-

57 e 8= g 21229 A6 %, pp. 564~573, 2012,
http://dx.doi.org/10.5050/KSNVE.2012.22.6.564

S99 Qo] 1= M A AL £
=5 AE)e] 24 Qs 5
Sound Quality Evaluation for Laundry Noise
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ABSTRACT

The objective of this study is to determine the effect for the sound quality according to the noise
source and to build the sound quality index of the laundry noise. In order to compare laundry noise
among the influence of noise sources, we made virtual laundry noises by synthesizing an actual
laundry noise and each noise source such as a dropping noise, water noise, motor noise and circu-
lation pump noise. We conducted a listening test by customers using virtual laundry noises. As a re-
sult of listening test, we found that the dropping noise has a decisive effect on the sound quality of
the laundry noise. We conducted the multi regression analysis of sound quality for the laundry noise
using the statistical data processing. It is verified to the reliability of the multi regression index by
comparison with listening results and index results of other actual laundry noises. This study is ex-

pected to provide a guide line for improvement of the laundry noise.
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Drop Test mode towel(5/10/15/20/25) inset in auene
noise laundry mode drum, washing machine (c) Motor noise
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dB
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Motor Test mode mass(0/200/400/600g) attach, = o gl ’I; JM‘!A{F ﬁl\iﬁf"«"“’:‘v}«ﬂ@ —
noise laundry mode | washing machine operate in ~10 ‘lﬂ A Y “)ﬂ%{m il
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circulation drum and circulation pump (d) Circul. pump noise
pump ump operate operate in the presence of - pump
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water in drum Fig. 2 A-weighted sound pressure level of sources

566/t A5 S8 =E&/A 22 A Al6 =, 20124



=

2ol Gol add M AE S AlRE $3 o 9l

o2 dto] 3dBH <A 45 TP
& A % 35dBAE 7]Fo
3ed 38, 41, 44 dBAY] & AMEAL, Bhe
8 31dBAS] &5 7IFCo® 34, 37, 40 dBA]
TEHHEZ gl S 33dBAE V|EoR

=
36, 39, 42dBA®] 715 AlAEISIH.

o 1o ki oo

=

() 2959 IS 5 M Age A

A Gk, B2, S3EE 4239 FAwe
2 AA Mg 25S 78 5 v sk
7} AgAnts AAA M AEeE ARSI
olm), REAS9 A9 Eiye daks 4 A9
Al BHo o&] ZEE7] T agde] EHAS
o] FAlol EgE ] YA BE g9 #Ho] =
7ol 1 JFE FAIEA

olgA 7t 2% TS FE wEoX M A
gl tste] AR AeS Bl AA Ags v
Wl A, F5S FeiAe AA A vl
st 73 AEgol AR Ak IhE ST

g AA AESE 7P gl FEe 5
AL wlas] ¥ AdkFig 3), 50~750Hz 9] olA
Z 4 Apol7t AdSS ERISISITE Tk A4S

Actual noise
Synthesize noise

N
TR N
i f '_,In*f\,\ o

Eg /H]E}—7]_O,] °.7 oldl A~ :rL%_

719l H7} A3K(Fig. 4) 200 Hz ©|&}e] Ful4= A
Bod wre 7)o ns 7phS sklan. = 200

Hz olstel A% ol glN weld 489
52 A4 ARee FARdE WA} A
o 4 gtk ol 7 AL U5 JHS HYHQ
Ao AZse] 289 27 SASAA A
2E AgEel Agz wue] ohd nelgl
of WolAuA ths 2% 5 7 22957129 9
ol o) WAHE agol dadE dsA %
sfol o]2l Aol WAT Ao PR,
e 7 £2UES P4 B ANE
AELe-e o] ALGHTY o] 2gqo] &4
GFE wol vAEA] gL H FssAn
e 4 At e TEE 23 Qua
4e AR AEE Bl AgallE @A 9
th ol d BT B s Al Aol 4
7o) 2898 FAsE TS A48 wa

(3) 7ZF A AA A

)

&9

P A A%

2 230509 PHL BF M Age AL
WEe A At dol7k EA10) Table 324

=
234 (DA AR FEH 239 A4 A
wgoz A A AEg

Table 3 Description of virtual laundry noises

é h Y \ Dot 0 A i 2 . .
= 1 I LA P LR 1 T e L Noise source Explanation
Bl *J,a W‘ w,*m,m‘\hhwwﬂ‘m ﬁv“’é"‘w&«‘"r‘-u.
| l: A\ e ."‘\\; 1 Original sound(reference sound)
P WA A
e dyr\. ! 2 Original sound + drop noise 38 dBA
_20dlY ! ! (3 dBA increase)
W0 e 1000 1300, 3 Original sound + drop noise 41 dBA
) ) ) (6 dBA increase)
Fig.3 Comparison of actual laundry noise and vir- . Original sound + drop noise 44 dBA
tual noise synthesizing source noises (9 dBA increase)
5 Original sound + water noise 34 dBA
(3 dBA increase)
1 6 Original sound + water noise 37 dBA
» 08 (6 dBA increase)
E 06 7 Original sound + water noise 40 dBA
% 04 (9 dBA increase)
= 3 Ori_ginal sound + circql. pump
noise 36 dBA(3 dBA increase)
UD 200 400 600 ann 1000 1200 1400 1600 9 Original sound + circul. pump
Frequency(Hz) noise 39 dBA(6 dBA increase)
Fig. 4 Coherence of actual laundry noise and virtual 10 Original sound + circul. pump
noise synthesizing source noises noise 42 dBA(9 dBA increase)
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Table 4 Description of object evaluation’s parameters

Parameter .
[unit] Explanation
Measured values of sound energy, as
frequency increase the value increase in
Loudness the audio-frequency
[sone] £\ 023
N=008) 22| |[os5s0sE | _p]oe
E, E, Bark
The frequency F..q that accept less than
. 20 Hz region is related to Sound Model,
Fluctuation | ,articularity of clear sound in a definite
strength sound
[vacil] . .
F(z)=— 0.032-AL(z) .Az
Juoa (24441 [04(2)
Confusing the effects of vertical
Roughness frequency modulation, the frequency
[Asper] modulation characteristic in 20~300 Hz
R(2)=0.0003- f, ,(2)-AL,(z)-Az
Sharpness of the sound, weighting in the
high frequency range
Sharpness J-wmrk N (z)g(z)zdz
[acum] S=C TS acum
! [ N j sone
n +1
sonex 20
Equivalent sound level. Sound level that
changing the sound is converted into an
Leq equivalent energy
[dBA] 1 ¢rP?
L, = 1010g,0?.[0 Edz
Sound level of frequency range that
SIL affect in conversation
[dBA] S[L(dB) — LSUU +LIA + LZk
Displays the amount of tonal harmonry
in the spectrum, particularity of clear
. sound in a complex sound
Tonality 1, ==0.4343log(e,)) —0.30103
[tu] Y
\/I:r cos(8) - r‘cos(é)]‘ + [rsm(a) - r‘sin(é)]‘
i rar
Kurtosis is a descriptor of the shape of
. a probability distribution
Kurtosis 4
PGl )
- 4
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Table 5 Objective analysis of virtual laundry noises

No. Explanation Loudness | Fluct. Str. | Roughness | Sharpness Leq SIL Tonality | Kurtosis
1 Reference sound 2.29 0.0246 0.34 0.887 38.1 26.9 0.153 2.44
2 Drop noise +3 dB 2.79 0.0256 0.491 1.03 39.7 29.4 0.133 22
3 Drop noise +6 dB 3.16 0.0277 0.6 1.11 40.9 30.9 0.128 22
4 Drop noise +9 dB 3.71 0.0311 0.728 1.21 2.6 32.9 0.113 22
5 | Water noise +3 dB 2.49 0.021 0.425 0.934 38.9 28 0.14 2.49
6 | Water noise +6 dB 2.64 0.0199 0.515 0.954 39.5 28.8 0.131 2.48
7 | Water noise +9 dB 2.9 0.0194 0.617 0.985 40.6 30.1 0.118 2.45
8 Circulation pump 2.79 0.0256 0.491 1.03 39.7 29.4 0.133 22
noise +3 dB
9 Circulation pump 291 0.0213 0.389 1.04 40.3 28.8 0.203 2.39
noise +6 dB
jo | Circulation pump 335 0.0208 0.438 1.12 417 30 0.18 2.38
noise +9 dB
Liudness _/J’\__g_g OO 6’01:% A ‘%FA'LH": 74 o7 E—O]Qoﬁq_ %5\_
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Table 6 Result of subjective evaluation

Drop Water Circulation
noise noise pump noise
0 dBA 7.91
+3 dBA 7.5 7.96 7.42
Amplify
+6 dBA 7.02 7.91 7.86
+9 dBA 6.94 7.78 7.47
10 T
=== Drop noise
==mes  Water noise
9l === Circulation pump noise}

Subjective evaluation score

| I I .
0dBA +3dBA +6 dBA + 9dBA
Amplify

Fig. 8 Result of subjective evaluation according to
noise sources
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Table 7 Correlation of the objective and subjective

values
Correlation Correlation
BOM index SQM index
Leq -0.739 Loudness -0.807
SIL 0861 | Fluctuation -0.826
strength

Tonality 0.38 Roughness -0.706
Kurtosis 0.864 Sharpness -0.857
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v=P0,+Bx+Bx, -|--.-,R2 (1) Table 8 Result of simple linear regression
N No. B, A xi RY(%)
0217101]/\1 y%}% %% ?_]_‘ﬁ]{_\__‘l] %7}’ 7%13[‘—0]1]:]’ 1 1.67 2.52 Kurtosis 74.9
xi, x2,09 HELS 7 welvge WEE b g 2 13.4 20.196 SIL 74.1
AR, B.p o wES 7 SEHe AFE U -
3 11 3.37 Sharpness 73.4
Btk G372 A5 gebulE s sk ARE 4 947 | -80.0 Fluc. Str. 68.2
s v 3]94 e A5 st 27 ol A 5 967 | -0.722 Loudness 65.2
ek R 7140] A Hehls e s
2 19 7SS =2 AFEEE Yeldd
Table 9 Result of multiple linear regression
(1) B FAY 75 No| A | A = | A | = KO
Table 743258 A= dojzko] 0.8 o]l 1 746 | 156 | Kurto. | -0.12 | SIL | 91.5
bi = ol X = =S
shepulefe] dis) @l 31414 75 A= Table 8 2 | 632 | 144 | Kurto. | -2.06 | Sharp.| 86.8
¥}
4.4 1. Kurto. | -33.7 | Fluc. )
gl 3794 Ane uw ARl 2o s 3 6 67 urto 33.7 uc 78.3
H —ff.cii 1\__.;‘% @@'E% 7]_;]}‘_; ﬂ:ﬂ}_\_} ‘I :TL%.% 4 4.7 1.76 Kurto. |-0.429 | Loud. | 88.2
S & 5 ATk mdk o] ARdAe] AS- o3 5 | 122 |-0.083| SIL | -2.10 |Sharp.| 79.0
g A Aol FrE, w0l duadel 45 6 | 126 |-0131| SIL | -480 | Fluc. | 88.0
o] &2 Ao =N BAF Fu= AL 3
Aitel 555 7H i 2As) Ere A 7 | 133 | 0193 | SIL [-0011]|Loud. | 74.1
olatoint.
Table 8-/] OE]_ ‘_Qq_—ﬂé} 7554_;_}_;]_]51 7]_;8, _1—%_;_8_ @l 8 11.0 -2.29 Sharp. -45.9 | Fluc. 89.0
e Al JHAE gy 379 &4 dAE A 9 12.2 | -6.87 | Sharp | 0.837 | Loud. | 81.2
1
(2)s} o] AUt 10 | 103 | -554 | Fluc. |-0.480 | Loud.| 87.8
A&t} = 1.67+2.52 Kurtosis 2
(R>=174.9 %)
8.59
- - Ind luati |
shu ghev|ElE ARESE Q?I/—\JQ] B35 A . S[Lbj:ci;’vaeu:vlai?a;i:evalue B
—?:}'57]’ %7] Lmvu_‘ ] /,\_]ill;_% 63:}6]'/‘]7]7] 06‘]—04 %8,0- ~--. 95% Confidence interval
0% A94¢ o4d &3 Adrs 7ET e s
7} 4l § 7.54
2) "= 34 75 g 701
24 Qe qo) NHEE olv] 98 2749 o
g o] &3t thE IS o] g 11 Ay 85 , , : : .
L 7.0 7.2 7.4 76 7.8 8.0
e Table 994' ZELQ' 7531}% EEE -/J\—HA ]E ]%ﬂ' Index score
U= g2y Ei(loudness, SIL)Q} Ao HE HAEE Fig. 9 Comparison of index values and subjective
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Table 10 Validation of evaluated indexes
Noise 23:5::33’2 . Ir.ldelx score(error) poe
sowree | Vore | Cegrassion | segtession.
3kg 7.64 8.17(6.9 %) 7.72(1 %)
5kg 7.59 8.05(6.1 %) 7.55(0.5 %)
7.5kg 7.91 7.82(1.1 %) 8.04(1.6 %)
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