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Evaluation for Car Interior Noise Quality Preference
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Abstract: A modeling method by describing sound subjective evaluation with objective psycho-
acoustical parameters is proposed to treat with sound subjective evaluation with long period, poor
repeatability and quite differently comparable sound samples. The interior noises from six cars at
constant driving speed are selected as the evaluation objects. The subjective evaluation test is
carried out with the paired comparison, and several primary objective psycho-acoustical
parameters of these samples are calculated. Following the multi-dimensional regression analysis,
a sound quality subjective evaluation model is developed. The model with psycho-acoustical
parameters gets more suitable to describe car interior noise quality than A weighted sound
pressure level (SPL) and linear SPL. Loudness and sharpness incarnate the main factors of
interior noise quality at constant driving speed.

Keywords: car; interior noise; quality; preference; evaluation method

Vol. 46 No. 5

TEAEGERNR A N T R Z R AT AT
RO TR L SAVEH 46 b 95 B0 T8 4575 1Y
AT G 2 H A5 M AL EOR. EE i T
Xt A AU TR G 1 PPN A T80 7% 18 4 N R (1Y
FEEAREE s DRI AN RE 4 T S R P 5 6 N Y SR I 1.
b i TR RS A AR R ) L R

Wk H . 2011-10-11.
H (2010CB736101).
P25 M R AT TE] . 2012-02-24

A TR F G 54 (R e 2 A1 e s+ 53
B D25 PR 2 e L B 7
RIS PP 75 3l HLAE B SRR —.
WA 4 0 25 A 7 R SR 40
WEPFA 2 T 2 K. 7 B B A B 5
J2 2R 0] 4 8 5 32 PPN 1 258 2Rl ik 75 i

PEF T BIEATA979—) B Wb g TR, RER i H [ 5 R R iR e B 20

4 R L . http: / www. cnki. net/kems/detail/61. 1069. T. 20120224, 1036. 003. html



128 [T 7 . ]

55 46 &

Jo B SE LRSS AIE & B B T W 3 X8 P i S Ml e
PR — TP FLED G, WA D7 ¥4 & AT i i
XF P BT RSB » DRLHG X R PPARY IO 2 P SO Y L
SR 7 A A LA I S S o 3 LR
B PSPy HE 2 OB A 2 R IR R A A
5 AR ] 13 R L A R R ) B e S 0 PR
PSRN AR 5 19 E A SR 55 2 A B R AT
5.
i S PPAN AT AR A R L (E
7 i ) R o AT S Rt BT 5 2
i JT LAY 28 52 B N0 P 5 TR 4 A ]
PER 2R L PR IHe 7 it BT S WEPE A i R MR 22 O
HALBERS HUE B W1 A4 2 B0 B8R AR T
B2 A A EIPEAN WA D7 DR PR T
5 A RAZ N GVBAL R SE I 2 WA S H R 3
WO AR 25 5 oS B A s Ak - B il oA 2 UL 2
B2 ARG 72 AN T2 B T 00 B 7l B Y
FEEEWITENSHOE AR S, Kk anfr it B
TR B WA SRR W H 2L

ARSCLA 6 TR0 3 2 A S0 A T B T 00 R 1 4
PR IR P R AR A DAy 23 B R 52 X8 7 i Jo Ml e PR AT T
TN 3 o IF RO B 2 WS BT T
TR . AR T 38 i GE it e [l )3 Ao
T ORI TS 1 B S PR AR R
A R i T R AL T 4 .

1 WP REACR AR 57 dh i PP

1.1 k& HSHEARE

¥ Ff# E Head Acoustics A7 ) HEAD HM-
SHI B N T3k R 2 4t BEQ $odi R4 0 W 2 58
J HEAD Artemis # 4, 10 5% 42 N 1§ 75 15 5 3k
BSAE TV LA — 7 s B T B AE 4l 6 4
(R ZB 0  7 2. X oe N T Sk A ) 28  JAE A7
B AR NLL 5 R R S A T R A TR
B4 MRS (5 S, R 3 30 MR REAS, I A
FEARB R ERICN 5 s, TR FEARZE AN 1 FiR.
Bk 2 % 4204 50 km/h A7 TR, 45 N RS
FEAS TR IF I AU . % T 1 1 B 45 2R VR
W75 {5 5 RO A B A AE 58 7 VR R 2 AR IR R
A ZEA K.
1.2 EWFEHAZE

X SR B B Y W P RE AR AT U PEH B SRy o2
HMERIREEXS PR 0 TP PR S R R B T T Y
P 1) w2 TR W A i il 88 6 1 R

TEH
HH
2

> > O

http: / www. jdxb. cn  http; // zkxb. xjtu. edu. cn

f/Hz

(b)Y 40 1 FRy M s A A ]

f/Hz

(D) R4 2 1) R AR AR ]
BT AU T 00 F 22 MR REAS (R I B50sk i £k

MR S R B DR HATL B & e R 5.

ST B WA T 125 A S T
AN HE AR s AR SR FH SO e 500 o) W P R AR
HEAT EWITAr. R HG 5710 S8 g 5 M 7 R A
HEHEFN LA 107 20 A B4 B2 2 IR AR L i
S0 AR [ i 2% 26 M P R AS L P 2 AR S B
MERHREAS gt tH A R BE O A e 7 R AR e s
A PR PR A R B T a3 R A
A @ B D e E ST

1 P;
M, = - ; ln<}7ﬁ)
1< ;<<n.,i#j (D
e R GHG Py P # e B R A UM
Py =1—Py. M; {HBORUE PN XA 535 4




45 P 5 2 2 P R SR PV A0 7 2 5 129
T . SR H1 R P T R AR SCHE R T WA La R B

1.3 ENENEELE

SRR TAE I A T FEPFA Z 11T A FH e
FEA B 2 S HUE - 38 528 3R 288 43 B 12 X W8 75 R S i
17 BRSO 30 AR REAC TR SR B 12 4>
HAREVER R REAS, 32U AT 5 A 5575 42
PR (NVH) £ 58 8l T AR mI L AR 44
AT A3t 32 A AT BRI 12 4
MRS FEA AT T EPEH

TR PR A R B — S 2 L il —
FAVRFR AR, HEBR Hrh B 1835 22 55 1 4 4 0F
W& SR G AT A 28 A Spearman AHC & %K,
PHRUCHE R H H AH 3¢ R BRI 4 2P0 . d it DL
AR IR Ay 24 A VEME BRI g
R 2 MRS FEAR I FEME R P, A Py s X (Dt
SR R MR AR Y75 i B IR A PR SRR DR 1.

S, HLRERE C. BF3hE S VAT FEEC A, HE L, 25
6 NEELH A SE DL A TR K Ly Al
LA RS L X 2 A H B A S 8Ok AT
3. MU Artemis 50, iH8 0 12 DR FEAE)
8 P MSHUE ., W3k 2.

T WESE AR 0 3 P 5 R B
SEMSECZ R R AT G R 1
(475 it JO i - P GRS R N Y B S B T T
LRAVEAH ST SR BB b, BN 3 PR, 36 3 KW,
TR 6 A~ 20 E 222 50h, HAH SR8
(I RHEE B T 80 %0 LA b B A Wi BE L R0 FE MR
AT FE 55, B0 3 28 2850 5 i 4P S A0 A7 AE
S AH S, 2 s R A 56 2R BCER A1 31X 14 B
UL 2 SRR R A5 et 2 PN R T 1 e 2

3 RPN MR ol o A 1 1) S

VO =k 2, wr s N
2 O REMSEOE b 31 EEEHEEES
g5 G EAMYTE S BT SR 4 5, FHO 3 2R SR WA RGBT A5 B0 S E M AR 5 %
F 1 SR RIS AUE
REAR 2 1 2 3 4 5 6 7 8 9 10 11 12
SR 0.635 —0.549 1.059  0.268 0.652 —0.311 0.770 —0.072 0.698 —0.143 0.443 —0.893
* 2 BMAKMTHELER

RS L,/sone S, /acum C./asper S, /vacil Ay L. /tu L,/dB L/dB
1 11. 00 0.79 1.32 0.051 0 0. 883 0.0375 60.5 85. 3
2 21. 00 1.27 2.13 0.047 8 0. 668 0.031 3 57.8 84.6
3 8.32 0. 66 0. 86 0.032 4 0. 972 0.031 0 66.9 87.0
4 13. 40 1.10 1.97 0.041 3 0. 756 0.025 5 65.9 87.8
5 16. 80 0. 80 1.59 0.043 1 0. 915 0.043 0 66.6 85.5
6 22. 80 1.27 2.01 0.038 8 0. 627 0.035 9 65.6 86.0
7 9. 99 0. 94 1.53 0.036 8 0. 933 0.031 1 65. 4 88.3
8 20. 00 1.21 1. 69 0.047 6 0. 769 0.028 2 68.3 91. 4
9 11. 20 0. 92 1.43 0.045 1 0. 822 0.018 3 64.5 88. 4
10 20. 40 1.26 2.11 0.047 9 0. 685 0.025 0 65.6 89.6
11 17. 20 0. 85 1.27 0.048 7 0. 894 0.032 8 73. 4 92.1
12 27.10 1.26 1.98 0. 042 4 0. 675 0.030 9 68.6 93.5

A3 B SRRIRIFEGT LS RSB X AT LR
K FREL
Ly S, C. S, A L La L

—0.933 —0. 909 —0. 829 —0. 290 0. 908 0. 045 0.093 —0. 304

http: / www. jdxb. cn  http; // zkxb. xjtu. edu. cn




130 [T 7 . ]

PN

E ¢ 55 46 &

P S 4 i e R NIV EE oves e WS Bail)
Jridok A i T Z (A A N RO AR L AL S 5 g
LIS ERINEE S LRIt

ARG 4 A R P B 75 i e A 22 ok P [l 1
RRERIRS 42 A P it BT 2 WA 25 2R AT UG i i
GE

N
{y b =d,+ D dAf(x,sx,sax, )} + e, b
i=1

(2)

Ky, X m 55 075 5 3 AN (B O 47
BE) 5d. (i=1,2, =, N) N RER Y [0 19 22855 0,
R R 2, (G=1,2, -+, m) AL B % S8
£ Co RO B A S50 T R, 1T DU ARk
PR E R R e, SR 25 (2 B

y=Bd +¢

Y=y ,)

d={d,.d, vd,sdy)"

(3

T

g={e se,," g, )
. B R B S HL B 1] B Ry 45 TR 7 R A 28 oA 4K
£ CoOTHRE AL B 2 S 5.
(3D RIS A 25 55 0 B 4 S 5000 [B]
P77 AR 3 (3) RO B RS 2 SRS LE SR PR
A R 2R
B'y = [B'B]d (4)
VRS FWIFM (B AR O R B i O B PR 2 SR
A ) B HT 5 - B AT #3775 5 5 -1 7
G TRV
3.2 ARRRFEHFER
HRYEES 2 5 A AE G o B 46 2R L e B AH DG RR
B A B QB R MR B L AL 48 Bk AT nl ) 4y
Mr. SR FGE A3 28 (3) BEAT SR i . Ak 38 2 48 1
JEHEA T H AR BB RE, [BIH A Hr S5 R N2 4 FR. &
4 FB, BT EE AR BE X 2 NS HEA T BF
BEAY R B RN AT 8 50035 B HEBR. DA 43 #7285 5 ok
F RTINS R U 45 SR B A OC R A
97 %, tiE ZFGEF] 94. 1%, d B R ) ELA #4714
AR
HRAE R 4 v AR A 2R 55, 45 21075 5 0T I 47
P ITA B 22 o0 ml A 7
S, =—0.059Ly — 1. 198S, + 2. 42 (5)
5D BRI R G A 5 A T30 T 00 R 25 N e iy
JE AR PR B AR A (5) FpmT D, i B AR 450
JEE IR 2SS 25 A T T PN P g e ) 2

http: / www. jdxb. cn  http; // zkxb. xjtu. edu. cn

oM R R AR 4 BB HEAL R B b Al A Y L e B I
2 XHEL B T AR50 110 248 (R, 156 BH i J88 XoF Mg 7
T G A s e B K. 2 (5D [RI B g B X T
L GRS AT TR A 4 RS T N 1
TR M P (Y e B A E A TR .
F 4 ZawmEApsgER
Ebnifete Rl BEMER

WERR MXRE ERK Z 8 RN %
(il 2.420 0.0
Wi 0.970  0.941 —0.059  —0.573 0.2
RELHE —1.198  —0.448 0.9

T B UETRR b B PPN A TR Y v
Xt o — MR REAR BEAT T WA S AR AR
K2 Fs . SR RECEER] T 93. 400, 1t
AL TS Y ] XS 203 T 000 B MR P i G- A
g AR TIIN

1001 3
b;/%
60F —— 100 -
*
¢ 934 . .
g 20 .
5
> -20f .
-60 Mo .

1 1 1
-100 -60 60 100

B2 FEULP -5 B A O 2R

4 45 ©

AR SCHR T LS MO 3 75 ot I 3 T A
ROy 3 % 6 470 [ 26 TR 4 A R [ A0 TR
25 PR P AT T 7 O SE LT A S K5
BT, SR L AR T MR 7 A0 P L A TGS
FEG RIS FE G, L 0 B P 2  WS 458 & T4l
R A PR R P G 5 . 308 3o X U M 2 W
BTG AT 22 J0 LR Pk R A 4007 L B S7 T 424
It 747 3 SR AR P R SR 2 S W 1 %
FRUEST AT T 0T o FL 4 A 0 7 8 5 22 3
FE SR D 2 B B . DR IR TR 36 A R
5 AT — A R AT FEE SR 1 7K .

S 30k

[1] VAN DER AUWERAER H, WYCKAERT K, HEN-
DRICX W. An engineering approach to sound quality,
SAE Paper, 962491 [ R]. Washingdon DC, USA.




555 PRI » 55 97 22 2 PN R 75 O M TP D7 i B 5T 131
SAE,1996. S [1]. HEHEsEA, 2007, 35(8): 94-97.

[2] RONI, NORM O, TOYA M. Sound quality metric LU Xianglin, WANG Hongjian. Research actuality
for diesel engines, SAE Paper, 1999-01-1819 [R]. and expectation of noise sound quality of automobile
Washingdon DC, USA:SAE,1999. and engine [ J]. Equipment Manufacturing Technolo-

[3] DEBLAUWE F, VAN DE PONSEELE P. A sound gy, 2007, 35(8): 94-97.
quality system for engineers, SAE Paper, 2001-01- (8] RKRIME.AFF. REFETWMBEIFNSEERGT [J]. M
3834 [R]. Washingdon DC, USA:SAE,2001. SRS FEH], 2008, 28(4); 94-97.

[4] NORM O, SCOTT A. Guidelines for jury evaluations SONG Naihua, ZUO Yanyan. Evaluation parameters
of automotive sounds, SAE Paper, 1999-01-1822 [R]. research of vehicle sound quality [ J]. Noise and Vibra-
Washington DC, USA: SAE, 1999. tion Control, 2008, 28(4); 94-97.

(5] =8 BRomde. ARARME R S SO Se el g (0] 5 (9] BARIGATHEE. 75 5 BB A S LT (4 B A
AR, 2006, 25(6): 540-546. B LR (1], FEeR2AA, 2005, 30(5): 468-472.
YAN Liang, CHEN Ke” an. Jury studies of sound MAOQO Dongxing, YU Wuzhou. Statistical validation
quality for low frequency noise [ J]. Technical Acous- and criterion for paired comparison data in sound quali-
tics, 2006, 25(6): 540-546. ty evaluation [J]. Acta Acustica, 2005, 30(5): 468-

(6] TEET, BREI #hFET. 1555 Wi r ik SR 472.
T BETH, 2007, 29(9): 800-803. [10] STEPHEN B, PAUL J. Improving the effectiveness
WANG Nianping, CHEN Jian, ZHONG Chengping. of paired comparison test for automotive sound quality
The analysis methods and evaluation procedure of vehi- [C] // Proceedings of Eleventh International Congress
cle sound quality [J]. Automotive Engineering, 2007, on Sound and Vibration. New York, USA: McGraw-
29(9): 800-803. Hill, 2004: 3029-3036.

(7] PREMR ELTOL % B Bl HLIR A TS SR (it & vkAD)

http: / www. jdxb. cn  http; // zkxb. xjtu. edu. cn




