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W Soundin VR

= Reminder: complete immersion = all human senses are being stimulated
consistently
= (Counter-example: watch a thriller on TV without sound! ©)
= Some of the functions of our auditory sense:
= Localization of not (yet) visible sound sources (e.g., predator)
= Our second most important sense for navigation (e.g., in buildings)
= Allows us to obtain a sense of the space around us
= Auditory impressions (Horeindriicke):
= "Big" (late reverberations),
= "cavernous" (lots of echos),
= "muffled" (no reverberations),

= "outside" (no echos, buts many other sounds).
= How to render sound: in the following, only "sound propagation" (no

sound synthesis)
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Y Physical Factors of Sound Propagation

= Reflection G|~
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efraction (Brechung), RAY
5 % B
= Scattering (Streuung), i

= Diff . B i i, & §
iffraction (Beugung), 4 P 4
r S
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from Isaac Newton's
Principia (1686)
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@J) Human Factors

= QOur ears (including cochlea and brain) are wonder-sensors regarding
localization of sound sources:

= Difference in amplitude,

= Difference in time of arrival,

= Changes in the spectrum caused by the auricle (Ohrmuschel) and head.
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Digression: the Cocktail Party Effect

= Describes the ability of humans to extract a
single sound source from a complex

auditory environment (e.g., cocktail party)
= Challenges:

= Sound segregation

= Directing attention to sound source of interest

Breakfast at Tiffany’s
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Y Naive sound Rendering Methods

= Sound in games, e.g., noise from motors or guns

= Sound = function of speed, kind of car/gun, centrifugal force, orientation of
plane, etc.

= Sounds have been sampled in advance
. Slmple "3D" sound: Sound source

= Compute difference in volume of sound that
reaches both ears

= Possibly add some reverberation (Nachhall)

= But how to render sound realistically Listener
and in real-time?

= Differences between light and sound:
= Velocity of propagation (sound = 343 m/s in air)
= Wavelength

» Makes rendering of sound so difficult
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. &
Mixing Sound Sources
= Given: n sound sources in different directions, each one sends

signal s;(t)
= Attenuation (Dampfung), a;, of each source s; is o e.

5 — ei( @i, wi)er (P, wi)vi {, ( lﬁ

ei(¢, w) = sound source radiation characteristic, . emitter

eg., e = %(1 + cos(¢)?) IreCeiver playlnggi

e, — receiver characteristic
v; = visibility € [0,1] (includes diffraction)

[; = distance

= Accumulation yields % /So‘wce
S(t) — Z aisl-(t — Ti) Listenero\

| Source
i =1;/c, ¢ = Schallgeschwindigkeit Source
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Y The Spatial Impression of Rooms (Psychoacoustics) Bl

= Different sound paths carry different information:
= Direct path — yields information about the direction of the sound source

= Early reflections (i.e., only a few reflections on the path) — information about
distance and "width" of the sound source

= Late reflections (= reverberations, i.e., lots of reflections on the path) —
informationen about the room as a whole

Direction Distance, Depth Reverberance
Apparent source width Evelopment
Spatial impression
0 ms 15 ms 50 ms t

= Fazit: man muss eine grol3e Zahl von Schall-Pfaden berechnen!
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Y The Image Source Method for Sound Rendering S

= Fast metod for creating the sound paths

= |dea: for each wall (and each source), create a "virtual" sound
source — image source

" Then:
length of path — travel time
— phase shift,
#bounces — attenuation

= Complexity,
considering 1 reflection only:
O(nr),

n = # sources, r=# walls

= |ssues: e

= Need to recompute all images sources,
if the sound source moves

= Can model only reflection
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= Example showing the method (and some more problems with it):

Original source is occluded,

but this image source is not!

d
4

—

Listener

This path from 1st degree
image source to listener is
wrong, because there is no
direct path from source to
the intersection point with

Source

G. Zachmann

Virtual Reality and

the wall

Simulation WS January 2019

2nd degree image source
gives a correct path

Sound Rendering

0.2
L
]

¥ cc =

-

15



Bremen

Y Ray Tracing Methods

= Shoot many rays from source (or from listener)

= Problems:

= Most rays do not reach the listener, i.e., have been shot in vain

= Actually, listener consists of two very small points in space

= How can you make sure to find the main paths?
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@) Beam Tracing Optiona|

= Beam = "thick" ray, like a generalized frustum with arbitrary polygon
as cross section

= Could be used to precompute a lot, for backwards tracing of sound
paths at runtime

= Beam tracing:

1. Sort polygons along the beam,

2. For each polygon that intersects the beam:
split beam by the polygon (results in two, sometimes more, beams),
for each reflected beam: construct an image source

3. Recursion into the new beams

G. Zachmann Virtual Reality and Simulation WS January 2019 Sound Rendering

18

CG =
VR 3

B


Gabriel Zachmann
Optional


Bremen

U

Source S

G. Zachmann

Virtual Reality and Simulation

WS

Optional

SH

January 2019

Sound Rendering

)
..

<
P

<N
E-X3)

19

B


Gabriel Zachmann
Optional


Bremen

Y sound Rendering with Beams OptiOnal

= Compute all the beams (up to some recursion level)
— beam tree, one for each original sound source

= With each beam store:

= associated source / image source

= polygon from which it was reflected

= parent beam

= number of reflections (i.e., depth in beam tree)

= original sound source (i.e., root of beam tree)
= At runtime, for a given listener:

1. Determine all beams that contain the listener

2. Follow sound path backwards towards the source (i.e., up in the beam
tree), like in the image source method

3. Accumulate all signals (using correct attenuation and time shift)

G. Zachmann Virtual Reality and Simulation WS January 2019 Sound Rendering

. cc

VR

20

]

o’

e


Gabriel Zachmann
Optional


Bremen

Y Improvements of the Performa@epiﬂ@sraahracing

" |dea for complex environments consisting of lots of walls:
partition the scene into convex cells

= Note: any point inside a convex polyhedron "sees" all walls

= Definition of a cell: a volume of the universe that
"Zelle" ist ein Volumen des Raumes, mit der Eigenschaft:

1. is convex

2. does not contain other polygons inside

= With each cell store:

%..

= neighboring cells —

cell adjacency graph
= polygons on the border of the cell
(= real walls)
©—_ | ©
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Y  Beam Tracing with Cell Partitio@ptional

= Given a sound source and the cell adjacency graph

1. Determine the cell containing the source

= This is where the beam tree starts

2. For each polygon on the cell's border: generate mirrored beam,
image source, and clip the original beam

3. If cross section of the original beam is not empty, then traverse
into neighboring cells and repeat

4. Recursion with the the mirrored beams
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@) Overview of the Whole Methoc{)ptiOnal

Geometry

|

Cell partitioning

Positions of the
sound sources

| I

Positon of

Beam Tracing the listener

Beam tree

|

— Strahl-

Cell adjacency graph

ruckverfolgung

Rays

Audio signals of
all sound sources

Signal
accumulation

Spa
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Optional

Properties of the Method

= Very fast, at runtime
= Can also handle diffraction (to some degree)

= Can be parallelized (maybe not massively)
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@J Visualization

Real-Time Auralization

(Bird's [Eye View)
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