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Introduction and research aim

® I[mplementation of 3D sound field recording and reproduction

system
B Realizing communications with high sense-of-presence

® Sound field recording and reproduction based on
higher order Ambisonics (HOA)

M Highly sound field reproduction around a center of array

WES or BoSC
than WFS (Wave Field Synthesis) and BoSC (Boundary Surface Control)
¥ We have already implemented 5th order Ambisonics reproduction
system using 157 loud-speaker array
¥ High definition Ambisonics recording system is required
B Today’s topics

B Implementation of 3D sound field recording system Ambisonics
¥ Overview of HOA Relationship between
¥ Designing 121 spherical microphone array reproduction accuracy

and frequency

2

¥ Implementation with 121 Digital Electric Condenser Microphones
(ECMs) and FPGA board



Concept of HOA

m Simple example of orthogonal expansion
B Taylor expansion
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® Orthogonal expansion of sound field information based on
spherical harmonics in HOA

p(kr,0,¢) = Zz Jm (kT) ZB”Y”

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|)!
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Sound field recording and reproduction
based on HOA system
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Implementation of 3D audio-visual display

T. Okamoto et al., Proc. IEEE IC-NIDC 2010

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

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 e Screen: EASTONE E2S-120PHD
- ppie Viac s | maDIF 2 * 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: . )
g d Jack Pilot 1.1 MADI 1 (64 ch) Loud-speaker: Fostex FE83E (157 units)
CRIEAMCIDIANCSATERRE 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
R L | 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




Implementation of HOA recording system
with more than 100 microphones

® Current HOA recording system

B Up to 64 channels with up to 6th order encoding
B These systems use analog microphones and A/Ds

v 8
4

S. Moreau et al. (32 ch) D. N. Zotkin et al. (64 ch) A. Parthy et al. (64 ch)
@Orange Labs @University of Maryland @University of Sydney

® Our research aim

B Implementation of HOA recording system with more than 100 microphones
¥ More than 100 ch system cannot realize when using analog microphones and A/Ds

e Problems: Size of array must be large! Interconnection lines must be huge!
¥ Digital Electric Condenser microphones (ECMs) and FPGA board are introduced



Designing 121 spherical microphone array

B Arrangement of microphones

B In HOA system, regular arrangement (equal density) is important
B Nearly equal density arrangement

is calculated from regular icosahedron
based on polyhedral subdivision
M Total vertex number is 122

20 = 42

® Radius of sphere |
B 3.5cm 7 cm

¥ Designed from size of Digital ECMs, interconnection

lines and control board in the sphere
¥ 1 channel at the bottom is used for interconnection output
¥ Spatial aliasing frequency: 8.9 kHz

~N

Designing of spherical arrangement
with 121 channels /




Spec of 121 spherical microphone array

®m Estimation of encoding order

M In 121 ch system, up to 10th order
can be calculated (10+1)% =121

M Condition number of encoding matrix
¥ Maximum eigenvalue / minimum eigenvalue
M If condition number is less than 20 dB, 20

stable encoding can be realized 1
M. Noisternig et al. 2010

condition number [dB]
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B Up to 9th order encoding
_ _ — highest order in the world
B Radial functions

M Relationship between radial function of
rigid sphere and encoding order

W (kR) =i~ ™ (ER)?*h. /' (kR)
h'(kR) : Hankel function

¥ In higher encoding order, sound information
in higher frequency components are much

Encoding order

Radial function (Rigid sphere) [dB]

102
Frequeny [Hz]




Implementation using 121 Digital ECMs
and FPGA

®m 121 ch recording system

M Controlled by LabVIEW (National Instruments) in Windows XP (SP3)
B Completely synchronous 121-audio recording system using Digital Electric

Condenser Microphone (Digital ECM) and FPGA board

¥ Sampling frequency is 48 kHz
¥ 4th Delta-Sigma modulation is used for 1-bit signals

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) (National Instruments)

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

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




Concluding remarks

® Conclusions

M Implementation of 3D sound field recording system based on HOA
¥ 9th order encoding, which is highest order in the world, was realized

¥ Completely synchronous 121-audio recording system using Digital Electric Condenser
Microphone (Digital ECM) and FPGA board

®m Future works

B System calibration
¥ Acoustical measurement in
anechoic chamber using
spherical loudspeaker array

M Performance evaluation
¥ Recording sound field in
actual environment and
reproducing in our
157-loudspeaker array

Spherical loudspeaker array in R.I.E.C 10
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Signal format at each device

1.

. Data transfer cable

121 Digital ECMs

B 48 kHz x 64 = 3.072 MHz, 4th AZ modulation, 16 bit

. Control substrate

B Transforming time-division serial data
using Ser/Des communication

B 3 pairs of Ser/Des transmission (HOSIDEN)
¥ 3.072 MHz x 48 = 147.457 bps (1 pair) mm ch

1. Digital ECM
KUS5147

B 3 pairs of Ser/Des transmission = 442.368 bps

. Control board

B Decomposing time-division serial data to
multipoint parallel data

B Input signals to FPGA board

B Sampling frequency: 3.072 MHz, 1 bit

. FPGA board

B Transforming signals using Cascaded Integrator
Comb (CIC) filter
B Sampling frequency: 48 kHz, 16 bit

. Control PC

B Recording 48 kHz x 121 ch data to HDD

2. Control substrate
KSK-9194-1
(System Keisoku)

6. Control PC
PXI-8110
(National Instruments)

5. FPGA board
PXle-7965R
(National Instruments)

4. Control board

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

%SerDes

AMS-121S
(System Keisoku)

SERializer/DESerializer
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