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ABSTRACT

This study is directed toward determining the number and characteristics of psychologically
meaningful perceptual dimensions required for assessing the sound quality with respect to vehicle
noises, and toward identifying the acoustical and/or psychoacoustical bases underlying the preference
and similarity judgments. For the purpose of analyzing the paired comparison data produced by
subjective ratings we used nonmetric multidimensional scaling(MDS). The perceptual dimensions based
upon preference ratings could explain 76.3 % of the variance by maximum dB(A) and sharpness
acum. The correlation between objective and subjective positions of the stimuli is R2=097(F(1,13) =
19545, p<.01), corrected R*=093. The less the intensity of the stimulus the more becomes the
subjective position would be over-estimated relative to the objective one. The same is valid for the
opposite case. The perceptual dimensions based upon similarity judgments could be accounted for 47.8
% and 235 % of the variance, each of which might be a match for the maximum dB(A) and the
sharpness acum, respectively, The correlation between objective and subjective positions of the stimuli
is R*=0094(F(1,13)=92.38, p{ .01). 0.87. The more the intensity of the stimulus the
more becomes the subjective position would be over-estimated relative to the objective one. The same

corrected R%=

is valid for the opposite case. In other words, it is likely that the larger the amount of two stimuli
which to compare would be judged similar. So far it should be further clarified that whether the
relationship between preference ratings and psychological distances may be optimized through which
psycho-physical models.
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Table 1 Categories of experimental stimuli

No. Stimuli(coding)

1 | Generator engine noise(GG)

2 | Cooling fan engine noise(AVG)

3 | Turbo engine combustion noise(VMG)

4 | Injection pump engine noise( ASG)

5 | Booming engine noise(DG)

6 | Noise from transmission case(TGG)

7 | Clutch operating transmission noise(KG)

8 | Brake squeak transmission noise(BQG)

9 | Road noise(W1G)

10 | Road noise(W2G)

11 | Tyre noise(R1G)

12 | Tyre noise(R2G)

13 | Air-conditioner compressor vibration noise(KAG)
14 | Instrument panel radiation vibration noise(IBG)
15 | Gear shift lever vibration noise(GHG)
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Table 2 Metric coefficient and stress

R-metrics Stress
1 0.0606
2 0.0327
3 0.0419
4 0.0458
5 0.0473
6 0.0489
7 0.0499
8 0.0506
9 0.0511
10 0.0515

stress

Fig.1 Stress vs. dimensionality
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Table 3 Metric coefficient and stress

Stress
0.0759
00286
0.0291
0.0332
0.0364
0.0384
0.0404
0.0420
0.0433
0.0444

R-metrics
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Table 4 Instrumental analysis
GG | AVG | VMG | ASG DG TGG KG BQG | WIG | W2G | RIG | R2G | KAG | I1BG | GHG
dB max | 86| 90,7 | 86,80 | 86,59 | 91,7 | 91,7 | 8990 | 82 | 9009} 882 | 8909 | 8,7 | 91.3 g2 | 8459
dB Leq [825] 85,2 | 842 | 823 | 8659 | 85,90 | 8809 | 76,40 | 84.7 84 | 8459 1 832 | 83,8 | 87.08 | 71,08
dB(A) max 81 | 67,31 83,2 72 | 7540 657 | 7265 | 7809 662 | 758 | 66,7 | 81.8 | 61,4 | 688 [ 728
dB(A) Leq| 78,5 65,00 | 80,80 | 69 708 | 585 | 7059 | 71.59 | 61.9 73 60.5 7 58,9 | 86,7 | 551
sonemax] 551 228 60,7 ) 27.9 | 3556 21 2715 ) 428 | 20,2 | 383 18 443 1 129 1 135 | 246
sone Lleq|43,7] 19,21 50,9 | 218 | 27.2 12 2431 207 1 13,71 292 | 118 3 2| 1 4,1
vacil Leq {3,111 235 1,91 | 226 | 1,97 | 237 { 1,87 | 492 | 247 | 327 ) 232 1 418 | 202 | 216 | 25
vacil max|2,42| 206 ; 1.71 1,85 1 1,661 1,03 ) 1,66 1 381 | 204 | 264 | 1,63 ) 357 | 1,68 | 1,82 | 1,59
acum max 3,611 27 | 414 | 1,47 | 2.2 156 | 1,17 | 448 | 1,41 1,91 1,34 | 351 1,34 1.4 4,74
acum Leq|3,16] 156 | 3,82 1.3 1,06 | 1,261 1071 275 | 111 | 164 | 098 | 232 1,2 1,31 | 1,91
tu max (0,245 0,2091 0,321 | 0,194 | 0,438 | 0,457 | 05 | 0,226 0,163 | 0,261 | 0,448 1 0,125 02 | 0,122 0,389
tu Leq {0,115 0,046 0,206 | 0,043 ] 0,186 | 0,101 { 0,37 | 0.039 | 0,023 | 0,057 | 38 0,03 | 0,032 | 0,064 | 0,118
asper max 4,081 1,97 | 4,29 2 394 | 103 162 122 L 185 | 377 | 0786 | 572 | 0845 0,767 | 2,06
asperleq| 3,111,621 357 | 1621 278|069 | 1,16 | 7.4 | 092 | 23 {0516 379 { 06150633 03
umax [8619 49 | 466 | 8609 677 | 566 | 0527 | 9.630 | 29,1 | 693 0.9 491 1 0974 267 | 2,28
iuleq |035] 0,33] 027 | 034 | 089 | 028 | 013 | 361 04 | 04 1 031 | 079 [ 0231 | 058 ¢ 061
mod max|113,6/ 150,91 180,41 9890 | 3316 | 99,2 | 953 | 181,4 | 299,8 | 280,9 | 1324 { 150 | 1064 | 10683 ( 150.2
mod Leq| 64 | 62,3 | 6658 | 64.2 82 81,8 | 63.4 89 685 | 647 | 685 | 752 | 676 | 725 | 362
prm max | 13,71 10,2 | 16,7 | 105 | 132 | 143 10 26,7 9,6 125 1 968 | 172 | 142 | 152 | 157
pmleq | 7.31 52 | 8300 | 55 6.8 6.5 6.2 7.8 53 7.2 5 59 18300 94 1 105
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Table 5 BAS algorithm

Metrics Calculation
N’ 1\* 0.lesL, 0.0(Lg-Lyg) e
Loudness —— =K, -] 107" [(1—s+ 510770y 1]
sone [ Bark s
24 Bark
[N@-¢' @z
§=C-—= N acum
Sharpness ln(0.0S + l)sone
sone
oo (01712
§') —exp( Bark )
24 Bark
R=C- jr'(z)dz
Roughness =0
r(z)=C-m> 2P
Bark
036 24 Bark Nr;ndx
Fluct. Bark J log N dz
Strength F= 0 min vacil
(T10255)+(025/T)
1 0.29
K=C-Wy” |3 W (Az )W, ([ )W, (Ly )P
=0
013 /0.9
-
. Az ! Bark +013
Tonality )
" JI402(F, 107kHz + 0TKH | £,)°
Wy(Ly,) =[1—e'753?J
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Parameters

Preference &
Similarity Ratings 3
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Muttidimensional
Representations &
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Vector of
Dimensions
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Regression
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Functional Equatﬁn with Weighting Factors: .f-\-

Xsum = W‘I [XdBA] + W2 [X ] + G
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Fig. 7 Modeling of perceived similarity
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ratings ()
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Fig. 9 Arrangement of acoustic sources based on
objective solution (J%) and similarity

ratings (H)

Table 6 Correlation coefficients between psycholo-

gical reference-axes and  stimulus
characteristics
dB(A) Max | Acum Le | Vacil Leg

Sim__Diml 0.846** 0.077 0.017
Sim__Dimll 0.220 0.661* 0.134
Sim__DimlIl 0.218 (0.268 0.036
Pref Diml 0.919** 0.043 0.220
Pref  Dimll 0.043 0.351 0.069
Pref  DimlIll 0.025 0.371 0.155

**correlation coefficient is significant at 0,01.
* correlation coefficient is significant at 0.05.
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