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Analysis of Subjective Sound Quality Characteristics for the HVAC System
using the Design of Experiments

Jae-Eung Oh*, Taekun Yun*, Aminudin bin Abu*, Hyun-Jin Sim*, Jung-Youn Lee** and Sung-Soo Kim***

ABSTRACT

Since human listening is very sensitive when the sound hit him, the subjective index of sound quality is required.
Therefore, at each situation of sound evaluation its composed with the sound quality factor. But, when substituting the
level of one frequency band we could not see the tendency of substitution at whole frequency band during the sound
quality evaluation. In this study a design of experiment is used. The frequency domain is divided into an equally 12 parts
and each level of domain whether is given increase or decrease due to the change of frequency band based on “sharp”
and “annoy” of the sound quality is analyzed. By using the design of experiment the number of test is reduce very
effectively by the number of experiment and each band the main effect will be as a solution. The case of sound quality
for ‘sharp’ and ‘annoy’ at each band, the change of band (increase or decrease of sound pressure or keep maintain)
which will be the most effects on the characteristics of sound qualify can be identify and this will be able to us to select
the objective frequency band. Through these obtained results the physical changes of level at arbitrary frequency domain
sensitivity can be adapted.
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Table 1 Divided by 12 at Bark and frequency

Factor Bark frequency
lower upper
A 1,2 0 200
B 3,4 200 400
C 5,6 400 630
D 7,8 630 920
E 9,10 . 920 1270
F 11,12 1270 1720
G 13,14 1720 2320
H 15,16 2320 3150
J 17,18 3150 4400
K 19, 20 4400 6400
L 21,22 6400 9500
M 23,24 9500 15500
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Table 2 Control factors and their levels

Level No.

1

2

dB

+3dB

0dB

-3dB

Table 3 Orthogonal array and factors assignment

Experiment Factor
No. |A|B|C|D|E|{F|G|H|J|KIL|M
1 Tyt eyryrgl
2 L1ty {21212|2|2}2)2{2
3 PITy L ry331313]131313](3
4 tl2(2(2{1{1|1t}2]212{3]3
5 tj27212(2(21213|3(3;1|1
6 Pi2202(3313|1|1|1}2]2
7 1131373111 ]3]3[312}2
8 1{313([3(2]2]21f{1[{1]3}3
9 V(331313313 (2]2(2(1¢1
10 2012312131 (2]3[1]2
11 20121323 (1]|2|3}1(2]3
12 2011012034301 123(112(3]1
13 212|131 1y2(3(2(3]1]3]1
14 2120312313 |ty2)1]2
15 292131311 |2¢{1273}2]3
16 203f(1j2(1)2(313]1]2(2]3
17 203 22311 4112({313]1
18 203 (02 (3|1 (2|2|3]|1t]1]2
19 3132|1321 (3]2¢1]3
20 3pEi3 (2121321321
21 310131243121 |3]2]1(32
22 32131322 1{3([3]2
23 321312143321 (|1]3
24 3(2(1 (3131211 (3]2]2]1
25 3f31201 {13123 (2{1¢12]1
26 303121211 |3§1(3]2(3]2
27 3{312 1|3 (2|1 |2|1|3]1]3
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Table 4 Mean descriptive statistics of ‘sharp’ and ‘annoy’
Experiment Sharp | Annoy Experiment Sharp | Annoy
No. No. 145
1 45 | 53 15 39 | 35
2 46 | 39 16 39 | 32 = %7
3 34 | 40 17 45 | 40 2 481 ~.\\\_v \"JZ L _b;\_a
4 3.7 | 44 18 43 | 4.1 412 4
5 44 | 45 19 50 | 52 400 \.
6 35 | 42 20 50 | 4.0 NS A S S U
7 37 | 48 21 4.5 4.4 Fig. 2 The main effect for mean of ‘Annoy’
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Fig. 1 The main effect for mean of ‘Sharp’
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