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Construction of the Sound Quality Index and Grade at Automotive Level D Noise

SERAT AU AB T 0| F B QI S

Taekun Yun, Sang-Gil Park, Hyun-jin Sim, Jung-Youn Lee and Jae-Eung Oh

Key Words : Sound Quality Index(22 ¢l 9l£), Sound Quality Grade(& 3 %), Correlation Analysis( AR A,

Regression Analysis(3] 7 24])

ABSTRACT

Since human listening is very sensitive to sound, a subjective index of a sound quality is required. Therefore, in the analysis
for each situation, the sound evaluation is composed with sound quality factor. Many researchers spends their cffort to make a
more reliable and more accurate of sound in term of sound quality index for various system noise. In this study a reliable index
is constructed and analyzed using correlation analysis, regression analysis and weighting factor for each sound quality factor.
We have made the sound quality index that agrees with more than human subjective sensitivity which apply to various sound
quality metrics. Also we applied a 'grade' metric to jury for sound evaluation, analyzed relation between sound quality index
and sound quality grade. Then we will judge the sound quality level according to the sound quality grade scheme.
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Table 1 Recording of the automotive noise

Table 4 Subjective analysis of automotive noise

L2 S2 R2 F2 G

37.92 24.50 33.01 41.08 65.82

39.83 34.42 41.68 48.92 57.83

71.25 47.17 67.57 42.02 29.00

56.58 41.25 56.15 43.01 39.20

68.34 43.08 73.02 51.23 34.17

57.47 36.33 49.25 55.09 39.75

55.43 38.25 58.31 52.05 45.33

x| o| = m|o|a|w|>|F

78.67 56.00 40.25 62.01 17.25

Table 5 Correlation of the objective and subjective value

L1 | S1 | Rl | F1 | dB |dB(A) L2 | S2 | R2

St 10476

R1 |0.620{0.230

F1 10.3131-0.48-0.04

dB |0.670}-0.278]0.415-0.120;

dB(A)|0.9741-0.64310.460{0.45310.601

L2 [0.915]-0.719]0.344]0.447)0.627]0.963

S2 {0.792{-0.848/0.12610.467]0.376{0.891{0.934

R2 ]0.647[-0.209,0.8080.220(0.438(0.582{0.520{0.380

F2 |0.373}0.4571-0.173(0.8470.098 0.50610.487)0.537-0.124

Experiment - Engine stroke | Recording
No. Transmission Volume level
A auto 1600 D
B auto 1500 D
C auto 1500 D
D auto 1500 D
E auto 2000 D
F auto 1500 D
G auto 2000 D
H auto 2000 D

Table 2 Analysis metrics of the automotive noise

Analysis Metric Unit Simplify
Loudness sone L1
Sharpness acum Sl1
Objective Roughness asper R1
Fluctuation vacil Fl
dB, dB(A)
Loud 100 point L2
. Sharp 100 point S2
Subjective -
Rough 100 point R2
(Jury test)
Fluctuate 100 point F2
Grade 100 point G

Table 3 Objective analysis of automotive noise

No. L1 S1 R1 F1 dB dB(A)
A 5.73 1.23 0.78 0.026 83.7 46.5
B 5.73 1.14 0.80 0.032 76.8 474
C 179 1.04 0.99 0.030 85.2 52.2
D 7.15 0.98 0.85 0.029 84.2 50.8
E 9.01 1.12 1.12 | 0.034 85.0 54.4
F 7.08 1.11 0.93 0.035 82.8 503
G 6.46 1.02 0.78 0.038 822 49.8
H

8.32 0.91 0.73 0.036 84.0 54.5
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Indexvalue = 0.348429(~ 182+ 4.73x dB(4))
+0.123188 (124~ 78.2x Sharpness) (1)
+0.270264(= 22.7 + 85.9x Roughness)
+0.258119(1.7 + 1471x Fluctuation)

Table 6 The Weighting factor, equation and index value
of the metrics

No dB(A) S1 R1 F1 Index
’ - [2 - 82 - R2 | - F2 value
Correlation | 0.963 -0.848 0.808 0.847
Weighting | 0.3484 | 0.1232 | 0.2703 | 0.2581
A 37.80 28.20 44.38 39.57 38.8
B 42.03 34.85 46.06 48.33 43.8
C 64.97 42.67 62.04 45.24 56.1
D 58.33 47.71 50.70 44.28 51.2
E 75.09 36.41 73.50 51.34 63.5
F 56.13 37.19 57.44 53.33 53.3
G 53.41 44.62 4443 57.89 51.2
H 75.78 52.79 40.22 54.87 58.1
34 23 52 4%
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0.348429(~ 182+ 4.73x dB(4))
+0.123188 (124 — 78.2x Sharpness)
+0.270264(~ 22.7+85.9x Roughness)
+0.258119(1.7+ 1471 x Fluctuation)
(2

Grade=131-1.725
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Fig. 1 The regression plot of grade
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