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Ambisonics 1s...
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Ambisonics 1s...

...Jjust a signal representation. It is not equivalent or
limited to the sound field microphone.
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...Jjust a signal representation. It is not equivalent or
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...based on the concept of spatial sampling. Just as 1in
temporal sampling, you can scale the sampling density to the
desired resolution.
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Ambisonics 1s...

...Jjust a signal representation. It is not equivalent or
limited to the sound field microphone.

...based on the concept of spatial sampling. Just as 1in
temporal sampling, you can scale the sampling density to the
desired resolution.

. ..Andependent of the consumer's speaker layout.
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Ambisonics 1s...

...Jjust a signal representation. It is not equivalent or
limited to the sound field microphone.

...based on the concept of spatial sampling. Just as 1in
temporal sampling, you can scale the sampling density to the
desired resolution.

. ..Andependent of the consumer's speaker layout.

...Systematic and mathematically sound, making optimal use
of hardware and transmission bandwidth (three channels for
basic horizontal home surround!).
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Also, Ambisonics...

...degrades gracefully when playback capabilities are
limited.
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Also, Ambisonics...

...degrades gracefully when playback capabilities are
limited.

...allows for very reasonable automatic fold-downs to stereo
or 5.0.
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Also, Ambisonics...

...degrades gracefully when playback capabilities are
limited.

...allows for very reasonable automatic fold-downs to stereo
or 5.0.

...provides perfectly smooth panning, without timbral or
focal changes.

...1s fully isotropic, i.e. it works equally well in all
directions.
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Also, Ambisonics...

...degrades gracefully when playback capabilities are
limited.

...allows for very reasonable automatic fold-downs to stereo
or 5.0.

...provides perfectly smooth panning, without timbral or
focal changes.

...1s fully isotropic, i.e. it works equally well in all
directions.

...naturally includes height, without requiring special case
panning.
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The Kirchhoff-Helmholtz
Integral
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The Kirchhoff-Helmholtz
Integral

“If you know the sound pressure and
velocity 1n any point on the
surface of a source-free volume,

you have complete knowledge of the
sound field 1inside.”
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The Kirchhoff-Helmholtz
Integral

IT you can record the boundary,

“IT you know the sound pressure and
velocity 1n any point on the
surface of a source-free volume,

you have complete knowledge of the
sound field 1inside.”
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The Kirchhoff-Helmholtz
Integral

IT you can record the boundary,

“IT you know the sound pressure and
velocity 1n any point on the
surface of a source-free volume,

you have complete knowledge of the
sound field inside.”

you can reproduce the entire 1inside!
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The Kirchhoff-Helmholtz
Integral

Consider a spherical volume
that encloses the listener:
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The Kirchhoff-Helmholtz
Integral

20
>
N
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The Kirchhoff-Helmholtz
Integral

IT we put an infinite number of mics all over
the surface of our sphere...
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The Kirchhoff-Helmholtz
Integral

...then use an infinite

number of loudspeakers

to play back the
recorded signal...
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The Kirchhoff-Helmholtz
Integral

...the result will be
i1dentical to the
original performance.

¢‘!!»© o O
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Sampling the sphere

Microphones can be thought of as
spatial sampling instruments.

By using their directional
characteristics, maybe we can use a
finite number of mics and still get

good results.
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Sampling the sphere

@Q@

So how to approach
this 1n a clever way?
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Sampling the sphere

The systematic approach:

Find a set of polar patterns that
cover the sphere uniformly.

Avold redundant information.
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Sampling the sphere

An omnli pattern
will sample the
sphere completely.

No directional

information,
unfortunately.
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Sampling the sphere

Three figures-of-
eight will also
cover the sphere
_uniformly.

Together with W,
they provide
directional
information.
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n

“Native” B-format microphone:

an omnl 1n
the middle

Tonmeistertagung 2010, Leipzig Jorn Nettingsmeier, http://stackingdwarves.net


http://stackingdwarves.net/

“Native” B-format microphone:

an omnl 1n
the middle

a fi1g8 for
left-right
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“Native” B-format microphone:

a fig8 for
front-back

an omnl 1n
the middle

a fi1g8 for
left-right
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n

“Native” B-format microphone:

works well
for
horizontal
sound
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“Native” B-format microphone:

Problem:

Sound from
outside the y
horizontal ===
plane arrives M
at the capsuless
at different
times.
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“Native” B-format microphone:

Problem:

Sound from |
outside the W« 4
horizonta 1 i
plane arrives )
at the capsuleSW =

(even worse

at different with an
times. additional
/ mic)
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Sound field microphone:

three cardioids 1in ,
the corners of a °
tetrahedron
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Sound field microphone:

three cardioids 1n
the corners of a
tetrahedron

uniform time
errors 1n all,
directions
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Sound field microphone:

works well when
you make the
array small
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Sound field microphone:

RFU
equivalent to
B-format:
W = LFD + RFU + LBU + RBD
X = LFD + RFU - LBU - RBD
Y = LFD - RFU + LBU - RBD
Z = - LFD + RFU + LBU - RBD

RBD

works because our approach 1s
systematic!
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Decoding B-format

B-format to square layout:

> X

F =W+ X +Y
RF =W + X - Y
B=W-X+Y
RB =W - X - Y
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Decoding B-format

B-format to ‘

diamond layout: =

) (cpm

00> r T
= = = =
I
X < < X

Aﬁ
o~
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Decoding B-format

Other layouts can be y
derived using '
trigonometric /
functions 4
and gain

coefficients. ‘)))

s
N —

D _
Y
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Decoding B-format
5.0 or stereo

fold-downs work " ‘

similarly. _#8 )

Irregular layouts

lose some spatial

resolution and ‘“\ (((‘
will introduce

slight localisation errors.
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What's wrong with
first-order Ambisonics?
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What's wrong with
first-order Ambilsonics?

Low angular
resolution:
shallow off-axis
roll-off.
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What's wrong with
first-order Ambilsonics?

In practice, this
means 1nstability
and a small

sweet spot

(= listening area)
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So we need
narrower polar patterns
which again sample the sphere
uniformly and are
linearly independent
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..and here they are:
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Higher-order Ambisonics

1

channels:

Ot" order

O 00 s » -
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“Native”
higher order
microphones
do not exist.

But we can

use the same
trick as the
tetrahedral
mic:

Tonmeistertagung 2010, Leipzig
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And for synthetic
sources or spot
mics, we can us
panning
functions
that compute
higher-order
components.
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Producing 1in HOA

Problem: Existing higher-order
microphones are not satisfactory for
high-quality recording.
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Producing 1in HOA

Problem: Existing higher-order
microphones are not satisfactory for
high-quality recording.

But: There 1s no satisfying single
7.1, 22.2 or Auro-3D mic either - no
problem: we can combine and pan mono
sources easily.
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Producing 1in HOA

*Pop: V
eCinema: Vv
eElectro-acoustic music: Vv
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Producing 1in HOA

*Pop: V
eCinema: Vv
eElectro-acoustic music: Vv

But how to record classical events?
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Thanks fo yor _
attentlcn' N
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