
This work was supported by a fellowship within the FITweltweit pro-
gram of the German Academic Exchange Service (DAAD).

1

PASSIVEONLINEGEOMETRYCALIBRATIONOFACOUSTICSENSORNETWORKS
Axel Plinge , Gernot A. Fink , and Sharon Gannot SPL March 2017

TU Dortmund University, Department of Computer Science, Dortmund, Germany Bar Ilan University, Faculty of Engineering, Ramant Gan, Israel

ABSTRACT
As we are surrounded by an increased number of mobile de-
vices equipped with wireless links and multiple microphones, us-
ing them collaboratively for acoustic processing is a promising
platform. These devices may constitute an acoustic sensor net-
work (ASN). Many spatial processing algorithms require a pre-
cise knowledge of the nodes’ locations and orientations. An au-
tomated real-time method is proposed to acquire this.

PROBLEM STATEMENT
Goal Calibrate relative geometry of several multi-microphone

nodes from ambient speech by distributed online computation.
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• G nodes at position rg ∈ Rd with orientation og
• Relative geometry [1], fix r1 := [0, 0]T , o1 := 0,

• find γ = [r21, r22 . . . rG2, o2 . . . oG]T using K speech events
with directions of arrival (DoAs) Θk,g and time differences of
arrival (TDoAs) τk,(g,h)

1: TARGET FUNCTION
DoA-TDoA target function [2] for node pair measurement of
speech event mk,(g,h) = {Θk,g,Θk,h, τk,(g,h)}
• Triangulate source position ŝk from DoAs and geometry.
• The TDoA has to match→ error function εg,h(mk,γ)

• Penalize non-intersection with constant εmax

Combined over nodes and subset of all events
• Underdetermined for a single event→ need min. number
• Nodes select random subsets M = {mi,(·,·),mj,(·,·), . . .} for

distributed computation of γ̂(M) = argmin γε(M,γ)

• Combine these by weighted mean for overall estimate γ̂∗

FURTHER MATERIALS
• paper & appendix http://patrec.cs.tu-dortmund.de/resources
• code https://github.com/Plinge/audiogeocal

• demo video https://vimeo.com/177715229

METHOD OVERVIEW
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2: NEURO-INSPIRED SPEECHLOCALIZATION

EM clustering
microphone

array cochlear model midbrain model

segment detectionphase information TDoA estimation

τk,(g,·) Θk,g

zk,g zk,· tk,g,Θk,g

tk,g

• neuro-inspired model for speaker localization [3]
• detect speech segment k with time span tk,g & DoA Θk,g

• also transmit sparse spike representation zk,g
• TDoAs are estimated by using zk,· from other nodes

3: GENETIC ALGORITHM
Target Function ε(M,γ) to minimize
• γ high-dimensional ((G− 1)× (d+ 1))

• non-intersections cause plateaus
• highly non-continuous and non-differentiable
• use differential evolution [4] genetic algorithm
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Cuts through the target function ε(M,γ) for an example with G = 3

EVALUATION

microphone arrays

• Smart conference room (T60 = 0.67 s)

• Three 5-mic uniform circular arrays in table (48 kHz)
• Sequence #1 single speaker at K = 19 sitting / standing positions
• Sequence #2 four persons in a meeting (K = 22, picture above)
• 100 Monte-Carlo runs
• Subset size |M| = 5

• Population size 10 for genetic algorithm

Method Comparison
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CONCLUSION
The proposed approach is able to calibrate an acoustic sen-
sor networks’ geometry online during a meeting in a reverberant
conference room.
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