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Effect of Head Movement on the Performance of Active Noise Control Headrests in
Reverberant Sound Fields

GAO Xu, YANG Feng, WANG Shuping’, CHEN Kai, LU Jing, LIU Xiaojun

(Key Laboratory of Modern Acoustics, Ministry of Education, Institute of Acoustics, School of Physics, Nanjing University,
Nanjing 210093, China)

Abstract: The effect of head movement on the performance of active noise control headrest systems in
reverberant sound fields is investigated in this work. Based on the rigid-sphere scattering model, the
performance of active noise control headrests in reverberant fields is analyzed. A prediction formula for
noise reduction degradation due to head movement is proposed through numerical simulations, and the
accuracy requirements for ear positioning systems applied to active noise control headrests are discussed.
Comparisons are made with the case where the primary noise is a plane wave. Simulation results indicate
that higher frequencies, greater initial noise reduction levels at the head position, and larger movement
distances lead to more significant degradation in noise reduction. For 125 Hz, 250 Hz, and 500 Hz, with
an initial noise reduction of 20 dB, the allowable head movement ranges to ensure noise reduction
degradation not exceeding 3 dB are 3.1 cmxX4.1 emX1.4 cm, 2.9 emX2.5 emX 1.2 cm, and 1.4 em X
1.2 em X' 1.0 cm, respectively. These ranges are smaller than those for plane wave incidence, which are
34emX9.1emX1.7cm, 3.1 cmxX4.8cmX1.5cm, and 1.9 cmX 2.3 ecmX 1.1 cm, respectively. Finally,
experiments conducted in a reverberation chamber to validate the simulation results. The findings in this
study provide guidance for the design of active noise control headrests applied in reverberant acoustic
environments such as aircraft cabins and train compartments.

Highlights:

1. A rigid-sphere scattering model is established to derive a predictive formula for the degradation of noise
reduction performance due to head movement.

2. It is demonstrated that compared to a plane wave sound field, a more stringent ear positioning accuracy
is required in the reverberant sound field.

3. The findings in the simulations are validated with experiments in a reverberant chamber, providing
guidance for engineering applications.
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Fig.1 Schematic diagrams of the reverberant field simulation model and the active noise control headrest system
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Fig.8 Comparison of noise reductions in the reverberant field and those obtained with a plane wave being the primary

noise when the head moves along the z-axis, at frequencies of 125, 250 and 500 Hz
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Fig.9 Comparison of variation rates of the reverberant sound field and the incident plane wave at the error point rela-

tive to that at the origin, when the human head moves along the z-axis, at frequencies of 125, 250 and 500 Hz
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Fig.10  Picture of the active noise control headrest system in the reverberation chamber and schematic of experimental
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