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Sound Source Orientation Estimation using Wave Acoustic Numerical Simulation

*Toshimasa SUZUKI, Takayuki ARAI (Sophia University), Hideo Tsuru (Nittobo Acoustic
Engineering Co., Ltd.), Hirofumi NAKAJIMA, Kazuhiro NAKADAI(Honda Research
Institute Japan Co., Ltd.)

Abstract— This paper addresses speaker orientation estimation using an acoustical simulation. In human-
robot (or human-computer) interaction in multi-party situation, a robot should understand the orientation of
each speaker, because the robot needs to understand which speaker speaks to the robot. We have developed
beamforming-based speaker orientation estimation. However, this system requires a lot of time-consuming
measurements of transfer functions, and thus it has low applicability. In this paper, to solve this issue, we
propose the use of an acoustical simulation technique based on the wave theory to obtain transfer functions

instead of measuring them for all possible combinations of positions and orientations.

We performed the

experiments to evaluate the system precision. The experimental results showed that our proposed speaker
orientation estimation system achieves an enough estimation precision for human-machine interactions.
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Fig.1 Model of wave propagation including sound
source orientation.
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Fig.2 Error versus A/AL

Fig.3 Sound pressure map.
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Microphones

Microphones are embedded
in the wall.
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Fig.5 Microphone positions.
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(a) GENELEC 1029A. (b)Loudspeaker model.
Fig.6 Loudspeaker-.

Fig.7 Simulated experimental room.
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Fig.8 Orientation estimation errors
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