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Project goal

To determine the most accurate spatial analysis and synthesis method
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Spatial Analysis Binaural Room Impulse Response

}

Synthetic Binaural Room Impulse Response
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Background

Methods
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Listening test
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60M1 array

100mm spacing

Based on GRAS 50VI
Six Line Audio OM1
microphones

Smallest DOA error for
SDM*

Smallest perceptual
difference to the ref**
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Line Audio OM1

- Reference omnidirectional

measurement

- Used as a centre omnidirectional

pressure signal for the SDM
conditions.

- (20 Hz to 20kHz, + 1dB)
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Test conditions

Spatial Decomposition Method (SDM)*

Zero-phase Bandpass

> o-phase Bandp: {1 | BP-E Condition
- Conditions: v
_ . Windowing Direction of Arrival
60M1 Microphone array P Hanning L sample window —p» (DOA) analysis —P
G?, SRIR with 99% overlap ®, )
- B60M1+Omni * P (n)
anal- Assigning DOA
q P I
- em32+Omni Singlerlglslgufir??vrllita: Array to Pressure
. ignal
- 60M1+Omni+BP-E sona
- em32+Omni+BP-E P (n)
Dedicated Pressure Signal: >

* Tervo et al., 2013

Omnidirectional Centre RIR
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Analysed Data

DOA(n) =[8(n), ®(n)]

P(n)
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Test conditions

Higher Order Spatial Impulse
Response Rendering (HO-SIRR)*

Ambisonic Windowing and
RIR P Frequency domain

- Conditions: transform

sectors

Beamforming | |

- HO-SIRR
- HO-SIRR+diffuse

* McCormack, Pulkki, et al., 2020

Frequency bin f

Spatial analysis

Direction of
Arrival (8, )

Diffuseness W

Sector s

Inverse time- m Impulse
» VBAP » 4’
lq tom »  frequency Responses
loudspeakers transform
Encoding t Ambisonic
nch|Bg ° P decoder and
decorrelator

Windowing
Hanning L
sample window
with 99% overlap

Ambisonic RIR

Pressure signal: W

Dedicated Pressure Signal:
Omnidirectional Centre RIR
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Zero-phase
Bandpass
200Hz — 2.4kHz
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Direction of
Arrival (DOA)
analysis
(6, 9)

Assigning
DOAto
Pressure

signal
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Diagram adopted from *

Analysed Data

DOA(n) = [6(n), D(n)]

P(n)
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Rendering

‘ Analysed Data ‘ m Impulse - Direct
» >
K-Nearest Neighbours Responses Equalis
DOA(n) = [B(n), ®(n)] (KNN)
SOFA Convolution
P(n) 4 with desired
inaul
VBAP Convolution >
Grid of m loudspeakers m HRIRs |
A
4
K-Nearest Neighbours

\ 4

(KNN)

m Impulse
Responses

SOFA Convolution with

o desired source
Convolution
m HRIRs

Grid of m loudspeakers K-Nearest Neighbours (KNN)

HO-SIRR
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Experimental design

Test protocol sme  —T— 50
- Listening test performed remotely B
using HULTIGEN v2*
- MUSHRA-like methodology, with no ~ Pifferent  —1— 30
anchor.
- Five-grade similarity scale with five R
semantic labels. -
xtreme
* Johnson & Lee, 2020 dfferent 10
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Test results — Bongo — Medians and 95% CI
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ASDM, HO-SIRR and HO-
SIRR+diffuse for most of the time
performed between 3.0 (Different)
and 2.0 (Very different) for both
spatial and timbral fidleities.
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SDM em32 condition performs
around the centre point of the scale
for both timbral and spatial

fidelities.
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Test results — Orchestra — Medians and 95% CI

+30° Orchestra +90° Orchestra +135° Orchestra
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Similarity score
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ASDM, HO-SIRR and HO-
SIRR+diffuse for most of the time
scored between the centre of the
lower end of the scale.
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SDM em32 condition performs
between 3.0 (Different) and 2.0
(Very different) timbral and spatial

fidelities.
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Test results — Speech — Medians and 95% CI

+30° Speech +90° Speech +135° Speech

Similarity score
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For timbral fidelity ASDM and HO-
SIRR score at the low end of the
scale 1.0 to 2.0. (Extremely/Very
Different). For spatial fidelity these
methods performed around 3.0
(“Different”)
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—+ Spatial 1- 1-
—— Timbral

SDM em32 condition performs
between 3.0 (Different) for spatial
fidelity and 2.0 (Very different)
timbral fidelity.

E #Plastic-freER ;‘v &o e
T T T - -
- R 205" : 8-10 September, 2021




I3DA 2021

Conclusions

= The conditions employing SDM and high-quality omni microphone
as a pressure signal performed better than any other tested
methods.

= The use of Eigenmike em32 with the original SDM did not significantly
improve perceived timbral and spatial fidelities.

= The use of a dedicated pressure signal from a high-quality omni
microphone was beneficial especially for the ASDM and SDM em32
conditions.

= DOA Enforcement for the direct sound and estimating the DOA in a
specific bandwidth was found to be beneficial only in two conditions

= Some systems were not significantly different to the reference. This
appeared to be dependent on the source position and source type.
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Future work

= The next step is to evaluate more subjects to increase the sample size,
thus increase the statistical confidence of the experiment.

= An objective analysis of the synthesised stimuli will be performed to
support subjective results and to get a better understanding of the
evaluated methods.

= Further study could be conducted employing the same setup in more
reverberant rooms e.g., lecture hall and concert hall.
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Thanks!

= Presented research presented was funded by Genelec Oy and the
Univeristy of Huddersfield.

= Thanks to everyone who took part in the listening test.

= Thanks to Prof. Tapio Lokki, Nils Meyer-Kahlen and Neo Kaplanis for
the discussion on SDM, and Leo McCormack for his comments and
insights into the HO-SIRR method.

@ https://www.hud.ac.uk/apl

n https://www.facebook.com/applied.psychoacoustics.lab/

m https://www.linkedin.com/in/alanpawlak/
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