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To accumulate knowledge on sound design for next generation vehicles and for its
related legislation design, we established following two main subjects: (1) understanding feasible sound
design to make pedestrians easily realize the approaching vehicle, (2) understanding adequate sound
design to achieve comfort and drivable experience. For the first subject, we conducted a series of
psycho-acoustical experiments to examine the feasible sound level and freguency characteristics for the
sound with wide range of subjects age. For the second subject, a series of experiments to examine the
relationship between frequency shifting and accelerating impression with some audio-visual stimulation.
Moreover, another subjective evaluation experiment using the driving simulator that was developed for
this present project was conducted. The results were published in the journals, international
conferences, and a related body of the UN/ECE vehicle regulation as well.

NVH




# XL C—19, F—-19, z—19 (@)

1. WFERBY PO 5
(1) 7P HBHEOEB L » Tl L &
77—V E W) BEEERE D &% \0D3,
D T =y BRIy Yy LR RDOE
TETHh»9., BXRHBHEEV)SCNA 7Y v
FHBH(HEV) % £ 232858 D Tt & 7 % 182K,
T ED L) BEEETHEOE DL 2
W% T 2729007

HEjEE TS 1, BERoFLn—F /A4
YD FED SR 505, PR T
KB R DE BT EETH S, EEWK LD
& % EV/HEV 7 £ DA% B 513 BXE) %
DEFTHEINE L, EHEERTOFER
PERHEE KE Bz, KIERABHOEST
BT A v 2522 LT, 2Dk kMt
ZEKARERZES, 20k ) ElE
B EEE OB TRENI NI D TH D
—F, BITHEVPEmOBETICADEICL L fE
Bchz DML D, T, ETFIOE
EFIC L > CTHEREERIED 72 & ICHEE R K
ZRib, HENEFREOTZEEFZOOLEDTYH
H2, ZN6DXIBERDPS, UTDX)
i, BMICETSEEZTYAY LES Ev)
BERE E > T3,

(2) BRI STEDEN O BT % % F
D3> D) D3 o 72 & ) " PERTE" A~ 0 KR
LT, EAEEE D o Bl OB 2 BT
FIZHI S 5 720 OFFEEE (F TR
BiE) OREEZHET I P74 VIR
T3, KETHFERORKED 2014 FD
fafT % HiE L TS ST 3130, EREIK
MEEHEZE B 2O B EILEFIHA 7 + —F
2 (WP29)C b EIBE Al HEHE(GTR) O HAE 12 17
7 BRET DB F - T 51,

L2 L, HEBYHET & %2 BRI & L < -
TS 222l LT, s LT T
2B ORI D Th 7 <, w72 il R
B X OB ERGT DO 72 O DAL L T
%, BEMFRHID 7D OMERIH & L T o b
BT 27V A VIRHOMH, X6 I1IZIXERIHh
FUERICE > THHEEFIC L > THPREAR A
BHLE TS T A v oERko s s,

¥ 7B TH L, BT EOZEALD o EHl DI
M P EHE - BER e EoZENc T A1
WMLETwBEEZON, ZDOL) LEH%
BT 2 EWIE & L OEYNICHERET 2 5EE
LB ELZICOVTOAIR b RO SN TW»
%,

(3) BB R DAETHIX, EIEHICE->THE
BB EES, Bkl LA TIER VLR

Al D FFR DK D SN B LE LD v,
T2, EIROEIDED»TH LDz, 2
ReHHR L EOBEIE B0 2 > THILB A
PEEFEHRT 2 L 0IBELEHIN TS,
WY 7 BT S 2 HENICRME T 2 2 L OAHE
BEEvAZ L, MEEZEHLZD, XD
FELWEREZHE LV TEEESH, 2
D kI, EMEHLEERE %80 GETH
WA T A v L, MmN ERE NS ERE
ZAEIRT 2 2 & CH 7 keffifiz B AT =—
ANH 5,

2. HHEOHM
AFETIERD 2 >OHNZHREL, X
HRBEBEOETE T A v 8L TR
THHEDFHFA v IEH I N3 ARE2E
T2,

(1) #id o X 9 i, "E ERTE” N DX &
U CEETEAGT 1T & 2 3478 O Bl R A1 > 4%
PEHFH SN TV LD, BIEREZ2ED L)
WTFHFA VI REPITOBTOHAIZ T
o, RIFZEHETIX, 7 B % 2 (SO 532B)
WD WBREE A X v Y, ERE O
ek, WSRIZEIEIC X 2 RAtE~ D 2 %
LTV A ViR ZHS I L, FERRHLHE
DEMRIME LT7 4 —F N 7 T3 L
ZHfEL 72,

(2) RGN BENEBREE & &Gt - W3 5]
EMEO G & LT, FlzIX, EfTEES IR
CTHEDRESIDOEI 2L 2 5% 3%
ATz EnEZOND, ZHITL > THE
M7 MEE & D & K E 2 &% &L X4,
XD AR =T 4 — MR EEZ R CE 1]
REREREZSNS,
AWFETIZZ DO DI & LT,
TN 0 B SRS D D BRI FI SR & B9 % A&
TFEDEEEAL R £ O EY B0 %2
Higd, 7, Birgo#itick-> T, A%T
AP x < A7 L 7p B N B % U5
H3 28812 0WTHRBL 7=,

3. WDk

(1) ARBFEClk, JHE, HEEZ EORB#HY
FHAAPE T k 2P 2 S % i L,
BB N OB IR o s EE L
FE R % E B R @2 HIE L 72,
FEEE T cOEBRTIX, ZetheEEto
RIED> & R 2SN A EETH % 72 0,
NA )= NEEHEIC ko T, HirHLE
D5 - Pk Z R DL 4T T T



4 DH DB FIT %, BT i
MHEERENTAE—=DFHELLLDEZ NS, ) —
TNVERE T A 2 LT, HW & AZEE ONLIERY
RICHIET 2 {5 HE T 5,
FEEROFEMICER L TIE, mliiE o EE
FICHHERT L L TSMzERD, KL
5D ZRT Z L E2EMAT S,

(2) B D 52T 2 Hlj D PEK & BT ED
52T L NHEEORZ BT 2729, Zi
S OFANCEI T 2 LEGEEE 1T, Kb
FMRT & LT, SEBRoHE T BRI &
FEGEIC X 2 BT H I % R (PR
L, Z4o DA IEEIZB 9 2 HIREE
i EE R % 17> 72,
A2 E MBI OBIRIE, EEEE 2
I IRPLE FUTBIFIEICEE L T AR E T
BRLEZEEZOND, 22T, &R
ETFEO—F ) 4 XRBRES & L2 M
HE - R TEB R IAE VY I aL—%
ZREER L 7o, HENBREZHEGI T 2EE
NTEIEL, 727%lL, 7L —FRS)ILICE
DfFshkerFicko>T, ZOEFTHLS
Max/MSP &2 7 n 7' 3 v VBRI &
STY TV A MGETE & ETHUER 2 &K
T5HDTH5, 2D I 2L —FIZLo>T,
TEEERIE % o 7RI T coF AL &
& D FREBH O 7= 8 D FI G & 5055 %2 S L 7z

4. WHIEEE

(1) BHEEME IRk o 2 &= & B
HOERNEMRD -0 DL EEZ FEi L 72,
ARHETORD flATIE, WA WCERREO
B2 R Ul R R e L 7,

s> ¢, RIS RIS T Ol )

REERFICH 6N 2 L if“(%[l%ﬂ“(:ﬁa’b
BOREME IS RO SN2 HFRICOWTH A

%ﬁwﬁdifﬁkf%% 20,19 %

6 74 5%D HAREWNTER DB 2 30 4% 4R
ELEREERL -, #iEEE, 19~24 %
(Fpoefii 20.5 %) D#EFERE, 30~48 7% (H
%ﬁS&Oﬁ)@¢¢ﬁ,&%ﬂ4ﬁ($%ﬁ
69.0 /%) DEEEED 3 BEIC T TRESE 2 bt
L7,

BB RO 3 BT, HME D 5 30 B
M D &AfiER S L ~LiE 2R ZF N, 60.3, 54.8,
44.0 dB TH o7z, BRLEHGTIX, FEREE
F DY) 7 B2 2 h# (ISO- 532B) »»
S5 =7y b Ah—=T7REEL, ~y FHrvH
T3 A BEEEL LT 55 dB D L Ficw
TNPDRTN DI — 7 BT 2 X9 %
B EZ o b o 5 i (A~E) Z1ER

YOUNG (»=10)  MIDDLE (n=10)  OLDER (n=7)
IO
WEnLS Py g
32;45— ll;;} l§+§; It fTT ;

W
(&}
T

e, M%% Loato I ppate ]
PO I A s
g%fﬁff HIH IT%%

W
[}
T

g0 [
MR 1]
Sl ]l %U lNI%
E:Z WH i 11441 I |

—o— Adequate Level
—e— Minimum Level
,,,,,,,,, Noise Level of Environmt Stimuli

Fig. 1 — Medians and interquartile ranges of
the averaged adjusted levels of possible
warning sounds.
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Fig. 2 — Factor scores of each stimulus.
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Fig. 3— Positional relationship between
subjects and presenting equipment.
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Fig. 4 — Relative rating scores of accele-
ration impression as differences from the
control stimulus.
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Fig. 5 — Overview of components set-up of
the driving simulator.
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