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Inverse derivative of elastic modulus for human ear based on

neural network

YAO Wen-juan,
200072, China)

CHENG Xiang-dong( Department of Civil Engineering, Shanghai University, Shanghai

Abstract; Objective To obtain elastic modulus through displacement of the ear structure. Methods The finite
element model (FEM) of human ear structure based on Patran software was constructed and the neural network
for inverse derivative of elastic modulus for the ear was established using Matlab software. The frequency re-
sponse of the ear structure FEM was calculated to obtain the displacements of tympanic membrane and stapes.
The displacements acting as input data of training samples and the corresponding elastic modulus acting as output
data were used to train the neural network. Results The elastic modulus was inversely derived by adopting this
mature neural network with relatively less error. Conclusions The viability of the proposed methods for inverse
derivative of elastic modulus was demonstrated in this paper, which could provide a simple and effective method
to obtain mechanical parameters for clinic work.
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Fig.1 Finite element model of the whole ear
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Fig.2 Finite element model of the middle ear
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Fig.3 Comparison of the amplitude at umbo and stapes footplate

between the FE model and the experiment of Gan, et al
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Fig.5 Prediction of output for BP neural network
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Fig.6 Prediction of error for BP neural network
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Fig.7 Prediction of percentage error for BP neural network
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Tab.1 Examples of inverse derivative using BP neural network

BEEIE, R RARNE, SRR
pwm pwm MPa
IE#H 0. 100 0.025 0. 600
AR H- 1 0.087 0.004 0.137
FAEH- 2 0.105 0.035 9.259
WA H 3 0.104 0.031 1.525
WAL 4 0.105 0.035 13.446
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Fig.8 Flow chart of the BP neural network
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Tab.2 The results of examples

SRR, TN R TR 22

MPa MPa A %
IEHH 0. 600 0.597 0.5
AR 1 0.137 0.134 2.3
JRASH: 2 9.259 9.222 0.39
WA 3 1.525 1.510 1.0
SRR H 4 13. 446 13.513 0.4
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