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Abstract

This paper presents objective methods which predict perceptual noise levels caused by refrigerators. Eight home
refrigerators are chosen and their noises are recorded in an anechoic—chamber and a real-life apartment. In order to obtain
perceptual noise levels of the refrigerators, subjective quality assessment tests were performed by 100 evaluators Then, we
compute 5 sound quality metrics (SQM) which reflect psychoacoustics characteristics. Finally, objective assessment model

for refrigerator noises is developed by linear combination of SQMs.
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The refrigerator noise recording in the

anechoic-chamber.

1.

Fig.

2. The refrigerator noise recoding in the apartment.
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3. Three refrigerator noise states depending on

Fig.

= g,

3}

75}

e (7Fse] Al

A]

&2kl w371

9,]

I

7

=
=

>
o)
[}
g0
[%3)
)
2
=
[88]
D
G
I~
s}
®
5 .
QD
S £
N =
o @
|2y
g
5 -
c 2
S %
ook
e
ur_l
M R
o
~N
i8]
ﬂtﬁ
‘.w.
No oF
WM.
o
Nroo_u
i
mm N-
oy of
wo ™
Llﬁro
N
W,w&
% B
T °©
o) Ak

N
il

3

|

=

e

dtoll M=

]

[o]
d 3b)sk 2 <

g

A

ELAEEE

3|

2
=

402 H

) %

Z

e}
Fe

ojy

1
o

—_—

a

Hoh dubg oz oz}

m._‘_

I
=

B
;OT

o
=3

HoEt I8 494 £ &

A wabE 7] el g

FHo
SEE)

SEEE Rt LT

4+
o |
of
TR

oF

A Ay A7E o

<]
=

AZE 5 dellM At 8

3 2o

Al
al

=0

7}

ol vl A

4 djedol ) 53]

g HAE

A=

ol

(1

2

3 [x{n]

1

E
N

i=1

1

i

dMe ol

4e 9

H}

Aad Brt 2d A

oy

9

7|14 z[n]

(633)



Energy (log scale)
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Fig. 4. The spectrum example of steady noise of a
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Fig. 5. Spectra of the 8 refrigerator noises. (a) Spectra
of the 8 refrigerator noises acquired in the
anechoic-chamber; (b) Spectra of the 8

refrigerator noises acquired in the apartment.
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Table 3. Energies of the 8 refrigerators.

19756.4 7007.303
26434.63 1275133
41400.37 14916.25
25380.82 1260.806
107773.2 19786.88
1515823 6766.199
19575.16 4325.96
1724161 7421051
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38 6. PC HolA A2
Fig. 6. Playing order of noises in the PC method.
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Fig. 7. Subjective rating in the PC method.
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Fig. 8. Playing order of noises in the ACR method.
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Fig. 9. Subjective rating in the ACR method.
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10. The scatter plot between the subjective scores
acquired by the PC method and the ACR
method (Blue: anechoic-chamber, Red:

apartment, Black: anechoic-chamber+apartment).
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Table 4. Subjective scores of the 8 refrigerators noises recorded in the apartment (PC method).

=l
AN AF9

- -0.08 0.02 0.79 -0.53 061 012 -1.05

0.08 -

0.07 0.38 -0.58 0.58 0.55 -0.96

-0.02 -0.07 - 0.44 -0.69 0.82 0.27 -1.11

-0.79 -0.38 -0.44 - -1.08 0.29 -0.11 -15

0.53 058 0.69 1.08 - 1.25 094 -043

-061 -0.58 -0.82 -0.29 -125 - -0.06 -146 0
-0.12 -0.95 -0.27 0.11 -0.94 0.06 - -1.35 —0.4371
1.05 0.96 1.11 15 0.43 146 1.35 - 11229
0.0171 -0.0171 0.0514 05729 -06629 | 07243 1 04871 il
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L=
Su

ubjective scores of the 8 refrigerators noises recorded in the anechoic-chamber (PC method).

- 003 | -071 | -084 | -148 | 017 13 | 154 | -043%
-0.03 - -0.87 -0.98 -1.97 0.17 1.23 -1.89 062
071 0.87 - -0.46 -1.14 1.45 198 -157 0.263
0.34 0.98 0.46 - -0.87 145 212 -1.13 055
148 197 1.14 0.87 - 1.89 2.49 -0.44 1.3429 ;
Ref. -0.17 -0.17 -145 -145 -1.89 - 1.03 -209 | -0.8843
-1.3 -1.23 ~-1.98 -2.12 -2.49 -1.03 - -2.39 —1'.,7914’,
134 1.89 1.57 113 0.44 2.09
0438 | 062 | 0263 | 055 | 13429 | 08843
E 6 HEL 239 FaH HIt H4 (ACR ).
Table 6. Subjective scores of the 8 refrigerators noises (ACR method).
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alues for each refrigerator noise.
1.335 | 0227 | 0131 | 0.065
0772 | 0207 | 0103 | 0.106
0839 | 0205 | 0.088 | 0.245
1057 | 0218 | 0126 | 0.258
0,799 | 0232 | 0098 | 003
0882 | 0206 | 0164 | 0.245
0854 | 0214 | 003 | 0.083
1.302 | 0238 | 0.078 | 0177
1244 | 022 | 0112 | 0.226
1116 | 0238 | 0123 | 0123
1019 | 0247 | 0112 | 023
1221 | 0231 | 0126 | 0.083
0317 | 0.243 | 0108 | 0.121
1.021 | 0231 | 0.124 | 0123
0971 | 024 | 0102 1 02
1.206 | 0243 | 0.116 | 0.119
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£ T WA BE AVEF BAT g ggne Awy o4 mae omE A8 3R
At &, Zwicker Loudness$®} Sharpnesss ¥A41 & S A L WA 288 d B guE 4 9
29 AIEE Awdes disod M KA o g0 g eon mean ogEdd =ew
Sharpness st Zwicker Loudness® o 229 A% BE 2 g 44 sl JBeg wEg 3 34
Upeaet) 7 5% 870 788 28 Pyl
E 10, 2 SQMel Il mE AFE (ofEHE, ACR).
E 8 ZsQoMel =3 mhE AmE (fEAL ACR). Table 10. The correlation according to the combinations of

Table 8. The correlation according to the combinations each SQM (apratment, ACR).
of each SQM (anechoic chamber, ACR).

E 11 Zh sQMme| =gl wE AHT (otmtE, PC).
Table 11. The correlation according to the combinations of
each SQM (apartment, PC).

E 9 Zh sQMmel x=ghof mE AT (£8A PO).
Table 9. The correlation according to the combinations
of each SQM (anechoic chamber, PC).
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Fig. 11. The scatter plots of the subjective scores and objective scores acquired from the combination of Zwicker
Loudness and Sharpness. (a) Anechoic chamber, ACR; (b) Anechoic chamber, PC; (c) Apartment, ACR; (d)

Apartment, PC.
E 12, Z} sQMe| =gl ma AmE % Zwicker Loudness®} Sharpness o] 8% 71
(FE&+obUE, ACR. Aget 1E 2 4R BAE BAFAY. 3, Zwicker
Table 12. The cormelation values according to the = o . =
combinations of each SQM. Loudness$} Sharpnesst W41 4259 H3=& A

(anechoic chamber + apartment, ACR) Ho 2 dFsted 7 F8¥3 SQMYS BAFI

: ad 12¢ & f,7F 4Z Zwicker Loudness$t

Sharpnessd @ A#H AF HE (1,.50)% T

B2t g (T ol E) o] AHHEE (scatter plot)E
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3 F 132 7F 49 @740l wet £, (Sharpness)ot
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wy)E HAFEH. 7teA #EL 534, PCHA dig
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A ol wE f, (Sharpness)®t f,
(Zwicker Loudness)oll thst 71Ex| Zt.

Table 13. The weighting values for f; (Shampness) and
fa» (Zwicker Loudness) according to noise

and subject testing

recording  environment
method.

(.292319 0.956321
0.4558% 0.890033
(0.30693 0.951732
0.256424 0.966564
0.291985 0.956423
3 Correlation=0.98367
- 25{ 8
2 8
S 1.5
2
g N
g
0.5
0 T T 1 T 1
1 2 3 4 5 6 7

Subjective score (anechoic chamber+apartment, ACR)

28 120 FaE "ol HMeeb Zwicker  Loudnesset
Sharpness &2 o EE oy FHE Ao
o AT (REA (TiEh+otmtE (#Zh), ACR).

The scatter piots of the subjective scores and
objective scores acquired from the combination
of Zwicker Loudness and Sharpness (anechoic
chamber (blue) + apartment (red), ACR).

Fig. 12

My
ru

to,
42
Bl
o

2
o
>
ol
A I
0% o
1o |o

m%

o oX o
e

2
°

2t

Rdo] 4% d
Al F Mo SQMRHE:
ok EF T SQMe A3
VeAE 27 A8 #8943t
g Abol9] Jawrt vt HE
5 st= A3 Wi e ASaAth AY A5} Zwicker

S-S
e
opN et
Ju
Y
&
X
QL
38
=

=
=

o

o%
>
ol

olr

- S

BN
27

n 2

2
=

o

PN
A

(640)

Loudness®} Sharpness®] Z3¥o] A1 289 F#3
e P & 4E3dE A BT A A

gukslE 98 o B2 WANE AREEY
Bt AgE AP est ok

2T =2

3

2t

0 ﬁ

Mo

[1] A Takushima, Y. Shinobu, S. Tanaka, M.
Eguchi, and K. Matsuki, “Fan noise reduction of
household refrigerator, IEEE Transactions on
Industry Applications, Vol. 28, No. 2, pp.
287-292, March 1992.

Chun-Yu chen, and Chien-Hsiun Kuan, “Design
and calibration of a noise measurement system,”
IEEE Transactions on Instrumentation and
Measurement, Vol. 49, No. 1, pp. 77-82, Feb.
2000.

Lord, Gatley, and Evensen, “Noise Control For
Engineers,” Krieger Publishing Company, pp.
36-57 and pp. 103-291, 1981.

D. A Bies and C. H Hansen, “Engineering
Noise Control: Theory and Practice” E & FN
SPON, 3rd edition, pp. 44-63, 2003.

Y. C. Jeng, “Discrete-time method for signal and
noise measurement,” IEEE Proc.
Instrumentation and Measurement Technology
Conference, Integrating Intelligent
Instrumentation and  Control, pp. 24-26,
Waltham, USA, April 1995.

AL, 73, F5d, o|Fs, AAFS, “FAFH
A WZ3T 259 $2 84 5 £58F T

3], 169 83, 797-805%, 2006'd 8€.

[2]

(3]

[4]

(5]

6]

[71 H A David, “The Method o paired
Comparison,” CHARLES GRIFFIN, pp. 9-43,
1998.

(8] Recommendation ITU-R BT500-11,

“Methodology for the subjective assessment of
the quality of television pictures.”
Recommendation ITU-R BT.700, “Subjective
Assessment Methods for Image Quality in
High-Definition Television.”

[101E. Zwicker and H. Fastl, “Psychoacoustics:
Facts and Models,” Springer Verlag, 1999.

[111MTS System Co., “MTS Sound Quality Ver.
375"

[12]1C. Lee and O. Kwon, “Objective measurements
of video quality using wavelet transform,”
Optical Engineering, Vol. 42, No. 1, pp. 265-272,
Jan. 2003,

[9]



% 431 289 1YY B} oY 452 9
S PN

g 5 2(FAIY) = dEAIY

2002 AAdEE A7) AA 1981 wE{ g 7] A& 83
S35 AL &4, AL £4.

2004 AAM e d7] AR 1983 3t 7 AF 8
83 M 4. AAL 4.

20043 ~d A dM it A7) 19861d Wayne State University

AR} HAL B,
L Qd/eH NEAE, HE Q4>

ol & (st Q)
20049 AxTistm W) %
TR ) 24,
AR 717
T3t MAb 2.
20069 ~ A AR )

AAF o3} WAL BA,
L GY/eA AEAY>

2006

ol @ 3(459)

1984 Mgdistw AT
Ak 29,

19861 N gistm A4E 3
Mk 24,

19923 Purdue University
A7) A2 F 8t} wha) £,
19931 ~19961d National Institutes of Health
A+

19969~ A AT A7) AAT%D B
<FPARF : ABAH, 32 Fh, AW A4>

{641)

71 AZ s AL £4.
8¢ Rensselaer Polytechnic Institute
71 AE-EE e A £9

19943 ~19953 o}-$-XF A}

19943 ~8A 157 d T4

<FTAEr  HFH, Az AHY>

1993+d

g ol MAIY)
20013 FLFHUg e
, VA F e AL .
20033 FAakdiEn 7] AA A
&I HAF &4,
20033 ~d A nE7EATY

<FHAER D AHFEH, AEA>



