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Abstract: To examine in-cabin noise characteristics under different load conditions and vehicle speeds,
psychophysical objective parameters are measured and subjective ratings are obtained through paired-comparison
jury tests. The effects of factors such as vehicle model, speed and load on the in-cabin sound quality of heavy-duty
commercial vehicles are systematically analyzed. Furthermore, an analysis of the correlations among acoustic
quality parameters under different operating conditions was conducted. Subsequently, a multiple linear regression

model is constructed using ridge regression, in which psychophysical objective parameters serve as independent
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variables and subjective ratings as the dependent variable. The results indicate that ridge regression significantly
reduces multicollinearity while maintaining a satisfactory level of predictive accuracy, thus providing valuable
guidance for sound quality optimization.

Keywords: commercial vehicles; sound quality; subjective evaluation; objective evaluation; ridge regression
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Table 1 Sample and number of signal collection km/h
Kl A B C D E
HE T KL EIRe) LU EIRe LU 95 LS 9T K0
1 40 13 40 25 40 37 40 49 40
2 50 14 50 26 50 38 50 50 50
3 60 15 60 27 60 39 60 51 60
%1
4 70 16 70 28 70 40 70 52 70
5 80 17 80 29 80 41 80 53 80
6 90 18 90 30 90 42 90
7 40 19 40 31 40 43 40 54 40
8 50 20 50 32 50 44 50 55 50
9 60 21 60 33 60 45 60 56 60
5
10 70 22 70 34 70 46 70 57 70
11 80 23 80 35 80 47 80 58 80
12 90 24 90 36 90 48 90
F2 LERZEUASH
Table 2 Psycho-acoustic parameters
G5 L, L, s R F A
1 0.439 0.304 0.356 0.233 0.351 0.732
2 0.300 0.186 0.151 0.186 0.244 0.862
3 0.549 0.370 0.315 0.360 0.494 0.694
57 0.513 0.362 0.247 0.430 0.554 0.684
58 0.671 0.470 0.219 0.593 0.589 0.575
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Table 3 Subjective evaluation scores of sound samples

FEAR 1 2 3 4 5 6 7 8 9 10 11 12

85 043 0.74 0.45 0.58 0.48 0.29 0.29 0.74 0.58 0.53 0.22 0.18

FEA 13 14 15 16 17 18 19 20 21 22 23 24

45 042 0.38 0.28 0.24 0.19 0.11 0.24 0.36 0.11 0.08 0.16 0.13

(SN 25 26 27 28 29 30 31 32 33 34 35 36

55 0.40 0.34 0.36 0.16 0.10 0.00 0.30 0.26 0.26 0.02 0.03 0.00

FEA 37 38 39 40 41 42 43 44 45 46 47 48

453 0.85 0.85 0.58 0.59 0.32 0.23 0.75 0.65 0.67 0.51 0.35 0.32

FEA 49 50 51 52 53 54 55 56 57 58

34 1.00 0.74 0.94 0.80 0.61 0.68 0.85 0.63 0.70 0.60
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Fig.2 Line plot of subjective evaluation scores for sound samples
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Table 4 Wilcoxon test results of psychological parameters and subjective evaluation scores under different loads

B8 L, L, N R F 4 50
z -3.575"  -3.143° -0.683" -3.017°  -2368"  -2.963°  -3.081°
P <0.001" 0.002" 0.494 0.003"  0.018  0.003"  0.002"

Ha MBRMAETFIERLAL; b ET R ¢ B FIEFL; "P<0.05,7P<0.01,

x5 ARFEETARHENEVIEMNER Wilcoxon i 18 F

Table 5 Wilcoxon test results of subjective evaluation scores of different loads under different speeds

L] A B C D E
Z -1.363° -1.997¢ -2.207¢ -0.524° -1.214°
P 0.173 0.046" 0.027 0.600 0.225

T o ABRFNSE T IERRAN; b 25 TRk ; ¢ 25 TIERK; P<0.05,7P<0.01,

R6 RE %A E 3 E 8 £ WA E R Wilcoxon 36

Table 6 Wilcoxon test results of subjective evaluation scores of different loads under different models

ZE/(km-h™") 40 50 60 70 80 90
Z -2.023¢ -0.944° -0.944° -2.023¢ -1.214° 0
P 0.043° 0.345 0.345 0.043" 0.225 1

TEa ABRANSE T IERRFI; b A T 58k ; ¢ A TIERR; P<0.05,7P<0.01,
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Fig. 4 Variation trends of psycho-acoustic parameters at different vehicle speeds
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Fig. 5 Differences of subjective evaluation scores for different models
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Fig. 6 Differences of psycho-acoustic parameters for different models
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Table 7 Correlation coefficients between psycho-acoustic parameters and model, load and speed

Z4 L, L, S R F A

K| -0.515" -0.634" -0.793" -0.236 -0.127 0.718"
KT 0.718" 0.658" 0.259° 0.665" 0.6317 -0.588"
HE 0.409 0.337 0.189 0.333 0.380° -0.283

¥ :"P<0.05,"P<0.01,

®8 IUBSEFEE HE.FHEMXM

Table 8 Correlation coefficients between subjective evaluation score and model, load and speed

ZH R KT 7
E VR 0.778" -0.5117 -0.314

1 :"P<0.05,"P<0.01.
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Table 9 Correlation coefficient between psycho-acoustic parameters
B L, L, N R F Al SO
Lc
L, 0.962"
S 0.601" 0.770"
R 0.830" 0.747" 0.334°
F 0.774" 0.662" 0.224 0.686"
Al -0.909" -0.982" -0.849" -0.658" -0.563"
SO -0.873" -0.944" -0.861" -0.631" -0.518" 0.962"
#:"P<0.05,7P<0.01,
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Fig.7 Scatter plot of psycho-acoustic parameters versus subjective evaluation scores
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Fig. 8 Ridge trace plot for ridge regression analysis
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Fig.9 The variation plot for the coefficient of determination
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Fig. 10 Contributions of psycho-acoustic parameters to subjective evaluation scores
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