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ABSTRACT

Sensory evaluation tests were conducted to clarify
differences in how Japanese, Germans, and Americans
perceive car interior sounds. The results of statistical
analysis indicate that perceptions can be classified under
the two major measures of luxury and sporty, and that
car interior sounds can be represented by these two axes.
Further Analysis of the sensory evaluation tests showed
that sound preferences also consisted of these two
measures, so that even people with different preferences
perceived luxury and sporty sounds in the same way. A
sporty acceleration sound was most preferred by
Japanese, American, and German subjects, in that order,
showing a difference by country. A software program
was also developed that is capable of computing
objective values for luxury and sportiness.
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Table 2 Kinds of attribute for subjective testing

Japanese German American
1 000 laut Loud
2 ooono dréhnend Booming
3 oooo glatt Smooth
4 ooo scharf Sharp
5 0oood klingt solide Solid
6 ooo kraftvoll Powerful
7 ood lebendig Alive
8 ooo Exklusivitat Luxury
9 |DO0O0OoOooooo | SpaB am fahren Fun to drive
10 oooood sportlich Sporty
11 oo bevorzugen Sie Preference
12 ooo durchzugsstark |Engine extensibility

Table 1 Number of subjects
Japanese German American
Driving condition
Male | Female| Male | Female | Male | Female

Acceleration 23 7 25 5 18 12
Cruise 16 8 15 5 5 3

Idle 16 8 16 4 17 10
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Table 3 Standard of judgment for subjective testing

Score Japanese German American
0 oooooo keine von beiden Undecidable
1 goooooo trifft etwas zu Applicable to some extent
2 ooooo trifft zu Applicable
oooooooo trifft voll zu Applicable to the greatest degree
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Fig. 1 System for subjective testing
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Table 4 Result of analysis of variance

(1) Japanese
Attribute Acceleration Cruise Idle
ooo 0.000 0.000 0.000
oooo 0.000 0.000 0.000
oooo 0.000 0.000 0.000
ooo 0.000 0.000 0.000
ooo 0.000 0.001 0.000
ooo 0.000 0.000 0.000
ooo 0.000 0.612 0.000
ooo 0.002 0.000 0.000
ooooooooo 0.000 0.000 0.000
oooooo 0.000 0.000 0.004
oo 0.000 0.000 0.000
ooo 0.000
(2) German
Attribute Acceleration Cruise Idle
laut 0.000 0.000 0.000
dréhnend 0.000 0.000 0.000
glatt 0.000 0.000 0.000
scharf 0.000 0.000 0.000
klingt solide 0.000 0.000 0.000
kraftvoll 0.000 0.000 0.000
lebendig 0.000 0.000 0.000
Exklusivitat 0.000 0.000 0.000
Spaf3 an fahren 0.000 0.660 0.149
sportlich 0.000 0.000 0.006
bevorzugen Sie 0.000 0.000 0.000
durchzugsstark 0.000
(3) American
Attribute Acceleration Cruise Idle
Loud 0.000 0.000 0.000
Booming 0.000 0.005 0.000
Smooth 0.000 0.000 0.000
Sharp 0.000 0.105 0.049
Solid 0.261 0.830 0.006
Powerful 0.000 0.033 0.185
Alive 0.000 0.003 0.000
Luxury 0.000 0.000 0.000
Fun to drive 0.000 0.350 0.069
Sporty 0.000 0.341 0.360
Preference 0.000 0.000 0.000
Engine extensibility 0.000
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Table 5 Result of principle component analysis

(1) Japanese

Driving condition Acceleration Cruise Idle
. Factor Factor Factor Factor Factor Factor Factor Factor
Attribute loading 1 loading 2 loading 3 loading 1 loading 2 loading 1 loading 2 loading 3
ooo 0.740 —-0.522 -0.228 0.942 —0.250 0.928 -0.149 0.256
oooo -0.611 0.484 0.529 —-0.591 0.782 -0.072 0.936 0.037
oooo 0.055 0.944 0.037 -0.778 0.498 —0.891 —0.006 —-0.307
0ooo 0.881 -0.256 -0.297 0.947 -0.253 0.531 -0.597 -0.212
ooo —0.063 0.081 0.979 -0.100 0.976 0.465 0.753 0.357
ooo 0.877 —0.398 0.151 0.958 —0.143 0.909 0.253 0.269
ooo 0.779 0.330 —0.460 —0.786 —0.490 —0.033
ooao -0.325 0.865 0.079 -0.767 0.605 —0.905 0.196 0.133
oooooo 0.981 —0.088 -0.138 0.856 —0.306 0.174 0.194 0.952
ooo 0.952 —0.032 —0.006
Eigenvalue 5.057 2.494 1.640 4.987 2.419 4.455 2.202 1.332
Variance % 50.566 24.941 16.395 62.338 30.240 49.497 24.466 14.800
Cumulative % 50.566 75.506 91.902 62.338 92.577 49.497 73.962 88.763
(2) German
Driving condition Acceleration Cruise Idle
Attribute Fac_:tor Fac_:tor Fat_:tor Fac_:tor Fac_:tor Fac_:tor
loading 1 loading 2 loading 1 loading 2 loading 1 loading 2
laut 0.688 0.651 0.828 0.467 0.675 0.709
dréhnend 0.428 0.611 0.773 0.531 0.458 0.81
glatt —0.476 —-0.803 —-0.553 -0.814 —-0.832 -0.484
scharf 0.578 0.651 0.812 0.464 0.85 0.26
klingt solide —0.476 —0.802 —0.506 —0.857 —0.947 —0.042
kraftvoll 0.853 0.424 0.791 0.526 -0.215 0.946
lebendig 0.883 0.426 0.809 0.54 0.667 0.605
Exklusivitat -0.172 -0.974 -0.501 -0.85 —-0.965 -0.122
sportlich 0.889 0.389 0.805 0.49 0.521 0.74
durchzugsstark 0.941 0.26
Eigenvalue 4.657 4.037 4.684 3.645 4.671 3.285
Variance % 46.565 40.374 52.04 40.5 51.902 36.495
Cumulative % 46.565 86.939 52.04 92.54 51.902 88.397

(3) American

Driving condition Acceleration Cruise Idle
Attribute Fagtor Fagtor Fagtor Fagtor Fagtor Fa(_:tor
loading 1 loading 2 loading 1 loading 2 loading 1 loading 2
Loud 0.673 0.665 0.885 0.142 -0.724 0.648
Booming 0.622 0.664 0.136 0.976 -0.688 0.58
Smooth -0.314 -0.875 —0.903 -0.3 0.892 -0.284
Sharp 0.83 0.457 —0.053 0.92
Solid 0.882 0.122
Powerful 0.901 0.334 0.789 0.462
Alive 0.842 0.472 0.928 —-0.047 -0.823 0.348
Luxury -0.204 —-0.93 —-0.862 —-0.252 0.829 -0.528
Sporty 0.904 0.371
Engine extensibility 0.919 0.136
Eigenvalue 4.851 3.211 3.843 1.342 3.936 2.098
Variance % 53.901 35.681 64.045 22.363 56.236 29.972
Cumulative % 53.901 89.582 64.045 86.408 56.236 86.207
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Table 7 Result of sound perception as same or
different depends on different driving

conditions
gddodoobooobodobDoooooooooooo
Comprehensive Sound
goodooooboobooboooooooooobooo Country attribute perception AIC Result
Jo0000d0dodoooobooooooooooooooa Same —15.97 | Better
ooo
Table70 00000000 0ODOOOOOOOODOOOOO Japanese Different -12 -
0000000000000 0AICB 000000000 oooooo Same |- 6.745| Better
00D000MO00000000000000000nO Different |~ 6 -
o Same -16.126 | Better
Jddodooboooboooboooooooooooao Exklusivitat Differant >
German
goodoooobooboobooooooooooooo o Same _ 1.098| Better
Table8DODOODOOOO0OODOOO0OOOOOOOOOO sportlic Different 0 _
goooooobboooooooobooooooooooo . Same -16.076 | Better
American Luxury -
00000000000000000000000000 Different |12 -
Table 6 Result of multiple regression analysis
Comprehensive . " . .
Country attribute Driving condition Multiple regression formula
Acceleration = =040 xO0O0OO +0.55 xOOOO
ogdo Cruise = =022 xO0000O +0.78 xOOOO
Idle = =065 xO0O0O0O +0.21 xOOOO
Japanese
Acceleration = 062 xOOO +0.53 xO0 00O
gooooo Cruise = 0.80 xOODO
Idle = 1.31 xO0O0O +0.80 xO OO -0.55 xO00O0O
Acceleration = 0.41 xklingt solide  +0.51 x glatt
Exklusivitat Cruise = 0.98 x klingt solide
Idle = 0.77 xklingt solide  +0.22 x glatt
German
Acceleration = 0.77 x lebendig +0.23 x scharf
sportlich Cruise = 0.95 x lebendig
Idle = 0.41 x lebendig +0.51 x klingt solide —0.92 x glatt
Acceleration = -0.33 x Loud +0.55 x Smooth
) Luxury Cruise = -0.14 xLoud +0.82 x Smooth
American
Idle = -0.51 xLoud +0.49 x Smooth
Sporty Acceleration = 0.30 x Powerful +0.66 x Alive
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Table 8 Result of structural equation modeling (Equation)

Comprehensive

Country attribute

Driving condition

Multiple regression formula

Acceleration

Idle

ooo Cruise = =032 x000

+0.65 xOO OO

Japanese -
Acceleration

oooooo Cruise = 064 xOOO +0.52 xO0 OO

Idle

Acceleration

Idle

Exklusivitat Cruise = 0.77 xklingt solide  +0.21 x glatt

German -
Acceleration

sportlich Cruise = 0.82 x lebendig +0.17 x scharf

Idle

Acceleration

American
Idle

Luxury Cruise = —0.34 xLoud +0.63 x Smooth

Sporty Acceleration = 0.30 x Powerful +0.66 x Alive
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Table 9 Correlation of quury and SpOI’ty 0000000000000 0000Table11O0OO00ODO
Country Acceleration Cruise goooooOoOOo00oooooOoOooooobooboooo
Japanese -0.41 -0.81 goooboobooboooooobobobooooooboboooogo
German -0.53 -0.82 00000DOO0O0OD00OO0O000O Table 120 130 Fig. 411
American -0.54 obob0o0oboobouobOo4uooonoonoooonsrg
00O0bOOoDOOoDOOoDOOo0O0oOoO0oooOobOobOobOong
Table 10 Correlation of preference and each attribute (Japanese)
oogd gooooo go0o [pooojopbo|oobo (oo (oo (boo
All subjects | 0.36 0.50 0.15 | —0.04 | 0.65 0.31 | -0.22 0.24 | 0.68
Cluster 1 0.95 —-0.66 -0.76 0.74 | 090 | -0.72 0.21 | -0.72 | 0.24
Cluster 2 0.11 0.89 0.68 | —0.65 | 0.57 0.80 0.02 0.79 | 0.79
Table 11 Correlation of comprehensive attributes depends on
preference (Japanese)
Luxury favorite subjects Sporty favorite subjects
ogr “ogr
All subjects
R 0.15 0.73
Luxury favorite subjects Sporty favorite subjects
“ooo” “ogo”
All subjects 0.93 0.86
oo  Cluster 1: Luxury favorite subjects
O Cluster 2: Sporty favorite subjects
Luxury favorite subjects Sporty favorite subjects
— - ooooogr - boogoo” Fig. 3 Cluster of preference
subjects (Japanese)
bonooo 0.92 0.98
Table 12 Correlation of preference and each attribute (American)
Luxury | Sporty [ Loud Boom | Smooth | Sharp | Solid [Powerful| Alive
All subjects 0.51 0.27 | -0.10 | -0.11 0.42 0.21 0.36 0.25 0.22
Cluster 1 0.77 | -0.49 | -0.66 | —0.63 0.79 | -0.53 0.11 -0.44 | -0.48
Cluster 2 -0.17 0.86 0.61 0.57 | —-0.52 0.78 0.60 0.80 0.85

Table 13 Correlation of comprehensive attributes depends on
preference (American)

Luxury favorite subjects Sporty favorite subjects
“Preference” “Preference”
All j
All subjects 0.63 0.55
Preference
Luxury favorite subjects Sporty favorite subjects
“Luxury” “Luxury”
All subjects 0.93 0.93
Luxury O Cluster 1: Luxury favorite subjects
O Cluster 2: Sporty favorite subjects
Luxury favorite subjects Sporty favorite subjects
“Sporty” “Sporty” Fig. 4 Cluster of preference
AI‘! sub]ec”ts 0.96 0.96 (American)
Sporty
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Table 14 Correlation of preference and each attribute (German)

Exklusivitét | sportlich laut dréhnend | glatt scharf [klingt solide| kraftvoll | lebendig
All subjects 0.92 -0.45 -0.72 -0.65 0.75 -0.66 0.73 -0.53 -0.49
Cluster 1 0.95 -0.55 -0.76 -0.71 0.80 -0.69 0.76 -0.59 -0.56
Cluster 2 0.06 0.24 -0.25 0.13 -0.18 0.13 0.29 0.49 -0.01
Cluster 3 0.53 -0.08 -0.46 -0.06 -0.15 -0.58 0.15 0.32 0.44

Digital I/0

(AES/EBU) Dummy head microphone

Playback system

Calculating for psycho acoustics parameter
Loud g 1of psy P Calculating for attribute
Time d R > - Loudness (s_one) _ ““Luxury”
Ime domain signa - Fluctuation intensity (mon) —» . “Sporty”
- Loudness of pure tone (put) tp y
otc. . - efc...
'I:Ilgffiilltt:rr General analysis
) - Power spectrum
Order filter
P . Order tracking
- 1/N Octave
- etc...

Fig. 6 Sound quality evaluation system
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(1) “Luxury” and “Sporty” of Japanese
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Fig. 7 Objective evaluation value of sound in cabin

gbobobobobobobobobobooboan
gboobooboooooooooboon
gbmoooooobooobooooooboooooooooo
gbobobobobobobobooboooobogoon
gbobooooobobobooooogoon
gbmooooooooobooooooobooooooo

gbobdoboboboboboboboboban
gboboboooobobobooboboboobooob
OO00OiBark OOOOOCOOOOODOOOOOmMOO
gooobooboboobbooboooboooboon
ooooomooooooooooobbobobooog
goooo

goboooooooobooboobooboboooomao
gooooboooooooboooobooooooon
oboooooooOobDsportylDDOODODOO
OLuxuryODODDOODOOODOOOOOOOOO
OExklusivitt DO D00 0000000000000 00
goobboooooobbbooooooobobbooooo

gbmoooobooooboooboboboboban
gboboboboboboboboboboboo
gooo

gooo

gooooooododgdddddddddyugUugo
0oDooDbOOoOoOoooO Miller-BBM GmbHO Miiller-BBM
VibroAkustik Systeme GmbH OO0 OO0 OO0 O0OOOOCOOO
goooooa

gooo

00oooooooooooooDooooooooooog
000000000 00OHONDA R&D Technical
Review, Vol.13, No.1, p.131-138 (2001)

goboooooooogooooooooooooooooo
00000000000 1998, 238p.

0000000o0ooo0OD0O000ooooooOOOL99s,
216p.

Jjooopooopoooooooooooooooogon
1992, 216p.

Jjooo0oooboo0ooDmooomogoooogo
1998, 336p.

Jooooooooooooooooooooooooog
000 OO HONDA R&D Technical Review, Vol .9, p.131-
139 (1997)

m000Om

googano

googano

O 2460





