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Introduction and research aim

® I[mplementation of 3D audio visual display

M Realizing communications with high sense-of-presence in digital content
¥ not only actual environment but also virtual and mixed environment

M Clarifying human audio-visual and various multimodal perceptions
including spatial information

B Today’s topics

M Implementation of 3D sound field reproduction system WES or BoSC
¥ using 157-loudspeaker array
¥ sound field reproduction based on Higher-Order Ambisonics (HOA)
e highly sound field reproduction around a center of array
than Wave Field Synthesis (WFS) and Boundary Surface Control (BoSC)
¥ Realization of highly synchronous all 157-audio playback system

B Implementation 3D audio-visual display system Ambisonics
¥ Combining HOA reproduction system with 3D projection display Relationship between
¥ System synchronous measurement between audio and visual signals reproduction accuracy
and frequency
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Our previous 3D sound field reproduction

system based on HOA

® Sound field reproduction system using 157-loudspeaker

array based on HOA

M 5th order decoding, which is highest order in the world, was realized

B Previous system was implemented by 4 PCs
¥ Audio playback asynchronous between each PC was up to 51 samples (1.1 ms)

Audio Control PC (4 PCs) Word clock generator
Rosendahl Nanosyncs HD

0OS: Mac OS X 10.6.2 (Snow Leopard)
CPU: Intel Xeon 2.66 GHz

48 kHz Word clock signals

YYVYY

Memory: DDR3 SD-RAM 8 GB
Audio processing tool: Pd 0.42-5 AD/DA
MOTU HD 192 (14 units)
PC1 (master) @ jasusd sssstamnny 4 units : 48 channels Surrounding loud-speaker array
> loud-speaker: Fostex FES3E
1-46 ch > 1-46 ch .
157 units
PC2 (slave) |====-s o o RLLEL 3 units : 36 channels)
47-80 ch *~——> 47-80 ch
UDP
connection
PC3 (slave) [=="""1 b il el 4 units : 48 channels)
81-126 ch e — 81-126 ch
PC4 (slave) ====+ b b RRLEL 3 units : 36 channels)
127-157 ch *~——> 127-157 ch
Signal Splitter

*J"Ul'

= . Behringer MX 882 Ultralink Pro
. http / / pu rEdata' I nfO Splitting trigger signal T. Okamoto et al. Proc. Ambisonics’ 10 2010

—
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Implementation of highly synchronous
all 157-audio playback system

® Completely synchronous all 157-audio playback system

using 3 MADI system (audio sampling frequency: 48 kHz)
M All 157 audio signals are controlled by 1 PC

M Introduction of Multichannel Audio Digital Interface (MADI) system
¥ A MADI system can control 64 audio input/output with completely synchronous

¥ Using CoreAudio, which is MacOS X
audio driver, for recognizing 3 MADI

system as one unified audio interface
¥ Moreover, another audio driver, Jack

Pilot, is introduced for distributing
audio in-out processes to cores of CPUs
M Evaluation of interchannel

Synchrony using TSP (Time Stretched Pulse)
¥ Jack Pilot off
e 1 to 3 samples of asynchronous
between each MADI
¥ Jack Pilot on

e Completely synchronous all 157
channels

Software

Control software: Pure Data 0.42-5

Audio driver: Jack Pilot

Audio driver: CoreAudio

MADI I/F MADI I/F | MADI I/F |
RME: HDSPe MADI RME: HDSPe MADI RME: HDSPe MADI
D/A D/A D/A D/A D/A
RME: M-32 DA | | RME: M-32 DA RME: M-32 DA || RME: M-32 DA RME: M-32 DA
MADI 1 MADI 2 MADI 3

Hardware

160 audio signals




Proposed 3D audio-visual display system

® Combining HOA system with 3D projection display

B Audio system: Completely synchronous 157-loudspeaker array system

B Visual system: Stereo shutter technique with acoustic transparent screen
¥ For integrating the audio system and the visual system, the trigger signal was

introduced 48 kHz word clock signals
Word clock generator:
. 157 audio signals
Au:ml((e:(r)\::::rloPC Rosendahl Na:'\osyncs HD o 3D vision projection system
i ‘ 3 trigger signals | Projector: SOLIDRAY Sight3D L37 <
05 Aoole Mac OS X 10.6.3 RME[iA/’z-Z oA Screen: EASTONE E2S-120PHD
- ppie Viac e | maDIF > * 11063 Shutter glasses: nVIDIA 3D VISION model 701
CPU: Intel Xeon 2.93 GHz RME HDSPe MADI | >
Memory: DDR3 8 GHz D/A: (63 out) .
: RME M-32 DA Surrounding loud-speaker array
Audio controller: . .
dio and Jack Pilot 1.1 MADI 1 (64 ch) Loud-speaker: Fostex FE83E (157 units)
coread ; Amplifier: YAMAHA P4050 (40 units)
Control software: Pure data 0.42-5 D/A:
USB connection ' MADI I/F: » RME M-32 DA 64 to 126
PCl-e connection RME HDSPe MADI | v
D/A: (63 out)
RME M-32 DA
Audio interface: MADI 2 (64 ch)
ROLAND UA-25EX
. L t MADI I/F: > D/A: 127 to 157
DIoHRtopHcALInRR | RME HDSPe MADI [ RME M-32 DA >
35 (31 out)
MADI 3 (32 ch)
Visual Control PC
OS: Windows 7 Professional 64 bit _ :
Trigger signal
CPU: Intel Xeon E5580 2.53 GHz for Audio playback
Memory: DDR3 SD-RAM 6 GB
Audio interface: ROLAND UA-25EX Digital optical out
Control software: Win32 multimedia API Stereovision signal
Graphic card: nVIDIA FX5800 5
Control software: OpenGL graphics library 3.2




Arrangements

® Arrangements of loudspeakers, projector and screen

M The sweet spot of for sound field
reproduction by HOA decoding is
the center of the array

M The viewer's position for proper
stereovision was set identical to
the acoustical sweet spot

L I Ceiling Wall A Z,J

boooooood *%
< O 000000 O0O

0O O O 0O 0 00 00O0 .
O OO0 000000
2T Wall B

|1.2 m 1.35m
Y LI
|—>IL' Ceiling Wall A Z‘J
< .
I].EBEirn
l—:I; Wall B -

: Screen (x=3.49)
: Projector (x=0.15, y=1.56, z=2.15)

® : Viewing & Listening point

(x=2.29, y=1.39, z=1.35)



System synchronous measurement
between audio and visual signals

B System synchronous measurement using luminance signal
and TSP S|gnals 3D vision projection system

Projector: SOLIDRAY Sight3D L37

Screen: EASTONE E2S-120PHD

B Result

B Unsigned maximum
asynchronous between the
drawing on the screen and 157-
audio stream was 51 samples

Recording PC
Apple MacPro

OS: Apple Mac OS X 10.6.3
CPU: Intel Xeon 2.66 GHz
Memory: DDR3 8 GHz
Control software:

Pure data 0.42-5

(= 1.1 ms)
B This value is much shorter than T p—— i
the detection threshold of TOPLON BV /A
audio-visual asynCh rony by 48 kHz word clock signals Luminance signal (Y signal)
Word clock generator: "

h uman Obse rvers Rosendahl Nanosyncs HD 3 of 11063 > AD:
i:: T 157 audio signals 3 of 64 to 126 MOTU HD192
Fo > _> .
¢ » from MADI x 3 12 input
" > 3of 127 to 157




Concluding remarks

® I[mplementation of 3D audio-visual display
M Realizing sound field reproduction system by 5th order Ambisonics using
157-loudspeaker array
B Realizing completely synchronous 157 audio playback system introducing
3 MADI system and two audio drivers, CoreAudio and Jack Pilot
B Implementation 3D audio-visual display system combining HOA system

with 3D projection system
¥ System synchronous between audio and visual signals was 1.1 ms and is much shorter
than the detection threshold of human perception

Realizing not only actual environment but also virtual
environment 3D audio-visual information reproduction

®m Future works

B Evaluation of the accuracy of reproduced sound field by proposed system
B Experiments for clarifying human audio-visual and various multimodal

perceptions
¥ Control audio and visual information including spatial information



Concept of HOA

m Simple example of orthogonal expansion
B Taylor expansion

©_ £(n) (g
fa) =3 Dy = gy +

® Orthogonal expansion of sound field information based on
spherical harmonics in HOA

p(kr,0,$) = Zz o (KT) Z B"Y™ (0

n=—m

B Sound information is decomposed to expansion coefficients B using
spherical harmonics Y, (0, ¢) of each direction (6, ¢)
M Using more higher order m, more accurate sound field is reproduced

(2m +1) (m — |n|)!

Yomn(0,¢) = < V2NTP"(cosp)cosnd  if n >0, N" =

V2N P, " (cosp)sinnf  if n <0,

(N PO (cos o) if n =0,
\/ A7 (m+ |n|)!




Sound field recording and reproduction
based on HOA system

m Aspects of HOA system i et ey ocet on saherion harmonis
B Using more higher order m, more " Kﬁphm :; | Encoding matrix of order N
accurate sound field is reproduced gSK SlQ . W) o YY0na) |7
®m More than (m +1)* channels are > 2 [ ‘Y+( Y:(gf’@ Y(g) )

needed to encode or decode order m 17| LS || aluleton from arangementof

M Recording system and reproduction I — T

system are independent each other Radial functions 1/Wm (k1?)
B;’% Expansion coefficients B ég Bi_l Br? e B}]\\ff

HOA v v
m Ambisonics Radial functions 1/F,, (kr)

oL ! ! ! s u s )
0 M P
1] . .
% Qp ) Decoding matrix of order N

-I . . Yﬂnl(gla 1) e YUUI(QK  9K) i

o Y (61,¢1) - Yy (Ok,0k)

e _ 0 E(l D:'p2 pif—ci=| ]

: : Y (01,01) - Yi (O, oK)

& 4 calculated from arrangement of

Reproducing sound field Decoding expansion coefficients

@ o ®
* “ using Lloud-speakers based on spherical harmonics
3 4

n 10

z g + Ko
3 ‘*’ ‘ . ’ .* - ”' " ri’ oA PLI¢ loud-speakers
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Implementation of sound field recording
system based on HOA

T. Okamoto et al., Proc. SOIM-GCOE 2010 (in print)

® HOA recording system using a 121 spherical microphone array

M 9th order decoding, which is highest order in the world, was realized
B Completely synchronous 121-audio recording system using Digital Electric
Condenser Microphone and FPGA board

1. Digital ECM
KUS5147 6. Control PC

(HOSIDEN) PXI-8110
O\ 121 ch (National Instruments)

2. Control substrate 5 FPGA board

. KSK-9 :(94-1}( PXle-7965R
(System Keisoku) | ational Instruments)

4. Control board
AMS-121S
(System Keisoku)

3. Data transfer cable
Twist pair cable (6 pares 12 cores)

Realizing actual sound field recording and
reproduction system 11



