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VisiSonics
As Good as Being There!

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



Virtual and AUgménted Reality T

As Good as Being There!

VR/AR -
Bets by Facebook, Goog&ony, magicueap o

Microsoft, Samsung, HTC
‘ & oculus A

World where the wayou interact
with the worldvia your sensess

Google
technology SAMSUNGQ VIVE

smartly intermediated by
Predicted to reach $120B inyss ) GearVR " °

The nexfplatform? ? ‘q
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hate
Personal Computers, 1990s " BW Microsoft q
Networked PC200x B HoloLens f
Mobile, 201x

VR/AR: 202x




VRIAR'IS the Next Big Platform  ..sonics

As Good as Being There!

FORTUNE

How augmented reality and virtual
reality willgenerate$120billion in m

revenue by2020 Goldman Sachs says VR will b
- JohnGaudiosi bigger than TV In 1¥ears
- BrandtRan|
ED
Virtual Reality Could Generate $70 %= h big thi
Billion in Real Money 1020 VRis the next big t ng,
_Ina Fried whether you can see it arot

- Steve Ranger



VisiSonics

As Good as Being There!

VRN

Virtual Reality

* Create artificial world that the user believes is real
* Simulation, Gaming and Entertainment

Augmented Reality

A Insert objects and information into the real world
A Training, Surgergntertainment,PokemorD 2 £ X

Enablers

Al NRgII NBY az22NBQa fI g3 RAaLX
A Software: Engines for creating virtual worlds

A Visual Perception: Improved latency, uspegsistence
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Sickness/Fatigue . VisiSonics

Sickness:

* Most studied for vision/vestibular system interaction

* Use of persistence and improved frame rates mentioned by Valve/Oculus as

primary improvements allowing VR e
* Smaller fields of view

VR Games At E3 Were Making People Sick,

» Still lots of stories about gamers getting sick Get The Details
L.:S‘r‘ WILLIAM USHER 3WEEKS AGT "\BCDM\‘I NTS

Fatigue:
* Tendency of users to stop the VR/AR experience early

e Leave experience in minutes instead of hours
* Maybe an even bigger problem for the success of VR/AR




_Not Just—Vi“s"UaI--S'ystem!

mucosa of
n

A Visual System part of larger percept ==
system, responsible for senseaking i/

A perceptual system is a sophisticated = ===
sensing, measuring and computing ... =7
system = —f

A Designed by evolution to perform re:

time measurements and take quick
decisions

A Fool this system in to believing tha
it isperceiving objects and a world = ==
that isrendered and overlaid
i Not just fool the visual system

lllll iy
chiasma

temporal _ A
lobe

VisiSonics
RealSpacesD
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As Good as Being There!

- Sensing Jthé"'\'/vorlchuditorily

A Vision- foveateddetailed view

A Audition- broad knowledge of geners
surroundings and communication

auditory

A Complementary! cortex
A Same amount of real estate devoted

to audio and video in the brain! {;.';‘ \
A Many interconnections, including tc ‘@

the motor areas | l‘:&‘"’ /’, ,. A
A Unlessthe world is rendered i -ﬁ(@ 5

consistently for the experience == < (&S

the brain experiences fatigue f




- 3D Audiocg critical for presence in VR/AR

As Good as Being There!

A Before VR, audio used to be only yendered content

A Now the audio must be rendered live

Aadzad 0S NBaALRYAaAADS G2 GKS
scene and to the changing environment

A Accurate 3D audio consistent with the visual scene
essential for VR/AR presence

I User falls out of experience or gets sick otherwise
A AR will demand 3D audio mixed in réiahe with
AOSYOBANRYYSYUE |dzRAZ G2 YI A
A Must respect physics and perceptual abilities
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HOW WE PERCEIVE THE WORLL
AUDITORILY



How do we perceive sound location?

A Naive time and level

difference at ears are not
sufficient to describe our

ability

A Otherphysics mechanisms

necessary to explain

| Scattering of sound
A Off our bodies
A Off the environment

| Purposive Motion

Source

d2dzyRa dzLJ G2 I ozyf
given time delay, the source can lie‘a
surfaceof constant Time Delay:

| X% -x-Xd = ¢ dt e
. . ni
A hyperboloidof revolution Vg:.sg;pggg_gﬁf S
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Audible Sé'und”Scattering

A Sound wavelengths comparable to
wavelengths are comparable to our

human dimensions and rooms, bodies, and features
dimensions of spaces we live Iin. Not an accident but evolutionary selection!
f/=c

o T

large rooms

When/ >> a

wave is unaffected by object

/ ~a

behavior of scattered wave is
complex and diffraction effects a
Important.

/ << a
wave behaves like iy
A the audio that reaches our ears -

does so after scattering off objects® ~ w T
. . . frequency, Hz
of similar size to wavelength -

0
10 +

elength, m

i

W

shoulder dimensions

10 i head dimensions

pinna dimensions |
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“Human spatial localization ability
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Carlile
2003
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One may wonder how good the human ability to localize sound is. Experiments show it is
good.
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As Go

ACHIEVING ACCURATE 3D AUDI(



-Mathematical modeling oforopagation and scattering

A Could mathematically solve sound propagation

2

wp'_ L& fp’ p ,Zm 0, »

C + s
T . yﬁ Zp2
P(x,y,Zzw) =1 P'(X, Y,z t)e " "dt

Wave equation:

Fourier Transform from
Time to Frequency Domain

Helmholtz equation: L QU 1 ® w
Boundary conditions:
Soundhard boundaries: WP _

pN »
Sorr(;r_n_erfeldadlatlon imr e _ap 0 |
condition C e ﬁ - T T‘““WJ ‘ 60

2 1

A Not feasible to do in rea_'] AYS GAGK Liofits !
/supercomputers in realime RealSpace3n

































































































