Mahalanobis Distance & ©]-8-3t x5 D& &~59 &2 H7}
Sound Quality Evaluation of the Level D Noise for the vehicle
using Mahalanobis Distance
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ABSTRACT

The reduction of the Vehicle interior noise has been the main interest of NVVH engineers. The driver’s perception on the
vehicle noise is affected largely by psychoacoustic characteristic of the noise as well as the SPL. The previous methods to
evaluation of the SQ about vehicle interior noise are linear regression analysis of subjective SQ metrics by statistics and the
estimation of the subjective SQ values by neural network. But these are so depended on jury test very much that they result in
many difficulties. So, to reduce jury test weight, we suggested a new method using Mahalanobis distance for SQ evaluation.
And, optimal characteristic values influenced on the result of the SQ evaluation were derived by signal to noise ratio(SN ratio)
of the Taguchi method. Finally, the new method to evaluate SQ is constructed using Mahalanobis-Taguchi system(MTS).
Furthermore, the MTS method for SQ evaluation was compared by the result of SQ grade table at the previous study and their

virtues and faults introduced.
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Table 1 The vehicle list of reference group Table 3 The character data of reference group

Year of Operation | Engine stroke A B c
No.
manufacture (km) Volume(cc)
Z, 5.7 5.7 6.5
A 2005 5 1600
Z, 1.23 1.14 1.02
B 2001 28000 1500
2002 27000 2000 Z, 0.78 08 0.78
Z4 0.026 0.032 0.038
Table 2 Characteristic values
Characteristics Values Index Zs 837 68 822
Loudness (sone) Z, Zg 46.5 414 49.8
Sharpness (acum) Z, Z, 37.9 39.8 55.4
o Roughness (asper) Z, Zy 24.5 34.4 38.3
Obijective
Fluctuation (vacil) Z4 Z9 33 41.7 58.3
SPL (dB) Zs Z.s 411 48.9 52.1
SPL (dBA) Z,
Z, 65.8 57.8 45.3
Al 1121 (100point) Z,
3728 (100point) Zy
Subjective N ]
Azl
(Jury test) 4 %1 (100point) Zy
W52~ 8% (100point) | Zy,
) 28k (100point) Z,

Table 4 The correlation matrix

Zl ZZ Z3 Z4 ZS ZG Z7 ZS ZQ ZlO le

Z1 1 -0.904 -0.5 0.866 0.31 0.965 | 0.995 | 0.715 | 0.941 0.72 | -0.922
22 -0.904 1 0.082 | -0.997 | 0.126 | -0.985 | -0.942 | -0.945 | -0.995 | -0.948 | 0.999
Z3 -0.5 0.082 1 0 -0.978 | -0.254 | -0.411 | 0.248 | -0.179 | 0.241 | 0.126
Z4 0.866 | 0.997 0 1 -0.207 | 0.967 | 0.911 | 0.969 | 0.984 | 0.971 | -0.992
25 0.31 0.126 | -0.978 | -0.207 1 0.048 | 0.214 | -0.443 | -0.028 | -0.436 | 0.082
ZG 0.965 | 0.985 | -0.254 | 0.967 | 0.048 1 0.986 | 0.874 | 0.997 | 0.878 | -0.992
Z7 0.995 | 0.942 | -0.411 | 0911 | 0.214 | 0.986 1 | 0781 0.97 0.786 | -0956
Z8 0.715 | 0.945 | 0.248 | 0.969 | -0.443 | 0.874 | 0.781 1 0.909 1 -0.93
Zg 0.941 | 0995 | -0.179 | 0.984 | -0.028 | 0.997 0.97 0.909 1 | 0912 | -0.999
Zlo 0.72 | -0.948 | 0.241 | 0971 | -0.436 | 0.878 | 0.786 1 0.912 1 093é
le -0.922 | 0999 | 0.126 | -0.992 | 0.082 | -0.992 | -0.956 | -0.93 | -0.999 | -0.933 1
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Table 6 The vehicle list of abnormal group

No. Year of Operation | Engine stroke
manufacture (km) Volume(cc)
D 2003 51000 1500
E 2001 36000 1500
F 2001 100000 2000
G 2002 68000 1500
H 2004 33000 2000
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Table 7 The character data and Mahalanobis distance
of abnormal group

D E F G H
Z, 8.0 7.2 9.0 7.1 8.3
Z, 1.04 | 098 | 1.12 | 111 | 091
Z, 099 | 085 | 112 | 093 | 073
Z, 0.03 | 0.029 | 0.034 | 0.035 | 0.036
Z 852 | 842 | 850 | 828 | 84.0
Zg 522 | 50.8 | 54.4 | 50.3 | 545
Z, 713 | 56.6 | 683 | 57.2 | 787
Z, 472 | 413 | 431 | 363 | 56
Zy 67.6 | 56.2 73 493 | 403
Z, 42 43 | 512 | 551 | 62
Z, 29 | 392 | 342 | 398 | 17.3
MD 31 19 68 14 70
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Table 8 Simulation layout using Orthogonal array L,

Z, 1z, 12, |2, | 2o | 2o | Z, | 2o | Zo | 2y | 2, | A B c

1 1 1 1 1 1 1 1 1 1 1 1 |0.3481 | 0.348 | 0.3481

2 1 1 1 1 1 2 2 2 2 2 2 | 0.8341 | 0.8256 | 0.8315

1 2 2 1 2 1 2 1 1 1 2 2 | 0.9105 | 0.9022 | 0.8958

12 2 2 1 1 2 1 2 1 2 2 1 0.8372 | 0.8559 | 0.3801

Ao I &S Y+ R EX(H0EH Ba) Table 9 The comparison of MD before and after
" 7 | 7 = removal ineffective character values
‘ 1 ] .
Mahalanobis Distance
AN NG / ~ 2 o) A
o /S : ) / - e 2E B4 8 54
I Q Q
}?é T s Rl S N S T 1A} AHE 1A} AHE
o 10 = 2 | z : 3 A 0.3481 0.4667
I
a0 =151 P / [N l / A 1E B 0.3480 0.3998
] ol — / I ~ | /
) S . S— y L c 0.3481 0.4131
[Cj == 1 G e = 2
C g D 31 35
. I A / E 19 18
& < |1/ 04
L . : : ~ F 68 71
1 2 1 2 1 2 I5
Fig.1 The comparison analysis of the S/N ratio’s G 14 17
main effects
H 70 65
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Table 10 The grade of sound quality
at the vehicle level D noise.

MD H| 31

range

Vehicle

Grade No.

Jury test | Equation

A B, C

2~10

10~ 30 GE B,C B,C

E, D,
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50~ 80 FH
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