—H3h
I offf FEATURE ARTICLES

MFPEIMfFEDEEhZEEILLNET SFE

Method to Improve Operation Sounds Emitted by MFPs through Quantification of Sound Quality
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Multifunctional peripherals (MFPs) incorporating multiple functions in one unit, such as copier, printer, scanner, and fax, have become widely
disseminated in offices. However, the increased speed of processing of these MFPs tends to cause them to emit uncomfortable operation sounds.

In order to provide comfortable work environments, Toshiba Tec Corporation has been developing technologies for MFPs to reduce noise and
improve sound quality. We have now developed a method to efficiently make the operation sounds emitted by MFPs more pleasant through the use
of the following techniques: (1) quantification of sound quality by means of calculations using an equation representing pleasant sounds and (2)
identification of sounds having a majorimpact on the improvement of sound quality using acoustic simulations. This method is expected to contrib-
ute to reductions in the number of prototypes required and development costs by making it possible to predict the effects of such improvementsin

sound quality prior to prototype manufacturing.
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Frequency characteristics of operation sounds emitted by MFPs during continuous printing

MFPEIfFEDEE Dt e EBILLNET 2FE

43

<ERE



55

FERIC D PP ThRn PP HED FEERI

1 2 3 4 5 6 7

s L L L ! ! - | Ba-srk
1 2 3 4 5 6 7

sapva L 1 1 1 1 1 I BRLW
1 2 3 4 5 6 7

ZolF L L ! ! ! ! | &k
1 2 3 4 5 6 7
HHDHD | . . L L L I eiFeiFun
| OIS ES

3. SDIAICLBEHEME TRV 7 — MRk
IATRHOBHFEN 25D, ZhenT B caiiz o7z,

Questionnaire form for sound quality evaluation using semantic
differential (SD) method
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Relationships between pairs of adjectives and factor loading obtained
by sound quality evaluation

ERfEEXS PREREF EEETF BHREF
DHERW — ERFLL -0.82 -0.30 -0.23
HE — HRu -0.79 -0.34 -0.09
ELW — BN -0.76 -0.32 -0.27
ZolEN — B 0.70 0.41 0.01
BN — BeLW -0.68 -0.37 -0.37
LW — FEE W 0.66 0.39 0.37
Ehic — BIa->k 0.63 0.49 0.17
RHDHZ — EFEFLL -0.57 -0.53 -0.17
EEDELSB — Loebelfe 0.35 0.78 0.16
HW(Z52507k) — RHDHS 0.50 0.74 0.20
L — F5H0 0.51 0.61 0.39
FLLW — F38LN 0.37 0.30 0.77
F5E 0.36 0.22 0.11
REFS5X 0.36 0.58 0.69

%, 7BBECRMI L 72,

SR REH O TRF O 2752 LT, 148D
EAfiFEN OH S IE R OE W 12/ E RO, Zhbic
ML T2 RER (HEET) 2L, ZofiH (K
TafifE) 2R1IORNT, RTPamed, S EMiEEN» %
HER T CcEOBEFHHTEL»ERL, HESAE
FEHER T O EERESZITIT0DRILEERT, £,
FERIL, SHBERTSeERCH L CEORER S ()
LCw300%mRL, F1RTFOFEPRbEL, H2RT
DRICE Y, REHFEREIFERELE»LIICEET LI E
T, ZNEFTCOLBRTTLME2ENLZTIHALTRE0D
HEzmd,

SHEMOBIFE» 6B HNT R RO NEZ, EK4I1TR
T, HTPAERE, SEESSIER I EINTOLE
HVEERT, B LRV -BELV RETRESH
25 1 AT OWREH 7, BEPREIZERELRILE

44

1.0
MFP2
i mrp3 @ MFP5
g [0) @
®oo
Kl
I MFP1
E @ © MFP4
L @
&
-1.0
-1.0 0 1.0
RERFER
— {35

K4, FEFHETESNTE MFP DR FHAR

FIEE N RIBIVNCRDIEE, RPICEL 2HIADH S LT o7z,
Scatter diagram of factor scores of individual MFPs obtained by
sound quality evaluation
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PSI = -0.358 x Loudness —1.364 x Sharpness
—-2.026 x Roughness +8.036
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Calculated psychoacoustic parameters of individual MFPs

& MFPH#iED Loudness Sharpness Roughness
BIES (sone) (acum) (asper)
MFP1 13.6 1.456 0.929
MFP2 11.8 1.182 0.870
MFP3 124 1.491 0.650
MFP4 13.1 1.599 0912
MFP5 11.0 1.501 0.657
'[ —
MFP5
2] 05 -
& MFP2
‘ _ MFP3
o 0k
a
-0.5
MF.F’-I * MFP4
0 ! ! | J
-1 -0.5 0 05 1
PEEFER

5. PSIDFHHEEE EERFTMEBEDLEE
PSI L PuE K 5 S oM BIRE120.99 L, O TEWI LD D hoTz,

Comparison of subjective evaluation value and calculated pleasant
sound index (PSI) of individual MFPs
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Creation of evaluation sound based on original sound using acoustic simulations
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Improvements in sound quality based on results obtained by sensitivity analysis
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Example of improvement in sound quality of MFP4 through application
of sensitivity analysis
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