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ABSTRACT

The purpose of this paper is to develop a linear regression model for the sound quality index of

vehicle interior noise. For this, objective measurement data of the vehicles driving in acceleration was

measured. On the basis of analysis,

psychoacoustic parameters were extracted and subjective

evaluation was performed by noise and vibration expert evaluators. For the subjective evaluation, the

paired comparisons and the semantic differential methods were used to evaluate sound quality of

vehicle interior noise. By the paired comparison which evaluate two pairs of vehicle interior noise, the

preference was estimated. With the

semantic differential and the factor analysis, it was evaluated

words of two pairs which expressed appropriately the sense of evaluator about noise source. Therefore
the characteristics of the sound quality for the vehicle were differentiated. From the results of both

the correlation analysis and the multiple factor regression analysis, the sound quality evaluation model

for the sense of human hearing was derived and
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Table 1 Specification of the test vehicles

Vehicle | Displacement | T/M Class
A 16D A/T Compact
B 15D M/T Subcompact
C 2.5 V6 A/T Intermediate
D 11D M/T Mini Compact
E 10 S M/T Mini Compact
F 18D A/T Compact
G 12D A/T |- Subcompact

Table 2 Evaluation array by latin square method

AB GC FD
EA CB DG EF
AC BD GE
FA DC EB
AD CE BF
GA DE CF

Head Recording

7 TAVN

LMS System

<z

Playback System

using Genhgiser
Headphone

Fig.1 Test setup for the subjective evaluation
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Table 3 Preference matrix for the total evaluators

A[B]ICIDJE]F]G[Toa
Al ¢ 5 121]19]18|18]| 93
B L 3 jur|1w2|6 o] 49
clwl2} [18]19]17]19] 111
D|2 |65 31 1] 2
Els4 || a]|15] 10| 52
F|ls5|17] 6|2 -~ | 5] 68
Gl5 |24 2]Bl1B] | &

1 : 7-th row > j-th column
0 : 7-th row { j-th column

dBA
Preference

- - - SPL(A)
—a - CRP k|
—e— Proference I 20

5] B E F G A o}
Test Vehicle

(a) A-weighted sound pressure level and

- -# - Loudness
—e—Preference

Loudness(sone)
Preference

i

Test Vahicle
(b) Loudness level
Fig.2 Comparison of the preference and previous
sound quality matrices
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Table 4 Distribution of the total evaluators of
the coefficients of consistency

ct 0 1 2 3 4 5 6
¢ 1 10931086(0.79]0.71 064|057
X0 4801453 142.7140.0|37.3[34.7132.0
No of '
evaluator 1 5 2 2 0 2 1
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Adedve [® | . - ! o Sdecive Table 5 Evaluation vocabularies and factor loading
noisy \ P quiet
values

undesirable desiravle Evaluation vocabularies { Factor 1 | Factor 2 | Factor 3 Communality
m uddy clear noisy : quist 0807 0257 0213 0792
roush sm ooth undesirable © desirable | 0,776 0042 0415 077
unstable stable muddy © clear 0.753 0,027 012 0.784
cheap expensive rough : smooth 0.514 0,060 0,668 0713
annoyance exciting unstable : stable 0.800 0,001 0,306 0.774
weak powertul cheap : expensive 0.758 0031 0.415 0.747
light heavy annoyance @ pxciting 0,859 -0,092 0174 0.826
m ilg strong weak : powerful -0.096 -0819 0240 077%
aar orignt light © heavy 0174 0,428 0633 0614
mild © strong -0,374 -0814 | -0068 0797

boom ing linearly

dark © bright 0.765 0085 -0.239 0.750
unpleasant pleasant booming : linearly 0754 0211 -0129 0741
static gymamic unpleasant : pleasant 0826 ~-0.077 0.086 0,805
hard soft static : dynamic -0.141 -0772 | -0021 0.746
shrill calm hard : soft 0284 0.088 0,789 0.738
strange friendiy shrill * calm -0.045 -0.006 0.835 0,767
| geas |l=-oAw racy strangs ¢ friendly 055 | -0302 | 0445 0.705
Fig.3 Profile of polarity of 18 paired of adjectives doad : racy ol | 085 | -0ou ora
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Table 7 Cronbach «values of the paired of )
adjectives for the confidence evaluation 1=
Evaluation _ Evaluation _ =
Vocabularies Crombach « Vocabularies Crombach «a S
neisy  quiet 09311 mild ¢ strong 09435 8 o
undesirable : desirable {  0.9453 dark : bright 09041 G
muddy : clear 0.9387 booming : linearly 0.8962 g
rough * smooth 0.9462 unpleasant : pleasant 09317 a4 -
unstable : stable 0.9434 static : dynamic 0.8861
cheap : expensive 09423 hard :© soft 09519 . T T .
annoyance ° exciting 0.9427 shrill : calm 0.8928 2 A ° !
weak @ powerful 0.7640 strange : friendly 0.9409 prefer-score
: ‘p : ‘ - Fig.7 Regression analysis of the main factor and
fight : heavy 08260 dead ! racy 0.7465 the D reference score
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Table 8 Previous sound quality index basedon
the sound pressure level

No, Categories Metrics | Units Remarks
1] 4B dB, Lingar SPLY

2 dBA dBA A-weighted SPLY

3] dBB | dBB B-weighted SPL”

1] d4BC | dBC C-weighted SPL”

5| dBD | dBD D-weighted SPLY

6] MV dB. Mean Value SPL{Linear)”
1 MiA | dBA Mean Value SPL(A-wrighted)”

8 $D 4B Standard Deviation SPL(Linear)”
5] SDA._ | dBA | Standard Deviation SPL(A-weighted)®
16 | WEL | dB Welghted SPL (Linear)”

e WEIA | dBA Weighted SPL(A-weighted)”
12| WEEQ. 4B, Weighted Engine Firing Order (Linear)”

13 WEFOA | dBA | Weighted Engine Firing Order(A -wei)"
| 11oCT | &8 171 Octave(Linear)

5 |Index basedon  ['ymoct | g 1/3 Octave(Linear)

— the sound pressure -

16 | Jovel 1/10CTA | dBA 1/1 Octave(A -weighted)

17 130CTA. | dBA 1/3 Octave(A -weighted)

18 | HEL dBA High Frequency Level(OA & S20HP)
i HF dBA High Frequency Factor(OA & 920HP)

20 LF dB. Low Frequency Factor
T MLE dB, Modified Low Frequency Factor
2| SB 4B, Spectrum Balance(OA & 920HP)
E CRE dBA C: Rating Preference
2| WCRP. | dBA Weighted CRR”

25 | SIL dB. Speech Interference Level(OA & 920HP)

26 PSIL 4B Preference SIL(CA & S20HP)
7 . ANSI-SIL| dB ANSI-Preference SIL(OA & 320HP)
28 | SSPL dB. Speech band SPL(200-5000Hz Linear)
E Al % Standard Articulation Index(OA & $20HP)

30 MAI % Modified Articulation Index(OA & 920HP)

1) Frequency Range : Original. 20~200 Hz Bandpass, 200~
510 Hz Bandpass, 510 Hz Highpass, 920 Hz Highpass

Table 9 Previous sound quality index based on
the psychoacoustic parameters

No. Categories Metrics Units Remarks
SLSUSLEL | som Original & Weighted
! WSLSI/WSLE1 | phon Steven's Loudness
sl B (M-VI, sone, phon)
Original & Welghwd
sLSz/sLpz s0n8
2 - Steven's Loudness™
WSLSZ/WSLEZ | phon (M-V1I, sone, phon)
Original & Wei
3 ASIAR sone Z;fc:ex Loudfs};?g
W2LS/WZLE | phon -
e {sone, phon)
4 . 2
Nio Zwicker Loudness’
- N0 sone (OA & 920HP)
T e otic B dBs, Critical Bark
8 g IVMP peak(pa) .
—— parameters
3 pal er IMPS pals Impulsiveness(OA & 920HP)
10 SHARP acum Sharpness(OA & 920HP)
11 BOUG aspex Roughness(OA & 920HP)
12 TON 3] Tonality(OA & 9Z0HP)
13 PSTREN. - Pitch Strength(OA & 920HP)
. Fluctuation Strength
14 ESTREN vagcil (OA & 920HP)
15 ST1 - Speech Transmission Index
16 KUR 4B Kuitosis(OA & $20HP)
17 JIBA. au | Unbiased Annoyance(OA & 920HP)
18 SNP - Sensory Pleasantness(OA & 920HP)

2)NB = (N + Ny 7 95%)%% = Binaural Loudness
3)N10=Value of loudness that is exceeded 10 % of
the time
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Fig.8 Verification of sound quality at wide-
open driving condition
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