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Sound Quality Prediction of Vehicle Exhaust Noise
Based on Neural Network
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( State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract

Sensory pleasantness evaluation of eighteen vehicle exhaust noises were obtained by paired
comparison jury test. Loudness, sharpness, roughness, fluctuation strength and kurtosis were selected for
objectively characterizing the sound quality of exhaust noise. The sound quality prediction model of
vehicle exhaust noise was established based on back-propagation neural network. Sensory pleasantness of
exhaust noise samples were obtained through the prediction model and the results were compared with that
obtained through multiple linear regression prediction model. The result showed that the prediction values
were close to the measured values, the neural network model was more effective than multiple linear
regression model in prediction of individual exhaust noise. The neural network prediction model
represented the nonlinear relation between sensory pleasantness and objective parameters exactly and
could be used for predicting the sound quality of vehicle exhaust noise.
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Tab.1 Psychoacoustic parameters and sensory

pleasantness of samples

FEAR WARE L RBLEE S MUBERE R WK F i K W
F5  /sone /asum /asper /vacil - P
1 47.9 1.71 0.42 0.13 0. 06 4.2
2 46.3 1.78 0. 46 0.18 0.02 5.4

3 23.4 1.75 0.95 0.13 1.79 28.9
4 22.8 1.62 0.57 0.19 2.27 28.5

5 29.3 1.72 0.14 0.14 -0.11 21.9

6 45.7 1. 64 0.26 0.12 -0.52 9.4
7 39.3 1.75 1.15 0.11 0.14 13.1
8 49.4 1. 64 0. 34 0.15 -0.35 5.4

9 30.6 1.24 2.18 0.06 -0.94 19.8
10 27.7 1.18 1.92 0.11 -0.37 22.6
11 36.9 1.41 0.94 0.09 -0.01 14.0
12 29.0 1.30 1.14 0.10 0. 61 24.4
13 47.2 1.90 0.29 0.11 -0.12 2.2
14 26. 1 1.47 0.5 0.09 -0.49 22.3
15 25.3 1. 44 1.21 0.08 -0.18 23.8
16 46.5 1.51 1.10 0.24 -0.23 11.0
17 25.5 1.81 2.09 0.08 -0.32 25.3

18 30.6 1.58 1.00 0.12 0.31 23.9
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Fig.1 Back-propagation neural network
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Fig.2 Network structure of the prediction model

WHRAE A (=1, 1) Z [8) i BB L, 2 )
FRAEN, WG BN 0. 02, LSO B2y 0. 001,
FXF G S R AT S AT IR S IR AE . A BEAT LY
P Z I, 1 ZORE i A2 B AT A I — R AR B,

X, =X

x] = R B (0,1) B I 0 1,

m

Tl S R ABMIX

25 1200 YRI5 % 2% 35 5] 0. 001, % 24
S5 AR 0. 021, ¥ 5 AR 22 O 0. 041, Il R ¥ ¥ R®
A5 F 1R R BE R R 0,93, Ut BAAE A B 45 LT
PR SE A S EEAR & o

3 MEMKKEL T MR TR
HRILR

B BARFEAS (1925 50 S B g A 805 7 210 19 35
TR 2 I 4 M A Y e T AT 3 5 R B
N T B A £ ) 2% N 4SS 25 M) 22 ST 4 (] U] ) A
TIRA R, 73 ShE 58 1 — 2136 10 AR HE e
REAS 0 ) 38 Ao 79 of SO0 A 3 BT L e A AR 114
R BIAE, 5 PP 7 A0 3045 21 00 96 2 52 I AE
PEFTXF . Hoh 2 5P AR N B 2 R
[e] [ A SR B B AT, Ol 1 PR AIE 1 X B 05 1
TR [F) HA OGI K b — WCPF A AT I rp 3R A B
U 0 5 22 DA 9 IR 7 RE AR i A B U 9 AL
XA 4 R BEAT 0 — AL B

2O 10 DEEACL B S 2R, LSS i
{6 T JEE AT 00 ST 0 L 0 P ol 0 A 5 0 i
28y AR IR T (LA % N L IR] Y 1R 22 O EE

2 B AT LA i G BP 2 R 45 i
SR A B HE O R T T 00 TR X e A il



5 8 1 T S BT 04 2 B AT HE U A A o o T R 19
R2 EEFNESENEL R
Tab.2 Comparison between predicted and measured values
i . WS R P
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gz EF’{ Ji‘“i *ﬂ/*kf ‘ﬁii ek 25 T 4 £ 56 B A B
BRI (N R/ % BRIUE (N R/ %
1 41.23 1.68 0. 69 0.13 0.24 11.0 10. 77 -2.1 11. 34 3.1
2 36. 84 1.51 0.95 0.16 0.48 18. 4 20. 11 9.3 16. 67 -9.4
3 31.37 1.76 0.53 0.09 -0.27 18.9 18. 41 -2.6 18.38 -2.8
4 45.10 1.62 0.70 0.21 0.10 9.10 9. 66 6.1 10. 15 11.5
5 24.62 1.50 1. 63 0.15 -0.35 28.9 27.83 -3.7 27.36 -5.3
6 29. 32 1.24 1. 06 0.10 1.01 24.3 25.36 4.4 22.51 -7.4
7 35.58 1.45 0. 82 0.17 0.63 21.2 22.49 6.1 18. 11 -14.6
8 48. 60 1. 19 1.20 0.16 -0.43 7.50 8.05 7.3 6.73 -10.2
9 43.93 1. 80 0.21 0.19 -0.72 8.70 8.30 -4.6 9. 46 8.8
10 27. 87 1. 47 0.92 0.12 0.11 24.6 25.76 4.7 23.33 -5.2
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