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Fuzzy comprehensive evaluation for comprehensive
annoyance of vehicle interior noise

WANG Yan-song, LIU Ning-ning, GUO Hui, WANG Xiao-lan
(School of Automotive Engineering, Shanghai University of Engineering and Science, Shanghai, 201620, China)

Abstract: Aiming at the vehicle interior noise, a fuzzy comprehensive method for subjective sound quality evaluation is
investigated. According to the measurement standards of vehicle interior noise, a noise acquisition scheme is designed
for measuring both the stationary and nonstationary interior noises of sample vehicles. The measured and
pre-processed noise signals are saved in a vehicle noise database. The anchored semantic differential method is used to
subjectively evaluate the interior noise annoyances of four types of vehicles. Furthermore, based on the evaluated re-
sults and the fuzzy comprehensive algorithm, a fuzzy comprehensive annoyance evaluation model is established, which
can directly provide a total value of annoyance of a whole vehicle. The results show that different types of vehicles are
working in different sound quality characteristics. The proposed method is a reference for synthetical judgment and
comparison of vehicle sound qualities.

Key words: vehicle interior noise; comprehensive annoyance; anchored semantic differential method; fuzzy compre-
hensive evaluation
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Table 1 Words and values of comprehensive annoyance used in
Anchor Semantic Differential method
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Table 2 Definition of fuzzy comprehensive evaluation indices for
vehicle interior noise evaluation
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Table 3 Explanation of judgment matrix scale

b3 EAE & b3 BEAE &
1 AS5A4FEENME | 3 454 RMER
5 A5 AW B EE 7 A5 A RPN
9 A5 ANEE |2,4,6,8 AL IAME

SRR MO S B RT , THEAT—5%
PERYK, A4 B R VPRI . 2 4 Y
BOHL— S S R SRR 0 2 IR

F4 FHPEN—EE RIF

Table 4 Average stochastic consistency indexes RI
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Fig.1 The setting of interior noise acquisition in measurement
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Table 5 The meanings of letters in noise sample code
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Fig.2 Establishment for data relationship among groups
(W for correlation sample)
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Table 6 Subjectively evaluated values of comprehensive annoyance

Yty L % K % G % H%

DAO1 6.8333 6.5625 6.6667 6.1250
DAO02 6.4444 5.6875 7.1014 7.5625
DB60 4.3889 3.9375 4.0580 3.8125
DB&0 3.5556 4.2500 3.5507 3.8125
DE30 3.4444 3.8750 3.9855 4.7500
DE40 2.6111 4.3750 3.2609 4.1875
DESO0 2.6667 4.8750 5.0000 5.2500
DE60 3.9444 4.5000 5.8696 5.0000
DE70 3.0000 4.8750 5.7246 5.1250
DES80 5.0000 3.7500 6.1594 6.5625
DE90 5.0000 5.5000 5.6522 7.0625
DE100 5.1667 5.2500 5.9420 7.3125
DP00 6.7778 5.5625 7.3913 6.0000
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Table 7 Correlation of subjective and objective evaluations
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Fig.3 Comprehensive annoyance values for driver’s position under

different conditions
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Fig4 Comprehensive annoyance values for vice driver’s position under
different conditions
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Fig.5 Comprehensive annoyance values for rear passenger’s position
under different conditions
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Table 8 Judgment matrix and weight of first index

bR B BN JRHEAREA
AT 1 32 2
Bl 25 B 7 2/3 1 3/2
JaHE e A AL 172 2/3 1
BE w 0.4600 0.3189 0.2211
—HER CR=0.0013
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Table 9 Judgment matrix and weight of secondary index

Eizgan PR e[S
P 1 32
CIER Y ! 2/3 1
BEE w 0.6000 0.4000
— SRS Amax=2
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Table 10 Judgment matrix and weight of third index

febn AT E)SE dizhe0 HiIzh 80 B
piBrRii] 1 1.5 2 2 2/3
ey 2/3 1 3R 3/2 12
il 60 12 2/3 1 1 2/5
i) 80 12 2/3 1 1 2/5

B 172 2/3 5/2 5/2 1
WiEw 02444  0.1748 0.1237 0.1237  0.3332

— B CR=0.0016

Zg I : w={0.4600, 0.3189, 0.2211}; w =
{0.6000, 0.4000}; w’,={0.24443, 0.17489, 0.12374,

0.12374, 0.3320} . R VARME 57 F =45
bR, 30~100 km/h —3: 8 ANAJE T, WAL RE
WL 80% M N A e AT T 3 A 1) 4 A5 J0 e P
SRR R, EH EAEAMFA 0.125, R
w,={0.125, 0.125, 0.125, 0.125, 0.125, 0.125, 0.125,
0.125}.
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Table 11 Subjective comprehensive value of secondary index
L% TWHE K%E BEWE G4 FWEHZE TUE
LD “} 3.8542 KD *F 4.6250 GD - 5.1993 HD > 5.6563
LD iF 6.0387 KD IF 5.4653 GD JE 6.2758 HD 3k 5.7625
LF *F 3.9861 KF *} 3.9063 GF *F- 4.8098 HF ~> 5.6328
LF 9E 5.3812 KF 3 5.4547 GF dF 5.9164 HF 3F 5.8192
LR *F 3.9653 KR *}* 4.7422 GR-F 6.0598 HR *- 5.4688
LR JE 5.7923 KR JE 5.9705 GR JF 6.2351 HR JE 5.9639
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Table 13 Subjective comprehensive value of first index
L4 BWE K% TWME G4 TWHE HE FWME
LD 47280 KD 49611 GD 5.6299 HD 5.6987
LF 45442 KF 45256 GF 5.2524 HF 5.7074
LR 4.6961 KR 52335 GR 6.1299 HR 5.6668
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Table 13 Subjective comprehensive value of vehicle
i L K G H
T 4.6623 48825  5.6201  5.6944
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Fig.7 Comprehensive annoyance values for different positions
of different vehicles
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