AIFF or .WAV file format (They can be

either 16 bit or 24 bit).

2) Sound file folder location on your hard drive:

a. Before designing a WFS scene, place all the sound files to be used in a single folder of

your own title inside another folder titled !WFSSoundFiles" on the root level directory.

The file path pointing to a soundfile in this folder should read similar to the

following:

/WFSSoundFiles/MySoundFileCollection/Noise_1.wav

Note: the folder location requirement is only necessary if you plan to be using the GUI
interface for generating your scene files.

Wave Field Synthesis System Limitations:

The listening space:

Playback of the WFS scenes in the Game of Life system will be completed on the frame array of

192 loudspeakers that provides a listening space of approximately 10 x 10 meters (see schematic

layout drawing at the end of this document). The WFS rendering engine can render sounds both

inside and outside of the designated arrays – there is no limit to the distances of the rendered

sources.  Please note that the system does not support movements in the vertical axis.

Rendering limitation:

The rendering of simultaneous moving sources can be taxing on the calculation engines. For this

reason we recommend not to exceed the limit of 28 simultaneous moving sources, 60 static

sources or 60 plane wave sources to be playing simultaneously at any given moment in your

scene. It is also advisable when using multiple moving sound sources not to have all the sources

starting exactly in unison (5 ms offset between the various start times should be enough to avoid

calculation surge problems).



!Scene File" Format and Code Example:

The Game of Life system uses a GUI interface scripted in the program SuperCollider.

The !Scene" files designed from within the GUI environment are saved in XML markup language.

Since these files contain only the information that ties the sound files to time-line instructions in a

spatialization scheme, they consist of short human-readable instruction files. The file can

automatically be saved from within the GUI environment, or alternatively scripted by hand in a text

editing program.

The following is a typical example extracted form a scene file code:

The script describes an instance of a static sound source (played from a file named !Noise_1.wav")

that will begin playback 20 seconds after the scene has started counting. The sound event location

will appear at x = 6 meter, y = 2 meter off the center of the WFS playback space:

</event><!--EVENT -->

        <event dur="10" startTime="20" track="1">

            <synth defName="WFS_static_buf" dur="10" fadein="0" fadeout="0" level="1">

                <args input="0" pbRate="1" loop="1"/>

                <filePath numFrames="26460032"

startFrame="44100">/WFSSoundFiles/TestSounds/Noise_1.wav </filePath>

                <point x="6.0" y="2.0" z="0"/>

            </synth>

Spatial Sound Assignment:

There are six spatial rendering types that can be assigned to sound sources:

“WFS_static_buf” designates a static point source playing a buffered sound file

“WFS_linear_buf” designates a dynamic point source playing a buffered sound file

“WFS_plane_buf” designates a static plane wave source playing a buffered sound file

“WFS_static_disk” designates a static point source streaming a sound file from hard disk

“WFS_linear_disk” designates a dynamic point source streaming a sound file from hard disk

“WFS_plane_disk” designates a static plane wave source streaming a sound file from hard disk

Scene Building Instructions:

As mentioned before, there are two methods in which one can prepare a scene file:

1) By scripting the spatialization information directly into the XML text file.

2) By designing and saving files from within the SuperCollider program GUI interface.

Scene Building By Manual Hand Scripting:

It is possible to write directly into the pre-prepared XML files attached to this document. This method is a

simple alternative to those who would prefer not to install the SuperCollider software or spend time learning

the GUI interface.

The XML format is the file format in which the spatialization and score information is stored on the WFS

system. This file format is human readable and can be opened, edited, and saved in a variety of text editor

programs. The scripts we have prepared for this procedure are extensively commented.  By reading the

comments one can easily locate where !time", !sound file name", and other information is saved within the

code.



To produce your custom scene file, simply copy paste the code to a new text document, or make the

necessary changes within the given document and save the file under a new name. It is as easy as filling in

a form. To make it more legible, we have also attached PDF versions of the commented code (found at the

end of this document) along with images depicting the corresponding geometric transpositions that will show

up in the system. In this way, one can see the correspondence between the lines of XML code and the

resultant path configuration.

Scene Building in the Custom SuperCollider GUI Interface:

Note: This option is only available for Apple Macintosh computer users. The interface is currently not
compatible with any other operating system.

Scene building is most easily created from within the custom interface designed to communicate with the

Game of Life WFS system. The custom interface has been scripted and designed from within the

SuperCollider environment. SuperCollider is an open source (free for download) real time audio synthesis

programming language written by James McCartney. In order to use the interface, one must download and

install the SuperCollider program along with the proper custom library.

First download the SuperCollider program:

http://supercollider.sourceforge.net/

 The additional WFS interface library can be downloaded here:

http://www.woutersnoei.nl/wfs/

Reminder: It is very important to remember, before designing a WFS scene, place all the sound files you
want to use in a folder of your own title inside another folder titled /WFSSoundFiles folder on the root level
directory.

A) Downloading and installation:

After downloading and installing the program from the site mentioned above, prepare the following folders

on your hard drive:

In your ~/Library/Application Support/ folder create a new folder named "SuperCollider" (if not already there),

and in there a new folder named "Extensions". Put the whole "WFS offline lib v0.2" in there. You will

probably need to unzip some files inside the WFS library/dependencies/ folder, if you don't already have

them. The BEQSuiteUGens and SNBox classes are required to run the software.

Create in your root directory a folder titled /WFSSoundFiles, and inside that folder create a new folder with

your own name in which you can place all of the sound files you intend to use in your scores.

Place all the sound files you intend to use in one folder in your root directory.

B) Getting the interface running:

Once you have completed all of the above, start SuperCollider, and if its

running open a new window and type:

WFS.startup;

Highlight the line and hit enter to execute the code.

Immediately the !WFSServers" window should appear. Make sure that the !wfs_master" is running (indicated

with the red colored text in the black text box). It is not necessary to boot the !internal server" or !localhost" to

create scene files.



   

!WFSServers" window.

C) Designing a WFS Scene:

To start designing a WFS Scene, Click on the !Score Editor" button of the WFS Server to call up the sound

file timeline.  This part of the interface will synchronize the various sound files in relation to one another on a

continuous time line. It works very much the same way standard multi-track editors work.

WFS Score editor

Now to assign a path to a sound file, one must call up the graphic interface by clicking the !Path Editor"

button also located on the !WFS Server" floating window. This window acts as a graphic path editor where

one can design complex paths or draw simple forms that can then be assigned to the sound files in the

!Score Editor". Details on working with both editors can be found by clicking on the question mark button (?)

in the !WFS Server" window.

 

WFS Path editor



C) Saving a WFS Scene:

Once the scene has been designed, simply save the file from the left-hand drag down menu on the WFS

Score editor. This action will save a small XML file that links the sound file location (Reminder!! Each

separately rendered sound source should be a saved as a separate Mono file. Sample rate: 44100 saved as

either .AIFF or .WAV file format (They can be either 16 bit or 24 bit). Place all files in a single folder in your

root directory BEFORE saving the XML score file)

Good Luck and Happy scripting.

Credit:

The wave field synthesis system project documented in this pamphlet was initiated by Arthur Sauer and is

owned by the foundation 'The Game of Life" in the Netherlands. Raviv Ganchrow was responsible the

hardware design and development, and Wouter Snoei with the assistance of Jan Trützschler von

Falkenstein completed the software development. The development of the system was conducted in

consultation with, and with generous technical support from, Dr. ir. Diemer de Vries and the Laboratory of

Acoustical Imaging and Sound Control, Faculty of Applied Sciences of the Delft University of Technology.
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WFS Static Point

The image taken from the GUI interface indicates a plan-view of the wave field synthesis system. The yellow
lines indicate the location of the loudspeaker arrays. The white circle with the crosshairs represents the
location of a static point source of sound as it has been defined by the XML script on the following page.
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<xml:wfs>
    <score  name= "untitled" >
        <event  dur= "10"  startTime= "0"  track= "0" >
         <!-- one event (can contain one <synth> or one <score>
        - dur (seconds) should be the same as the synth or score duration
        - startTime (seconds) on timeline (0 = at the start)
        - due to a floating point bug in the system scores currently
        ! can't be longer than 20 minutes
        - track: track number (used for visual arrangement only)
        ! ! -->
            <synth  defName= "WFS_static_buf"  dur= "10"  fadein= "0"  fadeout= "0"  level= "1" >
            ! ! <!-- 
            ! ! - WFS_static_buf: soundfile played from buffer, static point source
            ! ! - long (over 2 min) soundfiles should use 'WFS_static_disk' instead
            !     - dur (seconds) duration of the synth
            !     - fadein/fadeout (seconds) will not extend the total duration
            !     - level is an amplitude multiplier
            !      -->
                <args  input= "0"  pbRate= "1"  loop= "1" />
                ! ! <!--
                ! - input: not used here (can be left out)
                ! - pbRate: playback rate multiplier for soundfile. cannot be negative
                ! - loop: flag (1/0) for looping the soundfile
                ! ! - both pbRate and loop only work in 'buf' mode, not in 'disk' mode
                ! -->
                <filePath  numFrames= "26460032"  startFrame= "44100" >
                ! /WFSSoundFiles/TestSounds/plankrepeat/plank1.aif </filePath>
                !  <!--
                ! - Unix compatible file path linking to the soundfile
                ! - soundfiles should be in a folder named WFSSoundFiles, on the root
                ! ! level of the disk to be distributed automatically to the system's 
                ! ! servers
                ! - numFrames (number of samples in a file) is an optional element:
                ! ! - if not provided the system will find out on it's own 
                ! ! - if provided the number should be correct
                ! - startFrame: sample index where the file will start playing from
                ! ! - in this example: 44100 = 1 second start offset
                ! - the soundfile length doesn't need to correspond with the event duration
                ! -->
                <point  x= "-3.5"  y= "6"  z= "0" />
                ! <!-- point object
                ! - x,y,z (meters) position of a static point
                ! - values can be integer or floating point
                ! - (x,y) == (0,0) is the center of the room
! ! ! ! ! - positive y means towards the front, negative towards the back
! ! ! ! ! - positive x means towards the right, negative towards the left
! ! ! ! ! - the amplitude model we use has a reference point in the center
! ! ! ! ! ! - everything within 2 meters from (0,0) will have level 0dB, 
! ! ! ! ! ! ! after that there is a roloff of -6dB per distance doubling
! ! ! ! ! - values should always have at least one digit before the comma,
! ! ! ! ! ! i.e.: .5 is illegal; should be 0.5
! ! ! ! ! - z values are currently not used by our system
! ! ! ! ! -->
            </synth>
        </event>
    </score>
</xml:wfs>



WFS Plane

The image taken from the GUI interface indicates a plan-view of the wave field synthesis system. The yellow
lines indicate the location of the loudspeaker arrays. The white diagonal line represents the location of a
plane wave sound source, and the arrow indicates the direction of the wave, as it has been defined by the
XML script on the following page.
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<xml:wfs>
    <score  name= "untitled" >
        <event  dur= "10"  startTime= "0"  track= "0" >
        <!-- one event (can contain one <synth> or one <score>
        - dur (seconds) should be the same as the synth or score duration
        - startTime (seconds) on timeline (0 = at the start)
        - due to a floating point bug in the system scores currently
        ! can't be longer than 20 minutes
        - track: track number (used for visual arrangement only)
        ! ! -->
            <synth  defName= "WFS_plane_buf"  dur= "10"  fadein= "0"  fadeout= "0"  level= "1" >
            ! ! <!-- 
            ! ! - WFS_plane_buf: soundfile played from buffer, static plane wave.
            ! ! - long (over 2 min) soundfiles should use 'WFS_plane_disk' instead
            !     - dur (seconds) duration of the synth
            !     - fadein/fadeout (seconds) will not extend the total duration
            !     - level is an amplitude multiplier
            !      -->
                <args  input= "0"  pbRate= "1"  loop= "1" />
                ! <!--
                ! - input: not used here (can be left out)
                ! - pbRate: playback rate multiplier for soundfile. cannot be negative
                ! - loop: flag (1/0) for looping the soundfile
                ! ! - both pbRate and loop only work in 'buf' mode, not in 'disk' mode
                ! -->
                <filePath  numFrames= "26460032"  startFrame= "44100" >
                ! /WFSSoundFiles/TestSounds/plankrepeat/plank1.aif </filePath>
                ! <!--
                ! - Unix compatible file path linking to the soundfile
                ! - soundfiles should be in a folder named WFSSoundFiles, on the root
                ! ! level of the disk to be distributed automatically to the system's 
                ! ! servers
                ! - numFrames (number of samples in a file) is an optional element:
                ! ! - if not provided the system will find out on it's own 
                ! ! - if provided the number should be correct
                ! - startFrame: sample index where the file will start playing from
                ! ! - in this example: 44100 = 1 second start offset
                ! - the soundfile length doesn't need to correspond with the event duration
                ! -->
                <plane  distance= "10"  angle= "45" />
                ! <!-- plane object
                ! - distance ( meters ) from the center of the room
                ! ! - the amplitude model we use has a reference point in the center
! ! ! ! ! ! - everything within 2 meters from (0,0) will have level 0dB, 
! ! ! ! ! ! ! after that there is a roloff of -6dB per distance doubling
! ! ! ! ! - angle (degrees) clockwise angle relative to the front of the room
! ! ! ! ! ! - plane waves always travel towards the center
! ! ! ! ! ! - angle "0" will be a plane wave from the front of the room
! ! ! ! ! ! - angle "90" will be a plane wave from the right side of the room
! ! ! ! ! - values can be integer or floating point
! ! ! ! ! - values should always have at least one digit before the comma,
! ! ! ! ! ! i.e.: .5 is illegal; should be 0.5
                ! -->
            </synth>
        </event>
    </score>
</xml:wfs>



WFS Dynamic Point

The image taken from the GUI interface indicates a plan-view of the wave field synthesis system. The yellow
lines indicate the location of the loudspeaker arrays. The white circle represents a circular movement of a
sound source as it has been defined by the XML script on the following two pages.
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<xml:wfs>

    <score name="untitled">

        <event dur="10" startTime="0" track="0">

       <!-- one event (can contain one <synth> or one <score>

        - dur (seconds) should be the same as the synth or score duration

        - startTime (seconds) on timeline (0 = at the start)

        - due to a floating point bug in the system scores currently

        ! can't be longer than 20 minutes

        - track: track number (used for visual arrangement only)

        ! ! -->

            <synth defName="WFS_linear_buf" dur="10" fadein="0" fadeout="0" level="1">

            ! ! <!-- 

            ! ! - WFS_linear_buf: soundfile played from buffer, dynamic point source.

            ! ! - long (over 2 min) soundfiles should use 'WFS_linear_disk' instead

            !     - 'linear' refers to the delay interpolation, not the path interpolation.

            !     - dur (seconds) should be the same as the path duration

            !     - fadein/fadeout (seconds) will not extend the total duration

            !     - level is an amplitude multiplier

            !      -->

                <args input="0" pbRate="1" loop="1"/>

                ! <!--

                ! - input: not used here (can be left out)

                ! - pbRate: playback rate multiplier for soundfile. cannot be negative

                ! - loop: flag (1/0) for looping the soundfile

                ! ! - both pbRate and loop only work in 'buf' mode, not in 'disk' mode

                ! -->

                <filePath numFrames="26460032" startFrame="44100">

                ! /WFSSoundFiles/TestSounds/plankrepeat/plank1.aif</filePath>

                ! <!--

                ! - Unix compatible file path linking to the soundfile

                ! - soundfiles should be in a folder named WFSSoundFiles, on the root

                ! ! level of the disk to be distributed automatically to the system's 

                ! ! servers

                ! - numFrames (number of samples in a file) is an optional element:

                ! ! - if not provided the system will find out on it's own 

                ! ! - if provided the number should be correct

                ! - startFrame: sample index where the file will start playing from

                ! ! - in this example: 44100 = 1 second start offset

                ! - the soundfile length doesn't need to correspond with the event duration

                ! -->

                <path dur="10" name="Gen_2" size="15" type="absolute">

! 0,                   10,                  0,                   0,                   

! 4.338837391176,      9.009688679024,      0,                   0.714285714286,      

! 7.81831482468,       6.234898018587,      0,                   1.428571428571,      

! 9.749279121818,      2.225209339563,      0,                   2.142857142857,      

! 9.749279121818,      -2.225209339563,     0,                   2.857142857143,      

! 7.81831482468,       -6.234898018587,     0,                   3.571428571429,      

! 4.338837391176,      -9.009688679024,     0,                   4.285714285714,      

! 0,                   -10,                 0,                   5,                   

! -4.338837391176,     -9.009688679024,     0,                   5.714285714286,      

! -7.81831482468,      -6.234898018587,     0,                   6.428571428571,      

! -9.749279121818,     -2.225209339563,     0,                   7.142857142857,      

! -9.749279121818,     2.225209339563,      0,                   7.857142857143,      

! -7.81831482468,      6.234898018587,      0,                   8.571428571429,      

! -4.338837391176,     9.009688679024,      0,                   9.285714285714,      

! 0,                   10,                  0,                   10,                  

        </path>

        ! ! <!-- path object:

! ! ! ! - the path object contains a comma separated stream of floating point numbers

! ! ! ! ! - they are divided in segments of 4 values: x,y,z,time

! ! ! ! ! - x,y,z are in meters, time is in seconds

! ! ! ! ! - (x,y) == (0,0) is the center of the room

! ! ! ! ! - positive y means towards the front, negative towards the back

! ! ! ! ! - positive x means towards the right, negative towards the left
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! ! ! ! ! - the amplitude model we use has a reference point in the center

! ! ! ! ! ! - everything within 2 meters from (0,0) will have level 0dB, 

! ! ! ! ! ! ! after that there is a roloff of -6dB per distance doubling

! ! ! ! ! - values should always have at least one digit before the comma,

! ! ! ! ! ! i.e.: .5 is illegal; should be 0.5

! ! ! ! ! - z values are currently not used by our system

! ! ! ! ! - points will be interpolated using hermite cubic interpolation

! ! ! ! - dur (seconds): total duration of the path 

! ! ! ! - name: a name for the path (used for visual reference)

! ! ! ! - size: number of segments

! ! ! ! - type: "absolute" / "relative"

! ! ! ! ! - "absolute": all times are absolute, but still relative to the 

! ! ! ! ! ! ! startTime of the <event>

! ! ! ! ! - "relative": every time is relative to the previous segment

! ! ! ! ! ! - in relative mode the last time value is not used

! ! ! ! -->

            </synth>

        </event>

    </score>

</xml:wfs>



WFS Multiple Events

The image taken from the GUI interface indicates a plan-view of the wave field synthesis system. The yellow

lines indicate the location of the loudspeaker arrays. The white diagonal lines indicate one point source

event and another plane wave event as it has been defined by the XML script on the following pages. The

second GUI indicates the start time offset for the two sound files as they appear in the score editor

environment (The playback offset times are easily definable from within the XML code – this example is

simply to give an understanding of the correspondence between the GUI and the code for those who choose

to script the scene files directly from within the XML files).
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<xml:wfs>
    <score  name= "untitled" >
    ! <!-- score object
    ! ! - a score object can contain any number of <event> objects
    ! ! - the name of the score object is not used in the editor or system
    ! ! ! - use it for private reference
    ! ! ! - it might be used in the future
    ! ! - the duration of the score will be calculated by the system, according to
    ! ! ! the enclosing events
    ! ! - the events can be in random order, they will be sorted by start-time by the
    ! ! ! system at playback time. It is common use however to have the events in the
    ! ! ! score file also sorted by startTime
    ! ! !
    ! a <score> object can also be nested inside a <event>, replacing the <synth>
    ! ! ! - the startTimes of events inside a nested score will become relative to the
    ! ! ! ! startTime of the holding event
    ! ! ! - events containing scores are named "folders" in the WFS editor
    ! !
    ! please refer to the other example files for comments on the events below
    ! ! -->
        <event  dur= "10"  startTime= "0"  track= "0" >
            <synth  defName= "WFS_plane_buf"  dur= "10"  fadein= "0"  fadeout= "0"  level= "1" >
                <args  input= "0"  pbRate= "1"  loop= "1" />
                <filePath  numFrames= "26460032"  startFrame= "44100" >
                ! /WFSSoundFiles/TestSounds/plankrepeat/plank1.aif </filePath>
                <plane  distance= "10"  angle= "45" />
            </synth>
        </event>
        <event  dur= "10"  startTime= "1.2"  track= "1" >
            <synth  defName= "WFS_static_buf"  dur= "10"  fadein= "0"  fadeout= "0"  level= "1" >
                <args  input= "0"  pbRate= "0.8"  loop= "1" />
                <filePath  numFrames= "26460032"  startFrame= "44100" >
                ! /WFSSoundFiles/TestSounds/plankrepeat/plank2.aif </filePath>
                <point  x= "-6.5"  y= "-1"  z= "0" />
            </synth>
        </event>
    </score>
</xml:wfs>


