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Introduction Ambisonics Listening-Tests Decoding Microphones Sound-Radiation

Basics of directional resoultion

Resolution of the eye:

Pixels start to mix for angles < 1/40 °
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Stereophony — Schops Doppel-MS

Adjustable stereo image by combining basic directional patterns

At which resolution does it image? — More on that now
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Basics of resolution on the plane

Smoothing a visual image: harmonic representation /truncation

iem

————————

LA
/o

nnnnnnnn

'
Tuw%;||%o

spherical-harmonics in recording and reproduction of sound fields Franz Zotter

[
SEIEE]
EEH@Q

Nov 19th, 2010




iem

Basics of resoultion on the plane

Smoothing a visual image: harmonic representation /truncation

Introduction Ambisonics Listening-Tests Decoding Microphones Sound-Radiation
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Basics of directional resoultion — horizontal surround

Smooth surround imaging: harmonic representation/truncation

red>0
blue<0
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Basics of directional resoultion — horizontal surround

Smooth surround imaging: harmonic representation/truncation

red>0
blue<0

Resolution is about 180°
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Ambisonics — horizontal surround

Ambisonics as a surround recording format — decoding to loudspeakers
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Ambisonics — horizontal surround

Artificially for surround panning
4. Ordnung
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Listening tests — Stéphanie Bertet (ircam/orange-labs)
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Listening tests — Georgios Marentakis (former work at McGill)
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Listening tests — Matthias Frank (IEM)

inside sweet spots outside sweet spot
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Listening tests — Matthias Frank (IEM)

analytic source width [7]
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Introduction Ambisonics Listening-Tests Decoding Microphones Sound-Radiation

Basics of directional resoultion — surround (with height)

Smooth surround-with-height imaging:
harmonic representation/truncation
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Ambisonics

(a) Continuous distribution ib) Angularly band-limited distr. (c) Discretized distribution

ng




Introduction Ambisonics Listening-Tests Decoding Microphones Sound-Radiation

Basics of directional resoultion — surround (with height)

Smooth surround-with-height imaging:
harmonic representation/truncation

red>0 m=-1 m=0 m=1

blue<0 I

Triple MS? © |
Soundfield Microphone
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Ambisonics — recording and production format

Ambisonics
Ambi-

0 Recording @
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Comparison: VBAP /pairwise panning
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Ambisonics decoding — mode-matching approach

Similar desires as for pairwise/VBAP panning

- Additionally: constant source width
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Ambisonics decoding — mode-matching approach

e Hypotheses:
- localization spread can be controlled
- assuming ideal limited representation of loudspeakers

Bu{6(0-6,)} =) ) Y™O)Y,(6,)

n=0m=—n
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Ambisonics decoding — mode-matchine - proac/

desired virtual source
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Ambisonics decoding — mode-matchine - proac/

o

desired virtual source

yn = YN g given loudspeakers

~- constant loudness 1) This inverse is hard to compute for
-- arbitrary layout arbitrary loudspeaker geometries
+ invariant spread 2) And still loudness may vary

Nov 19th, 2010
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Ambisonics — hemisphere decoding using orthogonalization
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Ambisonics — hemisphere decoding using orthogonalization
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Ambisonics with t-design loudspeaker layout

e spherical t-designs (particular

arrangements)
47
-1 __ T
Y g 9
= g = TYN y~(0) lg|* = const
+ constant loudness Figure 4: t-designs: ¢ = 3,5,7,9

-- very restricted layout
+ invariant spread
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Virtual t-design Ambisonics-Rig Using VBAP

cp. also Batke and Keiler 2010
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+ constant loudness
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+ invariant spread
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T-design Ambisonics using VBAP
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Measures

e Loudness Measure: Energy
- average in space: statistically independent superposition of Is

signals at mid and high frequencies

e Spread: based on energy-vector (center of mass along source
direction)
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VBAP vs Virtual T-Dsgn Ambi Using VBAP

(b) E = 0[dB]. (c) or =0...33[7].

(a) Virtual 18-design. (b) E = —6...1[dB]. (c) o =25+ 10[7.
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Basics of directional resoultion — surround (with height)

Smooth surround-with-height imaging:
harmonic representation/truncation

How about higher resol ution?
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Higher-order Microphones
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Higher-order Microphones
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Higher-order Microphones
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Higher order microphone arrays

Meyer, Elko Rafaely&Park, Petersen, Moller-duhl, Takashima, Nakagawa,
2000-2010 2004/2010 B&K, 2003-2010 Williams,2008

Jin, v.Schaik,
2006-2010
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Sound radiation: surrounding spherical microphone arrays
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Analysis of Radiation Patterns

e example:
Saxophone

First partial s

1=t
T=Hz
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Compact Spherical Loudspeaker Array

fc=42Hz, -20dB fc=85Hz, -10dB

fc=339Hz, -5dB fc=679Hz, -3dB

fc=2715Hz, 0dB fc=5431Hz, -1dB

fc=170Hz, -6dB

fc=1358Hz,
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Spherical Harmonics

n=0
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Spherical Harmonics

O
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Applications
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Ambisonics as a source/surround representation format

Object based mixing (for whatever renderer)
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