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SPATIAL HEARING

after A. S. Bregman (1994): Auditory scene analysis, MIT Press, Cambridge, USA, pp. 5.
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SPATIAL HEARING
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SPATIAL HEARING
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PARAMETRIC SPATIAL AUDIO
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Lindau et al. (2012) Perceptual evaluation of model- and signal-based predictors of the mixing time... JAES 60(11): 887 — 898.
Godin et al. (2019) Aesthetic modification of room impulse responses... AES Conf. Immersion and Interactive Audio, York, UK.
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PARAMETRIC SPATIAL AUDIO
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PARAMETRIC DE- AND ENCODING IN
CONSIDERATTION OF EARLY REFELCTIONS
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- Encoding (offline)

Dependency on environment

Dependency on audio content

Scalable to match computational resources
Smooth spatial distribution

Low-cost and short memory
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PARAMETRIC DE- AND ENCODING IN
CONSIDERATTION OF EARLY REFELCTIONS

- Encoding (offline)
* Dependency on environment
* Dependency on audio content

» Scalable to match computational resources
» Smooth spatial distribution
first sound * |ow-cost and short memory

early
reflections

e s s - Decoding (real-time)
 Efficient
To T Tmix time * Perceptually plausible
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PRECEDENCE IN ROOM ACOUSTICS -
TEMPORAL ASPECTS
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Litovsky et al. (1999): The precedence effect. J. Acoust. Soc. Am. 104(4). 1633 — 1654,
Brown et al. (2015): The precedence effect in sound localization. J. Assoc. Res. Otolaryng. 1(16):1 — 28.
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PRECEDENCE IN ROOM ACOUSTICS -
ENERGETIC ASPECTS

Amplitude in dB

~10 ~20-30 Time in ms

Olive and Toole (1989): The detection of reflections in typical rooms. J. Audio Eng. Soc. 37(7/8). 539-558.
Rakerd et al. (2000): Echo suppression in the horizontal and median sagittal plane. J. Acoust. Soc. Am. 107(2):1061-1064.
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PRECEDENCE IN ROOM ACOUSTICS -
SPATIAL ASPECTS

- Decreased threshold with increasing spatial separation
- Differences of 10 - 15 dB

Bech (1995/1996): Timbral aspects of reproduced sound in small rooms. Part I/ll. J. Acoust. Soc. Am. 97(3) and 99(6).
Litovsky and Cunningham (2001): Investigation of the relationship among three common measures of precedence. J. Acoust. Soc. Am.

Best et al. (2004): Separation of concurrent broadband sound sources... J. Acoust. Soc. Am. 115(1):324-336. 10/32



METHOD
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Amplitude in dB

DATABASE - IMAGE SOURCE MODEL
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Brinkmann and Weinzierl (2017): AKtools. 142" AES Convention, Berlin, Germany
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Amplitude in dB

DATABASE - IMAGE SOURCE MODEL

80
2 i
T st O
20 ER and LR (mono) c * 2
R ] (o))
2 o S
-40 = 3
O st =
2 <
S
-60 s % 700
Time in ms
_80 270 0
d) L
% 180 %
-100 78 £ . a0 £
0 100 200 300 400 500 % %0 - §
Time in ms § : 20 %.
o o - £
& | 3

8
g

! 1
50 100 150

Time inms

o

Brinkmann and Weinzier! (2017): AKtools. 142" AES Convention, Berlin, Germany (i



DATABASE - TRITON

- Wave based simulation up to 8 kHz

- Direction from sound intensity I

1
Po

- Pressure gradient Vp from neighboring points
In X/y/z-direction

- 10" order, zero phase low-pass @ 2 kHz

Raghuvanshi and Snyder (2018): Parametric directional coding for precomputed sound propagation. ACM Trans. Graph. 13/32
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PROPOSED ENCODING

a) estimate 7y, ag, and Xy = {¢o, 6o}
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PROPOSED ENCODING

a) estimate 1y, ag, and Xy = {¢, 6y}
b) estimate t;, a;, and &; based on masking threshold
c) select N reflections

d) estimate late reverberation based on residual energy
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PROPOSED ENCODING: 7, a,

To: Onset estimator according to [1]

T0+1 ms 1/2

[EGR

To—0.5 ms

1.5 ms

[1] Raghuvanshi and Snyder (2018): Parametric directional coding for precomputed sound propagation. ACM Trans. Graph. 16/32



PROPOSED ENCODING: %,

To+1 ms Z
1 5 t y
bo= | PO
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Ziegelwanger and Majdak (2014): Modeling
the direction continuous time-of-arival. J.
Acust. Soc. Am. 135(3): 1278 — 1293.
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PROPOSED ENCODING: <,

Py =
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PROPOSED ENCODING: <,
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Ziegelwanger and Majdak (2014): Modeling
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PROPOSED ENCODING: MASKING THRESHOLD

Amplitude in dB

~10 ~20-30 Time in ms

slope: -1 dB/ms
offset: -10 dB
v-shape: add 35% reflection energy to threshold
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Amplitude in dB
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[1] Best et al. (2004): Separation of concurrent broadband sound sources... J. Acoust. Soc. Am. 115(1):324-336.
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PROPOSED ENCODING: DETECTED REFLECTIONS ~ HE

Image source model
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PROPOSED ENCODING: DETECTED REFLECTIONS

Image source model
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PROPOSED ENCODING: SELECTION
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PROPOSED ENCODING: SELECTION
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PROPOSED ENCODING
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PROPOSED ENCODING: LATE REVERBERATION
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RESULTS




PHYSICAL EVALUATION

- 0,1,2,4,6, 8 10 and 15 reflections
- Three selection methods (first, exceed, loudest)
- Two late reverberations (single, double ramp)

- Comparison against reference
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PHYSICAL EVALUATION I

Max. absolute gam missmatch - Good level preservation
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- Minor differences across
algorithms
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23/32



PHYSICAL EVALUATION

Max. absolute spectral difference - Slightly audible coloration

Small room dry
Medium room dry
Large room dry
Small room medium

- Minor differences across
algorithms

Medium room medium Q‘é
Large room medium w
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mean
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PHYSICAL EVALUATION

Max. absolute ILD difference - Slight mismatches in
Small room dry source position
Medium room dry
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- Minor differences across
algorithms

AE indB
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PHYSICAL EVALUATION

Smallroomdry |01 01 0 01 01 01 04
Medium roomdry |01 01 0 0.1 0.1 0.1 05
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R
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0.6

104
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- Slight mismatches in
source width &
envelopment

- Minor differences across
algorithms
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PERCEPTUAL EVALUATION

- 27 participants (b female, 22 male, 38 yrs.)

- 0, 1, and 6 reflections

- First order image source model as anchor (6,gy)
- ‘Loudest’ selection method

- Double sloped’ late reverberation

- Running anechoic speech

- Rated against reference
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PERCEPTUAL EVALUATION

RT=05s RT=1s RT=2s
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PERCEPTUAL EVALUATION
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{ e - Differences decrease with N
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PERCEPTUAL EVALUATION

{ e - Differences decrease with N
go_s-;r ................................ - Bigv is always rated O
" +-‘-_"'-'--l-_ - Differences decrease with RT

- Effect of V (7?)
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PERCEPTUAL EVALUATION

tone color horizontal direction vertical direction
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SUMMARY

- End-to-end parametric audio system including early reflections
- Evaluated on two different models

- Detected reflections agree across models

- Early reflections important in large and dry rooms

- Differences decrease with increasing reflections

- 6 early reflections sufficient in most cases

- Floor reflections seems important
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CONTRIBUTIONS

- Detecting and selecting early reflections

- Double sloped parametric late reverberation

- |t doesn’t take to much (early reflections) to trick the brain
- Inclusion into Triton work-flow possible

- Currently FIR for late reverberation, new approach allows IIR

» More efficient, and higher perceptual quality
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OUTLOOK

- Non-empty rooms

- Spatial smoothness

- Qutdoor Environments

- Parametric rendering

Discover first order reflections
Detect reflections with short memory

Room dependent search time

Directional variance

~requency dependent rendering

Directional reverberation
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