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Just noticeable difference of autocorrelation function (ACF) parameters of
refrigerator noise

Jin You, Choong Il Jeong, Jin Yong Jeon, Moon Jae Cho
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ABSTRACT

Just noticeable differences (jnds) of autocorrelation function (ACF) parameters — Phi (0), Tau 1 and Phi 1 — of
household refrigerator noise were investigated by psychoacoustical analyses. Phi (0) of five refrigerators' noise was
changed with equal (%) interval level of 0.5—1.0 dB up to five intervals by manipulating sound pressure level of the
noise. Tau 1 and Phi 1 were varied with equal (%) interval of around 0.10 ms and 0.02, respectively. Pitch shifting
and strengthen methods were applied for the Tau 1 and Phi 1 variations. As results of subjective evaluations, about

2.0 dB was shown as jnd of Phi (0). The values of 0.3

respectively. The jnd results of each ACF parameter can

0 ms and 0.06 were found as jnds of Tau 1 and Phi 1

be applied to explain substantial amount of sound quality

(SQ) enhancement in the SQ prediction indices which were proposed in the authors' previous study [Sato et al.

(2007) J. Acoust. Soc. Am.].
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Fig. 1 Definition of 11, ¢1 and 1.

717125 24 #4d F2 45 sy, A
SUA HIEYA 9 HELE 29 Zwicker S22 49

[e) =

o

A b EE EAJo] AElA] 9k stationary Ao &

-0 w
o% =
> UlO
< o
A
o
ek
N
)
o
ot

=

o dlo
ook
o 32
NnF
il
dlo
do
W
"
©
\\]

oX
Ol
Ol
4t
o
=2
—
~
NS
==
>t
~
el
ofo
Ol
Ol
o3

ol

3@ = 32

o

o%
oX o

=1

~

o

o

ll

Iz

vl

oX,

O

2

b

N 9
o

N oo %4
% L ofy

il
N
S
N
%
o)
Nt

df ot Jf
U{-cr) X gl

ol
—_

g o
=
°
ofN
oX
ox
B
ol Ho
o
fu)

o
4o,
o

ofo
o
2
)
E_,ﬁ
et
=
B
ox
1o
e
oo o
=
of\
N
)
ox H
dlo
22
> o
o pE o

)

fo HE o min fo > 2 T oo

o
o
T
i

)

S e |o

BN oL
>
il
dlo
dlo
rj@‘
o
N
)
oY
o
ol
ol
N
o
%
I

Bl AAl FASE A
(Impulse response) & AME39t. F4-39
A Fe W A FAYY AFAE
T 2IAZKFE oF Tm "ozl A A4 Head and
Torso Simulator (HATS)E AH&-ste] F53kltH[2].

O
O

o

Fig. 2 Recording positions of refrigerator noise in an
anechoic chamber, o: microphone.

Refrigerator

Fig. 3 Impulse response recording position in real
living environment.
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Table 1 ACF analysis results of tau 1 experimental sounds

Sound| A®(0) [dB]| Aty [ms] A1 Ate [ms]
1 -0.4 -1.0 0.04 -1.13
2 -0.3 -0.9 0.03 -0.92
3 -0.3 -0.8 0.03 —-0.29
4 -0.2 -0.7 0.03 -0.34
5 -0.2 -0.6 0.01 -0.24
6 -0.2 -0.5 0.01 —-0.03
7 -0.2 -0.4 0.01 0.51
8 -0.1 -0.3 0.01 0.09
9 -0.1 -0.2 0.01 0.20
10 -0.1 -0.1 0.01 —0.08
11 0.0 0.0 0.00 0.00
12 0.0 0.1 0.01 0.07
13 0.0 0.2 0.00 —0.02
14 0.1 0.3 0.01 0.15
15 0.1 0.4 0.00 -0.29
16 0.1 0.5 0.00 0.15
17 0.2 0.6 0.00 0.09
18 0.2 0.7 0.00 0.39
19 0.2 0.8 -0.01 -0.31
20 0.3 0.9 0.00 0.20
21 0.3 1.0 0.00 0.02

Table 2 ACF analysis results of phi 1 experimental sounds

Sound| A®(0) [dB]| Aty [ms] Ady Ate [ms]
1 -0.73 —-0.10 -0.12 20.2
2 -0.61 —-0.06 -0.10 54.1
3 —0.46 -0.02 —-0.08 103.4
4 -0.35 -0.01 —-0.06 77.9
5 -0.25 -0.01 —-0.04 35.3
6 —-0.09 -0.01 -0.02 18.0
7 0.00 0.00 0.00 0.00
8 0.13 0.01 0.02 -17.0
9 0.25 0.01 0.04 —-30.6
10 0.38 0.01 0.06 -51.8
11 0.55 0.01 0.08 —57.2
12 0.71 0.01 0.10 —50.2
13 0.87 0.01 0.12 5.02
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