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Overview

* Complex sound sources in WFS

* Implementation

— 3D models
- WEFS calculation
- user interface
- engine
* First tests
* Future work
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Principle of Huygens '
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Principle of Huygens '
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Wave Field Synthesis '
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Wave Field Synthesis '
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Source types

Virtual point source

\\

Plane wave
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Virtual point source situated in
front of the loudspeaker array
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1/

Complex sound sources
» Currently implemented source types:

— point source
- plane wave

* “Ad hoc” solutions for reproduction of large
sources

= Virtual panning spots
- Multiple point sources

« Start of research for reproduction of sound
sources with radiation characteristic
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Source model .ls

* Object whose vibration is known or defined
on the surface

* The geometry of the object is known or
defined

* The surface vibration can be divided in a
source signal S(w) and a filtering function
G(w,r) thatis dependent on frequency
and position on the surface
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Elevation . lﬁ

* Current WFS-implementation only takes
points in account within the horizontal plane

* For 3D objects points outside of this plane
are also relevant

* For this a derivation of the WFS-driving
function is necessary for points outside of the
horizontal plane
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Geometry for elevated points

N

Figure 1. Geometry for the derivation of the 2%D- Figure 2. The stationary point o lies on the cross-section
operator. W, and W, are points from the source distribu- of plane S and the plane through ¥ and R. In practice Arg
tion, 71 and 71 the vectors to a point M on the integration will in fact be Arg.

line m. i is the normal on the plane S, Ar is the vector
from a point M on the integration line to the receiver point
R.
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Implementation

» General design
* 3D models

* WFS calculation
* Refinement

* User interface

* Engine
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Design

* Project

- Object
* Mesh

— Vertices (points on the object)
- Filters

* Location
- Translation

- Rotation
- Scale

swonder3Dq: auralisation of 3D objects with WFS — 13 — Marije Baalman



Fachgebiet Kommunikationswissenschaft

3D models .

* several existing libraries, data formats and
viewers for mesh data

- GNU Triangulated Surface (gts) library
- mview
- geomview
- INRIA, medit
* criteria:
— open source
- easily extendible: identifiable vertex points
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3D models

e GeomView

— external control possible

— available in Linux distributions
* mview

- written using Qt-Libraries

— easlly extendible
* gfs

— vertex points not identified, so difficult to add
filter nodes
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WES calculation

* For each object

- for each location

e transform mesh

» for each point (& for each speaker)
— check visibility
— calculate stationary point
- calculate delay and attenuation
= convolution with filter
- save to disk
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Visibility check . E

* Sound from points on the source that are at
the backside (seen from the speaker) of the
object, will not be heard by that speaker

— calculate line segment between point and
speaker

— calculate crossings with surfaces

- if there is a crossing with one of the object
surface, point is obscured

* Diffraction of waves is neglected!
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Refinement

 midvertex insertion
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Filter average

* Jnverse distance
weighting
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Filter average
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Software swonder3Dq . lﬁ

* Graphical user interface to define a project
and do the calculations of the filters

swonder3Dq

 Command line program to control the engine
and viewer

— Controllable with OpenSoundControl (OSC)
swonder3d _engine

swonder3Dq: auralisation of 3D objects with WFS — 21 — Marije Baalman



B oo DN

Object Viewer

File Array Miew Settings Help File Edit Display Viewpoint Heslp
=EHN == = @IS DA o B B B

Froject name: |

WFS Array: |.-'I'|::||ne.-'|'|e sciviiwonde r3diviewer2/bin/default.wia

Froject folder: |:||r|e.-'ne sciviwonder3d/swonder_mview/binfest_dipool/[ ..

Mumber of objects: |1 - | object 0 I |
Filter Settings JL Store Il Cancel |
Ohbject name: |::|I:|je cto
Mesh file: |object_0.gts
Audio file: |
WFS method
) monopole =) dipole
Mesh 12 points 20 surfaces 30 edges
\ Filters I J F_alias 808398 Hz Befine
Selected: Triangle 5 \ 3 J L 2 J | i J
Meighbours: \ 1 J | 14 J | 4 J

Mumber of positions: |1 > Current: |1 :L =l Save |

Position \ Cancel | Store J
Scale: = 1 Y 1 Z 1
Rotate: * 4] b 4] Z 0
Translate: X 4] Y 5 Z 0

[ Transiate | ¥ Jx o v[s z|o ISt J| Add

| FPS: 16584 /|

\ Calculate and save WFS filters J | Apply to audiofile J

Save filters for all objects J

A . .
SVWUTTUCTO (. auTallSatiorT Ul o}, LbjeCtS with WFS — 22 — Marlje Baalman



Fachgebiet Komm{_ =TT SO o < | = |

node: |3 :cnnrdinates:1.44?.1.051.-0.894[ Reset J[ Store J[ Close J

l Copy to Jl 1 ¥ JI. Copy from JI. 1 ¥ J

0s

0e
0.4
0.6
0.5
0.4
0.3
0.2

01

i |

0T T O A s e A

-1.6

swona




Fachgebiet Kommunikationswissenschaft

Camera (Euclidean view)
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OSC control over engine .

 /start « /geomview/start
* /stop * /geomview/stop
* /project - filename * /geomview/project

* /change — object, location * /geomview/array
* /mute — object * /geomview/top
* /client — host, port « /geomview/front

* /info — about renderer
status, project, object,

. * /verbose
location

* /quit
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First tests . lﬁ

* With a 24 speaker prototype setup

* This approach does give a stronger spatial
iImpression

* Problem with neglecting diffraction
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Problem
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Future work .'E

» Study of diffraction and implementation
* Listening tests
* Usability tests by working with composers

* release on sourceforge:

http://swonder.sourgeforge.net
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