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Motivation
•Task: Geometry calibration in wireless acoustic sensor
networks from observed speech signals

IEstimate relative positions of nodes
•Observations: DNN-based distance estimates from signals
Coherence-to-Diffuse-Power-Ratio (CDR) (see [1])
•Advantages of the approach:

ISolely works with distance estimates between acoustic
sources and sensor nodes

INo special calibration signals required, natural speech
sufficient.

IRequires only coarse synchronization between sensor nodes

Optimization problem
•N sensor nodes at positions ΩP := {P1, . . . ,PN}
•K spatially distributed acoustic sources at positions

ΩO := {O1, . . . ,OK}
•GARDE delivers estimates of all unknown positions

Ω = ΩP ∪ ΩO by solving

Ω̂ = argmin
Ω

K∑
k=1

N∑
n=1

(
d̂ 2

n,k − ‖Pn −Ok‖2
2

)2

︸ ︷︷ ︸
J(Ω)

. (1)

•Gradient of J(Ω) w.r.t. g-th sensor position Pg
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•Gradient of J(Ω) w.r.t. h-th acoustic source position Oh
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•No closed form solution→ Iterative algorithm required
IAssume either ΩP or ΩO to be known
ISimilarity of (2) and (3) enables use of common functions
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Õk ,y

]
=

 d̂ 2
ν,k + P̃2

1,x + P̃2
1,y − d̂ 2

1,k
...

d̂ 2
ν,k + P̃2

N,x + P̃2
N,y − d̂ 2

N,k


︸ ︷︷ ︸

b

•Estimate location Ôk with weights Wn,n = 1/d̃ 2
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GARDE algorithm
Algorithm 1: GARDE algorithm
Data: Observed distances AP;

1 Init: α = 0.2; β = 0.2;
2 for i = 1→ N, j = 1→ N do
3 D̂ij = 1

2 max
l

(|d̂il − d̂jl|) + 1
2 min

k
(d̂iu + d̂ju)

4 end
5 Ω̂P = MultiDimensionalScaling(D̂);
6 Ω̂O = LSPos

(
Ω̂P,AP, d̂n,k

)
;

7 Ω̂ = Iterate(Ω̂,AP);
8 Ω̂o = Ω̂;
9 for g = 1→ NumAnnealing do

10 Ω̂ = Iterate(Ω̂,AP);
11 Ω̂o = OptSelect(Ω̂, Ω̂o,AP);
12 P̂n = P̂n,o + µ(g) · randn(), ∀n ∈ {1, . . . ,N};
13 Ôk = Ôk ,o + µ(g) · randn(), ∀k ∈ {1, . . . ,K};
14 end

Result: Ω̂o;
15 Function Iterate(Ω̂, AP):
16 for i = 1→ NumIterations do
17 Ω̂O,fit = FitSelect(Ω̂,AP);
18 Ω̂P,fit = LSPos(Ω̂O,fit,AP,

∥∥∥P̂n−Ôk

∥∥∥
2
);

19 Ω̃P,fit = Map2Ref(Ω̂P,fit → Ω̂P);
20 P̂n = α · P̂n + (1− α) · P̃n,fit, ∀n ∈ {1, . . . ,N};
21 Ω̃O = LSPos(Ω̂P,AP, d̂n,k);
22 Ôk = β · Ôk + (1− β) · Õk , ∀k ∈ {1, . . . ,K};
23 end
24 return Ω̂;

Multidimensional Scaling Initialization
•Approximation by triangular inequality
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where i , j are sensor node indices and u, l are acoustic source indices.
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Experiments
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Figure 1: Cumulative density function (CDF) of
maximum distance error in Ap and selected subset of Ap

by FitSelect function.
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Figure 2: Comparison between CRLB of estimator and
RMSE of observation and sensor positions. Number of
iterations and annealing rounds were equally chosen.

Method T60 = 200 ms T60 = 400 ms
DoA + Scaling 0.043 m 0.103 m

GARDE 0.017 m 0.032 m

Table 1: RMSE of the sensor positions for different
geometry calibration methods
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Figure 3: Geometry calibration error for different
number of iterations and optionally 30 annealing rounds
(results marked with ”/A” ).

Conclusions
•GARDE1 algorithm: Iterative WLS-based algorithm for geometry
calibration of WASNs

IPositions of sensor nodes and acoustic sources
•Derived CRLB for the geometry calibration approach

1Python implementation of GARDE is available in the paderwasn repository: https://github.com/fgnt/paderwasn
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