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Numerical analysis of the influence of external and middle ear
on loudness perception

WANG He-he', LIU Hou-guang', YANG Jian-hua', ZHOU Lei’, YANG Shan-guo’,

HUANG Xin-sheng’

(1. School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China;
2. Department of Otorhinolaryngology, Zhongshan Hospital Affiliated to Fudan University, Shanghai 200032, China)

Abstract: In the existing loudness model, the characteristics of the human ear are simulated by a filter set, but the
physiological structure of human ear is not reflected. In this paper, based on the micro-CT scanning image of a fresh
human temporal bone specimen, and by using reverse modeling technique and finite element method, a loudness mod-
el with real physiological structure is built. Then the relationship between the external and middle ear and the loudness
perception is studied. This model consists of ear canal and middle ear, its validity is verified by the displacement re-
sponse of stapes footplate and TM umbo, the velocity transfer function of stapes footplate and the sound pressure level
at the tympanic membrane. Finally, based on this model, the relationship between the auditory threshold and the out-
put displacement, velocity, power transmitted to the stapes footplate via ear canal and middle ear is analyzed systemat-
ically. The results show that the isovelocity and isopower curves of the stapes footplate output are close to the auditory
threshold curve in the middle and high frequency band, which can be used to evaluate the loudness perception effect of

the human ear in this frequency band approximately.
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Fig.1 Finite element model of external and middle earbased
on Reference [11]
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Table 1 Viscoelastic parameters of the soft tissue
of middle ear™
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Fig.2 Comparison of the measured displacement frequency
response curves of TM umbo and stapes footplate and
the ones calculated by model
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Fig.3 Comparison of the measured frequency response curves
of the of stapes footplate and the one calculated by model
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Fig.4 Comparison of the measured frequency response curve
of the sound pressure level at TM umbo by the stimula-
tion at ear-canal entrance and the one calculated by model
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Fig.5 Comparison of the auditory threshold curve with ISO-
power, ISO-velocity and ISO-displacement curves
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