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Sound Quality Evaluation of Exhaust Acoustic Signals of various Vehicle
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Table1l Type and model of cars

Type Model of Car
Sound A Honda_S2000
Sound B AUDI_A2G
Sound C BMW_B530
Sound D BMW_745
Sound E MERCEDES V220
Sound F MERCEDES_E240
Sound G MERCEDES E320
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Fig. 1 Muffler sound signals of seven different cars
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Table2 Comparison of sound signal on cars

Sound signal

Sound | Sound

B

Sound | Sound | Sound
C D E

Sound
F

Sound

RMS SPL

@ | 10

92 89 87 84 79 78

Loudness

(Sones) 39.56

34.44 | 27.84 | 23.77 | 22.35 |14.328|12.306

Sharpness

(Acums) 0.8476

1.2760{1.0248 | 1.0085 |1.1594 |1.4104 |1.2785

Roughness

(Asper) .

0.2481]0.6625| 0.5199 |0.6303 [0.3172{0.3523
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Fig. 2 Bar chart by Jury test result of SDM
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Fig. 3 Muffler Sound Bar Chart by LRA
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Table 3 Symbols and grades of vocabulary
o ¥ 9 E 7] & 7 &
uf§-siek VERY LOW VL 1%
=2, SOMEWHAT LOW SL 24
R LOW L 34
HEo|g MIDDLE M 44
¥ u HIGH H 5%
=S SOMEWHAT HIGH SH 64
uf$-t} VERY HIGH VH 73
, Fuzzy set
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07 =
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01 é 3
Fig. 4 Membership function of S_type
Table 4 Fuzzy set of vocabulary
713 "1 A A #
VL (v-$-5th) 1.00/1 0.70/2 0.00/3
SL (thA%th 1.00/1 0.50/2 0.00/3
L& o 1.00/1 0.25/2 0.00/3
M (EFolth 0.50/1 1.00/2 0.50/3
HG o 0.00/1 0.25/2 1.00/3
SH (t}aE=th 0.00/1 0.50/2 1.00/3
VH (n-9-3Th 0.00/1 0.70/2 1.00/3
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Table 5 Fuzzy value changed of SDM value

; SR BERE
T gue) Az | WIEFd | TR

Sound \ | 9714 | A3k | 8714 | A3k | 3714 | Ak
Sound A | 1.68 | 0.240 | 6.32 | 0.843 | 3.84 | 0.549
Sound B | 2.10 | 0.300 | 2.52 | 0.360 | 6.26 |0.824
Sound C | 2.97 | 0.424 | 4.32 | 0.617 | 1.84 | 0.263
Sound D | 3.84 | 0.549 | 5.32 | 0.860 | 2.74 | 0.391
Sound E | 4.77 | 0.681 | 4.16 | 0.594 | 2.52 | 0.360
Sound F | 555 | 0.894 | 1.94 | 0.277 | 5.16 |0.737
Sound G | 6.26 | 0.904 | 2.65 | 0.379 | 5.13 | 0.733

(3) AANF7IgLel FE

Table 6 Comparison of fuzzy evaluation value

A 715k H71=9

Sound A 0.9443 @

Sound B 0.9629 ®

Sound C 0.9586 @

Sound D 0.9500 ©)

Sound E 0.9400 ®

Sound F 0.5214 @)

Sound G 0.6643 )
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