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Table 3 Sample entropy of each order component for

each sample

e W 3k 2 F3 - FE19 FE20

SE1  1.1016 1.2417 1.0153 1.3778 1.3808
SE2  0.976 3 0.7070 1.5219 1.0255 0.9325
SE3  1.3315 1.1837 1.8236 1.103 7 1.014 1
SE4 0.6771 0.5036 0.4208 0.670 1 0.6717
SE5 0.5733 0.5586 0.5736 0.6015 0.5995
SE6 0.3296 0.5340 0.4470 -+ 0.4994 0.5209
SE7 0.2602 0.3483 0.1558 0.3306 0.3306
SE§ 0.2030 0.1791 0.1825 0.222 1 0.2322
SE9 0.1095 0.0936 0.1316 - 0.1075 0.1069
SE10 0.048 6 0.0511 0.0660 --- 0.0608 0.0588
SE11 0.0264 0.0219 0.0314 --- 0.0287 0.0280
SE12 0.0113 0.0121 0.0135 0.0112 0.0111
SE13 0.0050 0.0051 0.0037 0.005 9 0.006 0
SE14 0.001 9 0.003 3 0.002 3 0.001 8 0.001 8
SE15 0.001 1 0.0013 0.00094 --- 0.0011 0.0011
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Table 4 Principal component eigenvalues and

contribution rates

ERS O RRAEE SRE/% BUERE/ %

1 0.981 66. 73 66.73
2 0.263 17. 89 84.62
3 0. 159 10. 82 95. 44
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Table 5 SQP-CSP value of the unsteady sample signal
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‘ F2 A3 o 19 20
{# S
S, 0. 957 1.334  0.845 .- 0.763 0.836
S, -0.221 -0.559 -0.893 .-+ -0.758 -0.136
S, 1. 109 1.514 1.269 .- 1.632 1.709
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Figure 4 Neural network topology structure of GA-BP
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Table 6 Genetic algorithm main parameter
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Figure 5 Best-fitness curve and GA-BP neural network convergence curve
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Figure 6 Two prediction results of the model
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Sound Quality Prediction for Exhaust Noise Based
on CEEMD Sample Entropy and GA-BP

ZENG Falin"? | CAI Jiawei’, SUN Sumin’

(1.Jiangxi Province Key Laboratory of Vehicle Noise and Vibration, Nanchang 330013, China; 2. Automobile Engineering Re-

search Institute, Jiangsu University, Zhenjiang 212013, China)

Abstract; In order to predict the sound quality of automobile unsteady exhaust noise, 2G WOT and 3G WOT
tests were conducted. The main factors of satisfaction level were analyzed. Via the correlation analysis, internal
relations between the psychoacoustic objective parameters and the subjective evaluation were revealed. The
complementary ensemble empirical mode decomposition( CEEMD) was used to decompose the signals of the
accelerated exhaust noise, obtaining multiple IMF components and calculating sample entropy of the IMF com-
ponents. In order to reduce the possibility of redundancy and retain the main features of the original data, prin-
cipal component analysis( PCA) was applied to reduce dimension of data, so as to establish a new sound qual-
ity parameter SQP-CSP ( sound quality parameter base on CEEMD and then proceed SE-PCA). Meanwhile,
the genetic algorithm ( GA) was used to optimize the weights and thresholdsin BP neural network, so that a
GA-BP was developed to predict the sound quality of the accelerated exhaust noise. In order to validate the
newly extracted unsteady exhaust noise features,the psychoacoustic parameters were also taken as the model’ s
inputs to predict the sound quality.The results showed that the model based on the new parameters had higher
accuracy for predicting the sound quality of unsteady exhaust noise.

Key words: unsteady exhaust noise; GA-BP; sound quality; CEEMD; sample entropy; principal

component analysis



