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Construction of Sound Quality Index for the Vehicle HVAC System
Using Regression Model and Neural Network Model.

SEAFZUx- O R A B A 0| B 8 QT ST
Jae-Eung Oh, Sang-Gil Park, Hae-Jin Lee, Hyun-Jin Sim, Jung-Youn Lee

Key Words : HVAC(X 5 %

= A} 2~ ¥, Sound Quality(:>-2), Regression Analysis(3] 7 % 41), Neural Network(2! 74 %)

ABSTRACT

The reduction of the vehicle interior noise has been the main interest of NVH engineers. The driver’s perception on the
vehicle noise is affected largely by psychoacoustic characteristic of the noise as well as the SPL. In particular, the HVAC sound
among the vehicle interior noise has been reflected sensitively in the side of psychology. Even though the HVAC noise is not
louder than overall noise level, it clearly affects subjective perception in the way of making a diver become nervous or annoyed.
Therefore, these days a vehicle engineer takes aim at developing sound quality as well as reduction of noise. In this paper, we
acquired noises in the HVAC from many vehicles. Through the objective and subjective sound quality evaluation with acquiring
noises caused by the vehicle HVAC system, the simple and multiple regression models were obtained for the subjective
evaluation ‘Pleasant’ using the sound quality metrics. The regression procedure also allows you to produce diagnostic statistics
to evaluate the regression estimates including appropriation and accuracy. Furthermore, the neural network model were
obtained using three inputs(loudness, sharpness and roughness) of the sound quality metrics and one output(subjective
‘Pleasant’). And then the models were compared with correlations between sound quality index outputs and hearing test results
for ‘Pleasant’. As a result of application of the sound quality index, the neural network was verified with the largest correlation

of the sound quality index.
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Table 1 The coefficients of correlation between sound
metrlcs and subjective rating

Loud . -{«Roughi|.Expns. | Plea.
Loudness | 0.964 | 0.922 | 0.940 | 0.925 | 0.958
Sharpness | 0.892 | 0.919 | 0.928 | 0.905 | 0.927
Roughness | 0.919 | 0.874 | 0.925 | 0.882 | 0.934
Fluctuation | 0.212 | 0.295 | 0.377 0.274 0.263
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Pleasant
= 9.74+0.399Loudness— 4.38Sharpness
~ 6.43Roughness— 0.151(Loudness x Sharpness)
~0.0611(Loudnessx Roughness)
+ 4.00(Sharpnessx Roughness)
(2)

Table 2 The establishment of multiple regression models
for ‘Pleasant’

1 L+S+R 0.237
2 L+S+R+L*S 0.339
3 L+S+R+L*R 0.482
4 L+S+R+R*S 0.751
5 L+S+RAL*S+L*R+S*R 0.950
L : Loudness, S . Sharpness,

R : Roughness
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Table 3 Regressmn procedure ANOVA

82.60 0.878

Simple model

Multiple model 34.83 0.950
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Fig. 1 Testing for multiple regression equation
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Table 4 The established neural network model for
‘Pleasant’

-2.159}1 1.891 {-2.212| 1.859 |-0.522
1.1421-2.292|-3.973| -1.285 | 0.411

Value 1.245-0.519| 0.035 | 2.415 | 0.637 0.065
-0.670(-0.717( 0.017 | -0.549 | -0.659
0.469 | 1.8521-0.263] 0.596 | -2.874
-0.403[-6.902(-0.153| 0.768 | 0.203
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Fig. 4 Correlations between sound quality index outputs
and hearing test results for ‘Pleasant’



6. &

B AFoME e T2RAIAHY FHE 2%
Q1AFel ‘Pleasant’ 9] =X & &3] f3e] 37
283 AAYRE S ALY, F 2¥ES vlm

B39 /\01-3"—_}3?—*3'—} ilﬂ%_"*—“‘\% ]*2-401

1297 ATRE BER G- AAREAE o
g3l £4 Auag PRk 19m
JEE ol§¥ AFTHYNM NARHE o] §
# &3 od30] 98.9%9 ¥ AUWAT Ho
Fol THY 1 AYxd HFYS AFAA
e T myo] AzuErAe A ohe
4E BEFQ FHeld ady Ad B#§W
o, ERHOR AP FaAAYY 24 BF
S =T + 9& otk 2T F wFe)N
€ ungond Azl 49 T3¢
st Aol 298 F 202 Ay
A RSE ogs ge APE A
o2 ATN AdE $2 Adas oy A
o S £ ARSlo] G, Aol Holw
Akl S7h B ghel AAZ WEHOE ol g3
el va Tzt gvkn @ # Uk o A
4 9n A¥A sl FnE 271 Qe no
et FRE ARE OO B AREY B

AT SaEolop & Zolh

Ila)

P

Ho
rek

() HEd F, 2002, “FEA 3 Aol B
AT, BRASAEFBHHA, A 12 A, A 5 3, pp.
342~ 349.

(2) SHA 5, 2005, "AF DT g9 & A9
R FFY 7H, 2SN EFFES %ﬁl-"#%tﬂfﬂ =
{%%l, pp. 186~189.

(3) FF3, 2005, "ha AU E o] &% AFFR
Aol x4 9 AN, dFdTgT At
=%, pp. 1~2.

4 FEA T, 2004, "tk 2HEY HAYE o)
8 AEH B2A2Y VAR BY7, #FLSAF
33 FASENI =F3, pp. 999~1004.

(5) E. Zwicker, H. Fastl, 1999, “Psychoacoustics : Facts
and Models”, Springer 2" Edition.

6) =X F, 2003, " AT o]E} IHARAE T
& F49 041 EHUPE%QQEE—E B, Al 23 ¥ A 3
3, pp. 147~155.

(7) AF &, 2005, hitp://blog.naver.com/moguwa, =Y
H

(8) Takeo Hashimoto, 2001, “Sound Quality Study and its
Application to Car Interior and Exterior Noise”, 3= 257!
T3 A=A =T, pp. 19-26.

(9) 2AE, 2003, “Hd] HIAHY”

227~278.
(10) W39 F, 2002, “UF G| B o] §8
# 2 Aol B AT, d@dE

ZA, A 1848, Al 7%, pp. 155~162.

(“) oA =, 2004, <A TEHL 7]

A 144, A 11 Z, pp. 1195~1202.

=%

4 QY2 el BE AT, FFLENE
—’E-_%IQ



