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What is OPSODIS ™2 Ed

Optimal Source Distribution

Principle
— 3D sound reproduction
— Binaural
— Loudspeaker reproduction
— 2 channel system (or 3ch)
— Stereo & Surround
reproduction compatible

What 1s special?
— Lossless crosstalk cancellation!
— Robust control
— Multiple listeners
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Spatial hearing and binaural signal  opsebis:

Sound source signal s Characteristics of space (physics)

( relative position , response of space )
Spatial hearing (human)

( source position , movement , room size ,
AR reverberation )

el

A, - | |
any number of sources ... Binaural signals d
d=As

D

e Physics
source signal ——  propagation —— two different signal at ears

e Perception
Separates signal and spatial information <—— binaural signals



Inverse filtering (crosstalk cancellation) 5&

Loudspeaker reproduction interweaves loudspeaker position

Il

In order to reproduce spatial information arbitrarily,
independent transmission to each ear is necessary.

1l

Minimum of two independent (real) sound source necessary

(&
binaural — Cip Synthesised

Signals — flltering \ binaural signals
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Conventional cross-talk cancellation oPSontS-

Independent control at both ears

Right ear >t

[=t

Left ear

Cancelling each other

Loudspeaker output

A
A
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v Y M
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Conventional cross-talk cancellation oPSontS-

Independent control at both ears

Right ear >t

[=t

Left ear

Loudspeaker output

)

Right ear <©

Left ear
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Conventional cross-talk cancellation oPSontS-

Independent control at both ears

Right ear >t

[=t

Loudspeaker output

- -

Left ear

Repetitive delay = Large output
(Frequency dependent)

Massive destructive

interference
1 T T t 4, .t
RRRAN

vV

'Av Right ear 43
1

hﬁ

[

¥ 7 Left ear
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Crosstalk cancellation (frequency) orsooss:

f D, ___phase
filleringi/ W amplitude I ‘\v

% v, =

2
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- -
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- - =
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i " ..‘
# A
- 5 &
e - -
- =" I ‘_.."
__________

@ Phase shifted by path length difference G

- TWI v <*------ |- >

Destructive interference at both ears.
Inefficient, quality loss, sensitive to errors.



) Frequency dependency I3

OPSODIS”

Conventional tom Left SP

— from Right SP
— reproduced
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Why have 3D systems not performed well so far? 53“,

Frequency response to listener

6dB
(two point sources) ~
A AIn phase 0dB
Slgnal
level |

Oout )

< e , Out-of-phase
signal \
-40dB \

20H Frequency (linear) 20kHz

Sound emitted by loudspeakers do not reach listener’s ears
at certain frequencies. @

Large output required to compensate it.
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Loss of performance through cross-talk cancellation process 5&"

« Typical frequency response of the inverse filters
for 3D reproduction.

0dB
Out-of-phase
signal
level
"/ \__/ N "~ { In-phase
) 1 1 . ge—jkArsinH Si Ilal
H=C = 1— gze-ijArsinG . ge—jkArsinﬁ 1 ©
-40dB

20Hz Frequency 20kHz
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Loss of performance through cross-talk cancellation process :1
OPSODIS"

Original
A A A Performance

_Dynamic range loss = Low Quality. |~ 5 bit

0dB

-30dB Synthesized sound

Distortion
v Exact matching

level

Noise

20Hz Frequency 20kHz
Cross-talk cancellation degrades performance severely.



Analogy to picture quality 5:'!

Reduce;
Constant resolution

Magnity;
Pixel size
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Loudspeaker span 0PSO
180°
(@)
O @ O 10
(Stereo Dipole)

Original Performance

i —
T ~ - 7 bit
-16d
" Less complexity
1-43dB- R
| / Larger loss
Synthesized"sound
20Hz °°  %0kHz 20Hz ° ©  20kHz

frequency (log) frequency
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P

Optimal Source Distribution OPSODIS'

Transducer position vs Performance

20kHz

N
X
L
N

frequency

200Hz

Conventional

-4

U
OPSODIS
frequency

9 /higm
~n S0 100 on +4n 1€ on O
60° 120° 180° ©
O

transducer position low Olow

»POOr

40
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Conventional

The worst conditioned frequency 4
dictates performance
for all frequencies!!

(Stereo Dipole)

OPSODIS

TN
€\



OPSODIS loudspeaker 5:'!

* Frequency response to listener with OPSODIS.
| J No frequency dependency on
Cx . amplitude response and
| J 1_ phase response /

© OPSODIS

0dB

level

-40dB
frequency



OPSODIS principle %:'!

* Frequency response of the OPSODIS inverse filters.

1 1 —jg] 11 -] No frequency dependency on
H = : = . amplitude response and
1+g° |- 1 21-j 1
g & ] phase response
0dB
S >
robust

*Simple process
level *No loss resulting from signal manipulations

g

*High quality 3D reproduction
*Natural & pure sound quality

-40dB
frequency O



Crosstalk cancellation of OPSODIS 5&

Independent control at both ears
Right ear >
phase /{ amplitude
Left car : Cancellation

=~

2 amplitude, -90° phase

AW 1/* —— Right ear

N—
\/" <©
Addition
> amplitude Cv’
T / —_— 7 \ " > Left ear

N1/

Loudspeaker output



Crosstalk cancellation of OPSODIS 5&

Independent control at both ears
Right ear >
phase A amphtude
Left ear >
- > Right ear

2 amplitude, -90° phase

> amplitude

T ‘ > Left ear

Loudspeaker output




Crosstalk cancellation of OPSODIS 5:‘!

Independent control at both ears
Right ear >
phase /[ amphtude
Left ear ’ Destructive interference
- —<— Right ear

2 amplitude, -90° phase

Constructive interference@
> amplitude

T JL—* Left ear

Loudspeaker output

Efficient, Lossless, Robust to errors.



) Reproduction quality | IEJ

Example: 16bit hardware

OPSODIS”

Stereo Dipole

R Reproduced
. dynamic range
~ +3 dB

OPSODIS

/7" Reproduced

\¢/\_| | dynamic range
~ -43 dB

— L channel
— R channel
— reproduced

O




Electro-acoustic transducer for OPSODIS %:‘!

Flat panel loudspeakers

. plate
high “— frequency — low

/:haker
driving plate C>D

narrow *—— width — wide
*Acoustic waveguide large < stiffness — small

slot driyer high < frequency — low
@ / =

narrow < slot — wide
high < frequency —low

Variation in excited frequency and radiation impedance
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Discrete system 5:'!

20k

2k

frequency(Hz)

0 60 120
transducer span

*Width of n enables discretisation
n=1->1-v<n<l+v

*U-shaped valley
s

Small performance loss

180

a pair of discretised variable span OSD loudspeakers
£

I
)
Frequency l' Frequency
Dividing | Dividing
Network i MNetwork

9 a pair of continuous

+
Q,ua riable span loudspea kers:Q

2 channel, multi-way system
*Use of conventional transducers
*Wide frequency range



26 . ..
Effects of room reflection (sound radiation) :ﬂ

OPSODIS”

- Small radiation N -0 dB Q 0 dB

by OPSODIS

1l

Needs anechoic
room

conventional

Not affected by reflection
L y

Very large
sound

radiation other

than receiver
directions

\

_/

OPSODIS
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Radiation pattern of Conventional orssbs

—30dE —20dB -10dE 0dB 10dE

« Radiation pattern 1s different depending on the frequency.
 Single listener .

* Very small sweet area.



Radiation pattern of OPSODIS 5:'!

—30dB —-20dB —10dB 0dB

A: 1 or 3 listener(s)
B: 2 listeners

« Radiation pattern is constant regardless the frequency; Large sweet area
* No spectral change; elevation works everywhere.
« Multiple listener listening with a little performance loss.

 The interval of L-R cross-talk cancellation 1s about 0.3m; Alternative
seating positions.
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Reproduced sound level ( lateral position )  gpsgois-

Y N ................. ................ ................ .................. ................ eft arsgnal ......... 4
| 5 | 5 | | |gh ear |gn l

-30 I I I I I I I I
-1 08 —06 0.4 -0z 0 0z 04 06 0.8 1

Lateral position (m)
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L-R Crosstalk cancellation op

OPSODIS”

( target signal — crosstalk signal )

i l i | I i l
—1 08 08 -0.4 -0z 0 0.z 0.4 06 03 1

Lateral displacement ( m)

Left = Left - Right
Right = Right - Left




Aspects of the “OPSODIS” _or]

* No dynamic range loss

— Quality (Lossless)

— Good S/N

— No distortion

— Reduced transducer fatigue

» Robust to errors in plants and filters
— Robust to individual difference in HRTFs
— Generic inverse filters

» Flat amplitude response of inverse filters
— No colouration at any location

 Small sound radiation other than receiver directions

— Robust to room reflections

» Consistent radiation over frequency

— Multiple listener listening
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OPSODIS”

3 channel OPSODIS
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Inverse filter ~ 2 channel OSD tﬂ
frequency

OPSODIS”

0dB

Out-of-phase |
component |

level

In-phase
component

-40dB

Frequency/azimuth
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Inverse filter ~ 3 channel OSD tﬂ
frequency high

OPSODIS”

0dB

Out-of-phase
component |

level

In-phase C :
‘ <
component 3ch OSD

-40dB

Frequency/azimuth



Extension to 3 channel

30 |
25}
20
Out-of-phase
component 15
.%. 10+ i
5 L
2¢h OSD
0 7 3ch OSD -
§ C
In-phase -5, o 20005~ N o N
E‘/ o % 3ch
component 3ch OSD
_10 l ! ! 1 ! 1 1
0 2 4 6 3 10 12 14 16
N

Singular values of the inverse filter matrix H
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20kHz

N
X
L
N

frequency

200Hz

20Hz

OO

3 channel OSD

excess amplification

NS
‘..- valley (out of phase

60° 120°
transducer azimuth

180°

Y4
{v]
)
o

4

-5

" . |
peak (0
= valig ::ll“IIIIII ‘II

valley «

P

OPSODIS”

2ch OSD

O

!

3ch OSD



Crosstalk cancellation of 3ch OPSODIS %&

Independent control at both ears
Right ear o
phase/‘ amplitude
Left ear > Cancellation

Ya amplitude, -90° phase
7 Right ear

S o
5 amplitude / Ad{t/on
t 2 ) &A_ﬂf_. Left ear

Ya amplitude, +90° ph\e‘lse v
Loudspeaker output




Crosstalk cancellation of 3ch OPSODIS 5&

Independent control at both ears

v

Right ear

phase/‘ amplitude

Left ear

Ya amplitude, -90° phase
v

e = =
5 amplitude <©

t [ . Left ear

s amplitude, +90° phase
Loudspeaker output

. Right ear




Crosstalk cancellation of 3ch OPSODIS %&

Independent control at both ears
Right ear >
phase/‘ amplitude
Left ear - Destructive interference
Ya amplitude, -90° phase T
. Right ear
L v
0 17 amplitude o ] <©
2 dinp Constructive interference
t TTT . Left ear

s amplitude, +90° phase
Loudspeaker output Efficient, Lossless, Quality, Robust to errors.



Crosstalk cancellation of 3ch OPSODIS %&

Independent control at both ears
Right ear >
phase/‘ amplitude
Left ear . Destructive interference
1/3 i:mplitude, -120° phase /T\A . Right car
) T ol
1/3 amplitude Constructive interference
/ m . Left ear

1/3 amplitude, +120° phase
Loudspeaker output Efficient, Lossless, Quality, Robust to errors.
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Combination of signal processing
and the new type of loudspeaker
based on a new principle

OPSODIS

— Enabling high definition 3D sound reproduction with 2 channel (or 3ch)
loudspeakers

— Natural sound quality without distortion
— Natural sound at any location

— Effective in any room

— Compatible with surround reproduction
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