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ABSTRACT

In this study, the possibility of decision error is investigated to identify and improve the reliability
of participants in the process of conducting the sound quality analysis for laser printers. So far, there
is not a way to identify and express the possibility of individual participant quantitatively. Thus, the
decision error model is proposed which is based on the expectation value between the perceived
sounds. Through the experimental verification on the laser printers, it was found that the possibility
of decision error is affected according to the normalized difference. The possibility of decision error
has inversely proportional to the normalized difference between the perceived sounds. When the nor-
malized difference becomes small value, the uncertainly between decisions is inversely increase, and
then it is difficult to obtain the proper result in the process of the jury evaluation for laser printers.
For this reason, in this study, the proposed decision error model is added in the previous step of the
correlation verification. Comparing to the conventional process only using the correlation based meth-
od, after the reliability of each participant is verified, the correlation with the mean response of par-
ticipants is verified. It was found that the participants who were recognized as having unusual pref-
erences are actually identified as having the reliability problem. Based on the results of this study,
the proposed decision error model will be helpful to identify and improve the reliability of partic-

ipants in the following study for the sound quality analysis.
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Table 1 Expected value between the subjective deci-
sion making and the perceived sound attrib-

ute
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Fig.1 The flowchart of the decision error based
method
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Fig.2 The proposed post-processing procedure for
the subjective evaluation of sound quality
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Table 2 Print mode and maximum speed of the laser
printer models used for sound quality

Mﬁg'el Manufacturer Print mode Mz;eggm
1 A Color / mono 20 ppm
2 A Color / mono 20 ppm
3 B Color / mono 17 ppm
4 B Color / mono 24 ppm
5 B Color / mono 20 ppm
6 C Color / mono 24 ppm
7 C Color / mono 22 ppm
8 D Color / mono 20/32 ppm
9 E Only mono 20 ppm
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Table 3 Average possibility of decision error on the

Table 4 Standard deviation of decision error on the

normalized difference between sounds in normalized difference between sounds in
each group each group

Normalized Original Modified Modified Normalized Original Modified Modified

difference group group #1 group #2 difference group group #1 group #2
0.5175 0.5092 0.0338 0.0290

0 05176 1 002%) | (-1.62%) 0 0.0333 (+1.50%) | (-12.91 %)
0.3469 0.3250 0.0650 0.0534

0.50 03457 1 (4035%) | (-5.99%) 0.50 0.0641 (+1.40%) | (-16.69 %)
0.2423 0.2030 0.0910 0.0455

0 0.2427 | (L016%) | (-16.36%) 0 0.0915 (0.55%) | (-50.27 %)
0.2069 0.1492 0.1239 0.0544

150 0.2048 1 (1103%) | (-27.15%) 1.50 0.1218 (+1.72%) | (-55.34 %)
0.1634 0.0801 0.1690 0.0497

20 01660 | {5704 | (-51.75 %) 20 0.1747 (326%) | (-71.55%)
0.1593 0.0532 0.2081 0.0481

2.50 0.1609 1 (999%) | (-66.94 %) 2.50 0.2111 142%) | (-77.21%)
0.1346 0.0301 0.2083 0.0400

30 0.1371 (1.82%) | (-78.05%) 30 0.2141 (271%) | (-81.32%)
0.1131 0.0235 0.2044 0.0573

3.50 01168 1 (371706 | (-79.88 %) 3.50 0.2008 (+1.79%) | (-71.46 %)
0.0622 0.0000 0.1541 0.0000

40 0.0635 (2.05%) | (-100%) 40 0.1575 (-2.16%) | (-100%)
0.0271 0.0000 0.1007 0.0000

450 0.0258 1 (4504%) | (-100%) 450 0.0949 +6.11%) |  (-100 %)
50 0.0000 0.0000 0.0000 50 0.0000 0.0000 0.0000

610/et=m258sSSe =28

/42248 A 735, 20129



el

(e]

° 49

=]

E

v

%

30

25

20

15

10

BH R M ORR N R NPT oRT A T M s R I RO o] o
ﬂ%ﬂ.w«%./g.ﬂ%ﬁo%ﬂz %arﬂ_imbﬂmaﬂﬂ%ﬂ.%ﬂ%
R\ TO T 20 _ J
%o,ﬁﬂlmeeE%WﬂLﬂdoA70cT orimoﬂmﬂntormmzoxﬂﬂnla
B = ~ 7w 0 N _ % ~E T oy o o B W BN R A
PETEAELENEC T ed LN cra TLE T L N
= il o X o)oK N 7l o B Ho X T HIQOM% Ltﬂ.ﬁbtﬂ —
RN RN g T M W Bl W T o
~ _~ _ = = o = = o= — X
i FF L BT R =TT oﬁhEinﬂwm“_omo%%mTé =
= —_ ~ ; T N ~ =~ . —_
TR T g ®RO T T e IN L mm o R g
< W = o %! ~ w9 B ~ o o e e 2 <
R Gt X 2 KE 1 o ,UrL o > 8N X of BL <! Oﬁ o o) o [
EXE NOO oy o P ® do o o B ﬂ_,_moio.ﬂq_ol sz.,uﬂuj_/l
TE T o o Toop "y ™ Hregomogm O R =
2o T S oy o X o RE o < oy N R —
H T b Eo WX ge W W —~ o wjr Mo _
LEREEY LT M AR NNoxm T oo do T or o W T -
Mo L OV =Rl TR Wy e R B R =
ol & W X & o Wt Mo o+ @]CT R mo 5% UK X = m =
W XNy dEadgrs g X F o XN Y go” —
NG S R _ﬂwﬂ%Amﬂﬁoa%ﬂﬁoﬂo@ﬁﬂﬁ@ E
) ) — T e X W ~ RNy S Y o
FEx PP R T oaall TN mu g REITTI  B  Cl Jy c =
SR TR S-SR e U R S T
Hx W Z X T BEEA on KW N ® % ey uweeeg
X T T R ° = ) "o ke LN O RT AT o Lok oney Jou3 otsoaq
NFPRMTRARTAITIRND IMTBRRNT TN TET T
e TOUTT  ETRT R A TR Mo B o
A g g O ur N B X E W ool of N o T
T T S SR N g T 1
I’ ~ X oop _ )
ewjz% ﬁo%ﬂo%ﬂ@%ﬁﬁa Py N o
of B = mr ﬂﬁ#} ﬂ%ﬂﬂr% T m g U
TR T ﬁ%%h%@ﬂﬁ%d WP = o
~X _— I~
W o= o woﬂﬂoﬂogmeaﬂﬂﬂﬂx ﬂmum%m;
oMy Fw 2w ) o Halwas
do o _, e Mo&lwﬂﬁLAﬁﬂL%%oﬂldr 0l0 H_ﬂ.ﬂllnAro
il 2o Ry TRE LRl 5 geXgT
S lmw D EEL oWy om Ry R P
A K e®g Pegd D N Mz =
§y =% Z¥E2aqLdyg¥aA Mo T 509
X ﬂwﬂ% 7iﬂﬁﬂﬂe%1ﬂ%ﬂwmﬁﬂe o _A_,ﬂmc_mlﬁ
- o oo I~ Y N 2Ny o Llﬂ. ey
£ Y plTF¥ fIimTaroENca R T L
5% ) L N oﬁx%ﬂﬁaﬂu]qnmo 1eiol,o|u
Ak o o B .S B _ T B o o T E
w W oy ar PN oTR T ey ¢ R L
ML TE gl R e Do W B
s =N oL 1__/l ) o 1_ﬁl ~ N o Eru H . o Wﬂ — O B g W_.I uoneinaq pIepuelsg
5 RGN s B 3 " W ol El w N o X
" BB E 9 T T T of W "N

40

35
, 20124/611

30

<

15
Subject Number
/A 224 A7

10

error ratios on the bar graph(l case #1, H

Fig. 5 Comparison of the linear weighted decision
case #2, W case #3)

Evaluator Number

error distributions on the color segmentation

Fig. 4 Comparison of the linear weighted decision
map



71

7 el

oA

.o]

3

o] A A

==
RUS O 1l

Fig. 4= Fig. 5¢] A¥ol|A H7pap FA o= Hat
sty Hria A B Q79| JFeAS BoFEt)h

o o
~N o
1
]
]
]
]
]
]
]
]
]
||

o
)

o
S

Correlation Coefficient

o
[N)
1

0 5 10 15 20 25 30 35 40
Subject Number
(a)
1
08t A ~ _ |
207 -t F-F
2
2
% 0.6 B
o]
o
S
% 0.4H 4
5
O
0.2H B
) .
0 5 10 15 20 25 40
Subject Number
(®)
1
oa [l M —‘ —‘ 0o |
=07 A A [].
2
o
hqz) 0.6 q
o
O
<
il
TS 0.4 q
<]
O
0.2H B
0 . 11|
0 5 10 15 20 25 30 35 40
Subject Number
(c)

Fig. 6 Correlation coefficients between the objective
rate and the mean response of participants
according to the methods used for the
post-processing of subjective evaluation : (a)
original group, (b) correlation based method,
(c) decision error based method(M case #1,
W case #2, W case #3)

612/et=m2s58sSSe =28

/42248 A 735, 20129

71 AL AL B 39w Bwgke o
SEEIEES R

T 25 ThedE 7R
B 108E HAAQ B ef 54& TR
Aoz T3S} Fig 62 Al 74 H7kA 3]
dE gria e duad 24 AdE RelE
. Fig. 6()c B7HF 92 I dHEs 1ol
FH 70% olske] FuEsE 7l Wy 127
Eo] 43S k0 Aow w#Ho] Fig 6(b)9} 2

o] AALAT.
A Grhae g QB PR e Sk
Aot ARE 70% o]3te] AAER 7FAETh
Fig. 6(c)= %A Fig. 5014 &
7 7K Bk 109e] A
o U Hbel A 2Esh
7HA AL Q= el §l
Aoz ugsta AAsA 2
71AF 399 QB FAHA F sx] &
bt 23l AAHAG R WA
o] AL 278 F5H7E A3 &

oA e 108e] AAEI 29

x &

o N

bl
ot
[‘k‘l o, i =

rr o

o2
oF o M

(o
e

OE OFO

Generality
Normal 27
(a)
Reliability  Generality
Normal 29
(b)

Fig. 7 Comparison of Venn diagram for the reli-
ability and the generality according to the
verification methods: (a) correlation based
method, (b) decision error based method



Aelell Aol

g BEd= ¢

Fig. 59} 69| 2%}

BIHEE

A A=

W4

}H Table 4014

=45 9uls

=0

o

9
=

2

&

A

fol7h g etetAl =

e

Hrhak 230 Apolel
t}. Fig. 3(c)°lA 3o

0]
S

o] 4%

E
il

Wk AR BA7

3714k 81go] o719l

Dz

1™ A7

0

o
ﬁo
™
o7
o
)

A7 A2

7L olout

7R Aol A"

50

40

30

20

0.25

7H} 290] o

=

=
=

I

Coal

z
sl

of %

0.2
2 015

By

=
=

71} 4rgo] of7lef
712k

3

(e}

Dz

Folv AAH

A A

Standard Deviation
(a)

-0.05

SN el AAE Al A 7l

o~
=)
(&9
™
7!
=
o)
Wy W
TR 0
=N W
M mﬂﬂ
o Nlo P
T Ty W
o R
~ o B

.
50

B .
n .
30 40
Standard Deviation

.
20

0.25
0.2
0.15

>

= agse] AAH

Hl tholoj13M(Venn diagram)o-

2 HAFEH Fig 7(a)©

1270] 9]

=

=
[¢)

7}A}

AT} 123l Fig. 7(b)

[}

x|

[e]
3

(=]

Jsueq Aligedo.

o B

g

S

=% oA

o 0.05

(b)

n . .
30 40 50

Standard Deviation

.
20

El
A
A7

= Mo a
I
Aowmﬂ
;o\.vme‘.El‘_
ULHBI4MV_.
= F o
‘IoﬁaW&o
O‘umo‘“\v_m_l
_.Eﬁﬂnml
O#EL
ﬁe_uﬂum.l
oo,_ﬁILmﬁ
T o U
o
o
adﬂionmo
%mm@gﬁ
~ N R
X
i~ g
O_/]vA_'
B N

W

-. ﬂﬁ

o}

* ~o

X

e
™
<
0
ey

O

S
W

o
—_

ot

B o

©

Fig. 8 Decision error characteristics of the modified

]

HoEh Fig. 9(a)9} (b)

x4 4

= wg

£ HolF1 Fig. 8(c)

=l

= B
s

o g

g

s

correlation based method: (a) right decision,

group of 27 participants selected by using the
(b) wrong decision, (c) decision error ratio

3, 20123/613

/AI22 A A7



P25k B2A EA5H Ale] A7E S
BEsh) PRl e r Aolsh TAE A%
2 Aol WA EAe e Eekar LAt
© ARE Al s Ee] wiAlste 94 Ae
3 F 7R AT el EHoR ARHYS &
o S ek aga A v =98 Wb 2ol
0.25
0.2 }
. £ }
Z 015 /
2 01 /
2 / %
3 : 8,
& 005
|
0 b ~e-----®. o
0055 - 2 30 T 50
Standard Deviation
(a)
0.25
0.2
Z 015
&
2 01
g [ }
& 005 %
0 ‘IK\‘I’* S N,
0055 = 20 30 40 50
Standard Deviation
(b)
0.7
0.6
0.5 §
g 04
@ N
g 03 }
2 o1
0 By
0.1
02 - 2 30 T 50
Standard Deviation
©

Decision error characteristics of the modified
group of 29 participants selected by using the
correlation based method: (a) right decision,
(b) wrong decision, (c) decision error ratio

Fig. 9

614/et=m258 5SS =28

/42248 A 735, 20129

naste] A4 NG 2R Sol JFow 29
H A4 A 4] Bdad £28 s e
B F7HE oRld AlEAd EAE 7R H7k
2HE AATGeEN A ow Pt 299 A&
W7t Ase] $4E Folm Wd oF TFsH)
= oA & Wdskedl kel HATh Fig 102
10
MEAN = 6.4281
9r sTD=0.8252 ]
8- %F
T
2
51 i
4} 4
% 15 30 45 58
Sound Number
(@)
10 .
MEAN = 6.4236
9r  sTD=0.9304
! s
R
il
4
% 15 30 45 58
Sound Number
(b)
10
MEAN = 6.4745
97 sTD=09319 y
a i
e
e |
=
i
)
% 15 30 45 58
Sound Number
(©
Fig. 10 Mean response and + standard deviation with

95 % confidence in an ascending order for 57
printer sounds : (a) original group, (b) corre-
lation based method, (c) decision error based
method



[kl
)
Ani

(o
N
El‘
N
N
1o,
>,
Aut)
oX
o
el
o
it
o
to
_>|J_4{
b
e
e
N
S
>
jaic}
3
o
ol\

Al 7 FEle] g7k R el ZF WO A
o Hitgk 7IEoR QEA

H7h Asel  Table2old B & Qi 97) 2] 177) AR 2E

g Azol Sgeks Yeust Akl B 2
e . L ¥ WHils = i = 7}z} A
Table 5 Statistical information of the subjective eval- o BOET Fig 1222k ()= 27 e
uation in each group 9 S E2o] Astelr), 22]al Table 634 72 <
Original Modified Modified F ve ¥ Hoyrl Avle] WslE HoZul 3
Property group group #l group #2 - = o
S o 0 0 3 29 29wy gEAoE e 7H wo
: AE PR Ais VFor AHor & W)
Correlation 0.6902 0.7943 0.7872 - H']—‘“Eﬂ o) §]/\]—Q o/\}_-} UBICQ 75]-5 o
Ao <t = .3
Max 8.0288 8.0768 8.1302 . XJOOEE N J‘Ej . C’Mj:
[¢] ZIHEA O TN A ZFZA T G
Mean 6.4281 6.4236 6.4745 /\]E}' Lq B er Hﬂ ﬂ'? f 9}“ *ELS ]OOH 4]
a5= Ao ¥} = L] gdo s N0 0] %
Min 4.3565 4.3836 4.3747 *“‘:}L] Aoz T3k W7k mdelr] 4y O*U“] =
HhA o =2 olnlgl T A
STD 0.8252 0.9304 0.9319 A0l A7l 9nske dBASH #h-Eu s
9 T
0.8 T T T —6—Original
-E- Method #1
-4 Method #2
061 8
g 0.4 @
5 .|
€ 02} H H 1 g
§ o] = e— ﬂu ol o [h H HH HHH HHH ge,
s H“HH 1L
& 02 5
o
0.4
4 61 62 63 Cc4 C5 66 67 68
-0.6 L L L Sound Number
0 15 30 45 58
Sound Number (a)
(@ o
08 ﬁmfmm
& Method #2
0.6} 8
g 0.4 %77
& g
| T
= OHH\ ; UH o1 H HHHHHH Hﬂm g9
¢ | TIOE HHHHU“““H Il HUH
g-o.z— 5r
a
-0.4 . ) . ) . . ) . )
4 M1 M2 M3 M4 M5 M6 M7 M& M9
06 . . . Sound Number
o 15 30 45 58
Sound Number (b)
(b) Fig. 12 Comparison of mean responses for 17 origi-
Fig. 11 Differences of mean response between the nal printer sounds according to the methods
original group and the modified groups : (a) used for the post-processing of subjective
correlation based method, (b) decision error evaluation : (a) color print (b) black and
based method white print
r=EASESESs =l /A28 A75, 2012/615



7 o ¢ o]

e Edsel wastel grjder 22 ghE 7b
AL ARk BE 8L 7jo] g9 A AuE B
g &g 8289 AA Adigh 2o A Aol
et AeiA]l Al weh gt 1 o= ”é-%}
A RIS 54E 7 vk 537 9 )
4 el A7k B T %EH@EE AL A1)
T e W WA a5 EAE @A AT
sh=Al oW A7k frEe] aflom Q144
offz W7hRF el s 8 RS gl o
3l FFE W] Wl ¥, 7 2] A Aol
et W7te] Be o] sl & = gl

1 A3} Table 5914 & & Slol it el

Table 6 Variance of mean responses for the color
print mode of laser printers in each group

e Original Modified Modified
group group #1 group #2
Cl 5.2201 5.1367 5.3496
C2 5.6303 5.5780 5.8291
C3 6.5761 6.5963 6.7810
C4 6.0385 5.9892 5.9865
Cs 7.7439 7.9254 7.9474
C6 7.2038 7.7258 7.9369
C7 6.7394 7.1655 7.3261
C8 4.8762 4.8701 5.0409

Table 7 Variance of mean responses for the mono
print mode of laser printers in each group

Model Original Modified Modified
no. group group #l group #2
Ml 5.3371 5.3178 5.5693
M2 5.5770 5.6366 5.9270
M3 6.9203 7.2002 7.3457
M4 6.4043 6.3235 6.4706
M5 7.5214 7.6421 7.7699
M6 7.4074 7.8333 8.0335
M7 7.2872 7.6993 7.8577

Table 8 Correlation coefficients between the sound
metrics and the mean response of each group

. Original Modified Modified

Sound metric
group group #1 group #2
dBA -0.8341 -0.8585 -0.8671
Loudness -0.8214 -0.8666 -0.8960
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Table 9 Parameters of a curve fitting model for the
possibility of refined decision error

al Bl R
0.512 -0.9053 0.9974

Table 10 Possibility of refined decision error based
on the Shannon entropy

Normalized difference Shannon entropy

0 0.9997
0.50 0.9093
0 0.7297
1.50 0.6098
20 0.4046
2.50 0.2978
30 0.1904
3.50 0.1118
40 0.0000
4.50 0.0000
50 0.0000

Table 11 Parameters of a curve fitting model for the
possibility of refined decision error based
on the Shannon entropy

@4 By R
-0.2693 1.0029 0.9941
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Fig. 13 The linear characteristics of decision error
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