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Wireless Acoustic Sensor Networks (WASNSs)

Each sensor is
a microphone array
Fusion center
for localization
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Challenges in speaker localization

WASN
= Computational complexity
= Bandwidth usage

= Synchronization between nodes (microphone arrays)
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Challenges in speaker localization
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= Computational complexity Location estimation & counting
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= Synchronization between nodes (microphone arrays)

Real-life deployment

= Microphone array positioning “Reflection-aware”

e need to be placed near walls in ordc DOA estimation a
speakers’ activities

Real speakers’ characteristics

Real recorded dataset
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System Overview
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“Reflection-aware” propagation model
[Stefanakis 2016]

Typical propagation model

am(w’ 9) _ eichos(d)m—H) R

" Reflection-aware” propagation
model

am(w, 0) = eikR cos (¢m—9)ejke cos 6

-l-heij cos (¢pm—m+0) e Jkecost

e: distance from the wall

h € [0,1]: Image-Source reflective gain

N. Stefanakis, A. Mouchtaris, “Direction of arrival estimation in front of a reflective plane using

a circular microphone array,” European Signal Processing Conference (EUSIPCO), 2016
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“Reflection-aware DOA estimation

= Minimum Variance Distortionless Response (MVDR) beamformer

N

O(w,T): the DOA where the MVDR beamformer response is maximized
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“Reflection-aware DOA estimation

w Minimum Variance Distortionless Response (MVDR) beamformer

N

O(w,T): the DOA where the MVDR beamformer response is maximized
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Location estimation & counting
[Alexandridis 2015]

01(r,w) —>{ Per-frequency Outlier Localization
: location et o & — L
On(r,w) >l estimation ! counting

A. Alexandridis, A. Mouchtaris, “Multiple sound source location estimation and counting in a wireless acoustic sensor network,”

IEEE Workshop on Applications of Signal Processing to Audio and Acoustics (WASPAA), 2015.
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Location estimation & counting
[Alexandridis 2015]

. Localization
01(r,w) Outlier & L
. . . _)
0 : rejection .
(T w) counting
7»".*'3.71
M 2
n* = arg mrin Z [A(Qmﬂﬁm,n)]
m=1
Y2n

A. Alexandridis, A. Mouchtaris, “Multiple sound source location estimation and counting in a wireless acoustic sensor network,”

IEEE Workshop on Applications of Signal Processing to Audio and Acoustics (WASPAA), 2015.
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Location estimation & counting
[Alexandridis 2015]

01(r,w) —>{ Per-frequency Localization
: location & — L
On(r,w) >l estimation counting

w Qutlier rejection rule
Remove the location estimates whose cardinality in the histogram is
less than g times the maximum cardinality
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A. Alexandridis, A. Mouchtaris, “Multiple sound source location estimation and counting in a wireless acoustic sensor network,”

IEEE Workshop on Applications of Signal Processing to Audio and Acoustics (WASPAA), 2015.
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Location estimation & counting
[Alexandridis 2015]

01(r,w) —>{ Per-frequency Outlier
: location rejection
On(r,w) >l estimation

= Bayesian K-means objective is to find the number of clusters and the
clustering assignment

Basic principles of Bayesian K-means
@ Initialize with C =1 cluster
@ Split a cluster
o Merge two clusters
o

Perform split/merge operations until the cost function is no longer
decreased

A. Alexandridis, A. Mouchtaris, “Multiple sound source location estimation and counting in a wireless acoustic sensor network,”

IEEE Workshop on Applications of Signal Processing to Audio and Acoustics (WASPAA), 2015.
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The dataset

4.
v 3 6
L
£ 4 A2
> 2f 3 %
1 2 ‘)|€2—
1 ° -
0y
L O~
0 1] 2 3 4 5 6
X (meters)
Uniform circular arrays
Speakers: (8 mics, 5 ¢cm radius): = Arrays operated
= (M01) Loc. 1-3 = (A01), 8.6 cm individually
= (M02) Loc. 4-6 = (A02), 8.2 cm = Synchronization by

eye-inspection onl
from the walls Y P y

Towards Wireless Acoustic Sensor Networks for Location Estimation and Counting of Multiple Speakers in Real-life Conditions



The dataset

4.
v 3 6
9
£ 4 A2
>2F 3 A
1 2 "|€2—
1 ° -
0y
L O~
0 1 ] 2 3 4 5 6
X (meters)

Available at:

https://github.com/spl-icsforth/
WASN-Recordings—-0fficeRoom
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Results

Location estimates, One Source
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Results

Location estimates, Two Sources
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Conclusions

Location estimation & counting in real WASN and real-life conditions

v Integration of DOA-based location estimation with a
“Reflection-aware” DOA estimator

v/ Publicly available dataset of real recorded signals in a 2-node WASN

https://github.com/spl-icsforth/WASN-Recordings-0fficeRoom

Things to remember!
v/ Evaluation with real speakers is necessary
v/ Evaluation across the entire localization area is important

v/ Performance may vary for different source configurations
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Thank you!!

Follow us...

il http://www.spl.edu.gr

You

ICS-FORTH Audio Group

n! @spl_icsforth




