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Abstract: This paper carried out a subjective evaluation test with magnitude estimation for 78 noise
samples to evaluate the sound quality of vehicles. In the test, six types of B-Class vehicles were taken
as the study objects and sound signals collected in co-driver locations at steady states as experimental
samples. Meanwhile, seven objective parameters were calculated to describe the sound characteristics.
By using objective parameters as inputs, subjective values as outputs, a GA-BP neural network was a-
dopted to establish a sound quality prediction model. Experiments show that the model gives good
predictions of high correlation (0. 928) and low error (£=8%). Then, the network connection coeffi-
cients were used to calculate the impact weight of objective parameters on the results of subjective e-
valuation, and a new model with main parameters was established. As expected, the loudness, sharp-

ness and roughness with a total relative importance of 83% are the most influential parameters in vehi-
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cle interior sound quality.
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Fig. 1 Arrangement of artificial head
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Tab.1 Subjective evaluation metric of sound quality
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Tab. 2 Results of cluster analysis

Cluster
1 2
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Valid Missing
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Fig.2 Algorithm flow chart of GA-BP neural network
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Fig.4 Training error curves of two models
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Tab. 3 Results of two predict models

HREA O IR % ()
417 A8 2 (%)
B 71 72 73 74 75 76 77 78 PHRES
BP 8. 65 —8.41 —7.62 —8.08  —9.83 —9.36 10. 57 7.23 8.71
GA -BP 5.70 3. 64 —6.56 —5.81 —7.64 4.39 4.52 5. 11 5.42




466 e RE LR %21 %
s
5 FBaMEIENSAEREZ SN . il (I wh | /2» why 1) x| wi |) |
5.1 WMEHH ] 2 { i(\ Wi | 2 | w1 X[ g, |
=il =

TR i BT GA-BP BRI 25 58 B 1) AL A1
(R QN8 4 7R & A LS St B L R Y 0 4
BUIE A /N AR R T H 6 g 1 2 B i 52 ) R B
Garson 2 5 T ) I #f 8 9 4% 1) % 22 A48 11 55
A S i AR R R ACE 1 iR A

(2)
KL 5 AN AS R n A S
SERALE ;N N, 9 AR & 20 A8 Gw N
i A JZ B BT T2 I AU w® D RS 2 2

x4 WEMEEERE
Tab. 4 Matrixes of weights and thresholds

w!' w

2

w
e _ . R _ A B M N
& WE RBE HEE Ham ALK GWE AS%
1 0.0019 —0.8010 0.0508 1.009 7 0.633 9 0.980 0 0.6731 —0.298 6 1 —0.247 5
2 —0.2341 0.207 1 0.2034 —0.778 6 —0.610 8 0.9317 0.693 3 0.032 6 2 —0.114 1
3 —0.0689 —0.0981—0.8315 0.954 8 —0.2864 —0.7438 —0.5144 —0.3701 3 0.268 1
4 —0.275 3 0.108 9 —0.0373 —0.0290 0.701 3 —0.648 2 0.0895 —0.485 3 4 —0.080 6
5 —0.5930 —0.0058 —0.5705 —0.3671 —0.7369 0.3914 —0.124 6 0.465 8 5 —0.058 5
6 —0.356 4 —0.340 3 —0.591 8 0.942 2 0.6050 —0.1516 —0.6802 0.842 7 6 —0.2255
7 0.1920 —0.8173 0.158 3 0.1330 —0.242 3 0.3919 —0.0890 —0.6681 7 0.483 8
8 0.646 1 0.274 9 —0.456 1 0.349 7 —0.5494 —0.433 4 0.123 4 —0.690 3 8 —0.305 6
9 0.371 3 0.900 0 —0.739 8 0.788 8 —0.1100 0.4717 —0.6100 —0.108 2 9 —0.146 1
10 0.875 2 0.374 0 0.3225 —0.627 2 0.1834 —0.6107 0.5549 —0.2230 10 —0.426 4
11 —0.1018 0.1409 0.8391 0.946 4 —0.152 4 0.126 4 —0.566 2 —0.6199 11 —0.516 4
12 —0.9029 —0.4704 0.042 1 0.738 8 0.389 8 0.372 2 0.864 4 —0.3637 12 0.245 5
13 0.445 1 0.743 9 —0.290 6 0.670 4 0.8334 —0.776 9 0.249 7 0.063 1 13 0.176 2
14 —0.8341 0.3173 0.8104 —0.0404 —0.1791 —0.0794 —0.107 2 —0.450 6 14 0.462 1
|EJ—§HE 0.8511
Z B FEAUE AN BT AR jman RE LA Al LLE W R S R 0T 4 SRR i kS

270, BN w, A% DA SIS BT R

m MG ICHY A . 1 (EBOR 52 WA L

191 12 7 B A S B R i S ) e BOR
2O TR B R AU R BN AL 6 iR .

40 36.4

JE1100%

30

Weight coefficient/%

WAL JRBEE MLKERE FIZNE AUEEL SVRE AR
Objective parameter
K6 HMWSHMALE R

Fig. 6 Relative importance of input variables

HA B YR R LR B R AR B . 3 A S HN
T TR Z FNAA B T 83 %0, Hofth S B i
BN,
52 REEE
K ok 7 i S A TR ) I KL B L AR
HE 3 S AR R A L B A R O
WA S GA-BP AL, W 2% 4H F 25 O 3-
71,22 S GA AL S BRI 25 5 8 3 5080
FEARAE, SHASHEA (GA-BP-3) 5 7T A S
O R (GA-BP-7) ) 00 45 5% b an 181 7 i
A LAE H o R R T 45 R 5 S bR AR AT



o 2 N TE 4 R R ) GA-BP 22 0 4 W 55 AT A7 467

U N N I U VY T T

Y SURE I N S S OO A U000 S RS THUF B 2% 4 W R ST 45 07

g § AN O URIEAT T RN I 1T me*ﬁ b T

IRl e it A [ ARR AR 3T GA-BP B2 W 4 175 f R O, 5 BP
O e, S B Hi 22 I 45 M LE - G A-BP 7 5t B 000 25 1 i 4k

71 72 73 74 75
Samples

~
N
2
~
~
o]

BT TUNAE R HE

Fig. 7 Comparison of predictions

SERREREAR -, XUH.BHRERESTR

A PR i S A TR Ty g R L R AR
BLEE 3 DS HOR A A S 5w DU R T A

ZOh . AEXS BRSO T B4 N A ah S AT Y
At Lo AR A 1 it IR 2% S JEE AR JEE 2R 45 )5
3 S Bl RE 35 B9 B A BOR oW F IR A &
NSRRI 98D T IS AN R T A
BRI i T PR B b SR A T AR AR

S & Lk

[1] GENUIT K. The sound quality of vehicle interior
noise: a challenge for the NVH engineers [J]. Ve-
hicle Noise and Vibration, 2004, 1(1).158-168.

[2] SANG-KWON L. Objective evaluation of interior
sound quality in passenger cars during acceleration
[J]. Journal of Sound and Vibration, 2008, 310
(5):149-168.

[3] &P, 7hik, R A BRI 4 4 9 RS b IR Y 0

T[T ). % & 55 3k 3 45 41 2010, 30 (4) : 115-
118.
GAO YH, SUN Q, LIANG ]J. Subjective evalua-
tion research of B ¢ class car’s interior sound quality
[1]. Noise and Vibration Control, 2010, 30 (4):
115-118. (in Chinese)

(4] 0 F80, 2050, Bk, . 420 B 75 T 09 S Hy
o] LB [T, &30 5 4 £ .2010,29(6) :66-68.
SHEN X M, ZUO S G, LI L, etal.. SVM predic-
tor of vehicle interior sound quality [J]. Journal of
Vibration and Shock, 2010, 29(6) :66-68. (in Chi-
nese)

[5] SAHIN Y, IKBALK E. Sound quality analysis of

cars using hybrid neural networks[J]. Simulation

BEFR ST 3 %, ST 4 O A5 25 08 3. 29 06 5 T
(A5G R BGRH] 0. 928, W R 25 820, XK
B GA-BP [X 45 RE 1 1 3 1 3748 97 78 75 0 5 38 00 9
MERSENS MG ALt 6 R, g
e JB P P00 A Y oS I R PR SROINORG R AT
DL EWPEAN e 55 (9 K& N 090 ) B2 S BEAIR
W& LA s R VR 25 75 B A O ¢ 700 0 AR T —
AIEER T X R I 4 A T R 3
%iﬂﬁmﬁiﬂéﬁéﬁﬁ EREH . BRETH T AN

Mg R O O P A 4 SR R OHLRES B AN
RPE 3 MEMSECL W AL S 2 a5/, w]
PLHERR FE 75 BPEAN TR Y 22 b B 58 45 SR XF
TRIET5 S PP ke B e 2 X

Modeling Practice and Theory. 2008, 16(4):410-
418.

[6] R ATAIWMZMELHAEFRRFNSE EA

AFFLD] KA MR, 2011:50-53.
SUN Q. Research on evaluation and ap plication of
vehicle sound quality based on arti ficial neural net-
work [D]. Changchun: Jilin University, 2011: 50-
53. (in Chinese)

(7] FK¥. Matlab# 2 M5 5 B[ M]. Jbat: EB T
b At T 52005 :89-93.

DONG C H. Matlab Neural Network and Appli-
cation [ M ].
Press, 2005:89-93. (in Chinese)

(8] FRifpdn, i & F .44 &. GA-BP R &5 19 HIE S i
FALT]. #0349 % % 55 3A9% , 2008, 38(1) : 116-125.
GUO H X, ZHU K J, HU J. The theory and appli-
cation of GA-BP-NESTING algorithm [J]. Mathe-
matics in Practice and Theory, 2008, 38 (1):116-
125. (in Chinese)

(9] ZF.ZHE.E 4. GA-BP F % 76 M U5 5l =
o g BRI L. 38 5 g 4, 2011, 36 (2) £ 99-
102.

WANG P, WANG C Y, WANG W ]J. Application
of GA-BP ANN in the prediction of wear volumes of

Beijing: National Defense Industry



468

%21 %

rail steel [J]. Lubrication Engineering, 2011, 36
(2):99-102. (in Chinese)

[10] MENG X P, ZHANG H G, TAN W Y. A hybrid

method of GA and BP for short-term economic dis-

patch of hydrothermal power systems [J]. Mathe-

matics and Computers in Simulation ,2000,51(4) .

EER N

BEIEASI ). B HEMEKENT
BERER B ARSI, ZEN
FZE IR B AR B AL AR 5 T B R

E-mail : gaoyinhan@ sohu. com.

BERII986—) W, I iAEM A i+
WA FEMNFHERI AR R EN
I8 75 B BF 9% . E-mail: trj-1986 @ 163.

com

FOARQGS— B EEL PR, R
iy ge FNF AR NVH e o b 5860
- T BF 9¢. E-mail: liangjiel965 @ ya-

hoo. com. cn
k‘

(11]

341-348.

ALEBOYEH A, KASIRI M B. Prediction of azo
dye decolorization by UV/H,0, using artificial
neural networks[J]. Dyes and Pigments, 2008
(77) :288-294.

AL (1979 =) H . ) PH R AR AL
T E-RERAE AP L H R TR
Ui, N FR G NVH e 56 05 w1
FWFE. E-mail: zhaotonghang @ tom.

com

KB (1985 —) B L HEMEKFE N L
WA EEMNH EFHMR AR KW
WA B BF5E . E-mail: 635377166@ qq.

com

(FRIERE REWH FEEH)





