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Abstract
Estimating the geometric properties of an indoor environment through acoustic room impulse
responses (RIRs) is useful in various applications, e.g., source separation, simultaneous
localization, and spatial audio. In this article, components of a method for environments
reconstruction, that we have previously developed, have been extended for 3D: multiple signal
classification (MUSIC) for direction of arrival (DOA) estimation, numerical search for
reflector estimation and the Hough transform to refine the results. A variation is also
proposed using random sample consensus (RANSAC) instead of the numerical search and the
Hough transform which significantly reduces the run time. Both methods have been tested
on simulated and measured RIRs. The proposed methods perform better than the baseline.

Model overview

I In [1] we modify the algorithm in [2] introducing dynamic phase slope algorithm (DYPSA) for epoch
detection, 2D MUSIC for DOA estimation and 2D common tangent algorithm (COTA) for reflector search

I Here, the novelty is given by the conversion of MUSIC, COTA and Hough in 3D, the production of ellipsoids
instead of ellipses and the introduction of RANSAC as variant of COTA-Hough combination

Source localization

Distance calculation

ä RIRs peaks are detected using DYPSA
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ä Knowing k time of arrivals (TOAs), the length
of the sound paths considering the r -th mic are
calculated dr ,k = τk · c

ä The first peak k = 0 gives the distance
between the source u and the sensors array

3D MUSIC combination

ä 3D MUSIC is exploited to estimate the 3D
DOA of the signal respect to the uniform
rectangular array (URA)
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ä DOAs (elevation Θ and azimuth Φ) from
MUSIC are combined with dr ,0 from DYPSA to
implement a triangulation technique

Reflector localization

Ellipsoid generation

ä Each ellipsoid has foci on the source u and
microphone r and is defined by the matrix Er ,u

ä The major axis corresponding to the k-th
reflection path length is Mr ,k = dr ,k. The
minor axes are equals and given by

mr ,k =
√
M2

r ,k − d2
r ,0

3D COTA - 3D Hough

ä The plane p is the one common tangent to
every ellipsoid Er ,u

ä The 3D-COTA finds p which minimizes
J(P) =

∑
M

r=1 |p · Er ,u · pT |2
ä The Hough transform refines the result

RANSAC

ä A point lying on Er,u is randomly selected.

ä To verify if the plane tangent in that point is
tangent to all the other ellipsoids
|pT

l
E∗pl| = tl is compared to a threshold.

ä The plane that has the fewest non-tangent
ellipsoids is selected as the estimated reflector.

Experimental evaluation

I Studio-2 dimensions:
6.55×8.78×4.02 m3;
RT60 235 ms

I Vislab dimensions:
7.90×6.00×3.98 m3;
RT60 215 ms

I Simulated room dimensions:
14.55×17.08×6.05 m3;
RT60 820 ms
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ä (Top) RMSEs using different number of
points (RANSAC) and three datasets

ä(Left) RMSEs for different number of
microphones.

Conclusion
Two versions of a model to estimate the room geometry have been presented. Tests for both simulated and
real RIRs have been performed, and the results compared. The new 3D model showed a significant
improvement over the 2D one. The use of RANSAC instead of COTA and Hough reduces 148 times the run
time of the algorithm, thus it is recommended for fast processing. Future work will investigate datasets with
different heights of microphones and sources, and extend analysis beyond the first reflection.
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