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Research on spatial relationship calibration technique for microphone array
and camera in sound field visualization system

Wen Junjie, Yang Diange, Miao Feng, Zhang Kai, Lian Xiaomin

(State Key Laboratory of Automotive Safety and Energy, Collaborative Innovation Center of
Intelligent New Energy Vehicle, Tsinghua University, Beijing 100084, China)

Abstract:In sound field visualization systems, imprecise spatial position and angle relationship between the micro-phone array and
camera could lead to the error of the sound source localization. However, few of the previous studies have considered the spatial
relationship between the camera and microphone array in sound field visualization systems. So there lacks a simple and effective spatial
relationship calibration method for the spatial relationship between the camera and microphone array. In this paper, the calibration
method for calculating any spatial orientation and position relationship between microphone array and camera is proposed, which can
effectively eliminate the sound source localization error caused by the mismatched spatial relationship between the microphone array and
camera, and then improve the precision of the sound source localization for sound field visualization system. Through minimizing the
sound source localization errors of the known sound source in multiple positions, the spatial position and orientation between the camera
and microphone array could be calculated respectively with stepped iteration calculation. Simulation and experiment results both show
that the proposed method can accurately calculate any spatial orientation and position relationship between the camera and microphone
array in a sound field visualization system, and could effectively improve the sound source localization accuracy of sound field
visualization systems. The proposed spatial relationship calibration method could be used in various sound field visualization systems,
and has an active significance for improving the sound source localization accuracy of sound field visualization systems.
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Fig.1 The schematic diagram of acoustic holography

based on Kirchhoff diffraction integration principle
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Fig.3 Sketch diagram of the simulation
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Fig.4  Position relationship between the reconstructed

and captured sound sources before the spatial relationship

calibration of the camera and microphone array
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Table 1 Calculation results of each iteration step

( nis the number of iteration steps)

n (a™ g™ ") (li"),l/ﬁ"),tf"))

1 (0.103, -0.103,0.004)  (0.118,0.028, —0.289)
10 (0.094, -0.079,0.061)  (0.243,0.089, —0.298)
50 (0.062, -0.053,0.060)  (0.383,0.242, —0.302)

100 (0.052, -0.050,0.060)
150 (0.050, -0.050,0.060)

(0.397,0.289, -0.300)
(0.400,0.298, -0.300)
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Fig.5 Position relationship between the reconstructed

and captured sound sources after the spatial relationship
calibration of the camera and microphone array

(number of iterations N = 150 )
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Fig.8 Reconstruction results at two different time after
the spatial relationship calibration of the camera and
microphone array (¢ +’ is captured sound source,

‘0’ is reconstructed sound source)
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Fig. 9  Sound source identification results before and after
the spatial relationship calibration of the camera
and microphone array ( measurement distance z,, =5 m,

‘ 4+ is captured sound source, ‘ O’ is reconstructed

sound source )
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