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ABSTRACT

An optimum description of interior sound of sports
cars is developed. This description for sporty sound
character is derived from precise subjective evaluations
of 12 sports cars and consists of objective parameters.
Further, it is found that there is only a slight difference
in perception for sporty sound between Austrian and
Japanese. As a result of this research, software for
sporty sound character is developed for new sports cars
that have the optimum interior sound.
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Table1 List of testing sports cars

No. Engine type Displacement [liter]
Obijective parameter 1 L4 2.0
for each car analysis 2 L4 2.0
3 L4 + SC 23
4 L6 2.8
Regression analysis 5 L4 20
6 L4 1.9
7 F6 3.4
8 V6 2.0
SOUND QUALITY INDEX 9 F6 o5
Subjective rating = Combination of
objective parameters 10 ve 3.5
11 L4 2.0
Fig.1 Approach overview to make a sound index 12 v8 3.6
No. of People 66 54 68 39 42 total 269 male
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Fig.2 Stereotype of driver

0 1320



gbobooboboooooooooooboobobooboon

oooooooooooobooobooooobooOoi2g
obobobooooobogooo

gooooooogo

3.1.00

gboboboboobooooobooboooboooboooboan
gooooobooooooobooooooobobooobooooo
goboobooboooboobooboobobooboon
gbobooooooogo

gboboooooo

gbobooogoog

O000O0O0o0i1s0km/n OO0

gooooboooomooboobooobooobooon
gobobooooooooboobooooobbobOonooog
gbbooobobobooooboobooomogo 20000000
gobooboboOonobooboobooboobooboon

3.2.00

200000b00b0b0ooobooobooobo
Fig3DODooowonooOooDmoooooooooo
obobooboooooooboobooboobobobooog
gbobooboobooboooboooobooboboboonoo
O000O010km/h D0 0C0OOCOOOOODODOODOO
gobobooooobbooobobboob woTtT OooOoog
obobo@obooboboobooomobobooooog
gobooon

goooobobooobooobmoboooboooo
bmooboobobobooboomboboooboooog
oboboobooboooooooobobooboboboobo

acceleration
2nd gear
acceleration
3rd gear
150kph
notop gear

o

WOT
WOT

'y

—_

—_

Sports car number
- OUINIW & 00O 2 ~ON
o
I
I
I
I
I
I
I
|
I
|
/
i/ /
/ /
/i
S d » > ®

Sporty sound character

Fig.3 Results of subjective interior road evaluations
of sports cars

OO000OOo000O0OO0O0O0DOO0O FigdOOOOODDOO
U200000000000000000ODO00O00DDOO
gbobobooooooowoToooooooboboo
Fig4DOODODOOOOOOOOOOOOOOOOOODOOO
goooobobooooooobooboooooooooboobooo
omooobooooboomooobobooooooooboo
goooobooooooobooooooobooboobooboooog
gooooooooooobooboobbbobboboooooo
gbobooobooooobooboobooboboboboonoo
gboboobooobooboboobooboobobobobooo
gbobobobooobooooobogoon

WOT Acceleration 3rd gear

20
10+ T
T9 |
16 =
” 17
g 64 5 !
c | 2
512 2 13 |4 '
o
I
8 |
4 . , .
4 8 12 16 20

Sporty sound character

Fig.4 Results of a subjective interior road evaluation
of sports cars at WOT 3rd gear (average
judgement of 22 test persons, plus spread
scatter of judgements for each car)

godoooogoog

41.00

gboboobobooboobooobooooooobooobon
gbobooboooboobooobooboobobobobooo
gboboobooooobooboobooboboboboonoog
gboboobooobooboboobooboobobobobooo
gboboobooooobooboobooboboboboonoo
goooogoobobo AaMs ODOoOogo

0000D0O0O0000DOFgsOOOOOO0ODODODO
ooooooobooooooboogonoioHzOODOODOO
100Hz OO 0000000 bO0OO0O0oO0boOooboooboOon
gboboobooobooobooboobobobobobooo
goboooboooooobooooboobooboobooon
gboboobooobooboboobooboobobobobooo
obob0 AvL O0OOoOoobobobooobooboobo
goooooooooboobomooosomooogo

0 1330



Honda R&D Technical Review

Vol.13 No.1 (April 2001)

Mouse Panelist wearing
open type headphone

Di

Only one person available

Audio
Instrument

Door

Fig.5 Layout of psychoacoustic laboratory

42.00

20000000000000000O00DbOO00ODbOO
ooo0000d Fg6 ODOOOODOOODOOOOODDOO
gboboooooooboboboboboboboooo
ubobobobomooobooobooboboooooo
gboboooooooboboboboboboboooo
gbobooobooooobooboboboboboboooo
gboboooooooboboboboboboboooo
goooboooboooooooobooooooooboobooooo
gobooooooboooobobooooboobooboooon
gboboooooooboboboboboboboooo
goodoooooooooboooobobobobobbobooobooo
gooo

WOT acceleration

Subjective rating of
sporty sound character

T:\ —— adjusted to the same loudness
S - = - original loudness

sports car 2 | sports car 10 | sports car 11 | sports car 7

| | |
Engine speed —pp»

Fig.6 Comparison of subjective rating between
original sounds and sounds adjusted to be
the same loudness

gobogobbooobooonbooboo

gbobooboboboboooboooooooooboan
gboboooooooboobobobobobooboooo
gboboobooooboooboooobobobobooog
gooboooogo

Attribute: Sporty sound character - WOT acceleration 3rd gear
— 7 T T T T

50 - A Road / Laboratory evaluation A
L R =0.82 R; correlation factor

N
o

~ ® Modified laboratory evaluation

by the factor weight/power ratio
R=0.97

Laboratory evaluation
W
o
T

N
o
T

e
o

Road evaluation

Fig.7 Comparison of subjective laboratory and road
evaluation results for 12 sports cars

FigzOOO0OoDOOO0oO0OoooooooooooDoooo
gboboooooooboboboobobobobooonoog
gos0bbooooooooboobobooooono
goboboooooooooboobooooooboboobooooo
gobbooooooooooboooooooboboobooooog
gbobooooooobobobobobobooboooo
gbooboooboo

gbobooboboboboooboooooooooboon
gbobobUbeooonoobogobooo7onoonoOonO
ooooo0o0odUdDbDFrg8OOODOOODOOODOOO
gooobooobooooboobooobooboobogoo

I I Js
R=0.98 ve
%
/,.(6

N W b OO N O © O

0 - 60 mph acceleration time (sec.)

—_

o

0 1 2 3 4 5 6 7 8 9 10
Weight / power ratio (kg/PS)

Fig.8 Comparison between weight/power ratio and
0-60 mile per hour acceleration time

0 1340



gbobooboboooooooooooboobobooboon

gboboobooooobooobooooboobobooboooo
oboboooboooooooboobooboboboboog
gooooboobooooooobooooooooooboooooo
oboobooboooooooogo

godddooooooooda

Joooooooooooomooooooooooo
000o000ooo0ooooooooooooooooo
00oooooooooooooooooooreesmog
00o0o00oooooooooooooooooooog
ooooo00oooooooooooooooooooog
00ooooooooooooooo

O000FgOOOOOOOOODOODOOOOODODOO
000o000oo0ooooooooooooooooo
ooooo0ooooooooooooooooooooo
0000o00oo0ooooooooooooooooo
ooooo0ooooooooooooooooooooo
O00DOD0OO0O0OOO0O0O0000 Orderto Noise Ratial OO0
ONROOODOODOODOONRODODOOOOOODOODOODO
0000o00oo0ooooooooooooooooo
oooo0oooooooooooooooooooog
oo0oooooooo

S: sound Ses
S7s '
3 5 5 ! Spo | ses
o ; p.0965 So.
s, SD,ssi'(’Si-s W 3
2 |1 T
2 W A ,/\ [ i) Ne.5p; N7.5
\RJ V ‘ N; 5N3.0N13.5N4_0N4.3N:>.UN5 5N3_0 v Ng.s
N05N1Ao A N2o™ ™ ‘
TN | N: background noise |N8-0
[ [
0 200 400 600 800 1k

Frequency [HZz]

Fig.9 Definition of sound and noise

gbobobobooboobooboooooooooboon
OOOOO sportiness 0O0OOOOOOoOOO

Sportiness = ALD(ONR) + BO(TP) + CO(ESP) - D

AOBOCODOOOOTPODOOOOOO
goboooooooesPOO00ODOOODOOOO

goboobtboooboboooboobbobobooboo
ooo0oOOoO00ooOoOoOooDOoOo0obDOoOoOon FigaaoOo
gooooooboorODoboboUOoooOboOoOoDbOO
goooo

65 WOT acceleration in 3rd gear

60 R=0.97

50

0O 5 10 15 20 25 30 35 40 45 50 5
Subjective ratings of sporty sound

Objective parameter combination for sporty sound
W
S

Fig.10 Subjective rating of sporty sound character
against objective evaluation results

/D0gobooobbooobobooobobag
ooboooooooon

gobobobobobooboobooooooooooo
gooooooooboobobbbbboboboooooooo
gbobooboooboobooobooboobobobobooo
gboboobooooooobooooboboboboonoo
gooobboboooooobboobobooooooboobooooag
obobooooboobgo 3200000000

gbobobobobooboooboobooobooboooban
OO000O0OO00D0COFeMMDOOOODOOOOODDOO0.98
gbobooboooboobooobooboobobobobooo

WOT Acceleration 3rd Gear
R=0.98

(o))
o

=
[« TN ]
\\..

W W
S O
\

NN
o o
[ ]
&
\
[ ]

Ratings — Japanese

— —
o o,
°
Q ‘..
°\¢
’ '
°

{g;

H
0 T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 5

Ratings — Austrian
Fig.11 Comparison of subjective ratings between

Austrian and Japanese

0 1350



Honda R&D Technical Review

Vol.13 No.1 (April 2001)

gboboobooobooobooboboboboboboooo
gboboooooobobobooboboboboooo
gboboooboooboooboobobooboboboboooo
gooo"Oo00oooc0oooo0obooooooo
gbobooboooboooboobobobobobobooo
gboboooooooboobobobobobooooo
gboboooboooooboboboboboboboooo
gbobooooooboooboboooo

gdddddddooduooooooouoguo
upooogoo

gbobooboboboboooboooooooooboon
gbobobomobooooomoboboooooo
gboboooboooboooboobobobobobooboooo
goooooooooobobooobobboboboboooooo
gboboooboooboooboobobobobobobooo
gbobooooooobooboboboboboboooog

INPUT CALUCULATION OUTPUT
SECTION SECTION SECTION
* Vehicle * FFT & * Display &
description calculation noise output with
for data base E) ¢ Order analysis query control
* ONR E) R )
« Tonality St;:]ortmess &
« ESP other
* Wave file * Sportiness parameters
assignment * Loudness ‘:| * Modification
* Sharpness analysis
* A weighted level > order contents
etc. > Spectral bands
Sporty sound quality software

Fig.12 Schematic flowchart of SSQS

(o]
o

-------- Original sound of certain Honda car
| L|—— Refined sound of certain Honda car

)]
o

N
o
T

N
o
T

Sportiness (Europe)
W
o

-
o
T

0 Fi . . . . . . .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Engine speed — rpm

(a) Sportiness

gogooooooouoobobobuobobuobobo
Sporty Sound Quality Softwarél SSQSO 0 OO0 OO0 OONO
ob0dDbO Figd2 00O0OO

goooooooooooooodooooooooa
obobOoboUobooooboDoboOobDOobOobOOon Fig.13
Ogo0oooooooooooooooooooooooa
goooooobooboboboobooooooooooooa
gobooooobooooboboooboobooboooooa
goodoboooooobooooboboooooboogo
gooooooooooooooooooooooooa
gobooooboobooboubooboobobooobo
goooooooad

goodd

goobooboboboboobooooooooobooon
gboboboooooboooboon

gbomoooboboobooboooboboboboban
gboboboboboboboboboboboo
gboobooooooobaoobda
gomooooobobobmobobomooogoo
gbobobobobobobobobobobaon
oboobooooooo
gbomoooobooboobobooboboboboban
gbooboooooooobogoo
goboooooooobobbbobobooooooooooo
oooooooooooooono ssQs oooooo

goobooboboboboobooooooooobooo
gbobooooobooobobobobobobooboooo
gooo

80 T T T T T T T T
-------- Original sound for certain Honda car
70 L L=— Refined sound of certain Honda car

60

50

40}

30

Loudness (ISO362) — soneGD

20 / . . . . . . .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Engine speed — rpm

(b) Loudness

Fig.13 Refinement of sportiness

0 1360



gbobooboboooooooooooboobobooboon

good

ooooodoooooooooooooogoooooog
00o0o0oooooooooooooooooooon
63, p.122-130 (1990)

0 O OYamashita, T., Ishii, Y. et al: A Method for Evaluating
Interior Sound Quality of Automobiles, 119th Meeting of
the Accoust.Soc.America (1990)

JooooooDoooDoooooDooDoDooDooao
Transaction. JSAE, 9840162, vol.29, No.4, Oct. (1998)

0 O OBrandl, F., Biermayer, W.: A New Tool for the Onboard
Objective Assessment of Vehicle Interior Noise Quality.
SAE 1999-01-1695, Traverse City, May 17-20 (1999)

0 O dPfluger, M., Héldrich, R., Brandl, F.K., Biermayer, W.:
Subjective Assessment of Roughness as a Basis for
Objective Vehicle Interior Noise Quality Evaluation. SAE
1999-01-1850. Noise & Vibration Conference & Exposition
(1999)

0 O OBrandl, F.K., Biermayer, W., Pfliger, M.: A Software Tool
for the Objective Analysis and Optimisation of Passenger
Car Interior Noise Quality. ATZ 7/8 p.518-526 (1999)

0 O OBrandl, F., Biermayer, W., Thomann, S., Pfluger, M.:
Objective description of the required interior sound
character for exclusive passenger cars. : IMechE 2000,
London, May (2000)

0 1370



Honda R&D Technical Review Vol.13 No.1 (April 2001)

e 000Om

ogooanf Franz K. BRANDL

Siegmund THOMANN Werner BIERMAYER

0 1380





