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ABSTRACT

The reduction of the inferior noise level has been the main interest of NVH engineers in the

development of vehicles. However, the consumer's perception on the car noise is affected largely by the

psychoacoustic characteristics of the noise, as well as the sound pressure level. In this study, the quality

of the vehicle interior noise is analyzed by employing the subjective evaluations and by representing them

in terms of the objective quantities. The subjective evaluations were performed for the seven vehicles in

the range of subcompact to luxury cars. The methods of paired comparisons and semantic differential

were used to study the preference, the quality of interior noise and their correlation. The linear regression

models were obtained for the subjective evaluation and the sound quality metrics.
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Table 1 Test cars used for the subjective and the
opbjective evaluations

Atk ENGINE T/M
A 1.5 DOHC A/T
B 1.6 DOHC M/T
C 1.5 DOHC AT
D 2.0 DOHC A/T
E 2.0 DOHC A/T
F 2.2 DOHC A/T
G 2.5 V6 A/T

Table 2 A preference matrix of a jury

A B C b E F G | Total
A 0 1 0 0 1 0 2
B L 0 0 0 0 0 1
C 0 1 0 0 0 0 1
D 1 1 1 1 1 0 5
E 1 1 1 0 1 0 4
F 0 1 1 0 0 0 2
G 1 1 1 1 1 1 6

Table 3 The circular triad and the coefficients of
consistency distribution for the juries
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Table 6 The values of factor loading
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Table 7 The sound quality factors and related
vocabularies
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Table 8 The factor scores of the interior noise of
seven vehicles

i #F A Elad e gt
A -0.95 0.12 0.25
B -0.56 -0.26 042
C -0.89 0.23 0.21
D 0.77 -0.12 -0.60
E 0.07 0.007 -0.18
F 0.40 -0.46 -0.00
G 0.73 0.19 -0.65
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Fig. 5 The position of vehicle interior noise in the
1st-2nd factor space
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Table 9 The regression model of the preference and
the sound quality factors

5000 Modeling A%
HEE (2622 - 44.16 CRP25)/180 097
] 17.03 - 028 SB2
A7k . -

A4 - 052 Loudss 0.3
654 + 114 Kurt2

sezt + 116 Sharph 098
+ 3148 Pstrens

w2z 13340 1dBA25+0.2Louds5 094

Table 11 The sound quality metrics used in the regression

model
oFo Metrics 9]n
Tond Time | 160y 532Bo) R el® Loudness]
ouds varying cone B9 7t
loudness
Kurt Kurtosis BB
24 Bark
f N g(z2)zdz
Sharp |  Sharpness N e a—
[ Nz
o
. vV dBA*—1.5HF* +0.55B
Composite HF = dBA - SIL
CRP rating __
preference SB = LI - SIL
SIL = (SPLx+SPLy+SPLy) /3
Fluctuation 0. 032[ log ( N e )dz
Fstren N i
strength ( y4+ (D208 0.25s 253 )
0. 255

g(z) = A weight function which weight higher
frequencies more, 1 for critical band rate values
below 16 Bark and increased exponentially
beyond this point to a value of 4 at 24 Barks.

N (2) = Specific loundness at the 2" Bark.

SB = Spectrum balance.

SPLkx = Sound pressure level at ikHz

LF = Arthmetic mean of all unweighted octave bands
blow the firing frequency.
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