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ACCURATE 3D AUDIO IS CRUCIAL 
TO SUCCESS OF AR AND VR



Virtual and Augmented Reality

VR/AR
Bets by Facebook, Google, Sony,  
Microsoft, Samsung, HTC

World where the way you interact
with the world via your senses is 
smartly intermediated by 
technology

Predicted to reach $120B in 5 yrs

The next platform?
Personal Computers, 1990s

Networked PCs, 200x

Mobile, 201x

VR/AR: 202x



VR/AR is the Next Big Platform
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Virtual Reality represents the next platform 
ƻŦ ƻǇǇƻǊǘǳƴƛǘȅ ŀŦǘŜǊ t/ǎΣ ƛƴǘŜǊƴŜǘΣ ƳƻōƛƭŜΣ Χ

How augmented reality and virtual 
reality will generate $120 billion in 
revenue by 2020  
- John Gaudiosi

Goldman Sachs says VR will be 
bigger than TV in 10 years
- Brandt Ranj

Virtual Reality Could Generate $70 
Billion in Real Money by 2020
- Ina Fried

VR is the next big thing, 
whether you can see it or not
- Steve Ranger



VR/AR

Å Insert objects and information into the real world

ÅTraining, Surgery, Entertainment, PokemonDƻΣ Χ

ÅIŀǊŘǿŀǊŜΥ aƻƻǊŜΩǎ ƭŀǿΣ ŘƛǎǇƭŀȅǎΣ ƎǊŀǇƘƛŎǎΣ ǘǊŀŎƪƛƴƎΣ 

ÅSoftware: Engines for creating virtual worlds

ÅVisual Perception: Improved latency, using persistence



²ƘŜƴ ǊŜƴŘŜǊƛƴƎ ŘƻŜǎƴΩǘ ǿƻǊƪΥ 
Sickness/Fatigue



Not Just Visual System!

Å Visual System part of larger perceptual
system, responsible for sense-making

Å perceptual system is a sophisticated 
sensing, measuring and computing 
system

ÅDesigned by evolution to perform real
time measurements and take quick 
decisions

ÅFool this system in to believing that 
it is perceiving objects and a world  
that is rendered and overlaid
ïNot just fool the visual system



Sensing the world auditorily

ÅVision and audition are stand-off senses

ÅVision - foveateddetailed view 

ÅAudition - broad knowledge of general 
surroundings and communication

ÅComplementary!

ÅSame amount of real estate devoted 
to audio and video in the brain!

ÅMany interconnections, including to 
the motor areas

ÅUnless the world is rendered 
consistently for the experience 
the brain experiences fatigue



3D Audio ςcritical for presence in VR/AR

ÅBefore VR, audio used to be only pre-rendered content
ÅNow the audio must be rendered live
Åaǳǎǘ ōŜ ǊŜǎǇƻƴǎƛǾŜ ǘƻ ǘƘŜ ǳǎŜǊΩǎ Ƴƻǘƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ 

scene and to the changing environment
ÅAccurate 3D audio consistent with the visual scene 

essential for VR/AR presence
ïUser falls out of experience or gets sick otherwise

ÅAR will demand 3D audio mixed in real-time with 
άŜƴǾƛǊƻƴƳŜƴǘέ ŀǳŘƛƻ ǘƻ Ƴŀƛƴǘŀƛƴ ƛƭƭǳǎƛƻƴ

ÅMust respect physics and perceptual abilities
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Physics based 3D audio rendering and capture for VR



HOW WE PERCEIVE THE WORLD 
AUDITORILY



How do we perceive sound location?

ÅNaïve time and level 
difference at ears are not 
sufficient to describe our 
ability

ÅOther physics mechanisms 
necessary to explain

ïScattering of sound

ÅOff our bodies

ÅOff the environment

ïPurposive Motion

HEAD

Source

Left ear Right ear

Interauraltime delays can only locate 
ǎƻǳƴŘǎ ǳǇ ǘƻ ŀ άŎƻƴŜ ƻŦ ŎƻƴŦǳǎƛƻƴέΦ CƻǊ ŀ 
given time delay, the source can lie on a 
surface of constant Time Delay: 
| x-xL| -|x -xR| = c dt
A hyperboloid of revolution



Audible Sound Scattering

wavelengths are comparable to our 
rooms, bodies, and features

Not an accident but evolutionary selection!
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Speech Sound

Å Sound wavelengths comparable to 
human dimensions and 
dimensions of spaces we live in.

Å fl=c

Å When l>> a
wave is unaffected by object

l~ a
behavior of scattered wave is 
complex and diffraction effects are 
important.

l<< a 
wave behaves like a ray

Å the audio that reaches our ears 
does so after scattering off objects 
of similar size to wavelength



front back

left right

Human spatial localization ability

Best & 
Carlile
2003

One may wonder how good the human ability to localize sound is. Experiments show it is quite
good.



ACHIEVING ACCURATE 3D AUDIO



Mathematical modeling of propagation and scattering

ÅCould mathematically solve sound propagation

ÅNot feasible to do in real-ǘƛƳŜ ǿƛǘƘ ǘƻŘŀȅΩǎ ŀƭƎƻǊƛǘƘƳǎ 
/supercomputers in real-time
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Sound-hard boundaries:
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Helmholtz equation:

Boundary conditions:
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Wave equation:

Fourier Transform from 

Time to Frequency Domain
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